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PRODUCT PURPOSE

The SP 0256 speech processor is an N-Channel Metal Gate LSl.dovﬂ:e that is
intended for product applications where synthetic speech or complex sounds
are required.

The SP device serves as a fixed repertoire speech and sound synthesizer

which is capable of reproducing up to 256 discrete sound sequences. Each
sequence may be called by loading its 8 hit address into the command register
of the device. The sequence data is located in mask programmable ROM, which
enables the user to specify the speech or sound pattern desired. For applicat-
fons requiring a larger yocabulary than can be accommodated in the 16K bits of
on board ROM, external ROM may he used tq extand the devices capabilities.

Through the addition of external ROMS the system may be expanded to directly
address 491K hits of memory, and up to 3825 sequences (usually words or phrases)
which may be called directly from the input port using a double byts Toad.
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M GoueRAL DEVICE FUNCTION

The internal organization of SP, enables a large quantity of speech, or sound
to be specified in a modest amount of pattern ROM. [In addition, the flexible
architecture of the on-board controller allows the user to partition the
available storage space into as many sequences as desired.

From a functional standpoint, the device can be divided into two major
sections, the controller, and the vocal tract model (VTM). The VTM is

a parametric sound and voice snythesizer which produces complex waveforms
under the control of 17 slowly time varying parameters.

The controller executes its internal ROM instructions and modifies the
appropriate parameters of the VTM to create the desired sound sequence.

The interface between the controller and the VTM is accomplished through
‘ the parameter registers and related timing signals.

Since the number of bytes of data used per second of speech is variable, the
user is able to trade off speech quality for yocabulary size when it is
desirable to do so. High quality continuous speech requires about 2000 bits
per second, while lower quality understandable speech can be coded at consider-
ably lower hit rates.

o
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7
‘ DEVICE OPERATION
SP VTM Filter Structure
The SB dewice.models speech-(and other sounds)-using a series of six variable
2nd order resonators excited by either a pseudo noise source, or 2 periodic
impulse source.
The VTM is implemented using totally digital techniques. This approach allows
one 2nd order section to serve as six sections through the use of muitiplexing
and information 1ine pipelining. The saction that {s implementad is the 2nd
order infinite impulsa response (JIR) digital filter shown in Figure 1. This
filter stage has the transfer function:
H Z)— Je
@=5 —XAFz™ =BeZ™?
C Thersfore it can be shown that the poles of the transfer function occur at:
- >
-3
and when,
-1<Bg0
"and, [Rel < V=B
the poles will be placed in a complex pair, forming a resonator with the band-
width given by: -
-Fs W (8) .
(1) BN, = -y
where Fs is the ;;nlpiing frequency in HZ.
and the center frequency (Fk) given by:
k.' €3] B Fs cos”!
@R | CZVEMAL INSTRUMENT CORPORATION sec.no.  SPO256
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As can be seen from equations 1 and 2 above, the modification of the B
coefficient changes both the frequency and the bandwidth of the resonator.

The modification of the F coefficient, however changes only the centar "requem:y.
and has no effect on the corresponding Handwidth.

Since speech signals (in particular vowel sounds) convey information through

the shifting of resonant peaks in the spectrum, it is desirable to be able to
change centar frequencies of the 2nd order stages independently of their respect-
iye bandwidth settings. In addition it is important that the parameters of the
indiyidual stages (corresponding to particular resgnances) can be modified in-
dependently. The use of cascade 2nd order stages supports these features, giving
this configuration a distinct advantage over other filter sections currently in
use for speech synthesfs, such as the Lattics section, and the direct form im-
plementation. The fnstruction set of the SE ‘Contraller section.is 'designed .

to exploft the ability of the VTM parameters to he updated salectively to achieve
& greater packing density in the ROM. In addition, this permits the user to
trade-off Betwean quality and quantity of speech samples possible within the ROM
spaca availahle.

If it is desired to placa r at a fr y of zero, these real axis
poles can he accomodated directly. Each 2nd order stage may be used to place two
real axis poles of variable bandwidth. I[f )(1 is the real axis Tocation of the
first pole, and X, the second: 4

FeoXy v X
1z

and: 2
e ® (F - X0 -

with the bandwidths of each given by:

Swy = -2Fs LN X,

p ®= -2Fs LN Xy
GlNlRAL INSTRUMENT CORPORATION SPEC NO. SP0256
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where Ft and B, represent the coefficients in Figure 1.

Coefficient updates to the filter occur at the beginning of a pitch period.
This timing results in the smallest possible distrubance to the output at
update.

The information line precision is maintained at 16 bits throughout the VTM
filter.

The muitiply by 2 shown in Fig. 1 is implementad as a 1 bit binary shift
following the F‘ multiplier. The shift operation is performed separately
from the multiplication to scale Ft to the same range of values as Bt.

The coefficients Ft and Et are quantized non-linearly to minimize coefficient.
sensitivity.

The two coefficients are processad by the same non-linear transformation
hardware in the range.
. -1<C<L 1

where C may be either F: or Et.
The non-1inear transformation T(X) is implemented with a table lookup ROM.

The input coefficients of sach stage, denoted as F and B, are expressed in
sign magnitude form and used to generats the multiplier coefficients as
follows:

Fe = H(F)

8, = T(8)

GENERAL INSTRUMENT CORPORATION secNQ.  SPO256
MICROELECTRONICS GROUP S p




A e Tor .

JEPECS SO S WO\ WIS T

Be X 512 Bt
F Fg X 512 Fe
v 1 0.0005u0
i -2 -.017578
2 -7 -. 033203
3 -25 -. 048828
x 4 -33 ~. 064453
s 44 -.080078
6 -49 -. 095703
7 -57 -.111328
8 =65 -. 126953
9 =73 -.142578
10 -84 -.158203
11 -89 -.173828
12 -97 -. 189453
13 =105 -.205078
14 -113 ~.220703
f =124 - 236328
is =129 -, 281953
17 -137 ~.267578
18 145 -. 283203
19 =153 -.299u28
20 -161 ~. 314453
21 =169 -.330078
a2 -177 ~. 345703
23 =185 ~.361328
ze -193 - 376953
2s =201 ~-.392578
28 =209 -. 408203
27 -247 -.423828
28 -22% -.4394S3
29 -233 -.4%55078
30 =241 -. 470703
34 -249 -. 486328
32 -257 -.5019S3
33 -265 -.547578
34 -273 -.533203
35 =281 -.S48828
3o =209 -. 564453
37 -297 -.530073
38 =301 -. 587891
39 =305 ~.595703
a0 -309 - 603316
a1 =313 -.611328
42 =317 - 619141
43 =324 ~-. 626953
4s -328 -.634766
49 -329 -.642573
40 =333 -. 6503%4
47 =337 -.4658203
] =341 -. 686016
a9 -345 -.673328
S0 ~349 - 681641
51 =353 - 689453
s2 -357 -. 697266
s3 -361 -. 70507
sa =365
3 =387
Se -373
s7 -377
33 =381

SP0256
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233 453 FoZae .
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FME ok
- Bz TEETE
240 496 68 /50
21 497 9707¢3
’ 242 458 972656
243 499 974609
244 soo 976563
245 S0 978516
266 s02 780467
247 S03 982122
248 Soa . 984375
249 S03 .986328
250 S06 998281
@54 S07 .9%u234
asa2 S08 992138
2s3 s09 .y94t41
254 S10 WL
253 Sit 98047
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VIM Source Timing

The VIM operates under control of the 17 parameter registers listed in Table 1.
The duration and pitch of the sounds produced by the SP device are controlled by
the R’uﬂ P registers respectively. P specifies the mmber of sample periods

in one pitch period.

Expressed in terms of the pitch (Fo) and the sampling frequency (FS)

Fs
P= g 1 LPL 255

The pitch source injects unit impulses, spaced P sample periods apart. The R
register (repeat count) is the mmber of pitch cycles executed before a register
update occurs.

" Vhen P is assigx;ed a zero value, the pitch source is replaced by a zero mean, pseudo

noise source. This mode of operation is referred to as unvoiced mode. In this
mode the system requests a register update after 64 times R samples. The amplitude
of the source is controlled by the A register. It is coded as 5 bits of mantissa
and 3 bits of exponent (i.e. binary shift).

At the completion of the pitch period, the value stored in the Al register is added
to the A register contents, and similarly the PI register is added to the P register.
This allows the pitch and amplitude of the frame of speech to be smoothly interpol-
ated between updates.

E GENERAL INSTRUMENT CORPORATION sEC.NO.  SP025S6 L3
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R 6 bits
A 8 bits
P 8 bits
Bl 8 bits
F1 8 bits
B2 8 bits
F2 8 bits
B3 8 bits
F3 8 bits
B4 8 bits
F4 8 bits
BS 8 bits
F5 8 bits
86 8 bits
Fé 8 bits
Al 8 bits
P1 8 hits

Source Amplitude

Pitch Period (Number of Sampling Periods)
B Coefficient of Filter Stage 1
F Coefficient of Filter Stage 1
B Coefficient of Filter Stage 2
F Coefficient of Filter Stage 2
B Coefficient of Filter Stage 3
F Coefficient of Filter Stage 3
B Coefficient of Filter Stage 4
F Coefficient of Filter Stage 4
B Coefficient of Filter Stage §
F Coafficient of Filter Stage §
B Coefficient of Filter Stage 6
F Coefficient of Filter Stage 6
Amplitude Interpolation Delta
Pitch Period Interpolation Delta

MICROELECTRONICS GROUP

$PEC. NO. SP-0256
SHEET 14
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SP Controller

The SP Controller is a sequential processor which fetches instructions

and data from ROM, and is capable of altering the contents of the 17

parameter registers controlling the SP VIM. The controller has 16 executable
instructions, and supports 1 level of subroutine nesting. The instruction set
is desfgned specifically to allow selective updates of the parameter registers
to be performed. In additfon,the JMP and JSR instructions allow chaining of
segments, and sharing of code sequences to eliminate redundancy.

The SP instruction set consists of two groups of instructions, register
modification instructions, and Branch control instructions.

GENERAL INSTRUMENT CORPORATION PeC.NO.  SPO256
MICROELECTRONICS GROUP SHEET 15
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Y.

PROGRAMMABILITY

Register Modification Instructions "
The purpose of the SP register modification instructions is to update the VIM
parameters.

The R and P registers determine how many sample periods of a particular sound
are output by the VIM before control of the parameter registers is returned
to the controller. The controller waits until the completion of the last of R
pitch periods (or 64 X R samples in unvoiced mode) before executing the next
register modification instruction.

Each of the 12 register modification instructions,with the exception of RCU,
consists of a 4 bit op code followed by 4 hits of data which are loaded into
the lower 4 bits of register R. RCU is a 1 byte instruction which loads the
upper 2 bits of the Repeat register (i.e. Register R), the Precision Select
Bit (P), and the Filter Order Select Bit (M).

RCU passes control to the next instruction following execution. RCU will not
cause an immediate transfer of control to the VIM.

The Precision Select Bit determines which of the two bit precision maps stored
in the SPQ256 is to be used in updating the parameter registers. When the P
Bit is set high, a greater mumber of hits are used to represent the parameters
which renders the highest quality speech. Setting the P Bit low selects.a bit
precision map which calls for fewer bits to specify the parameters, offering a
bit savings at a slight speech quality loss, which is often imperceptihle. The
Filter Order Select Bit (M Bit) selects between a 10 pole VIM configuration, and
a 12 pole configuration. In the 10 pole mode, the F6 and B6 registers are set to
zero and not loaded by any of the register modification instflctions. When
synthesizing speech sections that can be modeled with only 10 poles without a
loss in quality, this configuration may be used to reduce bit rate. The 12

pole configuration is selected by setting the M Bit high.

GENERAL INSTRUMENT CORPORATION sec.MQ.  SPO2S6 REV
MICROELECTRONICS GROUP SHEET 16
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The register modification instructions fall into two groups, absolute load
instructions, and Delta coded load instructions.

The absolute load instructions replace the current values of the parameter
registers to be updated with new data pulled from the Speech ROM. The mumber
of bits used to represent each parameter and their placement within the 8 bit
register word is determined by the Bit Precision Mapping ROM inside the SP0256
Controller section.

The Delta coded load instructions operate similarly to the absolute load
instructions with the exception that the variable length data word which is
pulled from the ROM for each parameter register to be updated, is added to the

previcus value of the parameter instead of replacing it. A different bit precision
map is employed for Delta loads. In all cases, the Delta load instructions require

less hits than their absolute equivalents.

A1l parameter modification data is expressed in twos complement form.

GENERAL INSTRUMENT CORPORATION S NO.  SPO25E
MICROELECTRONICS GROUP SHEET 17
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REGISTER MODIFICATION INSTRUCTIONS

INSTRUCTION CODE
MNEMONIC N3NoN;Ng=Lower 4 Bits of R REGISTERS MODIFIED
RCU 0OQO0O1MPN.N R, (N are upper
. 554 2'bits of R) .
PRL 0010RRRR . RoALP,84.F4,85, 75,
ZERO—=B1,F1,82,F2,
83,F3,AI,P1
FRL 0011RRR - R,A,P,B1,F1,B2,F2,
% B3,F3.B4,F4,BS.F5,
B6,F6
ZERO—=AI,PI
- FRL(APT) 0100R, R,A,P,B1,F1,B2,F2
*2R B3,F3,B4,F4,B5,F5
B6,F6 AL, PI
FFL 0101 R,A,F1,F2,F3
s ZERO—wAI,PI
FFU 0110 R,A,F4,F5,F6
ReRR Ry gl
PCT 0111RRRR R,A,P, ZERO-AI,PI
FPL (API) 1000 RRR R,A,P,B1,F1,B2,F2,
% -B3,F3,B4,F4,B5,F5
B6,F6,AL,PI

(All parameters with
the exception of R
are loaded with full
8 bit precision for
this instruction only)

DFRL 1001 FRL instruction with
HRZR"RO parametars except R,
Delta caded S—
GENERAL INSTRUMENT CORPORATION sEC NO.  SPO256 REV
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REGI MODIFICATION INSTRUCTIONS

INSTRUCTION CODE

. PNEMONIC NgNN N, = Lower 4 Bits of R REGISTERS MODIFIED
FFLP 1010 R R,A,P,F1,F2,F3
a2 R Zers —Al P
FFL with Pitch
DPRL 1011 R ‘Delta coded PRL
i Instruction
FRL(API) 1100R Ry R Ry R.A,F1,F2,F3,AL,P1
SIL 1111 R
sfef R Zero=3P,A,ALPI
Nsm MICROELECTRONICS GROUP wec.wo.  SP-0256 o
sHeET 19 c
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BRANCH CONTROL INSTRUCTIONS

BNEMONIC DNSTRUCTION CODE
) JSR . 1101 A8 A9.AIOA11

Ao by g Ay Ay A5 Ag By

RET 0000O0O0COO0OODO

e : W 0 - DAB;_tgA'mA”
Ay Ay Ahy A Ag By
PAG 0.0 0 0 AppAh A

# OF BYTES

2

REGISTERS MODIFIED

PC —=RB,Aq thru
A15-—PC,Retum Flag
Set

If Return Flag Set

RB—=PC,Return Flag
Reset

If Return Flag not

Set B —=PC

O=IB

IBF Reset

Ag thru Agg—ePC

On Execution of next
JSR or JMP instruct-
ion

Msfafidhz —epc
(AIZ thru A’IS must be
greater than zero)

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS GROUP

ssc.NO.  SPO256 REV
SHEET 20 c
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.

HIGH PRECISION (P = 1) BIT MAP

PARAMETER BIT PLACEMENT ABSOLUTE BIT PLACEMENT DELTA
A DDDDDDXX XXDDDDXX
81 XDDDDDDX XXXDDDDX
F2 DDDDDDXX XXDDDDXX
82 XDDDDDODX XXXDDDDX
F3 DDDDDDXX XXDDDDXX
83 XDDDDDDX XXXDDDDX
F4 DDDDDDDX XXDDDDDX
B4 Xp0oDDDDX XXXDDDDX
FS pDpDDDDDDD XXxp0DpDDOD
85 DDDDDDDD XXXDDDDOD
Fé oppoDODDOD XXxpoppoop
86 BDDODDDD XXXDDODDD
P popopDOOD XXxpo0ppDo
A DDDODDXX XXDDDDXX
PI XXXDDDDOD XXXDDDDD
AL XXXDDDDD XXX0DDDO
(0 INDICATES PLACEMENT OF DATA BITS IN 8 BIT WORD)
I::I GENERAL INSTRUMENT CORPORATION sFec. NO. SP0256
MICROELECTRONICS GROUP SHeET 21
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PARAMETER

B1

B2
F3

F4

F5

Fé

T

PI
Al

.LOW PRECISION (P = 0) BIT MAP
BIT PLACEMENT ABSOLUTE

DDDODXXX
XDDDXXXX
DDDDDXXX
XDDDXXXX
DDODDDXXX
XDDDXXXX
DDDDDDXX
XDDDDXXX
0DDDDDXX
DDDDDDDX
DDDDDDDD
DDDDDDDD
DDDDDDDD
DDDDDDXX
XXXDDDDOD
XXXD0DDDD

BIT PLACEMENT DELTA

XDDDX
DDDXX
X0DDX
DDDX
XpDoD
DDDX

X
X
X
XpDDD
XDDDX
0

D

Eo T e

X > 2 3 > > > K X > X > > >
X X O > > >x >x O

(D INDICATES PLACEMENT OF DATA BITS IN 8 BIT WORD)

SHEET

I::l GENERAL INSTRUMENT CORPORATION sPEC. NO.
MICROELECTRONICS GROUP
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Instruction Chaining

In the case where more than one register modification instruction is required

to update the parameter registers, yet it is not desired to perform a full

update (FRL), 2 or more instructions may be chained together. This feature is
also useful for initializing the registers before a JMP, JSR, or return instruct-
jon, without causing the VTM to start a sound sequence.

If an instruction is to be chained with one or more other instructions, the

Tower 4 bits of its' instruction byte are set to zero. The last instruction

in a series of chained instruction hytes, is the only one with a non-zero lawer

4 bits. The Tower 4 hits of the.last instruction hyte in a chained series is load-
ed into the lower 4 bits of the R register. When chaining instructions, the data
bytes appear after the last instruction. The order of the data bytes is given

by Table 3.

For example, if it was desired to chain an FFU with an FFL instruction, the
following registers would be updated:

FFU Modifies F4, FS, F6, R, A
FFL Modifies F1, F2, F3, R, A

Referring to Table 3, it can be seen that the proper sequence for the above data
is: i

A, F1, FZ, F3, F4, FS, F6

If we assume that low precision mode has previously been selected, the proper bit
string to execute the entire sequence would be:

GENERAL INSTRUMENT CORPORATION SPEC.NO.  SP0256 REV
MICROELECTRONICS GROUP SHEET 23 c
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Dol

TABLE 3

DATA BYTE LOAD SEQUENCE FOR CHAINED INSTRUCTIONS

Loaded First 1 A -
2 P
3 B1
4 F1
s B2
6 F2
7 83
8 F3
9 g4
10 F4
F 1 BS
12 F5
13 86
14 Fé
15 Al
Loaded Last 16 PI
'
GENERAL INSTRUMENT CORPORATION sPEC.NO.  SPO256
MICROELECTRONICS GROUP 24
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FFU o a T8 \g’_g,o_‘o..f“"’_‘k,;-p
FFL (] 0 1 m Lt
4 A D DD D D D g g
A D D DD O Lgee P
F2 D DD O O il i
F3 D 0 O D D
F4 D 0D D D D D \
Fs D 0D D D D D X
F§ 0D DD D D D O/

(D REPRESENTS DATA BITS CORRESPONDING TO PARAMETER)

Where R‘.l Rz R.l Ro represent the Tower 4 bits of the repeat register (R).
Since the instructions are both absolute load instructions the data will

be read from the ROM using the bit placement absolute map. As can be

seen from the above, this chained sequence requires 57 bits of ROM storage.
The first bit of the next instruction would be the ROM bit following the
above bit stream. Note that the beginning and end of an instruction sequence
may occur anywhere within a byte boundary.

3

ﬂﬂm‘r MICROELECTRONICS GROUP srec.nQ.  SP-0256
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Branch Control Instructions

The SP Branch Control instructions differ from the register modification
instructions in that they do not modify any of the VTM parameter registers.
The sole purpose of these instructions is to determine the Tocation in the

ROM from which the next instruction will be fetched. The JSR (Jump
to Subroutine) instruction stores the present address (ie. the contents of
the PC register) in the return buffer (RB) register. The PC register is loaded
with the 12 bit address specified by the last 4 hit of the instruction byte
and the following data byte. In addition, an internal return flag is set to
indicate that the RB register has been loaded. The controller then fetches
and executes the instruction located at PC + 1 in the ROM. Only one level of

subroutine is allowed.

The JMP (Jump) instruction loads the PC register with the 12 bit address
specified by the lower 4 hits of the instruction Byte, and the following data
byte. Neither the return flag nor the return buffer are modified. Upon
completion of execution, the next instruction is fetched from Tocation PC + 1
in the ROM.

RET (Return From Subroutine) is an instruction whose function depends on the
state of the return flag. When the retﬁrn flag is set (indicating that a sub-
routine is being executed), execution of an RET instruction will cause the
contents of the RB register to be moved into the PC. The return flag is reset,
and the controller fetches the instruction located at PC + 1, and continues
execution from that location. Only one level of subroutine is allowed. When

an RET instruction is encountered and the return flag is not set, the status of

GENERAL INSTRUMENT CORPORATION PeC MO, SPO256 REV
MICROELECTRONICS GROUP SHeET 2%
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the input buffer flag (IBF) is checked. If IBF is set, (indicating that the
starting address of the next sound sequence has been loaded into the SP device)
the contents of the IB register (8 bits) is loaded into the PC_

If the IBF flag is not set, the controller will disable any further output from
the VTM, and wait for the IBF flag to become set. The SBY (standby) pin will go
high and remain high until the IBF flag is set. The SBY pin is discussed
further in the section on standby operation. When the IBF flag is set, execution

continues as described above.

PAG is a one byte instruction used to perform Jumps to addresses in memory outside
of the present page (4K byte block). The lower 4 bits of the instruction byte
specifies the upper 4 hits of the address in the next JMP or JSR instruction
encountered. The argument of the PAG instruction must be greater than zero since
the base page in the system is Page 1. If a JMP or JSR instruction is executed
without a PAG instruction preceeding it, the upper 4 hits of the JMP address are
set to the uﬁp:r 4 hits of the PC. The fact that the PAG instruction is optional
allows a 2 byte short form address to be used for short jumps, and a three byte
extended Jump consisting of a PAG instruction and a JM? or JSR, to be used for
Jumps outside the present page.

Although instruction sequences may begin and end within byte boundaries, JMP, JSR,
and RET instructions always cause a branch to a byte boundary. For example, if

a JSR instruction had its last bit stored in the 4th bit position of byte number
125g in ROM, and the instruction called for a Jump to location 250, the next
instruction to be executed would be read starting with the first bit of location
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250. If a return instruction was executed, the next instruction would be read

starting with the first bit of location 126g, not the fifth bit of location 125g.
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DEVICE INTERFACE

Program Entry Control

In the SP System, the individual sound sequences stored in ROM, are accessed
by use of the 8 Bit input port. The significance of this input byte is a
function of the state of the SE (Strobe Enable) input pin. When the SE line

is high, and the input port has been loaded from the external system the
contents of the 8 bit input port is loaded into the 8 bit IB register. This
allows any one of 256 entry points to be specﬂ"ied with a one byte input. The
entry points are spaced at 2 byte increments (ie. Q, ;2. 4, 6....) throughout
the internal ROM. Two byte inputs may be used to expand the number of entry
points to 3825. This addressing scheme is mest useful in applications where
the SP is interfaced to the data bus of an externmal microprocessor, or in other

enyvironments where the use of a strobe line may he desirable.

In applications where an appropriate strobe is not available (such as a stand-
alone environment with switches selecting the desired sequence) the SP 0256 can

- latch its data without an external strobe. When the SE input is tied low, the SP
0256 will Tatch in the data on the input bus approximately Tusec.after the detect-
ion of a high level on any one of the 8 address input tines.

GlNl:A'cl. INSTRUMENT CORPORATION sPec. N0,  SPO256 REV
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Input Handshake Control

Input to the SP device is accomplished using 8 input data pins, 2 handshake
lines, and an input mode select pin. As mentioned in the previous section,

the handshake pins are not necessary for some applications. When the SE
(Strobe Enable) pin is kept high the handshake lines (LRQ and DLD) are used

to coordinate the data input. LRQ (Load Request) is an output pin which is

low whenever the IBF (Input Buffer Flag) is set. When LRQ is high, the input
port is Toaded By placing the 8 bits of data on the input lines, and pulsing
the OLD (Data Load) input. The rising edge of DLD will cause LRQ to go Tow,
where it will remain until the internal IBF Flag is reset by an RET instruction.

DAC Qutput

The output of the SP VTM section drives an internal 7 bit pulse width modulation
(PWM) digital to analog converter. The design of the PWM DAC is such that all
noise components are at or above 10KHz. The output is low pass filtered to 5KHz,
and amplified externally.

Standby Operation

The SP 0256 has two power supply pins and a common ground. Th-n VD1 supply pin
powers the interface logic and provides standby current to the controller and
parameter registers. The VDD pin powers the VTM, the controller and the
internal ROM. When the SBY pin is high (indicating that the SP is inactive) the
VUD pin can be powered down externally to conserve power. This will proyide a

o EI
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standby current which is a fraction of the normal operating current.

when the SP 1s loaded with an entry byte, the SBY pin is brought low signaling
the extarnal circuitry to power-up the VDD pin. The SP will delay execution

of thoh selected sequence to allow the power supply to settle. If it is not
desired to implement the standby mode of operation, the VD1 and VDD pins should
be tied to a common supply.

Clocks
The SP 0256 requires one 3.12MHz clock, which is generated by an onboard

oscillator with external crystal control. The crystal is connected between the
XTAL in, and XTAL out pins.

GENERAL INSTRUMENT CORPORATION s!c. MO SPO256
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Vocabulary Expansion

The SP 0256 is capable of directly addressing 61,440 hytes (8 bits wide) of )
ROM. The devide has 2K bytes of ROM on board. If additional vocabulary space
is required, external ROM may be added to the system.

The external ROM interfaces to the SP device through the use of the serial in,
and serial out lines. The serial out pin provides the 16 bit address to the
external ROMS. The addressed ROM sends serial data back to the SP 0256 through
the serial in pin. To accommodate this serial communication, special purpose
ROMS are used. These expansion ROMS are controlled using the Cq, Cp, and Cq
outputs of the SP 0256. The architecture of the SP is such that a 16 bit
address need be output only upon execution of a JMP or JSR instruction. External

B gt

ROM interface timing 1s shown in Figure 3. Table 4 lists the control functions
of the vocabulary expansion ROM, and the action taken by the ROM. FIgure 4
shows the interface between the SP 0256 and two SPR-16 ROMS.
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% T 4 1d CONTROL STATE
o
)
a_c2 c3 ) FUNCTION
' 0 0 0  NOP - No Action Taken

o 0 1 ASR Load - Accepts data from the serial output synchronous
to the extarnally supplied ROM clock. This data
is shifted into the ASR holding register in
preparation for loading into the PC. Although
ASR {s 16 bits long, it is not necessary to load
all 16 bits of address sequentially in one ASR
Toad.

0 1 Q PC Load - Loads the contents of the ASR register into the PC.

0 1 1 DSR Load - Loads the 8 bits of data pointed to by the present
value of the least significant 11 bits of the PC
into the data output shift register (OSR). At
the completion of the DSR load the PC is incremented.

1 0 0 DSR _shift Qut - Shifts out the contents of OSR to the serial

in pin, synchronous to the ROM clock.

1 Q 1 RET. R_eg1sﬁr Load - Loads the return register (RE') with
f & the current value of the P.C.

1 1 Q Return - Loady the PC with the contents of the RB register.

1 1 1 NOP - No action taken in Speech ROMS.

Does not exist in SP-0256.
C
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S Siectrical Charsctaristics

- Maximum Ratincs
|-

Storage Temperaturs

ATl pins with respect t2 VSS
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0.3 %3 8.Qv

-259¢ a 125°C

’

tandard Ccnditions

Clock = Crystal Fr 3°12rm1z a
Operating Temperaturs 0°C ta 70°C
0C__ CHARACTERISTICS
. Name Svm__ Min Tve Max Units Conditions ~"
Primary Supply Voltage ' voo |4.8 |- (7.0 |V
Standby Supply Yoltage V01 14,8 |- |7.0 (V
Primary Supply Current o | - [-]ca |m | Z°CNo Toads. Reset & STEY. Re-
: sat high. All other inputs
floating e
josmaMAX @ 0°C 7zma MAX @ 70°C
Standkby Supply Currant 101 - |=]21 [ma 25% sama as abgve.
260m MAX @ 0°C 17.Zma MAX@Ta%C
NPUTS
g:#&, ALD, SERIN, TEST,
r LoeIc @ VIL (0.0 |- {0d.§ |V
LOgIC 1 VIH | 2.4 |- |VO1 |V
CAPACITANCE CIN | = [=| 10 |5f
LEAKAGE ILC - |=1%3Q |ua Ypin = 7.0V Other Pins = Q.CV
.m&l. §i E 3]
LeGIC O VRSIL { 0.C |- Q.6 |V
LosIC 1 VRSIH | 3.5 (= |VDT |V
QUTPUTS
@Y, oigial Gut, C1, C2, -
Q, L8Q, RCM OIS, RCM CLX,
SERQUT
LeeIc ¢ voL 0.0 |-]0.§ |V 0.7Za (2LS TTL Loads)
LoGic 1 VoK | 2.5|=|¥DT |V -3Cua  (2LS TTL Leads)
t QSCILLATCR
- GSC 2 CQutput f When driven frcm extarmal scurss.
LoGIC @ VoL | 0.0 |~-|0.6 |V Pin 27 = INPUT = 3.3QV MIN
LoeIc 1 VCH | 2.5]| V0T (¥ Pin 27 = INPUT = Q.50V MAX

GFNFRAL | wesos scrreonics gaous

PIC NG SP-0256 Rgv



