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Workbench
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Set up youe workbenty
and builo Something




George Zafiropoulos KJ6VU

e Licensed in 1972

« Repeater building, QRP,
microcontrollers, antenna building,
portable operating

« Sierra Radio repeater controllers

shaato + sy

« PackTenna portable antennas
« Ham Radio Workbench podcast
« My station: K3, Flex-6400, KX2
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The Ham Radio

Workbench
Podcast

« Jeremy KF/IJZ & George KJ6VU
« Technically oriented topics

« Build projects

« Product reviews and advice

« Guest interviews

« General BS about radio & tech
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The Ham Radio

Workbench
Podcast

Over 100 hours of content

Web site www.hamradioworkbench.com
DMR Talk Group 31075 ,
Facebook page HamRadioWorkbench /i
Twitter @hamworkbench

Ham Radio

Workbench

Podcast






What is a workbench?

« A workbench is a happy place

« A place where you can make things with your own hands
« It’s a place where you can learn something new

¢ It’sa place to make somethmg useful
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Or... A Portable Workbench !
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My Workbench

e IGOBOX
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Workbench 2

Hand Tools Podcast

* Screwdrivers
 Nut Drivers
 Needle nose
 Wire cutters
* Pliers
 Wrench

* Tape

o Xacto knife
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Workbench p.

Soldering Irons Podcast

Hakko FX888D $100 Hakko FX951 $250

Weller
Soldering
Station

« Soldering station
* Not a pencil
« Temperature adjustment
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Workbench 54

Your Next Podcast
Christmas Present

4"-— tl 1
\ ""‘I‘

Hakko FR301
Desoldering tool
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Workbench 4

Digital Multi Meter Podcast
» Good enough 520 + Fluke DMM $160
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Bench DMM - Siglent Woglgbe{mh 4
SDM3045 $380 odcas 23

« Real 42 digit (60000 count) readings resolution

« Up to 150 rdgs/s measurement speed

« True-RMS AC Voltage and AC Current measuring

« 1 Gb NAND flash size, Mass storage configuration files and data files
« Built-in cold terminal compensation for thermocouple

« With easy, convenient and flexible PC software: EasyDDM
Ham Radio

Workbench
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Low Current W OI'kbnh C
odcast
Bench Power Supply

‘ .

02A 0OB5A METER
RANGE

B+K 1601 S60 on Ebay

« 0-30 VDC

« 0-2A

« Over current protection
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Low Current Workbench 3
Bench Power Supply Podcast

- 8

GSIGLENT
CH1

o-Name on Ebé;/ Siglent SPD-3303C DC

« 0-30VDC Dual output
« 0-5A 0-30V 3 Amp
* 380 $240
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High Current Workbench 3

12v Bench Supply s

Tekpower $99

 13.8v

30 Amps

Frequency shift
PowerPole connectors

. Powerwerx $160
. « 13.8v
DAYYE « 30 Amps
« Digital voltage & current meters

Ham Radio
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Handy DC Power Meters

" PWRcheck

Watt Meter

(€ Voltage 0-6OV Currenl 0-100A

West Mountain Radio No Name brand on Ebay

PwrCheck 0-60 Volts 0-100 Amps

$200 Must add PowerPoles
$10
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Oscilloscopes Workbenchsgg
Rigol Z1054 $350 Podcast

RIGOL ot X wnmon tvidion T

* 4 Channels

50 MHz Bandwidth - hackable to 100 MHz
UltraVision: Deeper memory 12 Mpts

7" screen WVGA(800X480) TFT

USB HOST, USB DEVICE, LAN, Aux
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Oscilloscopes Workbench 41
Digilent Analog Discovery Bl

$339 $239 !

« USB Connected Instrument
« 2 Channel oscilloscope

« 2 Waveform generators

« Power supply

« Data logger

« Logic analyzer

« Pattern analyzer

« Switch I/0 control panel

« Network analyzer

« Spectrum analyzer

Ham Radio

Workbench
Podcast



Waveforms - PC / Mac / Linux Software

o 5 WF1 - Static 1/0 (George 2) - O b2
File Control View Window
b Run Al Channels = | | No synchronization <z
15. 14. 13. 12, 11. 10. 9. B .
g x
Channel 1 pIO
b Run Enable |Simple - | |3 15-8 .
Type: r\,Sine Rl [
Frequency: 2kHz ~
IAmD|ID.IdE1 1y v Vo I 5o Co 9o o He Jo
Offset: av ~ (1) (4]
. 70 . 0f1
Symmetry: 50 % d
Phase: oe w
100 us 200 us 300us 500 us &’E
Channel 2 g x
P> Run [ Enable | Smple v | s Welcome [#  Help @ network 1 P spectrum 1 (E
Type: r\,Sine v (|3
Frequency: 1kHz w H Single D Run Freg. Range: | Auto ¥ |Start: 0Hz | Stop: 1MHz ~ I8
Amplitude: 1V ~
Offset: oy ~ Magritude
Symmetry: 50 %% ~ Units: dBv e
Phase: o* hd Top: 20 dav ~
0ms 0.2ms 0.4ms Range: 200 dBv ~
m Reference:
Channel options -
B single P Run Repeated - Auto ~ | Channel 1 = | _f rising *|lov vl < Add Trace -
\ 000 samples at 800 kHz | 2018-01-17 16:00:50. Trace 1
= Channel:  |C1 A
Position: Os \/ Type:
- Sample v
Base: 1 ms/div ~ Count: 100
< Add Channel = Trace 2 -
Channel 1 Channel: | c2 ~
Offset: ov ~ Type:
Range: 500 mvfdiv v Sample -
Count:
Channel 2 b
.............. Offset: ov >
Range: 500 mv/fdiv -~
0.2 MHz 0.4 MHz 0.6 MHz
Manual Trigger Discovery2 SM:210321A68A33 Status: LV &3

om nadio
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RF Dummy Load

* 1,500 watts o 25 watts

« Air cooled  Air cooled
* 0-650 MHz  VHF/UHF
« $79 (DX Engineering) <+ $S15 (Ebay)
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RF Watt Meter

Ham Radio

. « > 5400 new !!!
Bird 43 . ysed: $100-$250
* Slugs $30-$100
 Slugs 10 mW to 5 kW
« VLF -2 GHZ

4 \_ecl’ﬂOIv/ < L eCTRON,, ——
9— C‘ > <! 'c
S
100W > 50W

/ 400 lOOOMHzl,: ;

\€CTRONG

7 500W O

/ 400-1000MHz

T ) o
T 50W %\ = 500W
400-1000 MHz 400-1000 MHz

g
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RF Power
Meter

Sa m p le r Line Sampler (BIRD 43) 500 Load

Transmitter

[D——{mcm  rrour > =®_@

O

Variable RF
Signal Sampler
......... ' 4275 ’
_ | 20-1000 MHz VERT

5 g Electronic Corporatio -

MO Cleveland {Solo )om o USA
* Scopes
« Spectrum analyzer
[ J

Frequency counters
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RF Watt Meter - Comet / Diamond / etc.

« 1.8 -160 MHz

140 - 525 MHz

PEP / Average SWR
200 Watts

$180
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Parts

The Usual Suspects

' MOUSER

Y ELECTRONICS.

Al

ALLIED ELECTRONICS®

Ham Radio

Workbench

Workbench 14

Podcast

Other Important Sources

Bang good

~— . COM
Alix=xpress

Podcast






Build Projects

« K6BEZ Antenna analyzer } VPE"
- PowerPole power strip
 QRP ilummy load ) ) ?3?,\“
 QRP “smarty load cV

 Remote coax switch |

+ 12 VDC Power monitor } oW
& Low Voltage Disconnect W

Workbench
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Remote Coax Switch

1 pole / 4 position switch
Latching relays

Control ports
— Pushbuttons
— USB

— RS485

— Wireless

Runs on 12 VDC
All through hole parts

Ham Radio
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Block DiagramA .

[
o
- C D
O

PIC
Microcontroller

2.4 GHz
802.15.4
Mesh
Radio

. . . . . Power Supply

Pushbuttons

12 VDC Input
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Simple Computer Control

Dumb terminal
putty

......

aaaaaaaaaaaa
12348
CROTCE N

1 ° 2 | 3 [ 4 % Al .

/ /RY1 Selects port 1 / /ALL Forces all on or off
/ /RY2 Selects port 2 User selectable
Etc... //STATE Responds with RY state
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RS485 8
MASTER Lhzum 9080080800808/ /jﬁﬁﬂﬁ %Sejf:

A‘B A‘B
Q (@]

RS-485 RS-485
Device Device

Defines the physical signaling layer
Half duplex

Multi-drop network

1000’s of feet

Ham Radio
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802.15.4 Mesh Radio

« 802.15.4 Physical layer and MAC

« 2.4 GHz

« TmW to 63mW

« UART in/out

« Easily covers a typical home / lot

 One end in the shack one at the antennas

Ham Radio

Workbench
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Workbench 7

| Podcast 10
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Ordering Boards - www.seeedstudio.com

. M Inbex (3,503) - georges. X Fusion PCB Manufactur: X

- C @ Secure | https//www.seeedstudio.com/f

-

\f i/ Seeed Bazsar Fusion Propagate Support Whata W Iooking ror Q e E

il s ool e 2 tsden g

Upload files
Enter size \ | . R

Quantity S

Thickness~

PCB Thickness 0.6 0.8 - 3

- = S ~ & Working Days

Color P i [Ty [ema] [sveon] 30 [s ] [4550
Surface Finish HASLLead Free  ENIG  Hard Gold Add to Cart

B Buried Via

Ham Radio e ’
Workbench — TG v
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Firmware Development - C or Basic

g

File Edit View Project Plugin Help

Mew Open Save |

Front Panel rev 11 build 2

Code Explorer - B8

| B 2 Includes

5} 18f4620

| USART

suart

hs_D518620

ow

hs_LCD

ISRRX

STRING

ADC

hs_convert

hs_shift

eeprom
hs_utils

I Constants

Types

] ] ] ] i | e ]

Structures
=
| 2=

Variables

5ubs and Functions
led_on j

led_off [}

send_msg (msg As §
relay_1_on
relay_2_on ()
relay_3_on ()
relay_4_on ()
relay_1_off |
relay_2_off [
relay_3_off |
relay_4_off |
send_packet [msg &
get_analog_inputs |
set_all_off [
get_dip_sw [}

S S S S T e e o

help_screen |

process_payload [cn
Macros

| Interrupts and Events

Ham Radio

Workbench:- >

Podcast  © suces:

<

Cut

DIM Front Panel rev 6 build 3

Copy Paste Undo Redo % Print ‘33-’ Build =

DIM PR rev 11 Build 4 Coax Switch Rev 1 Build 9

Coax Switch Rev 1 Build 9 L |
77% While (trume) ~
T80
781
782 To———

783 Process serial buffer - DO NOT CHANGE THIS CODE

T84 Tem———

785 e Drain the hardwars ring buffsr into the working inbuf buffer —---—--

78¢& While (ISREX.Datahvailakle() And (bufindex<inbufsize) And (Not inbuflineready)) ' New byte present ir

787 inbuf (bufindex) = ISRRX.ReadByte () ' Transfer the byte in the UART to the input buffer

788 If inbuf (bufindex) = #13 Or inbuf (bufindex) = #10 Then ' Command terminator present

789 inbuflineready = true ' Set flag to process payload

790 EndIf

7591 bufindex = bufindex + 1 ' No terminater, incrsment the index pointer

792 inkbuf (bufindex) = 0 " S=t next character in the input buffer to null

793 Wend

794

7585 If bufindex >= inbufsize - 1 Then

79& inbuflineready = false " Resset data ready flag

797 bufindex = 0 ' Reset buffer indsx polinter

758 inbuf = "" " Clear input buffer

799 EndIf

=[a )

501 '———-- Pluck the data from the input buffer inubf and flush the buffsr

202 If bufindex<>oldbufindex Then

203 oldbufindex = bufindex

304 EndIf

205 T Process incomming serial payload, 1f any

20& If inbuflineready Then " Data 15 in the input buffer, ready to be processsd

207 x = Length (inbuf) ' Determine the size of the data in the input buffer

208 inbuf = Left (inbuf,x-1) " Grab all characters in the input buffer sxcept the last charactsr

203 process_payload (inbuf,device address) ' Check to ses 1f payload (inbuf) contains & valid seris

210 inbuflineready = false " Reset data ready flag

a1l bufindex = 0 ' Reset buffer indsx pointer

21z inbuf = ™" ' Clear input buffer

813 EndIf

814

Bl1S|

8l€ "———-

817 * Check for reboot flag

818 "-———-

8135 If reboot_flag = 1 Then

820 reboot_flag = O

821 Break

g22 EndIf

823

a4 T W
>

= Ln914: Col 7 CAP | OVR

18341 program bytes used, 2677 variable bytes used




IN OUT GD PHR

ST el [;
ie ; : tb_‘_:dg .

5539009
oco8v|gr T
Serial Port

3004
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Testing - Insertion loss < 0.1db at 30 MHz

Insertion Loss
0 MHz

001 1234567 8 9101112131415161718192021222324252627282930

-0.02
-0.03
-0.04
-0.05
-0.06
-0.07

-0.08
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Testing - Isolation >64db Below 30 MHz
Isolation Below 30 MHz

o 1.2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 252627 28 29 30 31 32 33 34 3536 37 38 3940 414243 44 4546 47 48 49
-10.0
-20.0
-30.0
-40.0
-50.0
-60.0
-70.0

-80.0

-90.0
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Project Web Page

Remote Coax Relay
Documents
e Bill of Materials (BOM) in Excel format

e Coax relay manual

Parts Suppliers
You must order the Basic Kit
e Basic Kit (PCB, programmed CPU chip)

You can order the rest of the basic parts from

Digikey or source from your junk box

e Digikey shopping cart for the required parts

If you want every possible option, you will need to order the rest of the parts. Please
note that there are multiple options for Xbee radios. Pick ONE for the board and another
one for your host PC side of the connection.

e Digikey shopping card for the optional parts

The PC side of the optional Xbee wireless data radio link can be found at many sources
honrego| 1NCIUMING Amazon, Ebay, Aliexpress and others. Search for “Xbee USB adapter”

Workbench
Podcast



Firmware

' Ham Radio Workbench Podcast 4 Port Coax Relay Board

' Open source firmware Rev 1.0

Device = 18f4620
Clock = 40

Config osc = hspll ' Set clock mode to 4x PLL

#option WDTEN = on

#option usart brgh = TRUE

#option usart brgl6 = TRUE

#option RX BUFFER SIZE = 11 ' Set serial port rx buffer size (multiple of 2)
f———— [ Include subroutine libraries |—————————————————————————————————

Include "USART.bas" " UART subroutines

Include "ISRRX.bas" Interrupt driven serial subroutines

Include "STRING.bas" String manipulation subroutines
Include "ADC.bas" " A/D converter subroutines

Include "hs_convert.bas" ' Number conversion subroutines

Include "eeprom.bas" Include EE PROM subroutines

Include "hs utils.bas"

'=====[ Physical IO pin assignments ]

Public Dim status led As PORTC.O0
Public Dim sys_voltage As PORTA.O

Public Dim buttonl As PORTA.1

Ham Radio Public Dim button? As PORTA.2
Workbench ™ ~———"—7"—=

Podcast Public Dim button3 As PORTA.3
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. - OUSqQNJIOM (3
PowerPole Power Strip Eiot e imum

* 1 Input
* 4 Fused outputs
e Blown fuse LED indicators

« Good / bad input polarity
indicators

©
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12 VDC Power Monitor & Low Voltage Disconnect

2885 S
Jpzmmmm— =i
« 2 DC Inputs 325 %ﬁg
1 DC Output 2 63 sz | 25
« OLED or LCD display e
: 0 -
* 25A Current capacity |4
o - g RYyg' ZNZ222
« Latching power relay iE 4 . o
 Current Sensor o Gessom .*w o~ ) 3 _
o HY 7 %EET—’_ sr:gi::-l b:znsgtf::uq :
20z §opper Trfa\ces B e H 2t
* Arduino Pro Micro R G B
+ Hackable platform  [.,f¢ & Ui
Bge 29 @88 &
EE o ] 3 Fm + T] %
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PackTenna HF Portable Antennas
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PackTenna VHF Portable Antennas

Ham Radio
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PackTenna VHF Portable Antennas

wuu.packtenna.com

® PACKI|ENNA ®
TrekMount

llllll
VIP
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