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Speech Attacluuent 

The Speech Altachment is a side mounted atlachmcnt 
that adds speech capability to the PCjr. It contains a 
program accessible vocabulary of words. phrascs. and 
sound effects and accepts audio input from external 
sources. 

Dcscri pi ion 

The Speech Attachmcnt provides two technologies for 
speech reproduction: 

Spcech encoding (speech-to-data) and decoding 
(data -to-specch) using a continuously variable 
slope delta (CVSIJ) modulation technique. 

Spceeh synthesis using linear predictive coding 
(U'C). 

An inll'lIIal I{OM lIIodule contains the UfOS necessary 
to control the Speech Attachment. 

CVSD 

Cyst> ;)lIows the user to encode speech using a 
microphone and store the rcsultin~ uncompresscd 
specl'h data in systcm memory (J{At\1). on diskette. or 
another storage dcvice. The stored speech data may 
then he decoded with the resulting speech output 
available through the audio channel or the PCjr. 

LPC 

LPC synthesizes speech from compressed speech data 
on the internal ROM module . L1'C SIll'Cch data may 
:,,~O reside 011 JIrogram cartridges or may be placed in 
RAM rrom a diskette or another storage device. 

SpCl'dl Allar/mu'nt I 
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An cxternallllicrophone jack is provided at the rear of 
the altadllllcnl. 

Thc following is a block diagram of the Speech 
A It ac h JIlC nl. 

1 Speech Allachmenr 
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The Spcech Attachment uses a 32K by 8 bit ROM 
IllOduk. which contains the standard vocabulary and 
HI<)S support. This module appears as normal system 
IllL' Illory at hex CEOOO through CFFFF, 

V ()cahuhuy 

There are 196 words, phrases, and sound effects 
encoded in the standard vocabulary on the ROM 
ll10dule of the Speech Attachmcnt. The following is a 
list of thcse showing their corresponding index 
numbers, 
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1 dilliner 
2 time has expired 
3 lilllnhing 
4 gr.t ready 
5 '10 
6 lip 
7 riown 
8 left 
9 light 
10 wiHIlill<J 
11 well done 
12 (1('lcha 
131<"0 
1<1 nile 
151wo 
1611"er. 
17 fllur 
18 f.vc 
19 so> 
20 scv,." 
21 ,,'!Jhl 
22 '''fie 
23 I"" 
2<1 il 

25 h 
26 c 
27d 
20 e 
291 
30 0 
31 h 
32i 
33 i 
3<1 k 
351 
36 m 
37 n 
380 
39 p 
40 Q 

41 , 
42 s 
43 t 
44 U 

45 v 
46 w 
47 x 
48 V 
49 I 

(Part 1 of 2) 

.. , 
67 cent 131 -tccn 

68 control 132 true 
69 date 133 to 
70 di.,k 134 - ty 
71 day 135 this 
72 dollilr 136 IVJI!lve 
73 down 137 thou'iand 
74 do 1381hat 
75 excellent 139 than 
76 cleven 140then 
77 -ez 141 time 
78 -cd (Jla~t tense 142 type 

n.orphcmel 143 thing 
79 ec.:ho 144 try 
80 cqllills 145 turn 
81 enll'r 146the 
02 end 147 twenty 
03 ',,~,t 148 worri 
84 f,orn 149 wh,te 
051al .. c 150 wilit 
OG f,Ic 151 wrong 
n' 1.1 - - 152 whilt 
nn IIIII<:Iion 153 VI'S 
WI !10 154 you 

90 !I''''~n 155 yellow 

91 n"(I(' 156 yf'ilr 
92 hund,ed 157 VOllr 
93 hold 158 S(1ilc.:e 
9410011' 159 delete 
95100me 1 GO Pilll!! 
9G is 161 cursor 
97 it lG2 name 
no key 163 leller 
9!J '''!it lG4 board 
1001o~o 165 <Jny 
1011i!;t 166 sinn 
102 less 1 G 7 spell 
103 If'll 1GB win 
104 ok 169 flilllse 
1050' 170 hil' 
106 ,wrior' 17 1 insert 
107 pillS 172 look 
1 00 rlr~,'~e 173 I('ck 
109 P' 09r am 174 J frames of silence 
110 p'ess 175 minus 
111 P m . 176 mill'on 
112 pc, 177 1I10nlh 
11 J point 178 minllle 
114 run 179 move 

Standard Vocabulary 

I 
Speech AIf:tchn~ell~ S, 
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~ -- ~~=8G - ----r-----T--:-:-----, !>b an 115 read 160 no 
51 aUJln I 16 red 161 ncgalive 
52 all 117 IIUhl 162 numbcr 
53 add 116 rclcase 163 not 
54 am 1 19 slarl 164 allernala 
55310) 120slop I05up 
560 m 121 ·s Iplural 166 -Ing 
57 ahead morpheme) 187 ~hime 1 
58 answer 122 save I 68lial hilling ball 
59 back 123 second 169 ball being caught 
fiO by 124 sorry 190 gunshOI 

• tJ I brake 125 screen 191 laser 
62 al 126 score 192 phaser 
63 as 127 select 193 buzz 
64 and 128 -Ih 1941ic 
65 code 129 Ihird 195 loc 
66 com puler 130 Ihir· 196 lasl chime 

(Part 2 of 21 Standard Vocabulary 

I/O Address Decode 
The Speech Attachment uses the following ports: 

Device Address Port t 

FB98 Port A Data 
8255 PPI FB99 Port B Data 

FB9A Port C Data 
F096 Mode Rcgister 

FB9C Channel 0 
8254 Timer FD9D Channell 

FB9E Channel 2 
FB9F Control Word Register 

SIlifl RC(}lstcr FF98 Shill Regisler 

Auolo Control Latch FF9F Audio Control Latch 

I/O Port Addresses 

6 Speech AUachmcnt 



.I ItJblc.lIlI .. WIJI\,:; .I \,:;1IJ1I1Clal unCnacc \O""~~1 P ,). 

The Speech Allachment uses an R255 Programmable 
Peripheral Interface (prJ) for control nmJ sJntlls. The 
(ollowing figurc') show the bit definitions for ports A. 
B. and C of the PPJ. 

765 

PortA 

Bil7 

.. . 
Bil .. 6-4 

Bil .. 3-2 

43210 

~> Channel MUXIOJ 
> Ch;]nnel MUX (0) 

> ROM PAGE (0) 

> ROM PAGE (0) 

> Reserved 

> neservcd 

> /lcservcd 

> LPC in progress (110) 

/\ I (In this hit indicates th:lt J .PC is 
currcntly running in thehackgrotJlI(l. 

I{cscrvcd 

ROM PAGE 

00 Page 0 

01 Page I 

to Page 2 

It Page 3 

Note: Page 0 is the default. 

Speech AII:1rhmcnt 7 



Ilil~ 1-0 

765 

Port B 

Oils 7-0 

CIIANNEL MUX 

00 LPC 

01 CVSD 

10 H254 Audio 

II Test Signal 

43210 

~> LPC D." "",eO) 
> LPC Data Bus (0) 
> LPC Data Bus (0) 

> LPC Data Bus (0) 
> LPC Data Bus (0) 
> Buffer Empty (I) LPC Data Bus (0) 

> BuflerLow (II LPC Data Bus (OJ 

> Talk Status (I) LPC Data Bus (0) .. • 

Bits 7 through 0 are used to send 
commands 10 thl! LPC chip. LPC status is 
returned in bilS 7 Ihrough 5. 

Port D is used as Ihe LPC data bus. Its direction (input 
or output) is changed by issuing Mode commands 10 the 
PI'I as follows. 

8 Speech Allachmenl 



.. _, . to .. .., '- t • t"" I " I' , • • " y \,; t · .., 11 ... 

LPC Output A=Output 8111 Normal 
State 

B=Output 
CO-C3=lnput 
C4-C7 =Output 

LPC Input A=lnput 831-1 Used 

. . 

11= IIIPllt 
CO-C3=lnpllt 
C4 -C7 =Outp"t 

when 
re;Jding 
LPC 
status 

Nnte: "" output c;ignals are reset \\'hell ;J Mode 
l'OllllllalHI is issucd. ~'()de ic; lIormally hex H I. It is 
ollly l'hau~cd during LPC speel'h . tr;J particular 
lille i .. IIl'L'ded ill a lIoll-reset stale . it nllist be 
explicitly sct. ROM PAGE should be set after a 
mode challge. 

765 " 3 2 1 0 

~ -lPCnoY,,) 
> · LPC INT (I) 
> CVSD FRAME (I) 

> ·CVSD Clock (I) 
> LPC RSIO) 
> LPCWS(O) 

> CVSD E/D (0) 
> Reserved 

Porte 

Spccch Alladlll1cnl 9 
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Timer 

Hi' 7 Reserved 

IIi' 6 CVSD E/D-A 0 on this hit indicates 
CVS/l decode (out, playback) and a I 
indicates CVSJ) encoLi\.! (in, record) . 

IIi. 5 tPC WS-A () on this hit indicates LPC 
write is inactive and a I indicates that it is 
active. 

Ilit 4 LPC RS-A 0 on this bit indicates LPC 
read is inactive and a I indicates that it is 
active. 

Ilit 3 -CVSD CLOCK-This signal is the inverted 
form of the clock used by CVSD for the 
bit sample rate. It is used to clock serial 
data into and out of the Shift Register. 

Oil 2 CVSD FRAME-· The negative going edge 
of this bit is used to read the Shift Register 
(SIR) during CVSD encode anu the 
positive going eJge is used to ",,'ite to SIR 
during CVSD dl.!code . CVSD FRAME is 
-CVSD CLK divideJ by 8. 

ni. I -LPC INT-A 0 on this hit indicates an 
interrupt. 

nit 0 -LPC RDY-A I on this hit indicates a 
husy state and a 0 indicates a completed 
state. 

The Speech Attachment uses an 8254 Timer to create 
the various cluck signals requireJ. CVSD circuits usc 
channels () and I and channel 2 creates the LPC 
interrupt pulse. Channel 2 may also be gated onto the 
3uJio channel. 

10 S"ccch A ttaclllllclI~ 
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I ... "''', .. " '''f-,' """ <.I.", U",.I H.U IIVIII UI\: ... I IIYIIIL sys~m' . 
clock (XCLK) . . 

Channel 0 (CVSD CLOCK) 

Channel 0 has the following functions: 

• 

• 

Channel 0 divides the system clock signal to 
provide the CVSD bit snmple rate. The positive 
f,oin(! etlge of this signal is usetl by the MC3418 to 
latch the digit:ll serial data. The shin register uses 
the positive edge of the inverted CVSD CLOCK to 
clock the serial data. 

Channel () is illvclled and is lIsed hy channel I to 
!!cncrate the CVSD fRAME signal. 

Null': ·1 he Speech Allach",cnt initiali7.es chanl1el 0 
in the sqllarc wave llIoue anu holtls the channel 0 
gate active. 

Challnel I (CVSU FltA"'l E) 

· this ch:lIlncl tli\'ides the inverted CVSD CLOCK by 
eight. It counts the CVSD CLOCK periods and goes low 
for one period every eight clocks. Programs use the 
positive edge of this signal to write data to the Shin 
Register during CVSD decoding. Programs poll this 
channel for sync signals during both CVSD encoding and 
decoding. 

Note: The Speech Allachment initiali7.es channel 
"s divisor to H. It also initiali7.es channel I in the 
rate generator mode and holds the channel I gate 
active. 

Channel 2 (lNT CLOCK) 

Channel 2 has two functions: 

Spl'erh Atlarhmenl II 



• • 

• 

Channt:! 2 creates an interrupt pulse during LPC 
operations. 

Channd 2 can be rouled to the audio channel and 
heard on external audio uevices. 

These funclions arc selecled by Ihe state of the 
illterrupl enable signal on the Audio Control Latch 
(ACt) port as follows . 

-INT ENA 
I 
o 

Channel 2 Funellon 
Interrupt Mode 
Audio ~Iodl! 

When used ror interrupts, Ihe Speech Attachment 
initialiles channel 2's divisor to 8 and channel 2 to the 
hardware retriggerable one-shotlllode. Then the 
channel 2 gale goes high when -INT goes low and 
interrupts arl! enabled. 

Nole: The -INT ENA signal on the ACL port is 
set aClive r or channel 2 to function in th~ manner . 

• 

Inlerrupt Mode (Interrupt Enabled) 

During LPC operations, channel 2 transforms the 
positive edge or Ihe LPC interrupt signal into a short 
negative-going pulse. This l1egative-going pulse is 
applied to the IRQ 1 line and the system senses an 
interrupt on the positive edge of this sigllal. Use of this 
pulse allows sharing of the system interrupt line and 
prevents the disabling of local interrupts from causing a 
false interrupt. 

Audio Mode (lnlerrupt Disabled) 

The channel 2 oulpul may be multiplexed onto the 
audio channel. When the - INT ENA bit on the ACL 
port is cleared, the channel 2 gale is held active. 

l-
II Speech AlIadllllcnl . 
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I · i" ,_, . 
/ he Spc""h A\I,Kllment Initializes channel 2 to be used 
in the interrupt mode. 

Lincar Prcdictive Coding (LPC) 
'I he Speech Alluchmcllt wle~ U TMS522U (ur LJ1C 
synthesis. This dcvice operates at an Rkl 17. sample rate. 
Programs. driving this device, may be interrupt driven 
or Illay poll the han/ware. 

IIIINrlll'1 

!'Cllke! 

The interrupt signal. -LPC INT. is 
l'lIahkd and is uscdto generate 
intcrrupts. 

-LPC INT is disahled. 

Continuollsl}' Variahlc Siopc Delta (CVSD) 
I\lotilllalion 

The Spel'ch Atlaehmcllt uses a Motorola MC34 I R for 
CVSI) Illodulatioll and dcmodulation . This dcvicc. 
aloll)! wil h I wo low-pass filtcrs. a shift registcr. discrete 
CODFC filter c1emcnts. ami appropriate clock signals 
r.rovidcs (or both encode and decode CVSD functions. 

Shift Register 

Thc Speech "tlaehlllent uses the shift register to 
seriali"c :lnd descrialize CVSD data. It is a tri-st:ltcd 
dcvice c:lpahle of holh serial-to-parallel and 
parallel-to-serial conversions. 

I>ecode (playhack) Mode 

The (ollowing is a typical prngr:llllllling procedure: 

• Set CVSIJ E/IJ low (decode). 

• Activate audio channel. 

Spc.·cclt Alfllchlllcnl 13 



Do (or all bytcs 

Wait for positive edge or CVSD FRAME. 

Output data byte to the shift register. 

Do any "housekeeping" needed. 

• End do 

Encode (Record) Mode 

The following is a typical programming procedure: 

• Set CVSD E/D high (encode). 

• Do for all bytes 

Wait ror the negative edge or CVSD FRAME. 

Input data byte rrom the shift register. 

Do any "housekeeping" needed. 

• End do 

Audio Filters 

The Speech Attachment has two audio circuits: output 
and input. The audio output low-pass filler provides a 
signal compatible with the systcm's audio channel. The 
input preamp provides the amplification and filtering 
necded to attach a low-level microphone to the Speech 
Attachment. 

14 Speech Attachment 



l' rogl alllllllllg \....ollSlucra lItJllS 

Audio Control Latch (ACL) 
The following arc bit definitions for the Audio Control 
Latch. 

765 43210 l ~> CIIANENA(OJ > INT ENA(O) 

--> Reserved 

> Reserved 
> Reserved 

> neserved 
> neserved 

> Reserved 

Audio Control Latch 
.. .. 
Itil .. 7-2 

Itil I 

Reserved 

INT ENA (0) 

o Disabled 

Enahled 

-I NT ENA (I) 

o Enabled 

Oisablcd 

lJit 0 CIIAN ENA (0) 

-CHI\N ENA (I) 

-INT ENA (I) 

Spccd. Alladllllcnt IS 
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t , 

~ 

o Disabled 

1 Enabled 

-CtIAN ENA (I) 

o Enabled 

Disabled 

Progr;ulls that lise the Speech Attachment are 
responsible for sharing the audio channel. nefore using 
the audio channel. the Speech Attachment BIOS must 
perform the following steps: 

1 Issue 32 Disable Channel commands (0011) to 
each of the possible 32 audio control latches as 
shown in the following figure . 

2 Read the Speech Attachment's audio control 
latch . -CIIAN ENA should be inacti~e . • 

3 Enahle the Speech Attachment's audio control 
channel hy selling +CIIAN ENA active. 

4 When read. -CHAN ENA should be active. 

16 Speech AllachmclIl 
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Thc following shows Audio Cuntrol Latch addresses. 

Device ACt... Device ACL 
(hex) (hex) 

I ()79F 17 879F 
2 OF9F 18 Hr9F 
3 179F 19 979F 
4 lF9F 20 9F9F 
5 279F 21 A79F 
6 2F9F 22 AF9F 
7 379F 23 B79F 
H 3F9F 24 BF9F 
9 479F 25 C79F 
IU 41"')F 26 CF9F 
II 57 1)F 27 1>79F 
12 5FIJF 2H DF9F 
13 (179F 29 [79F 
14 (IFIJF 3U EF9F 
15 77!JF 31 F7!JF 
16 7F9F 32 FF9F 

A pro~ralll IIlllst read the Speech Attachment's ACt 
each till1c il nccds the c1",nl1c1. H the channel is not 
(,lIahled . :11101 her devicc has control. The program 
should dthcr post an error or regain control of thc 
channcl. 
• 

Audio Multiplexers 
Bdolc thc Speech Attachmcnt negins speech synthesis, 

. irs BIOS sets till' rollowing control devices so that 
audio, ~cnerilted hy the Speech Attachmcnt, will be 
heard on thc PCjr's audio output. 

• The Audio Channel Enablc bit in the ACL 

• Thc Audio Channcl Multiplexcr (points to the 
intcndcd spcec.h source) 

• The PCjr Sound Multiplcxer (points to thc externa 
audio channel) 

Spcrch Attach"'r"' 17 
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O : ~ -8C NIII~ : II is tlte respollsihility of the program to 
restore the state of these devices. 

Linear Predicth'c Coding (LPC) 

There arc two possihle modes or lPC speech synthesis: 
hackground and foreground. 

Background 

This mode returns control to the ealling program while 
speech synthesis is in progress with the following 
restrictions: 

• The system cannot perform diskette or other 
operations that disahle hardware interrupts ror an 
extended period during speech synthesis. 

• The system must not change environments during 
I.PC hackground; ror instance, changing from 
DOS to BASIC. • 

Foreground 

I n this Illode control is not returned to the system until 
after the speech synthesis is completed. 

Nule: BIOS continuously polls the system during 
speech synthesis and updates when necessary. 

Interrupt Hex 04D 

Software interrupt hex 040 provides low level BIOS 
support for CVSD and lPC. The following lists the 
uses of this interrupt. 

All = 0 Reset Adapter 

All III I CVSI> 

~. 18 Speech Actachment 



- "-" ...... _ ... ..... "", .. If U \ U .l U 'b .ljH .. lwU h1U1titJ, ••. a. " 

DS:SI . segment:orrsct 

BL Table speed 

o = I ROO Bytes/Sec 

I = 2400 Bytes/Sec 

2= 3000 Bytes/Sec 

3 = 360(} Bytes/Sec 

4 = 4200 Bytes/Sec 

5 = 4~00 Bytes/Sec 

ex Byte count 

At = 1 CVSO Playback (using speed table) 

DS:SI segment:orrsct 

ilL Tahle speed 

o = I XOU Bytes/Sec 

I = 2400 Bytes/Sec 

2 = 3000 Byles/Sec 

3 = 3600 Byles/Sec 

4 = 4200 Bytes/Sec 

5 = 4ROO Byles/Sec 

,ex Byle counl 

AL = 2 CVSD Record (usin!! UC;Cf speed) 

()S:SI scgmcnt:orrscl 

Speech Allachmen. 19 



nx User speed divisor 

ex Byte count 

AI. = 3 CVSO Playback (using user speed) 

ns:sl scgmcnt:offset 

nx User speed divisor 

ex Byte count 

All = 2 LPC (Background) 

AI. = 0 LPC Status 

AL = J LPC Speak - INTR (index) 

nx Word number from indcx 
(DX~ I) 

AL = 2 LPC Speak - INTR (buffet) .. 
DS:SI Beginning of buffer 

(segment :off set) 

ex Number of bytes in the LPC 
word to he spoken. ex 
must nol be linger than 4095 
byles. 

All = 3 Polled LPC (foreground) 

AL = 0 LPC Status 

AL = J LPC Speak - INTR (index) 

OX Word number from indc.x (BX ~ I) 

AL' = 2 LPC Speak - INTR (buffer) 

DS:SI Beginning of buffer 
(segmcnt :offscl) 

20 Speech AUaclllnenl 
. . ,l ~ . J 



ex NUIlIlwr or hytcs in the 'L~C" 
word to he spoken. CX must 
not be larger thar:t 4095 bytes . 

.. 
Note: During this call, all registers except AX are 
preserved. 

AL returns: 

0011 OK 

() III Ulldefined command 

0211 LPC Speak in progress 

(1311 Speech Attaehmcnt ACL error (stuck) 

(I·u I LI'C illdcx out of range 

(lSII CVSD speed out or range 

OC,II Timeout waiting for LPC READY 

Speech Atlachmcn! 2 t 
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The following are specifications of the Speech 
A tt adlJllelll: 

• Size 

Widlh 32 millimeters (1.26 inches) 

Deplh 290 millimeters (11.42 inches) 

IleiChl 96.5 millimeters (3 .80 inches) 

• Environment 

Temperature 

System On 15.6 to 32.2 degrees C (60 to 
90 degrees F) 

System Off 10 to 43 degrees C (50 to 110 .. 
degrees F) 

Ilumidity 

System On 8to 80% 

System Off 8to 80% 

• Power 

+5Vdc with) 50 milliamps maximum current 

+) 2Vdc with 60 milliamps maximum current 

• Microphone Input 

Miniature phone jack 

500 ohm nominal impedance 
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Your comments assist us in improving the usefulness of 
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IBM Illay use and distrihute any of the information you 
supply in any way it believes appropriate without 
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continue to usc the Information you supply. 

Please do not use this form for technical questions 
regarding the Int-.·. Personal Computer or programs for 
the JBt-.l Personal Computer, or for requests for 
additional publications; this only delays the response . 
Instead, direct your inquiries or request to your 
authorized IBM Personal Computer dealer. 
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