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THE SCOPE OF THIS DOCUMENT is limited to a set o~ rough 
application notes on the Atari Computer System Interrace. 
This is a preliminary document and is subJect to change 
lIIithout notice. 

1. ACSI Bus 

o control signals and a bidirectional bus. 
o target does not receive a command and hold it pend­
ing controller ready -- an immediate DEVICE NOT READY 
error must be sent or the initiator lIIill time out and 
assume controller nonexistent. 
o controller self test -- recalibrate. ram check. rom 
checksum, etc. 
o selr test alillays per~ormeQ rollowing reset -- elim­
inates need for self test command. 
o initiator could time out (duration to be determined) 
on a ~ommand and reset the target. 
o once the status byte is returned the bus is free. 
o maximum eight bus ports. 
o data transfer rate is up to 8 Mbit/sec. 

----- ACSI Bus Topology ---------------

IInitiator 1-------- --------------- --------

ITarget 01 ITarget 11 ITarget 71 

IDevice : :Device I 

:Device I IDevice : 
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Control and Data Signals ---------------

-~------ -------------------- -------------------------
IMnemonicl N-.me I Characte~istics 

-~------ ---~-----~---------- -----------~-------------
Reset 
Address 1 
Interrupt Request 

Chip Select 
Read/Write 
Data Request 

Acknowledge 
Data Bus (0-7) 

TTL levels, active low. 
TTL levels. 
TTL levels, active low, 
1 Kohm pullup on 
initiatoT' side. 
TTL levels. active low. 
TTL "levels. 
TTL levels. active low, 
1 Kohm pullup on 
initiatoT' side. 
TTL levels. active low. 
TTL levels. 

-------- ---------~--------- -------------------------

----- Initiator ACSI Port Pin Assignments ---------------

INITIATOR DB 19S 

1 <---
2 <--
3 <---
4 <--
5 <--
6 <--
7 <--
8 <---
9 

10 <---
11 
12 
13 
14 
15 
16 .---
17 1----
18 :---
19 1(---

Data 0 ---------------------> 
Data 1 ---------------------> 
Data 2 ----~---------------) 
O-.ta 3 ---------------------> 
Oeta 4 ---------------------> 
Date 5 ---------------------> 
Data 6 -----~-------------> 
Data 7 -----------~---------> 
Chip Select ----------------> 
Interrupt Request -----------
Q~ound -------~-------------, 
Reset ----------------------> 
Q~ound ----------------------
Acknowledge ---------------> 
Q~ound ----------------------
Al -------------~-----------> 
Qround -----~----------------
Read/WT'ite -----------------> 
Data Request ----------------, 
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ACSI Compliance 

Level 1 

o target will speak only when spoken to. 
o listen to bus during idle -- no disconnect. 
o abort initiator via interrupt. 
o abort target via reset -- software reset must be 
provided in initiator. 
o RESET HOLD TIME is 12 microseconds. 
a reset has highest bus priority. 

• 

o reset cannot be asserted b~ a target whether active 
or ina'ctive. 
o 100 milliseconds before initiator times out on tar­
get acknowledgement. 
o CAVEAT: if an initiator prematurely issues a com­
mand while the target is executing a command. then the 
results are unpredictable. 
o device driver in initiator will wait until status 
byte is returned -- otherwise time o~t (TBD) and reset 
target. 
o after receipt of command byte. 
to contro ller. 

transaction belongs 

o target has complete control of bus until status byte 
is returned. 
a each target should have a user select controller 
number. 
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HARDWARE. 

----- Command Phase ---------------

Data di~ection: FROM initiato~ TO target. 

At ,-------_____ .:..-1 

IRG ' _____ 1 '--
, _____ .1 , _____ ,1 

,-----~------~~--_I ,-----------__ --1 

DATA -=-----><-------VALI D--------><====><-------VALI D--------><==== 

Timing 

I<-a->I<--b--->I<-c->I 

a) 60 ns (max) 
b ) 250 n 5 ( ma]l ) 
c ) 20 n 5 ( ma]l ) 
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Atari Corp Confidential 

Byte 1 

f-~", 

~' 



(-,"-

.. /. 

( \ 

, / 

27 September 1985 

----- Status Phase ---------------

Data direction: FROM target TO initiator. 

Ai 

IRG 

DATA 

Timing 

- ______ 1 

,-_____ --1 

____ I 
, I 

I • 
'---

======================><----VALID----><==== 
I (-a--) I (--b--) I <-c--) I (-d--) I 

a) 50 ns (max) 
b ) 150 n s ( ma 1 ) 

C ) 100 n s ( ma 1 ) 

d) eo ns (max) 

13"te 0 

SOFTWARE. 

Controller Select a"te 

S"te 0 Ixlx-----I 
I I I 
I I I 

----------- Controlle~ Number 

Completion Status S"te 

Sljte 0 1-------1 
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2.2. Level 2 

o include Levell. 
o TEST UNIT READY command is used as a poll. 
a NO ERROR is to be interpreted as controller ready. 
a DEVICE NOT READY is to be interpreted as controller 
not ready. 

SOFTWARE. 

----- Command Descriptor Byte ---------------

Byte 0 Ixxxxxxxxl 
I • I • I I , , 
•••• J ••• 

III -------- Operation Code 
----------- Controller Number 

Command Summary Table ---------------

I OpCode I COlllmand 

I 0100 I Test Unit Ready 

Completion Status Byte 

Byte 0 Ixxxxxxxxl 

Device Errors 

OxOO 
Ox04 

I I I I , I • I 
, , • I •••• 

I:: -------- Error Code 
----------- Device Number 

No Error 
Device Not Ready 

Miscellaneous Errors 

Ox30 Controller Self Test Failed 

CONFIDENTIAL 
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2.3. Level 3 

o include Levelland Level 2. 

HARDWARE. 

----- Data Out Phase ---------------

Data direction: FROM initiator TO target. 

At 

DRG ,----------------1 '-
,-______ 1 

DATA ==----==><----------VALID-----------><==== 

Timing 

I <-a-> I <-----b------> I <-a-> I 

I <-c-->I 

• ) 60 n s ( ma x ) 
b ) 250 n s ( ma x ) 
c) 240 ns (max) 
d) 240 ns (mi n ) 
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----- Data In Phase ---------------

Data direction: FROM target TO initiator. 

Ai 

DRG 

DATA 

Timing 

,~------------~, 

,--------------, •• • • 
I • 
I • 

-----========><--------VAL I 0--------><=-== 
I = : 
I <-a-> I I <-----b------>:<-c-): 

.) 60 ns Cmax) 
b) 250 ns Cmax) 
c) 50 ns Cmin) 

CONFIDENTIAL 
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SOFTWARE. 

ACSI Command Descriptor Block ---------------

B~te 0 Ixxxxxxxxl 
• • I •• I I I 
I ••• I I • I 

I I I -------- Operation Code 
----------- Controller Number 

B~te 1 Ixxxxxxxxl 
• I , I • I I I 
I' •••• I t 

II: -------- Block Address High 
----------- Device Number 

B~te 2 Ixxxxxxxxl 
• •• I I I , I 
I I I I I I •• 

----------- Block Address Mid 
B~t. 3 Ixxxxxxxx: 

• I • I • I • I 
• • I • I • I I 

----------- Block Address ~o_ 
B~te 4 Ixxxxxxxxl 

I I I I • I I • 
I. I I I •• I 

----------- Block Count 
B~te 5 Ixxxxxxxxl 

I I I I I I I I 
• I I I I I • I 

----------- Control B~te 

----- Comm.nd Summary Table ---------------

I OpCode 

OxOO 
Ox08 
OxOa 
OxOb 
Oxla 

I Command 

Test Unit Read.., 
Read 
Write 
Seek 
Mode S.nse 

* 
* 

* multisector transfer _ith implied seek 

(~'\ CONFIDENTIAL 
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Command E1'1'o1's 

Ox20 
Ox21 
Ox23 
Ox24 
Ox2~ 

27 Septembe1' 1985 

Invalid Command 
Invalid Add1'ess 
Volume Ove1'.flotal 
Invalid A1'gument 
Invalid Device Numbe1' 
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3. ACSI Initiato~ 

o must t~ansfe~ data in 16 byte inc~ement blocks. 
o must use ST BIOS system variable flock (see A 
Hitchhiker's Quide to the BIOS). 

----- Initiato~ Handshake Se~uence ---------------

o load DMA Base Add~ess Register. 
o toggle Write/_Read to clea~ status COMA Mode Control Register). 
o select DMA read or write CDMA Mode Cont~ol Register). 
o select DMA Sector Count Registe~ COMA Mods Control Register). 
o load DMA Sector Count Rsgiste~ (DMA operation trigger). 
a select controller inte~nal comm.nd register (DMA Mode Control 

Register>. 
o issu~ controller select byte b~ clearing AO to O. 
o set AO to 1 for remaining command bytes. 
o after last command byte select controller (DMA Mode Control 

Registe~>' 

o DMA active until sector count is zero (OMA Status Register. 
do not poll during DMA active). 

o check OMA e~~or status (OMA Status Register). 
o check controlle~ status b,te. 

CDNFIDENTIAl 
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loadabl. 1 ; nonzero ~or loadab!. driver 

*------~--~---~~~-~~---~~~-~~~--------------------~-------------------
* * ST SASI hard disk dl"ivel" 
* CC)198S Atal"i Corp. 

* • 
* 9-Apl"-1985 lmd 
* 14-Apr-t9S5 lmd 
* 2o-Apl"-I9S5 lmd 
* 24-~un-1985 Jwt 
* 01-~ul-19S5 Jwt 

* * 22-~ul-t9S5 Jwt 

* * 23-~ul-t9S5 Jwt 

* 
* 
* 
* 

Hacked it up. "O.e. it seems to work 
linked with SIOS C***FOR NOW***) 
hacked ~or WD controller (now. wired ... ) 
haCked ~or Adaptec. new kludge board 

II 

s.ems to work. add more ~ormatting and more 
detailed error reporting 

change timing o~ wdc/wdl at start o~ command, 
added extra move.w .8a,wdl to change A1 

use a move. I instruction fol" all wdc/wdl write 
pairs since it changes At ~uickl~ enough that 
the Cold) OMA chip does not inco1"1"ectl~ 
generate two chip selects 

*---------------------------~----------~-----------~--------------------

~loclc equ $43e FIFO lock variable 
hdv_init aqu $4ba • hdv_init C) 
hdv_bpb equ $472 hdv_bpb Cdev) 
hdv_l"w equ $476 i hdv_l"wC1"w. buf. count. 
hdv_boot equ $47a hdv_bootC) 
hdv_madiach equ $47a hdv_mediachCdev) 
_d1"vbits equ Mc2 ; block device bitVecto1" 
_dskbufp equ $4c6 pointer to common 

"retries equ 3 i .1"at1"ies-t 

* ---------------- Inst.lle~ ----~-~-------
. glob I 

i_5a5i: bra 
i_5a5i 
i_sa5i2 

* ---------------~ F~ont End --------------~-

*+ 
* LONG hbpbCdev) - return pt1" to SPS (01" NULL) 

* * Passed: 

* 
hbpb: 

dev 4(5P>'W 

; dO = devno 

disk 

recno. dev) 

bu~fer 

move. w ·4 ( 5 P ). dO 
move. 1 o_bpb,aO ; aO -> pass-through vector 

C ONFID ENTIAt 
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*+ 

lea 
bra 

_sasi_bpb(pc),al 
check_dev 

al -> our handler 
do it 

* LONG rw(rw, buf, count, recno. dev) 

* * Passed: 

* 
* 
* 
* 
* *-
hrw: 

*+ 

mave.w 
move. 1 

- Ie. 
bra 

dev 
recna 
count 
bu-4l 
1'''' 

$e(sp>' W 
$c(sp>' W 
$a (sp >. W 
6(sp>. L 
4(spLW 

Se(sp),dO 
o_rw.aO 
_sasi_rw( pc), al 
check_dev 

dO .. devna 
aO -> pass-through vector . 
al -> our handler 
do it 

* LONG m.diachCdev) 

* * Passed: 

* 
~ 

hmediach: 

... 

mav ..... 
move. I 

. lea 

dev 4(sp>.W 

4(sp).dO 
o_mediach,aO 
_sasi_mediach(pc).al 

dO - devno 
aO -> pass-through vector 

; al -> our handler 

* check_dev - use handler. or pass vector through 

* * Passed: 

* 
* 
* 
* * ..Jumps-to: 

* 
* 
*-
check_dev: 

cmp.w 
bne 
move. I 

chkd_f: Jmp 

dO.w'­
aO -> 
al -> 
a5 -> 

device. 
old handler 
new haridler 
SOOOO (zero-page pt,. ) 

(al) i-4l dev in range fa,. this handler 
(aO) otherwise 

.2. dO 
chkd_f 
al.aO 
(aO) 

... 

devnos match? 
(no) 
ves -- follow success vector 

; do it 

* ---------------- Medium level drivel' ----------------
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*+ 

* _sa5i_init initialize SASI dev 
* Passed: nothing 
* Returns: dO < 0: error 
* dO --0: suceeS5 
* function performed bV _hinit .... and the assembler won't 
* let me have a forward reference here 

"* . globl _sasi_init 
*_sasi_init: e~u _hinit 

*+ 

* _sasi_bpb - return BPB for hard drive 
* Synopsis: LONQ _sasi_bpb(dev) 
* WORD dev; 

* * Returns: NULL, or a pointer to the BPB buffer 

* 
.glob1 _saS1_bpb 

_sasi_bpb: 

*+ 

move. 1 Ithebpb,dO 
rts 

* _sasi rw - read/write hard sectors 
* Svnopsis: _5asi_rw(rw. buf, count, recno, dev) 

* * Passed: 

* 
* 
* 
* * 
*-

. glob 1 
_s.5i_r ... : 

lIlove.w 

5asrw1 : .ovett 
move.w 
lIlove.w 
move. 1 
move.w 

clr.w 
moye. 1 
lIloye.w 
move. 1 
tst.w 
bne 
bsr 
br. 

sasrw3: bsr 

dey 
recno 
count 
buf 
rw 

_sasi_r ... 

•• (sp)'W .c (sp). W 
saCsp). W 
6(.pLL 
4(spLW I non-zero -> write 

Inretries,retrvcnt setup retrv counter 

10. dO 
$c(sp),dO 
sa(sp),d1 
6(sp>' d2 
4(.p),d3 

-(sp) 
d2,-(sp) 
dl,-(sp> 
dO, -( sp) 
d3 
sasrw3 
_hread 
sa.rw2 
_hwrite 

; coerce word to long, unsigned 
sect.L 
count.W 
buf.L 
rw 

; dey - 0 
I buf 

eount 
I sect 

read or write? 
1 (write) 

read sectors 

; write sectors 
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sasr1ll2: add. III 4U2, sp 
tst. 1 dO 
beq, SaSrlllT 
subq,.111 4U, retr.., cnt 
bpI sasr1ll1 

sasrlllr: rts 

*+ 

(cleanup stack) 
errors? 
no - success 
drop retry count and retry 

* _sasi_mediach - see i' hard disk media has changed (it never does) 
* S~nopsis: _sasi_mediach(dev) 
* WORD dev; 

* * RetuTns: OL 

* 
*-

. globl _sasi_mediaeh 
_sasi_mad iae h: 

*+ 

ell'. 1 dO 
rts 

* BPB faT 10MB d_Tive 
* Approximate onl~. Tlileak me. 

* 
*-
thebpb: dC.lII ~12 

dC.1II 2 
dC.1II 1024 
dC.1II 16 
dC.1II 41 
dC.1II 42 
dC.1II 99 
dc.1II 10300 
dC.lII 1 

*b~tlts/sectoT 
*sectors/cluster 
*b'ltes/cluster 
rdlen (256 root 'iles) (in sectors) 
FATsiz (10~00 FAT entTies) (sectors) 
2nd FAT staTt 
data start (in sectors) 
*clusteTs (approximate here) 
'lags (16-bit FATs) 

* ---------------- Low-level drivltT ----------------

*--- Qlobal. 
'lock eq,u 
_hz_200 eq,u 

*--- Hardlilare: 
IIIdc 
IIId 1 
IIIdcllldl 
dmahi 
dmamid 

eq,u 
eq,u 
eq,u 
equ 
eq,u 

.43e 

.4ba 

.ff9604 

."8606 
IIIdc 
.ff9609 
dmahi+2 

FIFO lock variable 
200hz svstem tickeT 

used for long IIITite. 
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d .... low 
gpip 

*----- Tunable: 
Itim.O\lt 
stimeout 

*+ 

equ 
equ 

dmamid+2 
.fffaO! 

eq,u 
eq,u 

.80000 
S80000 

long-tImeout 
short-timeout 

* LONG _qdone() - Wait for operation complete 
* Passed: nothing 

* • Returns: 

* 
* 
* Uses: .-
_qdone: 

mov •. I 
qd!: subq. 1 

bmi 
move.b 
and. b 
bn. 

moveq 
qdq: rts 

*+ 
• WORD _endcmd() 

EO: no timeout 
HI: timeout condItion 

DO 

.ltimeout.toeount 

.1.toeount 
qdq 
gpip.dO 
.S~O.dO 

qd 1 

drop timeout count 
<i give up. return II,IE) 

interrupt? 

(not "et) 

r.turn EO (no timeout) 

• Wait for end of SASI command 
• Passed: dO value to be writt.n to wdl 

* * R.turns: 
• 
it 

• 
it Uses: .-
_"ndemd: move 

bsr 
bmi 

mov •. w 
nop 
mov •. 111 

and. III 

endce: rts 

.+ 
• _hinit(dev) 

EO: success <.rror code in DO.W) 
HI: tim.out 
NE: failure (SASI .rror code in DO. W) 

dO.dt 

dO.dl 

_qdone 
endee 

d 1. wd 1 

wde.dO 
•• OOff.dO 

wait 'or op"ration complete 
(timed-out. so complain) 

g.t the result 
(cl •• n it up). i' non-zero should 

do a ReadSens. command to learn more 

CONFIUENIIAL 
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* WORD dev; 
(~~:: Initialize hard disk 

(-~\ 

(' " 
/ 

* Returns: 

* *-

-1 i' hard disk not there 

. globl _sasi_init 
_sa.si_init: 
_hinit: 

pea 
b S'r 

addq,. 1 
'rts 

* _h'read (sec tno, 
* LONQ sectnoi 

* WORD count; 

* LONQ bu'; 
* WORD dev; 

* 
* Retu'rns: 

* 
* 
* -- . 9 lob I 
_h'read: 

st 

move 
move. 1 

move. I 
bs'r 
addq, 

bs'r 
bmi 

move. III 
nap 
move. III 
nap 
move. III 
nap 
move. III 
nap 
/Rove. I 

lIIove.1II 
bs'r 

h'rx: b'ra 

actu'r 
_dosahdxc 
#4.sp 

count, bu', dev) 
4(sp) 
S(sp) 

push test unit read command block ad'r 

$a(sp) $b=high, $c=mid, $d=lolll 
$e(sp) 

-1 on timeout 
o on success 
nonze'ro on e'r'ro'r 

flock 

#$SS,lIIdl 
#$OOOSOOSa,lIIdcllldl 

$a(sp),-(sp) 
_setdma 
#4,sp 

_sets. 
_hto 

#$190,lIIdl 

S ( s P ) , IIId c 

#$OOOOOOOO,lIIdcllldl 

lack FIFO 

OS IIIdc, Sa IIIdl 

set DP1A add'ress 

set secto'r and size 

IIIrite sector count to DP1A chip 

control byte 0 IIIdc 0 IIIdl 

cleanup a,ter IRG 
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*-
* _hwrite(sectno. count, bu;, dey) 

4(sp) 
8(sp) 

* LONG sec tno; 
* WORD c aunti 
* LONG bu;; 
* WORD dev; 

* 
.!t-

. globl 
_hwr i te: 

st 

move. 1 
bsr 
addq 

move. ;lJ 

move. 1 

bsr 
bmi 

move. uJ 

nop 
move.l.lJ 
nop 

floc k 

$a(sp) $b=high. 
$e(sp) 

$a ( 5 P ), - ( 5 P ) 
_setdma 
#4. sp 

#$88.wdl 
#$000a008a,wdewdl 

#$90.wdl 

·#$190,wdl 

move. w 8(sp).wde 
nop 

hwx: 

*+ 

move. w #$18a,wdl 
nop 
move. 1 "$00000100. wdewd 1 

move. w 1$18a.dO 
b sr _end cmd 

bra 

* _wd_rormat - format WD hard disk 
* Passed: nothing 
* Returns: O. or -N 
* Uses: 

* *-
. glob I 

_wd format: lea - clr.1LI 
st 
move. w 
move. b 
swap 
move. w 
move. 1 

moveq 

<. . ? . )-

_wd -format 
acrmt.aO 
dO 
flock 
#$88,wdl 
(aO)+.dO 
dO 
#$8a.dO 
dO,wdc 

#(5-1),dl 

$c=mi d, $d=low 

lock FIFO 

set DMA address 

i Oa wd c 8a wd 1 

sector count for DMA ct 

cleanup after IRG 

pick up pointer to the 

lock FIFO 

get the command byte 

byte wde 8a wdl 

write remaining 5 byte 

CONFIOtNIIAL 
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nt 1: 

,nt2: 

bsr 
bmi 
move. b 
slilap 
move. III 
move. 1 
dbra 

btst 
bne 

_Cldone 
_hto 
CaO)+.dO 
dO 
#SSa,dO 
dO,wdclildl 
dl.~mtl 

#5, gp.ip 
~mt2 

move.1II IIIdc.dO 
andi.1II #SOOFF,dO 

bra _hdone 

(presumes only one unit) 

next byte o~ command 

lIIait (forever) for completion 

get the status 
only 10111 byte is signi~icant 

cleanup a~ter IRQ 

setup parameters for WD ha~d disk 

. glob 1 _lIId_setup 
wd_setup: 

st flock 
pea adap-parms (pc) 
bsl" _setdma 
addq, #4,sp 

mave.1II #SSS,lIIdl 
move. 1 #SOOlS008a.wdcwdl mode select command 15 wde Sa wdl 

bsr _Cldone 
bmi IIIdx 
move. 1 #SOOOOOOSa,lIIdclildl 
bsr _Cldone 
bmi IIIdx 
move. 1 #SOOOOOO8a,lIIdcwdl 
bsl" _Cldone 
bmi IIIdx 
move. 1 #SOOOOOOSa,lIIdcwdl 
bsl" _Cldone 
bmi IIIdx 
move. 1 #SOO16008a,lIIdcwdl 22 bytes of pal"ameters 

bsr _Cldone 
bmi IIIdx 
mave.1II #S90,lIIdl J reset the OMA chip 
nap 
move. III #S190,lIIdl 
nap 
move.w #SOl,wdc 1 sector o~ DMA (actually less) 
nap 
move.w .SlSa,lIIdl 
nap 
move. 1 #SOOOOO100,lIIdcllldl control byte 

move.w .SlSa,dO IIIdl value 
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wd x : 
bsr 
bra 

*--- parameter~ for 10MB WD 
adap-parms: dc. b $00, $00, $00, $OS, $00,$00, $00,$00,$00,$00 

dc. b $02,$00,$01,$02,$62,$02,$01,$00,$01,$00,$00,$02 

*+ 
* LONG _dosahdxc( addr ) BYTE *addr; 
* do a simple (no DMA) ahdx command 
*-

.globl _dosahdxe 
_dosahdxc: movea.l 4(sp),aO 

elr.... dO 

dosacl: 

*+ 
* void 
* LONQ 
*-

st flock 
move ...... SS,wdl 
move. b (aO)+,da 
swap dO 
move .... #.Sa,dO 
move. 1 dO,wdcwdl 

moveq, #( 5-1), d 1 
bsr _q,done 
bmi _hto 
move.b (aO)+,dO 
s ... ap dO 
move .... #.Sa,dO 
move. 1 dO, wdc ... d.l 
dbra d1,dosacl 

bsr _q,done 
bmi _hto 

move.w ... dc,dO 
andi.w #.OOFF,dO 

bra _hdone 

_setdma(addr) 
addr; 

_setdm.: 
move. b 7(sp),dm.low 
move.b 6 ( 5 P ), d·fI.m i d 
move. b S(sp),dm.hi 
rts 

pick up pointer to the command block 

lock FIFO 

get the command byte 

send it to the controller 

... rite remaining 5 bytes of command 
(presumes only one unit) 

next byte of command 

; w.it for the command to complete 

get the st.tus 
only low byte is significant 

set sector nUflber and number of sectors 
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bsr 
bmi 

move. b 
move. b 
lsl. b 
or.b 
swap 
move.w 
move. 1 
bsr 
bmi 

move. b 
swap 
move. III 

move. 1 
bsr 
bmi 

move. b 
swap 
move. III 

move. 1 
b 5,.. 

bmi 

move. III 

swap 
move. III 

move. I 
bsr 

setsse: rts 

_hto: moveq 
_hdone: move.w 

nap 
tst.w 
clr 
,..ts 

savssp: 
tocount: 
ret,..ycnt: 
o_ini t: 
o_bpb: 
o_rlll: 
o_mediach: 

ifne loadable 
c Ir. I 
move.w 
t,..ap 

_qdone 
setsse 

9(sp),dO 
$e(sp),d1 
*S,d1 
d1,dO 
dO 
*$008a,dO 
dO.wdcwdl 
_qdone 
setsse 

10(sp),dO 
dO 
*$008a,dO 
dO,lIIdcwdl 
_qdone 
set sse 

11(sp),dO 
dO 
*$008a.dO 
dO,wdcllldl 
_qdone 
setsse 

12(sp).dO 
dO 
*$OOea,dO 
dO,lIIdcllldl 
_qdone 

*-1, dO 
*$eO.llldl 

IIIdc 
.plock 

dc.l 
dc. I 
dc.w 
dc. 1 
dc. 1 
dc. I 
dc. 1 

1 
1 
1 
1 
1 
1 
1 

-(sp) 
#$20,-(sp> 
*1 

Page 10 

lIIait .po,.. controller to take command 

const,..uct sector* 
ORed lIIith devno 

w,..ite MSD sector# + devno 

write MidSD secto,..# 

write LSD secto,..* 

write secto,.. count 

indicate timeout 
Landon's code seems to presume we 

put this back to $eO 

NOW. signal that lIIe a,..e done 

(saved SSP) 
timeout counte,.. 
ret,..y counte,.. 

it's a bird ... 
it's a plane 

••• nOJ its: 
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.nde 

is.sq: 

.ddll 
mov •. 1 

bs ... 
tst .... 
bn. 

cl .... 1 
a .... 1 
0 .... 1 
mov •. I 

el .... I 
mov •. 1 
.. ov •. I 
mov •. I 

.ave. 1 

.ove. 1 
mav •. 1 

nap 

ifn. 10.d.b1e 
mov •. 1 
mov ..... 
t .... p 
.ddll 

ende 

ifn. load.ble 
IIOV ..... 
mov •. 1 
mov ..... 
t ... ap 

endc 

... ts 

is.s.: Ie. 
bs ... 

ifne lo.dable 
move. 1 
move,1II 
t ... ap 
addll 

ende 

mov •. w 
mave.w 
t ... ap 

m5 9 : move. I 
mov •. w 

-',s, 
dO,s.vssp 

_sasi_init 
dO 
is.se 

dO 
_d ... vbits, dO 
•• 4, dO 
dO,_d ... vbits 

SOOUPERUSER! 
"Faste ... than a p ... efetched opcode ... " 

,kick cont ... alle ... 

punt -- disk didn't ... espond co ...... ectly 

include C: bit in devVeeto ... 

a5 i ze ... ap.ge pt ... 
hdv_bpbCa5),a_bpb ; s.v. old vecto ... s 
hdv_ ...... C.5), 0_ ...... 

hdv_m.di.ch(a5),0_mediach 

.hbpb,hdv_bpbCa5) inst.ll ou ... new ones 

.h ...... ,hdv_ ...... (aS) 

.hm.diaeh,hdv.JDedi.ch(.5) 

S.VS5p,-CSp) 
•• 20,-(sp) 
.1 
.6,5p 

stupid assemble ... 

J b.eo.e • mild m.nne .... d us .... p ... acess 

.0,-C5p) J .xit cad. 

.«i_5.si2-1_5.s1)+$01oo),-(5p) ; s.ve cod •• dat •• Ie b.s.page 
•• 31,-(sp) t ...... in.t •• nd st ........ sid.nt 
.1 ; should n.v .... came back ... 

nodmsg,.O 
msg 

savssp,-Csp) 
•• 20,-(5p) .1 
-"sp 

.1,-(5p) 
H4e,-Csp) 
.1 

11'0, -( 5,) 
.9,-(5p) 

become. mild m.nne ... ed us .... p ... ac.ss 

; fl.g e ...... a ... status 
te ... min.te 

; p ... int null te ... minat.d st ... ing 
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trap #1 
addq. 1 #6, sp 
rts 

actur: dc. b 
ac~mt: dc. b 

0,0,0,0,0,0 
4, 0, 0, 0. 1, ° atari command: test unit ready 

format disk 

nodmsg: de. b 'No AHDX disk response. I, $Od, $Oa. 0 

. even 

end 
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ASYNCHRONOUS COMMUNICATIONS INTERFACE 
ADAPTER IACIA) 

The MC6II!iO Asynchronous Communications InterfllCl! Adapter pro­
vides the dllta formatting and control to interface serial asynchronous 
data communications information to bus organized systems such as the 
MC6800 Microprocessing Unit. 

The bus interface of the MC6850 includes setaet. enable. reed/write. 
interrupt and bus interlace logic to allow data transfer over an 8-bit 
bidirectional data bus. The parallel data of the bus system is serially 
transmitted and received by tha asynchronous data intarface. with pro· 
par formatting and arror chacking. The functional configuration of the 
ACIA is programmed via the data bus during system initialization. A 
programmable Control RllQister provides variabll! word lengths. clock 
division ratios. transmit control. receive conlroi. and interrupt control. 
For paripheral or modem operation. three control lines are provided. 
These lines allow the ACIA to interface directly with the MC6860L 
()'600 bps digital modem. 

• 8- and 9-8it Transmission 
• Optional Even and Odd Parity 
• Parity. Olf'!t'run and Framing Error Checking 
• Programmable Control Register 
• Optional ... 1 .... 16. and ... 64 Clock Modes 

• Up to 1.0 Mbps Transmission 

• False Start Bit Deletion 
• Peripheral/ Modern Control Functions 

• Double Buffered 
• One- or Two-Stop 8it Operation 

MC_O ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 

Addr ... 
Control 

and 
Intllfrupt 

0 ••• 
BUI 

Bu"., 

p.,iphe,'" t----- __ 
Con •• 

Tr.'mit 
Oata 
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Ft1&6,I~O 
MCR8ASO 

(l.fMHzl 

MCR88S0 
(l.iMHzl 

MOS 
IN-CHANNEL, SILICON-GATEI 

ASYNCHRONOUS 
COMMUNICATIONS INTERFACE 

ADAPTER 

fI/(fIl 
~ 

S SUFFIX 

LASfo 62) 

P SUFFIX 
PLASTIC PAC~AGE 

CASE lQI 

~. - lSUFFIX 

I I CERAMIC PAC~AGE 
, CASE 111 

PIN ASSIGNMENT 

VSS ill 
5Co 

R.elK 00 

r. ClK 4 Ot 

m 02 

TKO.,. 03 

ilic5 18 04 

CSO 17 05 

CS2 16 06 

CSt IS 07 

RS 14 E 

13 R/W 
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MC685()eMC68A50-MC6BB60 

MAXIMUM RATINGS 

~ Symbol v ..... Unit 
SuplJlyVoIl_ vcc -0.3 to + 7.0 V 
Inoul VoI_ Yin -0.310 + 7.0 V 
Coeraling T emperatur. Range TL to TH 
M~.M~.MC~ TA o to 70 ·C 
MC~.MC~~.Ma.8~ -40 10 +86 

Storllge Tern",alure Range Tsto -56 to + 150 ·C 

THERMAL CHARACTERISTICS 

Cherec:teriatic SymbOl V ..... Unit 
Thermal RflSI5Iance 

Pla8lic 
'JA 

120 ·C/W eerarmc 60 
Cerdip 65 

POWER CONSIOERA nONS 

The _rage chip-junction tempereture. T J. in ·C can be obtained from: 

TJ .. TA+,POofJAI 
Where: 

T A - Ambient Temperature. ·C 

ThiS devtce contamS clfcuNry 10 protect lhe 
inou" again51 damage due 10 high Slatic 
vot.ages or electric tietc:r.: however. it IS ad~ 
vised that normal precautIOnS be taken to 
avoid aooIication 01 any VOllage higher lhan 
ma_um raled voIlages to lhis higlt· 
imoedanee ,,"CUtI. ReliabililV 01 ooeration IS 

enhanced I' unused inpulS are tiecl 10 an lIP' 
orroriate logic voltage Jevelle g .• eilher VSS 
orVCCI. 

'JA-Package Thermal Resistance. Junction-to-Ambient. 'C/W 

Po - PINT + PPORT 
PINT-ICC)( VCC. Watts - Chip Internal Power 
PPORT-Port Power Dissipation. Watts - User OeI8fmined 

For most applications PPORT~PINT and can be neglected. PPORT may become significant if lite device i" configured 10 
driue 08flington bases or Sink LEO loads. 

An approximate relationship belW88n Po and T J (if PPORT is neglectedl is: 
PO=K+CTJ+273'CI 121 

Solving equations 1 and 2 for K gives: 

K- PO-IT A+273'Cl+'JA-P0 2 131 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Po lat equilibrium I 

for a known T A. USing this value of K the values of Po and T J can be oblained by solving equations III and 121 iteratively for a"y 
value of TA. 

DC ELECTRICAL CHARACTERISTICS IVce. 5 0 Vdc t 5'110. VSS = O. T A = TL to TH unless olherwlse nuled I 

CNrecteriIdc SymbOl Min Typ Mill< Unit 

Input High Vollage VIH VSS+2.0 - Vce V 
Input low Voltage Vil VSS-0.3 - VSS+O.S V 

Input Le3kage Currenl R/W. eso. CSI. ~ Enable 
lin 

IVin" 0 to 5.25 VI RS. Rx O. Rx C. rn. DC5 - 1.0 2.5 ~A 

Three-State IOff Statallnpul Current 00-07 
ITSI - 2.0 10 ~A 

tVin-0.410 2.4 VI 
OUtpUl High VOltage 00-07 

"Load - - 205 ,.A. Enable Pulse Width < 25 ~sl VOH VSS+2.4 - - V 
IILoad- -IOO,.A. Enlble Pulse Width < 25,..1 Tx Data. m Vss + 2.4 - -

uutput Low VOltage ILoad - 1.6 mAo Enable Pulse Widlh< 25 ,.sI VOL - - VSS+0.4 V 

Output Lealcage CurrentlOfl StatellVOH - 2.4 VI IRQ ILOH - 1.0 10 ,.A 

Internal Po_ Dissipation IMeasured at T A - T I PINT - 300 525 mW 

Internal Inpul Capacitance 
IVin-O. TA-25"C. '-I.OMHzI 00-07 Cin - 10 12.5 pF 

E. Tx ClK. Rx CLK. R/W. RS. Rx Data. CSO. CSI. m. rn. '5CI5 - 7.0 7.5 

Outpul Capacitance RTS. Txo.ta 
Cout - - 10 pF 

tVin-O. TA-25OC.f-I.OMHzI 11m - - 5.0 
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MC6850-MC68A50-MC68850 

SERIAL DATA TIMING CHARACTERISTICS 

ChOlllCteriotic 

Data Clock Puis. Width. Low • 16. ·64 Modes 
I S .. Figure 11 .1 Mode 

Data Clock Pulse Width. High • 16 .• 64 Modes 
I S .. Figure 21 .1 Mode 

Data Clock Frequencv • 16 .• 64 Modes 
+ I Mode 

Data CloeK·to·Oata Delay lor Transmitter IS .. Figure 31 

Aeceive Data Setup Time ISee FIgure 41 + I Mode 

Receove Data Hold Time IS .. Figure 51 +IMode 

Interrupt Request Release Time IS .. Figure 61 

Request·to·Send Delay Time I See Figure 61 

Input Rise and Fan Times lor 10.,. 01 the pulse width il smallerl 

FIGURE I - CLOCK PULSE WIDTH, LOW·STATE 

TJI. elk 
o. 

R. elk 

FIGURE 3 - TRANSMIT DATA OUTPUT DELAY 

hClk\ . / 

~ 
T. D ••• -----""\>1.10-----

FIGURE 5 - RECEIVE DATA HOLD TIME 
1+' Model 

Symbol MCII8IiO MC88A50 MCIIBB60 
Unit 

Min M .. Min MI. Min M •• 

PWCL 600 - 450 - 280 -
900 - 650 - 500 - ns 

PWCH 
600 - 450 - 280 -
900 - 650 - 500 - ns 

IC - 0.8 - 1.0 - 1.5 MHz 
- 500 - 750 - 1000 kHz 

tTOO - 600 - 540 - 4BO ns 

tAOS 250 100 - 30 - ns 

IROH 250 - 100 - 30 - ns 

IIR - 1.2 - 0.9 - 0.7 ~s 

tATS - 5EO - 4BO - 4(J() ns 

tr.tl - 1.0 - 0.5 - 0.25 ~s 

FIGURE 2 - CLOCK PULSE WIDTH, HIGH· STATE 

R. elk 

FIGURE 4 - RECEIVE DATA SETUP TIME I·' Model 

A'O"~,-----
~-l Ir= '''OS 

A. Clock ¥ 

FIGURE 6 - REQUEST·TO·SEND DELAY AND 
INTERRUPT·REQUEST RELEASE TIMES 

Enable 

Note: Timing measurements are referenced to and hom a low voltage of 0.8 volts and a high voltage of 2.0 volts. unless otherwise noted. 
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MC~MC~~MC~B~ 

BUS TIMING CHARACTERISTICS ISee NOIIS 1 and 2 and Figur. 71 ..... 
~ SvmbaI MC80 McaAIIO MCIIIIIO UIIit ,........ --MIn Mu MIn Mu 

1 Cycle Tlme Ieyc 1.0 10 0.157 10 0.5 10 ,.. 
2 ...... WldI/l.EL_ PWEL GI 9IlOO :Il1O 9IlOO 210 9IlOO ns 
3 ...... WIIIIh. EHigh PWEH <leO 9IlOO :Il1O 9IlOO 220 9IlOO ns 
4 CIDct Rille and Fal Time 1,.1, - 25 - 25 - 20 ns 
I Adell.- Hold nm. IAH 10 - 10 - 10 - ns 
13 Adell.- Setup Time Before E lAS 80 - 80 - «I - ns 
14 Chip SeIIIcI Setup Time Before E les 80 - 80 - «I - ns 
15 Chip s.r.ctHoid Time ICH 10 - 10 - 10 - ns 
18 Reed Delli Hold Time IOHR 20 100 20 100 20 100 ns 
21 Write De .. Hold Time 'OHW 10 - 10 - 10 - ns 
30 0UtpU1 Dete DeIly Time 'OOR - 280 180 - 150 ns 
31 Inpul De .. Setup Time IOSW 1I1i - 80 - 80 - ns 

FIGURE 7 - BUS TIMING CHARACTERISTICS 

E 

~--------~3~--------~ 

R/W.~--~~~~~~r-----~~~---1t-------------------------tt~~ 

(Hon.MUudl--__ ~~J£~~~~--------~~~~:;tt_:~----------~--------------_t~~~ 

Wrile OM. -_.:.. .... "" MPU Write OM. Hon·Mu .... 
MU.~ ________ ~------------~--~~~~~~~------------~+:.:-=-=-=~~------~_r--~ 

I. Vollage levela shown ... VlSO." V. VH_2.4 V. un_ ol/lerwise specified. 
2. M_ur_1 points shown ... 0.8 V and 2.0 V. unless olhelwise lIpeC,fied. 

FIGURE I - IUS TIMING TEST LOADS 
LOM. 

100·07. iiii. T. o.t.1 
SOY 

C II 

LoocI8 

U"-loo,tlV1 
5.0V 

HQ 

t.~. POln, r 100.F 

C. 130.rF 10f 0001 ".11.7 "" teN 00·07 
.30 .. , 10f RiSen •• ,_ O.la • 24 kfl for iiTi 8ftd T. De'. 
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MC~M~MC~BOO 

FIGURE 9 - EXPANDED BLOCK DIAGRAM 

Tr.,..m" Clock • -------------------("-;.:;:1 

RQdIW,ite 13 

Chip S.lect 0 8 
Chip Seteet 1 '0 

Chip S.lect 2 9 
""".r s. .. , 11 

0022 

D. 2' 

0220 

03'9 

0418 

OS " 

0618 

0715 

Vee' Pin 12 
VSS= Pin 1 

Transmit 
Oat. 

A .. is,e, 

S'atu. 
R ......... 

Control 

Ret"'''' 

Receive 
O.t. 

Ae,i". 

"acttiw. 
Shih 

Regi'te' 

2. Ct •• ,·to-Sand 

7 Interrupt ReqUHt 

23 Oa •• C." • .,. O.tect 

5 A~u.lt·to·S.nd 

Aec. •• ve Clock 3 -------------------'l.....:::::...J 

DEVICE OPERATION 

At the bus interface, the ACtA appears as Iwo addressable 
memory localions. Inlernally, Ihere are four regislers: IWO 
read-only and two write-only regislers. The reed-only 
registers are S talus and ReceIve Oala; the write-only 
registers aie Control and Transmil Oa18. The _ial inlerface 
consists of _ial inpul and output lines with independent 
clocks, and Ihree peripheral/modem control lines. 

POWER ON/MASTER RESET 
The master reset (CRO, CRII should ~ sel during system 

initialization to insure the raset condition and prepare for pro­
gramming the ACIA functional configuration when the com­
municalions channel is required. During the first master 
rasel. the iRa and m O.!ill!JlIS are held al level 1. On all 
olher master resets, the RiS" OUlput car. be programmed 
high or fow with the iiiQ output held high. Control bils CR5 
and CRe should also be programmed to define the state of 
m whenever master reset is utilized. The ACIA also con­
tains internal power-on reset logic to detect the power line 
turn-on transition and hold the chip in a reset state to pre­
venl erroneous output transitions prior to initialization. This 
circuilry depends on cleen power turn-on transitions. The 

4-531 

power-on reset is releesed by means of the bus-programmed 
master resel which muSI be applied prior to opera ling the 
ACIA. Afler master reselling the ACIA, the programmable 
';ontrol Register can be sel for a number of OPtions such as 
variable clock divider ratios, veriable word length, one or two 
stop bits, parity {even, odd, or nonel, etc. 

TRANSMIT 
A typical t"nsmilling sequence consists of reading the 

ACIA Stalus Regisler eilher as a result of an interrupt or in 
lhe ACIA's turn in a polling sequence. A characler may be 
wrillen inlo Ihe T "nsmil Oala Register if the status read 
operation has indicated that lhe Transmit Data RegISter is 
empty. This charecter is Iransferred to a Shift Register where 
it is _ialized and transmilled from the Transmit Data output 
preceded by a stert bil and followed by one or two stop bits. 
Internal parity {odd or evenl can be optionally added to the 
character and will occur between the lasl dala bil and Ihe 
lirsr SlOP bit. After the first character is wrillen in. the Oala 
Register, the 5 tatus Regisler Can be reed again to check for a 
T:ansmit Data Register Empty condition and current 
peripheral slatus. " the register is emply, another characler 
can be loeded for transmission even though the first 
character is in the process of being transmilled (because of 
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double buffering). The second character will be automatical­
ly transferred into the Shift Register when the first character 
tranarniaion is comp\eted. This sequence continues until aU 
the characters "- been transmitted. 

RECEIVE 
Data is recaived frorn a peripheral by means of tha Rac:eiva 

Data input. A divide-by-one dock ratio is provided for an ex­
lernaDy synchronized ckX:k (10 ilS data) while the divide· 
by-16 and 64 ratios are provided for intemal synchronization. 
Bit synchronization in the divide-by-16 and 64 mo<I8S is in­
itiated by the detection of 8 or 32 low samples on the rec:aiva 
line in the divid.by-16 and 64 modes respectively. FalSe start 
bit deletion capability insures that a full half bit of a start bit 
has been raceived befora the intarnal clock is synchronized 
to the bit time. As a cheracter is being received, parity (odd 
or evan) wiD be chacked and the error indication will be 
aveileble in the Status Register along with framing error, 
overrun error, and Receive Data Register fun. In a typical 
rec:eMng sequence, the Slalus Register is reed to determine 
if a character has bean received from a peripheral. If the 
Receiver Data Register is full, the character is placed on the 
8-bit ACtA bus when a Reed Data command is recaived from 
the MPU. When parity hilS been selected for a 7-bi! word 17 
bits plus parity), the receiver strips the parity bit (0120) so 
thet data atone is transferred to the MPU. This feature 
reduces MP\J programming. The Status Register can con­
tinue to be read to determine when another cheracter is 
available in the Receive Data Register. The receiver is also 
double buffered so that a character can be read from the 
data register as another character is being received in the 
shift register. The above sequence continues until aD 
charllGl8IS have been received. 

INPUT/OUTPUT FUNCTIONS 

ACIA INTERFACE SIGNALS FOR MP\J 
The ACIA interfaces to the M6800 MPU with an 8-bit 

bidirectional data bus, thras chip select lines, a register select 
line, an intarrut:n request line, reed/write fine. and enable 
line. Thasa signals P8rmit the MPU to have complete control 
over the ACIA. 

ACIA BIdIractIonaI DetIIIOO-07\ - The bidirectional data 
linas (OQ.D7I allow for data transfer between the ACIA and 
the MPU. The data bus output drivers are thrae-stata devices 
that remain in the hlgh-impedence (off) stata axcapt when 
the MPU performa an ACIA raed OJ)IIration. 

ACIA Enable IE) - The Enable signal, E, is a high­
impedance TTl-compatible input that anabIes the bus in­
putloutput data buffers and clocks data to and frorn the 
ACIA. This signal will normally be a derivative of the MC6800 
4/12 Clock or MCEilm E clock. 

Reed/Write IR/Wi - The Reed/Writa line is a high­
imJ)lldanca input that is TTl compatible and is used to con­
trol the direction of data flow through the ACIA's inputl out­
put data bus interface. When Reed/Write is high IMP\J Reed 
cycle), ACIA output drivers are turned on and e selected 
register is reed. When it is low, the ACIA output drivers ere 

turned off and the MP\J writes into a selected register. 
Therefore. the Read/Write signal is used to select read-only 
or writ.only registers within the AC1A. 

Chip Select ICSO. CSI, CSiJ - Thasa three high­
imJ)lldance TTL-compatible input lines are used to address 
the ACIA. The ACIA is selected when CSO and CS 1 are high 
and CS2is low. Transfers of data to and Irorn the ACIA are 
then performed under the control 01 the Enable Signet, 
Read/Writa, and Register Select. 

RagiIW Select (RS) - The Register Select line is a high­
impedance input that is TTl conlpatible. A high IewI is used 
to select the Transmit/Receive Data Registers and a low 
IewI the Control/Status Registers. The ReadlWrite signal 
line is used in conjunction with Register Select to select the 
raed-only or write-only register in each register pair. 

Interrupt Requeat liRQ) - Interrupt Request is a TTL· 
compatible, OJ)IIn-drein (no intamal pullup), active low out­
put that is used to interrupt the MPU. The iRQ output re­
mains low as long as the cause of the interrupt is present and 
the appropriate interrUPt enable within the ACIA is set. The 
nm status bit, when high, indicates the Imr output is in the 
active state. 

Interrupts result from conditions in both the 'transmitter 
and raceiver sections of the ACIA. The transmitter section 
causes an interrupt when the T ransmiuer Interrupt Enabled 
condition is selected (CR5eCR6), and the Transmit Data 
Register Empty (TDREI status bit is high. The TORE status 
bit indicates the current status of the Transmitter DatA 
Register except when inhibited by Clear-to-Send 1m, ba­
ing high or the ACIA being maintained in the Reset condi· 
tion. The interrupt is cleared by writing data into the 
Transmit Data Registar. The interrupt is masked by disabling 
the Trensmitter Interrupt via CR5 or CR6 or by the loss of m which inhibits the TORE status bit. The Receiver sec­
tion causes an interrupt when the Receiver Interrupt Enable 
is set and the Receive Data Register Full (RORf) status bit is 
high, an Overrun has occ ... rred, or Data t:arrier Detect (i5Cl5) 

has gone high. An interrupt resulting from lhe RDRF status 
bit can be cleared by reeding data or resetting the ACIA. In­
terrupts caused by Overrun or loss of ~ are cleared by 
reeding the status register after the error condition has oc· 
curred and then reeding the Receive Data Register or reset­
ting the ACIA. The receiver interrupt is masked by resetting 
tha Receiver Interrupt Enable. 

CLOCK INPUTS 
Separeta high-imJ)lldanca TTL·compatible inputs are pro· 

vided for docking of transmitted and recaived data. Clock 
frequencies of 1, 16, or 64 times the data rate may be 
selected. 

TfIIftImit Clock ITx ClK) - The Transmit Clock input is 
used for the clocking of transmitted data. The transmitter in­
itiates data on the negative transition of the ckX:k. 

RIICIIIve Clock IRx ClK) - The Receive Clock input is 
used for synchronlzetion of recaived data. lin the + 1 mode, 
the dock and date must be synchronized externally.l The 
receiver samples the date on the positive transition of the 
dock. 

4-532 
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MC6850-MC68A50-MC68B50 

SERIAL INPUT/OUTPUT LINES 

Rec:eMI Datil CRx Datlll - The ReceIve Data hne is a high­
impedance TTL-compatible Input through which data IS 
received in a _ial format. Synchronization wIth a clock for 
detection of data is accomphshed internally when clock rates 
01 16 or 64 times the bit rate are used. 

Tranemit Datil CTx Datal - The Transmit Data output hne 
transfers serial data to a modem or other perIpheral. 

PERIPHERAUMODEM CONTROL 

The ACIA includes several functions that permIt limited 
control of a peripheral or modem. The functions Included are 
Clear-ta-Send. Request·to·Send and Data Carrier Detect. 

ClNr·\a-SencI Iml - This hIgh-impedance TTl­
(ompatiole input provides automatic control of the transmit· 
ttng end of a communications iink vta the modem Claar-to· 
Send active low output by inhIbiting Ihe T'ansmit Data' 
Register Empty tTDREI status bit. 

Requ ... ·to·Senc! Cm) - The Request·to-Send output 
enables the MPU 10 control a peripheral or modem vIa the 
data bus. The RTS output corrflponds to the state of the 
Control Register bits CRS and CR6. When CA6=O or both 
CRS and CR6- I. the m output is low !the acllve statel. 
ThIS output can also be used for Data Terminal Ready IOTR). 

Datil Carrier Detect COCo) - This high-,mpedance TTL­
compatible ,nput provides automatic control. such es ,n the 
receiving end of a communications fin~ means of a 
modem Datil Carrier Detect output. The OCD Input ,nhibits 
and initializfl the receiver section of the ACIA when high. A 
low-to·high transition of the Data Carrier Detect ,nitiates an 
interrupt to the MPU to Indicate the occurrence of a loss of 
carner when the Receive Interrupt Enable bit is set. The 
R. ClK must be running for proper 5C5' operation. 

ACIA REGISTERS 
The expanded block dIagram for the ACIA indicates tMe ,n­

ternal regtsters on the chip that are used for the status. con­
trOl. receIVIng. and transmItting of data. The content of each 
of the registers is summartled in Table I 

TRANSMIT DATA REGISTERITDRI 
Datil is wrillen in the Transmit Data Aegister dUring the 

negative transition 01 the enable IE) when tha ACIA has been 
addressed with RS high and R/W low. Writing data .nto the 
register causes the Transm,t Data Register Emptv bit .n the 
Status Register to go low. Data can then be transmitted. if 
the transmiller IS idling and no c/1aracter ., being transmIt­
ted. then the transfer w,lI take pface within 1·bi! time of the 
trailing edge 0' the Write command. If a character is bemg 
transmitted. the new data character will commence 8S soon 
as the previous character '5 complete. The transfer 0' data 
cauSfl the Transmit Data Register Empty (TORE) bit to in­
dicate empty. 

RECEIVE DATA REGISTERIRORI 

Oat8 is automatIcally transferred to the empty ReceIve 
Data Register (ROR) from the reeel_ deseriahzer la sh.ft 
register) upOn receiving a complete character. This event 
causes the Receive Data Register Full bit (ROAFI .n the 
status buffer to go hIgh (fuUl. Data may then be read 
through the bus by addressing the ACIA and selecllng the 
Receive Data Register with RS and Riw high when the 
ACIA is enabled. The non-destructive read cycle causes the 
RDAF bit to be cleared to empty although the data is re­
tained in the ROR. The status is maintained bv RORF as to 
whether or not the data IS current. When the ReceIve Data 
RegIster is full. the automatic transfer of data from the 
Receiver Shift Register to the Data Register is inhlDited and 
the RDR contents remain valid wtth its current status stored 
in the Status RegISter. 

TABLE 1 - DEFINITION OF ACIA REGISTER CONTENTS 

Buff., Add, .. .~ 
0. •• RSo RIW RS. RIW RS. RlW RS. R/W 
8_ T,ansmn A.ce .... 
l.na Dat. Oa'a ContrOl StatuI 
N_ R ... tw Retil •• A.,..,., " ...... , 

(Writ. Only I (R.ad Onlyl (Writ. Only) IR..., Only I 

c.,. Bit O· O.f. Bit 0 Count8' DIVide RecelY. Oa •• A., ...... 
Se'.e:l 1 leROI rulllROAFl 

Oa •• e., 1 Oa'alf,,1 Count.r O"""e TH,n,,,,,' 0 ••• R""'e' 
SeleCI 2 ,CA fI !:mSlIY I TOREI 

Oe.a B •• 2 0.'. al' 2 Wou. Setect 1 0,,,. C.rr,,!!,' Oe'eci 
eCR21 '~I 

Oa •• al' J 0 .... 8":.1 Waul S.'ect 2 Cta., to Send 
ICR3l I/!T!l'. 

0 ••• Bi'" 0 ••• B,I 4 Wo'r1 S.ter.t l Ff",,,,n, t"Of 
ICA41 IFf. I 

0 ••• 81t 5 0 ••• 8 •• ~ Trltn,n", CnnHO' 1 R.C'.,y., 0",.".", 
ICR5;1 IOVAN) 

O.t. elf 6 0.,. Bit 6 T •• ".unl Control 2 Pa'lty t:rro. IPrl 

ICA61 
0.,. BII J ••• Oa'.8,' , •. R'U".IYe "".""'" I'''.''"t.1I Rtrt,ue.' 

~n"hl. teH 11 I i1«51 

• L •• d,"9 b., LSS 8110 
•• 0 ••• hi' WIll he ''''0 .n , hi' "h" V.'"Y flUId", 

••• 0.,. hi' I' ",'on", ca,."" ", '1"1,,,"\ ,IIIIIty "'aile'S 
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CONTROL REGISTER 
The ACIA Control Register consists of eight bits of write­

only buffer thet are selected when RS and R/Vii ere low. This 
register controls the function of the receiver, transmitter, in­
terrupt enables, and the Request-to-Send peri­
pheral/ modem control output. 

CountIf 0Mde SeIec:I BIts CCRO and am - The Counter 
Divide Select Bits (CRO and CRlI determine the divide ratios 
utilized in both the transmitter and receiver sections of the 
ACIA. Additionally, these bits are used to provide a master 
r_t for the ACIA whlc:h clears the Status Register (except 
for external conditions on m and Da)1 and initializes both 
the receiver and transmitter. Master rase! does not affect 
other Control Register bits. Note that after power-on or e 
power fa"' rastart, these bits must be set hiph to reset the 
ACIA. After r_ttlng, the ctock divide ratio may be selected. 
These counter setect bits provide for the following clock 
divide ratios: 

CR1 CRG "-don 
0 0 +1 
0 1 ·18 
1 0 ... 64 
1 1 MastarR_ 

Word SeIec:I BIta ICN. CR3, IIId CM) - The Word 
Select bits are used to satect word length, parity, and the 
number of stop bits. The encoding format is as follows: 

CM CRa CR2 fUII!IIIon 
0 0 0 7 BiIS + EowI Parity + 2 S\OII BiIS 
0 0 1 7 BilS + Odd Parity + 2 SlOP Bits 
0 1 0 7 BilS + Even Pllrity + 1 S\OII Bit 
0 1 1 7 Bill + Odd Parity +' S\OII Bil 
1 0 0 8 Bill + 2 S\OII Bill , 0 , 811i1l+' SlOP BII 
1 1 0 8 Bill + EowI perity+ 1 S\OII Bit 
1 1 1 8 BiIS+Odd Parity+ 1 Slop Bil 

Word length, Parity Select, and Stop Bit changes ara not 
buffered and therefore become effective immediately. 

TrInMIItttr ConcroI 81ta ICRIIIId CReI - Two T ransmit­
ter Control bits provide for the control of the interrupt from 
tha Tr.nlll!1it 0818 RegiSlar Empty condition, tha Request-to­
Sand Iml output, and the transmiasion of • Break level 
Ispacel. The following encoding format is used: 

eM eM "-don 
0 0 m -low, Trenamilling In\8rIUpt 0ltebIed. 
0 1 !ll!-Iow, T_ling Intarrupt EIIIIIIed. 
1 0 RTS-high, Tr ....... lling lnt$rUpt 0iIabIed. 
1 1 m -low, Tranamits. Break l8WI on the 

Tr .... smil Oala OutpUt. T' ....... lting tntar-
rullt Disabled. 

Receive Im.rupt Enable 8h ICR?} - The following inter­
rupts will be enabled by • high level in bit position 7 of the 
Control Register (CR71: Receive O.ta Register FuR, Overrun, 
or .low-tO-high transition on the D.ta Carrier Detec:t I~I 
signal line. 

STATUS REGfSTER 
Information on the status of the AClA is available to the 

MPU by reading the ACIA Status Register. This read-only 
register is setacted when RS is low and RtW is high. Infor­
mation stored in this register indicatas the status of the 
Transmit Data Register, the Receive Data Register and erfor 
Iogk:, and the peripherall modem status inputs of the ACIA. 

Receive Data Ragieter FuIIIRDAF), Bit 0 - Receive Data 
Register Full indic:ates that received data has bean trans· 
ferred to the Receive Data Register. RDRF is cleered after an 
MPU read of the Receive Data Register or by a master reset. 
The cleared or empty steta indicates thet the contents of the 
Recei\18 Data Register ara not current. Oeta Carriar Oelect 
being high also causes RDRF to indicate empty. 

TrIMmit Data Register Empty (TOREl, Bit , - The 
Transmit Data Register Empty bit being set high indicates 
thet the Transmit Data Register contenls hava been trans­
ferred and thet new data may be enlered. The low slale in­
dicates lhel the regisler is full and that transmission of a new 
character has not begun since Ihe last write dala command. 

0818 Curler Detact lOCO), Bh 2 - The Data Carrier 
Detect bit will be high when the om input from a modem 
has gone high to Indicate that a carrier is not present. This bit 
going high causes an Interrupt RliQuast to be generated 
when the Receive Interrupt Enable is set. It remains high 
.fter the l5"eO input is ralurned low until delred by firSt 
reeding the Status Register and then the Oal8 Register or 
until a master reset occurs. If the 0Cl5 input remains high 
after read status and reed data or master reset has occurred. 
the interrupt is cleared, the i5CD status bil remains high and 
will follow the om input. 

CIear-to-Send (rn), Bit 3 - The Clear·to-Send bit in­
dicates the stata of the Clear-to-Send input from a modem. 
A low m indicatas thet there is a Clear-to-Send from the 
modem. In the high state, the Transmit Data Register Empty 
bit is inhibited and the Clear-to-Send status bit will be high. 
Malter _t does not affect the Clear·to·Sand status bit. 

FrPIinG Error (FE), Bit .. - Framing error indicates that 
the received charecter is improperly framed by a start and a 
stop bit and is detec:18d by the absence of the first stop bit. 
This error indicatas a synchronization error, faulty transmis· 
sion, or a break condition. The framing error flag is set or 
.-t during the receive data transfer tima. Therefore, this er­
ror indic:ator' is present throughout the time that the 
associated charecter is available. 

Receiver Overrun 10VRNI, 8h 5 - Overrun is an error lIag 
that indic:atas that one or more characters in the data stream 
were lost. Thet is, a character or a number of characters 
were received but not reed from the Receive Data Register 
(RDR) prior to subsequent cherecters being received. The 
overrun condition begins at the midpoint of the last bit of the 
second cheracter received in succession without a reed of 
the RDR having occurred. The Overrun does not occur in the 
Status Register untB the valid cheracter prior to Overrun has 
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been read. The RDRF bit remains set until the Overrun is 
reset. Character synchronization is maintained during the 
Overrun condition. The Overrun indication is reset after the 
reeding of data Irom the Receive Data Register or by a 
Master Reset. 

Parity Error lPEI. Bit 6 - The parity error flag indicates 
that the number 01 highs (onesl in the character does not 
agree with the preselected odd or even parity. Odd parity is 
defined to be when the total number of ones is odd. The 
parity error indication will be present as long as the data 

4·535 

character is in the RDR. If no parity is selected. then both the 
transmitter parity generator output and the racaiver partiy 
check results are inhibited. 

Interrupt Request (iiiO). Bit 7 - The iiffi'bit indicates the 
state of the iml output. Any interrupt c.:lndition with its ap­
plicable enable will be indicated in this status bit. Anytime 
the iml output is low the ilm'bit will be high to indicate the 
interrupt or service request status. iRO is cleared by a read 
operation to the Receive Data Register or a write operation 
to the Tn .. nsmit Data Register. 
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OPERATION 

Since all functions of the PSG' are controlled by the processor 
via a series of register toads. a detailed description of the PSG 
operation can *1 be accomplished by relating each PSG function to 
the C0l11rol of its cor.responding register. The function of Creating or 
programming a specific sound or sound eflecllogically follows the 
control sequence listed: 

0p0ndI ... 
Tone Generator Control 
Notae Generator Control 
Mix., Conlrol 

'Amplltude Controt 

Enftlope o.neNllor 
C_rol 

....-.. 
RO--AS 

AS 
A7 

AIO .. AI2 

AI3 .. A1S 

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

Fu_ 
Program tone period •. 
Program nOise perIOd. 
Enable lone and/or noise 
on selected chan~s. 
SeleCt "nxeel" or ",nvefope­
variable" amplitudeS. 
Program envelope -period 
and select envelope patlern 

The frequency of each square wave generated by the three Tone 
Generalors (oneeath for Channels A. 8. and C) is obtained in the 
PSG by first counting down Ihe input clock bV 16. then by further 
counting down the result by the programmed 12-bit Tone Period 
vatue. Each 12-bit value is obtained in the PSG by combining the 
contents of the relative Coarse and Fine Tune registers. as illustrated 
in the following: 

CCNlrMYune 
flogloW\' 

RI 
A3 
AS 

Chlln_ 

A 

e 
C 

Fine TUM 
Regt.t« 

RO 
R2 
A4 

12-bn Tone Period (1PJ to Tone Generator 

NoIM Generator Control 
(Register R6) 
The frequency Of the noise source is obtained in the PSG by first 
counting down the input clock by 16. then by further counting down 
the result by the programmed S-bil Noise Period value. This 5-bit 
value consists of the lower 5. bits (84--80) of register R6. as 
illustrated in the following: 

Noise Period 
Registe, R8 

NOT 5·btI N(»!le PelIOd INPI 
USED 10 NOI" Gen .... lHor 

MIxer Control-I/O Enable 
(Register R7) 
RegIster R7 is a multi-Iunction Enable register which controls the 
three Noise/Tone Mixers and the two general purpose I/O Ports. 

The Mixers. as previousty deSCribed. combine the noise and tone 
frequencies lor each 01 the three channels. The determinahon of 
combining neither/either/both noise and tone frequencies on each 
channel is made by the state of bits 85--80 of R7. 

The direction (input or output) of the two general purpose I/O Ports 
(lOA and 108) is determined by the state of bits 87 and 86 of R7. 

These functions are Illustrated in the lollowing: 

functtOn 

110 Port 

f 87 

/ 

Mixer ConlroH/O Enable 
Register R7 

e. I 85 8' 

Input Enable ~ a 

Funct.on I Channel 

AY-3-8910. AY-3-8912 
AY-3-8913 

Amplitude Control 
(Registers R10. R11. R12) 

IINST<tt~MIr I 

The amplitudes of the signals generated by each of the three D/A 
Convertars (one each for Channels A. 8. and C) is determined by the 
contents of the lower 5bits (84--80) ohegisters RIO. RII. and R12 as 
illustrated in the following: 

A"""" ..... Control 
A .... ... 

AIO 
Rl1 
RI? 

ampUtude .. _ .. 

6 
C 

4~bft "fixed" 
amplitude level. 

Envelope Generator Control 
(Registers R13. R14, R15) 

To accomplish the generation of fairty comple. envelope pallerns. 
two independent methods of control are provided in the PSG: first. it 
is possible to varv the frequency of the envetope using registers RI3 
and R14; and second. the relativa shape and cycle pallern of the 
envetope can be varied using register R15. The following paragraphs 
explain the details of the envelope control functions. describing first 
the envetope period control and then the envelope shape/cycle 
control. 

ENVELOPE PERIOO CONTROL (Registers R13. R14) 

The frequency of the envelope is obtained in the PSG bV first 
counting down the input clock by 256. then by further counting down 
the result by the programmed 16-bit Envelope Period value. This 
16-bit value is obtained in the PSG by combining the contents Of the 
Envelope Coarse and Fine Tune registers. as illustrated in the 
following: 

Envelope 
Coarse Tune 
Aeglster R14 

16·btI Envelope Period (EP) 
10 Envelope GenerAtor 

ENVELOPE SHAPE/CYCLE CONTROL (Register R1S) 

The Envelope Generator further counts down the envelope fre­
quency by 16. producing a t6-state per cycle envelope pallern as 
d"11",,,j hV Its 4-hlt counter output. E3 E2 E I EO. The particular shape 
"nd cyclp. pn" .. rn 01 any deSired envelope is aCComplished bV 
controlling the count pallern (count up/count down) of the 4-bit 
COlin I", and hy defining a single-cycle or repeat-cvcle pattern. 

This envelope shape/cvcle control IS contained in the tower 4 bits 
(83 .. 80) 01 register RI5 E~c" of these 4 bits controls a function in 
the envelope generator. as illustrated in the following: 

Envelope Shape/Cycle 
Controf RegIster (RI5) 

1611661651641931821611 eo l Function 

USED L-. Alternale To 
NOT • ~I L- Hold } 

Envelope 
Atlad: Generalor 

Conllnue 
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(ret. w.".lorm "1010" In Fig. 1) 

I/O Port Data Store 
(Registers R16. R17) 

Registers At6 and Rt7 lunction as Intermediate data storage regis, 
ters between the PSG/CPU data bus (DAO··DA7) and the two 110 
ports (IOA7··IOAO and IOB7··IOBO). Both ports areavaitable in the 
AY-3-8910 only 110 Port A IS avallaqle in the AY-3-8912: none are 
available on the AY-3-8913. USing registers A16 and AI7 lor the 
Iransler of 110 data has no ellect on sound generallon 

D/A Converter Operation 

Since the primary use 01 the PSG is to produce sound for the highly 
imperfect amplitude deteclion mechanism of the human ear, the D/A 
conversion is perfOrmed in logarithmic steps wilh a normalized 
voltage range of from 0 to I Volt. The specific amplitude conlrol of 
each of the three 01 A Converters IS accomplished by the three sets of 
4-bil outputs ot the Amplitude Control block, while the MixeroutpulS 
provide the base signal frequency (Noise andlor Tone). 

5-22 

NORMAlIzeo 
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15 
IV 
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NOTE: ENVELOPE ONLY­
NOISE AND TONES 
ARE OtSABLED. 
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ELECTRICAL CHARACTERISTICS (AY-3-at1O, AY-3-8812) 

MaxImum Ratl .... • 
Stor. T~ture ••••••••••••••••••••••••• -55·C to +15O"C 
Opetatlng Temperature •••••••••••••••••••••••••• o-C to +4O·C 
Vee and atl other Input/Output 

Voltages with Respect to V ...................... -G.3V to +8.0V 

Ste ....... ConditlOM (unless otherwise noted): 

Vee = +5V:l:5'11o 
V .. =GNO 
Operating TempetelUre = O· C to +40" C 

CIuInlctarIatkI 

DC CHARACTERISTICS 

AI ..... 
Low Level 
High Level. 
AH Outputs (except 

AMIot ~ Oulp .... ) 
Low Level 
High Leva! 

Analog Channel OutpUll 
Power Supply cun.nt 

AC CHARACTERlmCS 

Clock Input 
Frequency 
Alae TIme 
FallTima 
Duty Cycle 

Bua SltNlis (BDIR, 8C2, BC1) 
A_iallve Delay Tlma 

Reset 
Reset Pulae Width 
Aeset to Bus CcntroI Delay Time 

At, AI, DAf-DAI (Addrela Mode) 
Add,... Setup TIme 
Add,... Hold Time 

DAf-DAO (W .... Mode) 
Wrlle Data Pulae Width 
Write Data s.tup TIme 
Write Data Hold Time 

DAf-DAO (Read Mode) 
Aeed Data Access Time 
DAf-DAI (\neche Mode) 
Triltate Dalay Time 

$pi 

VI\. 
V .. 

V~ 
VOM 

Vo 
Icc 

"-
fc 
tr 
II -

leo 

'-
t,.. 

.... 
t.... 

tow 
Iae 
foot 

t .... 

t .. 

··Typlcal vatues _ at +25·C and nomiNlI voltaoes. 

Min Typ** 

0 -
2.4 -
0 -

2.4 -
0 -- 45 

1 -- -- -
25 50 

- -
500 -
100 -
400 -
100 -
500 -
50 -
100 -

- 250 

- 100 

AY-3-8I1O. AY-3-8t12 
AY-3-8913 I~I 

* Exceeding Ihese ratlnga could cause permanenl dam­
age 10 lhe device. This la a sl,... rellng only and func­
tional operation of Ihls device at lhese conditions Is not 
implled-operetlng renO" _ specified In Standard 
Conditions. Exposure to abaaluta maximum rating con­
ditions for .extended periods may affect device reliabUily. 

Data labeled "typical" Is presented for design guidance 
only and Is nol guaranteed. 

Ma untIs Condllonl 

0.6 V 
Vee V 

0.5 V '01. = 1.6mA, 20pf 
Vee V 10M = 100pA, 20pf 

60 dB Tesl Circuit: Fig. 6 
85 mA 

2 MHz 

} 50 ns 
50 ns Fig. 7 
85 ,. 
50 na 

- ns } Fig. 8 - ns 

- ns } - ns Fig. 9 

10.0a0 ns } - ns Flg.10 

- ns 

500 ns 

} Fig. 11 
200 nl 

~~~o_--$.---:' __ -4I ...... _-ovo 
"::' (OP AMP MUST NOT SATURATE) 

FIt .• ANALOG CHANNEL OUTPUT TEST CIRCUIT 



AY-3-.I1O. AY-3-1112 
AY-3-I113 

ELECTRICAL CHARACTERISTICS (AY-3-.113) 

MII.lmum Retln,.* 

J 
Storalle Temperature .••..•••••••••••••••••...••••.•• -SS·C to +150·C 
Operating Temperllure ....•..••...••..•...•....•..••... O"C to +70·C 
Vce1nd all other Input/Output Voltagel 

with Re.pect to Vss ..••.•.•••••..••.•••......••.....• -0.3V.to +8.0V 

Swndlirel CondlUona (unle .. otherwise noted): 

Vce",+SV±S .. 
V .... GND 
Operating Temperature == O·C to +70·C 

Ch.,acterilllca 

DC CHARACTERISTICS 

Input VoItI;e Le .. 11 
LowLevel 
High Leve' 

Output VoItlge level, (e.cept 
Anllog Chlnnel Outpull) 

Law Level 
High Level 

Anllot Channel Output' 
~ Supply Current 

AC CHARACTERISTICS 

CIoclllnput 
Frequency 
RI .. Tlme 
Fall Time 
Duty Cycle 

sua SIgnata (BDIR, BCa, BC1) 
AalOClative ~elay Time 

AeeeI 
Re.et Pulse Width 
Reset to Bus Control Delay Time 

AI, AI, DA7-DAD (Add,.., Mode) 
Addre .. Setup Time 
Addra .. Hold Time 

DA7-DAO (Write Mode) 
Write Dati Pulse Width 
Write Dati Selup Time 
Write Dati Hold Time 

DA7-DAO (Re.d Mode) 
Aead Dati Access TI.me 

DA7-DAO (Inllett .. Moda) 
Trl!tate Delay Time 
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VIL 

V, .. 

I VOl. 
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Vo 
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2." Vee 
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- 50 

5 -
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300 -
50 -

1800 -
50 -
100 -

- 350 

- 400 

• Exceeding the.e ratlnge could cauae permanent dam­
age to the deYlce. This is a .tress rating only and func­
lIonal operation of this device et the .. conditione Ie not 
Implied-operating ranges are specified In Standard 
Conditions. Exposure to absolute maximum rating con­
ditions for extended periods may affect devtce reliability. 

Data labeled "typlcal" Is presented for design guidance 
only and Is not guaranteed. 
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TIMING DIAGRAMS 
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~_MOSTEK 

FEATURES 

o 8 Input/Output Pins 

• Individually programmable direction 

• Individual interrupt source capability 
- Programmab,-. illidge selection 

o 16 Source interrupt controller 

• 8 Internal sources 

• 8 External sources 

• Individual source enable 

• Individual source masking 

• Programmable interrupt service modes 
- Polling 
- Vector generation 

- Optional In-service status 

• Daisy chaining capability 

a Four timers with individually programmable prescaling 

• Two multi mode timers 
- Delay mode 

Pulse width measurement mode 
• Event counter mode 

• Two delay mode timers 

• Independent clock input 

• Time out output option 

C Single channel USART 

• Full Duplex 

• Asynchronous to 62.5 kbps 

C\ · Byte synchronous to 1 Mbps 

• Internal/external baud rate generation 

• DMA handshake signals 

MICROCOMPUTER 
COMPONENTS 

MK68901 
MULTI-FUNCTION PERIPHERAL 

MK68901 
Figure 1 

DEVICE PINOUT 
Figure 2 
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• Modem eontrol 

• Loop back mode 

o 68000 Bus compatible 

048 Pin DIP 

INTRODUCTION 

The MK68901 MFP (Multi-Function Peripheral) is a 
combination of many of the necessary peripheral functions 
in a microprocessor system. Included are: 

Eight parallel I/O lines 

Interrupt controller for 16 sources 

Four timers 

Single channel full duplex USART 

The use of the MFP in a system can signiflCantty reduce chip 
count. thereby reducing system cost. The MFP is completely 
68000 bus compatible. and 24 directly addressable internal 
registers provide the necessary control and status interface 
to the programmer. 

The MFP is a derivative of the MK3801 sn. a Z80 family 
peripheral 

PIN DESCRIPTION 

GND: Ground 

Vee: +5 volts (± 5%. 

<3: Chip Select (input. active low). C! is used to 
select the MK68901 MFP for accesses to the 
internai .. ,::ic;ters. CS and lACK must not be 
asserted at the same time. 

os: Data Strobe (input. active low). OS is used as 
part of the chip select and interrupt 
acknowledge functions. 

R;W: ReadlWrite (input). RIW is the signal from 
the bus master indicating whether the 
current bus cycle is a Read (High) or Write 
(Low) cycle. 

DTACK: Data Transfer. Acknowledge. (output. active 
low. tri-stateable). i5'TAeR is used to signal 
the bus master that data is ready. or that data 
has been accepted by the MK68901 MFP. 

A 1-AS: Address Bus (inputs •. The address bus is used 
to address one of the internal registers during 
a read or write cycle. 

Do-Di Data Bus (bi-directional. tn-stateable). The 
data bus is used to receive data from or 
transmit data to one of the internal registers 
during a read or write cycle. h is also used to 
pass a vector during an interrupt ac­
knowledge cycle. 

CLK: Clock (input). ThiS input is used to provide the 
internal timing for the MK68901 MFP. 

RESET: Device reset. (input. actiw low). Reset 
disables the USART receiver and transmitter. 
stops aU timers and forces the timer outputs 
low. disables all interrupt channels and clears 
any pending interrupts. The General Purpose 
Interrupt! 110 lines will be placed in the tri­
state input mode. All internal registers 
(except the timer. USART data registers. and 
transmit status register) will be cleared. 

iNTR: Interrupt Request (output. active low. open 
drain). iNTR is asserted when the MK68901 
MFP is requesting an interrupt. i'NfR is 
negated during an interrupt acknowledge 
cycle or by clearing the pending interrup1(s) 
through software. 

iACK: ~upt Acknowledge (input. active low). 
lACK is used to Signal the MK68901 MFP 
~t the CPU is acknowledging an interrupt. 
CS and lACK must not be asserted at the 
same time. 

iEi: Interrupt Enable In (input. actiw low). lEI is 
used to signal the MK68901 MFP that no 
higher priority device is requesting interrupt 
service. 

lEO: Interrupt Enable Out (output, active low). lEO 
is used to signal lower priority peripherals 
that neither the MK68901 MFP nor another 
higher priority peripheral is requesting 
interrupt service. 

'0-17: General Purpose Interrupt 1/0 lines. These 
lines may be used as interrupt inputs and/or 
I/O lines. When used as interrupt, inputs, 
their active edge is programmable. A data 
direction register is used to define which lines 
are to be Hi-Z inputs and which lines are to be 
push-pull TTL compatible outputs. 

SO: Serial Output This is the output of the USART 
transmitter. 

51: Serial Input. This is the input to the USART 
receiver. 

RC: Receiver Clock. This input controls the serial 
bit rate of the USART receiver. 
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TC: Transmitter Clock. This input controls the 
serial bit rate of the USART transminer. 

RR. Receiver Ready. (output. active low) OMA 
output for receiver. which reflects the status 
of Buffer Full in port number 15. 

TR: Transminer Ready. (output. active low) OMA 
output for transminer. which reflects the 
status of Buffer Empty in port number 16. 

TAO.TBO. Timer Outputs. Each of the four timers has an 
TCO. TOO: output which can produce a square wave 

The output will change states each timer 
cycle; thus one full period of the timer out 
Signal is equal to two timer cyctes. TAO or 
TBO can be reset (logic "0") by a write to 
TACR. or TBCR respectively. 

XTAL1. Timer Clock inputs. A crystal can be connect-
XTAU: ed between Xl ALl and Xl AU. or Xl ALl can 

be driven with a TTL level clock. When driving 
Xl ALl with a TTL level clock. Xl AU must be 
allowed to float. When using a crystal., 
external capacitors are required. See Figure 
27. All chip accesses are independent of the 
timer clock. 

TAI.TBI: Timer A.B inputs. Used when running the 
timers in the event count or the pulse width 
measurement mode. The interrupt channels 
associated with 14 and 13 are used for TAl and 

MK68901 BLOCK DIAGRAM 
Figure 3 
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Add .... Abbreviation Register Name 
~"No. 

0 GPiP GENERAL PURPOSE I/O 
1 AER ACTIVE EDGE REGISTER 
2 DDR DATA DIRECTION R~GISTER 

3 IERA INTERRUPT ENABLE REGISTER A 
4 IERB INTERRUPT ENABLE REGISTER B 
5 IPRA INTERRUPT PENDING REGISTER A 
6 IPRB INTERRUPT PENDING 'REGISTER B 
7 ISRA INTERRUPT IN-SERVICE REGISTER A 
8 ISRB INTERRUPT IN·SERVICE REGISTER B 
9 IMRA INTERRUPT MASK REGISTER A 
A IMRB INTERRUPT MASK REGISTER B 
B VR veCTOR REGISTER 

C TACR TIMER A CONTROL REGISTER 
D TBCR TIMER B CONTROL REGISTER 
E TCDeR TIMERS C AND D CONTROL REGISTE~ 
F 

10 
11 
12 

13 
14 
15 
16 
17 

~. 

=; 

~ 
r'1 

TAOR TIMER A DATA REGISTER 
TBDR TIMER B DATA REGISTER 
TCDR TIMER C DATA REGISTER 
TDOR TIMER D DATA REGISTER 

SCR SYNC CHARACTER REGISTER 
UCR USART CONTROL REGISTER 
RSR RECEIVER STATUS REGISTER 
TSR TRANSMITTER STATUS REGISTER 
UDR USART DATA REGISTER 

TBI. respectively. Thus. when running a timer 
in the pulse width measurement mode. 14 or 
13 can be used for 1/0 only. 

TCO llMERS I 
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100 
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INTERRUPTS 

The General Purpose I/O-Interrupt Port (GPlp) provides 
eight 1/0 lines that may be operated either as inputs or 
outputs under software control.Jn addition. each line may 
generate an interrupt on either a positive going edge or a 
negative going edge of the input signal. 

The GPIP has three associated registers. One allows the 
programmer to specify the Active Edge for each bit that will 
trigger an interrupt Another register specifies the Data 
Direction (input or output) associated with each bit. The 
third register is the actual data 1/0 register used to input or 
output data to the port. These three registers are illustrated 
in Figure 5. 

The Active Edge Register (AER) allows each of the General 
Purpose Interrupts to produce an interrupt on either a 1-0 
transition or a 0-1 transition. Writing a zero to the 
appropriate bit of the AER causes the associated input to 
produce an interrupt on the 1 ·0 transition. while a 1 causes 
the interrupt on theO-1 transition. The edge bit is simply one 
input to an exclusive-or gate. with the other input coming 
from the input buffer and the output going to a 1-0 transition 
detector. Thus. depending upon the state of the input. 
writing the AER can cause an interrupt-producing 
transition. which will cause an interrupt on the associated 
channel. if that channel is enabled. One lNOuld then 
normally configure the AER before enabling interrupts via 

GENERAL PURPOSe 1/0 REGISTERS 
F'tgUre 5 

IERA and IERS. Note: changing the edge bit, with the 
interrUpt enabled. may cause an interr.upt on that channel. 

The Data Direction Register (OD.R) is used to define 10-17 as 
inputs or as outputs on a bit by bit basis. Writing a zero into a 
bit of the ODR causes the corresponding Interrupt-I/O pin to 
be a Hi-Z input. Writing a one into a bit of the OOR causes 
the corresponding pin to be configured as a push-pull 
output. When data is written into the GPIP, those pins 
defined as inputs will remain in the Hi-Z state while those 
pins defined as outputs will assume the Stlte(high or low) of 
their corresponding bit in the GPIP. When the GPIP is read. 
the data read will come directly from the corresponding bit 
of the GPIP register for all pins defined as output, while the 
data read on all pins defined as inputs will come from the 
input buffers. 

Each individual function in the MK68901 is provided with a 
unique interrupt vector that is presented to the system 
during the interrupt acknowledge cycle. The interrupt vector 
returned during the interrupt acknowledge cycle is shown 
in Figure 6, while the vector register is shown in Figure 7. 

There are 16 vector addresses generated internally by the 
MK68901. one for each of the 16 interrupt channels. 

The Interrupt Control Registers (Figure 8) provide control 01 
interrupt processing for all 110 facilities of the MK68901. 
These registers allow the programmer to enable or disable 
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anv or all of the 16 interrupts. providing masking for any 
interrupts. and provide access to the pendIng and in-service 
status of the interrupts. Optional end-of-interrupt modes 

are available under software control. All the interrupts are 
prioritized as shown in Figure 9 

VECTOR REGISTER 
Figure 7 

PonI~I!~ __ V_7~~_V_'~ __ V._I __ ~_V_. __ ~_Sr-~ __ * __ ~ __ * __ ~ __ *~ 
I 

INTERRUPT CONTROL REGISTERS 
Figure 8 
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INTERRUPT CONTROL REGISTER OERNmONS 
Figunl9 

Priority Channel Description 

HIGHEST 1111 General PUI'f,)OS8 Interrupt 7(17) 
1110 General Purpose Interrupt 6(16) 
1101 Timer A 
1100 Reeeive Suffer Full 
1011 Receive Error 
1010 Transmit Buffer Empty 
1001 Transmit Error 
1000 Timer B 
0111 General Purpose Interrupt 5(15) 
0110 General Purpose Interrupt 4(14) 
0101 TimerC 
0100 Timer D 
0011 General Purpose Interrupt 3(13) 
0010 General Purpose Interrupt 2(12) 
0001 General Purpose Interrupt 1(11) 

LOWEST 0000 General Purpose Interrupt 0(10) 

Interrupts may be eIther polled or vectored. Each channel 
may be individually enabled or disabled by writing a one or a 
zero in the appropriate bit of Interrupt Enable Registers 
(lERA.IERB··see Figure B for all registers in this section). 
When disabled. an interrupt channel is completely inactive. 
Any internal or external action which would normally 
produce an interrupt on that channel is ignored and any 
pending interrupt on that channel will be cleared by 
disabling that channel. Disabling an interrupt channel has 
no effect on the corresponding bit in Interrupt In·Service 
Registers (lSRA.ISRS); thus. if the In-service Registers are 
used and an interrupt is in service on that channel when the 
channel is disabled. it will remain in service until cleared in 
the normal manner.IERA and IERS are also readable. 

When an interrupt is received on an enabled channel. its 
corresponding bit in the pending register will be set. When 

A CONCEPTUAL CIRCUIT OF AN INTeRRUPT 
CHANNEL 
,. ..... 10 

EDGE 
REGISTER 

ENABLE 
REGISTER 

that channet is acknowledged it will pass its vector, and the 
corresponding bit in the Interrupt Pending Register (lPRA or 
IPRS) will be cleared. IPRA and IPRS are readable; thus by 
polling IPRA and IPRS. it can be determined whether a 
channel has a pending interrupt IPRA and IPRB are also 
writeable and a pending interrupt can be cleared without 
going through the acknowledge sequence by writing a zero 
to the appropriate bit. This allows anyone bit to be cleared. 
without altering any other bits. simply by writing all ones 
except forthe bit position to be cleared to IPRA or IPRS. Thus 
a fully polled interrupt scheme is possible. Note: writing a 
one to IPRA. IPRB has no effect on the interrupt pending 
register. 

The interrupt mask registers (lMRA and IMRS) may be used 
to block a channel from making an interrupt request. 
Writing a zero into the corresponding bit of the mask 
register will still allow the channel to receive an interrupt 
and latch it into its pending bit (if that channel is enabled). 
but will prevent that channel from making an interrupt 
request. If that channel is causing an interrupt request at 
the time the corresponding bit in the mask register is 
cleared. the request will cease. If no other channel is 
making a request. iN'fR will gO inactive. If the mask bit is 
re-enabled. any pending interrupt is now free to resume its 
request unless blocked by a higher priority request for 
service. IMRA and IMRS are also readable. A conceptual 
circuit of an interrupt channel is shown in Figure 10. 

There are two end-of-interrupt modes: the automatic end­
of-interrupt mode and the software end-at-interrupt mode. 
The mode is selected by writing a one or a zero to the S bit of 
the Vector Register(VR). If the S bit of the VR is a one. all 
channels operate in the software end-n'-interrupt mode. If 
the S bit is a zero. all channels operate in the automatic 
end·of-interrupt mode. and a reset is held on all in-service 
bits. In the automatic endaof-interrupt mode, the pending bit 
is cleared when that channel passes its vector. At that point 
no further history of that interrupt remains in the MK68901 
MFP. In the software end-at-interrupt mode. the in-service 
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~--------------------~--------PASSV~OR 
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bit is set and the pending bit is cleared when the channel 
passes its vector. With the in-service bit set. no lower 
priority channel is allowed to request an interrupt or to pass 
its vector during an acknowledge sequence; however. a 
lower priority channel may still receive an interrupt and 
latch it into the pending bit. A higher priority channel may 
still request an interrupt and be acknowledged. The in­
service bit of a particular channel may be cleared by writing 
a zero to the corresponding bit in ISRA or ISRB. Typically. 
this will be done at the conclusion of the interrupt routine 
just before the return. Thus no lower priority channel will be 
allowed to request service until the higher priority channel 
is complete. while channels of still higher priority will be 
allowed to request service. While the in-service bit is set. a 
second imerrupt on that channel may be received and 
latched into the pending bit. though no service request will 
be made in response to the second interrupt until the in­
service bit is cleared. ISRA and ISRB may be read at any 

A CONCEPTUAL CIRCUIT OF THE MK68901 MFP 
DAISY CHAINING 
Figure 11. 

time Only a zero may be written into any bit of ISRA and 
ISRB; thus the in-service bits may be cleared in software but 
cannot be set in software. This allows anyone bit to be 
cleared. without altering any other bits. simply by writing all 
ones except for the bit position to be cleared to ISRA or ISRB. 
as with IPRA and IPRB. 

Each interrupt channel responds with a discrete S·bit vector 
when acknowledged The upper four bits of the vector are 
set by writing the upper four bits of the VR The four low 
order bits (Bit 3-Bit 0) are generated by the interrupting 
channel. 

To acknowledge an interrupt. iACK goes lOY.. the iEi input 
must go low (or be tied low) and the MK68901 MFP must 
have an acknowledgeable interrupt pending. The Daisy 
Chaining capability (Figure 1 1) requires that all~s in a 
chain have a cor "'on lACK. When the common lACK goes 
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low. an parts freeze and prioritize interruptS tn parallel. Then 
priority is passed down the chain. via is andm<>. until a part 
which has a pending interrupt is reached. The part with the 
pending interrupt. passes a vector. does not propagate iEO. 
and generates of AeR. 

Figure 9 describes the 16 prioritized interruPt channels. As 
shown. Genera. Purpose Interrupt 7 has the highest 
priority. while General Purpose Interrupt 0 is assigned the 
lowest priority. Each of these channels may be reprioritized. 
in effect. by selectiVefy masking interrupts under software 
control. The binary numbers under "channel" correspond to 
the modified bits 1V3. 1V2. IV1. and IVO; respectively. of the 
Interrupt Vector for each channel (see Figure 6}. 

Each channel has an enable bit contained in lERA or IERB. a 
pending latch contained in IPRA or lPRS. a mask bit 
contained in IMRA or IMRB. and an in-serviCe latch 
contained in ISRA or ISRB. Additionally. the eight General 
Purpose Interrupts each have an edge bit contained in the 
Active Edge Register (AER). a bit to define the line as input or 
output contained in the Data Direction Register (OOR) and 
an 1/0 bit in the General Purpose Interrupt-I/O Port (GPIP). 

nMERS 

There are four timers on the MK68901 MFP. Two of the 
timers (Timer A and Timer B) are full function timers which 
can perform the basic delay function and can also perform 
event counting. pulse width measurement, and waveform 
generation. The other two timers (Timer C and Timer OJ are 
delay timers only. One or both of these timers can be used to 
supply the baud rate clocks for the USART. All timers are 
prescaler I counter timers with a common independent 
clock input (XT ALl, XT AL2). In addition. all timers have a 
time-out output function that toggles each time the timer 
times out. 

nMER A AND B CONTROL REGISTERS 
F'tgUfe12 

The four timers are programmed via three Timer Control 
Registers and four Timer Data Registers. Timers A and Bare 
controlled by the control registers T ACR and TBCR. 
respectively (see Figure 12). and by the data registers TAOR 
and TBDR (Figure 13). Timers e and 0 are controlled by the 
control register TeDeR (see Figure 14) and two data 
registers TeOR and TOOR. Bits in the control registers allow 
the selection of operational mode, prescale. and control, 
while the data registers are used to read the timer or write 
into the1ime constant register. Timer A and B input pins. TAl 
and TSI. are used for the event and pulse width modes for 
timers A and B. 

With the timer stopped. no counting can occur. The timer 
contents will remain unaltered while the timer is stopped 
(unless reloaded by writing the Timer Data Register). but 
any residual COUnt in the prescaler will be lost. 

In the delay mode. the prescaler is always active. A count 
pulse will be applied to the main timer unit each time the 
prescribed number of timer clock cycles has elapsed. Thus. 
If the prescaler is programmed to divide by ten, a count 
pulse will be applied to the main counter every ten cycles of 
the timer clock. 

Each time a count pulse is applied to the main counter. it will 
decrement its contents. The main counter is initially loaded 
by writing to the Timer Data Register. Each count pulse will 
cause the current count to decrement When the timer has 
decremented down to "01". the next count pulse wiU not 
cause it to decrement to "00". Instead. the next count pulse 
will cause the timer to be reloaded from the Timer Data 
Register. Additionally. a "Time out" pulse will be produced. 
This Time Out pulse is coupled to the timer interrupt 
channel. and. if that channel is enabled. an Interrupt WIll be 
produced. The Time Out pulse is also coupled to the timer 
output pin and will cause the pin to change states. The 
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nMER 
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RESET 
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0 0 1 0 Delay ModI. ; 10 P.-..cUt 
0 0 1 1 Delay Mode. : 18 PretcaIe 
0 1 0 0 D...., Mode. : 50 Prescale 
0 1 0 1 Delay Mode. : 84 Prescale 
0 1 1 0 Delay Mode.: 100 Prescale 
0 1 1 1 0eIey Mode. ; 200 Pfesc:aIe 
1 0 0 0 Event Count Mode 
1 0 0 1 PufM Width Mode. ,. 4 PnttcaIe 
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output will remain in this new state until the next TIme Out 
pulse occurs. Thus the output will complete one full cycle 
for each two Time Out pulses 

If, for example. the prescaler were programmed to divIde by 

ten, and the Timer Data Register were loaded with 100 
(decimal). the main counter would decrement once for every 
ten cycles of the timer clock. A Time Out pulse will occur 
(hence an interrupt if that channel is enabled) every 10CX> 
cycles of the timer clock. and the timer output will complete 
one full cycle every 2000 cycles of the timer clock 

The main counter is an a-bit binary down counter. It may be 
read 11 any time by reading the Timer Data Register. The 
information read is. the information last clocked into the 
timer read register when the OS pin had last gone high prior 
to the cunent read cycle. When written, data is loaded into 
the Timer Data Register. and the main counter, if the timer 
is stopped. If the Timer Data Regi~·~r is written while the 
timer is running. the new word is not loaded into the timer 
until it counts through H"Ol". However, if the timer is 
written while it is counting through H"O''', an indetermin­
ate value will be written into the time constant register. This 
may be circumvented by ensuring that the data register is 
not written when the count is H"Ol ". 

If the main counter is loaded with "01 ". a Time Out Pulse 
will occur every time the prescaler presents a count pulse to 
the main counter. If loaded with "00". a Time Out pulse will 
occur after every 256 count pulses. 

nMER DATA REGISTERS CA. S, C, AND D) 
Figure 13 
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nMER C AND D CONTROL REGISTER 
Figure 14 

Changing the prescale value with the timer running can 
cause the first Time Out pulse to occur at an indetermtnate 
time, (no less than one nor more than 200 timer clock cycles 
times the number in the time constant register). but 
subsequent Time Out pulses will then occur at the correct 
interval. 

In addition to the delay mode described above. Timers A and 
B can also function in the Pulse Width Measurement mode 
or in the Event Count mode. In either of these two modes. an 
auxiliary control Signal is required. The auxiliary control 
input for Timer A is TAl, and for Timer B. TBI is used. The 
interrupt channels associated with 14 and 13 are used for TAl 
and TBI. respectively, in Pulse Width mode. See Figure 15. 

The pulse width measurement mode functions much like 
the delay mode. However. in this mode. the auxiliary control 
signal on TAl or TBI acts as an enable to the timer. When the 
control Signal on TAl or TBI is inactive. the tImer WIll be 
stopped. When it is active, the prescaler and main counter 
are allowed to run. Thus the width of the active pulse on TAl 
or TBI is determined by the number of timer counts whICh 
occur while the pulse allows the timer to run. The active 
state of the signal on TAl or TBI is dependent upon the 
associated Interrupt Channel's edge bit (GPIP 4 for TAl and 
GPIP 3 for TBl; see Active Edge Register in Figure 5.) If the 
edge bit associated with the TAl or TBI input is a one, it will 
be active high; thus the timer will be allowed to run when 
the input is at a high level. If the edge bit is a zero, the TAl or 
TBI input will be active low. As previously stated. the 

Port E (TCDCR) • CCz CC, • DC, 

C2 C, 
o 0 
o 0 
o 1 
o 1 
1 0 
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Co 
o Timer Stopped 
1 Delay Mode. + 4 Prescale 
o . Delay Mode. + 10 Prescale 
1 Delay Mode, + 16 PrescaIe 
o Delay Mode. + 50 Prescale 
1 Delay Mode. + 64 Prescale 
o Delay Mode. + 100 Prescale 
1 Delay Mode. + 200 Prescale 
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A CONCEPTUAL CIRCUtT OF THE MFP nMERS IN 
THE PULSE WIDTH MEASUREMENT MODE 
F"tgUI815 

nMERA 

PULSE WIDTH MODE 

nMER8 

PULSE WIDTH MODE 

14 

13 

Tilt 

interrupt channel (13 or 14) associated with the input still 
functions when the timer is used in the pulse width 
measurement mode. Ho~ver. if the timer is programmed 
for the pulse width measurement mode. the interrupt 
caused by transitions on the associated TAl or TBI input will 
occur on the opposite transition. 

For example. if the edge bit associated with the TAl input 
(AER-GPtP 4) is a one. an interrupt would normally be 
generated on the 0-1 transition of the 14 input signal. If the 
timer associated with this input (Timer A) is placed in the 
pulse width measurement mode. the interrupt will occur on 
the 1 -0 transition of the TAl signal instead. Because the 
edge bit (AER-GPIP 4) is a one. Timer A will be allowed to 
count while the input is high. When the TAl input makes tne 
high to low transition. Timer A will stop. and it is at this point 
that the interrupt will occur (assuming tnat the channel is 
enabled). This allows the interrupt to signal the CPU that the 
pulse being measured has terminated; thus Timer A may 
now be read to determine the pulse width. (Again note that 
13 and 14 may still be used for 1/0 when the timer is in the 
pulse width measurement mode.) If Timer A is re­
programmed for another mode. interrupts will again occur 
on the transition. as normally defined by the edge bit. Note 
that. like changing the edge bit. placing the timer into or 
takll'9 it out of the pulse width mode can produce a 
transition on the Signal to the interrupt channel and may 
cause an interrupt. If measuring consecutive pulses. it is 
obvious that one must read the contents of the timer and 
then reinitialize the main counter by writing to the timer 
data register. If the timer data register is written while the 
pulse is going to the active state. the write operation may 
result in an indeterminate value being written into the main 
counter. If the timer is written after the pulse goes active. 
tt-.e time, counts from the previous contents. and when it 

10 

INTERRUPT 
CHANNf::L 

INTERRUPT 

CHANNEL 

counts through H"01". the correct value is written into the 
timer. The pulse width then includes counts from before the 
timer was reloaded. 

In the event count mode. the presealer is disabled. Each 
time the control input on TAl or TBI makes an active 
transition as defined by the associated Interrupt Channel's 
edge bit a count pulse will be generated. and the main 
counter will decrement. In all other respects. the timer 
functions as previously described. Altering the edge bit 
while the timer is in the event count mode can produce a 
count pulse. The interrupt channel associated with the 
input (13 for TBI or 14 for TAl) is allowed to function normally. 
To count transitions reliably. the input must remain in each 
state (1 10) for a length of time equal to four periods of the 
timer clock; thus signals of a frequency up to one fourth of 
the timer clock can be counted. 

The manner in which the timer output pins toggle states has 
previously been described. All timer outputs will be forced 
low by a device RESET. The output associated with Timers A 
and B will toggle on each Time Out pulse regardless of the 
mode the timers are programmed to. In addition. the outputs 
from Timers A and B can be forced low at any time by 
writing a "1" to the reset location in TACR and TBCR. 
respectively. The output will be forced to the low state 
during the WRITE operation. and at the conclusion of the 
operation. the output will again be free to toggle each time a 
Time Out pulse occurs. This feature will allow waveform 
generation. 

During reset the Timer Data Registers and the main 
counters are not reset. Also. if using the reset option on 
Timers A or B. one must make sure to keep the other bits in 
the correct state so as not to affect the operatio~of Timers A 
and B. ..,.,?.$ 



c 

USART 

Serial Communication is provided by a full-duplelC double­
buffered USART, which is capable of either asynchronous 
or synchronous operation. Variable word length and 
start/stop bit configurations are available under software 
control for asynchronous operation. For synchronous 
oper?!ion, a Sync Word is provided to establish 
synchronization during receive operations. The Sync Word· 
will also be repeatedly transmined when no other data is 
available for transmission. Moreover, the MK68901 allows 
stripping of all Sync Words received in synchronous 
operation. The handshake control lines RR (Receiver Ready) 
andTR (Transmitter qeady) allow DMA operation. Separate 

USART DATA REGISTER 

Figur8 l' 
fton 17 !UDRI 

USART CONTROL REGISTER (UCR) 
Figunt17 

fton , .. (UCRI IWlo ST, 

+16/+1 : 

WLO-Wll : 

SlO-ST1 : 

* U...-d bits; rud •• Z8fO 

When this bit is zero, data will be clocked . 
into and out of the receiver and transmitter 
at the frequency of their respective clocks. 
When this bit is loaded with a one, data 
will be clocked into and out of the receiver 
and transmitter at one sixteenth the 
frequency of their respedive clocks. 
Additionally, when placed in the divide by 
sixteen mode, the receiver data transition 
resynchronization logic will be enabled. 

Word Length Control. These two bits set 
the length of the data word (exclusive of 
stan bits, stop bits,and parity bits) as 
follows: 

WL1 
o 
o 
1 
1 

WLO 
o 
1 
o 
1 

Word Length 
8 bits 
7 bits 
6 bits 
5 bits 

Stan/Stop bit control (format control). 
These two bits set the format as follows 

receive and transmit clocks are available. and separate 
receive and transmit status and data bytes allow 
independent operation of the transmit and receive sections 

The USART is provided with three Control/Status Registers 
and a Data Register. The USART Data Register form is 
illustrated in Figure 16. The programmer may specify 
operational parameters for the USART via the Control 
Register, as shown in Figure 17. Status of both the Receiver 
and Transminer sections is accessed by means of the two 
Status Registers, as shown in Figures 18 and 19. Data 
wrinen to the Data Register is passed to the transminer, 
while reading the Data Register will access data received by 
theUSART. 

0, 

ST1 STO Start Bits rtop Bits 
o 0 0 0 
o 1 1 1 

tl 0 1 lV2 
1 1 1 2 

Format 
SYNC 

ASYNC 
ASYNC 
ASYNC 

t NOTE+16 only 

PARITY: Parity Enabled. When set '''1''), parity will 
be checked by the receiver, parity will be 
calculated, and a parity bit will be inserted 
by the transminer. When cleared (''0''), no 
parity check will be made and no parity bit 
will be inserted for transmission. 

For a word length of 8 the MFP calculates 
the parity and appends it when transmit­
ting a sync charader. For shorter lengths. 
the parity must be stored in the Sync 
Character Register (SCR) along with the 
sync character. 

E/O: Even-Odd. Whenset("l"~ even parity will 
be used if parity is enabled. When cleared 
("0"), odd parity will be used if parity is 

enabled. 99¥ 
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Note that ~e synchronous or asynchronous format may be 
selected independentfy of a + lor + 16 clock. Thus it is 
possible tactock data synchronously into the device but still 
use stan and stop bits. In this mode. all normal 
asynchrOl"Ous format features still apply. Data will be 
shtfted in after a start bit is encountered. and a stop bit witt 
be checked to determine proper framing. If a transmit 
underrun condition occurs. the output will be placed in a 
marking state. etc. It is cOnversely possible to clock data in 
asynchror:ously using a synchronous format. There is data 
tranSition detection logic built into the receive clock circuitry 

RECEIVER STATUS REGISTER (RSR) 
F"l9U" 18 

which will re-synchronize the internal shift clock on each 
data transition so that. with sufficiently frequent data 
transitions. stan bits are not required. In this mode, all other 
common synchronous features function normally. This re­
synchronization logic is only active in + 16 clock mode. 

RECEIVER 

The receiver section of the USAAT is configured by the UCR 
as previously described. The status of the receiver can be 
determined by reading and writing to the Receiver Status 
Register (RSR). The RSR is configured as follows: 

Port 15 (RSRI BUFFER OVERRUN PARITY FRAME FOUND/SEARCH MATCH/CHARACTER SYNC STRIP RECEIVER 

BF: 

OE: 

PE: 

FE: 

l' 

FUt.L ERROR ERROR ERROR OR BREAK DETECT 

Buffer Full. This bit is set when the 
incoming word is transferred to the receive 
buffer. The bit is cleared when the receive 
buffer is read by reading the UDR. This bit 
of the RSR is read only. 

Overrun Error.This flag is set if the 
incoming word is completely received and 
due to be transferred to the receive buffer. 
but the last word in the receive buffer has 
not yet been read. When this condition 
occurs. the word in the receive buffer is not 
overwritten by the new word Note that the 
status flags always reflect the status of the 
data word currently in the receive buffer. 
As SUCh. the OE flag is not actually set until 
the good word currently in the buffer has 
been read. The interrupt aSSOCiated with 
this error will also not be generated until 
the old word in the receive buffer has been 
read 

OE flag is cleared by reading the receiver 
status register, and new data words 
cannot be shifted to the receive buffer until 
this :: d!lne. 

Parity Error. This flag is set if the word 
received has a parity error. The flag ill set 
when the received word is transferred 
from the shift register to the receive buffer 
If the error condition exists. The flag is 
cleared when the next word which does 
not have It parity error is transferred to the 
receive buffer. 

Frame Error. This flag only applies to the 
asynchronous format. A frame error is 
defined as a non-zero data word which is 
not followed by a stop bit. Like the PE ftag, 

F/S: 

B: 

M/CIP: 

IN PROGRESS ENA8I.£ ENABLE 

the FE flag is set or cleared when a word is 
transferred to the receive buffer. 

Found/search. This combination control 
bit and flag bit is only used with the 
synchronous format. It can be set or 
cleared by writing to this bit of the RSR. 
When this bit is cleared, the receiver is 
placed in the search mode. In this mode. a 
bit by bit comparison of the incoming data 
to the character in the Sync Character 
Register (SCR) is made. The word length 
counter is disabled. When a match is 
found. this bit will be set automaticalfy, 
and the word length counter will stan as 
sync has now been achieved. An interrupt 
will be generated on the receive error 
channel when the match occurs. The word 
just shifted in will. of necessity. be equal to 
the sync character. and it will not be 
transferred to the receive buffer. 

Break. This flag is used only when the 
asynchronous format is selected. This "ag 
will be set when an all zero data word, 
followed by no stop bit is received The flag 
will stay set until both a non-zero bit is 
received and the RSR has been read at 
least once since the flag was set. Break 
indication will not occur if the receive 
buffer is full. 

Match/Character in Progress. If the 
synchronous format is selected. this flag is 
the Match flag. It will be set each time the 
word transferred to the receive buffer 
matches the sync charader. It will be reset 
each time the word transferred to the 
receive buffer does not match the sync 

9''''-
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character. If the asynchronous format IS 
selected. this flag represents Character In 
Progress. It will be set upon a start bit 
detect and cleared at the end of the word. 

Sync Strip Enable. If this bit is set to a one. 
data words that match the sync character 
will not be loaded into the receive buffer. 
and no buffer full signal will be generated. 

Receiver Enable. This control bit is used fo 
enable or disable the receiver. If a zero IS 
written to this bit of the RSR. the receiver 
will turn off immediately. All flags 
including the F/S bit will be cleared. If a 
one is written to this bit. normal receiver 
operation is enabled. The receive clock has 
10 be running before the receiver is en­
abled. 

There are two imerrupt channels associated with the 
receiver. One channel is used for the normal Buffer Full 
condition. while the other channel is used whenever an 
error condition occurs. Only one interrupt is generated per 
word received. but dedicating two channels allows separate 
vectors: one for the normal condition. and one for an error 
condition. If the error channel is disabled. an interrupt will 
be generated via the Buffer Full Channel. whether the word 
received is normal or in error. Those conditions which 
produce an interrupt via the error channel are: Overrun. 
Parity Error. Frame Error. Sync Found. and Break. If a 
received word has an error associated with it, and the error 
interrupt channel is enabled. an interrupt will occur on the 
error channel only. 

Each time a word is transferred into the receive buffer. a 
corresponding set of flags is latched into the RSR. No flags 
(except CIP) are allowed to change until the data word has 
been read from the receive buffer. Reading the receive 
buffer allows a new data word to be transferred to the 
receive buffer when it is received. Thus one should first read 
the RSR then read the receive buffer (UDRI to ensure that 
the flags just read match the data word just read. If done in 
the reverse order. it is possible that subsequent to reading 
the data word from the receive buffer. but prior to reading 
the RSR. a new word may be received and transferred to the 
receive buffer and. with it. its associated flags latched imo 
the RSR. Thus. when the RSR is read. those flags may 
actually correspond to a different data word. It is good 
practice. also. to read the RSR prior to a data read as. when 
an overrun error occurs. the receiver will not assemble new 
characters until the 'RSR has been read. 

As previously stated. when overrun occurs. the OE flag will 
not be set and the associated interrupt will not be generated 
until the receive buffer has been read If a break occurs. and 
the receive buffer has not yet been read. only the B flag will 
be set (OE WIll not be set). Again. this flag will not be set until 
the last valid word has been read from the receive buffer. If 
the break condition ends and another whole data word is 
received before the receive buffer is read. both the B and OE 
flags will be set once the receIve buffer is read 

If a break occurs while the OE flag is set. the 8 flag will also 
be set. 

A break generates an interrupt when the condition occurs 
and again when the condition ends. If the break condition 
ends before it is acknowledged by reading the RSR. the 
receiver error interrupt indicating end of break Will be 
generated once the RSR is read. 

Anytime the asynchronous format is selected. start bit 
detection is enabled. New data is not shifted into the shift 
register until a zero bit is detected. If a -;-16 clock IS selected. 
along with the the asynchronous format. false start bit 
detection is also enabled. Any transition has to be stable for 
3 positive going edges of the receive clock to be called a valid 
transition. For a start bit to be good. a valid 0-1 transition 
must not occur for 8 positive clock transitIons after the Initial 
valid 1 -0 transition. 

After a good start bit has been detected. valid transitions in 
the data are checked for conhnously When a valid 
transition IS detected. the counter is forced to state zero. and 
no more transition checking is started until state four At 
state eight, the ··previous state" of the transition checking 
logic is clocked into the receiver. 

As a result of this resynchronization logIC. it is posSIble to 
run with asynchronous clocks without start and stop bits If 
there are suffICient valid transitions in the data stream This 
logic also makes the unit more tolerant of clock skew for 
normal asynchronous communications than a device 
which employs only start bit synchronization. 



TRANSMlnER STATUS REGISTER (TSRt 
FiguN 19 

TSR ., 
BUFFER UNOERRUN AUTO END OF BREAK HIGH lOW 

TRANSMmER 
Port 16 {TSRI 

EMPTY ERROR TURNAROUND TRANSMISSION ENABLl 

TRANSMmER 

The transmitter section of the USART is configured as to 
format, word .Iengtn. etc. by the UCR, as previously 
described. The status of the transmitter can be determined 
by reading or writing the Transmitter Status Register (TSR). 
The TSR is configured as follows: 

BE : Buffer Empty. This status bit is set when 
the word in the transmit buffer is 
transferred to the output shift register and 
thus the transmit buffer may be reloaded 
with the next data word. The flag is cleared 
when the transmit buffer is reloaded. The 
transmit buffer is loaded by writing to the 
UDR. 

UE: 

AT: 

END: 

14 

This bit is set when the lastword has been 
shifted out of the transmit shift register 
before a new word has been loaded into 
the transmit buffer. It is not necessary to 
clear this bit before loading the UDR. 

This bit may be cleared by either reading 
the TSR or by disabling the transmitter. 
After the setting of the UE bit, one full 
transmitter clock cycle is required before 
this bit can be cleared by a read. The timing 
in some systems may allow a read of the 
TSR before the required clock cycle has 
been completed. This would result in the 
UE bit not being cleared until the following 
read. To avoid this problem. a dummy read 
of the TSR should be performed at the end 
of the UE service routine. 

Only one underrun error may be generated 
between loads of the UDR regardless of 
the number of transmitter clock cycles 
between UDR loads. 

This bit causes the receiver to be enabled 
at the end of the transmission of the last 
word in the transmitter if the transmitter 
has been disabled. The AT bit is cleared at 
the end of the transmission. 

End of transmission. When the transmitter 
is turned off with a character still in the 
output shift register. transmission will 
continue until that character is shifted out. 
Once it has cleared the output register. the 
END bit will be set. If no character is being 
transmitted when the transmitter is 

B: 

H,L: 

disabled. the transmitter will stop at the 
next rising edge of the internal shift clock. 
and END will immediately be set. The END 
bit is cleared by re-enabling the trans­
mitter. 

Break. This control bit will cause a break to 
be transmitted. When a "1" is written to 
the B bit of the TsR. a break will be 
transmitted upon completIon of the 
character (if anyl currently being trans­
mitted. A break will continue to be 
transmitted until the B bit is cleared by 
writing a ·'0" to thiS bit of the TsR. At that 
time. normal transmission will resume. 
The B bit has no function in the 
synchronous format. Setting the "B·' bit to 
a one keeps the ··BE·· bit from being set to a 
one. So. if there were a word in the buffer 
at the start of break. it would remain there 
until the end of break. at which time it 
would be transmitted (if the transmitter is 
still enabled). If the buffer were not full at 
the start of break. it could be written at any 
time durtng the break. If the buffer is empty 
at the end of break, the underrun flag WIll 
be set (unless the transmitter is disabled). 

The BREAK bit cannot be set until the 
transmitter has been enabled and the 
transmitter has had sufficient time (one 
clock cycle) to perform the internal reset 
and initialization functions. 

High and Low. These two control bits are 
used to configure ·"e transmitter output 
when the transmitter is dIsabled. as 
follows: 

H L Output State 

o 
o 
1 
1 

o Hi-Z 
1 Low ro") 
o High 
1 Loop -Connects transmit­

ter output to receiver 
input, and TC to Receiver 
Clock (RC and SI are not 
used; they are bypassed 
internally). In loop back 
mode, transmitter output 
goes high when disabled. 

11"7 
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SYNC CHARACTER REGISTER 
Figure 20 
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XE: 

Altering these two bits after Transmitter 
Enable (XE) is set will alter the output state 
until END is false. These bits should be set 
prior to enabling the transmitter. The state 
of these bits determine the state of the first 
transmitted character after the transmitter 
is enabled. If the high impedance mode 
was select'9d prior to the transmitter being 
enabled. the first bit transmitted is in· 
determinate. 

Transmitter Enable. This (".""'rol bit is used 
to enable or disable the transmitter. When 
set. the transmitter is enabled. When 
cleared. the transmitter will be disabled. If 
disabled. any word currently in the output 
register will continue to be transmitted 
until finished. If 8 break is being 
transmitted when XE is cleared. the 
transmitter will turn off at the end of the 
break character boundary. and no end of 
break stop bit is transmitted. The transmit 
clock must be running before the trans· 
mitter is enabled. A "one" bit always 
precedes the first word out of the 
transmitter after the transmitter is enabled 
There is a delay between the time the 
transmitter enable bit is written and when 
the transmitter reset goes low; therefore. 
the H 8& L bits should be written with the 
desired state prior to enabling the trans· 
mitter. 

Uke the receiver section. there are two separate interrupt 
channels associated with the transmitter. The buffer Empty 
condition causes an interrupt via one channel. while the 
Underrun and END conditions will cause an interrupt via 
the second channel. When underrun occurs in the 
synchronous format. the character in the SCR will be 
transmitted until a new word is loaded into the transmit 
buffer. In the asynchronous format. a "Mark" will be 
continuously transmitted when underrun occurs. 

The transmit buffer can be loaded prior to enabling the 
transmitter. When the transmitter is disabled. any character 
currently in the process of being transmitted will continue to 
conclusion. but any character in the transmit buffer will not 
be transmitted and will remain in the buffer. Thus no buffer 
empty interrupt will occur nor will the BE flag be set. If the 
buffer were already empty. the BE flag would be set and 
would remain set. When the transmitter is disabled with a 
character in the output register but with no character in the 

transmit buffer. an Underrun Error will not occur when the 
character in progress concludes. 

Often it is necessary to send a break for some panicular 
period. To aid in timing a break transmission. a transmit 
error interrupt will be generated at every normal charac."!~r 
boundary time during a break transmission. The status 
register information is unaffected by this error condition 
interrupt. It should be noted that an underrun error. if 
present. must be cleared from the TSR. and the interrrupt 
pending register must be clearlt>.:! of pending transmitter 
errors at the beginning of the break transmission or no 
interrupts will be generated at the charader boundary time. 

If the synchronous format is selected. the sync character 
should be loaded into the Sync Character Register (SCR) as 
shown in Figure 20. This character is compared to the 
received serial data during a Search. and will be 
continuously transmitted during an underrun condition 

All flags in the RSR or TSR will continue to function as 
described whether their associated interrupt channel is 
disabled or enabled. All interrupt channels are edge 
triggered and, in many cases. it is the actual output of a flag 
bit or flag bits which is coupled to the interrupt channel. 
Thus. if a normal interrupt producing condition occurs while 
the interrupt channel is disabled. no interrupt would be 
produced even if the channel was subsequently enabled. 
because a transition did not occur while the interrupt 
channel was enabled. That panicular flag bit would have to 
occur a second time before another "edge" was produced. 
causing an interrupt to be generated. 

Error conditions in the USART are determined by 
monitoring the Receive Status Register and the Transmitter 
Status Register. These error conditions are only valid for 
each word boundary and are not latched. When executing 
block transfers of data. it is necessary to save any errors so 
that they can be checked at the end of a block. In order to 

. save error conditions during data transfer. the MK68901 
MFP interrupt controller may be used by enabling error 
interrupts for the desired channel (Receive error or Transmit 
error) and by masking these bits off. Once the transfer is 
complete. the Interrupt Pending Register can be polled.to 
determine the presence of a pending error interrupt. and 
therefore an error. 

Unused bits in the sync character register are zeroed out; 
therefore. word length should be set up prior to writing the 
sync word in some cases. Sync word length is the word 
length plus one when parity is enabled. The user has to 
determine the parity of the sync word when the word length 

f'~r 15 



is not 8 bits. The MK68901 MFP does not add a parity bit to 
the sync word if the word length is less than 8 bits. The extra 
bit in the sync word is transmitted as the parity bit. With a 
word length of eight, and parity selected. the parity bit for 
the sync word is computed and added on by the MK68901 
MFP. 

fiR RECEIVER READY 

RR is asserted when the Buffer Full bit is set in the RSR 
unless a parity error or frame error is detected by the 
receiver. 

TR TRANSMnTERREADY 

Tft is asserted when the Buffer Empty bit is set in the TSR 
unless a break is currently being transmined. 

REGISTER ACCESSES 

All register accesses are dependent on CLK as shown in the 
timing diagrams. To read a register, B and O§ must be 

asserted. and R Vi must be high. The internal read control 
sIgnal is essentially the combination of CS. OS. and 
RO/WR. Thus. the read operation will begin when CS and 
55 go active and WIll end when either CS or OS goes 
inactive. The address bus must be stable prior to the start of 
the operation and must remain stable until the end of the 
OQ8ration. Unless a read operation or interrupt ac­
knowledge cycle is in progress the data bus (00-07) wiU 
remain in the tri-state condition. 

To write a register. (3 and ~ must be asserted and R/W 
must be low. The address must be stable prior to the start of 
the operation and must remain stable until the end of the 
operati0'!:.-After the MK68901 asserts DTACK. the CPU 
negates OS. At this time, the MFP latches the data bus and 
writes .the contents into the appropriate register. Also. 
when OS is negated. the MFP rescinds OTACK. 

For an interrupt acknowledge. the operation starts when 
JACK goes low. and ends when IACKps high. The data 
bus is tn-stated when either lACK or OS goes high. 

MK68901 ELECTRICAL SPECIFICATIONS· MEUMINARY 

ABSOLUTE MAXIMUM RATINGS 
Ten'lperature Under Bias •••••••••••••.••••••••••••••••••••••••••••.••••••.•••.•••••••••••• -25°C to +l00"C 
Storage Temperature •••••.•••.•.••••.•.•••••••..••••••.••.••••••.•• _ .•••• _ • • • • . • . . . • • • • •• -65°C to + 15O"C 
Voltage on Any Pin with Respect to Ground .................................................... - 0.3 V to ... 7 V 
Power Dissipation •••••••••••••••••••.••••••.••••••••••••.•.••••••...••••.•.•••••.•••..••.•.•....... 1.5 W 
Slt~ above IhoM ...... under .. AbsoIule ~.imum "all." m., uuse per",.,..". dam .... 10 lhe'-"-. Th,s 's 8 Slt_ rail", only and func:roonal OCMIrallon of 
Ih. deoIoc:e 81 these or 8.,.. OIh., conditIOn ___ 1hoIe Indicated In lhe ope4'al,onal __ of Ih,S $p4ICl'oeallOft I. nor ,mpl" exposure to absofule "'Plmum rallng 
ConcM_ for e",endeO perIOds m., affect rehab.lt1y. 

D. C. CHARACTERISnCS 
T A = O"C to 70"C; Vee = +5 V ± 5% unless otherwise specified. 

TEST 
SYM PARAMETER MIN MAX UNIT CONOmON 

V1H Input High Voltage 2.0 Vee +.3 V 

V1l Input low Voltage -0.3 0.8 V 

VCH Output High Voltage (except or ACK) 2.4 V IOH = -120,..A 
-

VOl Output low Voltage (except OTACK) 0.5 V IOl = 2.0 rnA 

ILL Power Supply Current 180 rnA Outputs Open 

lu Input Leakage Current ±10 ,..A V1N = o to Vee 

IlCH Tri·State Output Leakage Current in Float 10 ,..A VOUT = 2.4 to Vee 
.. 

IlOl ~ri.State Output Leakage Current in Float -10 ,..A VOUT = O.!5V 

IOH OTACK output source current -400 ,..A VOUT = 2.4 

101. lOT ACK output sink current 5.3 rnA VOUT = 0.5 

All voltages are referenced to ground 
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CAPACITANCE 

T A = 25°C. f == 1 MHz unmeasured pins returned to ground. 

TEST 
SYM PARAMETER MAX UNIT CONDITION 

C1N Input Capacitance 10 pf Unmeasured 
pins 

COUT Tri-state Output Capacitance 10 pf returned to 
ground 

AC ELECTRICAL CHARACTERISTICS (Vee == 5.0 Vdc ± 5%, GND = 0 Vdc, TA = O°C to 70°C) 

MKti~901 ! 
NUM CHARACTERISTIC MIN MAX UNIT FIG NOTE 

1 CS. OS Width High 50 ns 2122 

2 RIW. A1-AS Valid to falllflg CS (SetuP) 0 ns 2122 

3 Data Valid Prior to Rising Os (Setup) 280 ns 21 

4 CS. iACK Valid to Falling Clock (Setup) 50 ns 21-24 3 

5 CLK Low to OTACK low 220 ns 2122 

6 CS. OS or lACK High to i5'fAcK high 60 ns 21-24 

7 CS. OS or lACK High to'i5i'ACK T ri-state 100 ns 21-24 

8 CS. OS or iAEK High to Data Invalid (Hold Time) 0 ns 21-24 

9 CS. OS or lACK High to Data Tri-state 50 ns 21-24 

10 CS or OS High to RIW. A1·AS Invalid (Hold Time) 0 ns 21.22 

11 Data Valid from CS low 310 ns 21 

12 Read Data Valid to i5fACK low (Setup Time) 50 ns 21 

13 5TACK Low to OS. CS or iACK High (Hold Time) 0 ns 21-24 

14 iEi low to falling CLK (Setup) 50 ns 23 2 

15 lEO Valid from Clock Low (Delay) 180 ns 23 1 

16 Data Valid From Clock low (Delay) 300 ns 23 

17 lEO Invalid from lACK High (Delay) 150 ns 2324 

-18 OTACK low from Clock High (Delay) 180 ns 2324 2 

19 lEO Valid from lEI low (Delay) 100 ns 24 1 

20 Data Valid from lEi low (Delay) 220 ns 24 

21 Clock Cycle Time 250 1000 ns 21-24 

22 Clock Width Low 110 ns 21-24 

23 Clock Width High 110 ns 21-24 

24 CS. lACK Inactive to Rising Clock (Setup) 100 ns 21-24 4 

25 110 Minimum Active Pulse Width 100 ns 

26 lACK width High 150 ns 23-24 



AC ELECTRICAL CHARACTERISTICS (Continued) (Vee = 5.0 Vdc ± 5"'0. GND = 0 Vdc. T A = O"'C to 70"'C) 

NUM CHARACTERISTIC 

27 1/0 Data valid from Rising CS or OS 
28 Receiver Ready Delay from Rising RC 

29 Transmitter Ready Delay from Rising TC 

30 Timer Output Low from Rising Edge of CS or OS 
(A 8& BHReset Tour) 

31 Tour Valid from Internal Timeout 

32 TImer Clock Low Time 

33 TImer Clock High TIme 

34 TImer Clock Cycle Time 

35 RESET Low Time 

36 Delay to Falling iNiR from External 
Interrupt Active Transition 

37 Transmitter Internal Interrupt Delay from Rising 
of Falling Edge of TC 

38 Receiver Buffer Full Interrupt Transition Delay 
from Aising Edge of AC 

39 Aeceiver Error Interrupt Transition Delay from 
Falling Edge of AC 

40 Serial In Set Up TIme to Aising Edge of AC 
(Divide by one onlyt 

41 Data Hold TIme from rising edge of AC 
(Divide by one onlyt 

42 Serial Output Data Valid from Falling Edge of TC (+1) 

43 Transmitter Clock Low TIme 

44 Transmitter Clock High Time 

45 Transmitter Clock Cycle Time 

46 Receiver Clock Low Time 

47 Receiver Clock High TIme 

48 Receiver Clock Cycle TIme 

49 CS. tAcK. Os Width Low 

50 Serial Output Data Valid from Falling 
Edge of TC (+ 16) 

NOTES: 

1 iEO o~ low .f no acknowledg.abl •• ntet'UCIC 11II8nd.nt· If iEO gpeS 

low. DlACK and Ih. data bus r.mal" IrI·staled 
2 DTACKw.llgoIOW.IA.fspec: 14.,m8l;O'''_''. OTACi(wll'golowell 
3 If Ih. selup lIme ., not .... t. e! or ;m WIll nollMt recognIzed unt" 'he n •• , 

lalhnt ell( 
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MK68901 
MIN MAX UNIT FIG NOTE 

450 ns 

600 ns 

600 ns 

450 ns 

2tcLK ns 
+300 

110 ns 

110 ns 

250 1000 ns 

2 /AS 

380 ns 

550 ns 

aoo ns 

800 ns 

80 ns 

350 ns 

440 ns 

500 ns 

500 ns 

1.05 :10 lIS 

500 ns 

500 ns 

1.05 :10 lIS 

80 TeLK 

490 ns 

4 If Ihl, .. ,up t, .... " met ,for consecutIve c:vc'es'. lhe mInImum hold· off I ..... 
of one clOCll c:vcle WIn be oblalned If nOl m8l. I". hOId·off wdlbe two clock 
c:vcles. 



nMER A. C. CHARACTERISTICS 

Definitions' 

Error::: Indicated Time Value· Actual Time Value 

tpsc ~ teLl(x Presr.:;le Value 

Internal Timer Mode 

Single Interval Error (free running) (Note 2) ................•...........................•............ ± lOOns 
Cumulati\ie Internal Error ................•.....••.•.•............• . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 
ErrOr Between Two Timer Reads .•..•...•........•••..•..................................... ± (tpSC • 4 tax) 
Stan Timer to Stop Timer Error .... .. • .. .. .. .. .. .. .. .. • .. .. . .. . .. .... 2 tell( + lOOns to - (tpsc + 6tcLI( ... lOOns) 
Stan Timerto Read Timer Error .................................................. 0 to - (tpSC ... 6teLl( + 400 ns) 
Stan Timer to Interrupt Request Error (Note 3) •.•.......•...•...••.•.••..••....•..•.. -2 tCLI( to - (4tcLI( +800 ns) 

Pulse ·.·.'edth Measurement Mode 

Measurement Accuracy (Note 1) ...•••.•.••.••••••.•••••.•.....••.•.•.•...•.••...•.•. 2 tell( to - (tpSc + 4tcLK) 
Minimum Pulse Width •........•.••.....••••••.•••••..•..............•.•..........•..••.••...••....• 4tcLK 

Event Counter Mode 

Minimum Active Time of TAl. TBI ••••••..•.•.•••..••••.....•....••...•........•....•..•.•........•.•.. 4tax 
Minimum lnaaive Time of TAl. TBI .•.•.•••••••.•••.•••••••••••..•..••...••...•..•..••..•••.......•.•. 4tcLK 

NOTES: 

1 Error I'tW\' .. cumulat_ of le!Ief,,_IV .,.,tor",", 
2 Error _h respecllO TOUT or INT If 1101. 3 IS " ... 

3 Auumlng" II possible fOt lhe lIme. 10 m.... .n Inle,rupt request 
iInnIedteIely 



READCYClE 
.< 

cut 

A1·AI 

OO.D7-----------------------------------l~ 

~ ______ ------------------------~:1~ 

WRITE CYClE 
F'tgUI'822 

CLK 

.,·AI -

OO·D7-------------------------d 

MACK------------------------------------~~ 

NOTl: 
CS and iXCi mutt be • functlOft of os. 
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INTERRUPT ACKNOWLEDGE (iEi LOW) 
FiguN23 

( " '" 
__ ./ eLK 

~·07----------------------------------~ 

INTERRUPT ACKNOWLEDGE CYCLE (lEI HIGH) 
Figunt24 

lEI 

NOTE , 

lEO , NOTE' I 

@) 1:-- - - - - - - - - - - - - -';'j - ~ ~ 

- 0' 
Do·D7---------------------------------~-------a 

~~---------~------~ 

NOTE: 
a and lACK mU$l be a functIOn of OS 
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TYPtCAL OUTPUT 
FigUl825 

TE~o-__ ~~ ____ ,-~~ __ • 
POINT 
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far .. outputs except Di'ACi( 
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MM070000A 
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MK68901 MFP EXTERNAL OSCIlLATOR 
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-
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CAYSTAL PARAMETERS: 
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As';;; 300 n IF" '" 2.0 ·2.7 MHzt 
CL • 18 pf: CII '" 0.02 pf; c;.. 5 pf; t.. .. H MHz 
F" IlVPl • 2.4578 MHz 
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MK68901 PIN PACKAGE DRAWING 
Figure 28 
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L SUFFIX 
CERAMIC PACKAGE 

CASE 740-02 

~=-=-::>..-OJ~I ~ 
L--===-------~,-~---I----------~.: 
, ,,' 

I 

L_~ 

y .... 

MIWMETEfiS INCHES- NOTES 
01 •• IN :i!.~ ~.!.~ i!~ 1 DlMENSION[!]IS DATUM 

A 1035 6157 2376 2"24 2 POSITIONAL TOLERANCE FOR LEADS • "63 1534 0571 Q~- I 8025 (0 olod rI."MI c 305 " 32 0120 (),.I.1!CL 3 E!3IS SEATING PlANE 
0 0311 OU3 0015 0021 " DIMENSION --L" TO CENTER OF , 0762 1317 0030 0055 
G 254 ISC o l00ISC 

LEADS WHEN FORMED PARALLEL 

J 0203 0330 0008 0013 
5 DIMENSIONING AND TOLEAANCING 

It 254 41' 0100 0165 PEA ANSI Yl" 5_ 1973 

L '''" 1565 0510 0616 

• 0" 10" ()< 10' 
N 1016 152" Oa.o 0060-

MK68901 ORDERING INFORMAnON 

PART NO. PACKAGE TYPE MAX. CLOCK FREQUENCY TEMPERATURE RANGE 

MK68901 Ceramic 4.0 MHz 0 0 to 7cye 
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1 INTRODUCTION 

1.1 
Description 

It is apparent that any microprocessor is capable of producmg 
acceptable sounds with only a transducer if the processor has no 
other tasks to perform whiJ·e the sound is sustained. In real world 
miCroprocessor use. however, video games need refreshing. key­
boards need scanning. etc. For example. in order to produce a single 
channel of ninth octave C (8372 Hz) the signal needs attention every 
sixty microseconds. Software required to produce this simple effect 
and stm perform other activities would in the least be very complex if 
not impoSSible. In the extreme. random nOise requires periodic atten­
tion even more frequently. 

This need for software-produced sounds wIthout the constant 
attention of the processor is now satisfIed with the availability of the 
General Instrument AY-3-8910andAY-3-8912 Programmable Sound 
Generators. 

The AY-3-8910/8912 Programmable Sound Generator (PSG) is a 
Large Scale Integrated Circuit which can produce a wide variety of 
complex sounds under software control The A Y -3-8910/8912 is 
manufactured in Gl's N-Channel Ion Implant Process. Operation 
requires a single 5V power supply. a TTL compatible clock. and a 
microprocessor controller such as the GI 1S-bit CP1S00/1610 or one 
of Gl's PIC 1650 series of 8-bit microcomputers. 

The PSG is easily interfaced to any bus oriented system. Its flexibility 
makes it useful in applications such as musIC synthesiS. sound 
effects generation. audible alarms. tone signalling and FSK modems. 
The analog sound outputs can each provide 4 bits of logarithmic 
digital to analog conversion. greatly enhancing the dynamic range of 
the sounds produced. 

In order to perform sound effects while allowing the processor to 
continue its other tasks. the PSG can continue to produce sound 
after the initial commands have been given by the control processor. 
The fact that realistic sound production often involves more than one 
effect is satisfied by the three independently control/able channels 
available in the PSG. 

All of the circuit control signals are digital in nature and intended to 
be provided directly by a 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 ranges from sub-audible at its lowest frequency to post­
audible at its highest frequency. there are few sounds which are 
beyond reproduction with only the simplest electrical connections. 

Since most applications of a microprocessor/PSG system would also 
require interfacing between the outside world and the microproces­
sor. this facility has been designed into the PSG. The A Y -3-8910 has 
two general purpose 8-bit I/O ports and is supplied in a 40 lead 
package; the AY-3-8912 has one port and 28 leads. 
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1.2 
Features 

1.3 
Scope 

!'U '·.'WFs;! 

o Fuli software control of sound generation. 
o Interfaces to most 8-bit and 16-blt microprocessors. 
o Three independently programmed analog outputs. 
o Two 8-blt general purpose I/O ports (AY-3-8910). 
Cl One 8-bit general purpose 110 port (AY-3-8912). 
Cl Single +5 Volt Supply. 

.. 

This Data Manual is intended to introduce the techniques needed to 
cause the AY-3-8910/8912 Programmable Sound Generator to per­
form in its intended fashion. All of the programs. programming. and 
hardwar.e designs have been tested to ensure that the methods are 
practical rather than purely theoretical. 

Although the techniques described will produce powerful results. the 
range of sounds to be synthesized is so vast and the PSG capabilities 
so varied that this guide should be viewed merely as an introduction 
to the applications possibilities of the PSG. 

Fig. 1 TYPICAL SYSTEM DIAGRAM ------------
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2 ARCHITECTURE 

2.1 
Basic 

Functional 
Blocks 

The AY-3-8910!8912 is a register oriented Programmable Sound 
Generator (PSG). Communication between the processor and the 
PSG is based on the concept of memory-mapped 110. ContrOl 
commands are issued to the PSG by writing to 16 memory-mapped 
registers. Each of the 16 registers within the PSG is also readable so 
that the microprocessor can determine. as necessary. present states 
or stored data values. 

All functions of the PSG are controlled through its 16 registers which 
once programmed. generate and sustain the sounds. thus freeing the 
system processor for other tasks 

An internal block diagram of the PSG showing the various functional 
blocks and data flow is shown in Fig. 2. 

2.1.1 REGISTER ARRAY 
The principal element of the PSG is the array of 16 read/write control 
registers. These 16 registers look to the CPU as a block of memory 
and as such occupy a 16 word block out of 1.024 possible addresses 
The 10 address bits (8 bits on the common data/address bus. and 2 
separate address bits A8 and A9) are decoded as follows: 

*A'9 A8 OA7 OAe OAS OA4 OA3 OA2 OAl OAO • A91s 

0 1 0 0 0 0 0 0 0 0 
not pro. :ded 
on the A Y-3-8912 

THRU 

0 , I o I 0 0 0 I 1 I 1 I 1 
.. 

• • 
HIGH LOW 

OROER ORDER 
(Chip Select) (Register II) 

The four low order address bits select one of the 16 registers (RO-­
RH,). The six high order address bits function as "chip selects" to 
control the tri-state bidirectional buffers (when the high order 
address bits are "incorrect", the bidirectional buffers are forced t( a 
high impedance state). High order address bits A9 A8 are fixed in the 
PSG design to recognize a 01 code; high order address bits DA7-­
DA4 may be mask-programmed to any 4-bit code by a special order 
factory mask modification. Unless otherwise specified. address bits 
DA7--DA4 are ro rammed to recognize only a 0000 code. A valid 
high order address la c es e regl w rder 4 bits) 
in'he Register Address Latch/Decoder block. A latched address will 
remain vaJid until the receipt of a new address. enabting multiple 
reads and writes of the same register contents without the need for 
redundant re-addressing. 
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Fig. 2 PSG BLOCK DIAGRAM 
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2.1 
Basic 

Functional 
Blocks 
(cont) 

Conditioning of the Register Address Latch/Decoder and the Bidi­
rectional Buffers to recognize the bus function required (inactive. 
latch address, write data. or read data) is accomplished by the Bus 
Control Decode block. 

The function of each of the 16 PSG registers and the data flow of each 
register's contents are shown in context in Fig. 2 and explained in 
detail in Section 3, "Operation", For reference purposes. the Register 
Array details are reproduced In Fig. 3. 

2.1.2 SOUND GENERATING BLOCKS 
the basic blocks in the PSG which produce the programmed sounds 
include: 
Tone Generators 

Noise Generator 

Mixers 

Amplitude Control 

produce the basic square wave tone frequen­
cies for each channel (A.B,C) 
produces a frequency modulated pseudo 
random pulse width square wave output. 
combine the outputs of the Tone Generators 
and the Noise Generator, One for each chan­
nel (A,B.C). 
provides the 0/ A Converters with either a 
fixed or variable amplitude pattern. The fixed 
amplitude is under direct CPU control; the 
variable amplitude is accomplished by using 
the output of the Envelope Generator. 

Envelope Generator produces an envelope pattern which can be 
used to amplitude modulate the output of 
each Mixer, 

0/ A Converters the three 0/ A Converters each produce up to 
a 16 level output signal as determined by the 
Amplitude Control. 

2.1.3 110 PORTS 
Two additional blocks are shown in the PSG Block Diagram which 
have nothing directly to do with the production of sound-these are 
the two I/O Ports (A and B), Since virtually all uses of microproces­
sor-based sound would require interfacing between the outside 
world and the processor, this facility has been included in the PSG. 
Data to/from the CPU bus may be read/written to either of two 8-bit 
I/O Ports without affecting any other function of the PSG. The I/O 
Ports are TTL-compatible and are provided with internal pull-ups on 
each pin. Both Ports are available on the AY-3-8910; only I/O Port A is 
available on the AY-3-8912. 

10 
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Fig- 3 PSG REGISTER ARRAY 
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· 2.2 
(~~' Pin Assignments 

-
The AY-3-8910 is s!JPplied in a 40 lead dual in-line package with the 
pin assignments as shown in Fig. 4. The AY-3-8912 is supplied in a 28 
lead dual in-line package with the pin assignments as shown 10 Fig. 5 

Fig.4 AY-3-8910 PIN 'ASSIGNMENTS -----------

() 

V'S (GND) 
NC. 

ANALOG CHANNEL B 
ANALOG CHANNEL A 

N.C. 
IOB7 
IOB6 
IOB5 
IOB4 
IOB3 
IOB2 
IOB1 
lOBO 
IOA7 
IOA6 
IOAS 
lOA .. 
10A3 
IOA2 
lOA 1 

Vee (+SV) 

TEST 1 
ANALOG CHANNEL C 
DAO 
DAl 
DA2 
DA3 
DA4 
DAS 
DA6 
DA7 
BCl 
BC2 
BOlA 
TEST 2 
A8 
AS 
ml'f 

, CLOCK 
lOAD 

Fig. 5 AY-3-8912 PIN ASSIGNMENTS -----------

ANALOG CHANNEL C 
TEST 1 

Vee (+5V) 
ANALOG CHANNEL B 
ANALOG CHANNEL A 

V's (GND) 
IOA7 
IOA6 
IOAS 
IOA4 
IOA3 
IOA2 
10Al 
lOAD 

12 

DAD 
DAl 
DA2 
DA3 
DA4 
DAS 
DAS 
DA7 
BCl 
BC2 
BOlA 
A8 
ReSET 

, CLOCK 



2.3 DA7--DAO (input/output/high Impedance): pins 30--37 (AY-3-8910) 
Data/Address 7 .. ·0: pins 21 --28 (AY-3-8912) (-~'7 

Pin Functions These 8 lines comprise the 8-bit bidirectional bus used by the \,-/f 

microprocessor to send both data and addresses to the PSG and to 
receive data from the PSG. In the data mode. OA7--0AO correspond 
to Register Array bits 87--80. In the address mode. OA3--0AO select 
the register" (0--178) and OA7--0A4 in conjunction with address 
inputs A9 and A8 form the high order address (Chip select). 

AI (input): pin 25 (AY-3-8910) 
pin 17 (AY-3-8912) 

A9 (input): pin 24 (AY-3-8910) 
(not provided on AY-3-8912) 

Address 9, Address 8 
These "extra" address bits are made available to enable the position­
ing of the PSG (assigning a 16 word memory space) in a total 1.024 
word memory area rather than in a 256 word memory area as defined 
by address bits OA7--0AO alone. If the memory size does not require 
the use of these extra address lines they may be left unconnected as 
each is provided with either an on-chip pull down (A9) or pull-up (A8) 
resistor. In "noisy" environments. however. it is recommended that 
A9 and A8 be tied to an external ground and +5V. respectively. if they 
are not to be used. 

RESET (input): pin 23 (AY-3-8910) 
pin 16 (AY-3-8912) 

For initialization/power-on purposes. applying .!J.Q.gic "0" (ground) 
to the Reset pin will reset all registers to "0". The Reset pin is provided 
with an on-chip pull-up resistor. . 

CLOCK (input): pin 22 (AY-3-8910) 
pin 15 (AY-3-8912) 

This TTL-compatible input supplies the timing reference for the 
Tone. Noise and Envelope Generators. 

BDIR, BC2. BC1 (inputs): pins 27.28.29 (AY-3-8910) 
pins 18.19.20 (AY-3-8912) 

Bus DIRection, Bus Control 2.1 
These bus control signals are generated directly by Gl's CP1600 
series of microprocessors to control all external and internal bus 
operations in the PSG. When using a processor other than the 
CP1600. these signals can be provided either by comparable bus 
signals or by simulating the signals on I/O lines of the processor. The 
PSG decodes these signals as illustrated in the following: 
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2.3 
(~/ Pin Functions 

(conl) 

C\ 

! 
Q 
&I) 

0 
0 
0 

0 

. 1 

1 

N 
(.) 
&I) 

0 
0 

o 
o 

-(.) 
&I) 

0 , 
0 

o , 
o 

CP1600 
FUNCTION 

NACT 
ADAR 
lAB 

DTB 

BAR 
OW 

PSG 
FUNCTION 

INACTIVE See 010 (lAB) below 
LATCH ADDRESS See'" (INTAK) belOW 
INACTIVE The PSG/CPU bus is mactlve DA 7 --DAO 
are In a high Impedance state 
READ FROM PSG. This signal causes the contents 
of the register which IS currently addressed to 
appear on the PSG!CPU bus. DA7--DAO are In the 
output mode. 
LATCH ADDRESS. See ,,, (INTAK) below 
INACTIVE. See 010 (lAB) above. 

DWS WRITE TO PSG. This signal indicates that the bus 
contains register data which should be latched into 
the currently addressed register. DA7-DAO are m 
the input mode 

INTAK LATCH ADDRESS. This Signal indicates that the bus 
contalOs a register address WhiCh should be latched 
in the PSG DA7-DAO are in the Input mode 

While interfacing to a processor other than the CP1600 would simply 
require simulating the above decoding. the redundancies in the PSG 
functions vs. bus control Signals can be used to advantage in that 
only four of the eight possible decoded bus functions are required by 
the PSG. This could simplify the programming at the bus control 
signals to the following. which would only reqUire that the processor 
generate two bus control signals (BOIR and BC1. with BC2 tied to 
+5V): 

a: N - PSG 
~~C, 

E (.) (.) 
&I) &I) &I) FUNCTION 

- "0,0 { 
Eo: :. 

0 0 INACTIVE. . 5 B~' 
- 0""OCE55:'" -, 

0 1 READ FROM PSG 
1 0 WRITE TO PSG ee· 

1 LATCH ADDRESS. 

ANALOG CHANNEL A, B, C (outputs): pins 4.3.38 (AY-3-8910) 
pins 5. 4. 1 (AY-3-8912) 

Each of these signals is the output of its corresponding O/A 
Converter. and provides an up to 1V peak-peak signal representing 
the complex sound waveshape generated by the PSG. 

IOA7--IOAO (input/output): pins 14--21 (AY-3-8910) 
pins 7--14 (AY-3-8912) 

IOB7--IOBO (input/output): pins 6--13 (AY-3-8910) 
(not provided on AY-3-8912) 

Input/Output A7--AO, 87-80 
Ea~h of these two parallel input/output ports provides 8 bits of 
parallel data to/from the PSG/CPU bus from/to any external devices 
connected to the lOA or lOB pins. Each pin is provided with an on­
chip pu!l-up resistor. so that when in the "input" mode. all pins will 
read normally high. Therefore. the recommended method for scan­
ning external switches. for example. would be to ground the input bit. 
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2.4 
Bus Timing 

TEST 1: pin 39 (AY-3-8910) 
pin 2 (AY-3-8912) 

TEST 2: pin 26 (AY-3-8910) 
(not connected on AY-3-8912) 

These pins are for Gt test purposes only and should be left open-do 
!!Q! use as tie-points. -

Vee: pin 40 (AY-3-8910) 
pin 3 (AY-3-8912) 

Nominal -SVolt power supply to the PSG. 

Vss: pin 1 (AY-3-8910) 
pin 6 (AY-3-8912) 

Ground reference for the PSG. 

Since the PSG functions are controlled by commands from the 
system processor. the common data/address bus (OA7--0AO) re­
quires definition as to its function at any partlcluar time. This is 
accomplished by the processor issuing bus control signals. previ­
ously described, defining the state of the bus: the PSG then decodes 
these signals to perform the requested task. 

The conditioning of these bus control signals by the processor is the 
same as if the processor were interacting with RAM: (1) the processor 
outputs a memory address; and (2) the processor either outputs or 
inputs data to/from the memory. The "memory" in this case IS the 
PSG's array of 16 read/write control registers. 

The timing relationships in issuing the bus control signals relative to 
the data or address signals on the bus are reviewed in general in the"'- / 
following section, and in detail in Section 7. Electrical SpecifIcations. 
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2.5 
State Timing 

While the state flow for many microprocessors can be somewhat 
involved for certain operations, the sequence of events necessary to 
contrOl the PSG is simple and straightforward. Each of the three 
major state sequences (Latch Address, Write to PSG. and Read from 
PSG) consists of several operations (indicated below by rectangular 
blocks), defined by the pattern of bus control signals (BOlA, BC2, 
BC'). 

INACTIVE --" OUTPUT INACTIVE .. OUTPU'" INACTI.E 
"I ADDRESS DATA 

I , 
... , _________ AGO'ns ano wr,t. CSlla ________ -i., 

to PSG seQ&Jenc.f' 
I I 

INACTIVE . OUTPUT INACTIVE INPUT 
INAC"T·.E ADDRESS ~ DATA ~ 

, , 
... ,._----___ ACSCS'ftS and read data ______ .~ 

1'0'" PSG seQuenCf: 
I 

The functional operation and relative timing of the PSG control 
sequences are described in the following paragraphs (in all exam­
ples. BC2 has been assumed to be tied to logic ",", +5V). 

2.5.1 ADDRESS PSG REGISTER SEQUENCE 
The "Latch Address" sequence is normally an integral part of the 
write or read sequences. but for simplicity is illustrated here as an 
individual sequence. Depending on the processor used the program 
sequence will normally require four principal microstates: (1) send 
NACT (inactive): (2) send INTAK (latch address); (3) put address on 
bus: (4) send NACT (inactive). [Note: within the timing constraints 
detailed in Section 7. steps (2) and (3) may be interchanged.] 

BOIR / \ 
BCl / \ 
BUS NACT W4i INTAK W/jJ NACT 

CO!"TROL 

X X 01.7--01.0 FLOAT OUTPUT FLOAT 
ADDRESS 
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2.5.2 WAfTEDATA TO PSG SEQUENCE 
The "Write to PSG" sequence. which would normally follow Immedi­
ately atter aQ address sequence. requires four principal microstates. 
(1) send NACT (inactive): (21 put data on bus; (3) send OWS (write to 
PSG); (4) send NACT (inactive). 

BOIR / -- \'----
BCl 

CONT:g~ :::::N:A:~:T ::::~,,-~"':::::::o:w:s:::::WA:::::::::N:A:C:'T ::::::_ 

oA7-0AO __ F_LO_A_'!' .....,X ... ____ OU_(~_~_UPS_T _~A_iT_A ___ _'X "0" 

2.5.3 READ DATA FROM PSG SEQUENCE 
As with the "Write to PSG" sequence. the '~Read from PSG" sequence 
would also normally follow immediately after an address sequence. 
The four principaj microstates of the read sequence are' (1) sena 
NACT (inactive); (2) send OTB (read from PSG): (3) read data on bus: 
(4) send NACT (inactive). 

BOIR 

BCl / \ 
BUS NACT ~ oTe WJA NACT CONTROL 

X oA7--oAO FLOAT INPUT DATA X FLOAT IFROM PSG) 

2.5.4 WAITE TOIREAD FROM I/O PORT SEQUENCE 
"Since the two 110 Ports (A and B) each have an 8-bit register assigned 
as a data store. writing to or reading from either port is identical to 
writing or reading to any other register. Hence. the state sequences 
are exactly the same as described in the preceding paragraphs. 
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3 OPERATION 

3.1 
Tone Generator 

Control 
...... ten .. 11. 12. 13. 14. IS) 

Since all functions of the PSG are controlled by the host processor 
via a series of register loads. a detailed description of the PSG 
operation can best be accomplished by relating each PSG functIon to 
the control of its corresponding register. The function of creating or 
programming a specIfic sound or sound effect logically follows the 
~ontrol sequence listed: 

Section Operation Regl.ters Function 
3.1 Tone Generator ContrOl RO--R5 Program tone pertods 
3.2 Noise Generator Control R6 Program nOise period 
3.3 Mixer Control R7 Enable tone and 'or nOise 

on selected channels 
3.4 Amplitude Control R10--RI2 Select ··ftxed·· or "envelope-

variable" amplitudes 
3.5 Envelope Generator RI3--RI5 Program envelope period 

ContrOl and select envelope panern 

,he frequency of each square wave generated by the three Tone 
Generators (one each for Channels A. B. and C) is obtained in the 
PSG by first counting down the input clock by 16. then by further 
counting down the result by the programmed 12-bit Tone Period 
value. Each 12-bit value is obtained in the PSG by combining the 
contents of the relative Coarse and Fine Tune registers. as illustrated 
in the following: 

Coarse Tune Fine Tune 
Regia.er Channel Register 

Rl A RO 
R3 B R2 
RS C R4 

12-blt Tone Period (TP) to Tone Generator 

Note that the 12-bit value programmed in the combined Coarse and 
Fine Tune registers is a Qeriod value-the higher the value in the 
registers. the lower the resultant tone frequency. 

Note alst that due to the design technique used in the Tone Period 
count-down. the lowest period value is 000000000001 (divide by 1) 
and the rughest period value is 111111111111 (divide by 4.09510)' 
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The equations describing the relationship between the desired 
output tone frequency and the input clock frequency and Tone 
Period value are: 

<a) It:: fcvxw 
16TP,~ 

Where: fr = desired tone frequency 
fCLOCK = input clock frequency 
TP,o =decimal equivalent of the Tone Period 

bits TP1 1--TPO. 
CT,o=decimal equivalent of the Coarse Tune 

register bits B3~-80 (TP1 1--TP8) 
FT,o=decimal equivalent of the Fine Tune 

register bits 81-80 (TP1--TPO) 

From the above equations it can be seen that the tone frequency can 
range from a low of ~t~ (wherein: TP,o=4,095,o) to a high of !i.,;, 
(wherein: TP,0=1). Using a 2 MHz input clock, for example, would 
produce a range of tone frequencies from 30.5 Hz to 125 kHz. 

To calculate the values for the contents of the Tone Period Coarse 
and Fine Tune registers, given the input clock and the desired output 
tone frequencies, we simply rearrange the above equations. yielding. 

(a) TP,o :: ~ 
1Sf, 

£umple 1: fT = 1kHz 
fC1.OCll = 2MHz 

2x10' 
TP,o = 18(1X103) = 125 

Substituting this result into equation (b) 

CT +.E!.!2 - ~ 
'0 256 - 256 

• '. CT 10 = 0 = 0000 (83··80) 
FT,o = 125'0 = 01111101 (87-80) 

£omple 2: fT = 100Hz 
fc;.;,OCK:: 2MHz 

2x10' 
TP,o = 16(1x1OZ) = 1250 

Substituting this result into equation (b). 

CT + FT 10 = ~ = 4 226 
10 256 256 + 256 

.'. CTuI = 4 ,0 = 0100 (83··80) 
fT,c- = 226'0 :: 11100010 (87··80) 



C: 

3.2 
Generator 

Control 
II.gllter 16) 

The frequency of the noise source is obtained in the PSG by first 
counting down the input clock by 16. then by further counting down 
the result by the programmed 5-bit Noise Period value. This 5-bit 
value consists of the lower 5 bits (64--60) of register R6 as 
illustrated in the following: 

NOise Period 
Register R6 

I 87 I 86 I 85 I 84 I 83 I 82 I 8' I 80 I 

NOT Sob •• No.se P~',oo (NPI 
USED 10 No.s~ G~n~r.tor 

Note that the 5-bit value in R1 1 is a Qeriod value-the higher the value 
in the register. the lower the resultant noise frequency. Note also that. 
as with the Tone Period,the lowest period value is 00001 (divide by 1); 
the highest period value is 11111 (divide by 31,0). 

The noise frequency equation is: 

teLOC ' 
t .. = 16 NP.o 

Where: f .. =desired noise frequency 
fCLOCK = input clock frequency 
NP,o = decimal equivalent of the Noise Period 

register bits 64-60. 

From the above equation it can be seen that the noise frequency can 
range from a low of '~-:. (wherein: NP,o = 31,0) to a high of !.;.i~· 
(wherein: NP,,, = 1). Using a 2 MHz input clock. for example, would 
produce a range of noise frequencies from 4 kHz to 125 kHz. 

To calculate the value for the contents of the Noise Period register. 
given the input clock and the desired output noise frequencies. we 
simply rearrange the above equation, yielding: 

NP - Ic:o.OCK 
'0 - 16 IN 
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3.3 
Mixer Control­

I/O Enable 
(Register R7) 

Register 7· is a multi-function Enable register which controls the 
three NoiselTone Mixers and the two general purpose I/O Ports. 

The Mixers. as previously described. combine the noise and tone 
frequencies fo" each of the three channels. The determination of 
combining neither/either/both noise and tone frequencies on each 
channel is made by the state of bits 85--80 of A7. 

The direction (mput oroutput) of the two general purpose I/O Ports 
(lOA and 108) is determined by the state of bits 87 and 86 of A7. 

These functions are illustrated in the following: 

I 87 BE 

Mixer Control-lIO Enable 
Register R7 

85 84 83 8' e: 

10":;': B 

c I 8 I Ii c A 

Noise Enable Truth Table: Tone Enable Truth Table: 
R78its Noise Enabled R78its TOM Enabled 

85 84 83 on Channel 82 B1 BO on Channel 

0 
0 
0 
0 
1 
1 

0 0 C B A 0 0 0 C B A 
0 1 C B a 0 1 C B 

0 C A 0 , 0 C A 
1 1 C 0 1 1 C 
0 0 B A a 0 B A 
0 1 B 0 1 B 
1 0 A 0 A 
1 1 

I/O Port Truth Table: 
R781ts 110 Port Status 

87 86 lOB lOA 

0 0 Input Input 
0 1 Input Output 
1 0 . Output Input 
1 1 Output Output 

!<JOTE: Disabling noise and tone does not turn off a channel. Turning a 
channel off can only be accompiisiied by writing all zeroes into the 
corresponding Amplitude Control register. Rl0. Rl1. or R12 (see 
Section 3.4). 
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3.4 
Amplitude 

Control 
(Registers RID. II t. 112) 

The amplitudes of the signals generated by each of the three O/A 
Converters (one each for Channels A. 8. and C) i~ det~rmined by th\. 
contents of the lower 5 bits (84--80) of registers RtO. Rn. and R12as 
illustrated in the following: 

Amplitude Control 
Regiller , Channel 

Rl0 A 
R,' B 
R12 C 

IB7IB6Ie5IB4IBJIB~IB'ls:1 

~~9A \ 
G Il31l21 " 1 Il~ I 

The amplitude "mode" (bit M) selects either fixed level amplitude 
(M=O) or variable level amplitude (M=1}.1t follows then that bits l3-­
LO. defining the value of a "fixed" level amplitude. are only active 
when M=O. When fixed level amplitude is selected. it is "fixed" only in 
the sense that the amplitude level is under the direct control of the 
system processor (via bits 03--00). Varying the amplitude when in 
thiS "fixed" amplitude mode requires in each instance the direct 
intervention of the system processor via an address latch/write data 
sequence to modify the 03-00 data. 

When M= 1 (select "variable" level amplitudes). the amplitude of each 
channel is determined by the envelope pattern as defined by the 
Envelope Generator's 4-bit output E3 E2 E1 EO. 

The amplitude "mode" (bit M) can also be thought of as an "envelope 
enable" bit; i.e .. when M=O the envelope is not used. and when M=1 
the envelope is enabled. (A full description of the Envelope Gener­
ator function follows in Section 3.5). 
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The fun chart describing all combinations of the 5-bit Amplitude 
Control is as foHows: 

Amplitude Control 
Regl ••• , , 

R10 
R1l 
R12 

1871861851841831821811801 ... '" ... 

~ ~ ~ ~ ~ NOT 
USED 

M L3 L2 L1 La 
0 0 0 0 0 

0 1 1 1 

1 x X X X 

Channel 

A 

8 
C 

*0 

Amplitude 
Control 
Output 

o 0 

E3 E2 el 

o } The amplitude IS 
fIxed al 1 0' 16 le ... e!!. 
as determIned by 

, L3 L2 L1 LO 

The amplitude is 
variable at 16 levels 
as determIned by the 
output of the 
Envelope Generat6r 

(X= Oon't Care) 
*The all zeroes code IS used to turn a channe' 
"off 

Fig. 6 graphically illustrates a selection of variable level (envelope­
controlled) amplitude where the 16 levels directly reflect the output 
of the Envelope Generator. A fixed level amplitude would correspond 
to only one of the levels shown. with the level directly determined by 
the decimal equivalent of bits L3 L2 L 1 LO. 

Fig.6 VARIABLE AMPLITUDE CONTROL (M=l) 

G"AP>iIG REPRE&E'. Tt.'. j" c·: 
THE O£CIMA~ VALUE ~ ;:.: ~"':. 
AMPlITUDE co~-rc::·~ O •• C' •• 

.'. 

., 
- c-... ~·.( ... -

"':'I(I~ • .1·." A-,,:: ... ,'r ..J~!. 

- :.-:''1;'.<-
I _ 

------..... 



3.5 
Envelope 

Generator 
Control 

(I ... s',rs 113. 114. lIS) 

To accomplish the generation of fairly complex envelope patterns. 
two independent methods of contrOl are provided in the PSG: first. it 
is possible to vary the frequency of the envelope using registers R13 
and R14; and second. the relative shape and cycle pattern of the 
envelope can be varied using register R15. The following paragraphs 
explain the details of the envelope control functions. describing first 
the envelope period contrOl and then the envelope shape/cycle 
control. 11 / ,.;...-

3.5.1 ENVELOPE PERIOD CONTROL (Reglaters R~. Rf4l 
The frequency of the envelope is obtained in the PSG by first 
counting down the input clock by 256. then by further counting down 
the result by the programmed 1~bit Envelope Period value. This 
1~bit value is obtained in the PSG by combining the contents of the 
Envelope Coarse and Fine Tune registers. as illustrated in the 
foHowing: 

16-b': Envelope Period (EP, 
to Enveiope Generator 

EnvelOPE; 
Fine Tune 

Register R13 

Note that the 1~bit value programmed in the combined Coarse and 
Fine Tune registers is a period value-the higher the value in the 
registers. the lower the resultant envelope frequency. 

Note also. that as with the Tone Period,. the lowest period value is 
0000000000000001 (divide by 1); the highest period value is 
1111111111111111 (divide by 65,535'0). 

The envelope frequency equations are: 
fa.OCK 

(a) fE = 256EP'0 

Where: fe = desired envelope frequency 
fClocK = input clock frequency 
EP,o=decimal equivalent of the Envelope 

Period bits EP15-EPO 
CT,o=decimal equivalent of the Coarse Tune 

register bits B7-BO (EP1S--EP8) 
FT,o=decimal equivalent of the Fine Tune 

register bits B7 -BO (EP7 -EPO) 

From the above equation it can bee seen that the envelope frequency 
can range from a low of 16)76?fsc.: (wherein: EP,o=65,535'0) to a high 
of '2;" (wherein: EP,0= 1). Using a 2 MHz clock, for example, would 
produce a range of envelope frequencies from 0.12 Hz to 7812.5 Hz. 



To calculate the values for the contents of the Envelope PeriOd 
Coarse and Fine Tune registers. given the input clock and the desired 
envelope frequencies, we rearrange the above equatIons. yieldmg'""-.j 

( ) EP :;.. felOCO . FT,o EP'Q 
a '0 2561£ (b) CT,o + 256 :: 256 

Example: 1£ =- 0.5 Hz 
fClOOt = 2 MHz 

2xl08 

EP'D = 256(0.5) = 15.625 

SubStitutIng this result into equation (bi 

CT'D + ~ = ~ = 61'" ..!.. 
256 256 256 

CT,o = 61,0 =00111101187--80) 
Fr,o = 9'0 = 00001001 (87--801 

3.5.2 ENVELOPE SHAPE/CYCLE CONTROL (Register Rls) 
The Envelope Generator further counts down the envelope fre­
quency by 16. producing a 16-state per cycle envelope pattern as 
defined by its 4-bit counter output. E3 E2 E1 EO. The particular shape 
and cycle pattern of any desired envelope is accomplished by 
controlling the count pattern (count up/count down) of the 4-bit 
counter and by defining a single-cycle or repeat-cycle pattern. 

This envelope shape/cycle control is contained in the lower 4 bits 
(B3--BO) of register R,5. Each of these 4 bits controls a function in 
the envelope generator. as illustrated in the following: 

Envelope Shape/Cycle 
Control Register (R1SI 

IB7IBele~Ie4ls3IB2IB;IBOI Funcbon 

USED L-.... Alternate To 
... N;r .. ~I L...HOI~ } 

Envelope 
. Attac~ Generatv' 

ContInue 

The definition of each function is as follows: 
Hold when set to logic ",", limits the envelope to one cycle. 

holding the last count of the envelope counter (E3-­
EO=OOOO or "". depending on whether the envelope 
counter was in a count-down or count-up mode. respec­
tively). 

Alternate when set to logic ",". the envelope counter reverses 
count direction (up-down) after each cycle. 

NOTE: When both the Hold bit and the Alternate bit are ones. the 
envelope counter is reset to its initial count before holding 



3.5 
Envelope 

Generator 
Control 
(cont) 

Fig. 7 

Attack 

Continue 

when set to logic ",", the envelope counter will count up 
(attack) from E3 E2 E 1 EO= 0000 to E3 E2 E, EO= "11; 
when set to logic "0", the envelope counter will count 
down (decay) from 1111 to 0000. 
when set to logic '" ", the cycle pattern will be as defined 
by the Hold bit; when set to logic "0". the envelope 
generator Will reset to 0000 after one cycle and hold at 
that count. 

To further describe the above functions could be accomplished by 
r:lumerous charts of the binary count sequence of E3 E2 E 1 EO for 
each combination of Hold. Alternate, Attack and Continue. However. 
since these outputs are used (when selected by the Ampl:tude 
Control registers) to amplitude modulate the output of the Mixers, a 
better understanding of their effect can be accomplished via a 
graphic representation of their value for each condition selected. as 
illustrated in Figs. 7 and 8 

ENVELOPE SHAPE/CYCLE CONTROL ---------
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Fig 8 DETAIL OF TWO CYCLES OF Fig. 7 
(ref. waveform "1010" in Fig. 7) -------------
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3.6 
(" 1/0 Port Data 

/ Store 
,I ... ste,. III. 117) 

(~.-.' 
./ 

Registers R 16 and R 17 function as intermediate data storage regis­
ters between the PSGICPU data bus (OAO--OA7) and the two 110 
ports (IOA7-IOAO and 1087--1080). 80th ports are available in the 
AY-3-8910; only 1/0 Port A is available in the AY-3-8912. Using 
registers R16 and R17 for the transfer of 110 data has no effect at all 
on sound generation. 

To output data from the CPU bus to a peripheral device connected 
to I/O Port A would require only the following steps: 

1. Latch address R7 (select Enable register) 
2. Write data to PSG (setting 86 of R7 to "1") 
3. Latch address R16 (select lOA register) 
4. Write data to PSG (data to be output on 1/0 Port A) 

To input data from I/O Port A to the CPU bus would require the 
following: 

1. Latch address R7 (select Enable register) 
2. Write data to PSG (setting 86 to R7 to "0") 
3. Latch address R16 (select lOA register) 
4. Read data from PSG (data from I/O Port A)' 

Note that once loaded with data in the output mode. the data will 
remain on the lIO port(s) until changed either by loading different 
data. by applying a reset (grounding the Reset pin). or by switching to 
the input mode. 

Note also that when in the input mode, the contents of registers R16 
and/or R 17 will follow the signals applied to the I/O port(s). However, 
transfer of this data to the CPU bus requires a "read" operation as 
described above. 
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3.7 
01 A Converter 

Operation 

Since the pnmary use of the PSG is to produce sound for the hIghly 
imperiect amplitude detection mechanism of the human ear, the D/A 
conversion IS periormed in logarithmic steps with a normalized 
voltage range of from 0 to 1 Volt. The specific amplitude control of 
each of the three 01 A Converters is accomplished by the three sets o~ 
4-bit outputs of the Amplitude Control block. while the M,xer outputs 
provide the base signal frequency (Noise and/or Tone). 

Fig. 9 illustrates the D/A Converter output which would result jf noise 
and tones were dIsabled and an envelope-controlled variable ampli­
tude were selected. 

Figs. 10 through 13 illustrate other typical output waveforms. 

Fig.9 D/A CONVERTER OUTPUT (ref. Fig. 6) ---------

NORMALIZED 
VOLTAGE 

15 
1V 

707V 

.5V 

.303V 

.25V 

1515V 

.125V 

14 

13 

NOTE THIS IS THE ENVELOPE 
ONL V-NOISE AND TONES 
ARE DISABLED 

DECIMAL VALUE 
OF E3 E2 E1 EO 

/ 
(SEE AMPLITUDE 
CONTROL. 

12 SECTION 3.4) 

15 

14 

13 

12 

O~--------------~"~~~~------------~ 

I.. (~~d .1. (1~~) .1 
EP= ENVELOPE PERIOD 
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Fig. 10 SINGLE TONE WITH ENVELOPE SHAPE CYCLE PATTERN 1000 
(RO=14t,. R1=37 H, R7=76e• R12=20tl • R15=10~. all other registers=O) 

Fig.11 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1100 
(R15=14~. all other registers same as Fig. 10) 

30 



Fig. 12 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1010 
(R15=12e, all other registers same 8S Fig. 10) ______ _ 

Fig. 13 MIXTURE OF THREE TONES WITH FIXED AMPLITUDES --
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4 INTERFACING 

4.1 
Introduction 

Since the AY-3-8910/8912 PSG must be used with support compo­
nents. interfacing to the circuit is an obvious requirement. The PSG is 
designed to be controlled by a microprocessor or microcomputer. 
and drive directly into analog audio circuitry, It provides the link 
between the computer and a speaker to provide sounds or sound 
effects derived from digital inputs. 

The 'following paragraphs provide examples and illustrations show­
ing the ease with which an AY-3-8910/8912 Programmable Sound 
Generator maybe utilized in a microprocessor/microcomputer 
system. 

Fig. 14 SYSTEM BLOCK DIAGRAM ------------

MICROPROCESSO~ 
MICROCOMPUTER 

SYSTEM 
CLOCK 
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MEMORY 



4.2 
Clock 

Generation 

An economical solution to providing a system clock is shown In F~g. 
15. It consists of a 3.579545MHz standard color burst crystal. a 
C04069 CMOS inverter, and a CD4013 to divide the color burst 
frequency in half. The clock produced for the PSG runs at a 
1.7897725MHz rate. Depending on the m:crocomputer used. its clock 
should be selected within its specified value. 

Fig. 1S CLOCK GENERATION 

{ 
PSG 

EITHER CLOCK 
I 78!1772SMHI 

10M,C"l0 
COMP,,'''ER o 89<l8863Mfoil 

fSPEC OEPE"'OE~TI 22 

~9 

357 .... 5MI-I: 
CRYSTA~ 

0 1 1e9·72~~..;z 
ClOC" TO PSG 

20pF 
10M I 13 

3OC,.:: 

-=-
406So 

3 
4013 I' 

~;, ~ 
14 - sv 

467 
810 
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4.3 
Audio Output 

Illterface 

Fig. 16 Illustrates the audio output connections to a commercially 
available LM386 audio amplifier. It shows channels A. B. and C 
summed together to enablecomplex waveforms to be composed and 
amplified through a single external amplifier. These channels may be 
individually amplified through separate channels for more exotic 
sound systems. 

Each output channel is individually controlled by separate amplitude 
registers (Rla. All. A12) and an enable register (A7) in the PSG 

Fig 16 AUDIO OUTPUT INTERFACE - __________ _ 

PSG 
ANAlOG CHANNEL OUTPUTS 

A 

5K 

lK 500 
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4.4 
External 
Memory 
Access 

The ROM or PROM shown connected to the PSG In FIg 17 Illustrates 
an option for providing additIonal data informatIon for processor 
support. The two 110 registers within the PSG are used in this case to 
address the memory via I/O Port A (8 Bits) and read data from the 
memory via 1'0 Port B (8 Bits). 

An example of the bus control sequence to address and read an 
external memory connected to 110 ports A and B would be as follows 
(Assume Port A addresses and Port Breads) 

Bus Control 

Latch address 
Write to PSG 
Latcn address 
Wrtte to PSG 
Latch address 
Read from PSG 

BUI Codes 
BOIR BC2 BCl Explanation 01 Bus Data (OA7··0AO) 

1 1 0000011 1. Latch A7 to program I '0 Ports 
1 0 01000000 Set 87 86 to O. , respect •• ely 
1 1 000011 10 Latch A 16 to address mem::>ry 
1 0 00000001 Address data to memory , 1 , 0000 1 " ,: Lalch A 17 to read memor) 

0 1 1 XXXXXXXX Memory data contained I" A17 

NOTE 8C2 In the above Bus Codes may be permanent! Ii lied 10 - 5V tr JS 

requmng onty two bus contrOl hnes for all coniroi operatIons Irefe~ 10 
SectIon 2.3 for a complete ellplanatloni 

Also. RAM or EAR OM may be used in place of the ROM or PROM 
shown by altering the program to use PORT B as an 110. Port B then 
will be able to write data as an output and read data as an inp~t 

Fig, 17 EXTERNAL MEMORY ACCESS 

PSG 
10.:.: 

R~ 86 • ~ 
flO~ ::>U'l'PUi. lOA' l. 

~ -
lOA:? -. 

a. ~ - 25~·~ 

j 
ME'.'::-'::'· 

I r lOA: - 110M :' pc :'P.' 

10A5 
OAt B: "-

10AE 
CAl S' 

IOA7 OAiA C·_ . 
6: <= -, - -~- ~:-e:; 16.1 - -~- -~-B" 

v: 
C - -L,j- -::-

B! ex: = -Be 10B~ 

I ~ 
s· IOB1 

r ~ .. IOB2 I 
AEGI::-t~ I 
ARF"~" ~ 

I 10B~ 
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lOBS . 
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4.5 
Microprocessor / 

Microcomputer 
Interface 

In Fig 18. the lIoes identified DA 7 --DAO are the input/output bus bits 
7--0. This 8 bit bus is used to pass all data and address information 
between the AY-3-8910/8912 and the system processor. 

BC" BC2 and BOIR are bus control signals generated by the 
processor to direct all bus operations. These operations are identi­
fied as latch Address, Write to PSG, Read from PSG, and Inactive. 

The following Sections detail specific interfaces to several popular 
microprocessors/microcomputers. 

Fig. 18 J.1ICROPROCESSOR/MICROCOMPUTER INTERFACE ----

-sv 

r J. 1 - i:" loP I 
D.o' 

I 

DA' 

010: 

DA' e B'1 
L:. ... A ADt.,~~£S:; LI~ES DA~ 

D"~ PSG 
IJPpC DA{ 

(JA -

I 
, ~c· 

Hl' .:.lINTROl 
~~:: LINE~ 

B";" 
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4.6 
Interfacing 

to the PIC 1650 

Fig. 19 shows the schematic of an AY-3-8910 demonstrator CirCUit 

This configuration uses a PIC 1650 as the mam control.ler in the 
circuit. The PIC 1650 is used to scan the keyboard. fetch data from 
the PROMs. write data to the AY-3-8910 and provide the timing for the 
AY-3-8910. 

The interfacing is direct since the PIC 1650 and the A Y-3-8910 
operate with compatible supplies and input/output voltages. 

This particular schematic illustrates how a microcomputer with 
additional memory can produce a stand-a/one music and sound 
effects circuit. The circuit as shown operates with manual keyboard 
selections. 

As Fig. 19 shows. the design for the interface connects directly to the 
output pins of the 1650 and the BC1. BC2. BDIR pins. The software 
then has the responsibility of manipulating these signals to signal the 
PSG to perform the proper address latch. read or write operations. 

The program routine in this section illustrates code which is used in a 
hand-held demonstrator unit. This demonstration unit illustrates the 
range of PSG capabilities. including music. sound effects and 110 
control. Note that the generalized routines perform the address 
latching before every read for convenience. 

The "READ ROM" routine illustrates use of the generalized read and 
write routines to access the outside world through the PSG to read 
and write. 

4.6.1 WRITE DATA ROUTINE 
80 WRITE FROM 1650 TO 8910 
81. .ADDRESS OF 8910 REG IN 'ADDRES' 
82. .DATA TO WRITE IN 'DATA 
83 024 0066 WRIT1 MOVWF ADORES ; 
84 025 1026 WRITE MOVf ADORES W .GET REGISTER NO 
85 026 0045 MOVWf lOA .SET ADDRESS 
86 027 1006 MOVf 10BW .GETPRESENTBC1.BC2.BDIRETC 
87 030 7370 ANOLW 370 
88 031 6404 10RLW 4 
89 032 0046 MOVWf lOB 
90 033 7370 ANDL W 370 
91. 034 0046 MOVWf lOB 
92. 035 1027 MOVF OAT AW 
93. 036 0045 MOVWf lOA 
94 037 1006 MOVF 10B.W 
95 040 7370 ANDLW 370 
96 041 6406 10RLW 6 
97.042 0046 MOVWF lOB 
98 043 7370 ANDLW 370 
99 044 0046 MOVWF lOB 

100 045 4000 RET 

37 

.SET BAR 

.SEND BAR 

.SEND NACT 

;PUT DATA ON DA PINS OF 8910 

:SEND DWS 
SET UP NACT 
:SEND NACT 
.RETURN TO CALLING ROUTIPo,iE 



( 4.6 
Interfacing 

to the PIC 1650 
(cont) 

(/ 

( ". 
~) 

4.6.2 READ DATA ROUTINE 
51 ADDRESS OF READ IN REGISTER ADORES 
5:: .AFTER READ. INPUT OAT A IN REGISTER 'DAT A 
53 ENTRANCE READ' ASSUMES THAT REGISTER N~'" l"l ,', 
54 
55 <X.>-:! 0066 READl MOVWF ADORES BYPASS ADDDRESS STORE 
56 oo~ 1026 REAu MOVF ADDRESW GET REGISTER NO 
57 002 0045 MOVWF lOA .MOVE TO 89100 A PiNS 
58 003 1006 MOVF 10B.W GET PRESENT BCl eC2 BDIR ETC 
59 004 6404 IORLW 4 .SET BAR 
60 005 0046 MOVWF lOB .SENO BAR 
61 006 7370 ANDLW 370 
62 007 0046 MOVWF lOB .SENO NACT 
63 010 637i MOVLW 377 
64 011 0045 MOVWF lOA .SET FOR INPUT 
65 012 1006 MOVF lOB W 
66 013 7370 ANDLW 370 
67 014 6403 10RLW 3 .SET DTB 
68 0'5 0046 MOVWF lOB .SENC DTB 
69 016 1005 MOVF 10AW 
70 0'; 0067 MOVWF DATA .SAVE DATA 
71 020 100E MOVF IOBW 
72 02' 737(' ANDLW 370 
73 022 0046 MOVWF lOB .SEND NACT 
74 023 4000 RET .RETURN TO CALlI"-:; ROUTINE 

4.6.3 READ ROM ROUTINE 
106 
107 
10e 
109 
100 
", 
1 I 2 
113 
114 046 103) 
"5 047 006· 
116 050 6016 
117 051 006€ 
118 052 2306 
119 053 4425 
120 054 1266 
121 055 44C~ 

122 056 2706 
123 057 1770 
124 060 400J 
125 061 2646 
126 062 40~':; 

.ADDRESS OF ROM IN W AT ENTRANCE NEXRO'.' 
ADDRESS OF ROM IN ROMAD AT ENTRANCE ROIlRD 

INCREMENTS ROMAD AFTER READ IF RO'.A ADJRES5 
.CROSSES 256 BORDER MAKE UPPER BAI\iK SLEC: ' 

.USES 8910 REG 16 FOR ADORES:; 

.8910 REG 17 FOR INPUT DATA 
NEXROM MOVF ROMAD 11', 
ROMRD MOVWF DATA PU-:- ADORES:; 

MOVL~ 16 .I 0 A ADDRESS 
MOVWF ADORES 
BCF lOB 6 
CALL WRITE 
INCF ADORES 
CALL READ 
BSF lOB 6 
INCFSZ ROM AD 
RET 
BSF 
RET 

lOB 5 

TUI:lN ON ROM 
.SEt."ID TO lOA 
TO lOB ADDRES~ 
GP DATA 
TURN OFF POM 
TO NEXT LOC 

SET HIGH SELEC· 
RETURN TO CAl~ NG ROUTINE 
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4.7 
Interfacing to the 

CPl600/1610 

As shown in FIg 20, the wifing IS direct between the AY-3-8910 and a 
CP1600/1610 microprocessor The levels are compatible thus elimi­
nating any need for level converters, Even the terminology between 
the IC's remains constant to provide simple-to-follow connectIons 

The CP'600/'6'0 acts as a controller in this configuration fetching 
data from ROM's contained elsewhere in the system. The CP'600/ 
'6'0 also acts as the bus controller developing the necessary timing 
for the AY-3-89'0. 

4.7.1 WRITE DATA ROUTINE 
The program necessary to write to a selected register is as follows: 

MVI value. RO; move in value to be written 
MVO RO. Reg; write to register 

The routine to load all registers with the same value is as follows: 
MVII Reg O. R4 
CLRR RO 

HllIre MVO@ RO. R4 
CMPI Reg 0 + 17. R4 
Bll Here 

4.7.2 READ DATA ROUTINE 
The routine to read from a selected register is as follows: 

MVI Reg. RO; get data from reg in RO 
MVO RO. value: store in memory 
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(~' 4.8 
Interfacing 

to the M6800 

An M6800 microprocessor can be interfaced with an AY-3-8910/8912 
through the addition of an M6820 PIA chip The VO ports designated 
as PAO to PA7 are used as the 8 bit bus lines and I/O ports PBO to PB2 
are used as the bus control lines. The software routines shown are 
used to control the latch address, write data, and read data functions 
for the AY-3-8910/8912. 

4.8.1 LATCH ADDRESS ROUTINE 
;AT ENTRY, B HAS ADDRESS VALUE 
, 
LATCH CLRA 

STAA 8005 :GET 0 DIR A 
LDAA #FF 
STAA 8004 ;OUTPUTS 
LDAA #4 
STAA 8005 ;GET PERIPHERAL A 
STAB 8004 ;FORM AD DR 
STAA 8006 
CLRA 
ST AA 8006 :LATCH ADDRESS 
RTS ;RETURN 

4.8.2 WRITE DATA ROUTINE 
:AT ENTRY. B HAD DATA VALUE 
. 
WRITE STAB 8004 ;FORM DATA 

LDAA #6 :DWS 
STAA 8006 
CLRA 
ST AA 8006 :WRITE OAT A 
RTS;RETURN 

4.8.3 READ DATA ROUTINE 
;AFTER READ, B HAS READ DATA 
, 
READ ST A A 8005 ;GET 0 DIR 

ST A A 8004 ;INPUTS 
LDAA #4 
STA A 8005 ;GET PERIPHERAL 
DECA 
ST A A 8006 ;AEAD MODE 
LOA B 8004 ;READ DATA 
CLRA 
ST A A 8006 :REMOVE READ MODE 
RTS ;RETURN 
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4.9 
Interfacing 
to the 8080 

8100 Bus 

The-sampie S' 00 bus deSign provides for reading and writing the 
PSG uSing only an 8080 "IN" or "OUT" instruction to the proper 
address Another feature of the deSign is the provision for multiple 
PSG deVices to be connected to a single bus. The system described !s 
presently running two PSG's. one to each of two stereo channels 

As can be seen from the read and write routmes in the illustrative 
program. the program overhead necessary to communicate with the 
PSG is minimal. 

4.9.1 LATCH ADDRESS ROUTINE 
PORT ADDR EOU 80H ;ADDRESS TRANSFER PORT ADDRESS 
PORT DATA EOU 81H :DATA TRANSFER PORT ADDRESS 

;THIS ROUTINE WILL TRANSFER THE CONTENTS OF 
;8080 REGISTER C TO THE PSG ADDRESS REGISTER 
PSG BAR MOV A.C ;GET C IN A FOR OUT 

OUT PORT BAR ;SEND TO ADDRESS PORT 
RE'!" 

.9.2 WRITE DATA ROUTINE 

:ROUTINE TO WRITE THE CONTENTS OF 8080 REGISTER B 
.TO THE PSG REGISTER SPECIFIED BY 8080 REGISTER C 

PSGWRITE CA;.L 
MO.' 
OUT 
RC 

PSGBAR ;GET ADDRESS LATCHED 
A.B. ;GET VALUE IN A FOR TRANSFER 
PORTDATA ;PUT TO PSG REGISTER 

4.9.3 READ DATA ROUTINE 

;ROUTINE TO READ THE PSG REGISTER SPECIFIED 
:BY THE 8080 REGISTER C AND RETURN THE DATA 
;IN 8080 REGISTER B 

PSGREAD CAL.L 
IN 
MOV 
REi 

44 

PSGBAR 
PORTDATA ;GET REGISTER DATA 
B.A GET IN TRANSFER REGISTER 
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5 MUSIC GENERATION 

5.1 
Note Generation 

The productio'n of music involves the creation of series of frequen­
cies which are pleasing to the human ear (settmg critical evaluation 
aside). This involves essentially mathematical relationships. making 
the application ideal for digital devices. For example. the shifting up 
or down in octaves IS a multiplication or division by a power of 2. 
which is a simple shift operation for most microprocessors. 

Another factor in music generation is "communication". The com­
poser must be able to convey his tune ideas so that a musician or 
group of musicians can reproduce the composer's ideas-often on 
widely differing instruments. This concept involves "tuning" the 
instruments to a standard set of frequencies and following a set 
rhythm pattern. The tuning frequency most widely used is based on 
the third octave note "A" of 440Hz. the "Equal Tempered Chromatic 
Scale". 

Although it is easy to construct recognizable tunes using only one 
note at a time. the simultaneous sounding of more than one note to 
produce chords and counterpoint vastly increases the quality of the 
sound. This feature is easily achieved in the PSG since three 
channels are provided, each independently programmable. 

Since notes are formed by sustaining a particular frequency for a 
preset period of time at a varying amplitude. the PSG performs this 
function with a series of simple register loads. The method used in 
many cases is to obtain register load values for first octave notes and 
to shift to the correct octave at playtime. 

The chart in Fig. 23 lists a fuJI 8 octaves of notes from a low of C1 
(32.703Hz) to a high of 88 (7902.080Hz). Assuming an input clock 
frequency of 1.78977MHz (one half the standard "color" crystal 
frequency of 3.579545MHz). and applying the formulas of Section 3.1 
for calculating Tone Period register load values. results in the 
register values shown. The nature of the PSG divider scheme 
produces a high degree of accuracy for low frequencies. less for high 
frequencies. This can be seen in the chart in the comparison of "ideal 
frequencies" and "actual frequencies", with the ideal frequencies 
being those of the Equal Tempered Chromatic Scale. and the actual 
frequencies being the "best fit" values from the formula calculation. 
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IDEAL ACTUAL 12·IIT REGISTER 
NOTE OCTAVE FREQUENCY FREQUENCY VALUE IN OCTAL NOTE OCTAVE 

32 698 6 5 3 5) • U (c 6 I C 
.- c-

o 0 
D­
E 
F 
F­
G 
Gil 
A 
A-
~ 

C 
c­
D 
011 
E 
F 
F­
G 
G­
A 
A. 
n 
c 
c· 
o 
D­
E 
F 
F. 
G 
Gil 
A 
A. 
B 
C 
c­
D 
O' 
e 
F 
F. 
G 
G· 
A 
A' 
B 

(j 

1 . : •. ; .: 32 703 
1 _ ~ ~, '1 34 648 
1 -,' :, C' f 36708 
1 .7. 'i 38 891 
1 _-: ~ ,; '-l 41 203 

,,~; 43654 
.: ," ~ 46 249 
; f ... -, 48999 
':_.(,)' 51913 
;.:.,5 55000 

1 _~ I ",I 58 270 
1 ,:" ~ 61 735 
2 65406 
:? 69296 
2 73416 
2 77 782 
2 82406 
2 87308 
2 92498 
2 97998 
? 103826 
2 110000 
2 116540 
? In 470 
3 130812 
3 138592 
3 146832 
3 155564 
3 164812 
3 174616 
3 184996 
3 195996 
3 207652 
3 220000 
3 233080 
3 246940 
4 261 624 
4 277184 
4 293664 
4 311 128 
4 329624 
4 349232 
4 369992 
4 391992 
4 415304 
4 440000 
4 466160 
4 493880 

34 653 6 2 3 4 ." A::" CIt 5 
36712 5 7 4 7 (7 0 5 
38 895 5 4 7 4 ,../ " ' .. , 011 5 
41201 5 2 3 3:",,' E 5 
43,662 5 0 0 2 ,: ,-,.L. F 5 
46243 4 5 6 3 ~ ~ ,',' F" 5 
48997 4 3 5 3.: ~ .... G 5 
51 908 4 1 5 3· .. ' , Gil 5 
54 995 3 7 6 2 (A 5 
58261 3 6 0 0 ) . 'All 5 
61 733 3 4 2" ..:. B 5 
65416 3 2 5 6 "C 6 
69307 3 1 1 6 I 'I C. 6 
73 399 2 7 6 4 0 6 
77 789 2 6 3 6 011 6 
82 432 2 5 1 5 E 8 
87323 2 4 0 1 F 6 
92 523 2 2 7 1 F' 6 
98 037 2 1 6 5 G 6 

103863 2 0 6 5 G' 6 
109 991 1 7 7 1 A 8 
116522 1 7 0 0 All 6 
123467 , 6 " B 6 
130831 1 5 2 7 C 7 
138613 1 4 4 7 ell 7 
146799 1 3 7 2 0 7 
155578 1 3 '7 O. 7 
164 743 1 2 4 7 E 7 
174510 1 2 0 1 F 7 
184 894 1 1 3 5 F. 7 
195 903 1 0 7 3 G 7 
207 534 1 0 3 3 G. 7 
220 198 0 7 7 4 A 7 
233043 0 7 4 0 A- 7 
246 933 0 7 0 5 B 7 
261 357 0 6 5" r-c . 8 
276 883 0 6 2 4 ! CI 8 
293 598 0 5 7 5 0 8 
310724 0 5 5 0 O' 8 
329 973 0 5 2 3 E 8 
lA9 565 0 5 0 0 F 8 
370400 0 4 5 8 I F. 8 
392 494 0 4 3 5 ! G 8 
415839 0 4 1 5 G' 8 
440 397 0 3 7 6 A 8 
466 087 0 3 6 0 A. 8 
494 959 0 3 4 2 B 8 

Fig, 23 F.OUAl TEMPERJ::O CHrOMA TIC SCALF. If 

IDIAL ACTUAL 
FREQUENCY FREQUENCY 

523248 522.714 
554368 553.766 
587328 588.741 
622256 621 449 
659 248 658 005 
698 464 699 130 
739984 740800 
783 984 782 243 
830 608 828 598 
880 000 880 794 
932320 932 113 
987760 989918 

1046.496 1045428 
1108 736 1107532 
1174656 1177 482 
1244 5 I 2 1242 898 
1318496 1318009 
1396 928 1398 260 
1479968 1471852 
1567968 1575504 
1661216 1669 564 
1760 000 1747825 
1864 640 1864 346 
19:'551'0 1962470 
2092992 2110581 
2217 472 2237216 
2349 3 '" 2330 433 
2489024 2485 795 
2636 992 2663 352 
2793 856 2796 520 
2959 936 2943 705 
3135936 3 107244 
3322 432 3290 023 
3520 000 3495 649 
3729280 3728693 
3951 040 3995 028 
4185984 4142992 
4434 944 4474431 
4698 624 4660 866 
4978048 5084581 
5273984 5326704 
5587 712 5593 039 
5919872 5887410 
6271872 6214488 
6644864 6580 046 
7040 000 6991 299 
74~A 500 7457385 
7902 080 7990 056 

. -:: 1 7RCH7MH1\ 

12·81T REGISTeR 
VALUE IN OCTAL 
o 3 
o 3 
o 2 
o 2 
o 2 
o 2 
o 2 
o 2 
o 2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o I 

o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o I) 

o 0 
o 'J 
o 0 
o 0 
o I) 

o 0 
I) 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

2 6 
1 2 
7 6 
6 4 
5 2 
.. 0 
2 7 
1 7 
o 7 
7 7 
7 0 
6 t 
5 3 
" 5 
3 7 
3 2 
;> 5 
2 0 
1 4 
o 7 
o 3 
o 0 
7 4 
7 I 

6 5 
6 2 
6 0 
5 5 
5 2 
5 0 

" 6 
4 4 
4 2 
4 0 
:3 6 
3 4 
3 3 
3 1 
3 0 
2 6 
2 5 
2 4 
;> 3 
2 ;> 
;> 1 

'2 0 
7 
6 

... ! .. 

., 

J J ' 



5.2 
Tune Entry/ 

Playback 

5.3 
Tune Variations 

One of the methods of entermg a composition Into a computer 
memory would be to utilize a keyboard to pass number and 
alphabetic mformatlon concernmg the composer's wishes An alter­
nate method would be to scan a POSitional series of sWitches (like a 
plano keyboard) to determme note. volume and duration data 

Smce fleXibility in tune entry IS desired. It IS Important to allow the 
composer to specify certain constants of entry such as octave. pitch 
or tempo. and have these entries normalized to a known value. 

One of the Significant features of a microcomputer based musIc 
player is the ability to modify the tune once it has been recorded 
Among the simpler variations are. 

5.3.1 OCTAVE SHIFT 
If an octave constant is added to the octave of the recorded note prior 
to storing the value in the PSG register. dynamic pitch changes can 
be obtained The programmmg effect would be to shift one bit left for 
each lower octave and one bit nght for each higher octave For 
example. the effect will be that a tune written to play on a piano will 
sound like bells if a multiple octave up modification is performed 

5.3.2 KEY 
One measure of the virtuosity of a musician is his ability to modify the 
"key" or suboctave shift of a composition The logical description of 
key transposition is to shift each note up or down by a predetermined 
number of notes from the original. Fer example. a piece written in C 
and played in C# would have all C notes shifted to C#, C# shifted to D. 
etc. (Note that the case must be considered where B of one octave is 
shifted to C of the next higher octave.) All of these operations require 
that the one of twelve note identification must be retained in the 
recorded representation 

5.3.3 TEMPO 
The duration of each recorded note is best expressed in terms of 
"ticks" of an overall "tempo clock". At playtime. the total duration can 
be obtained by programatically multiplying the individual note to 
"slow down" or "speed up" the tune without changing the crucial time 
relationship between the notes. This can be accomplished by 
imbedding the note timing loops within the tempo timing loops for 
Simple operation. 
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5.3.4 CHORDS 
There are certain combinations of notes which when played simul­
taneously produce pleasant combinations. These "chords" can be 
easily formed from a base note by performing octave and key 
changes on two notes. which are played with the main note These 
relationships are illustrated in Fig 24, which lists the vanous note 
Constants which will produce musical chords. A chord with a 
particular Quality may be formed by playing Its root. a 3rd Minor or 
Major, and other notes from the chord chart. For example. a C Major 
chord IS formed from C(-:-2), E(-:-2), and G(-:-2). 

Fig. 24 CHORD SELECTION CHART ---------.---

I< 4"" ,'':': l.4,J ... 
: .. 2, f 1 " C' , I 2 l 2, r :; • . t · ; A' 

C' I 2· , , :; , . I :; 2 , , 
t} • : . I <, f . I 2. '.' I :; .. :; , < 

f I 2. .. I 2. (j. I '" I I 2· r) • . 2, A , .. , . ' , . I • A A' 0 ~ · , 2, . . ; t 2· 
Co t • A' O. S , • 2, , ; I 2· (.- . j. , .. l' o· [ . 2 · 2· I 1 . , 2· 
A A '. • C I 2. C' I 2 2· , 2 
/.' I.' .. :'" .. , 2· I 2 . 2: 2 
I' ,< .' f 2 :-- • 1 < 2 ... ; " , .. 
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5.4 
Sound Variation 

, .. 
5.4.1 RELATIVE CHANNEL VOLUME 
The independently programmable amplitude control for each chan­
nel allows up to 16 levels if using the processor controlled amplitude 
mode (bit 4 of registers 10, 11 or 12=0). In the case of a 
decaying or steady note, when a note is played or "fired", a frequency 
may be set up in the coarse and fine tune registers and then an 
amplitude value placed in the respective register 10, 11 or 12. The 
value which is placed to play the tune can be an independent 
variable, allowing channels to play their respective melody lines with 
.varying force. 

5.4.2 DECAY 
The main difference between a "piano" sound and an "organ" sound 
is the speed with which the note loses volume. If all of the notes can be 
decayed at a uniform rate, the automatic envelope generator can be 
set to produce a decaying waveform. Each of the three channels can 
have the same decay constant but differing playing times to simulate 
the same instrument with differing note-strike times. 

5.4.3 OTHER EFFECTS 
The addition of variable noise to any or all of the channels can 
produce modification effects such "breathing" with a wind instru­
ment. Or noise can be used alone to produce a drum rhythm. The fact 
that the noise dominant frequencies are variable allows "synthesizer" 
type effects with simple processor interaction. 

Other pleasing effects include vibrato and tremolo, the cyclical 
variation of the frequency and volume. Because an intelligent 
microprocessor is controlling the effect. they can be all keyed to the 
tune itself or to other external stimuli. 



5.5 
Applications 

While many applications of the PSG 10 music generatIon are 
apparent. for instance in the area of toys and games. other applIca­
tions are possible even in the area of high accuracy sophisticated 
musical instruments such as high-end electronic organs With tone 
frequencies generated from another source to meet the exacting 
requirements of organ operation, the PSG can be used as a complex 
envelope generator. The PSG is also effective for generating bass 
notes and rhythms with percussion instruments, taking advantage of 
the PSG's high accuracy in producing low frequency notes. The 
following paragraphs detail examples of these applications. 

5.5.1 OAGAN ENVELOPE GENERATION 
The envelope generation diagram shown in Fig. 25 illustrates how an 
AY-3-8910 can be configured to produce envelopes for organ 
voicing. All functions are controHed by a microcomputer. 

The basis of this system consists of a master frequency generator 
with a string of dividers. This produces all frequencies for the 
keyboard. The microcomputer and the AY-3-8910 are actually used 
to replace the usual components of voicing filters that would 
ordinarily be used in an electronic organ. 

The microcomputer shown isa GI PIC 1650 controlled by inputs from 
the keyboard keyer circuit and a control switch matrix. The keyer 
inputs octave and key closure information to develop the envelope 
amplitude and duration for the note to be played. The control switch 
matrix can be used to control sustain and add other special effects. 
The ROM shown connected to the AY-3-8910 is optional depending 
on the amount of data necessary for the microcomputer. 

The system shown here may also consist of multiple AY-3-8910·s. all 
controlled by a Single microcomputer. It represents an economical 
solution to developing voicing control with a minimum of compo­
nents. 

Fig. 25 ORGAN ENVELOPE GENERATION _________ _ 

:-'.}.~"~ 

5"f'TC ... 
.... ;. ... p" 
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5.5 
Applications 

(cont) 

5.5.2 ORGAN RHYTHM GENERATION 
The rhythm generation diagram (Fig. 26) Illustrates a simplified 
verSion of how a microcomputer can be implemented with the AY-3-
8910 to prOYlde a percuSSion Instrument section for an electron!c 
organ 

The microcomputer used In this case could be a GI PIC 1650 which 
can be mternally programmed to drive a series of AY-3-891 Os. all 
hardwired to an liO port of the PIC Each AY-3-8910 provides a 
separate output envelope and frequency of the instrument It is to 
synthesize 

The Rhythm Switch Matrix is used to select any preprogrammed 
rhythm pattern and tempo from the PIC. The Instrument Select 
switches allow manual In.' out selection of the 891O's via the A8 and A9 
address lines providing additional instrument sound vanatlons. 
These switches are intended to be user-selected and mounted in a 
convenient position on the instrument. 

In addition, optional ROMs could be added to the PSG 110 ports. 
saving microcomputer ports. to provide extra rhythm length or 
number of patterns. These ROMs could also be replaced by EAR OMs 
to provide user rhythm programming from a modified Rhythm Switch 
Matrix. The programmable rhythm feature could be used to add new 
or original user rhythms to update the instrument. 

Fig. 26 ORGAN RHYTHM GENERATION -----------
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6 SOUND EfFECTS GENERATION 

6.1 
Tone Only 

Effects 

One of the main uses of the PSG is to prod'lce non-musical sound 
effects to accompany visual action or as a feature in Itself. The 
fOllowing sections outline techniques and provide actual examples of 
some popular effects All examples are based on a 1.78977MHz PSG 
clock. 

Many effects are possible using only the tone generation capability of 
the PSG without adding noise and without using the PSG's envelope 
generation capability. Examples of this type of effect would include 
telephone tone frequencies (two distinct frequencies produced 
simultaneously) or the European Siren effect listed in Fig. 27 (two 
distinct frequencies sequentially produced). 

Fig. 27 EUROPEAN SIREN SOUND EFFECT CHART 

Register" 
Any not specified 

RO 
Rl 
R7 
Rl0 

0ct.I1 
Loed Value 

000 

Explanation 

3ooo76l Set Channel A Tone period to 2.27ms 
r (440Hz) 

076 Enable Tone only on Channel A only 
017 Select maximum amplitude on Channel A 

(Wait a/Jproximately 350ms before continuing) 
RO 
R1 

Rl0 

126} Set Channel A Tone period to 5.346ms 
001 (187Hz). 

(Wait approximately 350ms before continuing) 
000 Turn off Channel A to end sound effect 

5: 
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6.2 
Noise Only 

Effects 

Sorr.· i ~ ;";e mr,.;i(· ; .. - .)~~ ."'!:( '1: :.: teq:---J i :-ej S~ \o.,r.ds req I..~ I re onl y the u5e of 
.-.;)i5E' and me en'J~!or<~ ',enerator (or Drocesso, control of channei 
envelope if oHiEr cna: ;":eiS are uSing the envelope generator) 

~xamp!es o~ this. Whl,:'l can be seen In F!gs. 28 and 29. are gunsnot 
and explos!on In !)oth cases pure nOise is used with a decaying 
envelope In the examples shown the only changes are In the iength 
of the envelope as modified by the coarse tune register and In the 
noise period Note that a slgnlflcantiy lower exploSion can be 
obtained by uSing all three channels operating with the same 
parameters 

Fig. 28 GUNSHOT SOUND EFFECT CHART 

Regiater _ 

Any not specified 
RS 
Ri 

R10 
Rn 
R12 
R14 
R15 

Octal 
Load Value 

000 
017 
007 

020 } 
020 
020 
020 
000 

Set NOise Derlod to mid-value 
Enable NOise only on Channels A.B.C 

Select full amplitude range under direct 
control 01 Envelope Genera!or 

Set Envelope penod to 0.586 seconds 
Select Envelope ··decay". one cycle only 

Fig. 29 EXPLOSION SOUND EFFECT CHART --------_ 

Reglater -

Any not speclfaed 
R6 
R7 
R10 
Rl' 
R12 
R14 
R15 

Octal 
Load Value 

54 

000 
000 
007 

020 } 
020 
020 
070 
000 

Set Noise period to max. value 
Enable NOise only. on Channels A.B.C 

Select fuJi amplitude range under 
direct control of Envelope Generator 

Set Envelope period to 2.05 seconds 
Select Envelope "decay". one cycle only 



&.3 
Frequency 

Sweep Effects 

The Laser, \Nhlstllng 80mb, Woif Whistle, ana Race Car sounds In 
Figs 30 thru 33 all utilize frequency sweeping effects. In all cases 
they involve the increasing or decreasing of the values in the tone 
period registers with variable start. end, and time between frequency 
changes. foor example. the sweep speed Of the Laser IS much more 
rapid than the high gear accelerate in the race car, yet both use the 
same computer routine with differing parameters. 

Other easily achievable results include "doppler' and noise sweep 
effects. The sweeping of the noise clocking register (R6) produces a 
"doppler" eHect which seems well SUited for "space war" type games 

Fig.30 LASER SOUND EFFECT CHART ----------

Regl.ler" 
Any not specIfied 

R7 
R10 

RO 
RO 

R10 

Oct./ 
L08d V'lue 

000 
076 
017 

060 (start) 
160 (end) 

000 

Explanation 

Enable Tone only on Channel A only 
Select maximum amplItude on Char'lnel A 

{
Sweep effect for Char'lnel A Tone penoo 
via a processor loop WIth approximately 
3ms walt time betwee'l each step from 060 
to 160 (O.429ms'2330rlZ to 10ms /1000Hzj 
Turn ofl Channel A to end sound eNect 

Fig. 31 WHISTLING BOMB SOUND EFFECT CHART 

Regl.ter" 
Any not specified 

R7 
Rl0 

RO 
RO 

Oct.1 
L08d Vah,e 

000 
076 
017 

Enable Tone only on Channel A only 
Select maxImum amp!ltude on Channel A. 

060 (start) a processor loop with approximately 25ms {
Sweep effect for Channel A Tone peflod via 

300 (end) wait time between eaCh step from 060 to 300 
(O.429ms/2330Hz to 172ms582Hz) 

Aher above loop is completed. follow with sequence in Fig. 28. 
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6.4 
Multi-Channel 

Effects 

Fig 32 

Fig. 33 

Because of the Independent arChitecture of the PSG. many rather 
complex effects are possible without burdening the processor. For 
example, the Wolf Whistle effect in Fig. 32 shows two channels in use 
to add constant breath hissing noise to the three concentrated 
frequency sweeps of the whistle. Once the noise is put on the 
channel, the processor only need be concerned with the frequency 
sweep operation. 

WOLF WHISTLE SOUND EFFECT CHART 

A..alater' 
Any not specified 

RS 
Ri 
Rl0 
Rll 

RO 
RO 

Oct.1 
Load Value Exptanatlon 

000 
001 Set NOise penod 10 minimum value 
056 Enable Tone on Channel A. NOise on Channel B 
017 Select maximum amplitude on Channel A 
011 Seleci lower amplitude on Channel B I Sweep effecl for Channel A Tone penod via a 

100 (start) processor loop wilh approximately 12ms 
,040 (end) walt time between each slep from 100 to 040 

(O.572ms.'1748Hz to 0.286ms/3496Hz) 
(Wllit approximately 150ms before continuing) 

RO 
RO 

RO 
RO 

Rl0 
Rl1 

100 (slart) ! A processor loop wilh approxi.matelY 25ms 
060 (end) walt time between each step from 100 10 060 

(O.572ms.'1748Hz to o 429ms/2331 Hz) 
060 (start) A processor loop with approximately 6ms 

wait time belween each step from 060 to 
lSO (end) lSO (0 429ms'2331Hz to O.930msll075Hz) 

:g } Turn oft Channels A and B to end effect 

RACE CAR SOUND EFFECT CHART 

Aeglater" 
Any not specified 

R3 
R7 
Rl0 
Rll 

"*Rl/RO 
* Rl/RO 

Rl/RO 
Rl.'RO 

Rl'RO 
RllRO 

Al0 
A11 

Octal 
Load Value Explanation 

000 
017 Set Channel B Tone period 10 34.33ms (29Hz). 
074 Enable Tones only on Channels A and B 
017 Selecl maximum amplitude on Channel A. 
012 Select lower amplilude on Channel B I Sweep effect for Channel A Tone period via 

013/000 (start) a processor loop wilh approximately 3ms walt 
004/000 (end) time between each slep from 013/000 to 

004/000 (25.17ms/397Hz to 915ms'109.3Hz) 
011/000 (Sl rt) { A processor loop with approximately 3ms 
0031000 (~d) wail time between each step from 011/000 to 

e 003/000 (20.6ms/48.5Hz to 6.87ms1145 6Hz). 
006/000 (Slart) { A processor loop With approximately 6ms 
001/000 ( d) wall time between each slep from 006: 000 to 

en 001/000 (13 73ms/72.8Hz 10 2.29ms/436 7Hz) 

ggg } Turn off Channels A and B to end effect 

• Decrement Rl 'RO as a whole number e.g start at 013'000. then 012'377 
then 012.'376 etc 
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7 ELECTRICAL SPECIFICATIONS 

7.1 
Maximum 

Ratings 

7.2 
Standard 

Conditions 

7.3 
DC 

Characteristics 

Storage Temperature _____ ........ _ .... _ ...... -55 0 C to -150' C 
Operating Temperature ........................... 0" C to 1""400 C 
Vee and all other input and output 

voltages with respect to Vss .................... -0.3V to +8.0V 

Exceeding these ratmgs could cause permanent damage to these devices 
Functional operatron at these conditions IS notlmpiled-operatlng conClllions 
are speCified below 

Vcc =+5V ±5% 
Vss=GND 
Operating temperature: 0° C to +40" C 

Characterl.tic Sym Min. Typ.· 

All Inputs 
Logic "0" V .. 0 -
LogiC .. , .. VI .. 24 -
All Outputs (except 
Analog Channel Output.) 
LogiC "0" VO<. 0 -
Logic .. , .. Vow 24 -
Analog Channel Outputs Vo 0 -
Powe, Supply Current lec - 45 

Max. 

06 
Vce 

0.5 
Vee 

60 
75 

*Typical vaiues are at 1-2S"C and nommal voltages 

Units Conditions 

V 

" 
V ~=, 6 mAo 20pF 
V loo-<=l00$lA.20pF 

dB Test CirCUit Fig 
mA 

Fig. 34 ANALOG CHANNEL OUTPUT TEST CIRCUIT ------

ANALOG 
CHANNE .. o--...... ~-~ 

OUTPUT >---"'--011. 

(OP AMP MUST NOT SATURATEi 

Fig. 35 CURRENT TO VOLTAGE CONVERTER 

.... ,.:., OCJ 
(.-~·'''h 0----4-----1 
~.·P\JT 
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7.4 
AC 

Characteristics 

Fq; 36 

Characteristic Sym Min. Typ.* 

Clock Input 
Frequenc) It , 0 -
Rise timE:' t· - -
Fall time:- t· - -
Duty Cycle - 25 50 
Bu. Signals (BoIR. BC2, BC1) 
ASSOCiative Delay Time te:. - -
Reset 
Reset Pulse Width tAW 500 ---Reset to Bus ContrOl Delay Time t"e 100 -
A9, A8, OA7--0AO (Addr ••• Mode) 
Address Setup Time t .. s 400 -
Address Hold Time t .... 100 -
OA7-:0AO (Write Mode) 
Write Data Pulse Width low 500 -
Write Data Setup Time lo!. 50 -
Write Data Hold Time to .. 100 -
OA7-0AO (R •• d Mode) 
Read Data Access Time to .. - 250 
OA7-0AO (InKtlve Mode) 
Tristate Delay Time Irs - 100 

• TYPical values are at 25° C and nominal VOltages. 

CLOC~~ M..;D SUS SIGNt.L Tit/iNC· 

CLOCK 

e. 

• 

Maa. Units Condition. 

20 MHz 
5C ns 
50 ns 

Fig. 36 
75 % 

50 ns , J 

- ns 
} Fig. 37 

- ns 

- ns 
} Fig. 38 - ns 

10 OOC ns 

} Fig. - ns 39 
- ns 

500 ns 
} Fig 40 

200 ns 

b. 

Fig 37 RESET TIMING 

8US----------------------------~l$l~I~----~----~------CO""TR~, N""C' VA"'O BuS S'GNAL 
OECODE------------------------------~~------------------

:.- to,.J \i,e - /r--------: 

---- ----~: --~ V,:".I 

i~.: ~ uo!r"-:l SI'(E\.-. 
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FI~ 3c LATCH ADDRESS TIMING -------------

CONTROL . DON T CARE ~ ,,,' - DO'. ~ CAcE 
BUS ____________ ~._--~----.----------------------

OECOD€ .. ------~----~~~~ .. ~~~·:j~~'~--~---~~---------------------­

AS 1,8 
01,7--01,0 

PREVIOUS 
STATE 

m BuS CONTROL 
~ SIGNALS CHANGING 

t.- ---.1 I ••. -I 

_-------- v. 

ADDRESS" 

'--------------1/ 
• A'~Y CO.,'9INAT 10', 0' eo';; e(" 0, Eo' ~ 

W"',CH DECODE LA·C'" AC:J~E.SS 

--! ~ SO ns M"X INCLUDING SKE" BOlA 8C2 8C' 

C 
- -REFER TO PAAAGRAPH 2 , , 

FOR A OESO'1IPTION OF 
"VALID· PSG ADDRESSING 

Fig.39 WRITE DATA TIMING ---------------

BUS--------------..... --------~~~-----------------CONTROL DECODE _________ ........ _______ ....11'4'111..-_______________ _ 

OA7--0AC PREVIOUS 
STATE 

m 8;JS CON7ROL 
~ SIGNALS CHANGING 

--l ~ SO n$ MAX 
INCLUDING SKEW 

CATA 

1· •. -

_---------- II. 

'----------V 
BOlA 8C2 8Cl 

C 

Fig.40 READ DATA TIMING ---------------
BUS ______ ..... ____________________ -.~----------

CONTRO. 
DeCODE __________ ~~L--------------------~~----~------

OA7--0AO 
PREVIOUS 

STATE 

m eus CONTROL 
Ii:.i:;;iI SIGNALS C"'ANGING 

---l I--- 50 n~ 1,4AX 
INCLUDING SKEW 
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7.5 
Package Outlines 

FIg. 41 40 LEAD DUAL IN LINE PACKAGES (lor AY-3-8910) ------

~-

- .... -.00 .. " 

.,... 
, ... -

I ,. ....... ." .............. ,- ................. -.. ~ I • 

.~ T 1_ 

"'1 .. , 
A. .6 r ... - ... 

1 
.'-- Ii-- -ft 

-- '!'. 

PLASTIC 

.. _.- .... 
c;:::;::::::::::::::::::::~:::::::;;:; tE~ t I .... "... _ 
,1.j 1Fi i';; 1f' ' •• '.tI\,AIII, " :, ;., 'J':, \", 
~ I I .. ~ .. .. .. .. .. .. ~ ~ --;- I:;. 

- - ... '.. -- -P. ... --IE 

CERAMIC 
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Fig 42 28 LEAD DUAL IN LINE PACKAGES (for AY-3-8912) 

". ~ . . , .... 

~--,-" 

'-

.- . ..... 

............ - --­\.. ~ . j,.. .. _ •. ~ P"_ 

, . 

PLASTIC 

---... -. _ .... - -; ;:;:,-;"";::.._ ........ _--.. . . . ...;. .. .. . .. 

, __ J 

!,!,. -\-. t= ':,1 

r+' ----- ------

... 
r'· 

# : 
• I 

________ _= - .. =--'= _-::-.:.: _~:~'~:_:-..::' ____ , I 
-!6~ ...... ~! _ ..... :"* •.• : r __ . ....., .... .,· __ .. _ ..... _ .. :'.. .. _ ... __ .. r-..:-,. J .,.: "&1 , . .. '--------iiF;::-;U;, ~ .. ~. .,' r· . -.-~ i' .. 1 

- I. 

lOt' ~ X'~ "". 
.0-.:." ¥'; " •• 

:.: .. 
-'-----~i; 
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WESTERN DIGITAL 
c a p a R A r I a N 

WD1n0l1n2 5114" Floppy Disk ControlieriFormatter 

FEAT\JAe~ 

• :s PIN 01::' 

• SiNGi..E 5'1 SUPPlY 
• BUILT·,,," .lATA SEPARATOR 

• BUiL":'~~ ,'.:::;rE "RECOMPENSATION 

• ::" •• Silo,j,:lEA.ND DOUBLE DENSITY 

• MOTOR CO",TROL 

• 128.256. :12 O~ ~024 SECTOR LENGTHS 

• ::'"L CO'APATlBLE 

• 8 SIT BICIAECTlONAL DATA BUS 

• rwo VERSIONS AvAILABLE 
warne.: STANDARC 17'9X STEP RATES 
w\101n2 .: FASTER STEP ~TES 

The WC, nc '9 a MOSiLSI cev,ce whIch pertorms the 
!unctt~s :)! a 5 ' •• Floppy Disk Controiler:Formattet 
It IS Similar ,0 Its oreoecesSOl". lhe WO' 79X. Out also 
conta,ns a :::19i1al ojata separator and write precom­
pensahon ~:rc"lltry. The drive Side of tne interlace 
needs '10 a.::Olhonai logiC except for ouffers/ 
recelve~. Des,<;ned lor 5'.· Single or double denSity 
operatIon. ~'1e device contatns a progcamrr-oable 
Motor On signal. 

The we, nc 1$ Implemented In NMOS Silicon gate 
technOI09Y and IS available In a 28 pin dual·lo.hl'1e. 

The W01770 is a low cost .erslon of Ire FOI79X 
Floppy DI~ C;)ntrOllertFormattet It IS compatible 
Wltl" the 179X. but has a bUIIt'ln dIgItal data separator 
and 'linte crecompensation CirCUitS. A s,ngle read 
line IRC. Pin t9} IS Ihe only in:lut required te recover 

I ... TIOO 

0100 
ooeN 
WPiiT 
iii 
fRiiii 
wo 
WG 
1010 
RO 

CO., CLI( 
:0.1 OIRe 
~ STEP 

:"0 'Icc 

PIN DESlGNAOON 

serial FM or MFM data from the disk drive. The 
device haS been specifically designed for control of 
5'1.· floppy disk drives with data rates of 125 
KBitSlSec ISlngle denSIty) and 250 KBitSlSec (double 
density) In additIon, wrile precompensalion of 125 
Nsec from nominal can be enabled at any point 
through Simple software commands. Another pro­
grammable feature, Motor On. has been incorporated 
to enable the spindle motor cwtomatically prior to 

,. operatIng a selected drive, 

Two versionS of the WC1770 are available. The stan­
dard version IS compatIble with the 179X stepping 
rates. whIle the W01772 offers stepping rates of 2. 3. 
5and6msec. 
The processor interlace consists of an IJ.bit bidirec· 
tional bus for transfer of status. data. and commands. 
All host communication WIth the drive occurs 
through these data lines. They are capable of driving 
one standard TTL load or three "LS" loads. 



PIN 
NUMBER PIN NAME SYMBOL 

2 REAOIWFm'E 

3.4 

13 

14 

15 
16 

17 

19 

20 

21 

22 

23 

24 

25 

26 

ADDRESS 0.1 AO. A 1 

DATA ACCESS UNES OALO-OAL7 
o THROUGH 7 

MASTER RESET \1R 

GROUND 

POWER SUPPLY 

STEP 

DIRECTlON 

CLOCK 

READ DATA 

MOTOR ON 

WRITE GATE 

WRITE DATA 

WRITE PROTECT 

DOU8LE DENS::Y 
ENA'8LE 

GNO 

vcc 
STEP 

DiRe 

ClK 

MO 

WG 

WD 

TROO 

FUNCTlON 

A IOQIC lOw on thiS Input selects me chiP and 
enable Host communication Nith the device. 

A iogic high on 1/'115 !~ut controls the 
;llacement of aata on the 0007 lines from a 
selectee! register. .... hile a 'ogic low causes a 
Nflte operation TO a seiecteo register. 

These two Inputs select a register 10 ReadJ'lWrrte 
data: 
as A1 A4 RIW ~ t 

o Status Reg o 
o 
o 
o 

o 
o 
1 

1 Track Reg 
o Sector Reg 
1 DataReg 

RJW = 0 
Command Reg 
Track Reg 
Sector Reg 
Data Reg 

Eigl'lt ~II bidirectional bus usee! 'or transfer of 
data. ;:ontrol. or status, ThIS bus IS enablee! by 
CS and RIW. Each !ine Will dnve one rrL load. 

A I~IC 'ow pulse cn !hlS ',"e resets the deVice 
3r.d ,~,~·all.:es me status re<;:ster ".,ternal C'\.O!! .. jPl. 

Grol.lnd. 

·5V : 5°'0 PO'Net" supply ,,,put 

The Step output contains a pulse lor each step 
of the drive's R.W head. The WDlnO and 
WDI n2 offer olfferent step rates. 

The Direction output IS high when stepPing In 
towards the cenlet" of the diSkette. and low 
Nhen stepping out. 

This "'!put reQuires a free-running SO"'o duty 
cycle clock I for Intemallimlng) at 8 MHZ % 1"'0. 

This active low input is the 'aw data 'Ine 
:onlalnlng both clock and data pulses from the 
dnve. 

• Active t'Hgh output used to enable the spindle 
I motor prior to read. .vnte or stepPing opera. 

tlons. 

This output IS made valid pnor 10 wnling on the 
diskette. 

FM or MFM clock and data pulses are placed on 
, thiS line to be wntta" on the diskette. 

n"s active low ,nput informs the W01nO Ihat 
the drrve'S ANiJ Mads are POSitioned over Track 
:ero [Internal cull·uPI. 

ThiS active low Input Informs the W01nO when 
r"e phySical inoex hole has been encountered 
on the diskette I,ntemal pull·up). 

ThiS ,nput IS samplee! whenevef a Write 
Command is receiVed. A logiC lOW on thiS 
!'ne "",II prevent any Wnte Command from 
executing (Internal pull·up·, 

~rs r-:out ~>"': ~"·~Ct5 -l~he! S.~r"\:;~E ; ~V, .), 
;(',-,:;·~.MFV. '~",-.,:y ,'iren DOe', = f' .:cwOle 
''''-'',:. '3 ··'],t··· ... ·; ,':€'-a· ~ult·t.;iJl. 

----~~-----------

ItJ"IO 
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PIN 
~_N_U_M_B_E_R~ _____ P_I_N __ N_A_M_E. ______ S~Y_M~B~O_L~ ______________ F_UN_C_T_IO __ N __________ ~ 

27 DATA REQUEST ORO 

INTEI:1RUPT AECliEST 'NTRO 

W01770 SYSTEM BLOCK OlAGRAM 

ARCHITECTURE 
The Floppy D:sk Formatter ~IOCk d,agram 'S ,j. 

lustrated on :;dge 4 The primary Sectl('''lS ,nelude 
Ihe parallel ;:;rocessor Interlace and the F:oppy Disk 
interface. 

Data ShiH Register - ThiS 8-011 'P.qlster assembles 
serial ,jata frem t!'le Read Data Input ',RDl Curing Read 
:peratlons and transfers senal data :0 t!'le 'Nflte Data 
cutput dunr"g '-Nme operations. 

Oata Register - ThiS 8-01t r~ s:er IS ~sed as a 
hOIClng reg!ster ,junng DISk Reac and '.'Inte opera­
':01'5. In D'Sie R~ad operations, ire assef'T'bled data 
byte IS rrars!erred In parallel to :~,e Da:a Register 
'r,m t.,e Data Shift R~lster. In Dls~ Wnte ';peratlons, 
",formaiion :s transferred In paral:el from the Data 
t:;eg,ster to!!'Ie Data Shift Register. 

-;'Ihen e_ecuting the Seek command. the Data RegiS­
rer Mlds the lcdress of the deSired Track POSItion 

45 

ThiS active "'gh output indicates that the Data 
Register 'S lUll (on a Read) or empty Ion a Wnte 
operation). 

This ac::~e ~Igh output ,S set at Ihe cc~pletlon 
01 any command or 'eset a read of l!'Ie Status 
Register. 

ThiS regiSter '5 loaded from the DAL and gated onio 
the OAL unoer ;:lrOCeSSOf control. 

Track Regis .... - ThiS 8-01t register helds the track 
~IJ(T'tJer 01 ''Ie cur-ent Reao.-Wnte head posltlon_ It 's 
:-'c'emer!ea::oy one every :Ime the ",ead IS stepDed In 
]nd =ecrer.'-e~red by ore o\,nen :he ~eac 's stepped 
cut ,Io .... arCs "ack om, The contents of :"e r~lster 
are compared.llith the 'ecorded track "umber In !he 
ID I,eld '1un1"g disk Flead. Wr.te. and Venly opera­
:'cns The ~'ack R~lsler can be 'oaded !rom or 
transferred :0 :he OAL 7hls Register snould not be 
'::..aded .lltlen rt'e devlce!s O\Jsy. 

Sector Register (SR) - ThiS 8-blt register holds the 
address 01 :"e deSired sector posilion. The contents 
0' the register are compared 'Nlth the recorded sector 
"lUmber ,n :ne 10 ~ield dunng disk Read or """'te 
'Jperatl0ns. T-.e Sector Register contents can be 
'eaded 'rom Of transferred to the OAL ThiS register 
should not ~ :oaded w!'Ien the device IS busy. 

Command Register (CR) - ThiS 8-M register holds 
the coml"3M presently bemg executed. nus register 
shOuld not be :c.aced when the deVIce IS busy unless 
!he '1e .... corrl"land IS a force mtefTUp'- Tl'1e command 
register can be loaded from the DAL. but '1Ot read 
orto theOAL 

Status Regis_ (STR) - ThiS 80M register holds 
device Status Informalion_ The meanmg of the Status 
titS IS a !unctlon of the type of command prevIously 
executed. n"s register can be read onto the DAL. but 
not loaded 'rom the OAL 

CRe Logic - ThiS logIC is uSed to check or to 
generate t!'le , &blt CyCliC Redundancy Check (CRe). 
The polynomIal is: 
G(x) = (16 • .1(12 -+- x5 -+- 1. 
The CRC ix!udes all ,.,formatlon starting -With the 
address mark and up to the CRe characters. The 
CRC register '5 preset !O ones pnor to oata bemg 
stllfted through the CIrCUI'-

AriltlmeticJlogic Unit (ALU) - The ALU IS a serial 
comparator. 'ncrementer, and d~rementer and IS 
used for register modification and compansons WIth 
the {jisk recorded 10 field. 

~ o .... 
..... 
~ .... ..... ..... ...., 

/"7/ 
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WD1770 BLOCK DIAGRAM 

nmtng Iftd ContnII - All computer and Floppy DiSk 
Interface controls are generated through this logic. 
The internal device timing is generated from an exter­
nal crystal clOCk. The FOI770 has two different 
mOdes ~ratlon according 10 the state of DOEN. 
When OOEN = O. double density (MFM) is enabled. 
When oem = 1. single denSity is enabled. 

AM De_tor - The address mark detector deteets 
10, data and index address marks dunng read and 
wnte operations. 

Da .. s..--tar - A dIgital data separator conSisting 
of a ring sMt register and data window detection 
ioglc provides read data and a recovery clock to the 
AM deteetex 

PAOCESSORINTERFACE 
The interlace to the procesaor is accomplished 
through the eight Data Access Lines IDA~ and 
associated control Signals. The DAL are used 10 
transfer Data. Status. and Control words out Of. or in­
to the WDl770. The OAL are three slate buffers t!'lat 
are enabled as output driV8f'S when Chip Select (CS) 
and Riii = 1 are active or act as inpul reeeilfers when 
CS and PIN = 0 are active. 
When transfer of data with the Floppy Distl Controller 
IS reqUIted by the hOst proces~ the device address 
is decoded and CS is made low. The address bits Al 
and AO. combined with the signal PIN during a Read 
Operation or INrIte operation are interpreted as setect­
'no the following -eglSt~: 

I 



( "\ 

. --/ 

Command Register 
. Track Register 
Sector Register 
Data Register 

Ounng Direct Memory Access (DMA) tvpes of data 
lrat"!!fers between tne Data Register of the WDl770 
allll Ina croces5O( !na Data Request (OROI output 
i! used in Data Transfer control. This Slqnal also 
i:J.,~S as status bit 1 dunng Read aI1CI Wnte 
,";'><arat,ons. 

.)r ':',$1{ qeac! operaltons the Data Request .s acti­
.a:ed (set /'I'gl'll wheo an assembled senal input byte 
,s 'ran.slerrec in parallel to the Data Registet This bit 
;5 cleared when the Data Register is read by the pn:> 
:.e'SSO( 11 the Data Register .s read after one'O( mont 
c~!e~ are lost. tlV ha'i·"g new data transferred I~ 
~o the rec;;is!er pnor to prOCeSSOf readOut, me Lost 
Data bit IS set In the Status Reglstet The Read opera­
lions eonhnues until the end of sector is reacned. 
On DiS« WrIte operations tne Data Request IS ac· 
livated wt\ef'l lhe Data Register transfers ItS contents 
to the Data Snlft Register. and reqUires a new data 
byte. It IS reset when the Data Register IS loaded With 
new data by the processor. If new data is not loaded 
at thettme the next senal byte IS requlrecI by the 
FI~ Disk, a byte of zeroes is written on the 
dis«etta and the Lost Data IS set In the Status 
Regist. 

At the completion of IM!fY command an INTRa is 
generated. INTRQ IS reset by either reading the 
status register 0( by loading the command register 
with a new command. In addition. INTRQ is gen­
erated if a Force Interrupt command condition .s met 

The W01770 ~NO mOdes 01 operation accorolng 
to the state DDEN ,Pin 26\. When DDEN = 1. single 
density IS selected. In either case. the CLK inout (Pin 
18) i, at 8 MHZ. 

GENERAL DISK READ OPERAnoNS 

Sector l8n9ths of 128. 256. 512 0( 1024 are obtainable 
in either FM or MFM formats. For FM. I5l5tN snould 
be Placed to logical ''1:' For MFM formats. 0t5'E'R 
should be placed to a logical "0:' Sector lengthS are 
determined at format lime by the fourth byte in the 
"'0" field. 

t-....".,,=~-=S.;,EC=-T:..:O:,:.R.:...:LENGTH TABLE ______ "..---1 
seCTOR LENGTH NUMBER OF BYTES 

FIELD (HEX) IN SECTOR (DECIMA4 
00 128 
01 256 
02 512 
03 1024 

The number of sectors per tract as far as the W01 no 
is concerned can be from 1 to 255 secters. Ti'\e 
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number of tracks as far as the W01 no IS concemed 
is from 0 to 2S5 tracks. 

GENERAL DISK WRITE OPERA nON 

When writing is to take place on the diskette the 
Write Gate twG) output is activated. allowing current 
:0 ftow into the ReadlWlite head. As a precaution to 
erroneous writing the first data byte must be loaded 
!/'Ito Ine Data Register in response to a Data Request 
'rom the device before the Wnte Gate signal can be 
activated. 

Writing is inhibited when the Write Protect ,npot is a 
logic low. in whiCh case any Write command is i~ 
mediately terminated. an Intemapt IS generated and 
the Write Protect status bit's set 

FO( Write operations. the WD1770 provides Write 
Gate (Pin 21) to enable a Write condition. and 'Mill! 
Data (Pin 221 whicn ConSistS ot a series of actlW! nigh 
pulses. These pulses contcun both Clock and Data io­
formation In FM and MFM. Write Data provides the 
unique missing clock patterns for recording Add~ 
Mattl.s. 

The Precomp Enable bit in Write commands allow 
automatic Write precompensation to take place, The 
outgOlnq Write Data stream is delayed 0( advanced 
from nominal by 125 nanosecOnds according to the 
following tabie: 

! PAnERH MFM FM 

I~ 
1 1 0 E.ar1y NlA 
0 , , Late NlA 
0 0 , E.ar1y NlA 
0 0 0 Late NlA 

y I L Next Bit to be sent 
Current Bit sending 

L..-_____ PreYIOUS Bits sent 

Precompensation is typically enabled on the inner· 
most tracks wheN bit shifts usually occur and bit 
density is at lIS maximun. 

COMMAND DESCRIPT10N 
The WD, no Will accept eleven commands. C0m­
mand words ShOuld only be loaded in the Command 
Register when the Busy status bit is off (Status bit 01. 
The one exception is the Force Intemapt command. 
Whenever a command is being executed. the Busy 
status bit IS set When a command is completed. an 
Interrupt is generated and the Busy status bit is 
reset. The Status Register indicates whether the 
completed command encountered an erTQ( 0( was 
'ault free. For ~ase of discussion. commands are 
diVided into four types. Commands and types are 
summanzed In Table 1. 
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COMMAND SUMMARY 

BITS 
TYPE COMMAND 7 e 5 4 

Restore 0 0 0 0 
SeeK 0 0 0 
SteQ 0 0 1 u 
Step-in 0 1 0 u 
Step.out 0 1 1 u 

II Read Sector 0 0 m 
II Wnte Sector 0 m 
III Read 

Address 0 0 
III Read Track 0 
III WnteTrack 
IV Force 

Interrupt 0 

FLAG SUMMARY 

h = Motor On F1IIg.(8H 3t 
r TYPin COMMANDS 

h = O. Enable SPIn-Up SeQuence 
1'1 = 1. Olsable SPIn-Up SeQuence 

V "" Verify F1IIg (8it ~ 
V = O. No Venfy 
V = 1. Venfy on DestinatIOn Track 

'1. IQ • StecJPng Ra .. (8ita 1, CIt 
'1. ro WD1770 

0 0 6ms 
0 1 12ms 
1 0 20ms 
1 1 ~ms 

u • U,*-.!I FIag(BIU) 
u = O. No Update 
u = 1. Update Track Register 

TYPE II • IH COMMANDS 

m 0: Multiple Sector F1IIg (81t 4} 
m = O. Single Sector 
m = 1. Multiple Sec to, 

3 2 
1'1 V 
1'1 V 
1'1 V 
1'1 V 
h V 
h E 
h E 

h E 
h E 
h E 

13 12 

WD1772 

2ma 
3ms 
Sms 
6ma 

0 

" '0 
r1 rol 
r1 '01 

" to: 
r1 '01 
0 oi 
P ~i 

1 
0 01 
0 0' 
P 0; 

! 

11 ~i I 

10 • De .. Addreu Mertc~(8=-1t:..:01:.:-. ____ _ 
ao = O. Write Normal Data Mark 
ao = 1. Write Deleted Oata Mark 

E • 30nw Set1IIng Delay (81t ~ 
E = Q,NoDelay 
E = 1. ACId 30ma Oelay 

~ -= . .!!"-!~~sallon (,!it .. !L __ 
p = o. er.able 'M1te Precomp 
P = i, Disable Write P'eccmp 

r- TYPE IV COMMANOS. _______ --i 
I 13-10 IntllmJpt Condition (Bits 3.Q) 

I() = 1, Don't Cant 

11 = 1, Don't Care 

12 = 1.lnterTUpt on Index Pulse 

13 = 1, Immediate Interrupt 

. ..:-.----

'3-1() = O. Terminate wlthoot Interrupt 

TYPE I COMMANDS 

The Type I Commands include the Restore. Seek. 
Step. Step-In. and Step-Out commands. Each of me 
Type I Commands contains a rate field (It),rt). Nl'liCh 
determines the stepping motor rate. 

A 4tAs \MF~ or8 ~s \FM) pulse IS provided as an out· 
put to the dnve. For e'Yery slep pulse ISSUed. the dnve 
moves one track location In a dlrecllon determl"'ed 
by the direction output fhe chip WII! '3tep the dnve In 
the same tjlrectlon It last stepped IJnless t".e COl"'­
mand cr.atlges the dIrection. 

The Olrectlon signal IS active high Nnetl steppIng .n 
and lOW Nherl steppIng out. fhe D:recllon sIgnal IS 
valid 24tAs before the first stepping pulse :S 
generated.. 

After the last directIonal step an addillonal :xl 
milliseconds of neact settling lime takes place If tME! 
Venfy flag IS set in T,-pe I commands. There IS also a 
30 ms head settling lime I' the E flag is set in any 
Type II Ot III command. 

When a Seek. Step or Restore command is executed. 
an optional venhcat.on of ReaG'Wnte 1'1.., poSition 
can be performed by settll'9 bit 2 01 = 1) in the com­
mand word to a ioglC 1 The venllcatron ooeratlon 
begins at the end 01 the 30 millisecond se"lmg lime 
after the head is loaded against the media The track 
number from the first encountered 10 Field IS com­
pared against the contents 01 the Track Registec: II 
the track numbers compare and the 10 Field Cycltc 
Redundancy Check (CRe) is correct. the venfy opera. 
lion IS complete and an INTRa is generated Wlttl no 
errors. If lhere is a match but not a valid CRe. tne 
CAe erl'Ol' status bit IS set <Status Bit 3). and the next 
encountered 10 held " r.., from the diSk for the 
venfication operation. 

The W01770 must I!I'\(j an 10 field '011111'1 COfl"eCt Irack 
~umber and correct CAe -Nlll1ln 5 revolutions of !~e 
r"ledla, other..vise tM seek error IS set and an INTRa 
's generate<!. If V = O. "'0 verification IS performed, 

All commands. excect tME! Force Inte!'I'\Jpt comrTlatld. 
may be progralT'med Via Ihe h Flag 10 delay 'or SPIn­
dle motor start up time. II the h Flag IS set and lhe 
Molor On line ,Pin 20'1 ,5 lOW Ntlen a command IS 
receIved, t"e WDt770 NI!! force MOlor On to a !ogiC 1 
and .... all 6 'evc!utlors befor!! elec;';:lng '/'Ie com­
~and. At 300 RPM, :1'" ;uarar.tees a one second 
~p,nale star! :;0 ,'.,.,e If 'It'er fin1sh,rg the COI"'mand. 
'tie de~,ce 'emalns 'die 'or 10 reVOII..:!'ons. t'le 1,40101' 

• 



On line w,lI go back to a logic O. If a command is 
issued while Motor On is high. the command w.1I ex­
ecute Immediately. defeating the 6 reVolution start 
up. This reature allows consecutive Read or 'Mite 
commands without waltmg for motor start up each 
time; the we1 no assumes the spindle motor is up to 
speed. 

TYPE I COMMAND FLOW 

I 
I I 
1 ' I I 

RESTORE (SEEK TRACK" 
Upon receipt of this command. the Track 00 ~ in­
put is sampled. If fROO is active low indicating the 
ReacWlrite head is posrtioned over track O. the Track 
Register Is loaded WI'" zeroes and an interrupt is 
generated. If fiiij is not active low. stepping pulses 
{Pin '6'1 at a rate specifl4ld by the rvo field are issued 
until the TROO input is activated. 

- ,TOTR 

OTOTR 

II 
1'----< 
I 

TYPE I COMMAND FLOW 



At this time. the Track Register is loaded with zeroes 
and an intemJpt is generated. If the fFiiO input does 
not go active low after 255 ste()ping pulses, the 
W01770 terminates OlMration, interrupts.. and seta 
the Seek em)( status bit, providing the V flag is set A 
verification ~tion also takes place if the V flag is 
set The h bit alloWs the Motor On option at the start 
of command. 

SEEK 
This comma.-,cI assumes that the Track Register con­
tains the track number of the current position of the 
ReacWt\ite head and the Data Register contains the 
cleSlf'ed track numbet The W01770 will update the 
Track Register and issue stepping pulses in the ap. 
propriate direction until the contents of the Tradt 
Register are equal to the contents of the Data 
Register (the deSired track location}. A verification 

VERIFY 
SEOOENCE 

TYPe I COMMAND FLOW 
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operation taltes plaCe if the V flag is on. The h bit 
allows the Motor On option at the start of the c0m­
mand. An interrupt is generated at the completion of 
the command. Note: When using multiple dnves. the 
track register must be updated fOt the drive selected 
before seeks are issued. 

SlV 
Upon receipt of ttlis command, the WC1770 issues 
one stepping pulse to the diSk drive. The st~ng 
motor direction is the same as in the pnwious step 
command. After a delay determined by the r1.1'0 field, 
a -..enfication takes place if the V flag is on. If the U 
lIag is on, the Tradt Register is updated. The h bit 
allows the Motor On option at the stan of the c0m­
mand. An interrupt is generated at the completion of 
the command. 

STEP .. N 
Upon recetpt of this command.. !Nt W01770 Issues 
one stepping pulse In the direction towards track 76. 
!f the U flag is on, the Track Register is Incremented 
by one. After a delay determined by the r,.ro held, a 
venfication takes place if the V flag is on. The h Dil 
allows the Motor On option at the start of the com­
mand. An interrupt is generated at the completion of 
the command. 

STIP.ouT 
Upon receipt of ttlis command, the W01770 issues 
one stepping pulee in the direction towards track O. If 
the U flag is on, the Track Register is decremented by 
one. Aft ... delay determined by the '1.10 field, a 
verification takes place if the V flag is on. The h bit 
allOws the Motor On ot:ltlon at the star1 of the c0m­
mand. An interrupt Is generated at the completion of 
the command. 

TYPII COMMANDS 
The 'tYPe II Commands are the Read Sector and \Mite 
Sector commands. Prior to loading the 'tYPe II C0m­
mand into the Command Regist. the computer 
must load the Sector Register with the desired sector 
numbet Upon receipt of the Type II command. the 
busy Slatus bit is set If the E flag = 1 the command 
wiUexeeute aft ... a 30 msec de~ 

When an 10 field is located on the disk. the W01770 
compares the Track Number on the 10 field with the 
Track Regis,. If t!'lent is not a matCh, the next en­
countered 10 field is read and a comparison is aoain 
made. If thefe was a matCh, the Sector Number of the 
10 field is compared with the Sector Regist. If there 
is not a Sector match, the next encountered 10 field 
is read off the diSk and comparisons aoain made. If 
the 10 field CRe is correct, the data field Is then 
located and will be either written Into. or read from 
dependlnQ upon the command. The W01770 must 
lind an 10 field WIth a Track number, Sector numbe( 
and CRe within four reYOiutions of the disk, other· 
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IN"'O ~eSET 8VSY 
SET .... ,TE PAOTECT 

SeT -..0 "".,T 
6 INDEX PUlSES 

TYPE" COMMAND 

wiee. the Recotd not found status b4t IS set (Status 
Bit 4) and the command is terminated with an inter· 
rupt (INTRa). 

Each of the Type II Commands contains an (m) flag 
which determUles if multiple records (secten) ant to 
be read or written, depending upon the command. If 
m = 0, a sin91e sector IS read or written and an inter· 
I\Ipt Is generated at the completion of the command. 
If m = 1. multiple records are read or written with 

S1 

the sector register internally updated so that an ~ 
dress verification can occur on the next record. The 
W01770 will continue to read « write multiple 
records and update the sector regiater in numerical 
ascending sequence until the sect« register ex· 
ceeds the number of secten on the track or until the 
Force Intem.lpt COKnmand ia leaded into the C0m­
mand Regis. which termlnat .. the c«nmand and 
generates an intenupt. 

For example: If the W01770 ia inatnJcted to read sec­
tor 'r1 and there ant only 28 on the track, the sect« 
register exceedS the number available. The W01770 
will search for 5 disk re¥OIutions, interrupt out, reset 
bus~ and set the I'8COI'd not found status bit 

READ SECTOR 
Upon receipt of the Reed Sect« command, the Busy 
status bit is set. and when a 10 field is encountenld 
that has the correct track numbet; conect sector 
num. and corNet CAe. the data field is pntSented 
to the COKnputet The Data Address Mark of the data 
field must be found within 30 bytes in single denSity 
and 43 bytes in double density of the last 10 field 
CRe byte; if not, the 10 field is searched for and 
Wrified again followed by the Data Address Mark 
seardL If after 5 lW'IOIutiOns the DAM cannot be 
found, the Record NOI Found status bit Is set and the 
operation is terminated. When the IIrst character or 
byte of the data field has been shifted through the 
DSA, It is transfemld to the OR, and OAQ is 
generated. When the next byte is accumulated In the 
DSA, It Is tranafarred to the OR Ind another OAQ Is 
generated. If the computer has not I8IId the previous 
contents of the DR belen • new character Is tran­
sfanad that cIWw:ter ialoat and the Lost Data Status 
bit is set. 'ThIs sequence continues until the cam­
plete data field has been inpuned to the computet: If 
there is • CRe em:JI' at the end of the data field, the 
CRe em:JI' statua bit is set. and the command is 
terminated (1Mf'I if it is. multiple I'8COI'd ~ 
At the end of the Reed operation, the type of Data M­
dress Marti encountered in the data lIeld is recorded 
in the Status Register (81t 5t as shOwn: 

STAlVS8IT5 
1 
o 

WRITE SECTOR 

Deleted Data Mm 
OataMm 

Upon receipt of the WrIte Sector command. the Busy 
status bit is set. When an 10 field is encounter1ld that 
has the cOI'TeCt tractc numbe( correct sector nu~ 
and correct CRe, • ORO is generated. T'he W01770 
counts ott 11 bytes in single density and 22 bytes In 
double density from the CRe field and the Write Gate 
(WG) output is made active if the ORO Is S8fVicecl 
(i.e., the DR has been loaded by the computet). If ORO 
". not been setviced, the cOKnmand is terminated 
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,,,TRO. RESiT auSy 
SET RECOAO IoIOT Foo"O 

8AING I~ S£CTOfI LENGTH FIELD 
STOI'IE LENG1'W 'N INTEFINAI. 

REGlSTP 

SET CAe 
STAT\JS ERRa.. 

TYPE II COMMAND 

and the Lost Data status bit is set, If the ORO haS 
been serviced. the WG is made active and six bytes 
of zeroes in sint,1le density and 12 bytes in doub'e 
density are then written on the disK. At tnis time. the 
Data Address Mati( IS tnen wnlten on the disk as 
determined by the ao field 01 the command as shown 
below: 

10 DATA ADDRESS MARK (BfT CIt 
1 Deleted Dala Mart( 
o OalaMart( 

The WD1 no tnen wntes the data field and generales 
ORO's to the computlH. II the ORO is not serviced in 
lime tOt continuous Writlnt,1 the LOst Data Status Bit 

/"11" 



.... 'A() "ESP BUSY 
SE1 :"C E"'''OR 
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READ SECTOR 
SEQUENCE 

,"'TA() "ESET BUSY 



TYPE II COMMANO 

SEQUENCE 

SET OATA LOST 
.... IIIT E BYTE 
~ ZEIIOIS 

/o,~ 
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is set and a byte of zeroes is written on the disk. The 
command is not terminated. After the last data byte 
has been written on the disk, the two-byte CRC is 
computed internally and wntten on the dislcfollowed 
bV one bVte of logic ones in FM or in MFM. The WG 
output is then deilctivated. INTRa wilt set 24,Asec 
(MFM) alter the last CRC bVte is written. For partial 
sector writing. the proper methOd is to write data and 
HII the balance WIIt'I zeroes. 

nIlE. COMMANDS 

.... Addrwu 
Upon receipt of !he Read Address command, the 
Busy Status Bit is set. The next encountered 10 fietd 
is then read in from the disk, and six data bVtes of the 
ID field are assembled and transferred to the DR, and 
a ORO is generated for each byte. The six bytes of !he 
10 field are shown below: 

TRACK! SIDE I SECTOR SECTOR CAe CAe 
AODR ! NUMBER I ADDRESS LENGTH 1 2 

1 I 2 I 3 4 5 6 

Although the CRe characters are transferred to !he 
computer. the W01T1O cheCks for validity and the 
CRe error status bit is set If there is a CRe emx The 
TracIt Address of the 10 field is written into the sector 
rwgister so tnat a companson can be made by the 
uset At the end of the operation an interrupt is 
gellen.ted and the Busy Status Is raeet 

..... 1hadI 
Upon receipt of !he READ track command. the I'Iea:2 
Is ~ and the Busy Status bit is set Realjing 
star1s wilt'l the leading edge of the first encountered 
index pulse and continues until the next IndeX pulse. 
All Gap. Header. and data bytes are assembled and 
tranaferr8cl to the data reoister and ORO·s are 
generated for eacn bVte. The accumulation of bVtes 
II synd'Ironized to each address "".,. encountered. 
An Intem.apt is generated at the completion of !he 
ccrnrn.1d. 

DATAPAntRN 
IN DR (HEX) IN FM (DDEN .. 1) 

This command has several characteristics which 
make it SUitable for diagnostic purposes. They are: no 
CRC checking is performed; gap information is in­
cluded in the data stream; and the address martt 
detector is on for the duration of the command. 
Because the AM detector is always on, write splices 
or noise may cause the chip to lOok for an AM. 
The 10 AM. 10 fietd. 10 CAe bytes. DAM. Data. and 
Data CRC Bytes for each sector will be correct The 
Gap Bytes may be r8Id incorrectly during write-splice 
time because of synchronizatiOn. 

WAITE TRACK FORMAmHG THE DISK 
IRefer to section on Type III commands for flow 
diagrams.) 

Formatting the dis is a relatiYely simple t_ when 
operating programmed 110 or when operating under 
OMA with a large amount of memory. Data and g8C) 
,nformation must De provided at the computer inter· 
face. Formatting !he disk IS accomplished by ~ 
!Ioning the R/W I'Iea:2 (1IffIIt the desired track number 
and issuing !he Ytnte Track command. 

Upon receipt of !he wnte Track command. the· Busy 
Status bit is sel W'lting statts With the leading edge 
ot the first encountered index pulse and continues 
until the next indeX pulse. at which time the intenupt 
IS activated. The Data Request IS activated im­
mediately uC)Ol1 receiving the command. but writing 
0/11111 not start until after the first byte has been loaded 
Into the Data ReglSt_ If the OA has not been loaded 
Within 3 byte limes. the operation is terminated 
making the device Not Busy. the Lost Data Status Bit 
IS set and !he intaTUpt is activated. If a byte is not 
present in !he OR when needed. a bVte of zeroes Is 
substituted. 

This sequence continues from one index""'" to the 
next index mark. Notmally. whatever data pattern ac> 
pears in lhe data register is written on the disk with • 
normal cloCk pattern. H~ If the W01T1O detects 
a data pattern of F5 IhtOUQh FE in the data reoist&( 
this is interpreted .. data address martts wilt'l 
missing clOCks Of CRe generatiOn. 

IN MFM (DDEN .. III 
00 tl'lru F4 Write 00 thru F4 With CLK = FF 'MIte 00 thru F4. in MFM 

F5 Not Allowed 
AI NOIAllowed 
F7 Generate 2 CRe bytes 

F81hru FB Write F8 tl'lru FB. CLK = C7. Pfeset CRe 
FC Write FC with ClK = 07 
Fe Write Fe with CLK = FF 
FE wnte FE, CLK = C7. Preset CAe 
FF Write FF with ClK = FF 

" . MISSing clOCk tranSition between bits 4 and 5. 
·"Missing ClOCk transillon between bits 3 and 4. 

-

Write A 1" In MFM. Present CRe 
Write C"" in MFM 
Generate 2 CRC bytes 
Wrile F8 Ihru FB. in MFM 
Wnte FC in MFM 
Wnte Fe In MFM 
Write FE in MFM 
'MIte FF in MFM I 
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The CRe generator is initialized when any data byte 
from F8 to FE is abOut to be transferred from the OR 
to the OSR in FM or by receipt of F5 In MFM. An F7 
pattem will generate two CRe chataCters in FM or 
MFM. As a conseQuence, the pattems F5 through FE 
must not appear j·n the gaps, data fields. or 10 helda. 
Also, CRe's must be generated by an F7 pattem. 

Disks may be formatted in IBM 3740 or System 34 for­
mats with sector lengths of 128. 256. 512. or 102. 
bytes. 

TYPE IV COMMANDS 
The Forced Interrupt command is generally used to 
terminate a multiple sector read or write command or 
to insuta Type I status in the status registet This 
command can be loaded into the command register 
at any time. If there is a current command under ex­
ecution (busy status bit set) the command Will be ter­
minated and the busy status bit reset. 
The lower four btts of the command determine the 
conditional interrupt as follows: 

'0 = Don't Cant 
I, :: Don't Cant 
'2 .;: Every Index Pulse 
1'3 = Immediate IntemJpt 

The c:;:·l'\(jitlona/ interrupt is enabled when the cor· 
'esoondm9 bit POSItionS of the command (l3'lOl ant 
set !o a ,. Then. when the conchtlOn for IntemJpt IS 
mel the INTRa line will go high signlfylOO that the 
condition specified haS occurred. If 13'10 ant all set to 
zero \HEX ~ no intemJpt Will occur but any c0m­
mand presently urY.iet execution Will be immediately 
terminated. When using the immediate Interrupt con­
dition (13 :: " an int8mJpt will be immediately 
geMfated and the current command terminated. 
Reading the status or writing to the command 
register will not automatically clear the interrupt The 
HEX 00 is the only command that Will enable lhe Im­
mediate interrupt (HEX 08) to clear on a subsequent 
load command register or read status register 0pera,­
tion. FollOw a HEX 08 with 00 command. 

wait 16 micro sec (double density) or 32 miCro sec 
(Single density) befOl8 issuing a new command after 
Issuing a lorced interrupt Loading a new command 
sooner tnan thiS will nullify the forced interrupt 

Forced interrupt stops any command at the end of an 
Internal micro-instruction and generates INTRa 
when the specified condition is met. Forced intemJpt 
Will walt until ALU operations in progress are com­
plete (CRe calculations. compares. etc.). 

St._Aegis_ 

Upon receipt of any command. except the Force I~ 
terrupt command, the Busy Status bit is set and the 
rest of the status bits are updated or cleared lor the 
new command. If the Force Interrupt Command is 
rece.IVed when there IS a current command ul'1der ex· 
ecutlon, the Busy status bit IS reset. and the rest of 
the status bits are unchanged. If the Force Interrupt 

command is received .... r.en there IS :'1ot a cummt 
command under execution, the Busy Status bit's 
reset and the rest 01 the status bits ant updated 
or cleared. In thiS case, Status reflects the jy~.e I 
commands. 

The user has the option of reading the status register 
through program control or using the ORO line With 
OMA or interrupt methods. When the Data register is 
read the ORO bit In the status register and the ORO 
line are automatteally reset. A write to the Data 
register also causes bOth ORO's to taset 

The busy bit In the status may be monitored with a 
user program to determ",. when a command is com. 
plete, in lieu of using the INmQ line. When using the 
INTRO. a busy status cheCk is not recommended 
because a read of the status register to determine the 
condition of busy will reset the INT"RQ line. 

The fonnat of the Status Register IS shown below: 

RECOMMENDED - 128 BYTES/SECTOR 
Shown below IS the :ecomme~ StnC;l~nsity for· 
mat wltn 128 byt8Si5eCtIX In order to format a 0151\· 
e«e. the user mU$t I$Sue the Wnte ':"ra<,k command. 
arcs load tne data register With the fOllOWing values. 
For every byte :0 De ",n!ten. there is one Data 
Request 

NUMBER i 
OF BYTES HEX VALUE OF BYTE WRmeH I 

~ FF(or(Q I 
1 

6 00 

I 1 FE liD Address ManQ 
1 Track Numbat' I 

1 Side Numter (00 or 01) I 

1 Sector Numbat'(l thN lA) 
1 00 (Sector Length. 
1 F7 (2 CRe's written) 

11 FF(orOOl 
6 00 
1 FB (Data Addrass Mat1!) 

128 Data (IBM uses E5) 
1 F7 (2 CRe's written. 

10 FF (or<Xl\ 
'--369-- FF(orOOl 

-Write bracketed held 16 times. 
··COntinue wntlng until W01770 interrupts out 

Approx. 369 bytes. 

2Se BYTESlSECTCA 
Shown belOW IS the recommended dual-density lor· 
mal with 256 bytes/sector. In order to format a 
diskette Ihe user must issue the Write Track com. 
mand and load the data register With the fOllowing 
values. For every byte to De wntten. tl",ere IS one data 
reqUest 



~ 

~ 
~ 

~ " , 
'-~ 

" , 
~)', 
'-- -

.N(lt_ II. .,IL!.' L __________ _ 
Hll'lAItLJ 

FO'4 tALH !ofC1OH 

UIiI:HOA'A CHL CltC IOlnltli 
12I8VJ[S I 2 'H' 

L---------IOfltLO---------..J L.. _____ OAIA fIElO----....J 

WHITt GATE L---
SINGLE DENSITY FORMAT 

INOH ,- -1 PULSE ~ ___________ _ 

HI"tAnn 
I- fOH tACH StCloH -I 

I IOOIIYll:> tJ ItY 'lS la.,Ul IIJ 1 HACK IiIUl bu:rOH UHUrH LHI; CHI; Jl •• ftih "1 IIY It II J8.'U, II. U811111"I" CMf: CMf. l41IYJlli I 'n' 00' 'AI' fl, • • • • I a 'u' 00' 'AI til' MII.Jt.II , l '4t 

I Ift~Ut.'" I I ft ..... EII:.I 

WIllTEOATE-----

DOUBLE DENSITY FORMAT 

r,U 1.IOUl.OM 



NUMBER 
OF 8'ITES 

m n 
I ~ 
I 

1 
1 
1 

22 
12 
3 
1 Ll 

HEX VALUE OF am WRmeH 
4E 
00 
F5IWr1tes A 1) 
FEdO Address M_ 
Tractc Number (0 tNu 4C) 
SiOe Number (0 or 1) 
Sector Numbert1 thru lA) 
01 ,Sector Length) 
F7 i2 CRe's written) 
4E 
00 
F5 (WrItes A 1) 
FB ,Data Address M~ 
DATA 
F7 (2 CRe's writ1en) 
4£ 
4£ 

°wnte bracketad ~ield 16 t",.,es. 

I 

.. Continue wntlf"lCl until WD1T70 
Approll. 668 bytes. 

intemJpta out 

1. N~S_~F~. 

Variations in the r1!Commenc:Jad lormalS ant possible 
to a limited extent If the follOWing requlfements ant 
met 

STATUS REGISTER OESCRlPTlON 
BlTNAM£ MEANING 

1) Sector SIZe must be 128. 256. 512 of 1024 bytes. 

2) Gap 2 cannot be vaned from the recommended 
format 

3) 3 bytes of A 1 must be used In MFM. 

In addition, tna Index Address Malt( is not required 
for operation by the W01T1O Gap 1,3, and 4 lengths 
can be as short as 2 bytes lor WDt no operation. 
howe¥er Pl.L lock up lime, motor speed variation. 
write-St)lice ataa. etc. will add more bytes to each gap 
to achieve P4'OJ)e( ogeratlon. It is recommended that 
the recommended format be used for h~hest s~tem 
reliaDtll~ 

FM MFM 
Gap I 16 bytes FF 32bytes4E 

GelpI! 11 bytesFF 22 bytes 4E . 6 bytes 00 12 bytes 00 . 3bytesAl 

Gap III·· 10bytesFF 24bytes 4E 
4 bytes 00 8 bytes 00 

3 bytes Al 

Gap IV 1SbytesFF 16 bytes 4E 
o Byte counts must be exact 

00 Byte counts are minimum, except exactly 3 bytes 
of A 1 must be wntten. 

57 MOTOR ON This bit reflects the status of the Motor On output 

56 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On arty wnte: It indicates a 
Wnte Protect. This bit is reset when updated. 

I SSRECORO I When set, this bit indicates that the Motor Spin-Up sequence has compleled (6 I TYPEJSPtNooUP revolutionsl on Type I commands. Type 2 & 3 commands. this bit indicates record 
I Type. 0 = Data Mark. 1 = Deleted Data Matk. 

SA RECORD NOT When sel it Indicates tNt the desired track, sectOt Of side were not fOUnd. This bit 
FOUND (RNF) IS reset when updated. 

S3 CRC ERROR If 54 is set, an error IS fOUnd In one or more 10 fields; othefwlS8 it indicates error in 
data field. This ~t is reset when updated. 

52 LOST DATAl When set. il indicates the computet did not respond to ORO In one byte time. This 
TRACK 00 bit is reset to zero when update. On Type I commandS, this btt reflects the status of 

the TRACK 00 Pin. 

I 51 DATA REOUESTI This bit is a copy of the ORO output. When set, illndicates the OR is full on a Read 
INOEX Operation or the OR is empty on a wnte operation. This bit IS reset to zero when 

updated. On Type I commands. thiS bit indicates the status of the Index Pin. 

l~~USY When set. command is under execution. When reset, no command is unclet 
execution. 

DC ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS 

Storage Temperature . . .. - 55·C to + 12!S"C 
OperatlllQ Temperature . . . . . . O'C to rooc Ambient 

60 

Maximum Voltage to Any Input 
with Respect to Vss ..... (- 15 to - O.3V) 



(Page 1 of 6) 

DATE: May 14, 196 

TO: Doug Renn 

CC: Shiraz Shivji 

FR: Tom Brightman 

RF: Atari Monitor Summary Specifications 

'"i'::**;': 

**** 

****** 
** ** ** 

** ** ** 
** ** ** 

ATARI CORP. 
1196 Borregas Avenue 
Sunnyvale, CA 94086 

Please find attached list of our summary specifications for 
Atari monitors for the ST product line. Please review these 
specifications and make any necessary corrections. 

Please also provide a drawing or specification for the SC1425 
EST monitor connector pin out. 

Thank J;J,:9u , 
.~P 
Tom Brightman 





I SM 1,4 SC 1,24 SC J.42~ 
CRT SIZE I 12" (11" V) 12" (11" V 14" (l3"V) 

Phos12hor I . Dot Dot 
Dot Pitch I 0.38mrn O.31mm 

INTERFACE Connector I 13 12in male din 13 12in male din TBD 
Audio I 1 VPP/l.OK 1 VPP/1.0K 1 VPP/1.0K 

Video In12ut I Disital RGB Ana10s RGB Ana10s 
InEut ImEedance I 75 /l.OVPP 75 /O-l.OVPP 75 /0-1.0VPP 

Dot Rate I ~2MHz 16MHz 32MHz 
HSYNC I TTL/~.3K /NEG TTL/3.3K INEG TTL/~.~K /NEG 
VSYNC I TTL/~.3K /NEG TTL/~. 3K /NEG TTL/~.~K /NEG 

DisElal Area I 210mm x 131mm 210mm x I5Dmr.: 240mm x I80mm 
Resolution I 640 x 400 640 x 200 640 x 480 

( I DEFLECTION Freguenc;i H I 35.7KHz I5.75KHz ~1.5KHz 

I V I 71.2KHz 60HZ 60Hz 
I Retrace H· I 4usec 10usec 6usec 
I V I 700usec Imsec 700usec 
I InEut Rise Time I lOnsec I5nsec 10nsec 
I Inl2ut Fall Time I 10nsec 15nsec 10nsec 
I Geo Distortion I 1.5% a 1.5% 1.5% 
I Non-Linearit;i I 9~ 7~ 7% 
I Misconversence (center) I N/A O.6mm O.4mm 
I Misconversence (corner) I N/A 1.Omm O.6mm 
I USER Power ON/OFF I Switch/Pot Switch/Pot Switch/Pot 
I CONTROLS Audio Volume I Pot Pot Pot 
I Brishtness I Pot Pot Pot 
I Contrast I Pot Pot Pot 
NOTE: 1. On/Off & Volume may be combined. 

2. On SM 124, Brightness/Contrast may be combined. 
3. Audio frequency response of 100Hz - 15KHz 3db. 

• 
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H.SYNC 

VIDEO 

V.SYNC 

VIDEO 

SM 124 

TIMING CHART 

t 3,o-j" 2S"S ~._u--1 I 
_____ 14_1_5')£_S---'III- 20,..,.S ....... I~ _1.5_"_S -1_. ____ _ 

*NOMINAL 

ACTUALLY 2.4~S - 4.5~S 

14.0B45mS 

!:llintS·I· 500 Lints 1 r' 
10.0 281mSI 114.0S6mSI : 

~ to.9558mS) (1.ISSmSJ 
.- 34 lineS t 400lints:;:' " ~ 

____________ ---'. (11.245mSJ 1-------------

-fi( 



-- --- -- -- ----------

SC 1224 

10-1. HORIZONTAL TIMING 

VID EO 

SYNC.' 

10.5~_ 6~S 40~S 

.. . , 

1 JoLS : ! 4.5 JLS 
~---I~I--+-" P­

I : • I • • I 
I 
I • • • I 

t-
15.75KHz(63.5 J.LS) 

10- 2. VERTICAL TIMING 

VIC EO 

SYNC. 

1.396mS 
-

, O.19mS 
-..~~ 

t::f 

--.. 
1.184mS 

Tt016mS 
:0-
I 

12.7mS 

O.19mS 60HzI16.69mS) 

• 

• 

_ 7~S .. 

, 
I 
I 
I 
I • I 

.: 

1.41mS 

• I 

I 
; 
• • • • • • , • • • ~. ~ , 
• • • • • .: 



SIGNAL DiN-CONNECTO R 

PIN ASSIGNMEN1 

* 13PIN OlN CONNECTOR , 

TO THE COMPUTER 

1 AUDIO 
2 NOT CONNECTED 
3 NOT CONNECTED 
4 MONO/RGB* 
5 NOT CONNECTED 
6 GREEN 
7 RED 
8 12V PULLUP 
9 H-SYNC 

10 BLUE 
11 VIDEO 
12 V-SYNC 
13 GND 

*NOTE: PIN 4 = "GROUND" FOR MONO/NOT CONNECTED FOR RGB • 

• 

OWl'). No. Rev. Page 

.... " ,,' 
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SC 1425 

1-- 31.75~SEC --i 
VIDEO 

l 1 
I 8J.lSEC -I 23.7USEC I --I (BLANKED) (DISPLAYED) 

2"s,... -f3.5USECJ--
HSYNC 

1 I 
---tz.511S"'-

HORIZONTAL 
,~ 16.7MS -t 

VIDEO l L • 
--t 1MS I--
(BLANKED) DISPLAYED t 

VSYNC :U" I I 
I 

, .., ~-t,... 
~ 63.5J.ls O.2MS 
~ (2H) 

VERTICAL 
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aiD, ROM ,~, 0(. 

I?D-s 3 

·t''\V' • _" I 

S~ 

"37 
33 

IZl! K BYTE. ' 
ROM C~.R.TRID("r£ 
, 30 / 52.0 S,· I - 2 - ~ :; 

';.Vj !'t, 

..- • /LI- --: 1'5 
GNO ---;,]2.."l~ 

V~ \c AI12i1if 
lHlVpp 1.1." /~'l.,; .. /n. i 22. Dr ,...J A" 2~ hA 

cr ~ ~~/!"l . ,., '2/'1 If 
"'5 :(' .---. ('A ftf!f~ ~ , 

'8 0,.. "" 'I ,..,.'3/1 

II Ot:s ~+ "'~'4 /tJ 3/7 ,...., ," 
~ ,~r; iJllo. ,. AS / S. 
~, D I r~' A CiA' 
/1 ,.. 'r' - 'II ~ ~" 13 Cl -:- '7 ,. f- A '7 / ... : , '\' 'I ... / ~, 
/(J;. 11 f' I ~. 2. : 
V,'-n~ .-" A, q ,~ 
~r' ~ t- 1-'\ . 1 '" . Ao '0. ~ 

'--____ ....J ! 
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