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Abstract

Currently, Personal Computer (PC) becomes the most efficiency machine and widely use in many
kind of working area. Furthermore, by using GUI programming system makes its more fun to
leamning, especially, for a sighted person. Otherwise, for blind persons or those who are visually
impaired, using Personal Computer (PC) become hard and harder to learn. Standard input system
of Personal Computer (PC) such as keyboard still being common and simple way of computer
accessible. This device should be adapted to suite with those persons. According to above reason,
sound keyboard (keyboard accessory for blind person) is implemented in this research.

This device (sound keyboard) has been optimized for accessibility to those who are visually
impaired. The device has characteristic such as: can be used with standard keyboard (both
USB/PS2 types), small size and moveable. Its give sound out in both (Thai/English) languages. It
is very easy to use (less switch configuration). This characteristic makes device very useful for
blind person. It can be use to training and improve typing efficiency without help of a sighted

person.
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Key Code Key Code
0E A 1C
1 16 S 1B
2 1E D 23
3 26 F 2B
4 25 G 34
5 2E H 33
6 36 J 3B
7 3D K 42
8 3E L 4B
9 46 . 4C
0 45 i 52
- 4E Enter 5A
= 55 Left Shift 12
Back Space 66 Z 1A
Tab 0D X 11
Q 15 C 21
w 1D v 2A
E 24 B 32
R 2D N 31
| T 2C M 3A
Y 35 . 4]
U 3C 49
1 43 / 4A
0 44 Right Shift 59
P 4D Left Ctrl 14
[ 54 Left Alt 11
] 5B Spec 29

\ 5D Right Alt EO11




Key Make Code Key Make Code
Right Ctrl E014 Home E06C

F1 05 Pg Up EO7D
F2 06 Del E071

F3 04 End ) E069
F4 oC Pg Dn EO07A
F5 03 Up Arrow E075
F6 0B Left Arrow E06B
f7 83 Right Arrow E074
F8 0A Down Arrow E072
F9 01 PrtSC EO12E07C
F10 09 Ctl-PrtSc E07C
Fi1 78 Alt-PrtSc 84
F12 07 SerLK 7E

Num Lock 77 Pause E01477E1F01444

KP- 7B Ctrl-Break EO7EEOFO7E
KP/ EO04A

KP. 71

KP* 7C

KP+ 79

KPEnter EO5A

KP0 70

KP1 69

KP2 72

KP3 7A

KP4 6B

KP5 73

KPé6 74

KP7 6C

KP8 75

KP9 7D
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76 05 06 04 o0C 03 0B 83 0A 01 09 78 D7
B )48 )(5% (B Y78 (8 )OO 0N N (+=)( N[ <
16 1E 28 25 2E 36 3D 3E 46 45 4E 55 )\ 5D 66
TAB Q Yy E R T Y U | 0 [{ 1]
aD 15 1D 24 2D 2C 35 3C 43 44 54 5B
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Ctrl Alt SPACE Alt Ctrl
14 11 29 EOD 11 EQ14
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Ins | [Home] [P Up Numj | / * -
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4 5 B
6B 73 74 79
:
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W GoldWave - [Sound_Eng + thai no1 space 1.wav]

Stereo 14:06.824 8 0.000 0 14:06.824 (14:06,824) !
Original 19: 38913 Wave PCM signed 16 bit, 44100 Hz, 1411 kbps, stereo

'
(4 fod

51 4 neaapldyanaiesnliiiunndaled APR6016

1 a 1 v o ad ¢
3.2.1 ayUAAABNUASLBIA

3.2.1.1 9In0ve Ui (Keyboard’s Connector) UU AT
(11A3371 IBM 102/1047107 fid) idnsagidlueio 4 1du aeurudanaaguuy DIN 49

gin s

1 KBD Clock

2.KBD Data

3.NIC

4 GND
5PinDIN - *SV(VCC)

51/ 5 Yaneveaniuiin uu 5 Pin DIN (AT/XT)
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] v
A5 IHYDIVIABSA MUY UNISHEINADRI
] A
9171 1 file KBD Clock
411 2 79 KBD Data
a A
UM 3 719 Not Implemented
o A
VI 4 99 Ground

VM5 Ao +5V (VCC)

:’J v LY = d
3.2.1.2 neuswlunuW (Keyboard’s Connector) HUL PS/2

(IATFIUIBM 102/104/107 Ad) Hinuaiziiiuane 4 1y dennudandadiuy DIN 44

&an
[l
=$n.
N

1. KBD Clock
2.GND.
© 3.KBD Data
4.NC
5,45V (VCC)
6. N/C

511 6 Farieveatiluiani uuy 6 Pin Mini-DIN (PS/2)

o

MsThLYBIILFaT ML Smsnidos
17 1 #8. KBD Clock
17 2 fi0 GND
171 3 fio KBD DATA
' m*?_i4 fin N/C
Wit s Ao +5V (VCC)

U171 6 Aim Not Implemented

v
t a A <]
nsaedeyavowdufuwuuy AT ueg ps2 Hvwldlislansailu Clock nuw

a \ % % YV 4 U
aynsuvuIAveedeya 11 On HMA31909 Clock 1521154 10-20 KHz Anmuzdoyafidinin

9, a L2 s Py
UHUNUWLANUHNIBAINTTIN 3
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Bit Function
1 START Bit (Logic ”0”)
2 Data Bit 0
3 Data Bit 1
4 Data Bit 2 )
5 Data Bit 3
6 Data Bit 4
7 Data Bit 5
8 Data Bit 6
9 Data Bit 7
10 Parity Bit
1n Stop Bit (Logic 717)

= v o d 1 a v 1 A k%
MINNN 3 ﬂ'J'IN'SﬁJ‘W'Hﬁﬂ]5ﬁﬂﬂﬂﬂl@gﬁ‘i%“?'ﬁﬂﬂlmgﬁ‘uﬂﬁﬁ

{ a I<{ s A '4 @ a 4 a
91015199 3 UausndludaFudu (Start Bit) U5:aua3nduro” 1dauals 8 in

'
¥ @ Y

) v
oya (Uaiidminies LSB gndslidew) nilaiani3auuy Odd (Odd Parity Bit) uasie

=

. a & [ a & v w do o =Y P [
WUﬁ,ﬂﬂﬂﬂﬁuﬂﬂ (Stop Bit) ﬁ@\ﬂﬂuﬁ@?ﬂﬂ”l” TNUUATUNUT DU TYIUUIWNINVDLUINIAY

- 9

Udyaalugin 7

Se

2an

Idle

ows MU LA ..

Idle

Data Stgn 0 1 2 3 45 6 7 P Stop ——Host

Y o d o 4
31l 7 umudamsasdeyasinuiluiniadhlfaneuiiames (Keyboard to Host)

o ° 1 < i o T
nngil Fyanaduu mawsodundountiuldsunsuuu Mcs-s1 wesudoyaldlanli

=<

v &2 1+ Aanvany v
emin Faautl A1dN 1uda 1y nianuan
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GND10 4
+5V 9 I 3
8 2
7 1
6 —
P14 5 Pl -~
4 b— 4
P1723 3
2 2
L 1
P1 USB

311 8 uanamsiennesynInedas MCS-51 ATAeNUY PS/2 uaz USB

:’J ' a d
3.2.1.3 ¥IAdUD U (Keyboard’s Connector) 111 USB
' @ 1 ‘3' P WY A ar a 4 ' = &
ludruvesiaaenuy USB i1 et luldaemeudunsusiomesiulnuafiniia
1 1713 Operating system NazApeATIvdaV iU M3 1 FauTsamisaviian Bordusuns

AouUY PS2 aanvaznTIRenuvesaedyyndas 1idalugin 8 tagplanuazves

¥1299 USB tiaaa 1iaasia 9

&Y

==

Type A USB Connector
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v. Tdsunsudiuvesiinses (0T U MCS-51 AC3)

Tilsunsuazliogaosdaudmivuaas Tnuamsvemdseannini 1131y co-

ROM 2@2aIndon151 lUwause
1 d'! o " d
a. Tilsunsu aruvounseInoNNINDS (MY CH)

TilsupsuaIuvee Main

using
using
using
using
using
using
using
using

System;
System.
System.
System.
System
System.
System.

Windows.Forms;
Collections.Generic;
ComponentModel;

.Data;

Drawing;
Text;

gma.System.Windows;

namespace GlobalHookDemo
System.Windows.Forms. Form
nn buttonStart;

-on buttonStop:
ack (string text temp);

private System.Windows.Forms.3
private System.Windows.Forms.F

. delegate void SetCalll

private rz 232 myRs232Comportl;
string strDown; '
string strPress;

string strUp;

string two_str;

private Lakel labell;

int str_1;

public MainForm()

{

InitializeComponent () ;

}
// THIS METHOD IS MAINTAINED BY THE FORM DESIGNER
// DO NOT EDIT IT MANUALLY! YCUR CHANGES ARE LIKELY TO BE LOST

void InitializeComponent ()

{

new SystenﬂWindows.Forms.B
new System.Windows.Forms.

-
4

this.buttonStop =
this.buttonStart =
this.labell = new System.Windows.Forms.Labe
this.SuspendLayout () ;

Butt

):
7
// puttonStop
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System.EventHandler (this.ButtonStopClick);

System.}

//
this.buttonStop.Location = new System.Drawing.Pcint (92,

this.buttonStop.Name = "buttonStop”;
this.buttonStop.Size = new System.Drawing.3
this.buttonStop.TabIndex = 1;
this.buttonStop.Text = "Stop";
this.buttonStop.Click += new

2 (71, 23);

/7
// buttonStart
/7
this.buttonStart.Location = new System.Drawing.Point (12, 4);
this.buttonStart.Name = "buttonStart”;

this.buttonStart.Size = new System.Drawing.Size (71, 23);
this.buttonStart.TabIndex = 0;

this.buttonStart.Text = "Start";

this.buttonStart.Click += new

EventHandler (this.ButtonStartClick);

i/

/7 labell
7/
this.labell.AutoSize true;
this.labell.Location = new System.Drawing.Point (169, 9);
this.labell.Name = "labell"”; N
this.labell.Size = new System.Drawing.S8iz=(89, 13);
this.labell.Tablndex = 2;
this.labell.Text = "dmiuses COMI";
/7
// MzinForm
/ /f .
this.AutoScaleBaseSize = new System.Drawing.Size (5, 13);
this.ClientSize = new System.Drawing.3:iz2(279, 34);
this.Controls.Add (this.labell);
this.Controls.Add(this.buttonStop) ;
this.Controls.Add(this.buttonStart);
this.Name = "MainForm";
this.Text = "lsunsuasndvid Ver.1.0";
this.Load += new System.EventHandler (this.MainFormLoad);
this.ResumelLayout (false);
this.PerformLayout () ;

public statlc void Main({string[] args)
Appliication.Run(new MainForm());

void ButtonStartClick(object sender, System.EventArgs e)
{
actHook.Start (),

}
void ButtonStopClick(object sender, System.Eve

{

actHook.Stop () ;
}
UserActivityHook actHook;
void MainFormLoad(object sender, System.EveniBrgs e)

{

actHook = new U i
actHook.KeyDown += new X
actHook.KeyPress += new
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actHook.KeyUp += new KeyEvent

-

myRs232Comportl = new rs Z32();
myRs232Comportl.Rs232ComPort = 1;

myRs232Comportl.CreateRs232Conection{() ;

}

public void MyKeyDown {object sender, KevEve

{
LogWrite(e.KeyData.ToString(), "1");

}

"
i

zndlier (MyKeyUp) ;

whhrgs e)

public void -MyKeyPress (object sender, KeyPressEventAr

{
int i = Convert.ToChar (e.KeyChar);
LogWrite (i.ToString(), "2");

}

public void MyKeyUp(object sender, KeyEventhrgs e)

{ .
LogWrite(e.KeyValue.ToString(), "3");

}

private void LogWrite(string txt, string num)

{

switch {num)

{

case "1": strDown = txt;
break;

case "2": strPress = txt;
break;

case "3": strUp = txt;
break;

default: break;
}

if ((num == "3"))
{
if ((strPress == ""} & (stxrDown ==
strPress = strPress;
else if (strPress == "")
{

str_l=strDown.Length;

")

if (str 1 < 3) str 1 = 2; else str_ 1 = 3;

two_str = strDown.Substring(0,
myRs232Comportl.Send Text (two str+"\r

}

str 1)

7
")

else if ((strPress == "214") & (strUp == "53"))
{ strPress = "219";
myRs232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "211") & (strUp == "63"))
{ strPress = "220";
myRs232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "212") & (stxrUp == "6¢e"))
{ strPress = "221";
myRs232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "216") & (strUp == "54"))
{ strPress = "222";
myRs232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "34") & (strUp == "87"))
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strPress = "228";
myRs232Comportl.Send Text (strPress +

"‘\Z.n) H

}
else if ((strPress == "208") & (strUp == "84"))
{
strPress = "2339"; :
myRs232Comportl.Send Text (strPress + "\z");
) ut
else if ((strPress == "44") §& (strUp == "221"))
{
strPress = "248";
myRsZ232Comportl.Send Text (strPress + "\r");
} .
else if ((strPress == "46") & (strUp == "222"))
{ .
strPress = "231";
myRs232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "40%") & (strUp == "9%0"))
{
strPress = "234";
myRs232Comportl.Send Text(strPress + "\x");
}
else if ((strPress == "41") & (strUp == "88"))
{
strPress =-""235";
myRs232Comportl.Send Text (strPress + "\xz");
}
else if ((strPress == "63") & (strUp == "77"))
{
strPress = "2386";
myRs232Comportl.Send Text (strPress + "“xz");
}
else 1f ((strPress == "47") & (strUp == "50"))
{
strPress = "237";
myRs232Comportl.Send Text (strPress + "\z");
}
else if ((strPress == "45") & (strUp == "51"))
{
strPress = "238";
myRs232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "43") & (strUp == "49"))
{
strPress = "240";
myRs232Comportl.Send Text (strPress + "\z");
}
else if ((strPress == "203") & (strUp == "50"}))
{
strPress = "241";
myRs232Comportl.Send Text (strPress + "\z");
}
else if ((strPress == "210") & -(strUp == "75"))
{
strPress = "242%;
myRs232Comportl.Send Text (strPress + "\z");
}
else if ((strPress == "213") & (strUp == "85"))

{
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strPress = "243";
myRs232Comport1.Send_Text(strPress + "\x"};

} ..
else if ((strPress == "217") & (strUp == "54"))
{
strPress = "244";
myRsZBZComportl.Send_Text(strPress + "\x");
}
else if ((strPress == "202") & (sthp == "85"))
{
strPress = "246";
myR5232Comport1.Send_Text(strPress + "\r");
}
else if ((strPress == "1394") g (strUp == "70"))
{
strPress = "249"; )
myR5232Comport1.Send_Text(strPress + "\xr");
}
else if ((strPress == "19¢") & (strUp == "72"))
{
strPress = "250";
myRsZ232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "203") & (strUp == "74"))
{
strPress = "251";
myRs232Comport1.Send_Text(strPress + "\r"});
}
else if ((strPress == "204") & (strUp == "78"))
; ;
strPress = "252";
myRs232Comportl.Send Text (strPress + "\r");
}
else if ((strPress == "95") & (strUp == "189"))
[
strPress = "253";
myRs232Comportl.Send Text (strPress + "\r");
}
else

myRs232Comportl.Send Text (strPress+"\r");
strDown = "";

strPress = "";

strUp = "";
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Tilsunsuaiuued nova RS-232

sing System;

using System.Collections.Generic;
using System.Text;

using System.IOQ.Ports;

using System.Threading;

namespace GlobalHookDemo
{
class rs 232
{
public delegate void RsZ32EventHandler (string tempp);
public event Rs232EventHandler SendTextFire;

private SerialPort myRs232ComPort = new SerialPori();
private int rs232ComPort;
private string rxString;

. public int Rs232ComPort
{
get { return rs232ComPort; }
set { rs232ComPort = value; }

}

public void Send Text(string text code)

{
if (!myRs232ComPort.IsOpen) myR3232ComPort.Open();
myRs232ComPort.Write (text code);

}

public void CloseComPort ()
{

myRs232ComPort.Close () ;
}

public void CreateRs232Conection ()

{
myRs232ComPort.Close () ;
myRs232ComPort.BaudRate = 9600;
myRs232ComPort.PortName = "COM" +

rs232ComPort.ToString () ;

myRs232ComPort.Parity =
myRs232ComPort.DataBits
myRs232ComPort.StopBits o
myRs232ComPort.RtsEnable = true;

o

I
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APLUS INTEGRATED CIRCUITS INC.

APR6016

Voice Recording & Playback Device
16 Minute Duration

Features
* Multi-level analog storage

- High quality audio recerding and playback
+ Dual mode storage of analog and/ordigital data
" Eliminates the need for separate digital memory
» Advanced, non-volatile Flash memory technelogy
- No battery backup required
¢ SPI interfacg

- Allows any commercial mierocentroller o control
the device

« Programmable Sampling Clock

- Allows user to choose quality ard duration Jevels

= Single 3V power supply

» Low power consumption

- Playback operating current: 15 mA typical
- Standby-current: 1 uA maximum
- Automatic power-down
. Multi_p_le package options available
- CSP, PDIP, Baré Die
» On-board.clock prescaler

- Flifninates the heed for external clock dividers

- Automatic squelch circuit

- Reduces background noise during quiet passages

General Description

The APRE016 offers: non-volatile storage of voice.and/or data
in advanced Multi-Level Flash memory. Up to 16 minutes of
audio recording and playback can-be-accommadated, A ‘max-
imum of 30K bils of digital data ¢an be stored. APR6016.
devices can be cascaded for longer duration recording or
greater digital storage. Device control is accomplished
through an industry standard' SP| interface that allows a
micro¢ontroller to manage méssage recording and playback.
This flexible arrangement aflows for the widest variety of
messaging options: The APR6016 s ideal for use.in eeliular
and cordless phones, telephone answering devices, personal
digital assistants, personal voice recorders, and voice pag-
ers.

APLUS Integrated  achieves this high level of storage:capabi-
lily by using a proprietary analog multi-level storage te chnd -
logyi mplemented in an advanced non-volatile Fiash memory
process. Each memory cell can typically store 256 voltage-
levels. This allows the APR6008 voice 10 reproduce audio.
signals in their natural form, eliminating the need for enco-
ding and compression which can introduce distortion.

Figure' 1 APR6016 Pinont Diagraims

2002/5/10
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Preliminary
APR6016 Data Sheet

Functional Description

The EXTCLK pin allows the use of an external sampling
clock, This input can accept a wide range of frequencies
depending on the divider ratio programmed into the divider
that follows the clock. Alternatively; the programmable iriter-
nal oscillator can be used to supply the sampling clock, The
Mux followmg both signals automatlcally selects the EXTCLK
signal if a clock is present, otherwise the internal oscillator
source is chosen. Detailed information on how to- program the
divider and internal oscillator can be found in the explanation
of the PWRUP command, which appears in the ‘OpCode
Command Description section. Guidance on how to choose
the appropriate sample clock frequency can be found in the
Sampling Rate & Voice Quality section,

The audio signal containing the content you wish to record
should be -fed into the differential inpuits ANAIN-, .and
ANAIN+. After pre-afnplification the signal is routed intothe
anti-aliasing fiter. The anti- -aliasing filter automatically ‘adapts
its response based on the sample rate being used. No exter-
nal anti-aliasing filter is therefore required.

After passing through the anti-alias filter, the signal is fed into
the sample and hold circuit which works in conjunction with
the Analog Write Ciréuit to store each analog sample ina
flash memory cell.

—

When a read -operation is desjred the Analog Read Circuit
extra¢ts the gnalog data from the memory array and féeds
the signal io the internal Low Pass Filter. The low pass filter
converts the individual samples into-a continuous output. The
output signal then goes tothe squelch control circuit and dif-
ferential output driver, The differential output driver feeds the
ANAQUT+ and; ANAGUT- pins. Both difterential output pins
$wirg arounda 1:23V potential.

The squelch control circuit -automatically reduces the output
signal by 6-dB during quiet passages. A copy of the squelch
control signal is present on the /SQLOUT pin to facilitate
reducing gain in the external amplifier as well. For more infor-
mation, refer to the:Squelch section.

After passing through the squelch circuit the output signal
goes to the output amplifier. The output. amplifier drives a sin-
gle-ended output-on the- AUDOUT pin. The single ended out-
put swings around-a 1.23V potential.

All SPI control and hand shaking signals ‘are routed to the
Master Control Cireuit. This circuit decodes all the SP! signals
and.generates all the intérnal-control signals. It also contains
the status register used for examining the current status of
the, APRG016.

Figure2 APR6016 Block Disgram
I . o ANAIN+
/RESET o1 3.84 Mcell Memory Amray
—o ANAIN-
/BUSY o] 5|e
. — T s
- Row 3 Ol =
SACe—l 2 | Address 3 | 2%
3 e | Single Anal
&} - ingle Analog vy
JINT o4 _g ‘% : Memory Cell >Wr1__te Circuit .
DO o} 5 l - 7P ]
5 i
8 Read.Circuit
Pl = > ’ X LOANAOUT+
Analog input/output | = Amp
JCS o4 Column. Address to Memory array Lo ANAQUT-
scLKo—f <
Squelch >4—0 AUDOUT.
Programmable Internal .SQLCAP
Oscillator -6/SQLOUT
Programmable |
EXTCLK Divider
°
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Memory Organization

The APR6016 memory array. is organized to allow the great-
est flexibility in message management and digital storage.
The smallest addressable memory unit is called .a “sector”.
The APR6016 contains 1280 sectors.

Figure 3 Memory Map.

SAC Trigger Point

]

O
Sector 0 '
'

Sector1

Sector 12797 Can Not be Used for Digilal Data

Sectors 0 through 1279 can be used for analog sterage. Dur-,
ing audio recording one memory cell is used per sample
clock cycle. When recording is stopped an end of data (EOD)
bit is programed into the memory. This prevents playback of
silence when partial sectors are used. Unused memory that
exists between the EOD bit and the end of the sector ¢can not
be used.

Sectors 0 through 9 are iested and guaranteed for digital
storage. Other sectors, with the exception of sector 1279, can
store data but have not been tested, and are thus not.guaran-
teed to provide 100% good bits. This can be managed with
error correction or forward check-before-store methods.
Once a write cycle is initiated all previously written data‘in the
chosen secter is lost.

Mixing audio signals and digital data within the same.sector is
not possible.

Note: There are a total of 15bits reserved foraddressing. The
APR6016 only requires 11 bits.The additional 4 bits are used
for larger device within the APR60XX family.

SPI Intérface

All memory management.is handled-by an external host pro-
cessor. The host processor communicates-with the APR6016
through a simple Serial Peripheral Interface (SP1) Porl. The
SPI port can run on as little as three wirés or as many .as
seven depending 6n the amount of control necessary. This
section will describe how to manage memory using the
APRB016's SP| Port and associated OpCode commands.
This topic is broken down into the following sections:

. Sendihg Commands.to the Device
¢ OpCode Command. Description
* Receiving Device Information
» Gurrent Device Status (CDS)
¢ Reading the-Silicon Identification (S:ID)
Writing Digital Data

Reading Digital Data

Recording Audio Data

Playing Back Audio Data .

Handshaking Signals

Sending Commands to:the Device

This section describes the process of sending OpCodes to
the.APR6016.All Opcodes are sent in the same way with the
exception of the DIG_WRITE and DIG_READ commands.
The DIG_WRITE and DIG_READ commands are described
in the Writing Digital Data and Reading Digital Data sections
that follow. The minimum SP} configuration needed to send
commands:uses the DI, /CS, and SCLK pins. The device will
aceept inputs on- the D} pin whenever the /CS pin is low.
OpCode commands are clocked in on the rising edge of the
SPI clock. Figuré 4 shows the timing diagram for shitting
OpCode commands into the device, Figure 5 is a description
of the. OpCode stream.

You must wait for a command to finish executing before send-
ing a.new command. This is accomplished by monitoring the
/BUSY: pin. You cansubstitute monitoring of the busy pin by
inserting a fixed delay between commands. The required
delay is specified as Tnexr, TnextzFnens of Tnexs: Figure 6
shows- the timing diagram for sending consecutive com-
mands. Table 1 describes which T,,, specification to use.
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Figure 4 Sending SPI Conmimands

SCLK

Figure 5 OpCode Format

First bit shifted in

l

|4—

—-P'
: nexnr nexl2: nexl3 TnexM/

Last bit shifted in

[Op4|0p3|0p2|0p1IOpOlAM-lAﬁ»IAfZI‘Aﬁ|A10| -A9| Aa| A7'l AS| AsTMl A3| A»2J A'1| AOI

g

OpCode Command OpCode Parameter

Figure 6 Opcode Stream Timing

SCLK

1CS

.J

o] Current Command ¥

—» Tn_exn =Tnex12-T_nexl3 nTnexl4
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Table 1 Sequential Command Timing
Current Command Next command - Timing Symbol

NoP Any Command Thext! suSEC
SiD
PWRUP Any Command Thext2 5m SEC
STOP_PWDN PWRUP Thextz smSEC
SET_REC " STOR, STOP_PWDN, SET_REC, REC,NOP Within SAC Low Time
REC .
SET_PLAY STOF, STOP_PWDN, SET_FWD, FWD, SET_PLAY,PLAY, NOP
PLAY :
SET_FWD SET_FWD, FWD, STOR, STOP_ PWDN
Fwp '
DIG_WRITE Any Digital Comimand, STOP, STOP_PWDN Thexta
DIG_READ Nole: For partial DIG_READ T, is measured from the extra clock low that foflows the. 8K sampiing rale: 376m SEC
DIG ERASE rise 01 /CS; not Irom the tise of /CS 4K sampling rate: 752m SEC
sToP Any Command \ Thextd 470mSEC

OpCode Command Description

Designers have access to.a total of 14 OpCodes. These
OpCodes are listed in Table 2. The namé ‘of the Opcode-
appears in the left hand column. The following. two. columns
represent the actual binary information contained in the 20 bit
data stream. Some commands have limits on which com-

mand can follow them. These limits are shown in the *Aflow- )
able. Folflow on Commands” column, The last column
summarizes each command.

Combinations of OpCodes can be used to accommodate
almost any memory management scheme.

Table2  APR6016 Operational Codes
Instruction | OpCode Allowable Follow
Name (5 bits) Op¢ode Parameters: (15bits) on‘Commands Summary
[Address MSB - Address LSB]
[Op4 = Op0] " [Addiess.14 - Address 0f
NOP [00000} [Don't Cars) All Commands No Operation
Sip: [00001) [Don’t care]. All Commands Causes the silicon ID to be read.
SET_FWD {o0010] -Sector Address SET_FWD, Starts a fast forward operation from the
[A14.- AO) FV_VD; STOPR, sector address specified.
STOP_PWDN p
FWD {00011) [Don't:care] SET_FWD, Starts a fast forward operation from the
FWD, STOP, current sector address.
. STOP_PWDN £
PWRUP {00100] [A14-AT0]; all zeros All Commands Resels the device to initial conditions.
[A9-A2]: EXTCLK divider-fatio Sets:the samiple frequency and divider
[A1-A0}: Sarmplé Rate Frequericy ratios.
"'STOP [00110} [Don't care)- All Commands Stops the current operation.
STOP_PWDN [00111) [Don't care] PWRUP Stops the current operation. Causes the
device to enter power down mode.
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Instruction OpCode (Allowable Follow
Name (5 bits) Opcode Parameters (15bits) on Commands Summary
[Address MSB - Addreiss LSB]
[O}M - Op0O} [Address 14 - Address, 0]
SET_REC [01000} Sector Address STOR; Starts.4 record operation from the sector
[A14 - AD) STOP_PWDN, address specified.
) SET_REC,
REC,NOR
REC [01001] [Don't-care] STOP: Starts a record operation from the current
STOP_PWDN, sector address. !
SET_REC,
REC,NOP
DIG_ERASE [01010] Sector-Address All-Commands Erases all data contained in specified sec-
[A14- AO] tor. You must not erase a sector before
recording voice signals into it. You must
erass ar'svec_torbefora storing digital data in
it.
DIG_WRITE [01011] | [A14.-AQIDOOOY[DO - DI00AIXXXX] |  All:Commands This cornmand writes-data bits DO - D3003
_ starting al the spedified address. All 3004
bits must be writtefh.
DiG_READ [011-11] Sector Address Al CTommands This command reads data bits DO - D3003
[A44 - A0] starting at.the spedfied address.
SET_PLAY [01100] Sector Address -STOP, 3 Starts a play operation from the sector
[A14 - AQ) STOP_PWDN, address specified.
SET_FWD, FWD,
SET_PLAY,PLAY,
NOP d
PLAY. [01101) [Don't.care] STOPR. Starts.a play operation from the current
STOP_PWDN, sector address:
SET.FWD, FWD,
SET_PLAY,PLAY,
NOP

The NOP command performs no opération in the device. It is
most often used when reading the current device status. For
more information on reading device status see the Current
Device Status section.

THE SID operation instructs the device to retum the:conterits
of its silicon ID register. For more information see the Read-
ing the SID section.

The SET_FWD command instructs the'device to fast forward
from the beginning of the sector specified in the OpCode
parameter field. The device-will fast forward uritil either an
EOD bit, or the 'end of the sector is reached. If no EOD bit or
forthcoming command has been received when the end of
the sector is reached, the device will loop: back,to'the begin-
riing of the same. sector and begin the same process again: If,
an EOD bit is found the device will.stop and ‘gerierate an
interrupt-on the /INT pin. The outputamplifiers are muted-dur-
ing this-operation.

The FWD command instrucis the device to-fast forward from
the start of the current sector to the next EOD marker if no
EOD marker is found within the current sector the. device will
increment to the next sequential sector and continue looking.

The device will-continue to fast forward in this manner until
either an EOD is reached, a new command is sent, or the end
of the memory array is reached. When an EOD is reached
the device will stop and generate an interrupt on the /INT pin.
The.output amplifiers are muted during this operation.

‘The PWRUP command: causes the device to enter power up
modeé ‘arid set the internal clock frequéncy and EXTCLK
divider ratio. The PWRUP-command must be used to force
the device into power up mode before any commands can be
executed: To -select an Intemnal oscillator frequency. set the
[A1 - AQ] bits according to the following binary values:

Al AC Sample rate
) 0 6.4 kHz

0 1 4.0 kHz

j 0 8.0 kHz

1 1 5.3 kHz

If you are using an external sample clock signal you must
also set the EXTCLK divider ratio. This divider ratio is equal

Page 6
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to N:1 where N is an integer betwéen 1 and 256; excluding 2.
The N value stiould be selected to satisfy the following equa-
tion as closely as possible:

EXTCLK freq = (N) * (128) * (selected sampling frequency)
Example:

Suppose that 8.0 KHz sampling is desired. Assume that
the frequency of the:signal present on EXTCLK = 8MHz.

8000000

= m = 7.8125

Rounding.up;, N=8

The Op Code Parameter bit stream, composed of bits:
binary-

[A9 - AZJA1 - AG,
[00001000]{10}.

therefore. ‘becomes

The:STOP Command causes the device to stop the current
operation.

The STOP_PWDN. command ¢auses the device to stop the
current command and enter power down miode. During power
down the device consumes significantly less power. The
PWRUP command must be used.to force the device into
power up mode-before any commarids.can be:executed.

recordlng at the: sector address specmed The devnce will
continue to record until the end. of the current sector is
reached. If no forthcoming command has been received
when the end of the sector is reached the device will loop
back tothe beginning of the same sector and overwrite the

previously recorded material. If the next command is another:

SET_REC or REC command the device will execute the com-
mand immediately following:the end of the current sector so
that no-audio information is lost. For more information see the
section-entitled Recording Audio Data.

The REC command instructs the dévice to begin recording in
the current sector. If ho new command is received before the
device reaches the end of the sector the device will automati-
cally increment to the next sequential sector and continue
recording. The device will continue to record in-this manner
until the memory. is exhausted or a STOP or STOP_PWDN
command is received. For inore information see the section
entitled Recording Audio Data,

The DIG_ERASE command erasés all data contained in the

sector speoified. Erase should riot be done before recording:

voice signals info a sector, Erase must be done before storing
digital data in a sector.

The DIG_WRITE commiand stores 3K bits of digital data in
the specified sector, All 3K bits rriust. be .written, no partial
usage of the sector is possible. The memory acts’as a FIFO,
the first data bit shifted in will be the first data bit shifted out. A

sector must be. erased .using the DIG_ERASE .command’

BEFORE data can.be written to.the sector. For more informa-

tion on storirig digital data, Seé the section entitled Writing-

 Digital Data,

The DIG READ. command instructs the device to retrieve
dlgltal data that was prevxously written tothe.specified sector.
The first bit shifted out is.the first bt that was written, The last
bit shifted out is the. last bit that was written. For more infor-
matien on'reading digital data see the. section entitled Read-
ihg Digital Data.

The SET_PLAY command instructs the device to begin play-
back at the specified sector. If no forthcoming command is
received, or EOD bit encountered, before the end of the sec-
tor is.reached the device will loop back to the beginning of the
same-sector and continue playback with no noticeable gap in
the audio-output. If the-hext cofmand is another SET_PLAY
of PEAY ‘coimiand the. device will execute the command
lmmedtate}y followmg__the end of-the current sector so that no

‘gap in playback.is present. For more information see the sec-

tion.entitled Playing Back Audic.Data.

The PLAY command instructs the device to begin playback at
the currént sector. If no fortheoming cormimand is rec€ived, or
EOD: bit encountered, before the device reaches the end of
the sector the device will automatlcally increment to the next
sequenhal sector and continue playing. The. device will con-
tinue to play. in this manner until the.-memory is exhausted or
a: STOP or STOP: PWDN command is. received. For more
information see the section entitléd Playing Back Audio Data.
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Receiving Device Information

The device communlcates daté fo the user by shifting out
data on'the DO pin. The device will'shift out data according to
the timing parameters given in figure 7. The device can shift

Figure 7 Data Out Timing

out three different types of data streams: Device status, Sili--
con ID, and user stored- -digital data. Device status and silicon
ID are described in the next two sections. Refrieval of user
data.is.described in the Reading Digital Data section,

v
cS _\.L . S
| b 4
]
1
]
t
4

Tiespo. Ttscrk

Current Device Status (CDS)

As described in the previous section, three different types of
data streams are shifted out on the DO pin asdata:is shifted
in on the DI pin. One of these Streams is. the current device
status. The CDS. will be shifted out unless-the previous com-
mand is SID command, Figure 8 shows the format ‘of the
CDS bit stream. The first bit shifted out, DO, is the Overflow
flag. The Overflow flag is set fo a binary # if an attempt-was
made to record beyond the available mémo,ry. The Overflow
flag is set to a 0 if an overflow has not.occurred. Thisflag is

Figure 8 Format for CDS Bit Stream

Last blt shifted out

cleared after it-has been read. The D1 bit is the End.of Data
flag. The EQD flag is set when the device stops playing, or
fast forwardmg as a-fesult of an EOD bit in memmory: The EGD
flag is cleared after it has been read. The D2 bit is the Illegal.
Address flag. The. lllegal-Address flag is set whenever-an ille-
gal‘addressis sent to the device. The D3 bit is the Lbat flag.

This flag is set when the device senses a-supply voltage
below- specmcahon The. D4 bit is not used and should be
ignored. The Tast fifteen bits represent the address of the cur-
rent:or last.active sector:

First bit shifted out

L9|~ |D14ID13|D12ID11lD10|DQ|DBlD7IDSlDS|DA|D3|D2|D1]j

*

T Sector Address
Sector Address LSB

ovE
T EOD

Sector Address MSB egal Address
Lbat
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Reading the SID

Each device in the APR6OXX seéries familycontains an
embedded Silicon Idéntification (SID). The SID can be réad
by the host processor to identify. which famlly/ tamily member-
is being used. Reading the device SID requires issuing two’

Figure 9. SID Timing

SCLK

OpCode commands; a.SID command. followed by any other
command, usually a NOP command. The device will clock

‘the SID data out on the.DO pin as the command that follows

the SID' command is clocked in. Figure 9 is a diagram that
describes the process necessaiy for reading SID information.

GS I |

I E—

DI SID Command  »—————

¢ NextCommand

po  ———< CDS OutputData >

The SID information follows the. format given if-Figure 10.
The first bit shifted out, DO, is the Qverflow bit. The Overflow
bit is set to a binary 1 if an attempt was made to record
beyond the available memaory. The @verflow bit is setto a O if
an overflow has not occurred. This bit is cleared after it has.
been read. The D1 bit is the End Of Data (EOD) bit. The EOD
bit is.set'when the device stops. playing -or tast forwarding as:
a result of EOD bit in memoiy. The-EOD Bit is'¢cléared:after it’
has been read. The D2 bit is the lllegal Address Bit. The llle-
gal Address. Bit is set whenever an illegal address'is sent o

Figure 10 SID Bit Stream

Last bit shifted out

"""" >~ SID Ouiput Data

the device. The D3 bit.is the Lbat bit. This bit is set when the
deévice senses a supply voltage below specification. The fol-
lowing five bits represent the product family. The APRB0XX
product family code is binary 01000 as shown in Figure 10.
The next four bits represent the device code. The. APRE016
device code is binary 0010 as shown in Figure 10 The last
severi bits:are raridom.data and should be ignored.

First bit shifted out

E19|~ ID14|DiJ_D12|D11|D10[D_|_8|D7|DleledlelDzlmlDO]
———— e S 7

) OVF
Ignore These Device Product EOD
Biis Code Family lNlegal Address
|o:|o‘|v |"°|°‘l‘1|°[°'l.‘°l Lbat
APR6016 Device APRBOXX Series
Code (Binaryy Family (Binary).
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Writing Digital Data

Digital data is written into the device using the DIG_WRITE
command. No mixing of analog data and digital data within a
sector is possible. Sectors 0 through 9 are tested and guar-
anteed for digital storage. Other sectors, with the exception of
sector 1279, can store data but have not been tested, and
are thus not guaranteed to provide 100% good bits. This can
be managed with error correction or forward check-before-
store methods. Issuing a DIG_ERASE command on sector
1279 will cause data throughout all sectors to be lost.

A sector must be erased, using the DIG_ERASE command,
before digital data can be written to it. This requirement is
necessary whether analog data or digital data was previously
stored in the sector. A sector should not be erased more than
once between analog or digital write operations. Executing
multiple erase operations on a sector will permanently dam-
age the sector. A sector can be reallocated to either analog
storage or digital storage at any time.

The process of storing digital data begins by sending a
DIG_WRITE command. The DIG_WRITE command is fol-
lowed immediately by four buffer bits. These bits will not be
stored in the array and must be considered don't care bits.

Figure 11 Writing Digital Data

. I|x|.(v"| “;\]!”p m
i'é!‘lr " gLt

W

I

T 1 Ii

I

Immediately following the four buffer bits should be the data
that you wish to store. All 3004 bits must be stored. Four
additional buffer bits must be clocked into the device follow-
ing the stored data. These bits will not be stored in the array
and must be considered don't care bits. Ending a digital write
command early will permanently damage the sector.

The DO pin will clock out the normal 20 bit CDS followed by
five don't care bits, a copy of the 3004 data bits, and finally
three don't care bits.

Figure 11 shows a timing diagram which describes the digital
storage process. All timing with the exception of Tpscik
should adhere to the specifications given in Figure 4 and Fig-
ure 7. The TpscLk specification is replaced by the DTpscik
when storing digital data. ~ The /BUSY pin indicates when a
DIG_WRITE s taking place.

Note: The DIG_ERASE command should not be used before
storing analog data. The device will perform its own internal
erase before analog storage.

Figure 11 does not show the DIG_ERASE command which
must be executed on a sector before digital data can be
stored.

L T
I l'!‘ms!u: Il

(it ||if !

li‘“‘ i

SCLK | Hr
< Total 3032 clock cycles »
ICS I o
DI DIG_WRITECOMMAND | X | X | X | X s0en 3004 bits ofdatatobe slored ee s @ XXX )>'——~
L FouDonlCareBils A B N 7 it
\d
DO \ cDS X | X|X l X|X| o @ Copyoftheinput dala (defayed one clock cycle) e e |[X|X 19———
2 '
/BUSY s ‘—_;
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Reading Digital Data

Digital data is read from the device using the DIG_READ
command. To read data you must send a DIG_READ com-
mand immediately followed by 3012 don't care bits during the
same /CS cycle. The data previously stored in the specified
sector will begin to appear on the DO pin after the current
device status or SID and four buffer bits. The next 3004 bits
are the previously stored data. The first bit shifted out is the
first bit that was written. The last bit shifted out is the last bit
that was written. There are four random don't care bits follow-
ing the 3004 bits of user data.

Figure 12 Reading Digital Data

SCLK |

4 Tolal 3032 clock cycles

An incomplete read of the sector is allowed. An incomplete
read is defined a a read with less than 3032 clock cycles. All
incomplete read cycles require one extra SCLK cycle after
the /CS signal returns high.

Figure 12 shows a timing diagram which describes the entire
process for a complete sector read. All timing with the excep-
tion of Tpsck should adhere to the specifications given in
Figure 4 and Figure 7. The T g k specification is replaced
by the DTpscik When reading digital data. The /BUSY pin
indicates when a DIG_READ s taking place.

3012 don't Care Bils

eo® 80

DI —@G_READ COMMAND I
Ve

Do SID or CDS

® e & @ 3004 bils of previously slored data

T

BUSY

N ——
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Recording Audio Data

When a SET_REC or REC command is issued the device will
begin sampling and storing the data present on ANAIN+ and
ANAIN- to the specified sector. After half the sector is used
the SAC pin will drop low to indicate that a new command can
be accepted. The device will accept commands as long as
the SAC pin remains low. Any command received after the
SAC returns high will be queued up and executed during the
next SAC cycle

Figure 13 shows a typical. timing diagram and OpCode
sequence for a recording operation. In this example the
SET_REC command begins recording at the specified mem-
ory location after Ty .. time has passed. Some time later the

Figure 13 Typical Recording Sequence

low going edge on the SAC pin alerts the host processor that
the first sector is nearly full. The host processor responds by
issuing a AEC command before the SAC pin returns high.
The REC command instructs the APR6016 to continue
recording in the sector immediately following the current sec-
tor. When the first sector is full the device automatically jumps
to the next sector and returns the SAC signal to a high state
to indicate that the second sector is now being used. At this
point the host processor decides to issue a STOP command
during the next SAC cycle. The device follows the STOP
command and terminates recording after TSy.. The /BUSY
pin indicates when actual recording is taking place

S e A

/CS W
DI SET_REC. )

T

AN NP N L

SAC oe U .o LJ
ANAIN+
ANAIN- ——
/BUSY %_l
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Playing Back Audio Data

When a SET_PLAY or PLAY command is issued the device
will begin sampling the data in the specified sector and pro-
duce a resultant output on the AUDOUT, ANAOUT-, and
ANAQUT+ pins. After half the sector is used the SAC pin will
drop low to indicate that a new command can be accepted.
The device will accept commands as long as the SAC pin
remains low. Any command received after the SAC returns
high will be queued up and executed during the next SAC
cycle.

Figure 14 shows a typical timing diagram and OpCode

sequence for a playback operation. The SET_PLAY com-
mand begins playback at the specified memory location after

Figure 14 Typical Playback Sequence

SCLK I | I ;, IH“W

T REORR

Taplay time has passed. Some time later the low going edge
on the SAC pin alerts the host processor that half of the first
sector has been played back. The host processor responds
by issuing a PLAY command during the SAC low time. The
PLAY command instructs the APR6016to continue playback
of the sector immediately following the current sector. When
the first sector has been played back the device jumps to the
next sector and returns the SAC signal to a high state to indi-
cate that the second sector is now being played. At this point
the host processor decides to issue a STOP command during
the next available SAC low time. The device follows the
STOP command and terminates playback after TSy, The
/BUSY pin indicates when actual playback is taking place.

SAC
ANAOUT+ { :
ANAOUT- . i
ANAOUT ‘ .
L ¥ “—
Taplay !
/BUSY |

(X £ W57 0Bk

N

aplay

Nots: Command timing is not 16 scale

Handshaking signals

Several signals are included in the device that allow for hand-
shaking. These signals can simplify message management
significantly depending on the message management
scheme used.

The /INT signal can be used to generate interrupts to the pro-
cessor when attention is required by the APR6016This pin is
normally high and goes low when an interrupt is requested.
An interrupt is generated whenever a EOD or Overflow

occurs.

The SAC signal is used to determine when the device is
nearing the end of the current memory segment during either
a record, play or forward operation. The SAC signal is in a
normally high state. The signal goes low after half the cur-
rently active segment has been played or recorded. The sig-
nal returns to a high state after the entire segment has been
played or recorded. The microprocessor should sense the
low edge of the SAC signal as an indicator that the next seg-
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ment needs to be selected, and do so before the SAC: signal
returns high. Failing to specify-the next command before the
current segment is exhausted (either during. recording or
playback) will result in a noticeable gap during playback or
recording.

The /BUSY pin indicates when the: device is performing either
a play, record, DIG_WRITE, DIG_READ or fast forward func-
tion. The host microprocessor can monitor the busy pin to
confirm the status of these commands. The /BUSY-pin’is nor-
mally high ‘and goes low while the device is busy: The low
time is governed by the length of recording or playback spec-
ified by the user. ’

Sampling Rate and Voice-Quality

The Nyguist Sampling Theorem requires that the highest fre-
quency component a sampling system can accommodate
without the introduction of aliasing ‘errors is equal to half the
sampling frequency. The APR6076 automatically. filters its
input, based on the selected sampling frequency, to meet this
requirement.

Higher sampling rates increase recording band‘widfh; and
hence voice quality, but-also use more memory cells for-the
same amount of recording time. The APR6016: ccommo-
dates sampling rates as high as 8kHz.

Lower sampling rates use less memory cells and effectively
increase the duration capabilities -of the deévice, but also
reduce recording bandwidth. The APR6016 allows. sampling
rates as low as 4 kHz.

Designers can thus control the quality/duration trade-off by
controlling the sampling frequency.. Sampling frequency can
be controlled by using the PWRUP command. This command
can changé sampling frequency regardless of whether the
internal oscillator is used or an external clock is used.

The APR6016derives its sampling clock from one of two
‘sources: internal or external. If a clocking signal is present on
the EXTCLK input the device will automatically use this signal
as the sampling clock sourée. i no input is presént on the
EXTCLK input the device automatically defaults to the. inter-
nal clock source. When the EXTCLK pin is not used. it should
be tied to GND.

An internal clock divider is provided so that external clock sig-
nals can be divided down to a desired .sampling rate, This
-alléws high frequendy sigiials 6f-iip fo: 10 MHz.to be-fed. ifito
the EXTCLK pin. Using this feature simplifies desighs by
allowing use of a clock already present in the system, as
opposed to having to generate or externally divide down a
custom clock. Details ‘for programing the: clock :divider are
described in the SR interface segtion under the: PWRUP
paragraph.

The default power up condition ’fb‘r the APR6016 is to-lise the
internal oscillator at a sampling frequency. of 6.4 kHz.

Storage Technology

The :-APR6016 stores voice signals by sampling incoming
voice data and storing the sampled signals directly into
FLASH memory cells. Each FLASH cell can support voltage
ranges from 1 to 256 levels. These 256 discrete voltage lev-
els are the equivalent of eight (28=256) bit binary encoded
values. During playback the stored signals are retrieved from
merory; -smocthed to forfn a continuous signal and finally
amplified before being fed to an externat speaker amplifier.

Squelch

The. APRB016is equipped .with an internal squelch feature.
The:Squelch circuitautomatically attenuates the output signal
by6 dB during quiet passages in the playback material. Mut-
ing the output signal during quiet passages helps eliminate
background noise. Background noise may enter the system
in @ number of ways. including: present in the original signal,
natural noise present in some power amiplifier designs, or
induced through a poorly'fiiiered‘power supply.

The:response time of the: squelch circuit is controlled by the.
time constant.of the.capacitor connected to the SQLCAP pin.
The rééommended value of this capacitor is 1.0 uF, The,
sqtielch feature.can be disabled by connecting the SQLCAP
pin to VCC.

The active low output /SQLOUT goes low whenever the inter-
nal squelch activates. This signal can be used to squelch the
output power amplifier. Squelching the output amplifier
results: in further reduction of noise; especially when the
powet ‘amplifier is running at high gain & loud volumes.
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