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INSTRUCTIOMANUAL(for 40m)

THIS PAGE INTENTIONALLY LEFT BLANK.

Allows the Phaser instruction manual, when printed as a desiled document, to shdive Group Assembly
Instructions on the left (even page) with the corresponding Group Component Placement on tbddiofug€) ... like

an open book. This avoids theed to flip pagewhenviewing corresponding pictoria.
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INTRODUCTION

ThePhaser Digital TransceiverE is a singleboard 4-watt SSBradiospecifically designeébr usingdigital modes

with computes runningWSJT-X andFLDIGI applications. Th@haser is capable of transmitting and receiviag the

80m, 40m, 30m, 20m or 17mamateur bargl Each of these monoband transceivers is programmed to ofdestedie the
popular FT8 frequenciewvhile apushbutton entry shifts the operating frequencari@lterna e f r equency of
choice, initially provided at he J S8 06 wat AlTifreggendy mdy bedeasily reprbgrasnmetbé@nywhere in

the HF spectrumthusproviding frequencylexibility to accommodate other digital modes such as PSK31 Hedld

Olivia, SSTV, etc To ensure efficient use of spectrum in operatibatransmitter features aadjustment-free phasing
single-sideband (SSB) design The use of precision componeptsvidesunwanted sideband suppression in excess of 30
dB acrossts operating rangehusminimizing inadvertent QRM to other operators on the (unused) lower sidefdued.

use of SSRalso eliminates the issue of enftphase signal cancellation at the Phaser's di@uttersion receiver. As such,

it allowsPhaser uses to communicate with each othdrhis is a clear advantage over the use of 'deirgl double
sideband (DSBjiransceivers.
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SPECIFICATIONS

Frequency coverage*:
Phases80 board: 3.57MHz (FT8) and 3.38 MHz (JS8/Alt)
Phased0 board: 7.074 MHz (FT8) and 78WIHz (JS8/Alt)
Phaset30 board: 10.136 MHz (FT8) and 10.130 MHz (JS8/Alt)
Phaser20 board: 14.074 MHz (F7&nd14.078 MHz (JS8/Alt)
Phaserl7 board: 18.100 MHz (FT8) and 18.104 MHz (JS8/Alt)
* FT8 frequencyis hardcoded

* Alt frequencyis softcodedfor JS8mode user reprogrammable

Transmit:

- 4 Wattsi nominal

- Phasing SSB- all power into one sidebdré Upper or Lower Sidebarid jumperselectable
Receive: MDS of -109dBm
Frequency Calibration: 1-time
User Progr ammab |:&00 KHitb 30MHz,f1 kHz gesotution y
Adjustments: Tx Drive
DC Power: 12V @ 130ma (Rx), 1A (Tx)centerpositive 2.1mm coaxial plug
Dimensions 4. 1250. X0®8B. 850 X
Kits: Currentlyavailable for 8@n, 40m, 30m, 20mor 17m
Components:

- All throughhole parts for user assembly

- Employs mly sevensurface mount parts, all prestalled

Enclosure Kits: Optionally available
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PREPARATION FASSEMBLY

Take a moment to carefully read this section, as it |
building the Phaser.

Tools & Supplies:

Yo u 6| thefollevengltools and supplier assembling the Phaser
[ ] Soldering irori 20 to40W, preferably thermostatically controlled
[ ] Fine 60/4Q(Pb/Sn)rosin core solder

[ ] Diagonal cutters

[ ] Needlenose pliers

[ ] Small flat blade screwdriver

[ ] Adhesive (Scotch®) tape

[ ] (Helpful) Closeup glasses or magnifier

[

] Operational Needs: Power supply, antenna, audio cables, computer ankKWSBIDIGI apps

General Assembly Notes:

1 A number of components are polaritysensitive. This includesall semiconductor devices and disgend thefive
electrolytic capacitorsThese areontainedn antistatic enveloge

1 Components these days are tinyln sunlight,onecan read their printed values with.@3eading glasses. Most of
the time, thoughbuilders can benefit frommsng a 18power eye loupecpsting abou$3-4 from DigiKey).

1 Assembly sequenceThese assembly instructions provide a 4igstep guide to successful construction of the
Phaser. It is recommended that you followshegrouped assembly sequencesiider.

1 Schematic and Component Placement diagranere providedn Appendices 2 and 3, respectivdlyis highly
recommended to print a copy this manuafor reference during construction. As you build, you can check off each
construction step as you compldtern in order.

9 Further details may be found in the grouped assembly sequences.

Parts Organization:

i Take some time to organize the parts provided and check them against the Psinsarisn Appendix 1You may
want toorganize parts in a muffin tirr insert them into a sheet of Styrofoarh® keep t hem from d
especially if you have a cat.

§  Tominimize the chance aftatic damagekeeplCs and semiconductors in tlaati-static packaguntil youd rready to
install themAs a practicalmagtr , you dondét need an aNoteiYeutskotldtytomat o
avoid setting these components down on paper.

1 The Phaser parts kit has been thoughtfully prepared on a number of indivishgdigd small cards containiaty
parts that will ultimately be attached to hrnted circuitboard. Now would be a good time to inventory the parts on
these cards againste Parts List shown later in this manual in Appendixfparts are missing in your kit, send an
email ton2apb@midnightdesignsolutions.camnd te will promptly provideshorages/eplacements.
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Phaser Parts:

Refer to the Parts List shown in Appendix 1 for inventorying all parts.

L SNC <hes

Phaser Connectors

-, 2-pin
male ” female ‘
Fheaders )umpersr

1x3-pin
male
header: 16

R pigital Mode Transceiver

& 40-meter Kit

Designed by .. | stereo
Dave Benson, KISWL jacks: 13,4

Produced by
Midnight Design Souions

. T i »
As received, these two bags contain the 9 cards shown below. (Sample shown is for Phaser-40.)
Stack 'em up in a small box, plastic drawer, etc to provide easy access to the parts when called for in the Instructions!

| ’ = - o ) .
; Phaser Epameled Wire Phaser Semiconductors, 1 of 2 Phaser  Semiconductors, 2 of 2
D1 1N5818 [ S———") U2, U3 NIM4556
#28 AWG #26 AWG #22 AWG -
twisted-pair (red) (grn) D2, D3, D4 1N4148 Ee—= =—"1
( red/grn) D5 1N4756 e uz 78L05
D6 Green LED ’2{ us 78L33
D7 Yellow LED
Q1, 02, Q6 2N4401 e LM393
e 25C5 706 u10 16F1824
Q7 MpS758 U1z NEG02AN
ui, U4 MC1458P
Midnight Design Sofutions, N2APB > ot 5
Design by K25Wi, Kbt oy K30EG ||| mecmint Rasion Scietions. N2are s Rt nss eaee
—
Phaser Resistors, 1 of 2 Phaser Resistors (& inductors), 2 of 2 Phaser Capacitors
9 R31 1 2D - e
R29A, R29B 10hm 5% 2K Ohms 5% C3a TOpF ag o Do seuons zie
R26 10 Ohms 5% Sl ® R18 60.4K Ohms 1% e~ C3b 150 pF o
R41-R44 51 Ohms 5% R2, R4 100K Ohms 5% s 33 oF @
R7, R22, R27 100 Ohms 5% = R10 10K Ohms potentiometer Cc4, C9-C1i, o.1a
R45 330 Ohms 5% B —gap——0 g ; C14-C17, i
1 s I;It T50: 13#(29;“)»‘ €19-C21 P o
R21, R24, R25, | 1K Ohms 5%  &—=f=—2 VA end Tl | E e (gr €26, €27, o 4L ¢ 3)
R28, R33, . T1: T37-43 (grey) C30-C32, o \ .
R36-R38  unignt pesign soiutions, N2ApE ] 14 turns of #28, twisted €34,C35-C39, o WO
Design by KISWL, Kitting by K3PEG c46
R1, R3, R5, R6, | 10K Ohms 1% <6, C7, C8, C28, | 10 uF poi. 3
R8, R9, R11-17, c33 aluminum
R19, R20, R30,
R32, R34, R35, - c29 220 uF pol. .
R39, R40 Midnight Design Solutions, N2APS aluminum g
Design by KISWL, Kitting by K3PEG
— ==—

4 H g
Phaser | Connectors Phaser  Miscellaneous Phascr  40m band specific parts
2rein L A4 Png c1 47pF_ag SRy R iy Kapee
male # female socket s e Xt gk -
headers iuiipers C! M
2x3-pin ; 8-pin IC C18,C22 |330pF @ @
male sockets c23 820 pF
header: 36 P -
3.5mm s1, 52 c24 470 pF &y
_stereo push-btn c25 100 pF &
jacks: 13,14 switches i T S S
DC Power Bumper, - - = =
Jack: 32 adhesive L2 2.2ud S gp

L3 1.5u —E—s
T0-220
BNC RF heatsink L5: T50-2 (red) Q4
= 14 turns of #26
Connector: and 4-40 i
& idnight Dasi ik L6: T50-2 (r
hardware ey kiswi, s v 1506 | || 17 turns of #26 8
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PC Board:

The Phaser P8oardcontairs seven (7) prattached Surface Mount Devicddandle with antistatic care!

e

L)
g §
g

4 03
35 Y4
Q7

(

CX
°®

©oa

J5

RIS o o ~%.ia
9
2014 ®@R17 8% o @ XXX

o oS
P IEER 3 wa

) U7 Beocococoo
aveeU3 C10 ©Q o OC
J6 © cs ° o oCAL Q. Q1
°) R43
1 R28®C39 () &ij ca-a[lo
; 76
R4z 16 B = = R?

M@)R4l. EGc38 o
cac 9@
mmuc.g.smmn o
11

LeQ -ooo"‘ﬁg meoo0e

Recommendation for Staging Parts:

Arranging the parts cards inpdastic bin such as the one shown below can provide easy access to each part when called
for in these instructionsiFor example, when a capacitor is called for, just flip through to the card containing the caps!

mew RADIAI- £

PN 40V TO92

4 "
2 [cAL P el
\JJ" ol > o Pin header [HEADER VERT2.54MM
e
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GROUP 1 ASSEMBEW¥ard Power

Refer to the GbmpargemPd m cfe@renupd lon t he n elocationmfaognponents being e f
instaled here.

NOTE: The location of omponents installed in this assembly grew@ shown with either @een dot(for the ceramic
capacitors) or gellow dot(for all others).

[ ] IC SocketsInstall thesix 8-pin IC sockets and the Jgin IC socket. Tape each of these sockets down on the top side
of the boardo hold them in plackefore soldering. Observe the orientation as shown on the silkgceegetine
printing on the board)Ensure that all sockéidacspr ot rude t hrough the board bef
a pair of opposite corngrins and check to make sure the sockets are solidly seated on top of the board. Retouch as
needed.

[ 1 J2 Install DC power connector J2. It may beyfiel to tape it down before turning the board over to solder.

[ ] 2-pin Pinheader:Install a 2pin male header at the locatinaxt toD1. Place a-pin jumper on the header just

installed.

[ ] D1: Toinstall diode Ddvertically, bend the lead on the BANDED end of the 1N5818
so the component forms a 6édhairpind s al |t
component oriented as showrnthe photo The di odeds body t o t

header and jumper installed in the presctep.

Thesilkscreen symbo_ i ndi cates that a componen
hairpin prior-to installation Seethe photo orntheright. The straight component lead
gets inserted to the center of the circular silkscreen designator, while the lead that
bent over gets insertaato the other hole.

[ ] 0.1 uF ceramic capacitardnstall 19 0.1 uF capacitor6 mar k ed aatle 610
locations shown on the next padéese locations are showngreen The remaining
capacitors will be installed in a latassembly group.

[ ] U7: Install the 78L05 3in IC (U7), matching its orientation to that of the silkscreen outline.
[ ] U8: Install the 3pin 78L33 regulator at U8, again matching its orientation to that of the silkscreen outline.

[ ] C7,C33 Installthe10 uF electrolytic caps at C7 and C33. These and all other electrolytic capacitors are polarity

sensitive. Ineach a s e , the | onger | ead must be i nstB@olubleehdck n e a
to ensure that the negativ-é)sbtHewnofonhheheapadet of |
from the 6+6 sign on the silkscreen

[ ] C29 Install the 220 uF electrolytic cap at G2@ain observing polarity.

TEST #1 Basic Power

1 Apply 12V power through jack J2. (The center pin is positive.)

1 With your multimeter ground clip attached to any of the board mounting holes, méastiveatpin 8 of the U1 pin
socket.

Then measurtor 3.3V at pin 1 of the U10 IC socket.

Do not proceed until you see these voltages, as the rest of the compepenis dn these voltages for proper
operation.
1 Remove power before proceeding to the next assembly group.

il
)l

K1SWL fAPhaseare Oirguintsacle i Moer ® www.MidnightDesignSolutions.com/Phaser



http://www.midnightdesignsolutions.com/Phaser

INSTRUCTIOMANUAL(for 40m)

Group 1 Component Placement

cas
N 3 220uF o ® @14
LS &
® O ® ° ° 5
q—& + ce— §
e O IR R9 rc}‘% 33Wl l@CjZFQC © @
n
o @~ U4 1ex N C31
® 38, @ “apd .. ot @ ius . o
o ol "le 12k@@
L6 @ o 8‘]“ T> o |o @_.y 78L33
r‘]. S e DIN, ) U .1 1eK @ 1o«
, Ceo & ° 0 @z °olLtle 1 R30 o oX @@ LlEK 1'(<:312'<
y8e S R o
J JE— S
3%_321 OLa RéS? CZH I o 00 ©
0
= 10 MPS751 @ 10K @ o ° ° mm
alzl ALl 2N4401  R1p R34 el —le U] =51 e
(a4 —
® U4 ® @ Ciz p¢ R].4 @
2 [ e S S e ey
&= 25C5706 ol B | b UP Co 6 R1S 1@ uF 3 :]
|- C3g ° o 1eK T J5
] o e .1 mHeeoeo
' c18 pas @O .1 19 uF
%C" 1.©¥m¥.—ﬂ 18K Q44 Q eecccooe
L 3 - 330 sl -1 “Ql? "o V7 s
(Vo] ——
. ¢ _eeeeory pe [ o S ! e
j L " lex 78L 05 00000
].N41.48 c19 Rel E <06 | U3 o gy, | €@ %
(YO T .
w .‘\i 'f%a T1-@ @ LoK R43 36 Cé 1v uF ¢ BCAL @-@ 2N4401
& c :IREO@ 3L C3-R 7 RS gk
: 5 00 .9 099 s g X @0
MK m“mcgg -B 0@ 150 QL R4 188K
C1 ESCS?%E.H e c3y @5t .l c4sr61 CapaN. 1® L O
s | R@Je Wi c15|||||||| 1 ,,,Qé?a cece 81
o{iou}e Ci¢ FST3257 [FsT3257 @ Sey
Y o T ||||||||‘ NI cssgidt 2 458
o 1N4148 Q2 US e “ m\e o o
8 o1 (5015 ardaer  C2@ @220 U6 25 U13 332 1odk
Measure for +3.3V here G d
roun
Measure for ~ clip here
+5V here
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GROUP 2 ASSEMBIR Switching

This assembly group installs theRTswitching logic. Component locations amdicatedwith in the diagram
on the next page.

[ ]
[ ]

J3, J4:Install 3.5mm audio connectors at J3 and J4.

R5, R6, R30, R32, R34 and R3%nstall 10Kresistorgbrn-blk-blk-red-brown)resistors at R5, R&R30, R32, R34
and R35

C6, C28 Installtwo 10 uF electrolytic cagp atC6 and C28 Thisand all other electrolytic capacisarepolarity-
sensitiveln each case,tteonger | ead must be install ed Agaar est
doublecheck the polarity before soldering.

R31 Install the 12K (browsred-orangegold) resistor at R31.
R33, R36 Install 1K (brownblk-red-gold) resistors at R33 and R36.

Transistor Q6 Install a 2N4401 3in device at ®. Observe orientation of the devices flat edge. Take care not to
overheat soliestate devices.

t

[ ] Transistor Q7 Install the MPS51 3pin device 8Q7. Obser ve ori entation of the d
[ ] Integrated Circuit U9 Insertthe LM393 8pin ICin the sockeat U9. Observe orientation of pin 1, as marked with
a small dot or cutout at the pin 1 edge of the device.
[ ] 2-pin Pinheader Install the remainingp i n mal e header at nedr¥l0l ocati on ma
TEST #2 T-R Switching
1 Upon completion of this group, you can connect the 12V power source again to J2 and a cable from your computer

audio output at J3.

i Launchthe WSJX software on your computer and command it
1 Measurethevoltay 6 Vswdé (at ,neareC3dtandpsee it ehdngeofrom QVIC to a nominal 12V DC.
Verify thatthe voltagedropswh en cancel i ng 6Tuned.

91 Do not proceed until you see these voltages, as the rest of the components depend on these voltages for prape

operation.
1 Remove power before proceeding to the next assembly group.
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Group 2 Component Placement

ca9
N} | Je 220uF  J ® @14
LS ¢,
® O ® ® ° !
gﬂ’ + ce~~ ©
o 0 00 | s Rge CLi J3 4 . CU3F3 "@ @
‘ g o g U4 10K I C3]. ]. U8
2000 .®®  Cunfle o8 e D7
- M o|nD|le S @ R33
L6 @ o@3 ﬁ“ S s ¢ '@ B33 Sarss 6
1N ig® DIy ®|o|® -1 ~ @@ LoK
, Cae F 207 @z eol:le g RIcy o ¥ o@lok X LK
B 004 oo, Uiaa = °F o @y
o [ — s | @ Cec ® °
.L4 R3S |@ = g, o Y] —
330 @ Col Hquw Q7 oo [N o |® o 00 ©
—_— Tg) w2 nn
afs] < MPS751 Q6 leK @1 18I<|-Q 5 U1 [
ozl LT eN4401 Rla R34 * S1  s2
4 bl 4 Y h nm
® Q4 ® @ Cl2 1
= 380 o0 5'214 J
v 1eK
e el 213 = o e o JHHTY
g lo 25C5706 o | b ‘—' a1
o | 4556 RIS 18
Q C34 ue J5
~ o leK sl T
*J @cig @ e .  meee 19 uF
’%& — % R45¥cn¥ LoK |Q44
¥ <
xS ""Iog.é?sﬁg cla o©m7 [:9 Uy 2eeeeee
330 e _.
o o Yo o ecoo 5!219 LX) lerlead
1 o1 CIL? R 10K >oL05 meeo000 o,
]_N4148 C19 K. o 4956 U3 c1Le D0
B meee 2e.. O
16K R43 C6 18 uF ¢ ¢CAL 2N4 401
° @e
Q3 1 I:. .:I 8@ o e b Om "’ Jreiex
: ®®_ cCx.! L X _JT3 ®e
"X ] S R7 100
5 UQOn oE -B @@ 150 L..I R4 10K
Cl 2scs7ee c3r 0@5S. B8CE . gy g8 .0 ¢ 0@
L1 R&2 ‘ IIIIIII5IIIIIII| csecey ” ooeoe O
47 N e cle |P§T325?q ;.q [FsT3257 @ - R3
a NEG @2 MC1438
S o Tle 1 7 i 035 Ié |
™ o lN4148 QE S
2 el 1o 5iY oo U com@azeUb ;2@ @ 51.3.33@ ook o °
Observe change in voltage from 0V to 12V when
commandi ng OTXmsdtwarei n WS,
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GROUP 3 ASSEMBLYcal Oscillator

This assembly group installs the local oscillator function. Component locationsliaeged withred dotsin the
diagramon the next page.

[ ] GreenLED:l nstall the Green LED at the boar d (thecamdelisi on |

installed toward the rear (top) of the boaidh e shorter | ead (the cathode)
on the otherwiseound base of the diode body. (It may be difficult to see this flat.)

[ ] Yellow LED: InstalltheYel ow LED at the board | ocation | abel e

[ ] R37, R38(1K): Install two1K resistorgbrownblk-red-gold) at R37 and R38These
resistor labels are not shown silkscreerbut are located next the greerd F T 8 6
LED.

[ ] R39, R40(10K): Install two 10K resistoréorn-blk-blk-red-brown R39 and R40
These positiopare alsanot onthesilkscreerbut are locategluist above Y1.

[ ] S1, S2 Install tactileswitches S1 and S2.

[ ] Integrated Circuit WO: Install 14pin IC U10 (PIC16F1824). This device is polarity
sensitive. The dot arar notch at one end of the device must fiacthe leftas you are
vi ewi ng t he .rduln@ybeedte sehddghhCapinogently inward to mat¢
with the socket. The best approachoipush the IC down each side separately

usinga hard surface to bend ong@in row atatine. Once youbve i Started tnhne

ensure that all leads are seated in the socket.

[ ]1J6(2x3 Pinheader Install the 2x3 pin male header at the positioned labd&ds shown in the photo belawm the
left.

[ ] Black jumpergon J§: Install two black jumpers on J6 as shown at the photo beitoilie right. This orientation
selects Upper sideband (USB) operatiostalling the jumpers at upper left + lower right would select Lower
s i d e b bubidwoldd be wrong.

i S

d o

J6insta||ed,withutjumpers Jumpers installed for AUSBO positions on

Test #3: Measure the Carrier

Connect a 12V power source tg J2en onnect a clideadto oneof the exposed pins on J&e cliplead serves as an
antenna to radiate to clock frequency present orYd6L should be ableto hetliss t eady <carri er o
7074.0 kHz. The frequency may be off by several hundredRdferta he o6 Adj ust ment / Cal i b
Instructionsfor calibration.
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