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TALK CAN BE CHEAP

Hundreds of words can be ‘‘spoken’’ by a Sinclair or Timex
computer when adding an interface and a "'Speak & Spell”’

By Larry Dighera

“talking” computer is not necessarily expen- software, all described here. Using these ideas, you
sive—not il you maie one of the low-cost com- might de:irgna low-cost security/fire-alarm that voeal-

- puters (Sinclair ZX 80, ZX-81, ar Timex 1000) with the nature of a problem (“FIRE,” “THEFT,”
HSpes = mnlﬂa}ap.mhaucﬁ your computer's porta- |

aud‘bic instead of display- |
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TALK CAN BE CHEAP
e

create useful programs for the visu-
ally impaired; etc. Here's how it can
be done.

System Overview. The Speak &
Spell consists of a pushbutton kev-
board, microprocessor, display,
ROM (contains speech data), voice
synthesizer, and loudspeaker. A
block diagram of the system is
shown in Fig. 1. The micro-
processor commumnicates with the
speech units through a 6-line bus
with CNTL 1, 2, 4, and & forming a 4-
bit data bus and PDC (processor data
clock) and s (chip select) forming a
control bus. The control commands
used in the Speak & Spell are listed
in Table I.

The ROM contains the binary-
coded speech data for synthesis of
the spoken word. Each word has a
gpecific starting address. When it 1s
desired to output a particular word,
the ROM address of the beginning
of the word 15 sent to the voice syn-
thesizer in five 4-bit nybbles, pre-
ceded by the LOAD ADDRESS (code
2) command. The data is then
clocked into the voice synthesizer
by the PDC signal. Once the 5-
nybble word address is loaded,
READ ROM (code B) and spreak
{code 10) commands arc senl to
cause speech Lo be generated. I the
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| Spell.

BUSY SPEAKING? {code 14) com-
mand is now sent, the voice synthe-
sizer will raise the CNTL 1 line high
until it finishes vocalizing.

A schematic of the interface cir-
cuit between the computer and
Speak & Spell is shown in Fig. 2.
The microprocessor in the Speak &
Spell uses PMOS devices that oper-
uh_ﬂl%' 21 V. (A typical 7O line is
shown within the processor.) Be-
cause PMOS uses passive pulldown
resistors, output tlirrent is limited.
If g&ﬂ-ﬁﬁ—{éﬁm;ﬂ is impressed on
these lines, no harm will result, re-
gardless of their state.

The ZB0A Parallel Input/Output
(PIOY) chip in the interface used for
ICI provides two bidirectional 1/0
ports: port A uses CMOS inveriers
(/C2) and open-collector pnp driver
transistors (@7 through @6) as the
outputs. The emitters of these driv-
ers are connected to the + 5-voli
line, which is also connected to the
positive (con) of the Speak & Spell.
Thus, when a transistor 15 conduct-
ing, the S&S MPU “sees™ a logic |
(0 V); when the transistor is off, the
PMOS pulldown resistors bring the
line to logic O 4i4)

Port B of the PIO is used for in-

put and receives its signal from R7

through RI12, which limit the in-
coming signal from the Speak &
In addition to interfacing

with the Speak & Spell, with appro-
priate sofiware, the PIO can pro-

SPEAK & SPELL

d MICROPROCESEOR

vide a much-needed parallel 170 ca-
pability for the computer, allowing
use of jovsticks and such functions
as music, conirol, and process
monitoring,

Construction. The circuit can be
built on a dual 22-contact card simi-
lar to the Radio Shack No. 276-154.
If vou use the same edge-contact ar-
rangement as in the computer, ex-
cepl for the clock line, the card is
compatible with ZX bus expansion
cards currently available, Use of
sockets for the ICs and a miniature
phone jack to interconnect the pow-
er supply are recommended.

The Speak & Spell draws about
200 mA and the interface about 70
mA at 5 V. If you are using a 16K
RAM extension, the larger power
supply can handle the extra load.
Arrange switching so that both
computer and interface power up at
the same time. Il you elect to use
batteries in the Speak & Spell, dis-
connect the ground line by opening
the jumper (see Fig. 2). Recheck the
interface circuit before connecting
it to the computer.

To make the connections to the
Speak & Spell, carefully remove the
back plate and locate the 40-pin
microprocessor immediately below
the display. Pin 1 is in the lower
right-hand corner. Connections are |
made to pins 10 through 14, 35, 38,

| and the negative terminal of the bat-

{Continuaed on page 47)

.
]

INTERFACE
{FlIE. 21

Fig. 1. Block diagram
of the Speak & Spall
with the interface

and ZX-81 computer.
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{Confinued from page 40)

tery. Use fine insulated wire fo
make these connections and work
very carefully to avoid creating
shorl circuils.

The nine leads can be terminated
in a 14-pin DIF socket, with the ca-
ble brought out through the battery
compartment. Slip a short length of
heat-shrinkable tubing owver each
wire before soldering it to the DIP
socket. Then shrink it over the sol-
dered connection.

The interface is wired to the Z80
microprocessor in the computer as
shown in Fig. 2.

Software. Because it is necessary

to supply the voice synthesizer with

data al a rate beyond the capability
| of the BASIC interpreter built into
| the computer, machine language

must be used during programming.
| The programming code given in Ta-
ble IT covers six program modules.
The first, labelled PIO), is the imitial-
ization routine for the Z80 PIO chip
(ICT). When power is first applied
to the system, the PIO is in an inac-
tive state and must be initialized
(told what to do) before it can be
used.

The listing in Table II can be en-
tered into the computer using Lhe
BASIC program shown in Table
IIl. The three lines without num-
| bers at the beginning of the program

are keved directly into the machine
to reserve the top 6K of RAM for
the remainder of the program. After
entering Table IT1, run it and enter
' each number shown in the decimal-

TABLE I-VOICE
SYNTHESIZER
CONTROL COMMANDS
Code Use Input/Output
0 RESET Input
2 LOAD ADDRESS Input
4 PLACE VOICE DATA  Output
ON BUS
6 SPEAK SLOWLY Output
| 8 FEAD VOICE DATA Input
' FROM ROM
10 SPEAK Output
| 12 BRANGH Input

14  BUSY SPEAKING? Output

PERey®stor - PDF4Free v3.0

lar word, use
WORD ADDRESS toutine and press

code column of Table II, refermning
to the check sum as you go. If an er-
ror is detected, use B to move back.
Moving forward without altering
the data that has already been en-
tered may be accomplished by en-
tering s (for skip).

At this point, 1t 15 possible to test
operation of the PIC by entering the
following:

POKE 2662462 LD A, data
POKE 286250

POKE 26626211 :OUT port A A
POKE 286271

POKE 26628,201 sreturn

Now enter:

1000 PRINT USR 16514
1090 INPUT A

1020 POKE 26625,A
1030 PRINT LISR 26624

1040 GOTO 1000

By entering a number between 0
and 63, the six low-order bits of port
A are controlled. These can be me-
tered at the outputs of 7C2. Afier
testing, delete the BASIC pro-
grams. At this point, the listing in
Table 11 should still be in the ma-
chine; it can be SAVED on cassetie
for future use.

Mot all Speak & Spell ROMs are
programmed with the same word
addresses. Hence, it is necessary to
consiruct a “word map” for your
particular device. One way to find
the starting address of a word would
be to send the voice synthesizer
successive addresses and note which
produce usable speech output.
However, this tedious method is not
necessary since the interface can be
used as a form of logic analyzer that
allows you to monitor the bus and
capture the addresses sent by the
microprocessor. This can be accom-
plished by entering the BASIC pro-
gram shown in Table IV, The REM
at line 1 reminds you that the ma-
chine code of Table IT should be in
the machine.

Tolocate the address of a particu-
the DETERMINE

the GO key until you hear that word.

Hit any key to start recording
(which calls STODATA of Table IT)
and then operate the REPEAT key to
put the address on the bus. The
sTODATA routine allows taking
“snapshots™ of the voice synthesiz-
er bus at approximately 12-micro-
second intervals and storing this
data in the top SK of RAM. (See
RAM Mcmory Map in Table V.)
This data can be graphically dis-
played via the LOGIC DISPTAY rou-
tine in Table 1V. Successive frames
can be viewed by hitting ENTER, or
specific frames can be selected by
hitting the appropriate key. You
can also choose numericsl readout
by using the PRINT WORD ADDRESS

portion of Table TV, '

The machine-code module SPEAK
(Table 1T} is the software driver for
speech production. Because Speak
& Spell uses cNT1. 1, 2, 4, and 8 to
turn on the display segments and
convey data, there are always extra-
neous signals on the bus. This
“noise™ can be minimized by press-
ing oM, oN, GO. This leaves only the
cursor on, which canses CNTL 3 to
periodically go high. Beeause of
this, SPEAK confains a lrap that
waits for the bus to clear before
sending data. Once clear, five
nybbles, stored in the 1K above
RAMTOP, are clocked into the voice
synthesizer. Then the READ ROM,
SPEAK, and BUSY SPEAKING? con-
trol words are clocked in. When fin-
1shed speaking, the voice synthesiz-
er causes the cNTL 1 line to go low to
allow the RESET control code to be
clocked in. Finally, PIO port A 1s
configured with all lines low via the
OFF program module.

PDC is the machine-code module
that clocks in the data presented by
sPEAK. When called, it waits ap-
proximately 124 microsecconds,
brings the processor data clock high
for 124 ws, then holds the data for
124 ps before returning. The 124-ps
timing is effected by the delay loop
at 16645 of Table I1.

If sentences rather than individ-
ual words are required, RAM ad-
dress 16542 can be pOKEd with the
location of the next word to be spo-
ken, then SPEAK called again. This
15 repeated until all words are vocal-
ized. It is possible to store more
than 200, 5-nybble word addresses
in the 1K space above RAMTOP.
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TABLE II—MACHINE CODE LIST

%

Address Label Mnemonic Code Decimal CK Sum Comment
16514 PIC LD & 207 B 207 62 Mode control word (Mode 3)
16516 OUT (31.A 2113 480 Mode conlrol word o0 PORT A control register
16518 LD &, 192 62,192 545 Diata direction word:bits 0-5 = oul,BET =In
16520 QUT (3).A 2113 48 Data direction word to PORT A control regaster
16622 LOH & 2007 62,207 1013 Mada conlrol word (Moda 3)
16524 QUT (74 2117 1431 Maode control word fo PORT B control register
16526 LD & 255 62, 255 1500 Data direction word:all bits inpul
16528 OUT (71.A 211,7 1966 Data direction word to PORT B control register
16530 LD AT 62,7 2045 Intarrupt control word: digabde interrupts
165892 OUT (3,4 2113 2253 Intarrupt contred word to PORT A coniral rag,
16534 QUT (7).A 21,7 2a87F Intarrupt contrgd word to PORT B contral rag,
16536 RET 201 2B7E Return
16537 MOP 0,0,0.0 2675 Mo Operation
16541 SPEAK LD HL, 0,104 33,0104 2708 Set NYBL pointer to RAMTOR
16544 —EE LOBC 0.5 1.0.5 2813 Sai NYBL counter = §
16647 Y IN & FORT B 219,5 aoar Get currant state of synthesizer bus
16549 ADDAD 188,0 G240 Sat zerc flag if no data present
16551 JR ZARA 40,250 3280 wait until data present
16553 BBR N A& PORT B 219.5 37449 Gt currant state of synthasizer bus
16555 AGDA -8B 188,248 3052 Wait until bus claar {CNTL&.)
16557 JR ZBEB &0, 250 4240 Loop until bus clear
16555 LD A CS 62,32 4552 Gat Chip Salect/resal word
16561 CALLPDC 205,236,864 4789 Clacs in resat
16564 o ADD A2 198,2 5287 2 = “LOAD ADDRESS"
16566 CALL PDC 205 236864 5404 Clacs in om0 ACOAEss command
16569 SUE 2 2142 BOOE Ramave command
16571 AP ADD A [HL) 134 B144 Gat NYBL
16572 CALLPDC 205,236,684 G349 Clock In NYEL
16575 SLIE [HL) 150 G7a9 Ramava MNYBL
16576 INC HL a5 6E34 Increment NYBL pointer
16577 DUNZ CCC 16,241 GRS Loop if less than 5 NYBLS
16579 ADD AR 1988 T2A9 B = "READ ROM"
16561 CALL.PDC 20520664 7502 Clack in "agap row command
16684 ADD A2 1882 000 10 =gk
165R6 CALL.PDC 205 236,64 a207 Clock in “seear - command
16569 ADD A 4 198,4 By0s 14 = “Ausy?
165801 CALL.PDC 205 236,64 8914 Clock in gusy? cammand
16504 LD ACS 62.32 9276 0= "meser command
16586 CALL, PDC 205, 236,64 9513 Clack in “agset command -+ C5
16509 ooo INAFORTR 219.5 10032 = Get synthasizer bus status
16601 BIT DA 20371 10240 Check bit 0=0
16603 JANZ. DD 32,250 10343 I it 0 == OIhen siill speaking, so loop
16R05 LD ACS B2.32 10655 0 = "Heser
16607 CALL.PDC 20523864 10882 Clack in “Hege1 + chip seacl |
16610 CFF LD AD G20 11254 0 = off [
16612 QUT PORT AA 21141 11465 Turm off PORT & |
™ 18E14 BET 201 11667 Raturn !
16618 MNOP 0,0,0,0,0 11687 Mo operation
16620 PDC QUT POAT AA 2111 11878 Sand data to synthesizer
18622 CALL.DELAY 205,565 12084 Set up time
16625 ADD A PDC 188,18 12352 18 =Procossor Data Clock
16627 OUT FORT A A 21141 12579 Set clock high
168629 CALL.DELAY 205,568 12785 Clack pulse width
16632 EUE 18 214,16 13069 Aemaove Processor Data Clock
16614 OUT PORT A A 2111 13206 Lot clock fall
16636 CALL.DELAY 205,565 13502 Hald tima
16639 HET 201 13774 Return
16640 NOP 0,0,0,0,0 13773 Ma operation
16645 DELAY FPLIEH BC 187 13870 Save MYBL countaer
16646 LD .21 14,21 13084 Initialize delpy-loop counter
16648 FEE DECC 13 14018 Raduca dalay-laop cauntar by 1
16629 JAMNZ EEE 32,253 14080 Loog untll tima-out
[ 16651 POR BC 183 14456 Ratriava NYBL countar
| 16652 HET 20 14697 Aetwrn
16653 MNOP 00,000 14637 Mo operation
16658 STOOATA LD, HL 108 33,0108 14730 Set data pointer 1o slarage addrass
1656 1 LDGCo 14,5 14052 POAT B data register addreas
16663 FFF INAPORT S 218.5 15076 Gaot eurront state of synthesizer bus
16665 CP 50 254,50 15335 80 = G5  PDC - “LoAD ADORESS® command
16667 JAME FFF 32,250 15417 Loop until 50 presant
16862 GGG IMI 237,162 15904 Send bus data 1o storage & incremant pointar
16671 LD A 129 62,128 16128 120 = 2's complemant al 32512
16673 ADD AH 132 16380 Tagl il H byte = 32512
16674 JANZ. GGG 32,2489 1642 Loop until H byta = 32512
16676 AET 2Mm 16687 Heaturn
18677 MNOP 0w 14 16887 Mo oparation
16650 i . ‘L End of REM statemant
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INTERFACE

ZB80 PINS -
+5v

TABLE IIl—MACHINE CODE
LOADER

FOKE 18389, 104

MEW
FAST
1 REM (178 CHARAGCTERS)
10 LETS = —1
20 LET B = 256
30 LETA1 =0

40 FOR | = 16514 to 16680
50 PRINT AT 0.0; "ENTER™; |
60 INFLUT A
70 IFA-0THEN GOTO 110
80 IF A= 255 THEN GOTO 150
a0 SCROLL
100 POKE I, A
110 LET Al = Al — PEEKI
120 PRINT I, “*="; PEEK |, A1
130 NEXTI
140 STOP
150 LET A1 = Al
160 LETI=1—2
170 NEXT I

PEEK (1)

Poreayd¥or - PDF4Free v3.0

RI-RG=5 6K
R7-RI2= 50K
QI=-GCE= 22307

(P BRI TERY
USED

JUMPER

[ i Fig. 2. Schematic diagram of the interface
10w F:T~ -'T'h JuF betwsen the computer and Spsak & Spell,
PARTS LIST —
I L 4
C1—10-uF, 16-Y alactrolytic AT through R13—150-kilochm, 14-W

C2—0 1 -pF caramic capacitor
IC1—Z80A FPIO

IC2—4049 hex inverfar

1C3—7805 5-V regulator

J1—14-pin DIP sacket

P2—14-pin DIF connector

01 through Q6—2MN2907 transistor

R1 througn RE—5.6-kilohm, Ya-W resistor

resision

Misc.—Sockets, prototype board (Radio
Shack 276-154 or similar), ribbon cable

MNote: A casselle of software for the
project is available from the author
at PO Box 12100, Santa Ana, CA
82712, for 36.00. California resideris,
add zales tax.

Operation of the BASIC program
of Table 1V is straight-forward. You
will be prompted whenever an input
15 required. To return to the menu,
enier M. When your word map is
complete, vou can delete all but the
REM statement containing the ma-

http://www.pdf4free.com

chine code and wnite your own pro-
grams for speech preduction. To
output speech, POKE the addresses
of the words you want spoken into
the area above RAMTOP, by adding a
loop to the SPEAK WORD routine

(line 1400) and let the loop incre-

49
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TABLE IV=—BASIC PROGRAM ZX-SPEAK

| 1 AEM {Mactine Cooe Here) 1754 PLOT X+ 4,CODE 1S + INT{L/2)*2
| 1000 AEM ZX-SPEAK REY. 3.1 1756 LET L=L — INT{L/2)"2
1010 AEM (g} L. DIGHERA 1982 1768 LET I$H48(2 TO)
1020 IF PEEK 168382 .- - 104 THEMN STOP 1760 PLOT X 1 4,CODEIS L2
1030 FAST 1770 NEXT X
1040 GOTO 3000 1780 SLOW
1190 REM DETERMINE WORD ADDRESS 1730 PRINT AT 21.4HSIA - 1) ““ENTER™ FOR NEXT
1200 SLOW FRAME"
1210 PRINT AT 1,3;"WORD LOCATER™ 1800 LET LS  INKEYS
1220 PRINT AT 4,31, . DISPLAY LOGIC DIAGRAM™ 1810 LET A ABS{A - 1) b
1230 PRINT AT 6,32, . PRINT WORD ADDRESS" 1820 IF L§=" " THEN GOTO #8300 |19
1240 PRINT AT 10,9:55(4& + 1) "MODE™ 1830 IF INKEYS - ~ " " THEN GOTO 1830
1250 LET S- (CODE INKEYS) - 28 1840 IF LS ="M~ THEN RETURN
1260 IF S=(CODE"M") - 28 THEN RETURN 1850 FAST
1270 LET A—ABS{(A 1) 1860 CLS
1280 IFS =1 0R S 2 THEN GOTO 1240 1880 IF CODE LS - 28 AND CODE LS . 64 THEN LET
1290 IF INKEYS - " " THEN GOTO 1290 F—(CODE LS 30)"60 4 DATA
1300 PRINT AT 10,0:HS(A « 1);"ANY KEY TO START 1890 NEXTF
AECORDING.” 1900 REM PRINT WORD ADDRESS
1310 LET A=ABS(A 1) 1910 LET F=DATA
1320 IF INKEYS - "THEN GOTO 1300 1920 LET ADDR - 0
1330 FAST 1930 FORP=0TOD 4
1340 CLS 1940 LET F1 -0
| 1350 IF INKEYS — "M THEN RETURN 1950 LETF2—0
| 1360 AAND LISR PIO 1960 FOR F=F TO 32512
1370 RAMD LJISA STODATA 1970 IFPEEK F=32 +16+-2THEN LETF1=1
1380 IF S=1 THEN GOTO 1650 1980 IF PEEK F =32+ 16 ANDF1-1THENLETF2 1
| 1390 GOTO 1900 1990 IF PEEK F~ =32 | 16 AND F2=1 THEN GOTO 2010
1400 REM SPEAK WORD 2000 MEXTF
| 1410 PRINT AT 1,10: "SPEAK WORD™ 2010 LET ADDR=ADDR + 16" *P*((PEEK F)—32 — 16)
| 1420 PRINT AT 4,5; “ENTER WORD ADDRESS™ 2020 LETF-F45
| 1430 INPUT AS 2030 NEXTF™ ¢
| 1440 IF A$="M" OR AS=" "THEN BETURN 2040 REM KEVBOARD ADDRESSES
| 1450 LET WA —VAL AS 2050 IF ADDR - 803 THEN GOTO 2140
| 1460 LET H=66536 2060 FOR F=F TO 32512
| 1470 LET AS 26624 2070 IF PEEK £=32 4 15 THEN LET F1=F1 {1
| 14B0 FOR |=4 TO0Q STEP—1 2080 |FPEEKF 32+ 15AND F1- 14 THEN GOTO 1820
| 1480 LET M= INT{WA/H) 2090 IF PEEKF - ~32+15THEN LET F1=0
1500 LET WA = WA —N*H . 2100 NEXTF
1510 POKE AS+IN 2110 PRINT AT 5.7, ADDRESS NOT FOUND"
1520 LET H- H/15 2120 SLOW
1530 NEXT | 2130 GOTO1300
1540 RAND USA PIO 2140 PRINT AT 15.7."WORD ADDRESS: ":ADDR
1550 RAND USH SPEAK 2150 GOTO 1180
1560 PRINT AT 8,3 'ENTER' "' TO 2900 REM MENU :
SPEAK'AS; "AGAIN." 2910 PRINT AT 1,77 ZX-SPEAK™*" !
1570 PRINTAT 4,5 " *'N' "' ' TO ENTER NEW WORD." 2920 PRINT AT 4.3:"1__DETERMINE WORD ADDRESS™
1580 INPUT BS 2930 PRINT AT 6.3:"2__SPEAK"
1580 CLS 2940 PRINT AT 10.9;58(A + 1);"MODE”
1600 IF BS="M" THEN RETURN 2950 LET S=CODE INKEYS — 2B
1610 IFBS="N"THEMN GOTO 1400 2860 LET A=ABS{A—1)
1620 GOTC 1540 2970 IFS - 1 OR S~ 2 THEN GOTO 2940
1640 REM LOGIC DISPLAY 2980 IF INKEYS - - = "THEN GOTO 2960
1650 FORA F=DATA TO 32488 STEP 60 2990 FAST
1660 PRINT TAB 3; *** LOGIC SIGNAL DISPLAY**" 2998 RETURN
1670 PRINT "FRAME:".[F — 3000 REM™**"EXEC*""~
DATA 4 60)/60,TAB12,1 205/ 8 " TAB22," 60 /FRAME" 3010 LET MENU — 2900
1680 PRINT AT 3,0;°CS",,,..."CK" ... 3020 LET PI0=16514
gy . PRI = UL o R o 3030 LET SPEAK = 16541
1690 PRINT AT 807 # # + AW dr 3040 LET OFF 16610
1700 FOR ¥ -0 TO 58 3050 LET STODATA= 16658
1710 LET L- PEEX(F | X) 3060 LET DATA = 27648
1720 LET I5="72+ 7 " 3070 DIM S8(2.8)
1730 PLOT X | 4,CODE IS + INT(L/32)"2 3080 LET SS{1}="SELECT "
1732 LET L=L — INT(L/32)*32 3090 LET S8(2) - ~[SELECT]"
1734 LET IS 1S(2 TD) 3100 DIM HS(2.5)
| 1736 PLOT X + 4, CODE IS + INT[L/ 16)"2 3110 LET HS(1)=""HI1 ~
1738 LET L=L —INT(L/16)"16 3120 LET Hs(2)="MH"
1740 LETIS - 1S(2TO) 3130 LETA=1
1742 PLOT X + 4, CODE |5+ INT(L/8)*2 3140 SLOW
1744 LETL=L INT{L/BE)"8 3150 GOSUB MENU
1746 LETIS—I15(2T0Q) aen CLS
1748 PLOT X . 4 C0ODE 15 +INTIL 4)*2 A170 GOSUB 5°200 ~ 1000
1750 LET L=L — INT{L/4)"4 3180 CLS
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16648 Delay (H=65, L=5)

16658 Sto-Data

16690 End of REM

26624 RAMTOP (POKE 16389,104)
27647 End of NYBL Storage

27648 Bus Dala Storage Begins (H=108)
32512 End of Data Storage (A-129)

5K RAM

® HDF Creator - PDE4Free v3.044 |

ment variable AS by five for each
word,

When all words are stored, delete
all but the first REM statement.
Then write a subroutine that calls
PIO at 16514, Then, after POKEIng
16542 and 16543 with the location
of the word to be spoken, call SPEAK
at 16541, Or, if desired, you can ar-
range the words in the proper se-
quence; and, after calling SPEaK ini-
tially, call 16341 (speak +3) for
the next word.

Conclusion. Only the basics of us-
ing the Speak & Spell vocalizer with
Sinclair and Timex computers have
been discussed here. There are
many things you can do with the
system beyond what we've present-
ed. For example, you can locate the
addresses of individual word sounds
(phonemes) contained in ROM and
string them together to make words

that don't exist in the ROM'"s vo-
cabulary, making it possible to build
an almost unlimited dictionary of
words. You might trim the prefix
from the word “anything" to obtain
“thing” simply by locating and us-
ing the starting address of the suffix.

Another approach to obtaining a
larger vocabulary is by adding more
ROMs to the system. Currently, as
many as 16 ROMSs can be connected
into the system, each individually
accesssed through the address-de-
coded ROM chip select. Access to
data output from the ROMas is avail-
able at the Speak & Spell's edge
connector.

The more you usethe system, the
more you're likely to learn about it.
As you experiment with it, you may
discover many features of the Speak
& Spell we haven't covered here. |
You may even crack the word-en-
coding scheme. &

——
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