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HD81803
ADPCM Transcoder Conforming to
G.721

@ HITACHI

Description

The HD81803 is a single-chip ADPCM (Adaptive
Differential Pulse Code Modulation) Transcoder
conforming to the CCITT Recommendation
G.721. It can compress and expand voice data by
ADPCM transcoding, and is suitable for high-
quality voice recording and playback systems.
Applications include ISDN services, voice mail,
and private broadcasting.

Converting data from PCM code to ADPCM code
reduces the memory needed to store voice data by
half the size. Also, since the HD81803 conforms
to G.721, it can be used in ISDN line terminal
equipment.

The HD81803 can be directly connected to a PCM
CODEC, and can convert a 64-kbits/|i-law or A-
law PCM channel to and from a 32-kbits/s
ADPCM channel.

Preliminary
Jan. 1990

Features

Full conformity with CCITT Recommendation
G.721

ADPCM transcoding ensures speech data
accuracy

64-kbits/s channel can be compressed to 32
kbits/s (Half-Duplex)

Serial or parallel input/output

Parallel input/output allows digital sequence
tests specified by the CCITT

Parallel input/output width can be selected as
4, 8, or 16 bits (suitable for a 125-, 250-, or
500-ps microprocessor I/O cycle)

Through functions are available to input/output
specific waveforms without ADPCM
transcoding

A-law or p-law PCM can be input/output
Direct connection to a PCM CODEC is
possible

Built-in interface for 8- and 16-bit
MiCroprocessors

Operating mode can be controlled by
MiCroprocessor

+5 V power supply

PCM data ADPCM data
Encoder  Serial input Serial or parallel output
Decoder  Serial or parallel output  Serial or parallel input

(Through and test functions are not included.)
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Specifications

ltem Details

Coding process CCITT recommendation G.721 ADPCM
Sampling frequency 8 kHz

Code length 4 bits

Data rate 32 kbits/sec

Serial interface
(PCM CODEC interface)

(1) p-law PCM CODEC (ex. HD44238C/HD44278P)

(2) A-law PCM CODEC (ex. HD44237C/HD44277P)

Parallel interface

(microprocessor interface)

(1) 8-bit microprocessor

(2) 16-bit microprocessor

Supplementary functions

(1) Serial communication
(2) High-quality waveform input/output (through function)
(3) Digital sequence test (CCITT Recommendation G.721)

Fabrication Process

CMOS 1.3 um

Power dissipation

150 mW (typ)

Power supply voltage

+5V

Package

40-pin plastic DIP, 44-pin PLCC
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Pin Assignments
-/
Ground data GND []1 40[] osc Input clock
Voltage level 1 VL1 []2 39[ ] SCLK Internal system clock
Operating mode select 2 MODE2 [|3 38| ] RES Reset
" D15 |4 37 ] VH Voltage high
D7 : 5 36| ]SO Serial output
D14 |6 35 ] LAW p-/A-law select
D6 [|7 34| ] REQ Data transfer request
D13 []8 33[ ] SICK
Dl1)25 E ?0 2? g zgiz Serial I/O control
Parallel input/output data bus < D4 []11 30 [ ] SIEN
D11 []12 29[ ] sl Serial input
D3 l: 13 28 [ ] MODE1 Operating mode select 1
D10 [|14 27 F2 Parallel /O control
D2 []1s 26[ VL2 Voltage level 2
D9 116 25 1 F1
D1 []17 24| 1 FO
D8 |18 231 CS Parallel /O control
L Do[]19 2] RW
+5 V power supply Veel]20 21 ] IE
(Top view)
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Block Diagram
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Electrical Characteristics

Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Vee —-0.3t0+7.0 v

Input voltage Vin ~0.3to Vg +0.3 v

Operating temperature Topr —201t0 +75 °C

Storage temperature Tstg -55to +125 °C

DC Characteristics (Vo= 5.0 V£5%, GND =0 V, T, = -20 to +75°C; unless otherwise specified)

Item Pins Symbol Min Typ Max Unit Test Conditions
Input high OSsC Vi 2.4 —  Vgg+03 V
voltage IE, SICK, SOCK 2.4 V403

ITS VCC x0.7 — VCC +0.3

Other input pins 2.2 — Ve +03
Input low OSC VIL -0.3 —_— 04 \
voltage IE, SICK, SOCK 0.3 — 04

RES -0.3 — 04

Other input pins -0.3 — 04
input leakage  IE, R'W, CS, FO to el — — 10 MA Vi, =04t02.4V
current F2, SI, SIEN, SOCK,

SOEN, SICK,

RES, OSC
High- DO to D15, SO fhrs| —_ — 10 MA Vi, =0.41024V
impedance
leakage
current
(off state)
Open drain REQ, MODE1, llLoul — — 10 PA Vi, =041024V
current MODE2, LAW
(off state)
Output high DO to D15, SO Vo 2.4 - - V  —loy=400pA
voltage
Output low DOto D15, SO, REQ Vg — — 08 V  lg.=1.6mA
voltage
Input All input pins Cin — — 125 pF V=0V, f=1MHz,
capacitance T,=25°C
Current lce — 30 100 mA No load
dissipation on output
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AC Characteristics (Voc = 5.0 V 5%, GND = 0 V, T, = -20 to +75°C unless otherwise specified)

System Clock
ltem Symbol Min Typ Max Unit Test Conditions
Clock (OSC) period Oeye 30.0 3125 325 ns See Figure 1
Clock (OSC) pulse width OWH 10 - - ns
owi 10 —_ — ns
Clock (OSC) rise time o — — 5 ns
Clock (OSC) fall time O — — 5 ns
Reset Timing
ltem Symbol  Min Typ Max Unit Test Conditions
Power-on reset time tre 20 — — ms See Figure 2
Reset pulse width tasT 1.0 - — us
Serial /O Timing
Item Symbol Min Typ Max Unit Test Conditions
Clock (SICK, SOCK) period Seye 0.4 — 10.0 us See Figure 3
Clock (SICK, SOCK) pulse width Sy 100 — — ns
SwL 100 —_ — ns
Clock (SICK, SOCK) rise time S, — — 20 ns
Clock (SICK, SOCK) fall time S¢ — — 20 ns
Serial input data setup time tsps 50 — —_ ns
Serial input data hold time tsoH 50 —_ — ns
Serial output data delay time tspp — — 80 ns
Enable delay time D 50 — - ns
Enable setup time tes 50 — — ns
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Parallel I/O Timing
Item Symbol  Min Typ Max Unit Test Conditions
IE period teye 0.5 — —_ us See figure 4
IE pulse width twH 210 — 5000 ns

twi 210 — — ns
IE rise time t — —_ 20 ns
IE fall time t — — 20 ns
CS setup time tcs 60 — — ns
CS hold time tcH 10 — —_ ns
Input data setup time tosw 60 — — ns
Input data hold time toHw 10 - — ns
Output data delay time tpDR —_ — 150 ns
Output data hold time toHR 20 — — ns
Timing Diagrams

o, | O WH | L Ot
0SsC
I N 7
o we
deye

Figure 1 Clock Input Waveform
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0OsC
(Clock input)

525V ((

475V AL )
Vcc 2

((
_ VH )
RES Vit
trc Reset start
I

Note: The 32-MHz clock must be supplied during power-on reset and tgst.

Figure 2 Reset Timing

Scyc

ISr

Swi SwH

SICK 4 X\ 4
SOCK N 55—72
tED | | tes
(

SIEN (2.4 V) Vi t »
SOEN (0.4 V) Vi tsps SDH

(2.4 V) Vi
Sl } S_

(0.4 V) ViL tsop tsop

tsop

S0 20V
08V

Figure 3 Serial I/O Timing
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toyc
IR twi itr twH
e ViH \ / )X
ViL N
tcs N tcH
(2.4 V) Vin \ 7}(
Ccs
K ViL (0.4 V) 7
RW
FO to F2 + Vi (2.4 V) SE
)( ViL (0.4 V) 7
tosw toHw
pE—>
Do to D15
(MPU write) (2.4 V) Viy N
(0.4 V) Vn_ _7
toDR toHR
<>
Do to D15
MPU read TXXXXX
— i D s
NGRRLY R 08V 7
Figure 4 Parallel /O Timing
Vee Vee
R =5.6 kQ
C =90 pF
Pin RL=22kQ o R, =27 kQ
152074® C=90pF
For DO to D15 and SO For REQ

Figure 5 A.C. Testing Load Circuits
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Signal Descriptions

Symbol Pin No. Vo

Description

Power supply

Vee 20 +5 V power supply

GND 1 Ground
Clock

OsC 40 Input Input clock: Apply a 32-MHz clock signal.

SCLK 39 Output Internal system clock: Outputs a 8-MHz clock except during reset.
Serial VO

SICK 33 Input Serial input clock: Serial data is input at the falling SICK edge.

SIEN 30 Input Serial input enable: Serial data can be input when SIEN is high.

Si 29 Input Serial input: Serial data must be input MSB first.

SOCK 31 Input Serial output clock: Serial data is output after the rising SOCK
edge.

SOEN 32 Input Serial output enable: Serial data can be output when SOEN is
high.

SO 36 Output Serial output: Three state serial output. After SOEN goes low, SO

enters a high-impedance state after the next rising SOCK edge.

FO to F2 24, 25,27 Input

Cs 23 Input
RW 22 Input
IE 21 Input

Parallel input

Parallel 110 Control: Used for specifying the transfer of commands
or data. _ _
Chip select: While CS is low, paraliel input/output (FO to F2, R/W,
IE and DO to D15) are enabled.

Read/write Control: Input for deciding the direction of transferring
data, which can be output while R/W is high and input while R/W is
low.

Data bus enable: Data can be input or output while IE is high.

DOto D15 4to 19 input/Output

Parallel input/output data bus

Data bus: Three state bus for transferring data toffrom a
microprocessor. Use mode select pins, MODE1 and 2 to select
either 8- or 16-bit transfer. If 8-bit transfer is selected, ground D8
through D15.

Auxiliary output

REQ 34 Opendrain  Data transfer request: Notifies the microprocessor that data is
output ready for transfer by the level output (low level). REQ enters a

high-impedance state after the transfer is completed.
Operating mode select

MODE1 28 Input Operating mode select pins: These can select following modes:

MODE2 3 Input MODE1 low and MODE?2 low selects serial coding mode.
MODE1 low and MODE2 high selects serial decoding mode.
MODE1 high and MODE? low selects byte transferring mode.
MODE1 high and MODE?2 high selects word transferring mode.

LAW 35 Input n-/A-law select pin: p-law is selected when LAW is low, and A law
is selected LAW is high.

- Reset

RES 38 Input LSI reset input.
Other pins

VL1, VL2 2,26 Input Voltage level 1 and 2: Test pins (connect to ground)

VH 37 Input Voltage high: Test pin (connect to +5 V)
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General Description

The HD81803 has two operating modes: Parallel
mode is used to operate the HD81803 in
combination with a microprocessor (Figure 6),
and; serial mode is used for stand-alone operations
(Figure 7). The MODE] signal determines which
mode is selected. Serial mode can be used for
either input or output ADPCM serial data.

Physically, the HD81803 has two serial interfaces
and one parallel interface. One serial interface is

for the input and the other is for the output of
either PCM or ADPCM data.

The serial interface input or output can be
connected directly to a PCM CODEC. For serial

PCM out pin of a PCM CODEC, the SIEN enable
signal is used to provide 8 kHz synchronization
and the SICK clock signal is used to provide bit
synchronization. For serial PCM output, SO pin is
used can be directly connected to a PCM in pin of
a PCM CODEC, the SOEN and SOCK signals are
used.

The parallel interface allows a microprocessor to
control the HD81803 and to send or receive
speech data. Parallel I/O control signals FO to F2
are used to indicate whether the data on the bus
(DO to D15) is command or speech data.

Commands can be transferred at any time while

PCM input, SI pin can be directly connected to a  the HD81803 is in operation.
Serial input/output cc .
interfaces HD81803 » Parallel interface
MODET, 2, LAW
Synchronizing SICK REQ Data transfer request
clocks SIEN
O sl CSe——
Serial input RW lke————
(from PCM out pin L s sock IE ke Microprocessor
interface
of PCM CODEC) SOEN Foto F2K: inte
o< so  DotoDisKZ->
Serial output 8or 16
(to PCM in pin

of PCM CODEC)

Figure 6 Example Operation in the Parallel Mode

Serial input Serial output
interface HD81803 interface
MODE?1, 2, LAW
Synchronizing [—— > SICK SOCK Synchronizing
clocks ——>{SIEN SOEN clocks
Serial input ——>{ Sl SO Serial output

From PCMoutpinof \ -------------

PCM CODEC or
SO pin of HD81803

------> ( To Sl pin of HD81803
------> | or PCM in pin of PCM

CODEC

Figure 7 Example Operation in the Serial Mode
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Figure 8 shows the data flow for the 8-bit parallel
mode. The p-law PCM data arriving at the serial
input is converted to ADPCM format and output
on the data bus (in this case, 8 bits at a time). The
HD81803 compresses input speech data from 8-bit
codes into 4-bit codes. Since the sampling
frequency is 8 kHz, the speech data is compressed

from 64 kbits/s to 32 kbits/s. Since the data bus
can be 8 or 16 bits wide, one, two, or four samples
of the coded data can be output at once.

For decoding, ADPCM data is input via the
parallel interface and converted into p-law PCM
which is output from the serial output.

| ADPCM 4-bit Data transfer request
o H-law Coding codes x 2 — (every 250 ps)
Serial input
p-law \L —1( Linear } [ l/
PCM codes Linear 8 bits J\ ADPCM code data
every 125 ys . data
conversion 4-bit code K _\/ Doto D7
pacl
(u-law PCM CODEC, 8-bit parallel mode)
(a) Coding
Linear ADPCM 8 bits Data transfer request
decoding data [ (every 250 ps)
Serial output
p-law \L <—| ( 4-bit code ) [< $
PCM codes | abit |/ ADPCM code data
every 125 s H-law Linear codesx2 \J'— DO to D7
conversion unpack

(u-law PCM CODEC, 8-bit parallel mode)
(b) Decoding

Figure 8 Data Flow in the Parallel Mode
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Figure 9 shows the data flow in the serial mode.
For coding, p-law PCM data arriving at the serial
input is converted into ADPCM data and output
from the serial output (See Figure 9a).

For decoding, ADPCM data arriving at the serial

input is converted into p-law PCM data and output
from the serial output (See Figure 9b).

During coding (decoding), ADPCM (PCM) data
can also be output from the parallel interface.

Serial input p law
u-law
PCM data J,
Linear
conversion

ADPCM
coding

4-bit code

b

Linear

Serial ADPCM output

o

(p-law PCM CODEC, serial mode)

(a) Coding
. ADPCM
Serial output Linear decoding
p-law
PCM data \L == Linear
Paraliel PCM output i/
DO to D7 p-law _
conversion 4-bit code

Parallel ADPCM output
DO to D3

Serial ADPCM input

(p-law PCM CODEC, serial mode)
(b) Decoding

Figure 9 Data Flow in the Serial Mode

13
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Operating Mode Select Pins

The HD81803 has three operating mode select
pins: MODE1, MODE?2, and LAW (see Table 1).
Command O (see "Parallel Interface") can also be
used to select the operating mode.

Serial Interface

The serial interfaces allow the HD81803 to be
connected directly to a PCM CODEC. The LAW
signal specifies whether the PCM CODEC uses y-
law or A-law coding (see Table 2).

Figures 10 and 11 show example PCM CODEC
interface connections for the parallel and serial

modes, respectively. The PCM CODECs* used in
these examples, which contain A/D and D/A
converters with 12- or 13 bit precision, S/H
circuitry, and filters all on a single chip, can
effectively reduce the scale and cost of an analog
1/O system. To synchronize the serial interfaces
with the PCM CODEC, the serial I/O clock and
enable signals are supplied externally.

In the serial mode, ADPCM data can be input and
output in serial as shown in Figure 7. Since
ADPCM codes are 4 bits long, the serial 1/O
enable pulse is set to be 4 bits wide (see Figure
12). Figure 13 shows an example of timing
circuit.

Table 1 Operating Mode Selection Pins

MODE1 Pin MODE2 Pin LAW Pin
0: Serial mode 0: Coding mode 0: p-law
1: Decoding mode 1: A-law

1: Parallel mode

0: Byte transferring mode 0: p-law

1: Word transferring mode  1: A-law

In the serial mode following a reset, the HD81803 determines its status from the MODE1, 2 and LAW

signals and starts processing.

In the parallel mode, the HD81803 will not start until a command is received.

Table 2 PCM CODEC Types for Serial Interfaces

Type Code length Sampling frequency Remarks
A-law PCM CODEC 8 bits 8 kHz LAW pin = 1
u-law PCM CODEC 8 bits 8 kHz LAW pin=0

* 44237C (A-law), 44238C (u-law), 44277P (A-law), 44278P (u-law)

14
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HD44238C/HD44278P (p-law)

HD44237C/HD44277P (A-law) HD81803
O
+5V
Voo T1KQT 47kQ Vee
PD TxClock SICK
TXSYNC SIEN
Analog o——> Aj, PCMout Sl
input GA1
GA2  RCVClock SOCK
RXSYNC SOEN
Analog o<—— Aout PCMin SO GND
output
Vss AGND DGND 7;7_
T
SV _ 160 to 2048 kHz
Serial I/0 clock o -
Serial /O enable o2 Sampling frequency

Figure 10 PCM CODEC Interface for the Parallel Mode

HD44237C
HD44238C etc. HD81803 (Transmitting side)
TxClock SICK SOCK
TxSYNC SIEN SOEN
PCMout Si SO
HD81803 (Receiving side)
RCVClock SOCK SICK
RxSYNC SOEN SIEN
PCMin sO Si
Serial 10 [ 4-bit width oS K2
enable | g pit widih oS K12
Serial VO clock o—19010 2048 kHz

Figure 11 PCM CODEC Interface for the Serial Mode

15
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Serial I/O clock

Serial 1/O is performed by using synchronizing
clocks (serial input clock SICK, serial output clock
SOCK, serial input enable SIEN, and serial output
enable SOEN) and input/output datas.

Figure 12 (a) shows the serial I/O timing for the
PCM CODEC interface and Figure 12 (b) shows

16

the timing for the ADPCM data interface. Figure
13 shows an example serial 1/O timing circuit. In
this example, serial I/O enable pulses SIEN and
SOEN may be 4 bits or more in width, and only
the enabled bits are output from SO. Thus, the
output data might contain more bits than required
(4 bits).



HD81803

Clock signal (160 to 2048 kHz)
SicK
sock JULTTUUUUUN
SIEN
SoEN | | [ | L
L .
|~ 125-us cycle (8 kHz SYNC) |

8 clock cycles
SICK
SIEN
SOEN |
bit number
SI X1X2X3X4X5X6X7X8Xdon'tcare

SO ———?S?X2X3X4X5X6X7Xs)£———

(a) Interface for PCM CODEC

Clock signal (160 to 2048 kHz)
SICK
sock JUUUTUUUULL
SIEN |— o l
SOEN 4I—| ,_——|___
le N
| 125-ps cycle (8 kHz SYNC) |

4 clock cycles
SICK
SIEN |
SOEN
MSB
si X 1 X 2 X 3 X 4 X don't care
MSB Hi-Z
so — 1 X 2 X 3 X 4 )

(b) Interface for ADPCM data

Figure 12 Serial Interface Timing

17




HD81803

4049

1M

100 p 100 p

4049

E 640 kHz

1
4

>

D |H. Xtal: Murata MFG.
Co., Ltd.

CSB640A

1/10 counter (4162)
8 kHz
1 | °© SIEN
T 5 Clock Q1 SOEN
Q2— (PCM CODEC
Rising edge Q3 interface clock)
Q4 SIEN
8kHz SOEN
(ADPCM data
interface clock)
Dc 160 kHz SICK
SOCK

18

Figure 13 Sample Serial I/O Timing Circuit
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Parallel Interface
Command and Data Transfer

In the parallel mode, a command transfer is needed
to start the internal processing the HD81803.
After the internal processing the HD81803 has
been started, it can request the microprocessor to
transfer data using REQ.

A command transfer involves sending 16 bits, but
since the high-order byte is fixed, only the lower
eight bits are significant.

Upon receiving a data transfer request, the micro-
processor does either a read or write. Data transfer
requests are generated after a command other than
an initialize or idle command is issued. The
contents to be transferred, transfer direction,

and transfer procedure are defined below for each
command.

When an 8-bit data bus is used, ground pins D8
through D1S5.

Commands
(1) Command overview

After a reset, the HD81803 is initialized and waits
for a command input. In this state, operations
such as mode selection, coding, and decoding etc
can be controlled by transferring a command from
the microprocessor via the parallel interface.
Table 3 lists the commands. ( —> indicates
parallel I/O and —— indicates serial I/O.)

Table 3 HD81803 commands

Pin level
F RW Command Code*! Description Data flow
2 RW =L Initialize $0000 Sets internal MODE1,
FO=LH command MODE?2, and LAW values
F1=L (equivalent to hardware
F2=H reset).
Idle $0001 Places the HD81803 in the
command command waiting state.
This command is used to
stop the processing of
other commands.
Serial $0002 After this command is PCM data 4
i - ———>
coding start ?ransferred, PCM data is ———>{Coding | ADPCM data
command input and coded AN
(ADPCM) data is output.
Serial $0003  After this command is 8
decoding transferred, ADPCM data m De- éADPCM data
start is input and decoded coding
command (PCM) data is output.

19
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Table 3 HD81803 commands (cont)

Pin level
F RW  Command Code™ Description Data flow
FO=L/H RW=L Parallel $0004 After this command is PCM data ADPCM data
Fi=L coding transferred, coded (ADPCM) Codin S
o . g rd
F2=H start data will begin to be output. 4
command The commands 1, 2, 3 differ
Parallel $0005 according to the number of  poM data ADPCM data
coding data bus bits (4, 8, or 16) Codin >
g rg
stant used to carry coded 8
command 2 {ADPCM) data.
Par_allel $0006 PCM data ADPCM data
coding Coding >
start 16
command 3
Parallel $0007 After this command is PCM data ADPCM data
decoding transferred, coded (PCM) De-
start data is output when coding 4
command 1 ADPCM data is input.
Parallel $0008 The commands 1,2,3 differ PCM data ADPCM data
decoding according to the number of De- ¢
start data bus bits (4, 8, or 16) coding 8
command 2 used to carry ADPCM data.
Parallel  $0009 PCM data ADPCM data
decoding - De- e
start coding 16
command 3
$000A Reserved.
$000B Reserved.
Coding test $000C After this command is PCM data ADPCM data
start transferred, the coding Coding >
command test starts. 4
Decoding  $000D After this command is PCM data ADPCM data
test start transferred, the decoding - De- <
command test starts. coding 4

20
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Table 3 HD81803 commands (cont)

Pin level

F RW Command Code'! Description Data flow

FOo=LH RMW=L Through $000E  After this command is PCM data[Seral | PCM data

Fi=L output transferred, PCM data is Sparallel | o

F2=H start input in serial and output conver: 16
command in parallel.
Through $000F After this command is PCM data[Parallel-] PCM data
input start transferred, PCM data is serial <
command input in parallel and output :%’Lvef' 16

in serial.

*1. This shows the value of data transferred on the data bus (D15-D0). In the word transferring mode,
data is transferred twice using DO through D7 (starting with the upper byte).
*2. For the byte transferring mode, leave FO high. In the 8-bit parallel mode, set FO low to send the high-
order byte of the command, and high to send the low-order byte.

Example: Transferring a parallel coding start command
Word transfer: Send D15 through DO with $0005 and F2, F1, FO = 101.

Byte transfer: Send D7 through DO with $00 and F2, F1, FO = 100, then D7 through DO with

$05 and F2, F1, FO = 101.
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(2) State transition diagram
Reset \

Serial coding Initialize (10 us)
1 @
Serial decodlng 0/
1

Parallel coding 2 Q}%
Parallel coding 3 \ Codlng test
Parallel Parallel
decoding 1 decoding 3
Parallel
decoding 2

« The hexadecimal numbers in the diagram correspond to the four low-order bits of the transfer command.

0. Initialize command

. Idle command

. Serial coding start command

. Serial decoding start command

. Parallel coding start command 1

. Parallel coding start command 2

. Parallel coding start command 3

. Parallel decoding start command 1

. Parallel decoding start command 2

9. Parallel decoding start command 3

C. Coding test start command (for digital sequence tests)
D. Decoding test start command (for digital sequence tests)
E. Through output start command

F. Through input start command

W ~NOO O WND

A bold line indicates that the state transition occurs automatically (i.e. the idle state is entered
automatically after initialization).

» The idle command can be issued to stop command execution.

« For the initialize and idle states, the value in parenthesis indicates the execution time. During this
period other commands cannot be executed.
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(3) Functional description of commands
(a) Initialize command

The initialize command initializes the internal
state of the HD81803, in the same way as a
hardware reset. When this command is transferred
via the parallel interface, the initializing of the
internal state of the HD81803 will begin according
to the mode select inputs MODE1, MODE2, and
LAW. After 10 ps the HD81803 enters the idle
state.

(b) Idle command

The idle command terminates the execution of
other commands, and places the HD81803 in the
idle state.

(c) Serial coding start command

After this command is transferred, the HD81803
converts the PCM data received via the serial input
into ADPCM data. The ADPCM data is output
from the serial output, and can be also read via the
parallel interface after the data transfer request
signal REQ goes low. REQ goes low for every
serial input sample (i.e. every 125 ps).

To stop the execution of this command, issue the
idle command.

(d) Serial decoding start command

After this command is transferred, the HD81803
converts the ADPCM data received via the serial
input into PCM data. The PCM data is output
from the serial output, and can be also read via the
parallel interface after the data transfer request
signal REQ goes low. REQ goes low for every
serial output sample (i.e. every 125 ps).

To stop the execution of this command, issue the
idle command.

(e) Parallel coding start commands 1, 2, and 3

After this command is transferred, the HD81803
converts the PCM data received via the serial input
into ADPCM data. The ADPCM data is output
from the parallel output.

The ADPCM data can be read by the micro-
processor after the data transfer request signal
REQ goes low. REQ goes low: for every serial
input sample when parallel coding start command
1 is issued; for every two input samples when
parallel coding start command 2 is issued; and for
every four input samples when parallel coding
start command 3 is issued. Thus, for an 8-kHz
sampling rate, read cycles would be needed every
125, 250 and 500 s, respectively.

To stop the execution of this command, issue the
idle command.

(f) Parallel decoding start commands 1, 2, and 3

After this command is transferred, the HD81803
converts the ADPCM data received via the parallel
interface into PCM data. The PCM data is output
from the serial output.

The ADPCM data can be sent by the
microprocessor after the data transfer request
signal REQ goes low. REQ goes low: for every
serial output sample when parallel decoding start
command 1 is issued; for every two output
samples when parallel decoding start command 2
is issued; and for every four output samples when
parallel decoding start command 3 is issued.
Thus, for an 8-kHz sampling rate, write cycles
would be needed every 125, 250 and 500 ps,

respectively.

To stop the execution of this command, issue the
idle command.
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(g) Coding test start command

The coding test start command is used to check the
ADPCM coding process of the HD81803 (digital
sequence test defined in CCITT Recommendation
G.721) via the parallel interface. After this
command is transferred, the HD81803 receives the
PCM data via the parallel interface, converts it into
ADPCM data, and outputs the ADPCM data back
via the parallel interface.

The PCM data can be written and the ADPCM
data can be read after the data transfer request
signal REQ goes low. There is no limit on the
response time. After this command is transferred,
the HD81803 requests to write PCM data first.
A request to write PCM data is always followed
by a request to read ADPCM data. Thus, write
and read requests are issued in sequence.

To stop the execution of this command, issue the
idle command.

(h) Decoding test start command

The decoding test start command is used to check
the ADPCM decoding process of the HD81803
(digital sequence tests defined in CCITT
Recommendation G.721) via the parallel interface.
After this command is transferred, the HD81803
receives the ADPCM data via the parallel
interface, converts it into PCM data, and outputs
the PCM data back via the parallel interface.

The ADPCM data can be written and the PCM
data can be read after the data transfer request
signal REQ goes low. There is no limit on the
response time. After this command is transferred,
the HD81803 requests to write ADPCM data first.
A request to write ADPCM data is always
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followed by a request to read PCM data.
Thus, write and read requests are issued in
sequence.

To stop the execution of this command, issue the
idle command.

(i) Through output start command

The through output start command causes the
HD81803 to convert the PCM data received via
the serial input into parallel. The parallel PCM
data is output from the parallel output.

The parallel PCM data can be read after the data
transfer request signal REQ goes low. One read
request is needed for every two serial input
samples. Thus, for an 8-kHz sampling rate, read
cycles would be needed every 250 .

To stop the execution of this command, issue the
idle command.

(j) Through input start command

The through input start command causes the
HD81803 to convert the PCM data received via
the parallel interface into serial. The serial PCM
data is output from the serial output.

The paralle] PCM data can be written after the data
transfer request signal REQ goes low. One write
request is needed for every two serial output
samples. Thus, for an 8-kHz sampling rate, write
cycles would be needed every 250 ps.

To stop the execution of this command, issue the
idle command.
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Data transfer
(1) Input/output data format

As explained in (3) above, the width of the data
bus used in the execution of a command depends
on the command transferred. Details are given
below.

(a) ADPCM data

ADPCM coded data is transferred to/from the
microprocessor 4, 8, or 16 bits at a time via the

parallel interface. One ADPCM code consists of 4
bits. Figure 14 shows the format for transferring
ADPCM codes. (n indicates the sequence in which

the codes are transferred.)
(b) PCM data
PCM data is transferred to/from the

microprocessor as 8 or 16 bits at a time via the
parallel interface. One PCM code consists of 8
bits. Figure 15 shows the format for transferring
PCM codes.

3 0

4-bit transfer IIl
7 4 3 0

8-bit transfer I n I n—1 I
15 12 11 8 7 4 3 0

16-bit transfer n n—-1 l n-2 ] n-3 |

Figure 14 Parallel I/O Format for ADPCM Data

8-bit transfer

15

16-bit transfer n

Figure 15 Parallel I/O Format for PCM Data (Through Output/Input Start Commands)
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(2) Data input/output operations

Table 4 shows the data input/output operations for
the parallel interface.

Table 4 HD81803 Parallel I/O Operations

Pin level Data bus format
F RW Operation D15 «———— > D0  Description
FO=L RMW=H DATA-UREAD 15 8 7 0 Reads only the high-order byte
F1=H Upper data read l Undefined I DATA ] _of 16-bit data when an 8-bit bus
F2=L is used.
FO=H DATA-L READ 15 4 3 0 Reads only the four low-order
E; i E Lower data read (1) | Undefined | DATAI bits when an 8-bit bus is used.
15 8 7 0 Reads 8 bits or the low-order
! byte of 16-bit data when an
@ | Undefined | DATA | oyt of 18 bt dat

DATA-W READ 15 0 Reads all 16 bits when a 16-bit

Word data read I DATA | bus is used.
Fo=L RW-=L DATA-UWRITE 15 8 7 0 Writes the high-order byte of
Fi=H Upper data write [ don't care l DATA ] 16-bit data when an 8-bit bus is
F2=L used.
FO=H DATA-L WRITE 15 4 3 0 Writes the four low-order bits
E; : tl Lower data write ) | don' care l DATA | when an 8-bit bus is used.

15 8 7 0 Writes 8 bits or the low-order
byte of 16-bit data when an
2) [ don't care [ DATA ] 8-bit bus is Used.

DATA-W WRITE 15 0 Writes all 16 bits when a 16-bit

Word data write I DATA | bus is used.
Examples

1. Parallel coding start command 1 uses DATA-L. READ.
2. Parallel decoding start command 3 uses DATA-W WRITE, or DATA-U WRITE and DATA-L WRITE.
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(3) Data transfer request (REQ)

(a) REQ is an open-drain output pin which
requires an external pull-up resistor.

(b) REQ is used to request the microprocessor to
transfer data to/from the HD81803 by the level
output. When REQ goes low, the microprocessor

must read or write data (except when transferring a
serial coding/decoding start command).

The timing between REQ and the microprocessor's
response are given below. The microprocessor
must transfer data within 100, 200, or 400 ps after

REQ goes low.

HD81803

+5V

RL = 47k

Figure 16 Data Transfer Request Output

—

Data input/output

Microprocess0|>

access [

100 ps max (4-bit data)
200 ps max (8-bit data)
400 ps max (16-bit data)

Figure 17 Maximum Microprocessor Response Time for REQ When Coding/Decoding
(32-MHz Clock, 8-kHz Sampling Rate)
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(4) Interfaces for 6800 and Z-80 series micro-
Processors

The HD81803 can be connected directly to 6800
series microprocessors by the parallel interface
without the need for extra hardware. For example,
Figure 18 shows how the Hitachi 8-bit HD6303

microprocessor could be interfaced.

Since the HD81803 does not always require the IE
clock, only minimal hardware is required to
interface it to a Z-80 series microprocessor.
(see Figure 19)

Microprocessor
HD6303 HD81803
AO ) to A2 FO to F2
RW R/V_V
AS \ / CS
E / \ IE
DO to D15 J \ DO to D15
(MPU read) \ f
DO to D15 / \
(MPU write) { ) DO to D15
Figure 18 HD6303 Interface Signals
CPU (HD64180) HD81803
AO to A2 FOto F2
Cs o
OE The RD and WR
pulses must be
=T) IE 300 ns or wider
WR RW
N>
40 to 50 ns delay
DO to D7 DO to D7
Only two TTL devices are needed
for the interface

Figure 19 Example Interface for Z-80 Series Microprocessors
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(5) Example response of a microprocessor to an
ADPCM data transfer request (REQ)

When REQ goes low, the microprocessor must

input or output data. Examples of the I/O timing
on each states are given below.

Examples

1. 4-bit data input/output in the 8-bit parallel mode

125 ps (typ)

D
O

TN O R O O

|
»

U U

Data Data

U U

Data Data

Applicable states: Serial coding
Serial decoding
Parallel coding 1
Parallel decoding 1

2. 8-bit data input/output in the 8-bit parallel mode

250 ps (typ)

|

L

By
m
e

L L

U

Data

@l
w

U U

Data Data

Applicable states: Parallel coding 2

Parallel decoding 2

— When transferring 16 bits of data, two 250-us cycles are needed for an 8-bit bus, or one 500-us cycle

for a 16-bit bus.
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Notes

The Phase relationship between serial input
enable and serial output enable

The serial input enable (SIEN) and serial output
enable (SOEN) signals should be basically the
same. However, if a phase difference between

them is unavoidable due to the system design,
timing relationships should be as shown in Figure
20. The output from SO should be terminated
before the input from SI is completed. The input
from SI is completed at the rising edge 16 clock
pulses from the rising edge of SIEN.

SEN /] \&_&\Z\\\\\\\\\\\\\\\

16 clock pulses

' '
i '
' <
' ‘
' 1

Y

SICK_i . TI

L el sl [l

. *4
ns:e-

1 ps (max) !

SOEN /4

*3

N

120 ps (max)

A

SOCK I I |

'
[
' 0
H '

L 1

Figure 20 Timing Relation between Serial Input and Output Enable

*1: The first rising SICK edge after SIEN goes high

*2: The rising SICK edge 16 clock pulses later (The rising SIEN edge is ignored.)

*3: The rising SOCK edge after SOEN goes high
*4: The rising SOCK edge after SOEN goes low

*5: The minimum is undefined. That is, as in the usual case, this value might also be negative

(*4 precedes *2).
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Sample System Configuration

This section shows an example record/playback
system consisting of the HD81803 and a host CPU
HD6301 (Figure 21).

This design uses the HM62256 (256-kbit RAM) as
a speech data RAM to record and playback speech
data for 7-8 seconds. The microphone and power
amplifiers are not shown in this figure.

Specifications

— Speech data memory: HM62256 (also used as
system memory)

-~ CODEC: HD44238 p-law CODEC

— Sampling frequency: 8 kHz

— Number of coding bits: 4

i

Murata MFG. Co., Ltd.

CSA32.00MX040

-

>
-
<

1

RES
OSC
REQ
LS163 +5V
+§) \")
HCO04 HC04 i o4
R Yy i e
2 RD
b/ 62 WR.
:0 R/W
] 59
"0 | AOto A15

b1> CSROM
Y g§—> CSPCM

b4

P57 A7 43
P56 A6 132
P55 As[4
P54 A4
P53 A3 4L
= L
P50 AolR

DO to D7

Tantalum electrolytic
capacitor +5V

Figure 21 Example System Configuration (Microprocessor Section)
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4060 4069
> 4.7k
iM +5V
{ o
iR -
;100 p==100 p gl T Tarx
=4
Murata MFG. Co., Ltd. # 3 REQ
CSAB40A 8
stz oV
fis ]
LR QA
LOAD Qs ? _
8 Soni- RES
c osC
P RGE- HD81803 A0 to A2
2
>CKGND
”[r osc E?
38 1RES Fofe4
¥ |REQ CS|83———<— CSPCM
MODE1 RW[88——<- RW
SV sV | | 4T sluopes B[ a7kee E
HD44238C 0 LAW B} g :':':'
['—LVDD PD[4-9¢ & o—371vH D13 (5 Wy
= 5V s9lsoik  BiEfEmN
21|~ D10a— W
THOLOCK[I2 3156k DapE AW
X
ﬁ‘m"g —>Ua,. PCM2 2913 s e
3 7
| RESEIAC HsoEn Dol
Anal .
outplc:tg Aout PCMin8 %150 Bg :13 4
GA2R 2{vL1 D2 32
Analog AGND 26 9 0
ground GA1 10 k VL2 Do
. GND Ve
Vss DGND ; - DO to D7

16 7}71_3 Analog ground =
- 3.3y
5V Digital ground

Tantalum electrolytic
capacitor

Separate the analog ground and digital grounds. Connect the analog signal lines (A, Agy, GA1, and GA2)
as far from the digital signal lines as possible, and don't allow them to cross. Provide a bypass capacitor
(3-47 uF) at the shortest connection between V¢ and ground.

Figure 22 Example System Configuration (ADPCM Section)
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3 3

A0 to A15

3
O

R N
HN27128AG HM62256P
cs (2154
CSROM > 204 CE 26 13/ L 27 o WE A14 J_Jﬁ/zﬁja
Az 121 L2 Als [212/
- AF
OE A11 [23 11 OE A1 [23 114
v A10 |21104 Afo [2110/
PP A9 24 9/ A9 124 9/
PGM A8 ‘25'—83 7 A8 25_83 7
A7 4 6 A71a 6
/LI& o7 ﬁg 2 & (L_LS. o7 ﬁg 2 3
/6_15 06 A4 18— /6_1_8_ /06 A4 18—44
(217 os A3 {L 3 (511 yos A3 L3/
418 54 A2 (8 2/ (4 18104 A2 [8—2/
(213 52 Ao OO/ (2131050 Ao P1O0/
V " /Q_Ll /
Vss Ve Vv \'i
14 28 14 28
33y 33y
Tantalum electrolytic Tantalum electrolytic
/ capacitor J capacitor

DO 1o D7

Figure 23 Example System Configuration (Memory Section)
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Appendix (Terminology)
ADPCM

PCM (pulse code modulation) is a process for
converting analog signals into digital signals. This
process is employed in CD players and so on which
can provide high-quality recording and playback
of speech data with enough number of bits.

The ADPCM (adaptive differential pulse code

modaulation) is the one of methods which requires
less data than PCM. In the ADPCM process, each
differential between two adjacent samples is
represented by the small number of bits (as PCM),
while the quantization intervals (bit weight) of the
PCM signals are made adaptive according to the
differentials. Thus, high-quality speech data is
available in a wide dynamic range thanks to
ADPCM.

ADPCM Encoder

The ADPCM encoder quantizes the differential between the estimated and input values according to the

quantization interval A.

+ Differential —
PCM /\gf-g >| Quantizer | ADPCM
(12 to 16 bits) input (3 or 4 bits)
- Change in
Estimated VAN quantization [<—e
value interval
—] Inverse
quantizer

A\ :Quantization interval
z-1": Delay

ADPCM Decoder
The ADPCM decoder, having the same configuration as the estimator in the ADPCM encoder above,
reverses the coding procedure.
ADPCM * \H Inverse quantizer —> PCM
input output
Changein o
quantization z-
interval

Reference: K. Nakata "Onsei" J. Acoustic Society of Japan, 1977, Corona Pub. Co., Ltd, Japan
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Package Dimensions

Unit: mm (inch)
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e Hitachi Code| DP-40
EIAJ —
JEDEC —
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[16.58(00.653)
39
g imlefinliclciclclcfelclx]
8| 400 28
gl 4 h
Sl i]
@ | 4410 g
S| 14 |O
58 :
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™ 0 1] -4
| e p18 Qe @
(=} o
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17 gg’ -lo
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(S wmio
Wi
(] \ NE
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35



When using this document, keep the following in mind:
1.
2.

This document may, wholly or partially, be subject to change without notice.

All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole or part of this document
without Hitachi's permission.

Hitachi will not be held responsible for any damage to the user that may result from accidents or any other reasons
during operation of the user's unit according to this document.

Circuitry and other examples described herein are meant merely to indicate the characteristics and performance of
Hitachi's semiconductor products. Hitachi assumes no responsibility for any intellectual property claims or other
problems that may result from applications based on the examples described herein.

No license is granted by implication or otherwise under any patents or other rights of any third party or Hitachi, Ltd.
MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL APPLICATIONS without the
written consent of the appropriate officer of Hitachi's sales company. Such use includes, but is not limited to, use in life
support systems. Buyers of Hitachi's products are requested to notify the relevant Hitachi sales offices when planning
to use the products in MEDICAL APPLICATIONS.

@ HITACHI

Hitachi, Ltd.

Semiconductor & IC Div.

Karukozaka MN Bidg., 2-1, Ageha-cho, Shinjuku-ku Tokyo 162, Japan
Tel: Tokyo (03) 266-9359

Fax: (03) 235-2375

For further information write to:

Hitachi America, Ltd. Hitachi Europe GmbH Hitachi Europe Ltd. Hitachi Asia (Hong Kong) Ltd.
Semiconductor & IC Div. Electronic Components Div. Electronic Components Div. Unit 706, North Tower,
2000 Sierra Point Parkway Central Europe Headquarters Northem Europe Headquarters World Finance Centre,
Brisbane, CA. 94005-1819, Hans-Pinsel-Strape 10A, 21 Upton Road, Harbour City, Canton Road,
USA 8013 Haar bei Miinchen, Wafford, Herts WD1 7TB, Tsimshatsui, Kowloon,
Tel: 415-589-8300 West Germany United Kingdom Hong Kong
Fax: 415-583-4207 Tel: 089-46140 Tel: 0923-246488 Tel: 852-3-7359218

Fax: 089-463068 Fax: 0923-224422 Fax: 852-3-7306071

3

ADE-207-038 (H) Printed in Japan

JAN O 3 081

v &



