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1.0 Introduction

This document describes the functional enhancements in the NUE -PSK Dig ital Modem firmware version
5. A major part of these enhancements include s a built in keyer for usin g CW to enter Tx text and
modem commands that can process input from either iambic or single -lever paddles. The built -in keyer
implementation makes it possible to operate the  modem without requiring a keyboard. This document
assumes that the reader is fa miliar with the CW Mode Operating Section of the NUE  -PSK Digital
Modem Operating Manual (for firmware  version 4).

The firmware will also process input from an external keyer or a straight key in a opractice
Since the firmware processes input from a straight key the same way it processes input from an external
keyer, this document wi || generally refer timpractice her

mode, the external keyer drives the Morse cod e decoding logic in receive mode and displays the ASCII
decode of the Morse characters. This mode was introduced in previous firmware versions and is
completely independent of the full -function keyer implemented in this firmware version. In the
remainder of this document, the teénkagygerokeyer d pertains

The keyer is a new user input device and may be used with or without a keyboard attached to the
modem. The keyer can provide all the control and text input functions normally provided by the
keyboard. This functionality is available in all operating modes , hot just CW mode, thus enabling PSK
and RTTY operation without requiring a keyboard. Support for the external keyer and practice mode s
are only available in CW mode.

To utilize keyer functions, a CW paddle must be interfaced to the modem assembly and wired to two
expansion pads on the main modem PCBA . This document recommends a method for adding a connector
to the modem assembly but the user may use other methods as long as the required interface
connections are provided. A minor modi fication to the modem chassis may be required to accommodate
the connector.

The keyer supports the following keyer operating modes:

1 lambic type A
1 lambic type B
9 Dot Preferred
1 Dash Preferred
1 Ultimatic

Note that semi -automatic (bug) mode is not supported. The keyer operating mode is a Configure Menu
selection.

Normally, the left paddle will generate dots and the right paddle will generate dashes. Some left -handed
operators prefer to reverse the paddle functions. CW paddle reversalis  implemented as a Configuration
Menu option

2.0 General Description

Keyer functions make maximum use of existing CW support functions. Keyer input is always translated
to ASCII for proces sing by the modem firmware.  This approach simplifies the keyer implementation and
results in a high level of consistency between keyer and keyboard input.
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2.1 Interface Connections

The major digital modem system components are shown in the following diagram:

Mode
(RIT)  (Save) (Tune)  (Lock)

AF Gain Keyer v Filter RF Atten

A common interface of two signal lines plus ground is used to interface either a CW paddle or an

external keyer to the modem . The signal lines are | abeled o0DITO6 and
the dsPI C expansi on pads onéthednair{ dddeim PCBA.d Not@ dhét thér®is H )
conductor from the three -wi r e cabl e to the USB option caThdsigpadisnect ed
no longer used so the wire can be disconnected and insulated so it does not cause a short to component s

or etch on the main modem board. T h also sequges a 10 Kaahmhmac hed t
pull up resistor to 3.3 volts. Expansion pad O6b6 uses a weak pulThe up bui |

following schematic shows the keyer interface con nection using a 3.5 MM stereo connector (Digi -Key P/N
SC1464-ND or equivalent ).

+3.3V
10K
2 +— DAH 6 o.tib{tbt!5%Q
T 3 (RDO)
RING 5
.1 uF
TP
g NG DIT
» 0 9-t!b{lhbt!5WQ
L L (RC13)
0.1uF
When the modem is powered up, the signallevelon e x pansi on pad 6ad (DAH) is check

level, the firmware assumes a monaural ph one plug is plugged in to the connector, all keyer functions
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requiring a paddle will be disabled , and the CW practice mode will be enabled . (Note that this will also

be true if nothing is plugged into the keyer jack.) Inthiscase,ex pansi on p awdlbé@ assumédiol T)
be driven by an external keyer and expansi on pad .O6AH 6themmodem fubhctonsiwgln or e d
operate normally.

The interface connector can be mounted on a metal angle bracket attached to the modem PCBA with the
mounting screw | ocated just below the keyboard connector. This mounting screw is also used to ground
the PCBA to the modem chassis so no separate ground connection will be required. When the connector

is installed in this position, the modem chassis must be modified to provide access to the connector.
The following picture illustrates  this connector mounting method:

Note that the connector opening in the flange on the chassis has been widened to accommodate the
connector.

2.2 Transmit Operation

The following block diagram shows the major functional elements involved in transmit mode S.
Emphasized (with shadows) elements and interconnections have been added to support keyer functions;
the other elements were included in previous firmware releases.
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y Processing Morse Modulator
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BUILTIN Morse to N ption  _ ! -
KEYER > ASCII >E Card | >E Flash Drive ,
__________ 1 P |

Process Hot
Keys

EXTERNAL CW
PADDLE

After the firmware determines whether a n external CW paddle or a n external keyer is plugged into the
keyer connector, it sets up the appropriate routing through the functional firmware blocks. When an
external CW paddle is connected, inputs (DIT and DAH) from the interface connector are processed by
the built -in keyer logic to generate groups of MARKSs (dots and dashes) comprising Morse cha racters.
Each group is then translated to ASCIlI and passed on to the standard firmware functions to display,
transm it, record, and/or int erpret as hot key functions.

To facilitate hot -key simulation, an escape character has been defined using a unique Morse code
character. This code is only recognized when generated by a CW paddle. It will be treated like an
undefined Morse character when decoded in received text. The escape character and its uses are
described in detall in later sections.

2.3 Receive Operation

The following block diagram shows the major functional elements involved in receive modes. Elements
and interconnections with shadows are added to support keyer functions; the non -shadowed elements
were included in previous firmware releases. The dashed routing paths through the Morse to ASCII
block represent special routing to facilitate keyer -initiated functions.
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The same blocks are used to generate MARK character groups in receive mode as are used in transmit
mode as described above. The routing through the Morse to ASCII block is modified when the source of
the MARK groups is the keyer. Only MARK groups from the keyer are analyzed for hot -key functions
and they are not displayed with the received text on the LCD display. A special area of the screen is
used to display these control sequences. This display information is not recorded on the flash drive in
REC mode, only received text is recorded.

When an external keyer is connected, the single input signal (DIT or key  -down) is analyzed to identify
the MARK types (dot or dash) to be combined into groups of MARKs comprising Morse characters. This
operation is mor e complicated than the processing of inputs from a CW paddle. In this case, the logic
used to generate the MARK groups is the same logic used to analyze received CW signals after
processing by the Goertzel filter.

3.0 Functional Description

Firmware operation with input from a CW paddle or from a keyboard is essentially the same once the
CW input has been translated to groups of MARKSs representing Morse characters and then to ASCII
characters. As the keyer input is processed, a side tone is generated to give the user audio feedback.
When using the keyer the user will normally have the transmit side tone turned off.

3.1 External (Practice) Keyer Input Processing

The same firmware used to group MARKs from the Goertzel filter is used to generate MARK groups
from an external keyer. In this case, MARK types (dots and dashes) and character and word boundaries
are identified by measuring the duration of the MARKs and SPACEs in the input stream. The input
timing also determines the CW speed (wpm) of the input keying. T  his same logic is used to process the
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output from the Goertzel filter in receive mode which must be processed independently from the external
keyer input. This mode of operation is only intended for off -line practice and demonstrations , keyed data
is only displayed, and it is never transmitted.

3.2 Built -in Keyer Input Processing

Since the built -in keyer has separate inputs for dots and dashes, it can generate MARK groups without
having to determine Tcw from the paddle input. Instead, the operator sets the transmit keying rate
which determines Tcw. Training is not required to determine Tcw  as is needed to accurately decode
received CW text. MARK groups are generated directly from the states of the DIT and DAH inputs at
specific time intervals t hat are multip les of Tcw.

For example, when the DIT input is active, the keyer logic buffers a dot in the current MARK group then
monitors the input for two Tcw . If the DIT input is still active, it buffers another dot and waits two more

Tcw. If, instead, the DAH inpu tis active, a dash is buffered and the keyer logic waits four Tcw before
checking the inputs. If neither the DIT nor the DAH inputs are active, the current MARK group is
complete and passed on to be processed as a Morse character and the keyer logic wait s two more Tcw
before checking the inputs again. If one of the inputs is active at that time, a new MARK group is
started otherwise a space (end of word) is inserted in the character stream. After an end of word, the
keyer logic goes idle until an input  goes active signaling the start of the next MARK group.

When using an iambic (two -lever) paddle, the above sequence is modified to handle the case where both
inputs are active. In this case, key er processing is governed by a Configure M enu option as follo ws:
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IAMBIC KEYER MODE PADDLE SQUEEZE ACTION
lambic -A Alternate dots and dashes, immediate end
lambic -B Alternate dots and dashes, one element added
Dot Preferred Repeated dots
Dash Preferred Repeated dashes
Ultimatic Repeat last selected

In iambic -A mode, the alternate dot - dash generation will terminate as soon as the keyer senses one or
both of the inputs are inactive. In iambic -B mode, one more complete element is generated after the
keyer senses one or both of the inputs are inactive.  The additional element will be the opposite of the
last one generated while both inputs were active. Of course, none of these modes apply when a single -
lever paddle is used for input.

3.3 Keyer Side Tone

A 400 Hz side tone is generated when the keyer is used. @ The side tone is always enabled and the

frequency is fixed. The low frequency was selected to make it easy to distinguish between it and the Rx

and Tx side tones. It is recommended that the Tx and Rx side tones be disabled when using the keyer.

Multip | e tones do not mi x wel | in The modémdés epeexvye nadse
tuning and signal monitoring.

3.4 Keyer Escape Code

In general, t he generation of special hotkeys with the keyer requires a mechanism to identify the input
as a hot-key sequence. To satisfy this requirement , a special code has been defined for use as an escape
character. The code chosen for the escape character is not defined in standard and extended
(international) Morse code setsand is relatively easy to key. The chosen codeis:

(prosign uU ). This character cannot be generated by the keyboard. It will be represented by and
di spl ayed as a backwarAll keyedahstkey sedquancea mustestrart §nd end with this
character which wil!/ be referred to as a oData Link Esca

When a DLE character is entered, it indicates the start or end of a hotkey sequence. Hotkey sequences

consist of the DLE character followed by one or two characters followed by another DLE character. Once

the first DLE character is recognized, all inter -word SPACEs are ignored. Hotkey sequences never

contain space characters. When the ending DLE character is entered, the hotkey sequence is validated

and, if valid for th e current mode, it is processed and executed immediately. If a hotkey sequence is not

valid for the current mode, it is simply ignored; there is no explicit error indication. When entering

hotkey sequences, the prosi gn oobebséd aé ®backdpace. oThe preceding dot s)
character will be deleted. Note that the starting DLE character cannot be deleted. To cancel a hotkey

sequence after it is started, simply key in an illegal character sequence followed by the closing DLE

character.
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Wherever possible, the characters used for keyed hotkeys are the same as those used for keyboard

hotkeys. Leadi ng |l etters ©6A86 and -and&trl aprefixesu §e@ éxarpte, td insért c at e Al
THEIRCALL in transmit text from a keyboard enter Alt-T and from the\l\AK\éy®w enter
consecutive DLE characters perform the same function as the Esc key on the keyboard (i.e., toggle Rx or

Tx side tone on and off).

Function keys F1 through F10 are input as just the numbers 1 through9 and0. Fore x ampl e, O6F1086 on
keypoard i s entered witRI\G Btd-FXKiey ee ntasYGRA , a sAlh-@9 is entered as
A A9\a6 Functon key F10 i s \@&mwoe\l@d as 0

In most cases, keyer inp ut characters not preceded by a DLE character in Rx mode will be ignored. The

exceptions are single -letter hot keys used in Rx mode. Since keyboard input is not part of the receive

processes, keyboard inputs are always processed as hotkeys. Defined Rx hotkeys are processed,

unrecognized keyboard input s are ignored. The same is true for keyed characters in Rx mode. For

example, tweak CW bandwidth may\Bhé omitheateidndlye kelyamagc te
is only possible for single -character hotkey sequences where the keyboard characte r is the same as the

keyed character. Keyer inp ut characters not preceded by a DLE character in Tx mode will generate

ASCII characters to be encoded and transmitted.

3.5 Keyed Common Functions

The following hotkey function s are available in both Tx and Rx modes:

KEYBOARD KEYER HOTKEY FUNCTION

Ctrl -Tab \ 2\ Display current frequency

F1 71 F7 VIV 7T Play macro 1 -7

F8 \ 8\ Toggle Tune mode ON/OFF

Shift - F9

or Ctrl -F9** \ CA\ Turn Beacon mode ON

Alt -F9 \ A9\ Turn beacon mode OFF

F11 \ 110\ Display My Call

F12 \ 12\ Disp lay/Hide Config

Ctrl -U \CU Toggle RECord mode ON / OFF

Ctrl -1 n/a Enter text to be RECorded

Ctrl -A \CA Enable AFC

Alt -A \ AA Disable AFC

Ctrl -0 \CQ Toggle LCD display back light ON/OFF
Ctrl -L \ CLn\ Clear text display

Ctrl -F \CR Save current frequency in EEPROM
Alt -F \ AR Set current frequency from EEPROM
Ctrl -N n/a Enter REC ord file name

Ctrl -Z orF9 \CA or \9\ End\CI\ and \ CN\

** New Hotkey assignment

Note that the Ctrl -1 hotkey function is not imp lemented for keyer input. This operation uses the
Buffered_Text_Capture function which is not capable of accepting keyer input. For more information see
Keyer Macro Functions below.
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3.6 Keyed Transmit Functions

The following hotkey functions are available in Tx

KEYBOARD
Esc

Alt -K

Alt -M

Alt -S or Alt
Alt -T

F10

OI’ K *kk
or _kn_or
or _bk or
or _sk_or

-X

_KN_
_BK_
_SK_

KEYER

\\

\ AK\
\ AM
\ AS\
\AT\

\ 10\
or _K_
or k

or _bk or
or _sk_or

or mc
or \ AX
of tc

or \ 0\

mode:

HO TKEY FUNCTION

Toggle Tx side tone ON/OFF *
Insert Beacon Count

Insert My Call

Insert Serial Number

Insert Their Call

n_ or _KN_

_BK_
_SK_

Toggle Tx mode OFF

*** §  @epresents a keyboard space character or a CW inter -word SPACE (5+ Tcw)

Note : Tx mode is toggled off by a dnormal 6 end of transmission character sequence. These prosigns and
one and two character sequences must be preceded and followed by a n inter -word SPACE followed by
nothing . The end of transmission sequence mus t be the last thing in the transmit buffer for it to be
acted on. The end of transmission characters will be transmitted before toggling Tx mode off.
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3.7 Keyed Receive Functions

The following hotkey functions are available in Rx mode:

KEYBOARD KEYER

Esc \\

B \B\ orB

C \Q orC

GorT \G orG

S \S\ orS

w \W orw

Z \2Z\ orz

+ or U** VU or U ***
\up\ orup

- or D** \ D\ or D ****
\do\ ord o

Home \ bk\ or bk

Enter \ar\ or ar

Alt -D \ AD

Ctrl -D \CD

Ctrl -M \CM

Ctrl -T \CM

X \ X\ orX

Home \ bk\ or bk

Ctrl -Z orF9 \C2A or \9\

Enter \ar\ or ar

Page Up \ PU

Page Down \ PD

Left Arrow \ LA\

Right Arrow \ RA

Down Arrow \ DA

Up Arrow \ UA

End \AQ

F10 \ 10\ or \ 0\
or ct

* CW mode only

** New Hotkey assignment

HOTKEY FUNCTION

Toggle Rx side tone ON/OFF *
Tweak CW B andwidth *

Tweak Character space multiple *
Tweak Goertzel Threshold *
Tweak Serial Number

Tweak Word space multiple *
Tweak MARK limit *

Tweak Up (Locks \ C\,\ G\, or\W\)

Tweak Down (Locks \ C\ ,\ G\, or \ W\)
Reset Serial Number to 001 (\ S\ only)
End Tweaking (Unlocks \ C\,\ G\, and \ W\)

Enter Time

Enter Date

Enter/Edit My Call

Enter/Edit Their Call

Tweak Serial Number and Enter/Edit Their Call

Clear Their Call ( \ CT\ and \ X\') or clear My Call ( \ CM\)
End \ AD\ ,\CD\,\CM\ ,\ CT\, and \ X\

End \ AD\ ,\CD\,\CM\ ,\ CT\, and \ X\

(Unlocks \ C\ ,\ G\, and \ W\)

Increase PGA Gain
Decrease PGA Gain

Tune down x 1

Tuneup x 1

Tune down x 2

Tune up x 2

Acquire (tune to nearby maximum signal level)

Toggle Tx mode ON

***% J and D will not tweak Serial Number in \X\,use6 upand6dod
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Note : Prosigns in DLE sequences can be keyed as discrete characters. Therefore d bk\ 6 may be keyed
as\BR\g dar\é may be ARy dahndd\o6d may be XDOYy& BrosarssnaiinDLE
sequences must be entered without the intra character SPACE.

3.8 Keyed Macro Functions

Entering and deleting macros with the keyer are not supported in this
release. It may be considered for a future release but, to do so, will require
major changes to  basic parts of the firmware.

4.0 DLE Sequence Display

When a DLE character is keyed, the modepmciwarlr bhcfiist spl ayth
column of the third line of the LCD display screen. The next one or two characters keyed will be

displayed after the DLE as they are keyed. = When the endi ng DLE is keyed and the sequence is valid, it

will be acted on. If the sequence is not valid it will be ignored . In either case, the DLE display will be

cleared. The ending DLE is never displayed.

5.0 Keyer Speed Control

In CW mode, the keyer speed is the same as the CW transmit speed (keying rate). The keying rate can
be changed to any value between 5 wpm and 50 wpm when in Tx mode by turning the tune control.

Since the keyer can be used in any operating mode, the keyin g rate control has been included in the Tx
display for all modes. In operating modes other than CW, the keying rate can only be adjusted and the

rate will only be displayed when the keyer is enabled.
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An additional field has also been added to the Tx dis play to identify the current operating mode. The
operating mode is displayed as: OBPSKO6, O0QPSKGO6, O0QPSK/ R
is not enabled, the TX display line will be truncated immediately after the operating mode field.

6.0 CW Practice Mode

Since some of the operating procedures to perform all the modem functions from the keyer are new, a

practice mode is included in this firmware release  to help the user get familiar with them . Practice

mode is selected from the CONFIGURE>MODE menu like any other operating mode. To activate

practice mode, select i CW P r a ¢ framcthe éenenu. This will activate all the normal CW features and

keyer functions except the transceiverés PTT Il ine wild!l not be
displayed on the receive text area of the LCD. CW Practice mode will not be saved with a Save

Configuration nor will it be restored on power up. If a Save Configuration is performed in CW Practice

mode, the modem will restart in CW mode. The same is true of Upload  Config and Download Config.

7.0 Other Changes Incorporated in This Release

The following subsections describe those functional changes made in this firmware version other than
the CW Keyer support.

7.1 Vocabulary Additions

The CW vocabulary has been expanded to include 6@ (.-- .-.). This character was added to
International Morse Code in the 2004 version of Recommendation ITU  -R M.1677.

The CW and PSK vocabularies have been expanded to include 6 ®&.. -.. ). The ASCII code for this
character is OXE9 (233) which exceeds the upper limit for a 7 -bit code (0x7F or 127). Internally, the
firmware uses ASCIl code 0x40 (64) to represent this character. The 0x40 ASCII code is normally

assigned to 6 ° dgrave accent) which has little or no use as a stand -alone character i n normal text.
Some international keyboards use this key to apply the grave accent to the following character.

7.2 Direct Keying CW

CW support in previous versions of the modem firmware  require s the transceiver be in SSB mode. Rigs

that do not support SSB op eration could not be used with the modem. This includes many older rigs,

QRP rigs, kits, and homebrew rigs . This version of the firmware supports a direct keying CW mode

where the rig can be operated in CW mode and the modem keys its PTT interface line. This operating

mode i s enabled by selecting the O0OCW DIRECT6 mode from t
requires a special cable to connect the modem PTT line (J3 ,pin8) t o t h e-in jadk gnd the nkodeyn
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audio input interface lin e to the ri g @udio-out jack. This cable will only work in CW DIRECT mode. In
some cases, an interface adapter may be required for, circuit isolation, voltage level translation, and/or
signal polarity conversion (e.g., for vacuum tube keying).

The following cable ( or equivalent) is required for direct keying CW:

B RADIO
g o PO = DIT
2 o] Audioin '/ \l N.C —DAH L O Keyer
6 oGO o | o COMMON [T
5[0 | NG NN
4 [0 | NG Audio
g o | NG NG L O  Phones
o | NG QOMMON [~
1 o N.C

This cable can be made as a stand -alone interface or incorporated into a standard modem -to-transceiver
cable or as an adaptor between the standard cable and the modem.

Note : Many commercial transceivers have an option that enables transmitter keying using the data
interface PTT line in CW mode. It those cases, the standard data mode interface cable can be used.
Check your transceiver operating manual.

7.3 Transmit Side Tone Tweak

Previous versions required the Ctrl key to be held down to adjust the Tx and Rx side tone frequency with
the tuning knob. This version allows the frequency adjustment when either the Ctrl key or the Select
button is pressed. Note that the side tone freq uency applies to both Tx and Rx side tones but the
frequency can only be adjusted in Tx mode. This change allows the side tone frequency to be adjusted
without a keyboard attached to the modem.

7.4  Enter File Name (Ctrl -N) Display Relocation

The Enter File Na me function display area has been moved to the upper right quadrant of the LCD.
This allows the functi on to be performed without interrupting an in  -process Rx operation. It also allows
the file name to be entered/edited using either the keyboard or the k  eyer. Note there is no validation of
the input characters other than length.
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7.5 Enter RTCC Date (Ctrl-D) Display Relocation

The Enter RTCC Date function display area has been moved to the upper right quadrant of the LCD.
This allows the function to be pe rformed without interrupting an in  -process Rx operation. It also allows
the RTCC date to be entered/edited using either the keyboard or the keyer. Note that the date
separators (6- 6and 6 / )Yoare not verified as long as there is a character in the assigned  position. The
forward slash may be input with a keyer but the dash cannot. Any character, such as a period or a
comma, can be used instead of the dash.

7.6 Enter RTCC Time (Alt-D) Display Relocation

The Enter RTCC Time function display area has been move d to the upper right quadrant of the LCD.
This allows the function to be performed without interrupting an in -process Rx operation. It also allows
the RTCC date to be entered/edited using either the keyboard or the keyer. Note that the time separator

(6: 8) is not verified as long as there is a character in the assigned position. Any character, such as a
period or a comma, can be used instead of the colon.
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7.7 Programmable Gain Amplifier (PGA) Gain Level Display

In receive mode the gain of the input amplifier may be programmed to one of four levels. The gain level
is changed using the Page Up ( \ PU\) hot key to increase gain and Page Down ( \ PD\ ) hotkey to decrease
gain. The four levels are as follows:

T x1
T x2
1 x16
T x32

Repeatedly keying Page Up will rais e the gain to x32 and hold it there. Similarly, repeatedly keying
Page Down will reduce the gain to x1 and hold it there . To know what the gain level was, the operator
had to increase or decrease the gain level to the limit then step the gain in the oppo  site direction
counting the steps. This release displays the current gain level on the top line of the LCD as shown

below:

7.8  Automatic Frequency Control (AFC) indicator

When the AFC is enabled (Ctrl -A) O0AFC6 wi | | be di spl agk dhisdisplay drea t
will be blank when AFC is disabled.
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