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What does o trancverter: sequencer do?
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Figure 6 More Complex Transverter Set-up




Why i o sequence imporfant?
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Fans oS
¢ A plethora of choice

® Microcontroller state machine or resistive capacitive delays
® Processor Controlled timings

® Most provide 3 or 4 sequenced delays

® Most provide some degree of programmability
® Packaged or bare board
® Kit or assembled | T
® Some have intelligent feedback = ¥ T
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¢ And even more
choices...
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VE3CZO Sequencerl

Mini-kits emel166
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With all fiat choice: wiy even consider anofier- one?

RF path Power Control

Sequencer Power Supply Transverter

Transceiver
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¢ But why bother with two cables if one will do...
¢ Build the sequencer into the ACC Mini-DIN connector!
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A Sequencer in a Minil DIN¢<?
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A0 plg a FOP WL 1T insiae: ar MiniE DINS €

O The Mini DIN connector has a protective plastic outer shell, with a smaller metal shell
inside. The PCB has to fit within the that metal jacket.
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O The PCB can’t extend outside the back of the connector’s metal shell. A moulded

flange on the plastic outer shell prevents the PCB from extending past the back
edge of the metal shell.

Q The connector’s pins inside the metal shell take up a lot of the room, about 4mm

O The PCB must be sized to allow a piece of heat shrink to be placed over it to prevent
components shorting to the metal shell.

O The maximum PCB sizeis — 15.5 x 6.5 mm

® The PCB length extends from the rear edge of the connector’s plastic housing to the back
edge of the metal shell

® And a lot of that PCB area must be dedicated to the connecting solder pads
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Minit DIN' Sequencer- Objectives




The frouble with ACC pins specs.. there aren't any!
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"X INH Electrical Characterictics
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=il ACC +19.8V- oUTpUT "f'/ﬂ'/wgs 10, TINK ApoUf;
O The +13.8V pin is not switched, so the pin is always powered even when the radio is

switched off. If the circuity attached to the pin draws any current and is left plugged
into the rig it will discharge the battery.

¢ The ten ohm resistor in series with pin 1 is tiny. It's a 1005 (0402) capable of
dissipating only about 63mW, and there is no short circuit protection. If this pin is
accidently shorted to ground it will attempt to dissipate up to about 20 watts in this
resistor, well for a short time anyway.

¢ In some of the rigs measured, the +13.8V output resistance ranged up to about 150
ohms, an indication that the output has been abused in the past.

¢ If you can dig into the rig I've put together instructions on changing the output so
that it's switched, can deliver up to 100maA, and is short circuit protected.

¢ +13.8V Pin Summary

1. Test this output to make sure it’s in good working order

ect the voltage on pin 1 to be about .45 volts lower than the external supply or battery

2. Ex
voﬁages plus the voltage drop across the 10 ohm resistor

3. Don’t leave a load connected to this pin. Itis always active even with the rig off and can
drain the battery

4. This pin is not protected against short circuits and will be damaged if shorted or asked to
drive load currents in excess of about 80 mA....be careful!
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Eightt Pin: Minil DIN PCB Pinout
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e Sequencer Circut
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Pin2 Tx-6nd
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Sequencer: Fop 1ayou:

O Double sided 1.2mm PCB

Aug 2|
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Q Pin 8 soldered to PCB using 32 ga. wire wrap wire
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Minll DIN Sequencer: Design: ve. Objectives
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e challenge of enteriaining additional requirements
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poiTeny. aierinaives: = Winacamy.
@ Windcamp includes - 3000 mAh 3S LiPo battery

pack, rear cover with charging jack, charging wall
wart, some include a charging stand

Q Battery is always charged by external power
supply not the charger built into the FT817

¢ Switch on included battery cover must be off to
disconnect from internal circuitry when charging

Q Pros
® Much longer run time than the stock battery

O Cons

® Can’t use the FT817 internal charger, battery must
be charged using the supplied wall wart

® Battery configuration doesn’t turn off the internal
charger — do not use with external power supply
connected to DC Input without turning the LiPo
battery charging switch off — otherwise FT817
trickle charge could over charge the LiPo battery

® LiPo is fussy — should be stored at half full capacity

Aug 2| Minimalist Transverter Sequencer
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Pattery Alfernatives - lkea LLadda

Minimalist Transve
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<emoving e v 18Il batiery sense: Iedo
O The FB-28 battery case was designed to hold non-rechargeable AA batteries

¢ The battery connector is a five lead Molex 1.25mm MicroBlade connector. It uses
four wires for connection to the battery, two positive and two negative and a fifth
wire as a safety measure to sense the existence of the battery to prevent the FT817
from attempting to charge a not-rechargeable pack.

¢ Many sites indicate you just need to cut the green lead, pin 5 on the connector to
enable charging, true, but | prefer a route which will more easily allow you to add the
lead back into the connector block if needed in future.

0 Hold the connector in a vice. Gently lift the tab
securing the pin 5 connector with an X-acto knife or
other small pointy object. The tab does not have to be
lifted very much to allow the pin to be removed. Gently
tug on the pin to pull it out of the connector block

¢ Place a piece of heat shrink over the connector. This
lead must be insulated so it does not short to ground
as it is attached to the batteries mid voltage point.
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Mernate: batte. wortihwhiler incredse: in' operating fime*

FT817 Operating time on battery

Enables operating time comparison between batteries of different capacities
10%

Time Spent Transmitting

Supply Current in Tx
Battery 1 capacity mAh

Minutes of Operating Time

Hours of Operating Time
Battery 2 capacitiy mAh

Minutes of Operating Time

Hours of Operating Time

Difference Battery 2-1

 Rx Only

TX=0.5W Tx=1.0W Tx=2.5W Tx=5W

350 950 1120 1450 1350 mA

1400

240 189 182 170 157 Minutes
4.0 3.1 3.0 2.8 2.6 Hours

2450

420

275 Minutes

7.0 5 3 0 4.6 Hours

118' Minutes |




Ladda 7450" mAn: pack cnarged in the FIBIT

lkea Ladda 2450 mAh 8 cell battery pack capacity powering an FT817 in Rx first run




oy

0 Used an external supply setto - 12.6V current Ilmlted to 250mA
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Charging e Ladaa's o ani externall cnarger




Ladda: pack second FUn; exterinal cnarger

lkea Ladda 2450 mAh 8 cell battery pack capacity powering an FT817 in Rx First & Second Run
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FARIT battery. charging current: Vs, sipply Voiiage

12V Supply
Volts

13.8V Supply
Volts mA

11.765 0  13.559 0 14755
11.7 10.4 13.0 14.0
11.6 315 129 134 139 176

15V Supply
Volts

mA

11.4 64 12.8 158 13.8 201
11.3 84 12.7 171 13.7 218
12Vsupply ~  13.8VSupply 15V Supply 11.2 101 126 195 136 241
Voltage Current Voltage Current  Voltage Current 11.1 122 12.5 221 13.5 250
Volts ~ mA  Volts  mA Volts ~ mA 1.0 143 124 236 134 252
11.0 92 130 7.2| 14.0 9.5 10.9 155 123 243 133 252
10.5 9.3 12.9 9.1 13.5 9.6 10.8 177 12.2 246 13.2 252
10.0 93  12.8 95| | 13.0| 9.6 10.7 220 121 246 131 252
9.5 93| 127 95| | 125 9.6 10.6 237 12.0 246 13.0 252
9.0 9.3 12.6 9.5 12.0 9.6 10.5 238 11.5 247
8.5 93| 125 9.5 11.5| 104 238 11.0 246
8.0 93 120 95 110 o - iy
7.5 93| 115 9.5 10.5 192 28 A0 290
7.0 93 110 95 100 10.4 238 23| 25
| | | | | 10.0 238 9.0 224
0S| 95| 235 9.5 238 8.5 243
10.0 9.5 9.0 9.0 238 8.0 243
9-5] 95| | 85| 85 238 75| 242
3.0 9.5 8.0 8.0 238 7.0 240
8.5 35 7.5 7.5 237 6.5 239 | _ |
8.0 9.5 7.0 7.0 236 6.0 239 \‘r‘”
e 6.5 235 5.5 238
Aug Zl VIINIMAIIS ansverer seaquer - 1 - ] ' 2

6.0 235 5.0 238 i




Laada capacity. Wit Various 100d: CUrients

Ikea Ladda 2450 mAh 8 cell battery pack capacity when powering

an FT817 at differrent transmit power levels 2660mAh

2450mAh
50mA (Rx) g50mA (0.5W Tx) 1125 mA (1W Tx) 2430mAh

IL | f | 2350mAh A |
==

1450mA (2.2W Tx) /
1850mA (2.8-4.5W Tx)




Didl the charger: fuly charge the PNB-85 pack?

- Yaesu FNB-85 1400mAh battery pack 2nd run
11+
1 1140 mAh
10 - - - '
g s
7.7vj

R




r/ ‘_I .l ok P, 5
POTTRNY| 1855005 eares
¢ Don’t use the PA-48B to charge the Ladda battery pack, it doesn’t have high enough
output voltage

¢ And the additional capacity will significantly increase
run time, so for the cost, the Ladda seems a good choice

0 And get some connectors!

® Shame on you for using alligator clips for a battery meas.
m Well it was a current source eval so a small voltage drop ok.

® For those wanting to purchase connectors they’re Molex PicoBlade 51021 series
m Female 5 pin housing Molex 0510210500 Digi-Key WM1723-ND
m Male 5 pin housing Molex 0101470500 Digi-Key WM12224-ND
m The pins are available for either 28-32 or 26-28 ga wire but 26-28 is recommended
m Male pins Molex 051258000 Digi-Key WM4560CT-ND for 26-28ga wire
m Female pins Molex 0500798000 Digi-Key WM1142CT-ND for 26-28ga wire

Aug 2 Minimalist Trancve




P8I, now low. wil it go#

FT817 supplied from external power with battery removed
Supply  Current , ' Tx Supply Current & Output Power | | }
Voltage Rx I suppry RF Pwr Out I suppry RF Pwr Out I syppry RF Pwr Out I suppry RF Pwr Out
Volts ~ mA  mA 5Watts  mA 25Watts  mA 10Watts  mA 0.5Watts
15| _ 1820 4.45| 1453 2:21 1157 0.99 1 0.51
13.8 A 1810 4.43 1445 2.2| 1152 0.99 993 0.5
12 ‘ 1826 4.38 1441 2.19| 1138 0.99 984 0.5
11 | 1853 4.3 1435 2.18 1134 0.99 977| 0.5
10 54 1914 4.19 1434 2.17| 1126 0.98 965 0.5
92| : 1900 3.82 1436 2.16 1121 0.99 958 0.5
8.7 | 1848 3.48 1441 2.15 1117 0.98 953 0.49
8 ' 1771 3.02 1451 2.12 1111 0.98 947 0.49
7.8 44 1751 2.89 1456 2.11 1108 0.97 941 0.49
1.7| . 1739 2.82 1459 2.1 1106 0.97 941 0.49
7.6 | No Tx No Tx 1463 2.09 1105 0.97 939| 0.49
15| . No Tx No Tx No Tx No Tx 1104 0.97 938 0.49
74| 4 No Tx No Tx No Tx No Tx No Tx No Tx 936 0.49
7.3 . No Tx No Tx No Tx No Tx No Tx No Tx No Tx No Tx
7.2| ' No Tx No Tx No Tx No Tx No Tx No Tx No Tx No Tx
No Tx No Tx No Tx No Tx No Tx No Tx No Tx No Tx

:'I.\ 8
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NEW' Target Slipply’ Voitage: Yange: 1o e sequencer
Q The FT817 will run on receive only from a 7.2 volt supply but would need 7.4 to
transmit 0.5 watts and a minimum of 7.7 volts on the five watt transmit setting.

© The NiMH battery pack won'’t have a decent output impedance below about 7.7 volts.
Below this voltage if the rig is placed in transmit it’s likely the battery impedance will
cause the terminal voltage will dip below the shut off threshold.

¢ A lithium battery’s Battery Management System (BMS) will turn the pack off when
any cell voltage reaches 2.4 volts or 7.2 for a 3S unit (LiPo)

O The ACC 13.8V pin is isolated from the battery pack and the external DC input by a
forward biased Schottkly diode so ACC pin 1 will track the input DC or battery voltage
by about -0.45 volts plus that pesky voltage drop across the 10 Ohm series resistor.

0 ACC 15.8V pin operating voltage range new targets
® Maximum 15 volts (don’t really want the radio to be supplied from more that 15.5 volts)

® Minimum 7.15 volts, that’s 7.7volts at the battery, 0.45 volts across the Schottkly and 0.1
volt across the series resistor, so will design for a minimum of 7 volts

¢ Greater than a 2:1 suppl yojta% range for an RC timing circuit who's intervals do
matter in the space of a Mini DIN is going to be a challenge

Aug 11 Minmalist Transverfer Sequencer
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Analyzing Start: Delays




Start: Delays ~Electro-Meshanical Wit boost: converier
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Analyzing, Morse: fiming = 10. seit Hangtime

Morse Element Duration Based on the 'Standard’ Word PARIS

Element Length Summary Table
wpPmM Dit Dah Word Gap
mS mS mS
247 741 1728

Words Per Minute 13

PARIS - Number of elements in this word ‘ Ml
Element ~ Count Time Units Total Units

Dit | 10 1 10
DAH | 4 3 12 122 365 852
Inter Elements 9 1 9 |
Inter character ‘ 4 3 12 81 242 | 565
Inter Word ‘ 1 7 7 60 181 423
Total _ 28 50 '

| | | N | 48 145 338

Element Elements Time Units Element |

‘ per minute per minute DurationmsS | 40 121 281
Dit _ _ 130 130 93 shortest duration 35 34 103 241
Dah . 52 156 280 i i
Gap between elements in character 117 117 93 . 30 ’ 2711
Gap between charactersinaword 52 156 280
Gap between conseutive words 12 84 653 longest duration 45 | 27 80 | 187
Total Time Units 643 50 24 172 168

Aug 2l
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Delay Time: Duration: Suggestions




Hangime: Work-arounds




NEW' sequencer objectives




UeNcer sthematic: reviced
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Ver: || Seiematic

Hangtime 30@8ms
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\Ver |2 Senematic

R5 Ualue changes hangtime see Note 1

SP1
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Delays = Start «+ Hangfime
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Hangtime: Velay: Section |

R5 Value changes hangtime see Note 1

2.2ufF10V

SP1
Pini 13.8U

SP2

Pin2 TX-GND




Hangtime: Velay.  Section Z

Delm& TX_INH hi to PTT hi <ok to Rx)
R7 changes hangtime see note 1 Q3 Drain
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Sl Hangtime: Rationd
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PIET high leads Txinnihign ... bad: consequences
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Crcx'/v\'/v\i'/wg IS sthemaiic. onior a- FoB.

O Size remains 165 x6.5x 1.2 mm

spi0 RX&TXD 0 10 bie oo
RxD Out B Pps i
- 8§ TX-INH
s
TxD Out =R Pin4 TXD

SP3
Pin3 GND

SP1
Pinl :I.3.§l

V)
1 U+ ke

PCB Bottom | A
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Q This should not be your first SMD P
soldering experience

O Not terribly difficult, just a few
components

O Absolutely necessary SMD tools
® Vice
® Magnifier lamp
® Short tip to grip soldering iron
® .3mm solder
® Tweezers
® Microscope to visually inspect solder joints

Aug 2| Minimalist Transverter Sequencer
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gcope Praobe
h2

13.8V
SP1

TX-GND
Mini-DIN 8P2

™D Sequencer TX-INH
SP3 spP8

TXD
SP4

INEW' contiguration test set-Up

VIN
7-15U 13.8U nominal

TX

—GND Eﬁgpe Probe

Ecope Probe
h4

cope Prabe :
ghip 4k7@

Square Wave Oscillator

Frequency 0.5 Hz

Amplitude— 4Up—p & 2V
positive offset




VerlZ Measurements = Delay: Summary

Delay times versus supply voltage

Supply Start Delay ~ Hangtime Delay Targets Tx-GNDtoPTT  Hangtime Delay Targets Tx-GND to Txinh
Voltage TxGnd-PTT PTT-Txinh 50ms 300ms 650ms  1000ms 50ms 300ms 650ms 1000
Volts ms. ms. ms. ms ms. ms ms. ms ms. ms
7 2.0 31 a9 315 644 975 24 284 582 840
8 1.6 30 43 324 654 995 23 295 590 855
9 14 31 a9 325 660 1005 23 298 592 875
10 1.2 31 48 327 662 1015 23 297 598 885
11 1.1 31 48 328 666 1030 23 298 606 905
12 1.0 31 48 329 674 1040 23 301 610 915
13 0.9 31 a8 331 680 1050 23 302 618 935
14 0.9 31 a8 333 686 1065 22 304 628 960
V 15 08 31 43 334 690 1075 22 306 638 970
Pin 1 Volts Timing change over typical battery operating voltage range

8-10v 0.46 0.4 -0.2 4 12
NiMH 1% 0% 1% 2%
7-15V 1.18 0.8 -1.4 19 46

104% 3% -3% 6% 7%




Component: selection: 1or opfimum: fiming| acouracy




Minll PIN Sequencer: Design: ve. Objectives




‘Nt Ciinaia At
LoSTE SUmmary
¢ The major cost is still the Mini DIN connector and you need one of those anyway.
¢ The PCB'’s were tiled so only the first one was a major cost.
¢ Total parts cost < $12 (including the Mini DIN connector)

¢ Would | put a kit of parts together?
® Only if cohered

¢ But | might sell blank PCB'’s — 3 for $5 plus ship

Aug 2| Minimalist Transverter Sequencer
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Now i fhat the: End of story®

Well o not yer...




Why not consider- g microprooessor: solistion?




Microcontroller: sequencer: opeciives




binding & Microcontrolier




Microcontrolier: Selection




CENEMATIC

PTT
SP13

SSM3k3s1R

H=LE
o -

SP14

Uz

Prog U+

5U
c2

01

GND R1
AN

h
UL 22ke

PBS UCC l—

UOUT UVIN 1‘

K 1
o~
BND/REF
| i RS J
108nF ' |:| Sp8

GND

Prog SCK

- K (C1
ENSIEE
(ol AN

PB3 PB2

Prog MISO

SP1
Pinl 13.8V

Pin8 Tx-INH

S (#% (N [

PB4+ PB1

@l
=

Prog MOSI

[ SPé

GND PB@
ATtiny45-28%U

@
=z
o

Sp2
Pin2

SP3
Pin3
GND

MOsI

SP4

Pin4

SP5
Ping

Notes

Connections for ICSP shoun in red,

Prog U+ must be >8U.

Don’t forget the cap on reset uhen programming!! It must be added exter

Arduino pin numbers shown in blue

PTT acuve hi install R2 33k@ PTT active low do not install R2

Shorting jumpers J4 or J@ changes
J4 Ja Hangtime(ms)
28ms
25@ms
65@0ms
1880ms

Hangtime (¥=jumper shorted)

nally.

8 Pin Mini-DIN Xvtr I/F

File: FT817 Mimi-DIN sequencer U2.2

Author: UE3CZ0

|REV: U2.2

Date: P1-Aug-21 15:40

| &M

&




FOP Lo /O'(F Rggigut Rx Pin5 RXD
0 PCB size remains r Y Pin8 Tx=INH
15.5%6.5mm spg $10SI TX-INH J‘ 02-2
f ’ SP4
TxD Out Pin4 TXD

PCB Top
SP3

Pm GND

2T i CIRTE
SP2 1@0

Pin2 TX-GND m P PCB Bottom

SP1
Pinl1 13.8UV

Minimalist Transverter Sequencer ‘
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r" N = . , , NN L I
Armware: Vevelopment
O Sketch uses 1260 bytes about 30% of program storage (4096 bytes) and global
variables required 19 bytes or 7% of the 256 bytes of dynamic memory available

ATtiny programmer breadboard

..............

Application circuit
breadboard
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Braap”
Frogromming ine. 1SS0F
Q Even though there are solder pads on the PCB for the six programming leads

required | thought it preferable to be able to program the devices before soldering
them into the board.

0 So | found a ZIF socket on line, used another Nano, and modified the ISP sketch to
program at 128 kb/s instead of 1Mb/s to insure success with the very long lead
lengths in this setup.

TSR Ty T ¢
d mnanuwumwmmgch\u

Y - w7 i
- ]m-‘ .

ZIF socket programming
breadboard with 8 lead
TSSOP device
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ropuldie:
O Top & bottom
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Application: Measlrements

C3 Pk—Pk
4.88V

C2 Pk—-Pk
5.20V

D M 250ms : 5 Aug 2021
D5.00ms Runs After 11:18:24




Application: Measrements

C3 Pk—-Pk
4.88V

80MV 5 Aug 2021
D 5.00ms Runs After 11:30:28




Application: Measrements

C3 Pk-Pk
4.88V

C2 Pk—-Pk
5.20V

ms Ch3 \  SOMV § Aug 2021
15:28:09




plication. Medsurements

~ra

M 250ms Ch3 \

o T ] e

2.00VQ2 M 250ms Ch3 80mV 5 Aug 2021
11:44:05

C3 Pk—-Pk
4.88V

C2 Pk—Pk
5.20V

5 Aug 2021
11:46:36
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Pibliogropny. + Resource: it



http://01895fa.netsolhost.com/PDF/SL2005CSVHF.pdf
http://www.ka7oei.com/ft817_batt.html
https://www.youtube.com/watch?v=CzwNaiI3fEs
https://www.youtube.com/watch?v=RYabPllE0_U
https://lygte-info.dk/review/batteries2012/Ikea Ladda AA 2450mAh (White) UK.html

Addenda Why ot use: MLCC: caps: for RC fiming?




Crieck 1ne: quality: o your= +5.8V-slppiyion ACC: pin |




Cieck e quality: ot YourE +HPEV- Sipponl pin; one




Questions
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