TEXAS INSTRUMENTS
SPEECH SYNTHESIZER

THEORY OF OPERATION



The Speech Synthesizer Peripherizl generaées synthesic speech

within the Svnthegizer I.C., (TMZ 0283) Zrom codes data stored

in Phrase ROM's (PEROMES). The (0285 interiaces *o the Home Computer
throush the Dtz Bus {DO-D7) when 2 speech select (SBE) is present.
The 0285 in turn contrclles the PHROMS <o fezch Zzta when reguirsd.
Da+z krougnt ¢o the 0285 is fedéd to the speech synthesis network,
there converted 4o z éigiszl code, then fed <o B Digitzl-to-Anzlog
(D/k) Conver=wer to generzxe +the anzlog (sreech wavelorms). The
anzlog output is coupled back through the Home Computer and amplified
tc drive z speaker.



The TMC 0285 (Ul) is a MOS LSI Circuit that contains not only
Data and control interface but also complex circuiting that
uses coded data strings to éene:ate voiced or unvoiced sounds.
These sounds are processed through a digital £ilter netwerk
whose output is convertasd to an analog speech signal. Ter a
detailed explaination of the TMC 0285 refer to TI Drawing £
1501640 and EZLEZCTRONICS, Augus+t 31, 1978, Page 109, "Three-Chip
System Synthesizes Euman Speech".

The PHROMS are TMC 0350, l6KX8 ROME., The PEROMS use an 12 bit
address ©f which the 4 MSB's select l-of-1l6 PHROMS, although use
with the speech synthesizer perizcheral is limited +o seven due o
Dower constraints.,



OFERATICN

Aotivity in the speech perizherzl is initiatee bv the Home Compuser
CPU +thrzough & spreck select (SBZ)., & select could be 2 Read from
the speech mocdule or a Write o it. 2 Read Seiect (RS) to the

0285 is decoded throuwgh U3 (LS138) from SBE L5 ALS (address 9000). )
Write Select (WS) is derived f£rom SBEE A5 ALS {9400). These signzls
determine whether the TMC 0285 wilil put information on the Data-Bus

or receive information Zrom +he Data-Bus. Immeciztely 25ter a WS
or RS (<hose signels are active low) the 0285 will +ake +he system
not ready {Lin-12 of <he I/C will be low). It will hold the system
not ready un=il the datz being receiveé has been latched (in the

oy

cese of & write) in or the datz beinc sent is stable on the bus {in
the cazse of & real). The net ready time is zround 20isec but is
variable anc depends on wnich mode has been selecied anéd the command.
Timinc can be cdbizined from the SPEZCE MODULE Spec 1034750,

Lfser receivinc 2 Commans <he (28BS begins processing it angd if
reguired sends the centrel ané dztez signals £o <he PERCH. The

gcontrol signeals Io and Il, pins 15 ani 16 respeckivelv, cne active
high with Z1 active Zor an add-ess lozd and lc acsive for a2 date
read. Bein Ic andé 11 active is 2 Read and Branch but is not used

in the tresent sys<em.

Aééregs information is passed to the PHROM's on the AGE 1,2,4 and B
lines, pins 2,2%5,23,2]1 respectively. The add 1 is the LSE ané adc §
the MSE of the adéress nibble inputted to the data bus D1 through D4,
Daztz from the PHEROM's .is transferred to the 0285 serizlly over the
Add 8 line (pin-21) following & Read (Io) funetien. Transfers are
svnehronized by the ROM Clock (Ul-3) which is 2 160kBz (6.25 s)

signel, See figure 1.



The ROM Clk is a divide by four of the intermal oscillasnzr (Ul-6).
The eseillator is adjusted to 160 + SkHz by clipping RS, R6 or both.
The speech cutput is on Ul-8 which is an open drain regquiring a D.C.
path to 9round {(R3). R3 sets an operating point at about cone-third
supply %o crevent clipping the peaks of the audio cutput. Capacitor
€2 provides D.C. Tiselation and C6 along with R3 forms a low pass
filter toc the B8kEz sampling rate.

A sample seguence to speak 2 word assuming its adéress in PERCM
has previcusly been obiained would be as follows:

I/C adéress is set to 9000 (speech write) by the Console,
goes high, Ws at Ul goes low, and ready (I/0~-12_ goes low
ané takes the console not ready. Along with =he address the I/0
Data 3us was set up with the command (a2 locad address) and the
lease significant nibble (4-bits) of the word address in PHRCOM,
formatted as follows:

w 3
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Di_ D2 B3 D4 DS DE BT
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COMMAND ADDRESS
CODE DATA




The niskle of adéress anéd an Il pulse would in +turn be sent %o
+he PEROM's, U2. Uponcompletion ©f lexching in the data Ul
releases the reaéy line (around 20-25 s} Zné ellows the console
to continue. Since the PHROM teakes 1B bits to fully 2déress four
more loaé address commands are needed. This causes Il pulses toO
be in sets of £ive (see Tig. 2).

Wizh the adéress wisttern <fhe next commanc is 2 speak. This follows

2 write-to-speech seguence 25 previoucly described. The speak is
Dl<l, ©£2+0, D3+1l, 21l other datz lines are don:t Care states.

Tne ready release again it completed when the date has been laz+ched
irn. The "™™C 0283 iwll then isszue an I0 pulse (Read) +tz the PEROM

and & byze of datez will be read in serially through Ul-21 (ADDE).

™he TMC 0283 will continue to send I pulses 25 reguired o suprly
<he dztz necessSary to Speazk the word until & stop code is encounterel.
Speech activity will then steop =il +he nex: cocmmand is wrlitsten

+2 the speech module. During speech the aufic wave form may be
coserved by lookinc at Ul-1E, note that I10 Pin-44 is 2 low iﬁpeden:e
acsoss which little or ne A.C. voltage will be observed.

If i+ unknown +o the CPU what the speech module is deoing it's status
may be read. Tnis is accomplished by dissuing 2 SPEECH FIAD, address
9400. The TMC 028% will take the Ready Line low a&and setup the

scatus on the Data Bus. When the data is stable ready will be
released an? the status can be reaé. The status is Iindicaztef on

Do = Talk status (TS), D1l = Buflfer Low (BL), and D2 = Buflier Empty
{RBT), all active hich signazls. The BL and BE signals are used

when imputting speech data on the Data Bus,

Ozher commands include READ BYTZ used to bring spee&h gata from
the PHROMS to +he Data Bug, SPEAK EXTERNAL to put speech &Gata into
the TMC 0285 via the Data Bus, NOP, RESET, anc READ & BRANCH.

For further informaticn see the cited documents.
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S22 (speech select) initiated by Home Computer CPU starts all activity
in the speech synthesizer. This select can be 2 write to the speech
module or a read from the speach module.
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£ reac select (RS) to the 285 is decoded through the LS138 from SBE
T 15 (address 9000). A write select (WS) is derived from SBE AS
1= {adress 9400).

£+ar one of these signzls, the 285 will take the system not ready.
(Pin 12 of 10 will be low).
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CLOCK FREQUENCY SET UP

FREQUENCY LIMITS:

BIT RATE = 155 TO 167 KHZ - NOMINAL = 160 KHZ
BIT PERIOD = 6,45 US TO 5.99 US NOMINAL = 6.22 US

SINCE THE 285 INTERNAL OSCILLATOR FREQUENCY VARIES WITH EACH
DEVICE, 3 RESISTORS WERE SELECTED SO THAT WHEN 1 OR MORE WERE

CUT THE DESIRED RANGE COULD BE SELECTED.

PROCEDURE: POWER UP MODULE AND MEASURE FREQUENCY

1) IF FREQUENCY IS ABQVE 175 KHZ, CUT 1.5 MEG RESISTOR

2) IF FREQUENCY IS 174 KHZ AND BELOW, CUT 3.3 MEG RESISTOR
3) IF NEITHER BRINGS DESIRED RESULTS - TRY CUTTING BOTH

1T HAS BEEN NOTED THAT ON SOME 285 LOTS THESE FREQUENCYS WILL
CHANGE.

EXAMPLE:
1) IF FREQUENCY ABOVE 173, CUT 1.5 MEG
2) [F FREQUENCY BELOW 173, CUT 3.3 MEG

ON OCASSION IT MAY BE NECESSARY TO CHANGE THE 270K (R&) TO
A 240K AND REPEAT THE ABOVE STEPS.

WHEN ONLY 1 END OF A RESISTOR IS CUT, THE FREQUENCY WILL READ
APPROXIMATELY 2 KHZ LOWER THAN WHEN IT IS CUT OUT COMPLETELY.

WHEN CLIPPING RESISTORS, IT IS PERMISSIBLE TO RE-SOLDER ON
END INSTEAD OF REPLACING A RESISTOR.

NOTE: AN UNWASHED PCB, LARGE AMOUNTS OF FLUX ARQOUND OSCILLATOR
CIRCUIT, OR CONTAMINATED SOLDER WILL AFFECT FREAUENCY.
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SPEECH MODULE TROUBLZISHOOTING GUIDE

BLACK SCREEN UPON POWER-UP

Check for -5 to +5 short on 250 stack. (Pins 1 and 2}. Since
+5 goes to other pins it may appear to be shorted elsewhere, but
it it usually the 2325 shorted internally.

If unit has shields check connecteor pins 1 (+5) and/or 43 (-5)
+o shield (ground). If shield is shorted to either, remove
shields and mezsure again. If not shorted with shields off,
check for short between R4, 5, 6, 7 and etch directiy above;
or 2B% or 350 substrate may be touching shield.

Shorts on flex cable.

Chezk for cleck.

Short on 4 pin connector.

Oper: 1ead (pin) on &4 pin connector.

Short on or shorted .luf caps (C4, C3). .

LOCK UP AFTEZR ENTERING WORD/S

Check 3504 transistor o make sure it is in correciiy, broken
lead, defective.

Check for clock at both 285 ang stack.

Check address lines for sionals when unit in idle mode. If
signail present (some sort of waveform) and pin is not shorted
to anotner iine, 285 is defective. NKote: A1l other signzls
may be garbapge and ready may stay high.

Check 1D and 21 {control lines) these allow idle, Toad-address,
anc read tunctions to occur. HMit shift Q and monitor lines.
I¥ they stay low « 2B5 defective.

Check data lines. If sigual missing, probably ome 1ine shorted
to another.

Check LS138 and see if SBE present {pin 2).

Check RS and WS at 285 (pins 28 and 27). If both low (active)
at same vime cneck tor shorted lines. These lines may be in-
correct however, depending on other signals.

Check for flux conducting on PCR around MOS or flex cable.
Coicd solder on 350 stack.

Other shorts at practically any location.



11. Defective 3BQ stack. similiar to defective 285; however,
in scme casas [0 and Il taking a fairly long time to change
stataes (even though unit locked up) indicate adefective stack.

12. Defective 285. In some cases address lines, data lines ete.,
will be ok -~ but ready (pin 18 on 285) will go high and stay
there.

Garbied on tester - Sounds ok on comouter. 285 defective. Tester
Checks at different voltage leveis, so this may 1nd1cate 285 out of
voltage box spec.

Speaks on tester - Won't on computer. 285 defective, opens, shorts
on connector.

Speak external (cal?! spget) only - Defective. 285 defective.

No zlock. 2BS defective, shorts in ascillator circuit (R4, 5, 6).

FREQUENCY WON'T ADJUST

1. Coid solder on R4, 5, & - or brokan etch.
2. Flux conducting anywhere near the above parts.
3. Wrong value resistors, soider shorts.
Note: Rarely you may find a 285 where the clock frequency,
wiil net adjust by removing one or both resistars. In

- this case you may have to change R4 t0 a 240K and repeat
normal steps. 285 is usable - do not scrap!

Won't speak or level Tow. R3 wrong value, C2 defective, short on
Pin 8- . Llefegtive 285,

NO VOCABULARY PLUGSEZD IN - APPEARS ON SCREZN

1. Cold soider on stack.

2. 2325 defective.

3. LS138 defective (very rare).
4, 285 defective.

5. Solder shorts.

€. 3904 transistor bad.

7

No clock at stack.

FUNCTIONAL TESTER READQUTS AND OR OTHER FAILURES
1. Phrom-0 2325 or almost any short.



2. Phrom-1 2328

3. Command reset-285

4. Power up-3904XSTR, shorts, 138, clock,* 2835, shorts on connector,

Note: A defective 3904 can effect ready turn around timing

and thus fail for power up. Since the 285 has it's own
internal power-up clear circuitry; however, the 285 could
possibly cause this condition also. *. shorts on 285
and 350.

5. Speech garbles onlv on tester. Defective 283.

6. Speak EXT. &) wrong vaiues. b) 288,

tzi1: EPROM (EPROM command module) only. Shorts on 285, stack,
FoOnNnecwor.

Hote: Any continuous failures on functional tester usually
indicate dirty contacts on tester board.

Light won't come on_on PHROM tester. Edge'conta:ts dirty on speech

3060 Fzilures. (See readout sheet). Shorts are probabiy'a::urate.
Opens are usually dirty contacts on speec PCB.

Won't work in case. Shield short to eteh in frowr of 350 stack.
285 or 250 substrate short to shield. Any +5 or =5 short to ground,
eold or insufficient solder on 44 pin connector.

Fresuency won't adjust on test set. As before, plus insufficient
spiger on FLs «~. 1nterconnect.

Note: This is intended as a basic guide and generally applies

' to uits that have passed shorts and open tests. At PCB
level only, assume shorts before components. For complete
285 theory see drawing number 1501640.
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pamph;__m I/f’l 80 Test (2060)

" The outrput side (T2) of +he peeipheesl Nes +he same
e Num‘oelpcom-ﬁziew%'ﬁcm AS -'rhE 2060. (L +npudd)

i, o 43, % NCT Used =

The input side (T 15 onfigured As Follows:
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kg ripherelz in OF out of the
1 3 ¢ on a zepercte fixmture)
betweser the 1.0

ode numbe ong their
ore lizt cg follows:

IHFUT $ILE Fi ~ OUTPUT SIDE P2

hods® perinhE nodes rerirhE
1= 1 45 = 1
<= Z 45 = I
S = 3 47 = 2
4= & az = 4
T = & 49 = &
& = £ Se = £
T= 7 5:i = 7
&= £ 5z = ¢
¢ = & £ = &
16 = 18 o4 = 16
11 = 1! o = 11
iz = 12 ¢ = 12
12 = 13 g7 = 13
¢ = 2 S8 = 14
1% = 1% ot = 1T
1€ = 1&g &8 = i¢
iT = 17 £1 = 17
18 = & 2 = 1%
19 = 1& &3 = 1%
@ o= 20 €4 = Zz@
2l = 21 g5 = 21
2= 22 &8 = 22
23 = 2% &7 = 2
24 = 24 &8 = Z4
20 = 2¥ €9 = 2%
Ze = 2¢ Th = 26
Zv = 27 i = 2¢
2¢ = 2% ve = 28
28 = 26 . Tao= 2¢
30 = 36 T4 = 38
3t = 21 7T o= 51
3z = 3z TE ® T2
3T = IT yr = 3%
e = 3 TS = 24
25 = 2T 7e = 35
= FE 84 = &
v o= &7 g1 = 27
ag = 22 S = &
38 = 3% €% = 39
4h = 44 G4 = 40
41 = 41 go = 41
2 = a2 ge = a4k
4% = 47 8T = 4%
44 = 44 S5 = 44

NOTE?: Thiz dgocument surerzedes any ones: mreviogs: to AT-BS 5N
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