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Time for new year resolutions!

Make a $million!
Lose 25 pounds!
First SSB QSO!

Be nice to XYL! D@y‘:lgp
Be nice to kids!

Several other equally
Impossible goals...




A Dream vs a Plan




A short history of QRP Labs evolution
FDI M 201 0 | QQ.P Labs:l QQSSI Transmute‘r




100 kits sold out on vendor evening




Ultimate QRSS/WSPR beacon kit

WSPR
CW
QRSS
-SKCW
DFCW
Hell
Slow-Hell

/ou are getting this error, it means yEE.
er — it should consist of two letters irji

rt description of each kind of QRSS §§



Ultimate2 QRSS/WSPR beacon kit

* DDS

* Plug-in LPF
* More modes
* more...




* 1602 LCD module

Ultimate3 QRSS/WSPR beacon kit

* 6-band relay-switched
filter option




Ultimate3S QRSS/WSPR beacon kit

* Change to
SI5351A
Synth PLL chip

* Extends
frequency range
upward




Other kits in the family
Arduino-shield I
Receiver module
Polyphase module
ProgRock
5W PA
QLG1 GPS
LPF
BPF

VFO, Clock




5W PA kit for Ultimate3S

* DAC-controlled aplitude
modulation
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2017: the first transcelver: QCX

Single band, CW
Analog

Microcontroller
assisted

PLL Synth VFO
_ots of features
High performance

_ow $49 price



2020: QCX+

Same cCircult,
firmware,
performance

New mechanical
design

Nice extruded aluminium
black enclosure

TXCO option
AGC option
Dev board kit




s

QCX-minl

* Miniature
version of the
QCX+

* As of May 14 2023,
19,771
QCX-series
sold!

e e



The three QCX




QSX

QRP Labs SSB Transceliver
SDR '
160-10m

10W

Ambitious!

Still not finished...




2021: QDX

* QRP Labs Digital Xcvr = e’ —
* A very high % 1{

performance digital

modes transceiver . QDX Digital Transceiver

* Multiple bands
* 5W QRP gallon . QRP Labs=
* And... LOW COST! "




QDX: QRP Labs Digital Xcvr

80, 40, 30, 20m PIN-diode band switched and transmit/receive
switched

Full 5W from 9V or 12V supply
TCXO-referenced Si5351A synthesized LO

Embedded high-performance SDR receiver with 24-bit 112dB
ADC chip

Single signal transmit

Includes 24-bit 48ksps stereo USB soundcard and CAT, easy
Interface with software and single USB cable

Built-in test and alignment tools



A look Inside




Measuring audio

* Normal frequency measurement too slow
* Cycle period is another way
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QDX design: block diagram

Voltage

Regulators

DCin

Switched
Low Pass
Filters

AN

Switched
Band Pass

Filters

X

= Xl

TX/RX
Switch

e 4

T
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T

o

indicates control signals
\from the microcontroller |

Power

Amplifi

Double-balanced

Quadrature Low-noise audio 24-bit stereo
SamplingDetector pre-amplifiers 48ksps ADC
Y < 1 (lef)
™S Q (right)
Q / \
| | | I 12C bus I2S bus
RF signal
generator € Control

I

USB Virtual | 24-bit USB
COM port | Sound card

USB Connector



Design: Software Defined Radio

* Advantages

- High performance, low cost

- Digital Signal processing

- Chance to update features in future by software
* QDX implements a superhet with 12 kHz IF
* All 32-bit floating point processing internally

* Provides 24-bhit audio back to the PC



Terminal tool for BPF sweep etc

- /dev/ttyACM1 - PuTTY
14 kkRRIRRTRK

- Band down + Band up




Designing the next...




The marriage of QDX and QCX-mini

. . QDX Digital Transceiver

-~ QRP Labs=

80, 60, 40, 30 and 20m; CW and Digl



QRP Labs M... Xcvr. M s for:

Marriage
Merger
Multi-band
Multi-mode
Magnificent
Marvelous
Etc...




QMX consists of:

* QCX-mini mechanical design
and enclosure

* QDX inside, plus:
— LCD, buttons, encoders

QRP Lzbs QMX Transceiver

— Audio headphones output

— Paddle connector i v Pk
—  SWR bridge . ‘ ‘

— Switching power supplies
— RF envelope shaping




USB-C connector

* Replaces the QCX-mini 3.5mm serial jack connector
* Not for power supply!

* Provides USB connection for:
— 24-bit 48ksps USB sound card
— Two Virtual COM serial ports
(CAT, terminal access)
— Firmware update: radio

appears as Flash drive



QMX maln board
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Plugged-in LCD board




PCB design: 5.5 x 3.6 Inches
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PCB bottom side
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Separated boards
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Power supply boards close -up

f..uh ._._ _,.,.Q —-n-i:, w
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Through-hole components

650m 0.33mm wire 5x 11m nylon M3 spacer

—

»»»»»»»»»»»»»»»»

V29l QHr

-
2x 10m‘fn M3
12mm M3 screw - nylon screw

65 6 Wire

_ 1602 LCD module
i P ol LR L ﬂ
22p || S~ = 00p 2205

30p B

2x56p 82p 180p 270p 2x390p 2x470p 2x820p 1200p

“‘llW'M | mw
2x5 2x4 2x4 2x3 2x2 2x5 2x4(90) 2x4 2x3(90) 2x2 . trimmer

M
12x%;mm M3
nylon screw

@

6mm elecret mic

-
6x M3 nylon nut

Female pin headers Male pin headers 4x BS170 BN43-202 Q
o % . @'@
- 2x 6x6x8 ‘ T50-2 5, BN43-1502 6x -~
3x 3.5mm socket o 2 DC FT37-43 T30-6 1N4007 4x 47uH

encoder button



A 6-layer board

* Necessary to
achieve complex
compact circuit

* No blind or
hidden vias!

* Two internal
layers are ONLY
ground-plane

DRC (default *) + + X
File Layers Clearance Distance Sizes AnnularRing Shapes Supply Masks Misc
Layer Pairs: Via Pairs:
Top layer, Layer Material | Thickness Type From To
1 AY (_- Copper 0.035mm | Through |1 16
2 Prepreg 0.185mm
Ground-plane’ 2 Copper 0.035mm
Signal layer, core 0.4mm
3 3 Copper 0.035mm
14 Prepreg 0.185mm
m Copper 0.035mm
Ground-plane Core 0.4mm
15 15 Copper 0.035mm
16 7 Prepreg  0.185mm
Bottom |ayer.f m Copper 0.035mm
6 layers ~ |_| | + | |_| | - |

Setup | (1+2*3+14*15+16) |

Total Board Thickness: 1.565mm

| Apply || Select i||i©gance| |[ Check ]




QDX + design increments = QMX

Bigger CPU

LCD, buttons, encoders

Audio headphones output

Paddle connector (no further detail needed)
SWR bridge

Switching power supplies

Transmit RF envelope shaping



STM32F446VET6 microcontroller

100-pin LQFP: lots of 1/0
180 MHz CPU (run at 168 MHz)

512K Flash program memory
— 16K used for QFU bootloader

128K RAM

12S, 12C, USB peripherals

12-bit ADC with loads of channels
Two 12-bit DAC

Plenty of power and space for expansion!




LCD, buttons, encoders

* Same as QCX-mini — but two rotary encoders

* Left rotary encoder Is audio gain, and press for
On/Off, band change, and mode change




Audio headphones output
* 24-bit stereo 12S DAC chip
* Two op-amps drive left and right

.........
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bias



SWR bridge

* Standard in-line coupler
* Feeds two ADC inputs
* Constructed on single binocular
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Switching power supplies

* WHY switching? Receive current consumptionm at 12V:
— QCX+:112mA
—  QCX-mini: 72mA
—  QDX: 150mA
—  QMX: 220mA on a linear supply

* Three supplies
— PIN diode fwd bias during transmit (as on QDX > Rev 4)
— 5V supply
— Main 3.3V supply

* Challenge: NOISE! Develop a unique approach...



Basic idea from QDX PIN bias

P-channel MOSFET
Switch

Micro generates
PWM at 100kHz

Micro reads ADC,
adjusts PWM

Discrete components 7

+
—

S
4

1.5V



Why are SMPS noisy?

Linear regulator is like a controlled variable resistor

A buck converter switches power on and off with a sharp switch
Harmonics to daylight

Hard to filter out completely!

Inexpensive SMPS have free-running RC oscillator
—  Drifts!
— Phase noise

Doesn’t matter in QDX: TX-only! But in QMX...



Don'’t try to eliminate; control the noise!

* In QMX everything derives from single 25 MHz
TCXO

* Microcontroller generates PWM
* Microcontroller knows the operating frequency
* So... Tadaaaaaahhhh
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In practice: micro moves PWM freqQ

14:07:00 20m

14:06:15

14:05:30

14:04:45

14:04:00

14:03:15

14:02:30

14:01:45

14:01:00

14:00:15




The chicken and egg problem

* The microcontroller is the control loop for all
three power supplies (PIN diode bias, 3.3V, 5V)

* But the microcontroller is supplied by the 3.3V
supply...



Solution:
* 7/8M33 linear regulator
* Switch to 3.3V buck converter when ready...

102 0109
+12VF B84 4;:51%13 MDD 12V AO3415A %232
—‘L u
Y+ WO
GMND
- AN4148 _ 112
0105: #2k
R10T" D105 cigs 22
100K 1N4148" £.2u
Q101" + —LIN REG EN |
BSS128 011
£ND BSS123,
LIN REG EN |




In practice: power- up sequence

OWwoN 11 Stop
t=275ms, 5V ready,
initialize audio, SDR

t=0, press anc? L?y

On button
N

- 3.3V Supply
P

t=250ms

Handover from

78M33 to
buck converter

Depth:1M{12-hit)



5V, soft power, reverse-polarity-prot

0103 105 0108
ifﬂ:y AOD403 AODA03 AO3415A 55%31 veo T
< o . D oo u
£ — e :
== Dmﬁﬁ%ﬁ R113
| 5.6V u = ook
| l ——
D £ND R111
ANA4148 104 22K
PWR HOLD 3l /B55123
frig;e ADC SV
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100K" BSS123,

BND GND 100k



PWM Duty cycle (%)

80%

70%

60%

50%

40%

30%

20%

10%

0%

In practice: duty cycle

Buck converter duty cycle vs Supply voltage

7 8 3 10

Supply voltage (V)
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—p— 3V3
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In practice: Current consumption

* Receive current at 12V supply:
— 80 mA (LCD backlight off)
— 86 mA (LCD backlight on)

* Big improvement from the 220mA measured on
linear regulators (1.0 vs 2.6W heat)

* Elecraft KX3 (an embedded SDR of comparable
performance) — website says: “Recelve current as
low as 150mA”




PA supply voltage!

RF envelope shaping L ks

* Circuilt from earlier 5W
PA kit

g W""' out

. In QI\/IX unstable'

20ms




Instability
* Slow ramp

* At some point..
OSCILLATION

* Could not be
tamed!

[(250E2-3) Depth:1M({12-kit)

T" si=



Sziklal pair

* Originally
NPN signal +
PNP power =
Sziklal

* Like a Darlington:
gain = product of
transistor hFE’s

* Huge gain -
instability PNP + NPN = Sziklai °



Solution: P-channel MOSFET!

R507 12V, N
.6k
WA
e 13507
< D.1u
=
"R506 ) oTs
VDD RS04, 5.1k Q507" +
+ A 5.1k, AOD403"
VWA 014 ADC
013" <j\ BC817 for
e aA ) N monitoring
015" D16 o
BC857 C857 g
~ [PAC »—@)( “TC506
' Mu
CO0Y) i 2509
in, 91k .
GND, L502"

13743 To PA



ut (V)

Vppo

In practice: 37dB control range

Vpp vs PA Supply voltage
60

50
40
30
20
10

0



SSB on QMX

* A future goal via a firmware update
* QMX has an electret mic!
* And plug-in mic, PTT capability

* EER:
Envelope
Elimination and
Restoration

* USDX
(PELINNZ/DL2MAN)




USDX vs QMX on transmit

QMX:
* 168 MHz 32-bit ARM Cortex

USDX:

* 8-bit 20MHz AVR
(ATmega328)

* 32K Flash
2K RAM

* 10-bit PWM

* 20dB of non-linear
control

M4

with floating point unit

and DSP instructions

* 512K Flash
128K RAM

* 12-

0it high bandwidth DAC

e 3/0C

B of linear control



Firmware

* Currently, basic QDX and QCX-mini
functionality — consider It beta

* Well under 25% of Flash and even less RAM
are utilized — massive scope for future features

* Trivially easy firmware update procedure



Amplitude (dB)

QMX CW filter comparison
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First QSOs: 20m band FT8, 1W

* LZ2MP, DL1BBO, YO60GJ, 404DB, UR7ED

File Configurations View Decode Save Tools Help
Band Activity
utc dB DT Freq Message utc dB
145345 -16 0.2 2015 ~ D1AW UBOAMB R-05 + 144445 -7
145345 -7 -0.4 2207 ~ CQ UNTIN LO8@ Kazakhstan 144500 Tx
145345 3 9.2 2277 ~ CQ ROAX NO56 CQ Zone 18 144515 -8
145345 -2 0.2 2386 ~ DS4FWI UTGMAH KN98 144530 Tx
9.1 2575 ~ GBKUZ SQ8RMX R-05 144545 -5
0.0 2350 = TA4/GOUPL <URTED> 73 144545 -16
0.1 522 ~ CQ 5P10T JO66 Denmark 144602 Tx
0.1 664 ~ CQ LA2GCA J049 Norway 144606 Tx
0.8 797 ~ UN7PNF SP3RAT J082 144615 -12
9.0 1478 ~ YBIGDL UN7BFY MO43 144630 Tx
0.6 2580 ~ R3PLN MOYGH 1092 144645 -18
0.1 501 ~ F6HSJ F5TMJ JNO3 144700 Tx
--- 26m 144715 -5
0.3 UABQNI UA2FGQ R-15 144730 Tx
0.0 234 ~ BG7SFE DG7MHR JIN57 144745 2
6.2 303 ~ CQ PC6R 1022 Netherlands 144745 -6
0.1 522 ~ ROUIQ 5P10T -11 144800 Tx
9.1 568 ~ BGIURZ DB1BDL JO31 144815 4
0.1 687 ~ <ISOFAP/I7> DJOMAB JN49 144815 -1
9.1 878 ~ CQ IK4RVY IN64 Italy 144830 Tx
9.1 1050 ~ CQ R5GG K092 EU Russia 144900 Tx
0.2 1095 ~ IK4LZH DM4MS JN69 144930 Tx
©.3 1132 ~ UASAAE UAGCN R-09 144945 -2
0.1 1196 ~ KJ4MCT DGIFBG J040 144945 -1
0.1 1239 ~ CQ SPIMZU KNO9 Poland 145000 Tx
9.1 1296 ~ CQ DX PEIPIX J023 Netherlands 145015 -5
1.0 1442 ~ PDiPTT OESDDX 73 145015 -10
145415 -5 0.2 1615 ~ UT3UV DLSYCL J031 145030 Tx
145415 -7 0.3 1692 ~ LZ86IV DL2CBB 145045 -4
145415 -7 0.0 1847 ~ 4X4ZP UNTBFY R-16 145045 -8
145100 Tx
145415 -20 0.2 2016 ~ D1AW UBOAMB RR73 145130 Tx
145415 -3 0.1 2207 ~ CQ UN7IN LO80 Kazakhstan 145200 Tx
145415 4 0.2 2277 ~ CQ ROAX NO56 CQ Zone 18 145200 Tx
145415 -1 0.2 2386 ~ DS4FWI UTEMAH R-13 145230 Tx
145415 -12 -0.1 2736 ~ SA4CFJ LATMTA JP77 145245 -12
145415 -15 0.1 501 ~ FG6HSJ F5TMJ R-01 145300 Tx
145415 -12 0.1 664 ~ CQ LA2GCA J049 Norway 145315 -15
145415 -6 0.2 1469 ~ YB1GDL R4HHM L053 145330 Tx
145415 -7 0.1 1612 ~ UT3UV F6GCB JN26 145345 -16
145415 -7 0.7 1815 ~ YDOHID EUEKA R-04 145400 Tx
145415 -14 0.4 1930 ~ EA4GM IZS50VP JINS3 v 145430 Tx
cQonly. Log QS0 Stop. Monitor Decode
Sim - 14.074 0 V| Tx even/1st
Tx 2340 Hz |3
DX Call DX Grid
80 A v
50 Rx 2349 Hz
Report-15 |+
D Lookup Add
. V! Auto Seq
. 2023 Apr 04
e 14:54:40

Tx: CQ TA4/GOUPL

[ Fs

Last Tx: CQ TA4/GOUPL

DT Freq
0.1 2280

©.1 2339

8.2 346 ~

Rx Frequency
Message

GOUPL LZ2MP KN23

LZ2MP GAUPL -87

GBUPL LZ2MP R-62

LZ2MP GOUPL RR73

GOUPL LZ2MP 73

GOUPL DL1BBO J043

CQ GBUPL KM4G

DL1BEO GOUPL -16

GOUPL DL1BBO R-21
DL1BBO GOUPL RR73
GOUPL DL1BBO 73

CQ TA4/GOUPL
<TA4/GOUPL> Y0606J KN26
¥060G] <TA4/GOUPL> -05
S56B0 URSEUY RR73
<TA4/GOUPL> Y0606J R-12
<Y060GJ> TA4/GOUPL RR73

CQ TA4/GOUPL
<TA4/GBUPL> 404DB IN92
<TA4/GUPL> FANQP IN19
404DB_<TA4/GOUPL> -02
<TA4/GEUPL> 404DB R-17
<TA4/GUPL> FANQP IN19
<404DB> TA4/GOUPL RRT3
TA4/GOUPL <404D8> 73
<TA4/GAUPL> FINQP IN19
FINQP <TA4/GEUPL> -G
FANQP <TA4/GGUPL> -G8
FINQP <TA4/GGUPL> -08
GQ TA4/GOUPL

CQ TA4/GOUPL
<TA4/GBUPL> URTED KNT8
URTED <TA4/GEUPL> -12
<TA4/GAUPL> UR7ED R-19
<URTED> TA4/GOUPL RRT3
TA4/GOUPL <URTED> 73
CQ TA4/GOUPL

CQ TA4/GOUPL

V! Hold Tx Freq

V] Call 1st

Javav

Generate Std Msgs

<UR7ED> TA4/GOUPL 73

€Q TA4/GOUPL

Tune

Next

‘ M WSJT-X - Wide Graph + o=+

V! Controls 500 1000 1500 2000 2500
L

| Menus

(i

Now | PWI

Bins/Pixel 3 < || Start0Hz Palette | Adjust.

Flatten [ | Ref Sper e " | spec3om [+
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QMX Is available now

* Fully tested hardware, beta firmware

* $95 kit
$20 enclosure
$50 assembly, calibration
and testing option

QRP iz

http:/Iqrp-labs.com/gmx
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