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ADPCM Speech Processors

Description

The uPD775x speech processors utilize adaptive differ-
ential pulse-code modulation (ADPCM) to produce
high-quality, natural-sounding speech. The uPD775x
family includes four types with a built-in ROM and one
with a one-time programmable (OTP) ROM.

ROM OTP ROM
uPD7755 —
LPD7756 uPD77P56
uPD7757 —
uPD7758 —

Note: Unless excluded by context, uPD775x means all
types listed above; uPD7756 includes uPD77P56. The
1PD7759, which uses external ROM, is aiso considered
part of the uPD775x family but is covered in a separate
data sheet.

By combining melody mode, ADPCM, and pause com-
pression, the uPD775x achieves a compressed bit rate
that can reproduce sound effects and melodies in
addition to speech. A built-in speech data ROM allows
reproduction of messages up to 4 seconds (uPD7755),
12 seconds (UPD7756), 24 seconds (UPD7757), or 48
seconds (uPD7758).

A wide range of operating voltages, a compact pack-
age, and a standby function permit applications of the
uPD775x in a variety of speech output systems, includ-
ing battery-driven systems.

Features

2 High-quality speech reproduction using ADPCM

O Low bit rates (10 to 32 kb/s) using a combination of
ADPCM and pause compression

O Bit rates to less than 1 kb/s for sound effects,
melodies, and tones (DTMF) using melody mode

O D/A converter with 9-bit resolution and unipolar
current waveform output

O Built-in speech data ROM
— uPD7755; 96K bits
— uPD7756/P56: 256K bits
— uPD7757: 512K bits
—uPD7758: 1M bits

O Sampling frequency: 5, 6, or 8 kHz
o Standby function
B Typical standby current: 1 uA (Vpp = 3V)
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or releasing standby mode
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Ordering Information

Circuit to eliminate popcorn noise when entering

Wide operating voltage range: 2.7t0 5.5V
CMOS technology
18- and 20-pin plastic DIP
24-pin plastic SOP

Part Number Package ROM (bits)
uPD7755C 18-pin plastic DIP 96K
(A, C outline)
55G 24-pin plastic SOP
uPD7756C 18-pin plastic DIP 256K
(A, C outline)
566G 24-pin plastic SOP
HPD77P56CR 20-pin plastic DIP 266K (OTP)
PSEG 24-pin plastic SOP
pPD7757C 18-pin plastic DIP 512K
(SA outline)
57G 24-pin plastic SOP
uPD7758C 18-pin plastic DIP M
(SA outline)
58G 24-pin plastic SOP
Pin Configurations
18-Pin Plastic DIP
wPD7755/56/57/58
w1 NS ey
s 2 1701
lgds 160K
ra 1501y
REF [] § 140 ST
avor]s 1phts
BUSY Q7 12 X1
RESET [} 8 1 [ x2
GND (] 9 10 1 vpp
BIFM-8018A
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Pin Configurations (cont) PIN FUNCTIONS
20-Pin Plastic DIP AVO (Analog Voice Output)

AVO outputs speech from the D/A converter. This is a
wPD77PS6 . - .
wWoa 07 N/ 21 1Dy unipolar sink-load current. No current flows in standby
150g O 2 19 [ 120 mode.
1g/Dg O} 3 18 3 14/D4 —_—
D7 O 4 17 1 1o BUSY (Busy)
REF/:?;E : :: g%/mo BUSY outputs the status of the uPD775x. It goes low
BUSYIMD O 7 whbx ¢ d_uri.ng spgech decode and output operations. When
RESETMD4 [] 8 1hxe ST is received, BUSY goes low. While BUSY is low,
GND [ 9 120 vpp another ST will not be accepted. In standby mode,
NG 10 1[0 vep BUSY becomes high impedance. This is an active low
BIFM-B017A output.
24-Pin Plastic SOP CS (Chip Select)
LPD775x When the TS input goes low, ST is enabled.
vpp O 1 \_/ 22 anD
x20]2 23 J RESET/(MDy) Dg - D7 (Data Bus)
xi 03 22 [ BUSY/(MD
No/vep) O] 4 2 b ::g wea Eight-bit input/output data bus from PROM when pro-
TSMDa) o 5 20 D Avo gramming and verifying data.
sT6 19 [1 REF/MD2)
NC O 7 1w NC lg - I7 (Message Select Code)
Ne )8 7p
1o/0g) T} 9 1; o ZCIM) lp - I7 input the message number of the message to be
1D o 10 15 1 1g/0) decoded. The inputs are latched at the rising edge of
12/D2) ] 11 14 11 15/(Dg) the ST input. Unused pins should be grounded. In
1/(Dg) [ 12 13 P 14/(Dg) standby mode, these pins should be set high or low. If
Note: () = Addtions for the sPD77PSS. they are b|a§ed at or near typical CMOS switch input,
BFM-0018A they will drain excess current.
Pin Identification MDg - MD3 (Mode Select Input)
Symbol Name Operation mode selection inputs from PROM when
AVO Analog voice output programming and verifying data.
BUsY Busy output REF (D/A Converter Reference Current)
cs Chip select input
Do-D7 PROM 1O data bus REF inputs the sink-load current that controls the D{A
oy " oot code ot converter output. REF should be connected to Vpp via
0°%7 99580 seloct cocd ey a resistor, In standby mode, REF becomes high imped-
MDg - MD3 Operation mode selection input from PROM ance.
REF D/A converter reference current input
RESET Reset input RESET (Reset)
sT Start input The RESET input initialized the chip. Use RESET follow-
X1, X2 Ceramic resonator clock terminals ing power-up to abort speech reproduction or to re-
Voo +5 Y power lease standby mode. RESET must remain low at least
v o6 V PROM valt ot 12 oscillator clocks. At power-up or when recovering
i : voltage application from standby mode, RESET must remain low at least 12
GND Ground more clocks after clock oscillation stabilizes.
NC No connection
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ST (Start)

Setting the ST input low while CS is low will start
speech reproduction of the message in the speech
ROM locations addressed by the contents of Iy - I7. If
the device is in standby mode, standby mode will be
released.

X1, X2 (Clock)

Pins X1 and X2 should be connected to a 640 kHz
ceramic resonator. In standby mode, X1 goes low and
X2 goes high.

Vpp (Power)
+5-V power supply.
Vpp (PROM Power)

+12.5-V high-voltage application pin for programming
and verifying data to PROM.

GND (Ground)
Ground.
NC (No Connection)

These pins are not connected.

uPD775x Block Diagram

OPERATION

The uPD775x can operate with a Vpp supply voltage in
the 2.7- to 5.5-V range. An external 640-kHz ceramic
resonator connected to pins X1 and X2 drives the
internal clock oscillator. Initialization is performed by
holding the RESET pin low for at least 12 oscillator
clock cycles.

When the uPD775x has been idle (that is, when CS, ST,
or RESET have not been asserted) for more than 3
seconds, the uPD775x goes to a standby mode. It will
automatically release from standby mode when CS
and ST are asserted again or when RESET is asserted,

A uPD775x can store 256 different messages and up to
4 (uPD7755), 12 (uUPD7756), 24 (uPD7757), or 48
(uPD7758) seconds of speech. The message selection
atpinslg - Iz is latched at the rising edge of STwhen CS
is asserted. BUSY goes low until the selected audio
speech output is completed. While BUSY is low, a new
ST will not be accepted.

The internal D/A converter has 9-bit resolution and
unipolar current output. Current can be controlled by
the voltage applied at the REF pin.

N

x1
y ~—— Oscitator
g Speech PROM Control —— X2
ip-17/(Dg-D7) |_:> Ls‘g'::‘c';"gﬂ;‘t [ Data Memory < uPD77P58 v
l—vpp «—— VDD
«—— GND
ﬂ r— REF/(MD2)
CS/(MD3) —>|
P —r— S) ADPCM —:> DA
RESET/(MD) ControBer > D Converter AVO
BUSY/(MDO) «———

Note: ()= Additions for the uPD77P58

48NR-158B
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ELECTRICAL SPECIFICATIONS Absolute Maximum Ratings
Ta = 25°C

This section describes the electrical specifications for

I Supply voltage, Vpp -03to +70V
the uPD775x family of processors. The uPD77P56 elec- outvaltace v 3V 1 03V
trical specifications in PROM operation mode are de- oo > 2% I et ¥oo* 2
scribed in the later PROM electrical specifications ~ Output voltage, Vo ~03toVpp + 03V
section, PROM power voltage, Vpp ~0.3t0 +135V

PROM output current, I (AVO pin only) 50 mA
Capacitance Operating temperature, TopT
Tp = 25°C 7755/56/57/58 ~10 to +70°C
77P56 —40 to +85°C
Parameter Symbol Min Typ Max Unit Conditions
- Storage temperature, Tgtg
Input capacitance  Cj 10 pF fe=1MHz 7755/56/57/58 _40 to +125°C
Output capacitance Cg 20 pF 77P56 -65 to +125°C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit Conditions
Operating temperature topT Ambient temperature
7755/56/57/58 -10 +70 °C
77P56 -40 +85 °C
Power voltage Vop 2.7 85 v Operation
5.75 6.25 \ PROM Programming
PROM programming voltage Vep 27 55 \ Operation
12.2 12.8 v PROM programming
RESET pulse width trsT 18.5 us
8T set-up time tps 125 us From RESET t
ST pulse width tcot 2 us Vpp = 27t 58V
tec2 350 ns Vpp = 45t0 58V
Data set time tow 2 us Vpp = 271055V
towe 350 ns Vpp = 45t 55V
Data hold time twp 0 ns
CS set-up time tes 0 ns
GS hold time tsc 0 ns
CLK frequency fosc 630 640 650 kHz

Note: Voltage at AC timing measuring point: V) = Vo = 0.3 Vpp and Vi = Vo = 0.7 Vpp

DC Characteristics
Tp = -10to +70°C; T = —40 to +85°C (uPD77P56); Vpp = 27 10 5.5V, fogc = 640 kHz

Parameter Symbol Min Typ Max Unit Conditions
Input voltage high ViH 0.7 Vpp Vop v Applies to Iy - |7, ST, C§, RESET
Input voltage low Vi ] 0.3 Vpp v Applies to I - 17, 8T, CS, RESET
Output voltage high Vou Vpp-05 Vop v Applies to BUSY, oy = -100 uA
Output voltage low VoLq 0.4 v Applies to BUSY, Vpp = 5V £10%, lo = 16
mA
VoL2 0 0.5 v Applies to BUSY, lg, = —200 pA
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DC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
Input leakage u 3 LA Applies to lp - 17, ST, REF, CS; V| = 0to Vpp
current
Qutput leakage Lo 3 LA Applies to BUSY; Vg = 0 to Vpp in standby
current mode
Supply current lop1 08 2 mA Vpp = 271055V
Ibp2 1 20 HA Vpp = 2.7 10 5.5 V in standby mode
IbD3 250 600 LA Vpp = 27103.3V
lopa 1 10 LA Vpp = 2.7 to 3.3 V in standby mode
Ipp 1 20 pA Vpp = Vpp )
Reterence input IREF1 140 250 440 HA Vpp= 27V, Rger=0Q
high current
area (figure 1) IRerF2 500 760 1200 HA Vpp = 55V, Rger = 0Q
Reference input low IREF3 21 30 39 LA Vpp = 27V, RRer = S0 kQ
current
area (figure 1) IREF4 68 78 88 HA Vop = 5.5V, Rpgr = 50 kQ
D/A converter lavo 32 34 36 IREF Vpp = 271055V, Vayo = 20V,
output current D/A input = 1FFH
(figure 1)

D/A converter A +5 UA Vayo = 0to Vpp in standby mode
output leakage
current

AC Characteristics
Ta = -10t0 +70°C; Tp = —40 to +85°C WPD77P56); Vpp = 2.7 to 5.5 V; foge = 640 kHz

Parameter Symbol Min Typ Max Unit Conditions
BUSY output time (from 5T and/or CS)  tggo 825 10 us  Operation mode
tsBs 4 80 ms  Standby mode, including oscillation start time
BUSY set time tep 625 10 us  Standby mode
Speech output start time tsso 21 22 ms Operation mode (from BUSY)
tsss 2.1 22 ms  Standby mode
D/A converter set-up time toa 465 47 ms  Entering/releasing standby mode
BUSY delay time tsp 15 ps  From end of speech output
BUSY output stop time e 95 us ForRESET
Standby transition time tsTR 29 3 s From end of speech output
Figure 1. Measuring Diagram for Iper and Iavo Figure 2. External Oscillator
Voo WPD775x uPD775x

RREF
REF X1
IREF —> (&3]
¥ I
AVO x2

BIFM-8010A Ceramic resonators:
Kyocera Corp. KBA-640B (C1 = C2 =220 pF)
Murata Mfg. Co. Ltd. CSBB40P (C1 = C2 = 220 pF)

lavg —
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Timing Waveforms Reset Mode

AC Waveform Measurement Points

U]
)j; 07V o.7vj< RESET \: ;/

03V 03V

BIFM-8031A tRsT

s \ /S
Standby Mode )
tRs
s\ /
|

[2

BUSY \

: —

tow
tcc
y
o-ly y Valid .
N Operating Mode (ST Input Puise Mode)

BUSY  ianz HighZ 3
o3 ‘(— —>| | tsc
€—tsBS—>| —> {BD tDw
tDA —> DA I |
l-tSTB ST \ /
Speech K 7
1FFH- Output
AVO 100H- tcc
000H- |
—>»| |«— t§8S

B3FM-B021A

lp-l7

BUSY

1FFH-
AVO 100H- Speech Output
000H-
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Operating Mode (ST Input Hold Low Mode) USING ONE-TIME PROGRAMMABLE ROM

The uPD77P56 speech processor features a 256K-bit
one-time programmable (OTP) ROM. This section de-
scribes the PROM initialization procedure, the PROM
operation modes, the PROM programming procedure,
and the data readout verification procedure.

S

Initialization

Before programming the PROM, the PROM address 0
clear mode must be set to prevent erroneous program-
ming: set the MDg - MDg pins to high, low, high, low,
respectively. The PROM address 0 clear specifications
«— tsBO are also shown in the PROM Operation Modes table.

lo-i7 Vald

_//
— 1

N

Permanent data used forthe LSl is stored inthe system

BusY area of the memory from 0001H to 0004H. This data is
5AH, ASH, 69H, and 55H. Blank check the memory at
0000H and from 0005H to the end address. Program the
memory from 0000H to the end address.

AVO

PROM Operation Modes
To enter the PROM operation modes, connect +6 V to m

Vpp and +12.5 V to Vpp and set the ST pin to low level.
Also set AVO and Xz pins open and X to low level. There
are four PROM operation modes. The PROM Operation
Modes table identifies and decribes these four modes.

PROM Operation Modes

Operation Mode Specitications
Operation Mode Description MDg MD4 MD, MD3

PROM address 0 clear This mode sets the PROM address to 0, even if set while High Low High Low
switching between modes. Setting this mode out of sequence
may result in erroneous changes to data.

Program mode This mode programs speech data to PROM with data on Dg - Low High High High
Dy.
Verity mode This mode checks the speech data stored in PROM. The data Low Low High High

can be verified by reading Dy - Dy.

Inhibit mode This precautionary mode can be used while switching between High High or Low High High
modes. This mode can be passed through to avoid an
accidental setting of the program address 0 clear mode.
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PROM Programming Procedure

This procedure describes how to program the PROM.
Data can be programmed into PROM at two timing
speeds, low or high. The procedure for both speeds is
the same, except that at low speed data is pro-
grammed for 1 millisecond and at high speed data is
programmed for 250 microseconds. The PROM timing
waveforms section has diagrams that illustrate low-
and high-speed timing. See figure 3 for a flow-chart
diagram of the PROM programming procedure. The
procedure is as follows:

(1) Set ST pin to low level, AVO and X2 pins to open,
and X1 to low level.

(2) Apply +5 Vto Vpp and to Vpp.

(3) Wait 10 us.

(4) Set PROM address 0 clear mode.

(5) Apply +6Vto Vpp and +125V to Vpp

(6) Set program inhibit mode.

(7) Program datain 1 ms (low speed) or 250 us (high
speed) of program mode.

(8) Set inhibit mode.

(9) Set verify mode: If data has been programmed, go
to step 10, if data has not been programmed,
repeat steps 7t0 9.

(10) For low-speed, additional programming: X x 1 ms,
where X is equal to the number of times data has
been programmed in steps 7 to 9.

(11) Set inhibit mode.

(12) Increment an address by applying a pulse to X1
pin four times.

(13) Repeat steps 7 to 9 up to the final address.

(14) Set PROM address 0 clear mode.

(15) Change voltages Vpp and Vppto +5 V.

(16) Turn the power off.

Notes:

(1) Avoid setting the PROM address O clear mode when moving to
another mode.

(2) This high-speed programming procedure is different from that of
pPD27C256A.

PROM Data Readout Procedure

The programmed processor can read out data from the
PROM. The PROM timing waveforms section has a
diagram that illustrates the data readout timing. To
verify the data, use the following procedure:

(1) Set ST pin to low level, AVO and X2 pins to open,
and X1 to low level.

(2) Apply +5 V to Vpp and to Vpp.

(3) Wait 10 us.

(4) Set PROM address 0 clear mode.

(5) Apply +6 Vto Vpp and +12.5 V to Vpp.

(6) Set inhibit mode.

(7) Set verify mode: Read data for one address on Do
- Dy; then apply four clock pulses to the X1 pin.
Repeat for each address up to the end address.

(8) Set inhibit mode.

(9) Set PROM address 0 clear mode.

(10) Change voltages Vpp and Vep to +5 V.

(11) Turn the power off.

Note: Avoid setting the PROM address 0 clear mode when
moving to ancther mode.
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Figure 3. PROM Programming Flow Chart

Vpp=5Y
Vpp=5V

Walt 10 us

Ypp=5V
Vpp=5V

N = maximum address
X = number of imes
programmed
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PROM ELECTRICAL SPECIFICATIONS

This section lists the electrical specifications of the
HPD77P56 while in PROM operation modes.

DC Characteristics
Ta = 25 *5°C; Vpp = 6 £0.25 V; Vpp = 125 203 V

Parameter Symbol Min Typ Max Unit Conditions
Input voltage high ViHy 4.2 6 v Dg - D7, MDg, MD4, MDg, 8T, X1
ViHo 25 ] v MD5
Input voltage low ViLq 0 1.8 v Dg - D7, MDg, MD4, MD3, 5T, X1
ViLo 0 0.5 v MD,
Output voltage high VoH 85 A Dg-D7 loy = -1 mA
Output voltage low VoL 0.5 v Dg-D7 lor = +1 mA
Input leakage current L 3 LA Dg - D7, MDg, MD4, MD3, ST, Vjy = Oto Vpp |
Clock input current . 3 20 pA X1, Vin = VoD ‘
WLy 3 20 UA X1,V =0V ‘
MDy input current 2 05 1.4 mA MDso, Viy = Vpp ;
0.12 0.4 mA MDy, Viy = 2.5V
L2 3 uA MDy, Viy = 0V ‘1
Supply current Iop 2 mA ;
lpp 10 mA

AC Characteristics
Ta = 25 *5°C; Vpp = 6 £0.25 V; Vpp = 125 *0.3V

Parameter Symbol Min Typ Max Unit Conditions

Address setup time (for MDg {) tas 2 s

MD, setup time (for MDg {) Mis 2 us

Data setup time (for MDg ) tos 2 Hs

Address hold time (for MDg 1) taH 2 us

Data hold time (for MDg ) 1OH 2 us

MDgy t to data output float delay time toF 0 130 ns

Vpp setup time (for MD3 1) tvps 2 s

Vpp setup time (for MD3 1) tvDs 2 s

Initial program pulse width thw 0.9 1 1.1 ms Low-speed programming
240 250 260 s High-speed programming

MDy setup time (for MD4 1) tMos 2 us

MDg | to data output delay time tov 1 Hs MDg = MDy = V)

MD; hold time (for MDg 1) tM1H 2 us tM1H + tM1R = 50 s

MD4 recovery time (for MDg ¥) M1R 2 us

Program counter reset time toch 10 us

X1 input high-and low-level widths tH» e 1 us

X1 input frequency fx 1 MHz

Initial mode-setting time Y 2 Hs

10
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AC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
MDj setup time (for MD4 1) tmas 2 s

MDj hold time (for MD4 ¥) tM3H 2 Hs

MDj setup time (for MDg 4) tMasr 2 us Program memory readout
Address to data output delay time tpAD 2 us

Address to data output hold time tHAD 0 130 ns

MDj3 hold time (for MDy 1) tM3HR 2 s

MD3 ¢ to data output float delay time tDER 2 s

MDg hold time (for MD, 1) tMoHs 2 Hs

MD2 t to data output delay time tops 2 s

MD5 hold time (for MDg ¥) tmoss 2 s
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PROM Timing Waveforms

Low-Speed Data Programming Timing

[<— tvpPs
VPP —4— —45
Vep
VoD
[€— tvDS
Vop+1 44 45
VoD
vop —|
— txH
x1 45 ~55-
DoD7
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MDo /| I I
| | i
| t 1
! 1 ' 1
| 1 I | ! i
| | ! | | | |
| I | ] [ I [
MD1 i ! I I ' I
——— | | | | |
| | | | | ! §
tPCR | > d 1 | | | 1
l— tM15 | | | | 1 |
[ 1 I I I e | I | L,
T T T T 24 T T T T2
MD2 ! | I I l I I I
1 1 | 1 1 | [ | |
| ! [ | | 1 | | |
| 7> < tmes I I I | | IMBH —>
| | | | ] 56 | | } y
| | | | | | | ] | I
Mos i I ! | | i f I | n
_l'_7 i | | | | 1 | | | H
| | | | t | {( | | | | ¢ 11
r T 1 | ] I 2T 1 I | 271
PROM  inhibit Inhibit Verify Inhibit Repsat Program  inhibit Program Inhiblt [* inhibit PROM
address  (2) Program (4) &) (6) steps2-6x @) 9 Address address
O clear 3) times until Increment 0 clear
1) varity OK (10) Repeat steps
[y] 3-10 to end
address
83FN-00288
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High-Speed Data Programming Timing

[«— tvps
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Data Readout Timing
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