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Mit der SOUND-Karte des NDR-Klein-Computer lassen sich auf
einfache Weise Téne und Ger&usche "vom Rechner aus™ erzeugen.
Das verwandte Spezial-IC enth&lt 3 unabh&ngige Tongeratoren,
sowie einen Rauschgenerator. Jeder Tongenerator ist sowohl in
der Tonhohe als auch in der Lautst&rke programmierbar, beim
Rauschgenerator kann die "Tonlage" bestimmt werden.



SCHALTUNGSBESCHREIBUNG

Kernstick der Schaltung, die auf der SOUND-Karte realisiert
wurde, ist die Tongenerator-Schaltung AY-3-8912 (IC5). Der
74L5245 (IC1 <Bidirektionaler Bustreiber>), den sie sicher-
lich von den meisten anderen Karten des NDR-Klein-Computers
kennen, verbindet den Tongenerator mit den Datenleitungen des
Busses (D0-D7), also mit der CPU des Systems. Ebenfalls wie
auf vielen schon bekannten Karten erfolgt die Dekodierung
auch hier durch einen 74LS85 (IC4), der iiber die Busleitungen
A4-A7 angesprochen wird., Speziell vom AY-3-8912 benétigte .
Signale (BDIR, BCl) werden von den Gattern 74LS02 (IC2) und
74LS32 (IC3) erzeugt.

Zusatzlich ist mit IC7 ein kleiner NF-Verstérker auf der
SOUND-Karte untergebracht. Die Lautstédrke des Verstarkers
kénnen Sie mit dem Trimmpotentiometer R4 einstellen. Von
diesem NF-Verstérker gelangt das Signal iber die Laut-
sprecherbuchse ST5 direkt an einen kleinen Lautsprecher. Sie
konnen allerdings iber die Diodenbuchse ST4 auch an einen
externer Verstdrker anschliefsen.

Die Adrefsierung

Der AY-3-8912 wird mit 2 Adressen angesprochen. Das Singal
Bl, das vom 74LS02 (IC2) geliefert wird enth&lt (auch) eine
Adrefiinformation. Die untere Adresse, hier EOh, fihrt an ein
internes Adrefiregister. Die darin enthaltene Adresse bewirkt
die Auswahl von 16 internen Registern. Die Daten werden iber
die Adresse Elh an den AY-3-8912 gegeben. tiber die Adresse
EOh kénnen auch Daten aus den internen Registern gelesen
werden,

Die Karte wird adrefiiert Uber das Steckfeld ST2.
Hier ist die Belegung:

D (e B A Adressen ‘

offen offen offen offen FOh, Flh
offen offen offen gesch. EOh, Elh (¥*)
offen offen gesch. offen DOh, Dlh
offen offen gesch. gesch Coh, Clh
offen gesch. offen offen B0Oh, Blh
offen gesch., offen gesch. AOh, Alh
offen gesch. gesch, offen 90h, 91h
offen gesch. gesch. gesch. 80h, 81h
gesch offen offen offen 70h, 71h
cesch.gesch. gesch. gesch. 00h, 0lh

(*) Diese Adressen werden vom Grundprogramm MON68K (VS4.3)
verwendet.



Die Register des Soundgenerators:

Register 7 6 5 4 3 2
0: Kanal A Ton LSB: 7 6 5 4 3 2
l: Kanal A MSB: x X X X B A
2: Kanal B Ton LSB: 7 6 5 4 3 2
3: Kanal B MSB: x X X X B A
4: Kanal C Ton LSB: 7 6 5 4 3 2
5: Kanal C MSB: x X % X B A
6: Rauschperiode : x x x X 3 2
7: Freigabe 0=an :1/0 I/0 Rausch Rausch Rausch Ton
I0B IOA c B A c

8: Kanal A Amplit,: x X X M L3 L2
9: Kanal B Amplit.: x X X M L3 L2
A: Kanal C Amplit.: x x X M L3 L2
B: Hallkurven-

periode LSB 2 7 6 5 4 3 2
C: Huillkurven-

periode MSB : F E D c B A
D: Hillkurvenform : x x x X Cont. ATT
E: I/O (Port A) : 7 6 5 4 3 2

Mit den Registern 0 bis 5 wird die Tonhéhe der einzelnen
Generatoren eingestellt. Jeweils zwei Register bestimmen
einen Ton. Der Eingangstakt wird durch 16 dividiert, sodann
wird durch Herunterzihlen eines 12bit-zahlers, der mit dem
angegebenen Wert geladen wird, die Ausgangsfrequenz erzeugt.

Mit Register 6 wird die Rauschquelle programmiert. Durch
Teilen der Taktfrequenz durch 16 wird die Grundfrequenz des
Rauschgenerators erreicht. Ein Sbit-Wert ladt dann wieder
einen Z&hler, der heruntergezéhlt wird., Damit wird dann die
Frequenz des Rauschgenerators eingestellt.

Mit Register 7 kénnen die einzelen Quellen freigegeben wer-
den. Eine 0 gibt sie frei. tlbber dieses Register wird aber
auch der Parallelport im Rauschgenerator-IC freigegeben. Eine
0 definiert hier den Port als Eingang.

Mit den drei Registern 8 bis A kann die Amplitude von Ton
oder Rauschen (drei Kandle) bestimmt werden. Ein Wert von 0
bis 15 gibt die Lautstirke, die logarithmisch eingestellt
werden. Soll ein Kanal ausgeschaltet werden, wird der wert
auf 0 gesetzt, Ist Bit4 gesetzt, wird die Lautstédrkeneinstel-
lung von einem Hillkurvengenerator gesteuert, Die Hillkurven-
periode laft sich



mit den Registern B und C einstellen, wobei, um auch Perio@en
von grofier Zeitdauer erhalten zu kénnen, mit 16 Bit gearbei-
tet wird,

Mit Register D kann die Hillkurvenform eingestellt werden.

Register D

Ausgangsform der Hullkurve




Der Sound-Generator arbeitet mit einer Frequenz von 2MHz.

Um diese Frequenz unabhdngig vom jeweiligen Prozessortakt zu
erhalten, wird sie mit einem Taktoszillator auf der Karte
erzeugt.Der Taktoszillator umfaft die Bauteile Q, IC6, C6,
CB und L1. Der 74LS321 (IC6<Oszillator>) teilt die vom 4Miiz-
Quarz kommende Frequenz, die dann zum Pin 15 des AY-3-8912
gefihrt wird,

Auf den Stecker STl ist der Parallelport, den der AY-3-8912
beinhaltet herausgefuhrt. Er kann also von diesem Steckfeld
aus verdrahtet werden.
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STUCKLISTE

(R )

Aufdruck

Beschreibung

Stiick

i}

1

1

1

1

1

1

1

1

1

1

1

1

2

1

1

1

i zu
2 zu
2 zu
A} zu
1 zu
4

1

c1
c2,3,4,5,6,7,8
c9

C10

Cl11,12,13

TTTW O
DB WN

ST 1,2
ST 4

ST 5

IC 1
¢ 2
IC 4
IC 5
1C 7

Int, Schaltung 74LS245
Int, Schaltung 74LS02
Int. Schaltung 74LS32
Int. Schaltung 74LS85
Int. Schaltung AY-3-89]12
Int. Schaltung 74LS321
Int, Schaltung LM386N-1

4MHz Quarz

Folien Kondensator 1luF
Keram. Kondensator 100nF
Elekrolyt Kondens. 220uF/1QV
Keram, Kondensator 47nF
Tantal Kondensator 10ufF/l6V

Festinduktivitat 47uH
Widerstands Array 4x4,7 KOho
Widerstand 10KOhm
Widerstand 1Kohm
Trimmpotentiometer 10KOhm
Widerstand 100hm

Stiftleiste 2x4pin
Stiftleiste abgew. S4pin
Diodenbuchse 5polig zur
Platinenmontage
Lautsprecherbuchse zur
Platinenmontage

IC-Sockel DIL 20
IC-Sockel DIL 14
IC~-Sockel DIL 16
IC~-Sockel DIL 28
IC~Sockel DIL 8

Jumper
Leiterplatte
Versionsnummer 226-84.,50
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BESTUCKUNG

Beginnen Sie (wie immer) mit der Bestickung der passiven
Bauteile und der Steckerleisten. Achten Sie darauf, daft, wenn
Sie die 54polige abgewinkelte Steckerleiste einloten, alle
Pins dieser Leiste parallel zur Leiterplatte stehen. Das
gewdhrleistet, daft die Karte spater "gut" in die Buchsen dec
Busses pafit. Loéten Sie nun die Widersté&nde ein. Winkeln sic
die Widerstdnde am besten vor dem Einléten ab. Mit einem
Seitenschneider sollten Sie nach dem Einléten die an der
Létseite lberstehenden Dr&hte abschneiden. Vorsicht beim
Einléten des Widerstands Array. Es hat einen gemeinsamen Pol,
der auf dem Kérper des Netzwerkes mit einem kleinen Punkt
(neben der Beschriftung gekennzeichnet.) Im Bestiickungsdruck
der Karte ist dieser Punkt durch ein kleines Quadrat mar-
kiert. Loten Sie nun auch die Festinduktivitat L) ein, die
dhnlich wie ein widerstand aussieht, aber etwas grofser ist.
Als nidchstes kommen die Kondensatoren. Beginnen Sie mit den
keramischen Kondensatoren C2 - 8 und C10. Sie wissen, daf
keramische Kondensatoren ungepolt sind., Sie missen hier also
nicht auf Plus- oder Minuspol achten, wie bei den Tantal-
Kondensatoren C11 - 13, die nun als nachstes eingelotet wer-
den. Auf den Korpern der Kondensatoren finden Sie ein kleines
"t+"~-Zeichen. Auch im Bestiickungsdruck finden Sie ein solches
Zeichen. Das Beinchen des Kondesators, das dem "+"-Zeichen am
nadchsten ist, gehért in den auf der Karte mit "+° gekenn-
zeichneten Létpunkt,Auch der Elektrolykondensator C9 ist
gepolt. Beil ihm ist der auf dem Metallkorper der Minuspol
gekennzeichnet. Auf der Karte finden Sie den Pluspol mar-
kiert. Seien Sie bitte beim Einloten der gepolten Konden-
satoren sehr sorgfdltig, denn, wenn Sie an einen falsch
gepolten Kondensator Spannung anlegen, kann der sich mit
Knall und Stichflamme "verabschieden”. Der Folienkondensator
Cl ist ungepolt. Bei dem besteht also keine "Explosions~
gefahr"™. Loten Sie als ndchstes den Quarz, die IC-Fassungen
und beiden Buchsen und das Trimmpotentiometer ein. Wenn Sic
die Buchsen und das Potentiometer an der Frontplatte Ihres
Rechners unterbringen wolen, verdrahten Sie die Buchsen und
das Potentiometer. Beim Trimmpotentiometer finden Sie auch
eine kleine Plastikachse. Wenn Sie diese Achse montieren,
lafit sich das Poti erheblich leichter einstellen, als mit
einem Schraubenzieher. Wenn Sie nun die IC-Fassungen ein-
loten, achten Sie bitte auf die im BestlUckungsdruck ange-
brachten Markierungen, Sie bezeichnen (wie bei allen Karte:!
die Lage der integrierten Schaltungen. Auch die IC-Fassunaen
sind mit einer kleinen Kerbe (Dreieck) entsprechend kenn-
zeichnet. Loten Sie also die Fassungen schon richtig herus
ein. Dann haben sie nach dem Einloéten der Fassungen auch
keine Schwierigkeiten, die ICs richtig herum einzustecken,
denn auf dem Plastikkorper der integrierten Schaltungen
finden Sie wiederum eine Kerbe, die sich in der Lage mit den



Markierungen des Bestiickungsdruckes und der IC-Fassungen
decken soll. Nun sollten Sie, bevor Sie die ICs einsetzen
einmal die Versorgungsspannungen messen. Stecken sie die
Karte in den Bus und messen Sie: an Pin20 von ICl missen
ebenso +5V zu messen sein, wie an Pinl4 von IC2, Pinl4 von
IC3, Pin 16 von IC4, Pin3 von IC5, Pinll und 16 von IC6 und
Pin6 von IC7. Wenn das der Fall ist, stecken Sie die ICs nun
vorsichtig ein. Winkeln Sie unter Umst&nden die Beinchen auf
einer geraden Flache etwas an, damit Sie besser in die Fas-
sungen eingefihrt werden kénnen. Kontrollieren Sie nun noch
einmal die Lage. In der unteren Reihe "schauen™ nun alle IC's
(1€1,2,3,4) nach links, dariber weist das IC5 nach rechts und.
IC 6 und 7 nach unten.

Kontrollieren Sie nun (méglichst mit einer Lupe) alle Lotver-
bindungen, um "kalten" Létstellen auf die Spur zu kommen.
Haufig glédnzen "kalte" Létstellen nicht, sondern wirken, da
bei ihnen das Lot nicht "geflossen" ist, matt. Léten Sie
verdachtige Létstellen nach. "Kalte" Lotstellen gehoren zu
den haufigsten Fehlern und sind oft, wenn sie nicht bei der
Sichtkontrolle gefunden werden, oft schlecht zu lokalisieren.
Kontrollieren Sie nun (mit der Lupe) auch noch einmal auf der
Bestlckungsseite, ob alle integrierten Schaltungen richtig
stecken. Es kommt vor, daf ein Beinchen eine Bausteins statt
in die Fassung zu gleiten, abknickt und nahezu unsichtbar
unter dem Plastikkérper des ICs verschwindet.

In Rolf-Dieter Kleins Buch "Mikrocomputer selbstgebaut und
programmiert™ (2. Auflage) finden Sie auf Seite 201 ein
kleines Testprogramm, mit dem sie die Funktion der Schaltung
leicht uberprifen kénnen. Auf den Seiten 319 - 323 finden Sie
dort auch Listings fir einige Beispielprogramme fiir "Ge-
rauschdemos",

HAUFIGE FEHLER:

Haufigster bisher aufgetretener Fehler war die falsche
Adrefiierung der SOUND-Karte. Beachten Sie also genau die .
Seite 2 dieser Beschreibung.

Auflerdem wurde relativ haufig das Widerstandsnetzwerk falsch
herum eingelétet und der Elekrolytelko verpolt.
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HINTERGRUND

TTL
MSI

TYPES SN541S320, SN541S321, SN741S320, SN7415321

CRYSTAL-CONTROLLED OSCILLATORS

D418 DECEMBER 1978 AEVISED JANUAIY 154,

‘LS320

® Crystal-Controlled Oscillator Operation
from 1 MHz to 20 MHz

® 2.Phase Driver Outputs

‘LS321

e Similar to ‘LS320 But Includes {/2 and
/4 Count-Down Outputs

description

The ‘LS320 15 a crystal-controlled oscillator/clock
driver. It features complementary standard and
high-current  driver outputs. A synchronization
flip flop 15 included

The driver outputs. F’ and F* have very low impedance
and can be used to drive highly capacitive TTL level
lines If the driver outputs are not used, then the
Ve terminal can be left open.

The °LS321 1s idenucal to the ‘LS320 except it
additionally features two count down outputs, F/2
and F/a4

These circuits were designed for senes reasonent
crystal control of frequency, and capacitative control
18 not It a fund. cryslal 1s used
an inductor of 510 100 uH with a Q, of 30 to 40, or a
resistor of 130 {1, 1s required 10 be connecled belween
the tank 1 and tank 2 inputs. If a third overtone crystal
is used, a tuned tank is necessary. The XTAL 1 and
XTAL 2 inputs have an input capacitance of 30 to
32 pF.

Interaction of the driver outputs with the other
outputs himits usetul frequencies as shown in the
frequency limits table

The SN54LS320 and SN54LS321 are characterized
for operation over the full military temperature range
of -55°C 1o 125°C  The SN74LS320 ang
SN74LS321 are characterized for operation trom 0°C
10 70°C.

FREQUENCY LIMITS

SNS4LS320 . . JOR W PACKAGE
SN74LS320... JOR N PACKAGE
(TOP VIEW)

VAl atac
vee 2 [} ~ L ’

L] - “ I u n - ’

aae i

tane s e oo ’
1 1 b . ) . 1 .
TAms lams GmO 10 P10 D
' : . f}

logic. soe duscpton

NC No internal connection

SNS4LSI21 ... JORW PACKAGE
SN74LS321 ... JOR N PACKAGE
(TOP VIEW)

RYAL xtac
vee 1 '

L) r Sc

RTAcT ATact 1

logic: sve vescripion

OUTPUTS IN USE Vee Vee Yivan
Oriver outputs only s5v 5v 20 MH2
Other outputs only 5v Open |20 MMz
Driver and any other outputs 5v 5v 10 MMz

11



TYPES SN5415320, SN54LS321, SN74LS320, SN74LS321
CRYSTAL-CONTROLLED OSCILLATORS

functional block diagram (positive logic) logic symbols
‘Ls320
o™
hcn 7
e Tanky (:z’; 4
. 2 = AL
PR TANK2 e =
XTALY (10)
ST 2
. AL2 ——¢ 9 -
. [
Fro 19 0 4 feo
..: ‘Ls321
1
1 G
I 7
| ' ! M
: ! () F
; LT | TANKT —
B o s s R J i b ho .
TANK2? ) 19 -
(14 CTRDIVZ2 5
XTALY —— . (L[,
(15 CTRDIV4
XTALZ ——¢4 b . (6) i
(5) & (@)
fro ——{o —— fro
absolute maxirmnum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage Vce (see Note 1) . S . . : A
Supply voltage, Vo' : PR . Dol x x a5 omom s gy I A
Input voltage to FFD terminal L I A R . =05Vtwo7v
Operating freeair temperature range’ SN54 LS320, SN5415321 Tttt e ... ... .. -55°Ct0126°C

SN7415320. sN7aLs321 - - - . ... 0°Cto70°C
Storage temperature range B on o Y . -65°C o0 150°C
NOTE 1 Volrege vaives ore YR TesDect 10 network ground Termingiy

recommended operating conditions

SN5408320 SN74(8320
SN54L5321 SN74LS321 UNIT
) MIN __NOM__ MAX | MIN _ NOM  WAX
Supoivivaiage \.'CL—;‘ T T a5 5 55 | a7s 5 525 | v
| Supply volisa 45 5 55 475 5 525 v
[———— }:—;' et B e ES
T e - “TTT.;]?“ 05 10 0s 10
Output trequency 1., FlaTisan 0725 B 025 5| MMz
ol . B 70 7 70 7
V o D NG o
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National Audio, Radio and TV Circuits

Semiconductor

LM386 low voltage audio power amplifier

general description

The LM386 15 » power amphiier designed for use in low
voltage consumer applications. The gain 15 internally
set 10 20 10 keep external part count low, but the
addition of an external resistor and capacitor between
pins 1 and B will increase the gain 1o any value up
to 200.

The nputs are ground referenced while the output 15
automatically biased 1o one half the supply voltage. The
Quiescent power drain is only 24 milliwatis when oper-
ating from s 6 volt supply, making the LM386 ideal
for battery operation

features
® Battery operation

® Minimum external parts
® Wide supply vollage range 4V-12V or 5V-18V
* Low quiescent curient drain 4mA

® Voltage gains from 20 to 200

Ground referenced input
Sell-centering output Quiescent vollage
Low distortion

Eight pun dual inline package

applications
AM FM radio amplitiers
® Portable tape player amplitiers

Intercoms

TV sound systems

Line drivery

Ultrasonic drivers

Small servo divers

Power converters

equivalent schematic and connection diagrams

wram ]

)
- -t —O - i

typical applications

Amplitsec with Gain = 20
Minimum Party

o

Dust in Line Pachage

; .
o I an
1 ’
vt =1 LI

TR | o 5
oo b
1or st

Ovoer Numper LMIB6N 1. LM3BGN 2
LMIBEN 3 or LMIBEN 4
See NS Package NOBB

Amplitiss with Gain = 200
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absolute maximum ratings

Supply Voitage [LMIBEN) 15v Storage Temperature —65°C 10 +150°C
Supply Voltaoe (LM3B6N 4) 22v Operating Temperature 0°Cto+70°C
Pack gge Dussipatonn {Note 1) 1L MIBGA) 1.25W Junction Temperature +150°C
Package Dussipation (Note 2) (LM3B6) 660 mw Lead Temperature (Soldering, 10 seconds) +300°C
Input Voltage 40 av
electrical characteristics 1, - 25°C
‘ PARAMETER CONDITIONS MIN TYP MAX UNITS
| Oweraring Suppiy Voltag (V) .
L M386 4 2 v
LMIRGN 4 5 18 v
Ouiescent Current (1,,) Ve "BV Vi, =0 4 8 mA
Output Power (P o)
LM3JBEN 1 Vet BV, R, v B2, THD = 10% 250 325 mw
LM3BEN 2 Vg 75V R+ B, THD » 10% 400 500 mwW
LM3IBEN 3 Vs = 9V. R - B0, THD - 10% 500 700 mw
LM3R6N 4 Vs = 16V, R = 3201, THD = 10% 700 1000 mW
Vetage Gan (A) Vg = 6V, 1= 1kHs 26 d8
10uF from Pun 110 8 “ a8
Bandwidih (BW) Vg = 6. Piny 1 and B Open 300 kHz
Total Harmonie Ditortinn {THOY Vg = 6V, R v B2, Poyy " 125mW 02 %
= 1 kM2, Pins 1 and 8 Open
| Power Supply Rejecrion Rato (PSAR) Vs = 6V. 1" 1 kHr Cyvpags = 10uF %0 d8
Pins 1 and B Open, Referred 10 Output
Input Resistance (R, | 50 %1}
1ot Bras Current g, 060 Ve * 6V, Pins 2 and 3 Open 250 nA
S St Ol TS
Note 1 o ooeranon in ambient tempe 1oy shove 25 €, the Oevice must be derated based 0n 8 1507 C mex:imum |unclion tempersture and 8
thermal revitance of 100°CW junction 1o emitwent

For oreratian n

“e 0T YRT L lunctinn 1o smbient

application hints
GAIN CONTROL

To make the LMIB6 » more versatile smplifier. two pins
(1 and Rl are provided for gain comtrol With pins 1 and
B open the 135 L{) resistor sets the gain at 20 (26 dB).
W » capacitor s put from pin 1 10 B bypawsing the
135 k82 revistor the gain will go up to 200 (46 dB). If
8 revstor 1 placed in series with the capacitor, the gain
can be set o any value from 20 10 200. Gain control can
also be done by capacitively ¢coupling a resistor (or FET)
frem pin Y 10 ground

Additions! external components can be placed in parallel
with the internal feedbisck resistors 10 tarlor the gain and
frequency respanse for individual spplications For ex-
ample, we can compensate poot speaker bass response
by Grequency shapeng the teedback path Thig is done
with a secies RC from pin 110 5 (paralleling the internal
1562 1esistor) For 6 dB effective bass hoost R > 15k()
ths lowest value for good stabl» operation 15 R« 10 k2
W pin B s open Il ping 1 and B are bypassed then R as
low 83 2 k12 can be used This regtriction 11 because the
1 only compensated for closed loop gains
greatec than 9

amplitier

INPUT BIASING

The schematic shows that both inputs sre bissed to
ground with a 50 k{2 resistor. The base current of the
nput transistors 15 about 250 nA, 30 the inputs are a1
sbout 12.5 mV when feft open 1t the dc source re-
sistance driving the LM386 15 higher than 250 k{2 it will
contribute very little additional offiet labout 25 mV et
the input, 50 mV a1t the output). If the dc source
resistance iy less than 10 k2, then shorting the unused
input to ground will keep the offset low (sbout 2.5 mV
st the input, 50 mV st the output). For dc source
reysiances between these values we can eliminate excess
offset by putting 8 resistor from the unused input to
ground. equal in value to the dc source resistence Of
course all otfset problems are eliminated if the input 13
capacitively coupled

When unng the LM386 with higher gains (bypassing
the 1 35 kS resistor between pins 1 and B) 1t 13 necessary
10 bypass the unused inpul, preventing degradation of
@ain and possible instabilities. This is done with 8 0 1uF
capacitor or & short to ground depending on the dc
source resistance on the driven input

ment mmperatices shove 25°C. the device mutt be derated bated on & 150" C mewimum function Tempersture #nd 8
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AY-3-8910 AY-3-8912
AY-3-8913

INSTROMLA

Programmable Sound Generator

FEATURES

® Full Sottware Control of Sound Generalion

® Interfaces to Most 8-Bit and 16-81t Microprocessors
® Three Independently Programmed Analog Outputs
® Two 8-Bit General Purpose 1/0 Ports (AY-3-8910)

® One 8-Bit General Purpose 1/0 Port (AY-3-8912)

® Single +5 Volt Supply

DESCRIPTION

The AY-3 'l Sound (PSG) s
& LS! Cucunt which un wide variely of complex sounds
under soflware control 10/8912/8913 1s manufactured in
the General Instrument N-Channel lon Implant Process Operation
lo +5V power supply. n 'YL compaubl *

processor controller such he General Instrum
CP‘C\O or one ol the PIC1650 series ol 8-bit miciocomputers

nd a
16-bit

The PSG 13 easily interfaced 10 any bus onented sysiem Its fiexibility
makes it uselul i applicalions such as music synihes:s. sound
effects generalion. audible alarms tone signalling and F SK modems
YM analog sound oulpuls ca: h provide 4 bils of loganihmic
I 10 analog conversion greatly enhancing the dynamc range of
lM s0unds proouced

In order 10 perform sound ellects while allowing the processor 10
continue its other tasks the PSG can continue 10 produce sound
alter the inilial COMMands have been given by the CONIIO! Processor
The fact that realislic 50und production ofien iNvolves more than one
effect s satisfied by the three independently controllable channels
availabie in the PSG

All of the circuit control signals are 0igital in nature and intended to
e provided direclly by & miCroprocessor’microcomputer This
means that one PSG can produce the full range of required sounds
with no change in external Circuitry Since the frequency response of
the PSG from sub-audible at ils lowes! frequency 10 posi-
audibie at ity highest Irequency Ihere are few sounds which are
Deyond reproduction with onty the simplest elecirnical connechions

Since most applicalions of a microprocessor PSG sysiem would also
require l'll!l’l:lno Delween Ine ouls:de world and the mic oproces-
801 1his faciily has been designed nio Ine PSG The AY-3-8910 has
Iwo general purpose 8:bit 1/0 ports and s supphed n a 40 lead
mnoo 1he AY-3-8012 has one port and 28 leads the AY-3-8013 has
N0 pOrts and 24 leads

PIN FUNCTIONS
DAT--DAO (inpul/outpul/high impedance) pins 30--37 (AY-3-8910)

Dala/Address 7--0 pins 21--28 (AY-3-8912)
pns 4. 1) (AY-3-8913)

These B lines comprise the 1 Didirechional bus used by Ihe
MICIOProcessor 10 $end both dala and addresses 1o tne PSG and 10
receive data from the PSG In the data mode DA7--DAO correspong
1o Register Array bits B7-- Do inthe adaress mode DA3--DAO select
1he register number (0--17,) and a DA7--DA4 in conjunclion with
2adrs nputs KB ana A8 |ar the high orcer adaress (Ch.p select)

A (1npul) pin 25 (AY-3-8910)
n 17 (AY-3-8912)
pin 23 (AY-3-8913) l
A (input) pm 24 (AY-3-8910)
22 (AY-3-8913)
(nol Pprovided on AY-3-8912)
. Address §
These “exira” address bits are made available 10 enabie the position-
ing of the PSG (assigning & 16 word memory space) in a 1otal 1 024
wOrd memory

Ihe use Of these ex!ra address lines they may be lefl unconnected as
each s provided mlh @ither an on-chip pull down (A9) or pull-up (AB)

resis10r In “noisy”
u 10 8n external grounc and + 5V respectively if they
are nO! 10 be used

PIN CONFIGURATIONS

40 LEAD DUAL IN LINE
AY-3-8910

Too vem
Vau (GNO) O L SRUNNESR 17
~NC 2 whorest
ANALOG CHANNEL 8 (] WP ANALOG Crannty €
ANALOG CHANNEL A [ 72 DAC
NC (s » L Lay
1087 e »[) DAz
1086 Q7 MP DA
1o8s s nE vAc
108¢ v 2[5 DAy
108) (0 1 oAb
1082 [ DAr
108 g M BC
1080 g0 np vce
1047 e 2D suR
1046 (s a5 Tes 2
10AS Qe HEAs
104e 11 b Ag
1043 o HE RCSEY
1042 é‘- P cuock
10a1 20 2 £ 100
28 LEAD DUAL IN LINE
AY-3-8912
Top Ve
ANALOG CHANNEL C " P DAO
Test 2 275 oar
Vi 1% 3 »E DAy
ANALOG CrANNEL B (14 wf oAy
ANALOG CraNnLL A (3 HD DA
Vou (GNO, 6 NE oas
10a7 cf1 20 Das
10A8 (0 np par
1043 (v np sC)
10a¢ o Lol 1}
108) 4 wh
10A2 C} 02 g
0ar o ]
1080

24 LEAD DUAL IN LINE

oas g
oa g
oaz g
oar e
oao 1
Tstour @

2
2|

o

"
"
"
"
"

P
o]
o}
P
P
wh
o]
P
P
p

"

3

Emivsiect
ar

n)

L1s1d}
cuocn

Vas 1GNO,
ANALOG €
ANALOG A
NO CONNECY
ANALOG B
st
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RESEY (:nput) pin 23 (AY 3 8a10)
pnoYE (AY 3 AQ12)

Pin 21 (AY 3.8913)

For inhatizaton power on purposes arntying a logic ‘0 (ground)
tothe Reserpinwiresetaiiregisiersto 0 Tne Resel pinis provided

with an on-chip pull-up 1esistor
CLOCK (nput) pin 22 (£¥ 3 B910)  pun 20 (AY-3 8913)
pin 15 (AY 3 8912)
TS TTLcompathie input suppiies the Liming reference for the

Tone Nose ang Enveiope Generators

BDIA BC2. BC (g s 27 2R 29 (AY.3-8910)

P TR 1920 (AY Y RAI2 piia 2 3 (No BC? on AY-3.8913
Bus DIRection Bus Control 2.1 see below)
TRese Bus continl 3ignaly are gensraied directly by the CP1610
$#1103 01 MiCI0DIOCESI01S 10 CONtIOl ATl ealernal and internal bus
CPerAtany in Ine PSG When using 8 processor other than the
CPIBI0 these 3ignals can be provided either by comparable bus
320813 07 Py s muiatng Ine signats on 10 lines of the processor The
PSG gecooes tnese 5.0nAIs 83 dlustiated n the foliowing

crinno ria
FUNCTION FUNCTION
NACT  INACTIVE Ses 010 (1AB)
ADAR  (ATCH ADDALSS Sew 111 (INTAK)
TAB INACTIVE The PSG/CPUbuUS I inactve DA?-DAD
87 "8RG impadance #

- oo 8C2
5> - o 8Ct

o 1 ©1B  READ FROM PSG This signal causes the contents
0 he reguias whih m Curently addievsed 1o
PSG CPU bus DAT--DAD
oo BB ATCH ADDRESS Same 111 (N7 AN
oo o DW  NACTIVE See 010 (1AB)
Voo OWS  WRIE 1O PSG Th A0 ales et ihe bus

PR 4ROl be 191 ned 1nto
a0 cegisie: DAT.DAOD e in
e imput mooe
INTAK [ ATCHADDRESS Thiy signal imdu ates that the bus
wPiCh BnOuId be latched
in 1he inpul mode
Viniie nteiACing 10 8 D1 OC #3307 Other than the CP1610 would simply
1#QUITe $IMUTALING the above decOding the redundancies in the PSG
funclions vs bus cont ol signals can be used 1o advaniage in that
only four of the #1ght possible decoded bus lunclions are required by
the PSG This could simplity the programming of the bus control

AY-3-8910 B AY-3-8912
AY-3-8913

| w0 |

ARCHITECTURE

The AY-3-8910/8912/8913 13 & register oriented Programmable Sound
G (PSG) C between the p #nd the
PSG 13 based 0n the concep! of memory-mapped 1’0 Control com.
mands #7e 133uad 10 the PSG by writing 10 16 memory-mapped reQ
ters Each of the 16 registers within the PSG 13 also resdable so tha!
1he microprocessor cen delermine #3 necessary presen! slales or
s1ored date vaiues

Allfunctions of the PSG are controlled through the 16 registers which
©ONCe progrAmmed generale and sustainthe sounds 1hus Ireeing the
system processor lor other lashks

REGISTER ARRAY

The prinCipal element of 1he PSG 15 the array ol 161ead ‘wiite control
regisiers These 16 regisiers look 10 the CPU as a block of memory
and s such occupy A 16 word block out of 1024 possible addresses
The 10 address bils (8 bits on the common data ‘8ddress bus and 2
separate adoress bits A8 and A3) are oecoded as follows

[R] s [oar]oas]oasoad]oas]oaz[oar]oR0] * Kb

oo foJo]elelo o o]0 :’.:’:r:m:
[EXENEI KN K3 KN EN KN KN

HIGH Low
ORDER ORDER
(Chip Seiect) (Regiee: Mo |

The four low order address bils select one of the 16 registers (RO-

R17,) The six high order address bils funclion as chip selects 1o
control the 1ri-siate bidirectionsl buflers (when the high orger
A00ress by * incorrecl . the bidirectional bullers are forced 1o &
highimpedance state) Highorder address bits AD ABare lixed inihe
PSG design 1o recognize a 01 code. high order address bits DA7--
DA4 may be mask-programmed 10 any 4-bit code by a special order
factory mask modification Unless otherwise pecilied 80dress bils
DA7--DA4 are programmed to recognize only a 0000 code A vahd
high order address laiches the register address (Ihe low order 4 bits)
n the Reqister Address Lalch/Decoder block A laiched address will
reman valid unlil the recept of a new address enabling myitiple
reads and wriles of the same register contents withoul the need for

3107815 10 1he 101l0wing which would Only require that the
Qenerale two bus control signals (BDIR and BC1 with BC2 tied to
“SVI This s the case with the AY 3.8913 with BC2 pulied high
internally

[1=]

»0
FUNCTION

AT TivE
READ FROM LG,
WHITE 10 PSE
LATCH ADDASSS
ANALOG CHANNEL A B. C (outpuls) pins 4.3 38 (AY-3.8910)

PSS 4 1 (AY-3-8012) Pins 171518 (AY-3-8913)
Each of these signals is the oulput of its corresponding D/A

Converter and provides 8n up 10 1V peak.peak signal representing
the complex s0uUnd waveshane generated by the PSG

--o0o 8o
-o-o st

TOAT--10AD (:nput OLIPUI)  pins 14 21 (AY.3.8910)

fns 7 14 (AY 3.8910) (not provided on AY.3-8913)
10B7--1080 (nput'outputs pins 6 13 (AY 3.8910)

(not provided on AY.3.RQ12) {not provided on AY-3-8913)
Inpul/Outpul AT--A0, BY--B0
Each of these two paraliel input oulput ports provides B bits of
paraliel datato from the PSG CPU Bt from- 10 any exlernal devices
connected to the J0A o' IOB ping Each pin s provided with an on-
Chp pull-up resistor 80 that when in 1he input mode all pins will
read normally high Therelore 1he recommended method lor scan-
nng esternal Swilches would be 10 ground 1he input bit
TEST\ pin 3G (AY-3-8910) pin 14 (AY-3-8913) pin 2 (AY-3 8912)
TEST 2. pin 26 (AY-3-8910) pin 12 (AV-3 8913

(net connected on AY.3 8912)

These pins are tor General Insirument test purposes only and shou'd
Be et 0pen - do ot use 83 Le-points
Vee pin 40 (AY-3.8910)  pin 13 (AY.3.891))
NAMINAL « YOI power supply 10 the PSG
Ves Dn 1 (AY-3-8910)  pin 19 (AY-3.8913)
ound relerence for the PSG
CHIP SELECT (Input) Pin 24 (AY.3-8913 only)
TR'S INDUT $1QNAl GORS 10w 10 PnaDle the FSG 1o 1ead dAta On Tha data
s Or wiile 0ata tiom Ihe 9ata bus 10 0k o the nternal registers For
MeLE ABOLE O A1ONS 1D OCC1! TRIS S1GNAT M AT B 1718 10 8ddition 10
1~e ¢ bus 800Iess beng avalid F'SG address This signal myst
be . ATeAT 80 wiite nperalons The pun hag gn internal pull
9own 10 v,

pn 3 (AY-3-8912)

pin 6 (AY-3-8912)

Conaitioning of the Register Address Latch/Dacoder and the Bid:-
rectional Buffers 10 recognize the bus function required (inachive
latch address write di or read data) 13 accomplished by the Bus
Control Decode block

SOUND GENERATING BLOCKS

The basic blocks in the PSG which produce the programmed sounds
nclude

Tone Generators produce the basic square wave lone frequen-
cis lor esch channel (A.B.C)

Noise . Y
random pulse width square wave cutput
Mixers combine the outputs of the Tone Generators

ond the Noise Generator One for eschchen-
ne! (AB.C) ‘

provides the D/A Converters wilh either o

Amphiude Control

ble amplitude 13 sccomphished by using
he output of the Envelope Generator

3 an pe patiern which can be
used o amplitude modulate the output of

each Mixer

the three D/A Converters each produce up to

216 level oulpu! signal as determined by the

Amplitude Control

D’A Converters

170 PORTS

Two 8dditiona! blocks are shown in the PSG Block Dragram which
have nothing directly to 0o with the production of sound — these are
the two 1'O Ports (A and B) Since virtually sl uses of microproces-
307:based s0und would require interfacing between the outside
worid and the processor. this faciily has been included in the PSG
Data to’1rom the CPU bus may be read’written 1o either of 1wo B-bit
L'O Ports without stfecting any other funclion of the PSG The |10
Ports are TTL-compatible and are provided with internal pull-ups on
Fach pin Both Ports are available onthe AY-3 8910 only 1 O Port A1s
bie on Ihe AY-3-8912 no porls sre available on the AY-3-891)

16
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OPERATION

Since 1 functions of the PSG sre controlied by the processor
via 8 senes of reqister loads & detaled description of the PSG
Ooperation canbestbe sccomplished by relating each PSG lunction 1o
the control of s corresponding reg:ster The function of cr
PrOGrammINng & $pec.ic 30und or s0und effect logicatly loliows the
control sequence histea

Operation Registery Functon
Tone Gemeraton C ot RO 83 Piogiam tame perods
Nose Generaior Com ae Progiam noe pernod
Moo Cnnngl LE e one 8nd or o

an seiecied channeny

RI0 A2 Selecl Laed o e

P ampituo
Enveinge Generato: R1) 818 Pingram envelope period

[ #10 vetect enceiope patisin

Ampiite Control tope.

Tone Generator Control
(Registers RO. R1, R2. R3 R4 RS5)

The frequency of #ach square wave generated by the three Tone
Generators (one each for Channels A B and C) 13 oblained in the
PSG by hst counting down 1he input clock by 16 then by further
counting down the result by the programmed 12-bit Tone Periog
value Each 12:but value is oblained in the PSG by combining the
contents of the relalive Coarse and fine Tune reqisters aslustrated
i 1he loilowing

Coerse Tume Fine Tune
Reguier Channet Regrater
At x
"y "
ny €

53 €0 0

17 01 Tone Meriod (171 10 Tone Ge

Nolse Generator Control

(Register RE)

The frequency of the noise snurce i3 obtained in the PSG by st
€OUNtiAG Aown the INDUTCICK by 16 then by further counting down
the result by the programmen 5 b Nosse Perod value This §.pit
VAIUP COntists Of the Inwar § bors (B4 BO) of register FIE g
HUSITAtRd 0 the 10lGwing

Nowe Periia

Aeg.ure: P
L IsTeTeToTa T3 ])
—_—
e [ ——
o feetiacbugin
Mixer Control-UO Enable
(Register R7)
Aegeter BT 1w a it fonnn FARRIE requster which controls 1he

1hrer Mne T one Misere an e tae grnecal purpnse 10 Ports

VBT Camtine the nowe AN Thne
iee crannely The determination of
s on each

S oA peey

Vo eacn ot

Crmtr g et B Both e And 1ane

cquen
A0 L, e wtae 0! Bt BS AQ of AT

THE @000 npal 00 et | ANING La, general purpnse 1.0 Ports
SAIOM s et ed By e state 0f tors BT ang B6 of R?

B LR e Al e 1t wing

AY-3-8910 ® AY-3-8912
e an | msEOGY
Amplitude Control
(Registers R10, R11, R12)

The amplitudes of the signals generated by each of the three D/A
Converters (one each for Channels A B and C) s determined by the
contents of the lower 5 bits (B4--BO) of registers R10. R11. and R12as
lustrated in the following

Ampiitude Control

Regiuter Channet
R0 A
) L]
LI c

A\

[ EFEE

amphivce 401 taeg
Mode ampliuse Level

Envelope Generator Control
(Registers R13, R14, R15)

To accomplish the generation of farly complex envelope palterns
w0 iIndependent methods of control are provided in the PSG hrst i
'3 possible 10 vary the lrequency of the envelope using registers R13
and R14. and second. the reialive shape and cycle patiern of the
envelope can be varied using register R1S The following paragraphs
explamn the detals of the envelope control functions ﬂ.’C’lb‘l\q first
the envelope period control and Ihen the envelope shape/cycle
controt

ENVELOPE PERIOD CONTROL (Registers R13 R14)

The trequency of the envelope 15 oblained In the PSG by first
counting down the Input clock by 256 then by further counting down
the resull by the programmed 16-bit Envelops Period value This
16-bit valuc 13 oblained in the PSG by combining the contents of the
Envelope Coarse and Fine Tune registers. as ilustrated in the
following

Crvmrope
)
Regares A1)

= loT=)

FEFEREER)

"_’l"f;[":l"’ e Tow =T
18 01 Eneetone Pecoo (£9)
16 (neeinpe Generaion

&

ENVELOPE SHAPE/CYCLE CONTROL (Register R1S)

The Frvelope Generator further Counts down the enveiope fre
@uenty by 16 producing a 16-3tate per Cycle envelope patiern as
A hned by s 4 bt counter output EIE2ETED The particular shape
AN7 cycle pattein of any desired envelope 15 sccomphished by
controiing 1he count pa'lern (Count up/count down) of the 4.bit
counter ang by dgelining 8 single-cycle or repeal-cycle pattern
This envelope shape‘cycie control s contaned n the lower 4 bits
(N3 -00) of raqister R1S Each of these 4 bits controls 8 funchion in
the envelope generatnr as ilustiated in the foliow:ng

Enveiope Shape Cycle
Contiol Requster (R15)

s

NOT
usEn

Contnue
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OuUTRUT 13 0 81 8e
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i

ele] See Frg 4 lor Bota

\ "
41 Om 0 Omet 1AL

Fig. 1 ENVELOPE SHAPE/CYCLE OPERATION

NORMAL 2L
YO 1AGL

'3

NOTE ENVELOPE ONuY
NOISE AND TORES
AKE DISADLELD |

O Comar vacut
[ERTTEIT

P ENvti v PmOn

Fig. 3 D/A CONVERTER OUTPUT

Fig. 2 DETAIL OF TWO CYCLES OF Fig. 1
(re!. wavelorm *1070" in Fig. 1)

VO Port Data Store
(Registers R16, R17)

Reg:sters R16 ana R17 funclion as intermediate data slorage regis-
ters Detween the PSG/CPU dala bus (DAO--DA7) and the two 110
ports (1OA7--10A0 ana I0B7--1080) Both ports are avaabdie in the
AY-3-8910 oniy 1O Port A s avaiabie in Ihe AY-3-8912 none are
svaiapie on the AY-3-8913 Using registers R16 ana R17 lor the
transfer of 10 gata has no effect on sound generation

D/A Converter Operation

Since the primary use of the PSG 18 10 produce sound for the highly
imperfect amplitude delection mechanism of the human ear. ihe D/A
conversion is performed n loganthmic steps with & normahzed
voltage range of from 0 10 1 Volt The specific amplitude control of
each ol the three D/A Converters 1s accomplished by the ihree sets of
4-ditoulputs of the Amplitude Conlrol block, while the Mixer outputs
Provide the base signal frequency (Noise and/or Tone)

Fig. 5 MIXTURE OF THREE TONES
WITH FIXED AMPLITUDES

19
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ELECTRICAL CHARACTERISTICS (AY-3-8910, AY-3-8912)

Msximum anlngl'

Storage Temperature ... .. I ~55°C 10 +150°C *Exceeding these ratings could cause permanent dam.
Operating Temperature ...... ... .. ............0°Clo +40°C age 1o the device This is & siress rating only and func-
Vec and all other Input/Output tional operation of this device at these condifions Is not

Voltages with Respeci 10 Vyy . . - same g ate wNF RETEE -03Vio +80V implied—operating ranges are specified In Standard

Conditions Exposure 1o absolute maximum rating con-

Standard Conditions (unless otherwise noted) ditions for extended periods may sHect device rehability

Vee = 45V 138 Data labeled “typical” is presented for design guidance
Vi« = GND only and Is not guaranteed

Operating Temperature - 0°C 10 « 40" C

Charscteristics Sym Min [ Typ** | Mex | Unis Conditions
DC CHARACTERISTICS
All Inputs
Low Leve! Vi o - 06 v
High Level Ve 24 - Vee v
Al Outputs (except
Anslog Channel Outputs)
Low Level Vo 0 - 05 v lo, = 1 6mA. 20p!
High Level Vo 24 - Vee v Tow = Y0OuA. 20p!
Ansiog Chennel Oulpuls Vo ) - 80 d8 Test Circult Fig 6
Power Supply Current lec - a5 85 mA
AC CHARACTERISTICS
Clock Input
Frequency fe 1 - H MHz
Rise Time i3 - = 50 ns
Fall Time " -_— - 0 ns ““ 7
Duty Cycle = 25 50 85 “
Bus Signals (BDIR, BC2, BC1)
Associative Delay Time o - - 50 ns
Reset
Resel Pulse Width (5 500 - = ns } Fig 8
Reset to Bus Control Delay Time tee 100 - - n 0
A9, A8, DAT—-DAD (Address Mode)
Address Setup Time s 400 = - ns ’ Fig ®
Address Hoig Time ta 100 - - ns 9
DAT--DAO (Wrile Mode)
Write Data Pulse Width low 500 s 10 000 ns
tos 50 L - ns Fig. 0
Write Data Hold Time tow 100 - - ns
DA7--DAO (Reed Mode)
Read Data Access Time loa - 250 500 ns
DA7--DAO (Inactive Mode) Fig 1
Tristate Delsy Time n - 100 200 ns
* " Typical values are at 425°C and nominal voltages
R
ANALOG
CHANNEL B
cuteyy O
= (OP AMP MUST NOT SATURATE)

Fig 8 ANALOG CHANNEL OUTPUT TEST CIRCUIT
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w AY-3-8910 ® AY-3-8912
m%wi } AY-3-8913
ELECTRICAL CHARACTERISTICS (AY-3-8913)

Maximum u-nngu'

Storage Temperature . ...
Operating Temperature . .
Vee and all other Input/Output Voltage:

C1o+150°C " Exceeding thess ratings could cause permanent dam-

...... 0°Cto +70°C 400 10 the device This Is & siress rating only and func-

tional operation of this cevice at these conditions Is not
s

With Respect 10 Vag. ..o —03Vio +8.0V Impliea: Q rang in
Conaitions Exposure to absolute maximum rating con-
Standard Conditions (uniess otherwise noted): ditions for extended periods may attect evice reliability
Vee ™ +5V 15% Data labeled “ypical” is presented for design guidance
Vag = GND only and is nol guaranteed
Operating Temperature = 0°C 10 +70°C
Characteristics Sym Min Max Units Conditions

DC CHARACTERISTICS

Inpul Voltage Levels

Low Level Vi o o7 v

High Level Vi 22 Veo v

Oulput Yollage Levels (sxcept

Analog Channel Outputs)

Low Level Voo 0 04 v 1TTL Loas

High Level Vo 24 Vee v +100pt

Anaslog Channel Outputs Vo ) 2000 WA Test Circult Fig 6

Power Bupply Current lee - 85 mA

AC CHARACTERISTICS

Clock Input

Frequency 1 1 25 MHz

Rise Time A - 50 ns

Fail Time N - 50 ns

Duty Cycle - w0 60 » P 7

Bus Signais (BDIR, BC2, BCY)

Associalive Delay Time leo - 50 ns

Roset

Reset Puise Wicth T 6 - "

RAesal 10 Bus Control Delay Time e 100 - ne } Fig s

AS. AS, DAT-DAD (Acdress Mode)

Aodress Setup Time lag 300 - ns

Adoress Hoig Time T 50 - ns } Fgn

DAT--DAD (Wrile Mode)

Wwrite Data Pulss Wiath Low 1800 = ns

write Data Setup Time Toe 50 - ne Fig 0

Write Dals Hoid Time tom 100 = ns

DAT-DAO (Read Mode)

Read Dats Access Time Toa - 3% ns

DA7—-DAD (Inactive Mode) Fig 1

Trirtate Delay Time try - 400 L
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AY-3-8910 m AY-3-8912
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TIMING DIAGRAMS

Ve
v. BDIR/
cLock BC2/8CH
v. va
= )
Ve
R "
[l
Vg e BC2/BCH
— .
»
e Fig 7 CLOCK AND BUS SIGNAL TIMING
[ *
CONTROL NACT I VALID BUS SIGNAL
orcone
Ve
v
BUS CONTRAOL
SIGNALS CHANGING
o b= s nan
INCLUDING Skiw
Fig 8 RESET TIMING
us 4
contAoL  powtcare  FUT oy DON T CARL
0ECODE
o=t -
Ve
Aa as PREVIOUS .
DA?..DAD SYATE ADORESS
v
BUS CONTROL “ANY COMBINATION OF BDIR BC2 BC1
SIGNALS CHANGING WHICH DECODE “LATCH ADORESS "
—] o— 50 ns MAx mCLUONG SkEW 20IA 8C2 8C1
0 o
TCREFER TO PARAGRAAPM 211 o o o
FOR A DESCRIPTION OF o 1 1 '
VALID PSG ADDRE SSING
Fig 9 LATCH ADDRESS TIMING
Ve
PREVIOUS
DAY. DAD SYATE DATA
Vo
AUS CONTAOL © WaITE 10 #SG
s HALS CHANGING
=l - s s0m BC2 By
INCLUDING SuEw : ] Al 0
Fig 10 WRITE DATA TIMING
o I |
o |
CONTROL | hom T Cant READ EROM PSG* 7 INAC TivE
I i1 |
e o [T ‘
Vo
Da? DAD "“("V"?'U" e RiDaTA TRISTATE
Vi
nO% CONTIOL *READ FROM PG
IGMALL s
| MDD BC2 BCY
- e s
INCTUOING Galw o X '
Fig 11 READ DATA TiMING .J
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