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Speech Attachment

The Spcech Attachment is a side mounted attachment
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.

Description

The Speech Attachment provides two technologies for
speech reproduction:

o Speech encoding (speech-to-data) and decoding
(data-to-speech) using a continuously variable
slope delta (CVSD) modulation technique.

+  Speech synthesis using lincar predictive coding
(1.rC).

Aninternal ROM module contains the BIOS necessary
to control the Speech Attachment.

CYSD

CVSD allows the user to encode speech using a
microphone and store the resulting uncompressed
speech datain system memory (RAM), on diskette, or
another storage device. The stored speech data may
then be decoded with the resulting speech output
available through the audio channcl of the PCjr.

LPC

t
1.PC synthesizes speech from compressed speech data
on the internal ROM module. 1.PC speech data may
also reside on program cartridges or may be placed in
RAM from a diskette or another storage device.
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Dk = Microphone

An external microphone jack is provided at the rear of
the attachment.

The following is a block diagram of the Speech
Attachment.
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The Speech Attachment uses a 32K by 8 bit ROM
module, which contains the standard vocabulary and
BIOS support. This module appears as normal system
memory at hex CE000 through CFFFF.

Vocabulary

There are 196 words, phrases, and sound effects
encoded in the standard vocabulary on the ROM
module of the Speech Attachment. The following is a
list of these showing their corresponding index
numbers.
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1 danger 67 cent 131 -teen
2 time has expired 68 control 132 true

3 laughing 69 date 13310 .
4 get ready 70 disk 134 -ty s
5 qo 71 day 135 this

6 up 72 dollar 136 tvselve
7 down 73 down 137 thousand
8 left 74 do 138 that

9 nght 75 excellent 139 than
10 warning 76 eleven 140 then

11 well done 77 -ez 141 time

12 gotcha 78 -ed (past tense 142 type

13 7zev0 morpheme) 143 thing
14 one 79 echo 144 try

15 two 80 equals 145 turn

16 thice 81 enter 146 the

17 four 82 end 147 twenty
18 five B3 fust 148 word
19 six 84 from 149 wiute
20 seven 85 lalse 150 want

21 et a6 hie 151 wrong
22 nine 8’ hl-- 152 what
23 ten a8 tunction 153 yes

24 a 89 go 154 you
25h 90 green 155 yellow
26 c 91 qood 156 year
27d 92 hundred 157 your
28¢ 93 hold 158 space
291t 94 hour 159 dclcte
30¢ 95 home 160 page
31 h 96 is 161 cursor
32i 97 it 162 name
33§ . 98 key 163 letter
34k - 99 last 164 board
351 100 lose 165 any
6m 101 list 166 sign
37n 102 less 167 spell
38 o 103 left 168 win
9p 104 ok 169 pause
10 q 105 or 170 bar
1 106 period 171 insert
42s 107 plus 172 look
31t 108 please 173 lock
44 u 109 program 174 3 frames of silence
a5 v 110 press 175 minus
46 w 1M pm. 176 milhon
17 x 112 per 177 month
A8y 113 point 178 minute
a9 2 114 run 179 move

(Part 1 of 2)

Standard Vocabulary
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95& .mBG
51 again
52 alt

53 add
54 am
55 aro
586am
57 ahead
58 answer
59 back
60 by

b1 brake
62 at

63 as

64 and
65 code

66 computer

115 read
116 red
117 nght
118 release
119 start
120 stop
121 -3 (plural
morpheme)
122 save
123 second
124 sorry
125 screen
126 score
127 select
128 -th
129 third
130 thir-

180 no

181 negative

182 number

183 not

184 alternate

185 up

186 -ing

187 ghime 1

188 bat hitting ball
189 ball being caught
190 gunshot

191 laser

192 phaser

193 buzz

194 tic

195 toc

196 fast chime

(Part 2 of 2)

Standard Vocabulary

1/0 Address Decode

The Speech Attachment uses the following ports:

Device Address Port «
FB98 Port A Data
8255 PPI FB99 Port B Data
FBYA Port C Data
FB9B Mode Register
FBIC Channel 0
8254 Timer FBID Channel 1
FBIE Channel 2
FBIF Control Word Register
Shift Register FF98 Shift Register
Audio Control Latch FFIF Audio Control Latch

1/0 Port Addresses

.
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The Spcech Attachment uses an 8255 Programmable
Peripheral Interface (PPI) for control and status. The
following ligures show the bit dcfinitions for ports A,

13, and C of the PPL.

76543210

Channel MUX (O)
Channel MUX (O)
ROM PAGE (0)
ROM PAGE (O)

Reserved
——> Reserved
> Reserved
> LPC in progress (1/0)
PortA
Bit 7 A | on this bit indicates that 1L.PC is

-

Bits 6-4 Reserved

currently running in the background.

Bits 3-2 ROM PAGE

00 PagecO

01 Page
10 Page

11 Page

1
-
3

Note: Page 0 is the default.
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i 1-0 CHANNEL MUX
00 LPC
01 CVSD
10 8254 Audio

11 Test Signal

76543210

| |—> LPC Data Bus (O)
> LPC Data Bus (0)

> LPC Data Bus (O)

> LPC Data Bus (0)

> LPC Data Bus (O)

> Bufter Empty (I) LPC Data Bus (O)
>

>

Buffer Low (l) LPC Data Bus (O)
Talk Status (l) LPC Data Bus (O)
N

PortB

Bits 7-0 Bits 7 through 0 are used to send
commands to the LPC chip. LPC status is
returned in bits 7 through 5.

Port B is used as the LPC data bus. Its direction (input

or output) is changed by issuing Mode commands to the
PPl as follows.
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LPC Output A=Output - 8IH  Normal
State
B=Output X
CO-C3=Input
C4-C7=Output
LPC Input A=Input 83H  Used
when
reading
LPC
status
B=Input

CO-C3=Input
C4-C7=0Output

Note: All output signals are reset when a Mode
command is issucd. Mode is normally hex 81, Itis
only changed during LPC speech. If a particular
linc is needed in o non-reset state, it must be
cxplicitly sct. ROM PAGE should be sct after a
mode change.

76543210

l l-—> -LPC ROY (1)
> -LPCINT(I)

CVSD FRAME (1)
-CVSD Clock (I)
LPC RS (0)

LPC WS (0)
CVSD E/D (O)
Reserved

VVVVVYV

PortC
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Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Timer

Reserved

CVSD E/D—A 0 on this bit indicates
CVSD decode (out, playback) and a 1
indicates CVSD encode (in, record).

I.PC WS—A 0 on this bit indicates LPC
write is inactive and a | indicates that it is
active.

LPC RS—A 0 on this bit indicates LPC
read is inactive and a 1 indicates that it is
aclive.

-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.

CVSD FRAME—The negative going edge
of this bit is used to read the Shift Register
(S/R) during CVSD encode and the
positive going edge is used to write to S/R
during CVSD decode. CVSD FRAME is
-CVSD CLK divided by 8.

-LPC INT—A 0 on this bit indicates an
interrupt.

-LPC RDY—A 1 on this bit indicates a
busy state and a 0 indicates a completed
state.

The Speech Attachment uses an 8254 Timer to create
the various clock signals required. CVSD circuits use
channels 0 and 1 and channel 2 creates the 1.PC
interrupt pulse. Channel 2 may also be gated onto the
audio channel.

10 Speech Attachment
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clock (XCLK).

Channel 0 (CYSD CLOCK)

Channel 0 has the following functions:

«  Channel 0 divides the system clock signal to
provide the CVSD bit sample rate. The positive
going cdge of this signal is uscd by the MC3418 to
latch the digital scrial data. The shift register uses
the positive edge of the inverted CVSD CLOCK to
clock the serial data.

o Channcl O is inverted and is used by channcl 1 to
generate the CVSD FRAME signal.

Note: ‘The Speech Attachment initializes channel 0
in the square wave mode and holds the channcl 0
pate active.

Channel 1 (CVSD FRAME)

¥his channel divides the inverted CVSD CLOCK by
cight. It counts the CVSD CLOCK pcriods and goces low
for onc period every cight clocks. Programs use the
positive cdge of this signal to write data to the Shift
Register during CVSD decoding. Programs poll this
channcl for sync signals during both CVSD encoding and
decoding.
Note: The Speech Attachment initializes channcl
I's divisor to 8. It also initializes channel 1 in the
ratc generator mode and holds the channel 1 gate
aclive.

Chamnel 2 (INT CLOCK)

Channel 2 has two functions:

Speech Attachment 11
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. Channcl 2 creates an interrupt pulse during LPC
operations.

«  Channel 2 can be routed to the audio channel and
heard on external audio devices.

These functions are selected by the state of the
intcrrupt enable signal on the Audio Control Latch
(ACL.) port as follows.

-INT ENA Channel 2 Function
1 Interrupt Mode
0 Audio Mode

When used for interrupts, the Speech Attachment
initializes channel 2’s divisor to 8 and channel 2 to the
hardware retriggerable one-shot mode. Then the
channel 2 gate goes high when -INT goes low and
interrupts arc enabled.

Note: The -INT ENA signal on the ACL port is
set active for channel 2 to function in thi§ manner.

-«

Interrupt Mode (Interrupt Enabled)

During LPC operations, channel 2 transforms the
positive edge of the LPC interrupt signal into a short
negative-going pulse. This negative-going pulsc is
applicd to the IRQ1 line and the system senscs an
interrupt on the positive edge of this signal. 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 (Interrupt Disabled)

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

12 Speech Attachment
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1 he Speech Attachment initializes channel 2 to be uscd
in the interrupt mode.

Linear Predictive Coding (LPC)

‘I he Speech Attachment uses a TMS5220 for LLPC
synthesis. This device operates at an 8kHz sample rate.
Programs, driving this device, may be interrupt driven
or may poll the hardware.

Interrupt The interrupt signal, -LPC INT, is
cnabled and is uscd to generate
interrupts.

Polled -I.PC INT is disabled.

Continuously Variable Slope Delta (CVSD)

Modulation
The Speech Attachment uses a Motorola MC3418 for
CVSDH modulation and demodulation. This device,
along with two low-pass filters, a shift register, discrete

CODLEC filter clements, and appropriate clock signals
provides for both cncode and decode CVSD functions.

Shift Register
The Speech Attachment uses the shift register to
scrialize and descrialize CVSD data. Itis a tri-stated

device capable of both scrial-to-parallel and
parallel-to-scrial conversions.

Decode (Playback) Mode

The following is a typical programming procedure:
e Sct CVSD E/D low (dccode).

e Activatc audio channel. )

Speech Attachment 13
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D/P“SG - Do for all bytes
—  Wait for positive edge of CVSD FRAME.
—~  Output data byte to the shift register.
- Do any "housekecping' needed.

. End do

Encode (Record) Mode

The following is a typical programming procedure:

« Set CVSD E/D high (encode).

e Do for all bytes
—  Wait for the negative edge of CVSD FRAME.
— Input data byte from the shift regisfer.
— Do any "housekeeping" needed.

o End do

Audio Filters

The Speech Attachment has two audio circuits: output
and input. The audio output low-pass filter providces a
signal compatible with the system’s audio channcl. The
input preamp provides the amplification and filtering
needed to attach a low-level microphone to the Speech
Attachment.

1
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Audio Control Latch (ACL)

The following are bit definitions for the Audio Control
Latch.

76543210

> CHAN ENA(O) -CHAN ENA(I)
> INT ENA(O) -INT ENA (1)

> Reserved
>
>

=

Reserved
Reserved
—> Reserved
> Reserved
> Reserved

Audio Control Latch

»
-

Bits 7-2 Reserved
Bit 1 INT ENA (O)
0  Disabled
1 Enabled
-INT ENA (1)
0 E{lablcd
1 [)i.sablcd
Bit 0 CHAN ENA (0)

Speech Attachment 15




0  Disabled

1  Enabled

-CHAN ENA (1)

0 Enabled

1 Disabled
Programs that use the Sﬁcech Attachment are
responsible for sharing the audio channel. Before using

the audio channel, the Speech Attachment BIOS must
perform the following steps:

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

2 Read the Speech Attachment’s audio control
.leh -CHAN ENA should be inactive.

3 Enable the Speech Attachment’s audio control
channcl by sctting + CHHAN ENA active.

4 When read, -CHAN ENA should be active.

16 Speech Attachment

sl @ 0



The following shows Audio Control Latch addresscs.

Device ACL Device ACIL, .
(hex) (hex) *

1 079F 17 879F

2 OI'9FF 18 |1 91°

k) 179F 19 979F

4 1F9F 20 9F9F

S 279F 21 A7T9F

6 2FF9F 22 AI9F

7 3791 23 B79F

8 3IF9F 24 BFI9F

9 4791° 25 C79F

10 41'91F 26 CFHIF

11l S79FF 27 D79F

12 SI9FF 28 DI'9F

13 6791 29 E79F

14 61'91FF 30 LEIIF

15 7791 31 IF79F

16 71°91F 32 FFI9F

A program must read the Speech Attachment’s ACLL
cach time it needs the channcl. If the channel is not
cnabled, another device has control. The program
should cither post an crror or regain control of the
channcl.

Audio Multiplexers

Before the Speech Attachment begins speech synthesis,
it's BIOS scts the following control devices so that
audio, generated by the Speech Attachment, will be
heard on the PCjr's audio output.

The Audio Channel Enable bit in the ACL

The Audio Channcl Multiplexcr (points to the
intended specch source)

The PCjr Sound Multiplexer (points to the cxlcrnaJ
audio channcl)

Speech Attachment 17
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Note: Itis the responsibility of the program to
restore the state of these devices.

Linear Predictive Coding (1.PC)

There are two possible modes of LPC speech synthesis:
background and foreground.

Background

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

o The system cannot perform diskette or other
operations that disable hardware interrupts for an
extended period during speech synthesis.

o The system must not change environments during

I.PC background; for instance, changing from
DOS to BASIC. ¢

Foreground

In this mode control is not returned to the system until
alter the speech synthesis is completed.

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

Interrupt Hex 04D

Software interrupt hex 04D provides low level BIOS
support for CVSD and LPC. The following lists the 1
uses of this interrupt.

All = 0 Reset Adapter

All =1 CVSD

%

18 Speech Attachment
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DS:SI  scgment:olfsct
BL Table speced ‘
0 = 1800 Bytcs/Scc
1 = 2400 Bytes/Scc
2.= 3000 Bytes/Sec
3 = 3600 Bytes/Scc
4 = 4200 Bytes/Scc
5 = 4800 Bytes/Sec
CX Byte count
AL =1 CVSD Playback (using spced tablc)
DS:SI scgment:offsct
BL Table spced
0 = 1800 Bytes/Scc
| = 2400 Bytes/Scc
2 = 3000 Bytes/Scc
3 = 3600 Bytes/Sec
4 = 4200 Bytes/Scc
S = 4800 Bytes/Scc
CX Bytc count
AL =2 CVSD Rccord (using user speed) y

DS:S1 scgment:offsct

Speech Attachment 19



BX Uscr specd divisor
CX Byte count

AL =3 CVSD Playback (using user speed)
DS:SI scgment:olfset
BX User speed divisor
CX .Bylc count

All = 2 L.PC (Background)
AL =0 LPC Status
AL =1 LPC Speak - INTR (index)

BX Word number from index
(BX>1)

AL =2 LPC Speak - INTR (buffer)

DS:SI Beginning of buffer
(segment:offset)

CX Nuniber of bytes in the LPC
word to be spoken. CX
must not be larger than 4095
bytes.
All = 3 Polled LPC (foreground)
AL = 0 LPC Status
AL = 1 LPC Speak - INTR (index)
BX Word number from index (BX>1)
AL = 2 LPC Speak - INTR (buffer)

DS:SI Beginning of buffer
(segment:offset)

20 Speech Attachient
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CX Number of bytes in the L
word to be spoken. CX must
not be larger than 4095 bytes.

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

AL returns:

0011 OK

0111 Undefined command

0211 L.PC Speak in progress

0311 Speech Attachment ACL error (stuck)
0411 LPC index out of range

0S5 CVSD speed out of range

0611 Timcout waiting for LPC READY

Speech Attachmes:t 2’
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The following arc specifications of the Speech
Attachment: .

A

Size

Width 32 millimeters (1.26 inches)
Depth 290 millimc;,lcrs (11.42 inches)
Height  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)

—  Humidity

System On 8 to 80%

System Off 8 to 80%
Power
—  +5Vdc with 150 milliamps maximum current
—  +12Vdc with 60 milliamps maximum current
Microphone Input
—  Miniature phone jack

— 500 ohm nominal impedance

22 Speech Attachment
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IF OFF => lllLl WAITING FOR LPC READY

1]
3 (SEYT AL = LPCROY_(RR & EXiT)
WALT_ROY PROC  NEAR
PusH cx SSAVE Cx
xOR X, CX JCLEAR Cx
WAIT00: PusH cx i0fay
ror cx i0fLAY
noy ox, ’DRIC ll A0 RLADY
"~ AL
AND AL, lPC _A(ADY ;Iul'l 0” ALL BITS ExCLPT RE{ADY
JRLADY
LOOPNZ wAIT100 HlJ h(" CHECRING
ror cx SRUSTORE Cx
L13] 'l(lvll

WAIT_ROY [NOP

§ LPCM_10  THIS PROCIDUAL WRITLS 10 PONT W Thi VALUL
1 - CONTAINED 1M AL BY TUNNING (P WAIIE LiINL
1 ON & THIN OFF
3 4 AL SHOULD CONTAIN VALUL TO BE WAITTIN 1O
H PONT 8.
H - 11 DISIROYS RICISIINS AL & Dx
i - S PHOCIOUME MUST BL 1OLLOWIOD BY A CHICK OF
H THE ZINO 11AG:
1 17 ON, => MO (KHONS
] F OFF > [RROA WAITING FOR LPC R{ADY
¥ (SET AL & LPCHOY INR & (11
0650 LPCW_10 PROC  mlaARm .
0650 BA Fo99 mov FC wHIIL (0N -5 011
0 €« out
nov
oy
out
CalL
Nt SETINLOUT WAITING 10R LPC RLY)
nov H
oy i
ovl H
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IS COMPARLD 10 i man rum
(LRI A VTR Y
[T S AL Tiw
VHE AR MM ALTOMED MR O A, 1 "
e A LR OF A IS 1y 1wt OUT 10 g
THE POINIEN 10 g Wit
O1E V) ann

FC wri0 10 AE LuITUL
11l Avilg 20t w1 D,
UL Thaw CAw RE Siwd

10 09IPUT (RILeI Wl BND

THE REMAIIING COUNT ARE 1OLE1D 1810 Ty
Aun

1% AN SAD,

A TUAGC 1% RIEREY J0 v
EMATHIN. Mot s 10 A o

Hoen teeon
LR LR TR T Y STITRY

Pty AL e,

ARIE 00 B0 0% SINE, ANn
L CAMIY 1EAG 1S %) 10 amnn ey
outrur

O INIRY
N o MARIMOR AL Lo il L L ERT K S T 1)
CH r PEORINING N O eI, b et
w0,
07 %1 o POINIIN 10 4re g

Ny O UMIMICTIoN 1AL P 1 i mi )
oN it
INVERNURT vic 0% Jocation hiw MR TR RS YN LT )

THE FOINEEN AN CONME I ATy 1o
OATA 10 PE CUIFUE HOK 1t 180wl g an
0:13C v 1om L BN WY
OIS, M 18 Ay '
QA3 v FREF wngeg 0

" LIATRY
WAL 00 e

1]
T

FREPL IDINIS AL 1L NIRRT 40F LAYA 10 A1 QuIPyl
MRS T REMATNING ORI O e i8S T AL Ul Tt

RICISIIAS Ax, nn Cx, DX, AWD S1 APl A 1iBI0,

LOAD ATR_WNA FROC "y AN
C nr

o, SIS RN INING NN IS THAN wAe)
JL ComrLetl onteus L
Jc CoNTenng outrut LRI}

sun o,

" .
ViRl 10 Acnn

CONTINNE _OuTrug:

Busi cx

noy Cx, N JIOAD mAv  mim Ael) (O
canl 1040 Nrm ;tnan avres inio®rcn

ror - v

FL1 LOAD NiR TAn SIP A IRROR geCountiRgn

sun X, SAIVLT (o TR T
UPDATI COMPLETE: IR I

cALL SAVE _POINIIA

cac GCLEAR CANEY 1MICANIN N0 [ PRNRY

Avine,

FLL SHORT A Mit AIR "
COMPLETT OulryY:

Canr 10AD AIN UNAD 1AC) Pyl

Jnr 104D NIR 1AM R R A T

mov ALLO

ALt Lriw 10 IR0 Rett 00 v 10 9 20

o cx,c A o .0

"
amr UPDAIL_COmPLETE Canmy, Ml Tyns

LOAD AIR IRN:

ST CARMY 10 INOICATT SPIICH a0

EXIY BIR WNDLA:
LOAD MIR_NNOLA  INDP

. v RUST Wave:

3 NOILS: - PRIO® 10 (A

i Cnoo § OF 0

H 0S S1 o SICHMINT:ONPY [

i  THIS PROCEOUNE DESIHOYS RIEEI%IIeS AL & Pa

i - T MUNE D 100D ne A Ciee 0F

H

)

H L] Yy

H ISET AL o LPLHUY_ W9 & gri1)

10AD_BTR FROC  NIAR

1NADON: tOn%e JUOAD RIN Wit tm RYIIS OF DATA
ALy 1PCw 10 !
INY LOAlINN JUTINEOUD WAL ING 108 1 PC BV
Ltnor L0A0N) )
»on AL, AL 100 10 2in0 viac ®

10ADNR:  mIY :

104D _AIR (N0

. .
Savi POINIIR
1L PHOC TOLNS 1ol NEISET NN (OURE 100 1 PL I1NIY 1w woeng
S OoCum o,

SAVE rOINtIn
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0 fC 80
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80 IC CO
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ot 00
€ 36 01C A
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Pusn s
noR AR, A4
mov (s ax
ASSUNE 1S Dummye JAUDKLSS PIA AND COUMT SAV( LOCS
nov an, Cn iSAVL COUMI 1M LOW ) NIBS OF Ax
nov [{9]
noR $1.CL JROTAIE WU ol s
Hn k2.0
PusH 8 PSAVE Biis mtw \llil(ol
N0 S 0lovon JMALE LOW ) NINSEROST SICNITICanT)
oR LI SON 1w COunt
nov (S WUKD PIR BIN bik Ad JSTUNL PACKID wOKD TOA wS(
iRLat biRE
noy Ax 0%
ro? (2] JRESTCHE By llluo VIASION OF 34
AND Mo Tmase L1 IS
[XIETRY ] $u~u CANCE)
AVD An LI )

oA
nov CS:WOKD PIR IR Pine2 Aa  SIONI NLW ViKY IOn OF
sSLCMLNT AvOA

ror (2] MESTORL (8
uo__nmlu'nv(;
L]

5‘\/( 'ﬂlﬂl(l (nor

.
. NAME:  LPC INTCRAUPT HANDL LA

l
H
H
]

PURPOSL: 10 PAOVIDE SUPPOAT FOR LPC MARDWARE INIR

LINKAGE: WANDWANML INIR ) (82%9)

INPUTS: VICION AREA TOR S WARE INTR OWIM Must
CUNIAIN INE LPC BUIILR POINIER

OUTPUTS: NONI
EXI0: INTERRUPT RLTUAN

PROCESS: (1) = CHICH 10 SIE 1F 1 PC OR ¥BOD Illlllu"
0 B0, 1SSUL BND INTEA LI 1Y
MOAPL, COMTINUL
Ill MASE NMI AND OTHIN HARDWANE INTERRUPIS.
3) = CICn TYPE OF LPC INITRRUPY. 1F SIRAY,
CO On 11 Bu U™, CALL WOUTINE 10
SInD 8 MONE BeTLS 1O LPC CHIP. 1f OIMLA,
TUIM OIf LPC AND 1 PC IN PROCALSS FLAG.

®ecssescsevesense

M) = 1SSUL (01 €MD 1O InT ) OF TnE 8239
,‘ « RCINABLE WML AND OTnLAS
6) = 18suL Imet
il .

i => SAVL SOML ALCISI(AS

LPC_xn: PUSH AR ;SAVE Ax & Ox
PUSH ox s

3 = CHECK TO SCL (F LPC OA X8O INT(RAUPT

3 IF LPC, CO 10 LPC INTR WANDLEA CODC

] IF 8D, 1SSUL KBD INTENAUPT & ALTUAN
nov A "
out 4 ILZUN.AL SYSTIN 8239 CONTROL PORT
FLLS
(L] Al n)al _20mn
sr JLPC aNIR Y
FLY u(noo ives, Ccumtine
ror ox JRISIORC Ax & Ox
ror ax H
(L1} ®80 :ISWI ®BD INIR

LIS

I seee
1 .
3 => SAVL OTWER RICISTERS
LPCX00: MmOV A|

out ou AL ;01$SABLE WMI

cu sDISSABLE MAROWARE INTLRRUPTS

SCIuP_fLAC2
FLAG_| lllu?l:
s st iSAVE ALGISI(AS

'USI! o :

PUSH L]

XOR [ LA 14 8P 0 MLANS LPC BACKCROUND

3 > RLAD 8239 POAT 8 (5220 STAIUS A(G) & SAVE 1N AN
CALL REAO_PORID
3 =» OLCOOC TYPL OF LPC INI(RRUPT

Y and An, 010 ,u-o Oul 8118 OF MO INTLA(ST
(414 a ooouauuo ¢ AINTEARUPTY
JT LPCa9S S0 EnO (ARUPT AND ACTURN
Cne An uooboool WITEX LOw InT(RAUPTY
N LPEa9o - 30F WOT, €11nEA LPC WORD 1S DONE

OR SUMETNING'S WRONG. IN nv case,
xolstoulluv( LPC PROCISS N

} = BUFFLA LOW INIR o> LDAD § mUNL BvIFS

LPCRI0:  XOR Au aa ;S11 05.31 10 POINI 10 LPC DAlA
nov 0 "
108 $104KD PIRIBIA PIN) SGLY PIA 44O COUN 1N1O
PusH 81 isavt it
nov €2
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" aue )
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C
SIURR NN IEE te PR g RS 1) A

LPORE 21w

PSP NSSNE INIA ) 101 (IND 61 gy e

T DR TR )

1PCN9s: Moy LI LTI
out R
"™
wov
ovl LD T imamy
sn RO LRSI T AT AT T ATy

i > ALSIONE RIGISIIAG & AfTuPw

ror or FLUALLITIC T T AL ST LY

rop [ H

ror s i

ror os )

ror [ H

ror 3 H

ror ox :

ror ax

(LIx] turw

EETTTTeTTS csseee

READ_rOR1®

VS PROC HEADS PORE A AWML CAVIS 11 iw an
DESCRITI oW
(LS Cemwe Ay

R TR LI TR

VIR

AVE Curre ANy,

A Heer W

A WALl Ay
ne_ronin

Aroap AVE VAILDT 1w Aw
mov UG LR T
ror e
o (L] H

[ENTE AR R TS

AL e

v AL PG UL
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nov AL
woy e FORTA
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LI

RIAD_POR twr
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.
.
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' | DIACNOSTIC
i . .
one facnenz_oiac e 0
0Nne s0 Ic ot e An, 0 SLALL TUN SCRLEEM SETUPY
16 12 Jel TALBIN _1CON
00 1C &t cne At JUALL 10R LPC TESIY
20 n Lec tese
80 1C &1 LCALL TOR LVSIE PLABACKY
w1
’n rg % SUALL TUK CVSUD RELORL?
9 osuy R '
»

PUL THL 1CON ARG IS SEEELTION CHALATLK N Tl 0P BNy

an winin LCUR LT )
" nov LTI
o (L1 Lo AN SLOLATE FOSERION O B W
52 rusn o LtAvE 1
82 L1 PNt Sl aCon o SENEEN
BU LIYB R nov P ONISEY 12 Amt
SA ror . L0 AIUST MOW & COL Tun Tanc’t
32 PusSH on ISAVE ALAIN
81 C2 VY ALD O ulu9n :
co 82 LU L} Lfal tanct
B0 O/A} R nov BP UMISET 12 sutct
A ror 1) SHOM & LUV KON T SELELLIeN 1
81 €2 usu} A00 [ :
co 82 n in SPUL SILECIION 1D UM SUKILN
ConoeYL:
cr [LIN) usN 10 CcP
s cscese “ee
: LPC DIACKNOSTIC
] SPCAR il FIRST 10 wokDS In Inl Rum VOLABUL ARY
H ceee . . cncene
LeCc_test:
0966 A calL stl JHLSET CARD
2 w0 C WESET (WA EnRON
LPC_SPIAR
018y A nov 8P 0FFSLT 12 1LON
orof mov On SPLAR(A PUS STAHI CUNSOM AT ROW @ (01 16
0 82 cant PHinl SPul 1CON LW SCALEN
FILIN nov 8P O1ISEL 12 wavl
0a13 nov Ox wavi_Pus ;AW & COL TUN SCUND WAVE
2 nt WD wAvE
000A v H LI NG 10 WUHDS
000) v JHLLIN WITN wUlD &
sPlan; .
PusH cx
o200 mov A% 02018 SUEC Sriam WITH WOKD INULLX
InC INERD Wiy INDER
«0 Int teriae .
09 Cup o8 i
] " S1alus La POER, WALT TH0E UPC XA 1n Nt
LPC_(AR:
cn
nov On. IR 1PC C2 URAUA TC AN CUSIONIR LEIVIL
nov IR iPC 82 JUMAOGA 1900 In SERVICE LEviL
nov L, AL
e SHORT Tu I _Linad
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LU R AL e

AL SALUST SEACR duk gaed
mov [T Y
LId MR CREIRE SSLTUP I HKOK KL Tukn CODLS
UKl Is L
NLCORD_On
now ax AR
L1 ] JALEAR Stnan
nov »
nov .2
[T o STule DI Gu
nov WELONISEN 12 1w
noy e SPUAREH PO
Ll r ml PAREN U TN NN
nov SHUKE BIEP
cant lllv
nov (L] 01 SLCOND
calL OLiAY IIA' BOIONE PLAYBACK
nov Br.OFISL 12 WAVl
nov Ox . wAvl POS
[LT] PHINT SPUL UP ARFUWS CUMING THOM SFIAMLK
ror on
ror cn
ror os
ror s
nov AR 01010
Nt TALMIR JPLAYUACK
on AL A
a PLAYBACK On LU ofumnlo ON PLAYRACK?
1 NI CU O
nov On, IR CvsSD €V 1 50 1ALl ln-qul
MoV 81, IR CvsD 3)

wi

n. M
$hol

N In in
PLAYBACK OK:
nov on, 0 ;SETUP MO (AKOK RETURAN

WETURN TO DCP
st 'AS’;ID

st luuu
O » ASCI) [RHUR CODI 1N CuSTOMIA LLVIL
B ¢ (HMOA CODL 1k StkvILL LEviL

n_Ix;
»ov bi.0

Ret 2
TALREAZ DIAG we

:
;oweser
H RLSLT CAMD 10 NuwMAL COnDITION

i
AESET PHOC [TEY)
%OR A ax LLILAR AN
(0} TAURIN

S10 MWD CARD
TR

e (Y
"3 RTINS o
nov Ou N e CY UMM Bt N LUSTUMER LV L
mov [N LY ] SUNMOR 10RK 1N SERVICE LEvit
MoV [ TSI
sic N
ALSET_O:
L]
set i~or
i oorLay :
i THIS HOUTINE WAITS APFHURIMAIILY CA * .10 STLONDS ¢
i BLIONE RETUKNING
; ON ENIRY:
H * DiLAY Tin(
;om Ot
H ox « 0

Ol Ay rROC nian
YRl B

cx
nov Cx. 13120 SOLCIMAL vaLut 10 CIVE WALl Timg
S0 ) sicom0

v 20:

THIS PROCCOURE 1S CALLED 10 DISABLE WMI AU SELICTED
INTERAUPIS ON Il 8039

] BL-MASK 10 DISABLL 8739 INTENNUPTS

im ll valul

no i
JALL INTERAUPTS AR( ABOUL 10 BL 0134BLIN.  INIAL 13 A POIINTIAL
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CALL Cline wart 1w I g8 ANl Il
1)
mov LI TSN RN i AR g
R
- ovi LTI LTI
Jeccess WEAD FIMIML NOw AN SAVE IHE IniTiAr
Ay - AN
U
(L] ANy
row, A
ot A Ay
1or A
2K
LRI T

RIS

PRI

CALLEN o ans
Ry e

INTNIEY

WAL e e

VAN Ten

Ve O
DTS
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St

26 2 Pusn ne )

wouan
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"orens
e
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mov Tismim oy 0
ror an
ror LL]
(R0 Ax
[ tnangy
ror cx LN U] )
Jenr EALN 2
U 0% LCETL T
3ot Ay e
(0] A BOIMES e Anmiatimg
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rusn on
6 6
"t (] §OIRARLEIN Comimn 10 Wl R
3 oImeenary
!

ns
IR UTAIIN ANn vt
' "oy

LR BRI

e stany

JoeeceecCUIAR SHIIY S1AVESehnNl
i o! v » 18 U1 taryt
H a0 n TRLY




0Ay)

(0 0are n

"
4]

5A
<

) S nee A S

Oy
woue

10
.

anD WDIAC 2 N Ciian runcEiom stangs
8 Al H LTI T
Ca_ugn SPEEP wals CoCit 1niquiney
LITRYY SINDICAIE mISYID agy
oS
nor
iCLOCH wait T
] 1518 PROCIDUAE 13 Covttn wiiw 1ng Vimi 01 fay
] 18 BLING LPLAIID. 0 waITy 11 Yy b IR
1 M40y 10 W UNTIL U1 1S Sall 10 A(aD A ALCumalg
3 Tinga
non(
NONL. Ax 4S LEstHMY.
LOCK _wait rroC
LLL) AL, A i READ WOUE TimiAy sum (43}
ouy LI N ATOrYY s OUlPUl 10 1t Bgy)
Pusn Ar
ror ax P wALT VUR 829) 10 Imiiial g
Y]
(L] Al 1imug i WAy SN ICAn) Bang
NG AL, AN "
" RO i RIAD mOSH SICHITICANT Byig
XCHG Al I RUARKANGE TGR PROP(R UKOLR
Cne " RESHOLD § 1S TIMERO CLOSE 10 wraprinGy
JC CLOCK_wait 3 JURP 4T CLOCh 1S WiThin LT RN )

L1Y 3 0K 1U READ Vimgmy
CLOCK_walT [LT4

IHE VALUE ALAD 1S ALTUANID 10

HIS ROUTING WILL READ 1imy

‘(Aﬂ_ TINE PROC NEAR

nov AL, 40N 3 LAICH Tingmy
our TiN_CTL, AL
PusH Ax i MAIT TOR 82%) TO 1Mt s
ror Ax
L] AL Tintey i RIAD (50
AN AL SOSAVE 0l im o miLkH B
PusH ax § WAIT 1OR 8:3) 10 it sisEur
ror ax
" AL TINRe) : AEAD myg
»enG AL, AN i PUL YIS im PROP(R or0(A
L
READ_Tin( N LT
Jeeecan Seececccccccececcecectencenne
IR Y
'l THIS PROC (NaDLIS afy INTENNUPIS. 41 ALSO SIIS nt 8¢%) 10
1 THL HODL AIQUIKIO 10 B0an OUSIAIALIZAT ION
3 BLFOAL Tni LAICH I10R + ARD OATA IS RISIT, 811 0 OF 1w
i 8255 1S R(AD 10 OLTERMING Wil INER ANy REVSIRONES OCLUNED
i WHILE THE SYSTEM WAS MASKLD OIF,
HL L}
i OL:0259 mask
1 oureur
H ALYY WEARS & B(Y WAS STAUCK OLRING O1SKTI( 170 (0on moisC
1 On Tl «ing)
3 ALtO MUANS THAT WO MLV was PAISSCD
H AX IS OISTMOVED. ALL OIN(R MIGISTINS R(mAIN A,
inanig ruoc
rusSH ox i SAVI La
Pveeees RLIUNN TimgR L NL0LO 1R uirBuanD "we
nov A 101108 i
our Tinm Cig, AL
PUSH Ax
ror ax P WAL 10N 8253 10 iniTiaLI 2y
st
nov AL 0Vin NiTiAL vaLug fox 923)
out TingRey ag 50
PusSH An
~iner Ay

IR TLTTNEY VI Tnansiim
[BL] »

AN AL O mO®L Ay Ouium o
PusH An R T B Y PYE

dreses ANAULE ALL INFIRHUPES Wil W w) i UNARLEL BETONE ThanLI (R
Lald AL M i CLl may

INtAUY, AL

(UL IR TR TY

WESED valen

AL B0 na 10 INAULE Woy

NMI_PUKT, AL
ax

1 LT
PASS BACK 2EY SINUNC Fiac

i THIS ROUTING 1S CALLID milw CINERAL BLLPS AR( ALQUIALD 1aun
1 Tt SySiim,

P
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