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Documents Constructeurs

Documents Constructeurs Composants :

Antennes de réception satellite ( document partiel )

¢ QPSK/BPSK Demodulator L 64706 ( document partiel )

e Diode Varicap BB 133 ( document partiel )

o Amplificateur Linéaire Intégré LM 833 ( document partiel )
e Mémoire UT 621024 ( document partiel )

o Mémoire M 27C4001 ( document partiel )

e Mémoire AM 29F010 ( document partiel )

e Mémoire ST 24C16

Documents relatifs au Bus I°C :

e |?C-bus Specification version 2.1 ( document partiel )
e |°C-bus Allocation table
e |?C-bus Controller PCF8584 ( document partiel )

e |°C-bus Hi-Fi Stereo Audio Processor TDA8425 ( document partiel )
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ANTENNES DE RECEPTION SATELLITE

] Antennes FOCUS PRIMAIRE — Montage Az-El

o Réflecteur monobloc en aluminium peint en blan mat, avec support-tripode pour la téte LNB UEU-014 d'IKUSI.
o Chaque antenne est livrée en deux emballages correspondants au Réflecteur et au Support.

. Modéle RCF-120 RCF-120 RCF-180 RCF-220
I REFLECTEUR
Référence 1074 1074 1080 1075
m Modele SCF-120 STF-120 SCF-180 SCF-220

SUPPORT

Référence 1073 1072 1081 1076
i Fixation Sol Pylone / Mur Sol Sol
)
Diamétre réflecteur m 1,20 1,80 2,20
- Bande satellite GHz 10,7-12,75
Gain (11,7 GHz) dBi M4 44,9 46,7
Dynamique d'élévation ° 20..70 25...60
Instructions de commande
1 i I - La commande d'une antenne doit spécifier la
e dénomination et la référence des Réflecteur
et Support correspondants. !
RCF-180 + SCF-180 Exemple pour 1 antenne @1,80m: %
-1 RCF-180 (Réf. 1080) N
-1 SCF-180 (Réf. 1081) 1]
RCF-120 RCF-120 RCF-180 RCF-220
Ser120 STF120 SCFti 80 scg-zzo

Antennes OFFSET — Montage Az-El

o Réflecteur acier galvanisé. Traitement de surface et double protection de polyester pour modéle «<RPO». Protection de polyester pour «RPD» et «RPS».
e En modéles «RPD». pré-montés bras téte LNB et mécanisme de réglage d'élévation.

Modgle RPO-100 RPD-085 RPD-060 RPS-040
Référence 3093 1084 1083 1064
Diameétre réflecteur cm 100 85 60 40
5 Gain (11,7 GHz) dBi 40,1 38,9 359 319
- .' Angle "offset" ° 26

RPD-060 Diamétre fixation téte SHF mm 23/40 23/40 23/40 23

Fixation a mat de diametre : mm 30a75 32260 32260 30260
Supports pour Antennes Satellite

Modeéle Réf. Description

SCF-085 | 1067

Ay

STF-085 | 1086

STF-060
STF-060 | 1085
BAP-200 | 1949
BAP-250 | 1082
SCF-085
BAP-250 BAP-350 | 1077

Fixation au sol. Type "colonne". Pour antennes RPO-100 et RPD-085. Tube 950
mm et platine quadrangulaire 200x200 mm en acier zingué chromé vert olive.
Fixation au sol ou mur. Type "tripode". Pour antennes RPO-100 et RPD-085. Tube
050 mm en acier galvanisé.

Fixation au sol ou mur. Type "tripode". Pour antennes RPD-060 et RPS-040. Tube
240 mm en acier galvanisé.

Platine d'ancrage pour la colonne SCF-085. Plaque 200x200x2 mm et 4 crochets M12.

Platine d'ancrage pour les supports SCF-120 et SCF-180. Plaque 250x250x2 mm et 4
crochets M16.

Platine d'ancrage pour le support SCF-220. Plaque 350x350x2 mm et 4 crochets M18.
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] Tétes "QUATRO’ pour des Antennes Collectives

CE |

o Deux modéles, pour montage sur antennes focus primaire et offset. Sont integrés LNB, source et transducteur orthomode.
® 4 sorties BIS (H-basse, H-haute, V-basse et V-haute). Raccordements F.

Modéle UEU-014 UEU-124K
#"-' Référence 3230 1114
Type d'antenne focus primaire offset
Fréquence d'entrée GHz 10,7 - 12,75
Nombre de sorties BIS 2H‘-‘2\/
. . BIS aux deux sorties H MHz 950 - 1950 / 1100 - 2150 950 - 1950 , 1100 - 2150
UEU-014 (Bandes d'entrée rattachées) (10,7 - 11,7 GHz) / (11,7 - 1275 GHz) | (10,7 - 11,7 GHz) * (11,7 - 12,75 GHz)
BIS aux deux sorties V MHz | 950 - 1950 1100 - 2150 950 - 1950 , 1100 - 2150
(Bandes d'entrée rattachées) (10,7 - 11,7 GHz) / (11,7 - 1275 GHz) | (10,7 - 11,7 GHz) * (11,7 - 12,75 GHz)
Gain dB 55 (£5) 56 (+6)
Facteur de bruit (typ) dB 0,7 0,7
Polarisation croisée dB 220 225
Fréquences oscillateurs locaux| GHz 9,75/ 10,6
Bruit de phase max dBc/Hz 1 kHz: -50 » 10 kHz: -75 . 100 kHz: -95
UEU-124K Affaibliss. de réflexion sortie dB 275 275
Tension téléalimentation Vee +11,5 ... 419 +11,5 ... +19
Consommation max mA 300 230
Diamétre fixation mm - 40
(M Par niimporte lequel des quatre ports de sortie.
] Téte Universelle pour des Antennes Individuelles CE
e Pour montage sur antennes “offset”. Sont integrés LNB, source et polarisateur.
o Commutation bandes basse/haute par ton. Commutation polarisation H/V par tension.
o 1 sortie BIS. Raccordement F.
Modeéle UEU-121K
Référence 1113
Type d'antenne offset
Fréquences d'entrée GHz 10,7 - 12,75
BIS a la sortie ) MHz 950 - 1950 1100 - 2150
(Bandes d'entrée rattachées) (10,7 - 11,7 GHz) (11,7 - 12,75 GHz)
Commutation bandes basse/haute par ton 0/ 22 kHz
Commutation H/V par tension +16,0 ... +19,0V / +11,5 ... +140V
Gain dB 56 (+6)
UEU-121K Facteur de bruit (typ) dB 0,7
Polarisation croisée dB 230
Fréquences oscillateurs locaux| GHz 9.75 / 10.6
Bruit de phase max dBc/Hz 1kHz: -60  ,, 10 kHz: -80  , 100 kHz: -100
Affaibliss. de réflexion sortie dB 275
Tension téléalimentation Vce +11,5 ... +19
Consommation max mA 100
Diamétre fixation mm 40

() Par le port de sortie.
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National
Semiconductor

LM833

Dual Audio Operational Amplifier
Features

General Description

The LM833 is a dual general purpose operational amplifier
designed with particular emphasis on performance in audio
systems.

This dual amplifier IC utilizes new circuit and processing
techniques to deliver low noise, high speed and wide band-
width without increasing external components or decreasing
stability. The LM833 is internally compensated for all closed
loop gains and is therefore optimized for all preamp and high
level stages in PCM and HiFi systems.

The LM8383 is pin-for-pin compatible with industry standard
dual operational amplifiers.

Wide dynamic range:
Low input noise

voltage:

High slew rate:

High gain bandwidth:
Wide power bandwidth:
Low distortion:

Low offset voltage:
Large phase margin:
Available in 8 pin MSOP

package

January 2003

>140dB

4.5nVAHz

7 Vlus (typ); 5V/us (min)
15MHz (typ); 10MHz (min)
120KHz

0.002%

0.3mvV

60°

Schematic Diagram (i/2 Lvs3s)
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LM833

Connection Diagram

OUTA-l ~ 8

— +Vce
2

—IN A —=d — 0UT B
3

+INA — —INB
4

—VEe = > +INB

00521802
Order Number LM833M, LM833MX, LM833N, LM833MM or LM833MMX
See NS Package Number
MO8A, NOSE or MUAOSA
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Absolute Maximum Ratings (Note 1) Storage Temperature Range Tsre —-60 ~ 150°C

If Military/Aerospace specified devices are required, Soldering Information

please contact the National Semiconductor Sales Office/ Dual-In-Line Package

Distributors for availability and specifications. Soldering (10 seconds) 260°C

Supply Voltage Vec—Vee 36V Small Outline Package

Differential Input Voltage (Note 3) V, +30V (SOIC and MSOP)

Input Voltage Range (Note 3) V,c +15V Vapor Phase (60 seconds) 215°C

Power Dissipation (Note 4) Pp 500 mW Infrared (15 seconds) 220°C

Operating Temperature Range Topr -40 ~ 85°C ESD tolerance (Note 5) 1600V

DC Electrical Characteristics (Notes 1, 2)

(Ta = 25°C, Vg = £15V)

Symbol Parameter Conditions Min Typ Max Units
Vos Input Offset Voltage Rs = 10Q 0.3 5 mV
los Input Offset Current 10 200 nA
Ig Input Bias Current 500 1000 nA
Ay Voltage Gain R =2kQ, Vo = £10V 90 110 dB
Vom Output Voltage Swing R = 10 kQ +12 +13.5 \Y

R =2kQ +10 +13.4 \
Vem Input Common-Mode Range +12 +14.0 \
CMRR Common-Mode Rejection Ratio Vin = 212V 80 100 dB
PSRR Power Supply Rejection Ratio Vg = 15-5V, -15--5V 80 100 dB
lg Supply Current Vo = 0V, Both Amps 5 8 mA

AC Electrical Characteristics

(TAo =25°C, Vg = 215V, R_ = 2 kQ)

Symbol Parameter Conditions Min Typ Max Units
SR Slew Rate R, =2 kQ 5 7 V/ps
GBW Gain Bandwidth Product f =100 kHz 10 15 MHz

Design Electrical Characteristics

(Ta = 25°C, Vg = £15V) The following parameters are not tested or guaranteed.

Symbol Parameter Conditions Typ Units
AVog/AT Average Temperature Coefficient 2 uv/°c

of Input Offset Voltage
THD Distortion R =2 kQ, f = 20~20 kHz 0.002 %
Vour =3 Vrms, Ay =1
e, Input Referred Noise Voltage Rs = 1009, f = 1 kHz 4.5 nv/Hz
in Input Referred Noise Current f=1kHz 0.7 pA/FZ
PBW Power Bandwidth Vo =27 Vp,, R =2KkQ, THD < 1% 120 kHz
fu Unity Gain Frequency Open Loop 9 MHz
O Phase Margin Open Loop 60 deg
Input Referred Cross Talk f = 20~20 kHz -120 dB

www.national.com
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LM833

Design Electrical Characteristics (continued)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which
guarantee specific performance limits. This assumes that the device is within the Operating Ratings. ificati are not for where no limit
is given, however, the typical value is a good indication of device performance.

Note 2: All voltages are measured with respect to the ground pin, unless otherwise specified.
Note 3: If supply voltage is less than +15V, it is equal to supply voltage.

Note 4: This is the permissible value at Ty < 85°C.

Note 5: Human body model, 1.5 kQ in series with 100 pF.

Typical Performance Characteristics

Maximum Power Input Bias Current vs
Dissipation Ambient Temperature
vs Ambient Temperature
~.1000 800 T T
% Vs=+15V
= 700
S 800
g = 600 Inmc- e
g = et = T o
g 600 = 500
= & wl
™ = 400
&
Z 40 3 2 300
g2 \ 5
=
=g = 200
S \
b= 100
= \
= 3 0
—50 0 50 100 150 —50-25 0 25 S0 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
00521804 00521805
Input Bias Current vs
Supply Voltage Supply Current vs
Supply Voltage
800 T 10 —
00 | R=BC g [T=25C_|
RL=o
T 600 [ z B &
E’ \\ E 7 }
= 500 = 6
& o =
< 400 & 5 =
3 S £
= 300 - ¢ (]
2 g 3
Z 200 5
© 2
100 3
0 0
5 10 15 20 0 5 10 15 20
SUPPLY VOLTAGE ( £V} SUPPLY VOLTAGE (V)
00521806 00521807
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Typical Performance Characteristics (continued)

DC Voltage Gain
vs Ambient Temperature

120
Vs=115v
RL=2kQ
@ 10 —
= —
=
S
w100
5
a
>
290
80
—-50-25 0 25 50 75 100 125
TEMPERATURE (°C)
00521808
Voltage Gain & Phase
vs Frequency
120 0
= [ Vs = *15V
100 \! Ri=2k2 | 40
= \GAIN 3
= 80 -60 =
z N\ ] 2
= N PHASE =
& g
60 -90
] ANIRN 2
g i -
2 40 —120&
20 —150
[} —180
1 10 100 1k 10k 100k 1M 10M
FREQUENCY {Hz)
00521810
Gain Bandwidth
vs Supply Voltage
30
Ta=25°C
_ f=100 kHz
~
ES
=
b 20
5
E
=
=
T
@ 10
=
=
o
0
5 10 15 20

SUPPLY VOLTAGE ( £V}

00521812

GAIN BANDWIDTH PRODUCT (MHz) DC VOLTAGE GAIN (dB)

SLEW RATE (V/ps)

DC Voltage Gain
vs Supply Voltage
120
Ta=25°C
RL=2kQ
10 re=2
L1
—
100
90
80
5 10 15 20
SUPPLY VOLTAGE (+V)
00521809
Gain Bandwidth Product
vs Ambient Temperature
30
Vs =115V
| 1=100 kHz
20 -
T ~——
et
~
10 =
0
-50-25 0 25 50 75 100 125
TEMPERATURE (°C)
ovs21811
Slew Rate vs
Ambient Temperature
10
g L¥s=#15v |
RL=2kQAy=1 [ T
8 1 t +— FALLING
; | of
T T
5 RISING 4
5 I 4
g
ir x|
2+ 4
1E =
i T S T T S
—-50-25 0 25 50 75 100 125
TEMPERATURE (°C)
00521813
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Typical Performance Characteristics (continued)

SLEW RATE (V/us)

CMR (dB)

PSRR (dB)

O e N W s gD e

120

100

80

60

a

20

N
S

=
S

o
=1

=
=2

=
E=3

~
S

o

Slew Rate vs
Supply Voltage

TW=25°C [
RL=2kQ |
Av=1 T FALLING

RISING |

10 15 20
SUPPLY VOLTAGE (+V)

00521814

CMR vs Frequency

Vg =115V

L

|
%

1k 10k 100k 1M 10M
FREQUENCY (Hz)

00521819

PSRR vs Frequency

T pspR Vs = H15V

——
N

\—PSHR

N\

N

100

1k 10k 100k 1M 10M
FREQUENCY (Hz)

00521818

Power Bandwidth

30 Vs = £15V
RL=2kO
- THD <1%
z
w 20
2
g 15
: \
s
£ 10 \
1
=]
5 \
0
100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
00521815
Distortion vs Frequency
Vg = +15¢
RL=2kQ —
_ b— Vo
= 04 3
z :; %
= ]
E = =
EXX L L |
Vp=3 Vrms a
0.001 Vo=1vrms|
10 100 1k 10k 100k
FREQUENCY (Hz)
00521820
Maximum
Output Voltage vs
Supply Voltage
20
Ta=25°C P
15 [RL=10kQ
2 10 4/
> —
P 1
g -
2 0
4
il s
2-10 P
_15 \\
~
-20
5 10 15 20

SUPPLY VOLTAGE (V)
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Typical Performance Characteristics (continued)

Maximum
Output Voltage vs
Ambient Temperature

Vs= 115V

RL=10 k

|
I i
Y

oM

————

e a—
—Vom

OUTPUT VOLTAGE (Vp)

10
-50-25 0

25 50

75 100 125

TEMPERATURE (°C)

00521817

Spot Noise Current

vs Frequency

10

LM833 —
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CURRENT (pAvHz)

05

INPUT REFERRED NOISE

0.2

0.1

10 100
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10k 100k
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00521822

Noninverting Amp

WAVEFORMS (50 mV/DIV)

ouT

TIME (0.2 us/DIV)

00521824

Spot Noise Voltage
vs Frequency
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10 100 1k 10k 100k
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vs Source Resistance
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AMD {1

PRODUCT SELECTOR GUIDE

Family Part Number Am29F010
: Vee =50V 5% -45 -55 (P)
Speed Option
Vee=50VE10% -55{J, E, F) 70 -80 -120
Max Accass Time (ns) 45 55 70 90 120
CE# Access (ns) 45 55 70 90 120
OE# Access (ns) 25 30 30 3s 50
Note: Sse the AC Characteristics saction for full specifications.
BLOCK DIAGRAM
DQo-0Q7
Vee Erase Voltage Input/Qutput
Vsg —» Genarator Buffars
3 ﬂ/
WE# —»f State
Control e
Command N ] _
Ragistar PGM Voltage
_Il Generator
4 Chip Enable Data
cew 4 Output Enable sm® Latch
QE#s Logic
Y
.l' -| -
sTB Y-Decoder TV_ Y-Gating
Vec D 5
cc Datector Timer m
N
3| X-Decoder Celi Matrix
8
°?
AO-A18 J.v <
[——>1
e 3 E]

18736G-1

Am29F010

AMDZ1

CONNECTION DIAGRAMS

[ ]
NC |1 321] Vec N o a
ate (12 ﬁmim‘ 229 8%¢
oM armrim
>a.mm 301} NC Z 43 2 1323130
a2 14 Bm A a7l s ¢ 29 [Ja14
A7 mm 28} A13 as[] 8 28 [Ja13
as []8 27[] a8 - as] 7 27 [las
A5 mu 26(] Ao a4l 8 26 {JA9
A4 (18 ppip 2s[] ANt A3[] e PLCC 25 [JAn
A (ls 24[] oew A2(] 10 24 [JOE#
a2 [0 23[] at0 a1l 1 23 [Jato
A [ 22[] ces aof] 12 22 [JCE#
‘a0 (12 21(] oa7 oQo[] 13 21 [JoqQ7
0Qo (13 mom blel 14 15 18 17 18 19 20
par ({14 19[] oas ~q 3
oﬁma _mm§ mmvmwmw
vss |18 17{] oQ3
16736G-2 1873833
A1 o 32 1 OE#
A9 (]2 31 {3 A10
A8 (13 30 [ CEw#
A13 [ 4 29 [ pa7
A4 s 28 [ b6 .
NC 8 27 1 DQAs
WE# []7 26 [] DQ4
Vee 8 Standard TSOP 25 (1 0Q3
NC ]9 24 1] Vg
A6 ] 10 2311 0Q2
A15 N 2213 0Q1
Al12 ﬂ 12 21 OOO
A7 113 20 [ A0
A8 14 19 Al
AS []15 18 1 A2
A48 700 A
18736G-4
okt {1 & 32 7] a1t
A10 2 31 7 A9
CE# 3 30 [ A8
DQ7 14 29 A13
DQ6 s 28 {1 A14
DQS [ & 27 [ NC
0Q4 7 28 [ wes
Da3 s 25 £ Ve
Vss (]9 Revarsa TSOP 24 NC
DQ2 10 23 [] A16
pat = 11 22 [ A15
DQo0 12 21 7 a12
A0 13 20 [ A7
A 19 {7 A8
A2 15 18 A5
A 18 17 (3 A4
18736G-8

Am29F010
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ST24C16, ST25C16
ST24W16, ST25W16

16 Kbit Serial I°C Bus EEPROM

with User-Defined Block Write Protection

= 1 MILLION ERASE/WRITE CYCLES, with
40 YEARS DATA RETENTION

» SINGLE SUPPLY VOLTAGE:
— 4.5V to 5.5V for ST24x16 versions
— 2.5V to 5.5V for ST25x16 versions

HARDWARE WRITE CONTROL VERSIONS:
ST24W16 and ST25W16

TWO WIRE SERIAL INTERFACE, FULLY 1°C
BUS COMPATIBLE

BYTE and MULTIBYTE WRITE (up to 8
BYTES) for the ST24C16

PAGE WRITE (up to 16 BYTES)

= BYTE, RANDOM and SEQUENTIAL READ
MODES

SELF TIMED PROGRAMING CYCLE
AUTOMATIC ADDRESS INCREMENTING

ENHANCED ESD/LATCH UP
PERFORMANCES

DESCRIPTION

This specification covers a range of 16 Kbit I°C bus
EEPROM products, the ST24/25C16 and the
ST24/25W16. In the text, products are referred to
as ST24/25x16 where "x" is: "C" for Standard ver-
sion and "W" for hardware Write Control version.
The ST24/25x16 are 16 Kbit electrically erasable
programmable memories (EEPROM), organized
as 8 blocks of 256 x8 bits. These are manufactured
in STMicroelectronics’s Hi-Endurance Advanced
CMOS technology which guarantees an endur-

Table 1. Signal Names

PRE Write Protect Enable

PBO, PB1 Protect Block Select

SDA Serial Data Address Input/Output
SCL Serial Clock

MODE ?/éu\l}gkr)sﬁer{rage Write Mode

WC Write Control (W version)

Vce Supply Voltage

Vss Ground

8 8 \‘ﬁ“‘
1
PSDIP8 (B) S08 (M)
0.25mm Frame 150mil Width
Figure 1. Logic Diagram
Vee
2
PBO0-PB1 iﬁ —— SDA
PRE — sT24x16
scL ST25x16
MODE/WC* ——
Vss

Al00866B
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Note: WC signal is only available for ST24/25W16 products.
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Figure 2A. DIP Pin Connections

Figure 2B. SO8 Pin Connections

ST24x16 ST24x16
ST25x16 ST25x16
PRE[J1 ~ 8flvce PRE —® ) =RY/e%
PBO[| 2 7 [ MODE/WC PBOC] 2 7 /3 MODE/WC
PB1[]3 6[1SCL PB13 6 4 SCL
Vss 4 51 SDA Vgs 4 5 = SDA
Al008678 AI005008
Table 2. Absolute Maximum Ratings ("
Symbol Parameter Value Unit
Ta Ambient Operating Temperature —40to 125 °C
Tsta Storage Temperature —65 to 150 °C
TLEAD Lead Temperature, Soldering (S08) 40 sec 215 oc
(PSDIP8) 10 sec 260
Vio Input or Output Voltages -0.61t06.5 \
Vee Supply Voltage -0.3t06.5 \
v Electrostatic Discharge Voltage (Human Body model) @ 4000 \
ESD
Electrostatic Discharge Voltage (Machine model) 500 \

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings"
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability. Refer also to the STMicroelectronics SURE Program and

other relevant quality documents.
2. 100pF through 1500Q; MIL-STD-883C, 3015.7
3. 200pF through 0Q; EIAJ IC-121 (condition C)

DESCRIPTION (cont'd)

ance of one million erase/write cycles with a data
retention of 40 years. The ST25x16 operates with
a power supply value as low as 2.5V. Both Plastic
Dual-in-Line and Plastic Small Outline packages
are available.

The memories are compatible with the [2C stand-
ard, two wire serial interface which uses a bi-direc-
tional data bus and serial clock. The memories

2117

carry a built-in 4 bit, unique device identification
code (1010) corresponding to the I°C bus defini-
tion. The memories behave as slave devices in the
I2C protocol with all memory operations synchro-
nized by the serial clock. Read and write operations
are initiated by a START condition generated by the
bus master. The START condition is followed by a
stream of 4 bits (identification code 1010), 3 block
select bits, plus one read/write bit and terminated
by an acknowledge bit. When writing data to the
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Table 3. Device Select Code

Device Code Memory MSB Addresses RW
Bit b7 b6 b5 b4 b3 b2 b1 b0
Device Select 1 0 1 0 A10 A9 A8 RW
Note: The MSB b7 is sent first.
Table 4. Operating Modes
Mode RW bit MODE pin Bytes Initial Sequence
Current Address Read 1 X 1 START, Device Select, RW =1’
Random Address Read 0 X 1 START, Device Select, RW =0, Address,
1’ reSTART, Device Select, RW =1’
Sequential Read 1’ X 110 2048 As CURRENT or RANDOM Mode
Byte Write o X 1 START, Device Select, RW =0’
Multibyte Write 0 Vi 8 START, Device Select, RW =0’
Page Write 0 Vie 16 START, Device Select, RW =0’

Note: X = Vi or ViL.

memory it responds to the 8 bits received by as-
serting an acknowledge bit during the 9th bit time.
When data is read by the bus master, it acknow-
ledges the receipt of the data bytes in the same
way. Data transfers are terminated with a STOP
condition.

Data in the 4 upper blocks of the memory may be
write protected. The protected area is programma-
ble to start on any 16 byte boundary. The block in
which the protection starts is selected by the input
pins PBO, PB1. Protection is enabled by setting a
Protect Flag bit when the PRE input pin is driven
High.

g

Power On Reset: Vcc lock out write protect. In
order to prevent data corruption and inadvertent
write operations during power up, a Power On
Reset (POR) circuit is implemented. Untill the Vcc
voltage has reached the POR threshold value, the
internal reset is active: all operations are disabled
and the device will not respond to any command.
In the same way, when Vcc drops down from the
operating voltage to below the POR threshold
value, all operations are disabled and the device
will not respond to any command. A stable Vcc
must be applied before applying any logic signal.

3/17

ST24/25C16, ST24/25W16

SIGNALS DESCRIPTION

Serial Clock (SCL). The SCL input signal is used
to synchronise all data in and out of the memory. A
resistor can be connected from the SCL line to Vcc
to act as a pull up (see Figure 3).

Serial Data (SDA). The SDAsignal is bi-directional
and is used to transfer data in or out of the memory.
It is an open drain output that may be wire-OR’ed
with other open drain or open collector signals on
the bus. Aresistor must be connected from the SDA
bus line to Vcc to act as pull up (see Figure 3).

Protected Block Select (PB0, PB1). PB0 and PB1
input signals select the block in the upper part of
the memory where write protection starts. These
inputs have a CMOS compatible input level.

Protect Enable (PRE). The PRE input signal, in
addition to the status of the Block Address Pointer
bit (b2, location 7FFh as in Figure 7), sets the PRE
write protection active.

Mode (MODE). The MODE input is available on pin
7 (see also WC feature) and may be driven dynami-
cally. It must be at ViL or Vi for the Byte Write
mode, V4 for Multibyte Write mode or Vi for Page
Write mode. When unconnected, the MODE input
is internally read as ViH (Multibyte Write mode).

Write Control (WC). An hardware Write Control
feature is offered only for ST24W16 and ST25W16
versions on pin 7. This feature is usefull to protect
the contents of the memory from any erroneous
erase/write cycle. The Write Control signal is used
to enable (WC at ViH) or disable (WC at Vi) the
internal write protection. When unconnected, the
WC input is internally read as VL. The devices with
this Write Control feature no longer supports the
Multibyte Write mode of operation, however all
other write modes are fully supported.

Refer to the AN404 Application Note for more de-
tailed information about Write Control feature.

Figure 3. Maximum R_ Value versus Bus Capacitance (Csus) for an I°C Bus

20

RL RL
s 12
g sA T T
x
3 —
E MASTER Csus
= \\ SCL T -
I
I T™
4 <
Vo =5V
cc, ~—
. |
100 200 300 400
Cpus (pF) AI01100

Vee
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Table 5. Input Parameters (V) (Ta =25 °C, f = 100 kHz )

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance (SDA) 8 pF
Cin Input Capacitance (other pins) 6 pF
Zwe WC Input Impedance (ST24/25W16) Vin < 0.3 Vee 5 20 kQ
ZweH WC Input Impedance (ST24/25W16) VN> 0.7 Ve 500 kQ
Low-pass filter input time constant
te (SDA and SCL) 100 ns
Note: 1. Sampled only, not 100% tested.
Table 6. DC Characteristics
(TaA=0to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V)
Symbol Parameter Test Condition Min Max Unit
I Input Leakage Current 0V <Vin< Ve +2 uA
0V < Vour < Vi
ILo Output Leakage Current 3D Aoi%THi-ZCC +2 uA
. Vee =5V, fc = 100kHz
lec Supply Current (ST24 series) (Rise/Fall time < 10ns) 2 mA
Supply Current (ST25 series) Vce = 2.5V, fc = 100kHz 1 mA
Vin = Vss or Ve
’ 100 A
| Supply Current (Standby) Vee =5V "
cct (ST24 series) V= Vesor V.
IN=Vss cc,
Vee = 5V, fo = 100KHZ 300 uA
ViN = Vss or Vcg, 5 A
| Supply Current (Standby) Vee =25V
cc2 (ST25 series)
ViN = Vss or Ve, 50 A
Vg = 2.5V, fc = 100kHz u
Vi Input Low Voltage (SCL, SDA) -0.3 0.3 Vce \
Vin Input High Voltage (SCL, SDA) 0.7 Vce Vee + 1
Input Low Voltage _ >
Vic (PBO - PB1, PRE, MODE, WC) 03 0.5 v
Input High Voltage _ —
Vi (PBO - PB1, PRE, MODE, WC) Voc =05 | Voo +1 v
v Output Low Voltage (ST24 series) loL = 3mA, Vce =5V 0.4
oL
Output Low Voltage (ST25 series) loL =2.1mA, Vcc = 2.5V 0.4
[S73 5117
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Table 7. AC Characteristics

(Ta=0to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V)

Symbol Alt Parameter Min Max Unit
teHicH2 1] Clock Rise Time 1 us
teLicLe tF Clock Fall Time 300 ns
toH1DH2 R Input Rise Time 1 us
toL1DL1 tF Input Fall Time 300 ns
terox tsu:sTA Clock High to Input Transition 47 us
toHoL tHIGH Clock Pulse Width High 4 us
toLeL tHD:STA Input Low to Clock Low (START) 4 us
tcLox tHD:DAT Clock Low to Input Transition 0 us
toLeH tLow Clock Pulse Width Low 47 us
toxex tsu:DAT Input Transition to Clock Transition 250 ns
tcHoH tsu:sto Clock High to Input High (STOP) 4.7 us
toHDL tBUF Input High to Input Low (Bus Free) 4.7 us
torav @ tan Clock Low to Next Data Out Valid 0.3 35 us
tcLax toH Data Out Hold Time 300 ns
fc fscL Clock Frequency 100 kHz
tw @) twr Write Time 10 ms

Notes: 1. For a reSTART condition, or following a write cycle.

N

conditions.

w

the maximum programming time is doubled to 20ms.

Table 8. AC Measurement Conditions

Input Rise and Fall Times < 50ns

Input Pulse Voltages 0.2Vcc to 0.8Vee

Input and Output Timing Ref.

Voltages 0.3Vcc to 0.7Vee

Figure 4. AC Testing Input Output Waveforms

0.8V,
cc 0.7Vce

0.3V,
0.2Vgee cc

Al00825
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. The minimum value delays the falling/rising edge of SDA away from SCL = 1 in order to avoid unwanted START and/or STOP

. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (5 address MSB are not constant)

DEVICE OPERATION
I2C Bus Background

The ST24/25x16 support the I°C protocol. This
protocol defines any device that sends data onto
the bus as a transmitter and any device that reads
the data as a receiver. The device that controls the
data transfer is known as the master and the other
as the slave. The master will always initiate a data
transfer and will provide the serial clock for syn-
chronisation. The ST24/25x16 are always slave
devices in all communications.

Start Condition. START is identified by a high to
low transition of the SDA line while the clock SCL
is stable in the high state. A START condition must
precede any command for data transfer. Except
during a programming cycle, the ST24/25x16 con-
tinuously monitor the SDA and SCL signals for a
START condition and will not respond unless one
is given.

(572




ST24/25C16, ST24/25W16

Figure 5. AC Waveforms

scL / j
f : f«- tDXCX —< tCHDH
ICHDX JX* JEDL

SDAIN

“START>: i+ SDA >« SDA + “sTOP &
CONDITION INPUT  CHANGE BUS FREE

scL / / /
cLav 1cLax
SDA OUT DATAVALID X

«— DATA OUTPUT —»

SCL

SDAIN

tCHDX *<—}_

4~ STOP —»«——————— WRITE CYCLE ———»i<— START —>
CONDITION CONDITION

Al00795B
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Figure 6. 1°C Bus Protocol

scL i\ /

- \_/

“—START 4~ SDA >« SDA > «sTOP >

CONDITION INPUT  CHANGE CONDITION
scL : 1 2 3 7 8 9
soa o\ [ mse X XXX X \ Aok
START
CONDITION
SCL 1 2 3 7 8 9 :
spA e X X XX XC Nwx /[
STOP
CONDITION
Al00792

Stop Condition. STOP is identified by a low to high
transition of the SDA line while the clock SCL is
stable in the high state. A STOP condition termi-
nates communication between the ST24/25x16
and the bus master. A STOP condition at the end
of a Read command forces the standby state. A
STOP condition at the end of a Write command
triggers the internal EEPROM write cycle.
Acknowledge Bit (ACK). An acknowledge signal
is used to indicate a successful data transfer. The
bus transmitter, either master or slave, will release
the SDA bus after sending 8 bits of data. During the
9th clock pulse period the receiver pulls the SDA
bus low to acknowledge the receipt of the 8 bits of
data.

Data Input. During data input the ST24/25x16
samples the SDA bus signal on the rising edge of
the clock SCL. Note that for correct device opera-
tion the SDA signal must be stable during the clock
low to high transition and the data must change
ONLY when the SCL line is low.

Memory Addressing. To start communication be-
tween the bus master and the slave ST24/25x16,
the master must initiate a START condition. The 8
bits sent after a START condition are made up of a
device select of 4 bits that identifie the device type
(1010), 3 Block select bits and one bit for a READ
(RW = 1) or WRITE (RW = 0) operation.

There are three modes both for read and write.
They are summarised in Table 4 and described
hereafter. A communication between the master
and the slave is ended with a STOP condition.
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Figure 7. Memory Protection

«. PB1

Protect Location

. PBO

Block S S
Select L]

16 byte Protect Flag
boundary Enable =0
. address . Disable=1 .-
: : g PB1 PBO
b7 b4 ib2 -
T T T L [ S A
LGl W [ W 3 DR
Block 7 R
700h : H
Block 6 P10
600h | . : : :
Block 5 fo
500h | . : :
Block 4 0 0
400h
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Write Operations

The Multibyte Write mode (only available on the
ST24/25C16 versions) is selected when the MODE
pinis at Vi1 and the Page Write mode when MODE
pinis at ViL. The MODE pin may be driven dynami-
cally with CMOS input levels.

Following a START condition the master sends a
device select code with the RW bit resetto '0’. The
memory acknowledges this and waits for a byte
address. The byte address of 8 bits provides ac-
cess to any of the 256 bytes of one memory block.
After receipt of the byte address the device again
responds with an acknowledge.

For the ST24/25W16 versions, any write command
with WC = ’1’ (during a period of time from the
START condition untill the end of the Byte Address)
will not modify data and will NOT be acknowledged
on data bytes, as in Figure 10.

Byte Write. In the Byte Write mode the master
sends one data byte, which is acknowledged by the
memory. The master then terminates the transfer
by generating a STOP condition. The Write mode

is independant of the state of the MODE pin which
could be left floating if only this mode was to be
used. However it is not a recommended operating
mode, as this pin has to be connected to either Vi
or ViL, to minimize the stand-by current.
Multibyte Write (ST24/25C16 only). For the Mul-
tibyte Write mode, the MODE pin must be at ViH.
The Multibyte Write mode can be started from any
address in the memory. The master sends from one
up to 8 bytes of data, which are each acknowledged
by the memory. The transfer is terminated by the
master generating a STOP condition. The duration
of the write cycle is tw = 10ms maximum except
when bytes are accessed on 2 contiguous rows
(one row is 16 bytes), the programming time is then
doubled to a maximum of 20ms. Writing more than
8 bytes in the Multibyte Write mode may modify
data bytes in an adjacent row (one row is 16 bytes
long). However, the Multibyte Write can properly
write up to 16 consecutive bytes only if the first
address of these 16 bytes is the first address of the
row, the 15 following bytes being written in the 15
following bytes of this same row.

ST24/25C16, ST24/25W16

Page Write. For the Page Write mode, the MODE
pin must be at VL. The Page Write mode allows up
to 16 bytes to be written in a single write cycle,
provided that they are all located in the same "row’
in the memory: that is the same Block Address bits
(b3, b2, b1 of Device Select code in Table 3) and
the same 4 MSBs in the Byte Address. The master
sends one up to 16 bytes of data, which are each
acknowledged by the memory. After each byte is
transfered, the internal byte address counter (4
Least Significant Bits only) is incremented. The
transfer is terminated by the master generating a
STOP condition. Care must be taken to avoid ad-
dress counter ’roll-over’ which could result in data
being overwritten. Note that for any write mode, the
generation by the master of the STOP condition
starts the internal memory program cycle. Allinputs
are disabled until the completion of this cycle and
the memory will not respond to any request.

Figure 8. Write Cycle Polling using ACK

Minimizing System Delay by Polling On ACK.
During the internal Write cycle, the memory discon-
nects itself from the bus in order to copy the data
from the internal latches to the memory cells. The
maximum value of the Write time (tw) is given in the
AC Characteristics table, this timing value may be
reduced by an ACK polling sequence issued by the
master.

The sequence is:

— Initial condition: a Write is in progress (see Fig-
ure 8).

— Step 1: the Master issues a START condition
followed by a Device Select byte (1st byte of
the new instruction).

— Step 2: if the memory is internally writing, no
ACK will be returned. The Master goes back
to Step1. If the memory has terminated the in-
ternal writing, it will issue an ACK indicating
that the memory is ready to receive the sec-
ond part of the instruction (the first byte of this
instruction was already sent during Step 1).

WRITE Cycle
in Progress

START Condition

DEVICE SELECT
with RW = 0

First byte of instruction
with RW = 0 already ~ --------------=-enmoees
decoded by ST24xxx

Next
Operation is
Addressing the
Memory

ReSTART

STOP

Send
Byte Address

AV

Proceed Proceed
WRITE Operation Random Address

READ Operation

Al01099B
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Write Protection. Data in the upper four blocks of
256 bytes of the memory may be write protected.
The memory is write protected between a boundary
address and the top of memory (address
7FFh).The boundary address is user defined by
writing it in the Block Address Pointer (location
7FFh).

The Block Address Pointer is an 8 bit EEPROM

register located at the address 7FFh. It is com-

posed by 4 MSBs Address Pointer, which defines

the bottom boundary address, and 4 LSBs which

must be programmed at ’0’. This Address Pointer

can therefore address a boundary by page of 16

bytes.

The block in which the Block Address Pointer de-

fines the boundary of the write protected memory

is defined by the logic level applied on the PB1 and

PBO input pins:

— PB1 ="0'and PBO =0’ select block 4

— PB1 ='0’and PBO0 ="1’ select block 5

— PB1 ="’and PBO =0’ select block 6

— PB1 ="1’and PBO0 ="1’ select block 7

The following sequence should be used to set the

Write Protection:

— write the data to be protected into the top of
the memory, up to, but not including, location

Figure 9. Write Modes Sequence (ST24/25C16)

— select the block by hardwiring the signals PBO
& PBf1;

— set the protection by writing the correct bottom
boundary address in the Address Pointer (4
MSBs of location 7FFh) with bit b2 (Protect
Flag) set to 0’

Note that for a correct fonctionality of the memory,
all the 4 LSBs of the Block Address Pointer must
also be programmed at '0’. The area will be pro-
tected when the PRE input is taken High.

Remark: The Write Protection is active if and only
if the PRE input pin is driven High and the bit 2 of
location 7FFh is setto’0’. In all the other cases, the
memory Block will not be protected. While the PRE
input pin is read at 0’ by the memory, the location
7FFh can be used as a normal EEPROM byte.

Caution: Special attention must be used when
using the protect mode together with the Multibyte
Write mode (MODE input pin High). If the Multibyte
Write starts at the location right below the first byte
of the Write Protected area, then the instruction will
write over the first 7 bytes of the Write Protected
area. The area protected is therefore smaller than
the content defined in the location 7FFh, by 7 bytes.
This does not apply to the Page Write mode as the
address counter ’roll-over’ and thus cannot go
above the 16 bytes lower boundary of the protected
area.

ACK ACK
S T |
BYTE WRITE |_||DEVSEL| |BYTEADDR|| DATAIN |_|
I R i .......
£ i 3
« RIW o
5 2]
ACK
MULTIBYTE S | e | e
AND |_||DEVSEL| |BYTEADDR|| DATAIN 1 || DATAIN 2
PAGE WRITE P i E A A
= p—
< RW
=
(2]
ACK ACK

]
DATAINN
4

STOP

AI00793
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Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25W16)

=

L

ACK NO ACK
BYTE WRITE |_| | DEV SEL | |BYTEADDR| DATAIN
P \...... L
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< =
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ACK NO ACK
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PAGE WRITE |_| | DEV SEL BYTEADDR| | DATAIN 1 | | DATAIN 2
.............. L A
= _
< RW
=
»
m(cont'd)
NO ACK NO ACK
=1
(cont'd) -4
o
[¢]
=
7]
AI01161B

Read Operation

Read operations are independent of the state of the
MODE signal. On delivery, the memory content is
set at all "1’s" (or FFh).

Current Address Read. The memory has an in-
ternal byte address counter. Each time a byte is
read, this counter is incremented. For the Current
Address Read mode, following a START condition,
the master sends a memory address with the RW
bit set to "1’. The memory acknowledges this and
outputs the byte addressed by the internal byte
address counter. This counter is then incremented.
The master does NOT acknowledge the byte out-
put, but terminates the transfer with a STOP con-
dition.

12117

Random Address Read. A dummy write is per-
formed to load the address into the address counter
(see Figure 11). This is followed by another START
condition from the master and the byte address
repeated with the RW bit set to ’1’. The memory
acknowledges this and outputs the byte ad-
dressed. The master does NOT acknowledge the
byte output, but terminates the transfer with a
STOP condition.

Sequential Read. This mode can be initiated with
either a Current Address Read or a Random Ad-
dress Read. However, in this case the master
DOES acknowledge the data byte output and the
memory continues to output the next byte in se-
quence. To terminate the stream of bytes, the
master must NOT acknowledge the last byte out-

(572
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Figure 11. Read Modes Sequence

ACK NO ACK
CURRENT |
ADDRESS |_| DEV SEL DATA OUT
READ sk [ b
£ W S
RAW
< =
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RANDOM
ADDRESS |_| |DEV SEL* |BYTE ADDR| |_| |DEV SEL*| | DATA OUT
READ
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< RW < S
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SEQUENTIAL | ey -
CURRENT |_| | DEV SEL | | |DATAOUT1| |—r I
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< [
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ACK ACK ACK ACK
SEQUENTIAL
RANDOM |_| |DEV SEL* |BYTE ADDR| |_| |DEV SEL*| | |DATA OUT1| :
READ
= = _
c RW Z RW
= =
(2] 12
ACK NO ACK
. ‘
DATAOUT N I
-4
o
&
[
12
Al00794C

Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical.

put, but MUST generate a STOP condition. The
output data is from consecutive byte addresses,
with the internal byte address counter automat-
ically incremented after each byte output. After a
count of the last memory address, the address
counter will ’roll- over’ and the memory will continue
to output data.

/574

Acknowledge in Read Mode. In all read modes
the ST24/25x16 wait for an acknowledge during the
9th bit time. If the master does not pull the SDAline
low during this time, the ST24/25x16 terminate the
data transfer and switches to a standby state.

13/17
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ORDERING INFORMATION SCHEME

Example: ST24C16 M 1 '_I'|B
Operating Voltage | | Range | | Package | |Temperature Rangel | Option
24 4.5V to 5.5V C Standard B PSDIP8 1 0to70°C TR Tape & Reel
25 25V1055V W Hardware o.25mmFrame 401085 C Packing
Write Control M SO08 ) N
150mil Wigth 3 —4010125°C

Note: 1. Temperature range on special request only.

Devices are shipped from the factory with the memory content set at all "1’s" (FFh).

For a list of available options (Operating Voltage, Package, etc...) or for further information on any aspect
of this device, please contact the STMicroelectronics Sales Office nearest to you.

1417
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame
Symb mm inches
Typ Min Max Typ Min Max
A 3.90 5.90 0.154 0.232
Al 0.49 - 0.019 -
A2 3.30 5.30 0.130 0.209
B 0.36 0.56 0.014 0.022
B1 1.15 1.65 0.045 0.065
C 0.20 0.36 0.008 0.014
9.20 9.90 0.362 0.390
E 7.62 - - 0.300 - -
E1 6.00 6.70 0.236 0.264
el 2.54 - - 0.100 - -
eA 7.80 - 0.307 -
eB - 10.00 - 0.394
3.00 3.80 0.118 0.150
N 8 8

A2 | A

Al L

) E1| E

O T—— v PSDIP-a

Drawing is not to scale.

/574

15/17

ST24/25C16, ST24/25W16

S08 - 8 lead Plastic Small Outline, 150 mils body width

I;II}HH
I

Symb mm inches
Typ Min Max Typ Min Max
A 1.35 1.75 0.053 0.069
A1 0.10 0.25 0.004 0.010
B 0.33 0.51 0.013 0.020
(o] 0.19 0.25 0.007 0.010
D 4.80 5.00 0.189 0.197
E 3.80 4.00 0.150 0.157
e 1.27 - - 0.050 - -
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 0.90 0.016 0.035
o 0° 8° 0° 8°
N 8 8
CP 0.10 0.004
e h x 45°

Drawing is not to scale.
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2 THE I2C-BUS BENEFITS DESIGNERS AND
MANUFACTURERS

In consumer electronics, telecommunications and
industrial electronics, there are often many similarities
between seemingly unrelated designs. For example,
nearly every system includes:

Some intelligent control, usually a single-chip
microcontroller

General-purpose circuits like LCD drivers, remote 1/0
ports, RAM, EEPROM, or data converters
Application-oriented circuits such as digital tuning and
signal processing circuits for radio and video systems, or
DTMF generators for telephones with tone dialling.

To exploit these similarities to the benefit of both systems
designers and equipment manufacturers, as well as to
maximize hardware efficiency and circuit simplicity, Philips
developed a simple bi-directional 2-wire bus for efficient
inter-1C control. This bus is called the Inter IC or I2C-bus.
At present, Philips’ IC range includes more than 150
CMOS and bipolar 12C-bus compatible types for
performing functions in all three of the previously
mentioned categories. All 12C-bus compatible devices
incorporate an on-chip interface which allows them to
communicate directly with each other via the 12C-bus. This
design concept solves the many interfacing problems
encountered when designing digital control circuits.

Here are some of the features of the I2C-bus:

Only two bus lines are required; a serial data line (SDA)
and a serial clock line (SCL)

Each device connected to the bus is software
addressable by a unique address and simple
master/slave relationships exist at all times; masters can
operate as master-transmitters or as master-receivers

It's a true multi-master bus including collision detection
and arbitration to prevent data corruption if two or more
masters simultaneously initiate data transfer

Serial, 8-bit oriented, bi-directional data transfers can be
made at up to 100 kbit/s in the Standard-mode, up to
400 kbit/s in the Fast-mode, or up to 3.4 Mbit/s in the
High-speed mode

On-chip filtering rejects spikes on the bus data line to
preserve data integrity

e The number of ICs that can be connected to the same
bus is limited only by a maximum bus capacitance of
400 pF.

Figure 1 shows two examples of 12C-bus applications.

21 Designer benefits

12C-bus compatible ICs allow a system design to rapidly
progress directly from a functional block diagram to a
prototype. Moreover, since they ‘clip’ directly onto the
12C-bus without any additional external interfacing, they
allow a prototype system to be modified or upgraded
simply by ‘clipping’ or ‘unclipping’ ICs to or from the bus.

Here are some of the features of 12C-bus compatible ICs
which are particularly attractive to designers:

Functional blocks on the block diagram correspond with
the actual ICs; designs proceed rapidly from block
diagram to final schematic.

No need to design bus interfaces because the 12C-bus
interface is already integrated on-chip.

Integrated addressing and data-transfer protocol allow
systems to be completely software-defined

The same IC types can often be used in many different
applications

Design-time reduces as designers quickly become
familiar with the frequently used functional blocks
represented by 12C-bus compatible ICs

ICs can be added to or removed from a system without
affecting any other circuits on the bus

Fault diagnosis and debugging are simple; malfunctions
can be immediately traced

Software development time can be reduced by
assembling a library of reusable software modules.

In addition to these advantages, the CMOS ICs in the
12C-bus compatible range offer designers special features
which are particularly attractive for portable equipment and
battery-backed systems.

They all have:

e Extremely low current consumption

¢ High noise immunity

* Wide supply voltage range

* Wide operating temperature range.

The 12C-bus specification

Fig.1 Two examples of I2C-bus applications: (a) a high performance highly-integrated TV set
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(b) DECT cordless phone base-station.
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2.2  Manufacturer benefits

12C-bus compatible ICs don’t only assist designers, they
also give a wide range of benefits to equipment
manufacturers because:

The simple 2-wire serial 2C-bus minimizes
interconnections so ICs have fewer pins and there are
not so many PCB tracks; result - smaller and less
expensive PCBs

The completely integrated 12C-bus protocol eliminates
the need for address decoders and other ‘glue logic’

The multi-master capability of the 12C-bus allows rapid
testing and alignment of end-user equipment via
external connections to an assembly-line

The availability of 12C-bus compatible ICs in SO (small
outline), VSO (very small outline) as well as DIL
packages reduces space requirements even more.

These are just some of the benefits. In addition, 12C-bus
compatible ICs increase system design flexibility by
allowing simple construction of equipment variants and
easy upgrading to keep designs up-to-date. In this way, an
entire family of equipment can be developed around a
basic model. Upgrades for new equipment, or
enhanced-feature models (i.e. extended memory, remote
control, etc.) can then be produced simply by clipping the
appropriate ICs onto the bus. If a larger ROM is needed,
it's simply a matter of selecting a micro-controller with a
larger ROM from our comprehensive range. As new ICs
supersede older ones, it's easy to add new features to
equipment or to increase its performance by simply
unclipping the outdated IC from the bus and clipping on its
SUCCEeSSOr.

3 INTRODUCTION TO THE I2C-BUS SPECIFICATION

For 8-bit oriented digital control applications, such as those
requiring microcontrollers, certain design criteria can be
established:

e A complete system usually consists of at least one
microcontroller and other peripheral devices such as
memories and I/O expanders

* The cost of connecting the various devices within the
system must be minimized

* A system that performs a control function doesn’t
require high-speed data transfer

¢ Overall efficiency depends on the devices chosen and
the nature of the interconnecting bus structure.

To produce a system to satisfy these criteria, a serial bus
structure is needed. Although serial buses don’t have the
throughput capability of parallel buses, they do require
less wiring and fewer IC connecting pins. However, a bus
is not merely an interconnecting wire, it embodies all the
formats and procedures for communication within the
system.

Devices communicating with each other on a serial bus
must have some form of protocol which avoids all
possibilities of confusion, data loss and blockage of
information. Fast devices must be able to communicate
with slow devices. The system must not be dependent on
the devices connected to it, otherwise modifications or
improvements would be impossible. A procedure has also
to be devised to decide which device will be in control of
the bus and when. And, if different devices with different
clock speeds are connected to the bus, the bus clock
source must be defined. All these criteria are involved in
the specification of the I2C-bus.

4 THE I2C-BUS CONCEPT

The I12C-bus supports any IC fabrication process (NMOS,
CMOS, bipolar). Two wires, serial data (SDA) and serial
clock (SCL), carry information between the devices
connected to the bus. Each device is recognized by a
unique address (whether it's a microcontroller, LCD driver,
memory or keyboard interface) and can operate as either
a transmitter or receiver, depending on the function of the
device. Obviously an LCD driver is only a receiver,
whereas a memory can both receive and transmit data. In
addition to transmitters and receivers, devices can also be
considered as masters or slaves when performing data
transfers (see Table 1). A master is the device which
initiates a data transfer on the bus and generates the clock
signals to permit that transfer. At that time, any device
addressed is considered a slave.

Philips Semiconductors
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Table 1 Definition of I2C-bus terminology

TERM DESCRIPTION
Transmitter The device which sends data to the
bus
Receiver The device which receives data from
the bus
Master The device which initiates a transfer,

generates clock signals and
terminates a transfer

Slave The device addressed by a master

Multi-master More than one master can attempt to
control the bus at the same time

without corrupting the message

Arbitration Procedure to ensure that, if more
than one master simultaneously tries
to control the bus, only one is allowed
to do so and the winning message is
not corrupted

Synchronization | Procedure to synchronize the clock
signals of two or more devices

The 12C-bus is a multi-master bus. This means that more
than one device capable of controlling the bus can be
connected to it. As masters are usually micro-controllers,
let’s consider the case of a data transfer between two
microcontrollers connected to the I2C-bus (see Fig.2).

This highlights the master-slave and receiver-transmitter
relationships to be found on the 12C-bus. It should be noted
that these relationships are not permanent, but only
depend on the direction of data transfer at that time. The
transfer of data would proceed as follows:

1) Suppose microcontroller A wants to send information to
microcontroller B:

e microcontroller A (master), addresses microcontroller B
(slave)

e microcontroller A (master-transmitter), sends data to
microcontroller B (slave- receiver)

« microcontroller A terminates the transfer

2) If microcontroller A wants to receive information from
microcontroller B:

« microcontroller A (master) addresses microcontroller B
(slave)

« microcontroller A (master- receiver) receives data from
microcontroller B (slave- transmitter)

e microcontroller A terminates the transfer.

Evenin this case, the master (microcontroller A) generates
the timing and terminates the transfer.

The possibility of connecting more than one
microcontroller to the 12C-bus means that more than one
master could try to initiate a data transfer at the same time.
To avoid the chaos that might ensue from such an event -
an arbitration procedure has been developed. This
procedure relies on the wired-AND connection of all 12C
interfaces to the 12C-bus.

If two or more masters try to put information onto the bus,
the first to produce a ‘one’ when the other produces a
‘zero’ will lose the arbitration. The clock signals during
arbitration are a synchronized combination of the clocks
generated by the masters using the wired-AND connection
to the SCL line (for more detailed information concerning
arbitration see Section 8).

MICRO - LCcD
CONTROLLER DRIVER
A

SDA ]

STATIC
RAM OR
EEPROM

1

[scL

- —

GATE
ARRAY

MICRO -
CONTROLLER
B

MBCs45

Fig.2 Example of an I2C-bus configuration using two microcontrollers.
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Generation of clock signals on the 12C-bus is always the
responsibility of master devices; each master generates its
own clock signals when transferring data on the bus. Bus
clock signals from a master can only be altered when they
are stretched by a slow-slave device holding-down the
clock line, or by another master when arbitration occurs.

5 GENERAL CHARACTERISTICS

Both SDA and SCL are bi-directional lines, connected to a
positive supply voltage via a current-source or pull-up
resistor (see Fig.3). When the bus is free, both lines are
HIGH. The output stages of devices connected to the bus
must have an open-drain or open-collector to perform the
wired-AND function. Data on the 12C-bus can be
transferred at rates of up to 100 kbit/s in the
Standard-mode, up to 400 kbit/s in the Fast-mode, or up to
3.4 Mbit/s in the High-speed mode. The number of
interfaces connected to the bus is solely dependent on the
bus capacitance limit of 400 pF. For information on
High-speed mode master devices, see Section 13.

6 BIT TRANSFER

Due to the variety of different technology devices (CMOS,
NMOS, bipolar) which can be connected to the 12C-bus,
the levels of the logical ‘0’ (LOW) and ‘1’ (HIGH) are not
fixed and depend on the associated level of Vpp (see
Section 15 for electrical specifications). One clock pulse is
generated for each data bit transferred.

6.1 Data validity

The data on the SDA line must be stable during the HIGH
period of the clock. The HIGH or LOW state of the data line
can only change when the clock signal on the SCL line is
LOW (see Fig.4).

pull-up
resistors
SDA (Serial Data Line)

+Vpp

p Rp

SCL (Serial Clock Line)

DEVICE 1

DATAN1JE77 i
ouT .
|
I

DATANZ_ |
ouT

DATA
LIN IN J
DEVICE 2 MBC631

Fig.3 Connection of Standard- and Fast-mode devices to the 12C-bus.
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Fig.4 Bit transfer on the I12C-bus.

6.2 START and STOP conditions

Within the procedure of the I2C-bus, unique situations
arise which are defined as START (S) and STOP (P)
conditions (see Fig.5).

A HIGH to LOW transition on the SDA line while SCL is
HIGH is one such unique case. This situation indicates a
START condition.

A LOW to HIGH transition on the SDA line while SCL is
HIGH defines a STOP condition.

START and STOP conditions are always generated by the
master. The bus is considered to be busy after the START
condition. The bus is considered to be free again a certain
time after the STOP condition. This bus free situation is
specified in Section 15.

The bus stays busy if a repeated START (Sr) is generated
instead of a STOP condition. In this respect, the START
(S) and repeated START (Sr) conditions are functionally
identical (see Fig. 10). For the remainder of this document,
therefore, the S symbol will be used as a generic term to
represent both the START and repeated START
conditions, unless Sr is particularly relevant.

Detection of START and STOP conditions by devices
connected to the bus is easy if they incorporate the
necessary interfacing hardware. However,
microcontrollers with no such interface have to sample the
SDA line at least twice per clock period to sense the
transition.

scL | o\ / \ / | | scL
[ I P

START condition

STOP condition
MBC622

Fig.5 START and STOP conditions.




Philips Semiconductors

The 12C-bus specification

7 TRANSFERRING DATA
71 Byte format

Every byte put on the SDA line must be 8-bits long. The
number of bytes that can be transmitted per transfer is
unrestricted. Each byte has to be followed by an
acknowledge bit. Data is transferred with the most
significant bit (MSB) first (see Fig.6). If a slave can’t
receive or transmit another complete byte of data until it
has performed some other function, for example servicing
an internal interrupt, it can hold the clock line SCL LOW to
force the master into a wait state. Data transfer then
continues when the slave is ready for another byte of data
and releases clock line SCL.

In some cases, it's permitted to use a different format from
the 12C-bus format (for CBUS compatible devices for
example). A message which starts with such an address
can be terminated by generation of a STOP condition,
even during the transmission of a byte. In this case, no
acknowledge is generated (see Section 10.1.3).

7.2  Acknowledge

Data transfer with acknowledge is obligatory. The
acknowledge-related clock pulse is generated by the
master. The transmitter releases the SDA line (HIGH)
during the acknowledge clock pulse.

The receiver must pull down the SDA line during the
acknowledge clock pulse so that it remains stable LOW

during the HIGH period of this clock pulse (see Fig.7). Of
course, set-up and hold times (specified in Section 15)
must also be taken into account.

Usually, a receiver which has been addressed is obliged to
generate an acknowledge after each byte has been
received, except when the message starts with a CBUS
address (see Section 10.1.3).

When a slave doesn’t acknowledge the slave address (for
example, it’s unable to receive or transmit because it's
performing some real-time function), the data line must be
left HIGH by the slave. The master can then generate
either a STOP condition to abort the transfer, or a repeated
START condition to start a new transfer.

If a slave-receiver does acknowledge the slave address
but, some time later in the transfer cannot receive any
more data bytes, the master must again abort the transfer.
This is indicated by the slave generating the
not-acknowledge on the first byte to follow. The slave
leaves the data line HIGH and the master generates a
STOP or a repeated START condition.

If a master-receiver is involved in a transfer, it must signal
the end of data to the slave- transmitter by not generating
an acknowledge on the last byte that was clocked out of
the slave. The slave-transmitter must release the data line
to allow the master to generate a STOP or repeated
START condition.

- 7 8 9

START or
repeated START
condition

s ACK

a
| MSB acknowledgement acknowledgement | Sr

signal from slave

signal from receiver

| Lo
| | byte complete, | |
‘ ‘ interrupt within slave ‘ ‘
I I

clock line held low while
interrupts are serviced

l | sr |
1 2 3-8 9 or
P
ACK L — J
STOP or
repeated START
condition

MSC608

Fig.6 Data transfer on the [2C-bus.
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Fig.7 Acknowledge on the I2C-bus.

8 ARBITRATION AND CLOCK GENERATION
8.1 Synchronization

All masters generate their own clock on the SCL line to
transfer messages on the 12C-bus. Data is only valid during
the HIGH period of the clock. A defined clock is therefore
needed for the bit-by-bit arbitration procedure to take
place.

Clock synchronization is performed using the wired-AND
connection of 12C interfaces to the SCL line. This means

that a HIGH to LOW transition on the SCL line will cause
the devices concerned to start counting off their LOW
period and, once a device clock has gone LOW, it will hold
the SCL line in that state until the clock HIGH state is
reached (see Fig.8). However, the LOW to HIGH transition
of this clock may not change the state of the SCL line if
another clock is still within its LOW period. The SCL line
will therefore be held LOW by the device with the longest
LOW period. Devices with shorter LOW periods enter a
HIGH wait-state during this time.

CLK [
1

start counting

wait HIGH period

CLK \ 2 reset
2 \

counter

SCL

MBC632

Fig.8 Clock synchronization during the arbitration procedure.
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When all devices concerned have counted off their LOW
period, the clock line will be released and go HIGH. There
will then be no difference between the device clocks and
the state of the SCL line, and all the devices will start
counting their HIGH periods. The first device to complete
its HIGH period will again pull the SCL line LOW.

In this way, a synchronized SCL clock is generated with its
LOW period determined by the device with the longest
clock LOW period, and its HIGH period determined by the
one with the shortest clock HIGH period.

8.2  Arbitration

A master may start a transfer only if the bus is free. Two or
more masters may generate a START condition within the
minimum hold time (typ.sta) of the START condition which
results in a defined START condition to the bus.

Arbitration takes place on the SDA line, while the SCL line
is at the HIGH level, in such a way that the master which
transmits a HIGH level, while another master is
transmitting a LOW level will switch off its DATA output
stage because the level on the bus doesn’t correspond to
its own level.

Arbitration can continue for many bits. Its first stage is
comparison of the address bits (addressing information is
given in Sections 10 and 14). If the masters are each trying

to address the same device, arbitration continues with
comparison of the data-bits if they are master-transmitter,
or acknowledge-bits if they are master-receiver. Because
address and data information on the I2C-bus is determined
by the winning master, no information is lost during the
arbitration process.

A master that loses the arbitration can generate clock
pulses until the end of the byte in which it loses the
arbitration.

As an Hs-mode master has a unique 8-bit master code, it
will always finish the arbitration during the first byte (see
Section 13).

If a master also incorporates a slave function and it loses
arbitration during the addressing stage, it's possible that
the winning master is trying to address it. The losing
master must therefore switch over immediately to its slave
mode.

Figure 9 shows the arbitration procedure for two masters.
Of course, more may be involved (depending on how
many masters are connected to the bus). The moment
there is a difference between the internal data level of the
master generating DATA 1 and the actual level on the SDA
line, its data output is switched off, which means that a
HIGH output level is then connected to the bus. This will

not affect the data transfer initiated by the winning master.

The 12C-bus specification
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Fig.9 Arbitration procedure of two masters.

Since control of the 12C-bus is decided solely on the
address or master code and data sent by competing
masters, there is no central master, nor any order of
priority on the bus.

Special attention must be paid if, during a serial transfer,
the arbitration procedure is still in progress at the moment
when a repeated START condition or a STOP condition is
transmitted to the 12C-bus. If it's possible for such a
situation to occur, the masters involved must send this
repeated START condition or STOP condition at the same
position in the format frame. In other words, arbitration isn’t
allowed between:

o Arepeated START condition and a data bit
e A STOP condition and a data bit
* A repeated START condition and a STOP condition.

Slaves are not involved in the arbitration procedure.

8.3  Use of the clock synchronizing mechanism as
a handshake

In addition to being used during the arbitration procedure,
the clock synchronization mechanism can be used to
enable receivers to cope with fast data transfers, on either
a byte level or a bit level.

On the byte level, a device may be able to receive bytes of
data at a fast rate, but needs more time to store a received
byte or prepare another byte to be transmitted. Slaves can

then hold the SCL line LOW after reception and
acknowledgment of a byte to force the master into a wait
state until the slave is ready for the next byte transfer in a
type of handshake procedure (see Fig.6).

On the bit level, a device such as a microcontroller with or
without limited hardware for the 12C-bus, can slow down
the bus clock by extending each clock LOW period. The
speed of any master is thereby adapted to the internal
operating rate of this device.

In Hs-mode, this handshake feature can only be used on
byte level (see Section 13).

9 FORMATS WITH 7-BIT ADDRESSES

Data transfers follow the format shown in Fig.10. After the
START condition (S), a slave address is sent. This
address is 7 bits long followed by an eighth bit which is a
data direction bit (R/W) - a ‘zero’ indicates a transmission
(WRITE), a ‘one’ indicates a request for data (READ). A
data transfer is always terminated by a STOP condition (P)
generated by the master. However, if a master still wishes
to communicate on the bus, it can generate a repeated
START condition (Sr) and address another slave without
first generating a STOP condition. Various combinations of
read/write formats are then possible within such a transfer.

12
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Fig.10 A complete data transfer.
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Possible data transfer formats are:

Master-transmitter transmits to slave-receiver. The
transfer direction is not changed (see Fig.11).

Master reads slave immediately after first byte (see
Fig.12). At the moment of the first acknowledge, the
master- transmitter becomes a master- receiver and the
slave-receiver becomes a slave-transmitter. This first
acknowledge is still generated by the slave. The STOP
condition is generated by the master, which has
previously sent a not-acknowledge (A).

Combined format (see Fig.13). During a change of
direction within a transfer, the START condition and the
slave address are both repeated, but with the R/W bit
reversed. If a master receiver sends a repeated START

condition, it has previously sent a not-acknowledge (A).

NOTES:

1. Combined formats can be used, for example, to
control a serial memory. During the first data byte, the
internal memory location has to be written. After the
START condition and slave address is repeated, data
can be transferred.

2. All decisions on auto-increment or decrement of
previously accessed memory locations etc. are taken
by the designer of the device.

3. Each byte is followed by an acknowledgment bit as
indicated by the A or A blocks in the sequence.

4. 12C-bus compatible devices must reset their bus logic
on receipt of a START or repeated START condition
such that they all anticipate the sending of a slave
address, even if these START conditions are not
positioned according to the proper format.

5. A START condition immediately followed by a STOP
condition (void message) is an illegal format.

%S%SLAVE ADDRESS%F{/Wj A ‘ DATA

A/A FSr?SLAVE ADDRESSZR/W% A ‘ DATA

~alE)

‘ s ‘ SLAVE ADDRESS ‘ RW ‘ A ‘ DATA ‘ A ‘ DATA ‘Nﬁ%ﬁ

0" (write)

from master to slave

D from slave to master

MBC605

\— data transferred A

(n bytes + acknowledge)

A = acknowledge (SDA LOW)

A = not acknowledge (SDA HIGH)
S = START condition

P = STOP condition

Fig.11 A master-transmitter addressing a slave receiver with a 7-bit address.
The transfer direction is not changed.

MBC606 (read)

1
E%SLAVEADDHESS%/W% A‘ DATA ?/%l DATA E/K%Pj

\— data transferred A

(n bytes + acknowledge)

Fig.12 A master reads a slave immediately after the first byte.

L(n bytes J L(n bytes J
) +ack.) * +ack.)*
read or write
read or write direction
of transfer
* may change
:\rg;z?;d;?ezzg:u;e Sr = repeated START condition at this point.
data and acknowledge bits MBC607
depends on R/W bits.
Fig.13 Combined format.
10 7-BIT ADDRESSING
The addressing procedure for the 12C-bus is such that the
first byte after the START condition usually determines
MSB LSB

which slave will be selected by the master. The exception
is the ‘general call’ address which can address all devices.
When this address is used, all devices should, in theory,
respond with an acknowledge. However, devices can be
made to ignore this address. The second byte of the
general call address then defines the action to be taken.
This procedure is explained in more detail in

Section 10.1.1. For information on 10-bit addressing, see
Section 14

10.1 Definition of bits in the first byte

The first seven bits of the first byte make up the slave
address (see Fig.14). The eighth bit is the LSB (least
significant bit). It determines the direction of the message.
A ‘zero’ in the least significant position of the first byte
means that the master will write information to a selected
slave. A ‘one’ in this position means that the master will
read information from the slave.

When an address is sent, each device in a system
compares the first seven bits after the START condition
with its address. If they match, the device considers itself
addressed by the master as a slave-receiver or
slave-transmitter, depending on the R/W bit.

15
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MBC608

Fig.14 The first byte after the START procedure.

A slave address can be made-up of a fixed and a
programmable part. Since it's likely that there will be
several identical devices in a system, the programmable
part of the slave address enables the maximum possible
number of such devices to be connected to the 12C-bus.
The number of programmable address bits of a device
depends on the number of pins available. For example, if
a device has 4 fixed and 3 programmable address bits, a
total of 8 identical devices can be connected to the same
bus.

The 12C-bus committee coordinates allocation of 12C
addresses. Further information can be obtained from the
Philips representatives listed on the back cover. Two
groups of eight addresses (0000XXX and 1111XXX) are
reserved for the purposes shown in Table 2. The bit
combination 11110XX of the slave address is reserved for
10-bit addressing (see Section 14).
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Table 2 Definition of bits in the first byte

SLAVE —

ADDRESS R/W BIT DESCRIPTION
0000 000 0 General call address

0000 000 1 START byte(")

0000 001 X CBUS address®@

0000 010 X Reserved for different bus

format®

0000 011 X Reserved for future purposes
0000 1XX X Hs-mode master code

1111 1XX X Reserved for future purposes
1111 0XX X 10-bit slave addressing
Notes

1. Nodevice is allowed to acknowledge at the reception
of the START byte.

2. The CBUS address has been reserved to enable the
inter-mixing of CBUS compatible and 12C-bus
compatible devices in the same system. I2C-bus
compatible devices are not allowed to respond on
reception of this address.

3. The address reserved for a different bus format is
included to enable I2C and other protocols to be mixed.
Only 12C-bus compatible devices that can work with
such formats and protocols are allowed to respond to
this address.

10.1.1 GENERAL CALL ADDRESS

The general call address is for addressing every device
connected to the I2C-bus. However, if a device doesn’t
need any of the data supplied within the general call
structure, it can ignore this address by not issuing an
acknowledgment. If a device does require data from a
general call address, it will acknowledge this address and
behave as a slave- receiver. The second and following
bytes will be acknowledged by every slave- receiver
capable of handling this data. A slave which cannot
process one of these bytes must ignore it by
not-acknowledging. The meaning of the general call
address is always specified in the second byte (see
Fig.15).

There are two cases to consider:
e When the least significant bit B is a ‘zero’.
* When the least significant bit B is a ‘one’.

LSB
I

[o]ofofofo]ofo o [x]x]x[x[x]x]x[a]4]

first byte second byte
(general call address) MBC623

Fig.15 General call address format.

When bit B is a ‘zero’; the second byte has the following
definition:

00000110 (H06’). Reset and write programmable part
of slave address by hardware. On receiving this 2-byte
sequence, all devices designed to respond to the
general call address will reset and take in the
programmable part of their address. Pre-cautions have
to be taken to ensure that a device is not pulling down
the SDA or SCL line after applying the supply voltage,
since these low levels would block the bus.

00000100 (H'04’). Write programmable part of slave
address by hardware. All devices which define the
programmable part of their address by hardware (and
which respond to the general call address) will latch this
programmable part at the reception of this two byte
sequence. The device will not reset.

00000000 (H‘00’). This code is not allowed to be used as
the second byte.

Sequences of programming procedure are published in
the appropriate device data sheets.

The remaining codes have not been fixed and devices
must ignore them.

When bit B is a ‘one’; the 2-byte sequence is a ‘hardware
general call’. This means that the sequence is transmitted
by a hardware master device, such as a keyboard
scanner, which cannot be programmed to transmit a
desired slave address. Since a hardware master doesn’t
know in advance to which device the message has to be
transferred, it can only generate this hardware general call
and its own address - identifying itself to the system (see
Fig.16).

The seven bits remaining in the second byte contain the
address of the hardware master. This address is
recognized by an intelligent device (e.g. a microcontroller)
connected to the bus which will then direct the information
from the hardware master. If the hardware master can also
act as a slave, the slave address is identical to the master
address.

Philips Semiconductors

The 12C-bus specification

14.3 General call address and start byte with 10-bit
addressing

The 10-bit addressing procedure for the I2C-bus is such
that the first two bytes after the START condition (S)
usually determine which slave will be selected by the
master. The exception is the “general call” address
00000000 (H‘00’). Slave devices with 10-bit addressing
will react to a “general call” in the same way as slave
devices with 7-bit addressing (see Section 10.1.1).

Hardware masters can transmit their 10-bit address after a
‘general call’. In this case, the ‘general call’ address byte is
followed by two successive bytes containing the 10-bit
address of the master-transmitter. The format is as shown
in Fig.10 where the first DATA byte contains the eight
least-significant bits of the master address.

The START byte 00000001 (H‘01’) can precede the 10-bit
addressing in the same way as for 7-bit addressing (see
Section 10.1.2).

30

15 ELECTRICAL SPECIFICATIONS AND TIMING FOR
/0 STAGES AND BUS LINES

15.1 Standard- and Fast-mode devices

The I/O levels, I/O current, spike suppression, output slope
control and pin capacitance for F/S-mode 2C-bus devices
are given in Table 4. The 12C-bus timing characteristics,
bus-line capacitance and noise margin are given in
Table 5. Figure 31 shows the timing definitions for the
12C-bus.

The minimum HIGH and LOW periods of the SCL clock
specified in Table 5 determine the maximum bit transfer
rates of 100 kbit/s for Standard-mode devices and

400 kbit/s for Fast-mode devices. Standard-mode and
Fast-mode I12C-bus devices must be able to follow
transfers at their own maximum bit rates, either by being
able to transmit or receive at that speed or by applying the
clock synchronization procedure described in Section 8
which will force the master into a wait state and stretch the
LOW period of the SCL signal. Of course, in the latter case
the bit transfer rate is reduced.




Philips Semiconductors

Philips Semiconductors

The 12C-bus specification

Table 4 Characteristics of the SDA and SCL 1/O stages for F/S-mode 12C-bus devices

The 12C-bus specification

Table 5 Characteristics of the SDA and SCL bus lines for F/S-mode 12C-bus devices(")

STANDARD-MODE FAST-MODE
PARAMETER SYMBOL UNIT
MIN. MAX. MIN. MAX.
LOW level input voltage: Vi
fixed input levels -0.5 15 n/a n/a \Y
Vpp-related input levels -0.5 0.3Vpp -0.5 0.3Vpp M |V
HIGH level input voltage: ViH
fixed input levels 3.0 @ n/a n/a \%
Vpp-related input levels 0.7Vpp @ 0.7Vpp(" @ \%
Hysteresis of Schmitt trigger inputs: Vhys
Vpp>2V n/a n/a 0.05Vpp - \%
Vpp<2V n/a n/a 0.1Vpp - \
LOW level output voltage (open drain or
open collector) at 3 mA sink current:
Voo >2V VoLi 0 0.4 0 0.4 v
VDD <2V VOLS n/a n/a 0 0-2VDD \%
Output fall time from Vymin t0 Vi max wWith
a bus capacitance from 10 pF to 400 pF | tof - 250(4) 20 + 0.1Cp® | 250¢4) ns
Pulse width of spikes which must be tsp n/a n/a 0 50 ns
suppressed by the input filter
Input current each 1/0 pin with an input l; -10 10 -100) 100) uA
voltage between 0.1Vpp and 0.9Vppmax
Capacitance for each 1/0 pin Ci - 10 - 10 pF

Notes

1. Devices that use non-standard supply voltages which do not conform to the intended 12C-bus system levels must
relate their input levels to the Vpp voltage to which the pull-up resistors R, are connected.

Maximum V4= Vppmax + 0.5 V.
Cy, = capacitance of one bus line in pF.

The maximum t; for the SDA and SCL bus lines quoted in Table 5 (300 ns) is longer than the specified maximum ty¢
for the output stages (250 ns). This allows series protection resistors (Rg) to be connected between the SDA/SCL
pins and the SDA/SCL bus lines as shown in Fig.36 without exceeding the maximum specified t;.

STANDARD-MODE FAST-MODE
PARAMETER SYMBOL UNIT
MIN. MAX. MIN. MAX.
SCL clock frequency fscL 0 100 400 kHz
Hold time (repeated) START condition. tHp;sTA 4.0 - 0.6 - us
After this period, the first clock pulse is
generated
LOW period of the SCL clock tLow 4.7 - 1.3 - us
HIGH period of the SCL clock tHigH 4.0 - 0.6 - us
Set-up time for a repeated START tsu;sTA 4.7 - 0.6 - us
condition
Data hold time: tHD;DAT
for CBUS compatible masters (see NOTE,
Section 10.1.3) 5.0 - - - us
for 12C-bus devices 0@ 3.45() 0@ 0.9@) us
Data set-up time tsu:pAT 250 - 1004 - ns
Rise time of both SDA and SCL signals [t - 1000 20 + 0.1C,® | 300 ns
Fall time of both SDA and SCL signals t - 300 20 +0.1Cp® | 300 ns
Set-up time for STOP condition tsu:sTo 4.0 - 0.6 - us
Bus free time between a STOP and tsuF 4.7 — 1.3 - us
START condition
Capacitive load for each bus line Cp - 400 - 400 pF
Noise margin at the LOW level for each Vi 0.1Vpp - 0.1Vpp - \
connected device (including hysteresis)
Noise margin at the HIGH level for each VoH 0.2Vpp - 0.2Vpp - \%
connected device (including hysteresis)

Notes

1. All values referred to Viymin @and V| max levels (see Table 4).

2. A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the Vs of the SCL
signal) to bridge the undefined region of the falling edge of SCL.

5. 1/0 pins of Fast-mode devices must not obstruct the SDA and SCL lines if Vpp is switched off.

n/a = not applicable
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The maximum typ.pat has only to be met if the device does not stretch the LOW period (t_ow) of the SCL signal.

A Fast-mode [2C-bus device can be used in a Standard-mode 12C-bus system, but the requirement tsy.pat = 250 ns
must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal.
If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line t; max
+ tsy;paT = 1000 + 250 = 1250 ns (according to the Standard-mode I12C-bus specification) before the SCL line is
released.

Cy, = total capacitance of one bus line in pF. If mixed with Hs-mode devices, faster fall-times according to Table 6 are
allowed.

n/a = not applicable
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16 ELECTRICAL CONNECTIONS OF I2C-BUS
DEVICES TO THE BUS LINES

The electrical specifications for the I/Os of I2C-bus devices
and the characteristics of the bus lines connected to them
are given in Section 15.

12C-bus devices with fixed input levels of 1.5 Vand 3 V can
each have their own appropriate supply voltage. Pull-up
resistors must be connected to a 5 V + 10% supply
(Fig.33). 12C-bus devices with input levels related to Vpp
must have one common supply line to which the pull-up
resistor is also connected (Fig.34).

When devices with fixed input levels are mixed with
devices with input levels related to Vpp, the latter devices

must be connected to one common supply line of
5V £ 10% and must have pull-up resistors connected to
their SDA and SCL pins as shown in Fig.35.

New Fast- and Hs-mode devices must have supply voltage
related input levels as specified in Tables 4 and 6.

Input levels are defined in such a way that:

e The noise margin on the LOW level is 0.1Vpp

e The noise margin on the HIGH level is 0.2Vpp

e As shown in Fig.36, series resistors (Rg) of e.g. 300 Q
can be used for protection against high-voltage spikes
on the SDA and SCL lines (resulting from the flash-over
of a TV picture tube, for example).
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Vpp2 - 4 ar¢ device dependent (e.g. 12 V)

Vpp1=5V+10%  Vppz VbD3 VDD4

BiCMOS

[ [ ]

CMOs BIPOLAR

MBC610

Fig.33 Fixed input level devices connected to the 12C-bus.

Vpp =eg.3V

1 1 1 |
Rp| | Rp cmos cmos cmos cmos

SDA I | | |

SCL

MBC625

Fig.34 Devices with wide supply voltage range connected to the 12C-bus.

VDD2,3 are device dependent (e.g. 12 V)

VbD1=
5V+10% Vbb2 VDD3
: | |
1 |
Rp| | Rp cMOoS CcMOS NMOS BIPOLAR
SDA | | | |

SCL

MBC626

Fig.35 Devices with input levels related to Vpp (supply Vpp1) mixed with fixed input level devices
(supply Vppz,3) on the 12C-bus.
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Rp

MBC627

Fig.36 Series resistors (Rs) for protection against high-voltage spikes.

16.1 Maximum and minimum values of resistors R,
and R for Standard-mode I2C-bus devices

For Standard-mode 12C-bus systems, the values of

resistors R, and Rs in Fig.33 depend on the following

parameters:

e Supply voltage

* Bus capacitance

* Number of connected devices (input current + leakage

current).

The supply voltage limits the minimum value of resistor R,
due to the specified minimum sink current of 3 mA at
VoLmax = 0.4 V for the output stages. Vpp as a function of

Rp min is shown in Fig.37. The required noise margin of
0.1Vpp for the LOW level, limits the maximum value of Rq.
Rs max @s a function of Ry, is shown in Fig.38.

The bus capacitance is the total capacitance of wire,
connections and pins. This capacitance limits the
maximum value of Ry, due to the specified rise time. Fig.39
shows Ry, max @s a function of bus capacitance.

The maximum HIGH level input current of each
input/output connection has a specified maximum value of
10 pA. Due to the required noise margin of 0.2 Vpp for the
HIGH level, this input current limits the maximum value of
Rp. This limit depends on Vpp. The total HIGH level input
current is shown as a function of Ry max in Fig.40.
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Fig.37 Minimum value of R, as a function of supply
voltage with the value os Rg as a parameter.

MBC635
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Fig.39 Maximum value of R, as a function of bus
capacitance for a Standard-mode 12C-bus.

MBC629
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Fig.38 Maximum value of Rg as a function of the
value of R, with supply voltage as a parameter.
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Fig.40 Total HIGH level input current as a function
of the maximum value of R, with supply voltage as
a parameter.
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Philips Semiconductors Product specification Philips Semiconductors Product specification

Hi-fi stereo audio processor; I12C-bus TDA8425 Hi-fi stereo audio processor; I2C-bus TDA8425
l ' -
Iﬂ E :
o
| | x E 2 §
W 3 - - 8
] ~
£y~ | 1
GENERAL DESCRIPTION " b s e e e —_
The TDAB8425 is a monolithic bipolar integrated stereo sound circuit with a loudspeaker channel facility, digitally o — —_— ° o
controlled via the 12C-bus for application in hi-fi audio and television sound. § = 1 | et g
Bt ' 1 8
E & O —_— ]
Feature: a
— — - — —]
» Source and mode selector for two stereo channels ] I "
o
¢ Pseudo stereo, spatial stereo, linear stereo and forced mono switch z L_ D B YU N S - - 3
u o
* Volume and balance control 3 1 - =
¢ Bass, treble and mute control @ L. ©
e Power supply with power-onreset L e o — - -
— 3
_____ 2]
n |f__
L[ il £
g & L % g
QUICK REFERENCE DATA x | L | | 2 %
3 | =2
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 33 | : g e 2k §
Supply voltage (pin 4) Vee 10.8 12.0 13.2 v R — 1|3 | %g o
w w ~ 0 o M
Input signal handling \ 2 - - \ £3e ! I Y - o Ev
289
Input sensitivity w wat I 2 B
3
full power at the output stage Vi - 300 - mV § E . | ]
Signal plus noise-to-noise ratio (S+N)/N - 86 - dB 2 HH= - s
FR-E
Total harmonic distortion THD - 0.05 - % & 3 £33 : |
) H 0 PEEF | |
Channel separation o - 80 - dB e ° ol |
<
Volume control range G -64 - 6 dB g |
Treble control range G -12 - 12 dB b E i |
Bass control range G -12 - 15 dB S g d? _!
o N r——-——
) I |
PACKAGE OUTLINE |
20-lead dual in-line; plastic (SOT146); SOT146-1; 1996 November 26. L i E
2.5 3
s48s -
g ouq
azg
L2 0
2l - 8] »
- - -4 @
- o - o
21 2 2] =
October 1988 2 October 1988 3
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Hi-fi stereo audio processor; I2C-bus TDA8425
PINNING

e 1] U E INTR
Vear [2] [19] Pseuno 1
2R (3] 78] w1t
vee [4] [17] Psevoo 2
AGND E Tonsezs [16] Bass L
eass A [6 | E] BASS L
assh [7 | [13] TResLE L
TREBLE R E E out L
outr (3] 12] scL

oeno [10 [11] soA

7281529.9

Fig.2 Pinning diagram.

FUNCTIONAL DESCRIPTION
Source selector

The input to channel 1 (CH1) and channel 2 (CH2) is determined by the source selector. The selection is made from the
following AF input signals:
e IN 1L (pin 18); IN1 R (pin 20)
or
e IN2 L (pin 1); IN2 R (pin 3)

Mode selector

The mode selector selects between stereo, sound A and sound B (in the event of bilingual transmission) for OUT R and
OUT L.

Volume control and balance

The volume control consists of two stages (left and right). In each part the gain can be adjusted between +6 dB and
—64 dB in steps of 2 dB. An additional step allows an attenuation of > 80 dB. Both parts can be controlled independently
over the whole range, which allows the balance to be varied by controlling the volume of left and right output channels.

Linear stereo, pseudo stereo, spatial stereo and forced mono mode()

It is possible to select four modes: linear stereo, pseudo stereo, spatial stereo or forced mono. The pseudo stereo mode
handles mono transmissions, the spatial stereo mode handles stereo transmissions and the forced mono can be used
in the event of stereo signals.

(1) During forced mono mode the pseudo stereo mode cannot be used.

October 1988 4
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Bass control

The bass control stage can be switched from an emphasis of 15 dB to an attenuation of 12 dB for low frequencies in
steps of 3 dB.

Treble control

The treble control stage can be switched from +12 dB to —12 dB in steps of 3 dB.

Bias and power supply

The TDA8425 includes a bias and power supply stage, which generates a voltage of 0.5 x V¢¢ with a low output
impedance and injector currents for the logic part.

Power-on reset

The on-chip power-on reset circuit sets the mute bit to active, which mutes both parts of the treble amplifier. The muting
can be switched by transmission of the mute bit.

12C-bus receiver and data handling
Bus specification

The TDAB8425 is controlled via the 2-wire 12C-bus by a microcomputer.

The two wires (SDA — serial data, SCL — serial clock) carry information between the devices connected to the bus. Both
SDA and SCL are bidirectional lines, connected to a positive supply voltage via a pull up resistor.

When the bus is free both lines are HIGH.

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW state of the data line
can only change when the clock signal on the SCL line is LOW. The set up and hold times are specified in AC
CHARACTERISTICS.

A HIGH-to-LOW transition of the SDA line while SCL is HIGH is defined as a start condition.

A LOW-to-HIGH transition of the SDA line while SCL is HIGH is defined as a stop condition.

The bus receiver will be reset by the reception of a start condition. The bus is considered to be busy after the start
condition.

The bus is considered to be free again after a stop condition.

Module address
Data transmission to the TDA8425 starts with the module address MAD.

Msa Lss

[+ TeoJoTloToTlo] 17 o [ac]
R/W
7223000.1

Fig.3 TDA8425 module address.
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Subaddress

After the module address byte a second byte is used to select the following functions:
¢ Volume left, volume right, bass, treble and switch functions

The subaddress SAD is stored within the TDA8425. Table 1 defines the coding of the second byte after the module
address MAD.

Table 1 Second byte after module address MAD

128 64 32 16 8 4 2 1

MSB LSB
function 7 6 5 4 3 2 1 0
volume left 0 0 0 0 0 0 0 0
volume right 0 0 0 0 0 0 0 1
bass 0 0 0 0 0 0 1 0
treble 0 0 0 0 0 0 1 1
switch functions 0 0 0 0 1 0 0 0

subaddress SAD

The automatic increment feature of the slave address enables a quick slave receiver initialization, within one
transmission, by the 12C-bus controller (see Fig.5).
Definition of 3rd byte

A third byte is used to transmit data to the TDA8425. Table 2 defines the coding of the third byte after module address
MAD and subaddress SAD.

Table 2 Third byte after module address MAD and subaddress SAD

MSB LSB
function 7 6 5 4 3 2 1 0
volume left VL 1 1 V05 Vo4 V03 V02 Vo1 V0o
volume right VR 1 1 V15 V14 V13 V12 V11 V10
bass BA 1 1 1 1 BA3 BA2 BA1 BAO
treble TR 1 1 1 1 TR3 TR2 TR1 TRO
switch functions S1 1 1 MU EFL STL MLA1 MLO IS
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Truth tables
Truth tables for the switch functions
Table 3 Source selector
function ML1 | MLO | IS channel
stereo 1 1 0 1
stereo 1 1 1 2
sound A 0 1 0 1
sound B 1 0 0o |1
sound A 0 1 1 2
sound B 1 0 1 2
Table 4 Pseudo stereo/spatial stereo/linear stereo/forced mono
choice STL EFL
spatial stereo 1 1
linear stereo 1 0
pseudo stereo 0 1
forced mono(") 0 0
Table 5 Mute
mute MU
active; automatic
after POR® 1
not active 0
Notes
1. Pseudo stereo function is not possible in this mode.
2. Where: POR = Power-ON Reset.
Truth tables for the volume, bass and treble controls
Table 6 Volume control
2 dB/step Vx5 Vx4 Vx3 Vx2 Vxi1 Vx0
(dB)
6 1 1 1 1 1 1
4 1 1 1 1 1 0
-62 0 1 1 1 0 1
—64 0 1 1 1 0 0
<-80 o |1 |1 K |1 |1
<-80 lo lo lo lo lo lo
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Table 7 Bass control

3 dB/step
(dB) BA3 BA2 BA2 BAO
15 1 1
15 1 1
12 1 0
0 0 0
-12 0 0
-12 0 0
Table 8 Treble control
3 dB/step
(dB) TR3 TR2 TR2 TRO
12 1 1
12 1 0
0 0 0
-12 0 0
-12 0 0

October 1988
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Sequence of data transmission

After a power-on reset all five functions have to be adjusted with five data transmissions. It is recommended that data
information for switch functions are transmitted last because all functions have to be adjusted when the muting is
switched off. The sequence of transmission of other data information is not critical.

The order of data transmission is shown in Figures 4 and 6. The number of data transmissions is unrestricted but before
each data byte the module address MAD and the correct subaddress SAD is required.

[sTa|maD]sAD] vi |sTA[MAD [sAD| VR [sTA[MAD]sAD] BA [STA[MAD]SAD] TR ]
N e N ot e e h———v———d—L

start |
condition |
|

The order of this information is arbitrary ]

mm

. . stop
last information condition 7223001

Fig.4 Data transmission after a power-on reset.

[sTA]mac]sao] , | / [ [sTa]man[sap] ~ [sT0
i

VL, VR, BA, TR, S1 respectively VL, VR, 8A, TR, §1 respectively
7Z223002

Fig.5 Data transmission after a power-on reset with auto increment.

{staman[san| | |sto]

n data bytes e.g.. [VL IVR IBA I TR l 81 I

7Z21488

Fig.6 Data transmission except after power-on reset.
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