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THE SCOPE OF THIS DOCUMENT is limited to a set of rough
application notes on the Atari Computer System Interface.
This is a preliminary document and 1is subject to change
without notice.

1. ACSI Bus

o control sibnals 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 will time out and
assume controller nonexistent.

o controller self test — recalibrate, ram check, rTom
checksum, etc.

o self test always performed following reset -— elim-
inates need for self test command.

o 1initiator could time out (duration to be determined)
on a command 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.

----- ACS1 Bus Topology
{Initiator | ~———ecece coccmcrrr e ——me——— ||| c—e——————
] 1] ] [] 1
iTarget O! iTarget 1! iTarget 7!
Ty Ty T
tDevice | {Device | H :
iDevice | iDevice
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~=-===— Control and Data Signals

27 September 1985

iMnemonic! Name { Characteristics
i _RST i Reset i TTL levels, active low.
i Al ! Address 1 i TTL levels.
- _IRG { Interrupt Request | TTL levels, active low,
i H { 1 Kohm pullup on
: H { initiator side.
i _CS i Chip Select ! TTL levels, active low.
! R/_W i Read/Write { TTL levels.
! _DRG ! Data Request ! TTL levels, active low
H B i 1 Kohm pullup on
| : { initiator side.
i _ACK ! Acknouwledge ! TTL levels, active low.
! DATA i Data Bus (0-7) i TTL levels.
Initiator ACSI Port Pin Assignments
INITIATOR DB 19S TARGET
i1 i{{~== Data O >i
2 i<-——— Data 1 >
3 i<——~ Data 2 >4
4 {{-—— Data 3 >
S i<-—— Data 4 >4
6 i<~-- Data S >
7 i{-— Data & >
8 i<{-~—— Data 7 >4
Q@ {———— Chip Select >i
10 !<-=—-= Interrupt Request }
i1 {-——- Ground i
12 |-=-=— Reset >
i3 |-==-- Ground !
14 |—-—- Acknowledge >
15 {--=-—-= Ground -1
16 | Al >
17 {=-=—-= Ground !
18 |———— Read/Write - >4
19 i<{-—-- Data Request H
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27 September 1985 3

2. ACSI Compliance
2.1. Level 1

target will speak only when spoken to.

listen to bus during idle —— no disconnect.

abort initiator via interrupt.

abort target via reset —— software reset must be
provided in initiator.

o RESET HOLD TIME is 12 microseconds. o

o reset has highest bus priority.

o reset cannot be asserted by a target whether active
or inactive.

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 wuntil status
byte is returned —— otherwise time owt (TBD) and reset
target.

o after receipt of command byte, transaction belongs
to controller.

o target has complete control of bus until status byte
is returned.

o each target should have a wuser select controller
number. o

00o0O0
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Caommand Phase - -

Data direction:

Al

IRG

Ccs

R/_W

DATA

Timing

FROM initiator TO target.

\ /
\ / \
\ / \
H ' 1 1
\ / \ /
=======3 VALID >f{====0{=—=—===VALID ><{====
1<=a=Di{==b===Di{~=c~D! {{=a=D | {~=b===D! !
Byte O Byte 1
a) &0 ns (max)

b) 250 ns (max)

c) 20 ns

(max)
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27 September 1985 5

————— Status Phase -

Data direction: FROM target TO initiator.

Al

IRG : Y,

_CS : \ /

R/_W / | \

DATA ====== >< VALID ><
1 {=a==D{{~=b==2 | {=c==D I {~d~~D!

Byte O
Timing

a) 950 ns (max)
b) 1S5S0 ns (max)
c) 100 ns (max)
d) 80 ns (max)

SOFTWARE.

—-==== Controller Select Byte -

Byte 0 Ixxx————-— :
N
Controller Number
----- Completion Status Byte
Byte 0 {-—————— :
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2. 2. Level 2

include Level 1.
TEST UNIT READY command is used as a poll.

DEVICE NOT READY is to be interpreted as

o
o
o NO ERROR is to be interpreted as controller ready.
o
n

ot ready
SOFTWARE.
————— Command Descriptor Byte
Byte O ixxxxxxxxi
R R
{{{ ==—==—=== QOperation Code
Controller Number
~~~~~ Caommand Summary Table
{ OpCode { Command H
i 0x00 ! Test Unit Ready H
----- Completion Status Byte
Byte O ix

| o—————— Error Code
Device Number

Device Errors

0x00 No Error
O0x04 Device Not Ready

Miscellaneous Errors

0x30 Controller Self Test Failed
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2. 3. Level 3

o include Level 1 and Level 2.

HARDWARE.

————— Data Out Phase

Data direction: FROM initiator TO target.

Al
DRG - . \ / \
_ACK \ /
DATA >< VALID >HH====
1<—a->i< b >i<-a->1!
} = —=2>1 { (=—d—=D1
Timing

a) 60 ns (max)
b) 250 ns (max)
c) 240 ns (max)
d) 240 ns (min)
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Data In Phase

Data direction: FROM target TO initiator.

Al

DRG

ACK

DATA

Timing

- oa
[N

==z=smms=szsz==d>C VALID

i<—a=2>1i< b >i<-c

a) 60 ns (max)
b) 250 ns (max)
c) S50 ns (min)
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SOFTWARE.
----- ACSI Command Desériptor Block
Byte 0 ixxxxxxxxi
I NN
1) ———————e Operation Code
. Controller Number
Byte 1 Jxxxxxxxxi
RN
{i!}{ =-=—=—==—= Block Address High
Device Number
Byte 2 ixxxxxxxxi
HE R
Block Address Mid
Byte 3 ixxxxxxxx!
SRR
Block Address Low
Byte 4 lxxxxxxxxi )
RN
Block Count
Byte S

—==—e Cammand Summary Table

Control Byte

OpCode

0x00
0x08
0x0a
0x0b
Ox1la

{ Command '
! Test Unit Ready H
{ Read R
! Write HE
! Seek H
[ ]

Mode Sense

* multi

sector transfer with implied seek
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Command Errors

0x20
Ox21
0x23
Ox24
0x25

27 September 1985

Invalid Command
Invalid Address
Volume Overflow
Invalid Argument
Invalid Device Number
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27 September 1985 i1

3. ACSI Initiator
o must transfer data in 16 byte increment blocks.
o must use ST BIOS system variable flock (see A
Hitchhiker’s Guide to the BIOS).
-———- Initiator Handshake Sequence

o load DMA Base Address Register.

© toggle Write/_Read to clear status (DMA Mode Control Register).

o selact DMA read or write (DMA Mode Control Register).

o select DMA Sector Count Register (DMA Mode Control Register).

0o load DMA Sector Count Register (DMA operation trigger).

o select controller internal command register (DMA Mode Contrcl
Register).

o issu=2 controller select byte by clearing AD to O.

o set AO to 1 for remaining command bytes.

o after last command byte select controller (DMA Mode Control
Register).

o DMA active until sector count is zero (DMA Status Register,

do not poll during DMA active).
o check DMA error status (DMA Status Register).
o <check controller status byte.
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loadable

ahdx. s Page 1

equ 1 i nonzero for loadable driver

»
* S
* ST SASI hard disk driver
* (C)1985 Atari Corp.
#
*-—.. .
# 9-Apr-1985 1md Hacked it up. "Gee, it seems to work ..."
# 14-Apr—1985 1lmd linked with BIOS (###FOR NOWit#i)
# 20-Apr—-1985 1md hacked for WD controller (now, wired...)
# 24-Jun—-1985 juwt hacked for Adaptec, new kludge board
# 01-Jul-1985 jut seems to work, add more formatting and more
#* detailed error reporting
# 22-Jul-1985 jwt change timing of wdc/wdl at start of command,
#* added extra move.w $8a,wdl to change Al
# 23-Jul-1985 juwt use a move.l instruction for all wdc/wdl write
* " pairs since it changes Al quickly enough that
* the (ocld) DMA chip does not incorrectly
* generate two chip selects
* .
#*
flock equ $43e i FIFO lock variable
hdv_init equ $46a i hdv_init()
hdv_bpb equ $472 i hdv_bpb(dev)
hdv_rw equ $476 i hdv_rw(rw, buf, count, recno, dev)
hdv_boot equ $47a i hdv_boot()
hdv_mediach equ $47e i hdv_mediach(dev) N
drvbits equ $4c2 i black device bitVector
_dskbufp equ $4cé i pointer to common disk buffer
nretries equ 3 i #retries-1
* Installer

.glaobl i_sasi -
i_sasi: bra i_sasi2

dc. b ‘@(#)ahdx vO. 04’, $0d, $0a, 0, $1A
* Front End
#+ :
# LONG hbpb(dev) — return ptr to BPB (or NULL)
#*
# Passed: dev 4(sp). W
»
P .
hbpb:

move.w 4(sp),do

move. 1

o_bpb, al

i dO = devno
i a0 =-> pass—-through vector
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"Sep 26 11:55 1985 ahdx. s Page 2

o lea _sasi_bpb(pc),al ;i al -=> our handler
(\, bra check_dev i do it

*+
# LONG rw(rw, buf, count., recno, dev)
*
* Passed: dev se(sp). W
* recno $c(sp). W
* count $a(sp). W
* bu# b(spl. L
* TW 4(sp). W
*
W
hrw
move.w $e(sp),dO i dO = devno
move.l o_rw, a0 i a0 -> pass—-through vector
.lea _sasi_rwipc), al i al => our handler
bra check_dev ; do it ’
»+
# LONG mediach(dev)
»
* Passed: dev 4(sp). W
o~ »
( -
o hmediach:
move.w 4(sp),doO i dO = devno
move.1l o_mediach, a0 i a0 -> pass—-through vector
- lea _sasi_mediach(pc), al i al => our handler
*+
# check_dev - use handler, or pass vector through
*
*# Passed: dO. w = device#
* a0 -> old handler
* al => new handler
* a5 =-> $0000 (zero-page ptr)
*
#+ Jumps—-to: (al) if dev in range for this handler
* (a0) otherwise
» .
Y
check_dev:
cmp. w #2,d0 i devnos match?
bne chkd_# i (na)
move. 1l al,al i yes -— follow success vector
chkd_#: jmp (a0) i do it
‘:» #* Medium level driver
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"Sep 26 11:55 1985 ahdx. s Page 3

CONFID

#+ oo
# _sasi_init - initialize SASI dev -
# Passed: nothing
# Returns: d0 <€ O: error
* d0 ==0: success
*# function performed by _hinit.... and the assembler won’t
# let me have a forward reference here
L
* globl _sasi_init
#_sasi_init: equ _hinit
#+
# _sasi_bpb - return BPB for hard drive
# Synopsis: LONG _sasi_bpb(dev)
#* WORD devi
#*
# Returns: NULL, or a pointer to the BPB buffer
*
*~ .
.globl _sasi_bpb
_sasi_bpb:
move.l #thebpb, dO
rts
#*+
# _sasi_rw - read/write hard sectors .
# Synopsis: _sasi_rw(rw, buf, count, recno, dev) N
»
* Passed: dev $e(sp). W
* recno $c(sp). W
* count $a(sp). W
* bu# b(sp). L
#* W 4(sp). W i non—zero -> write
#*
P
.globl _sasi_rw
_sasi_rw:
move.w #nretries,retrycnt ; setup retry counter
sasrwl: moveq #0, dO i coerce word to long, unsigned
move.w $c(sp),do ;i sect. L
move.w $a(sp),dl i count. W
move. 1l &(sp),d2 i buf. L
move.w 4(sp),d3 i Tw
clr.w -{sp) ; dev = 0
move.l d2,-(sp) i buf
move.w di,-(sp) i count
move.l dO,-(sp) ; sect
tst. w d3 ; Tead or write?
bne sasTw3d i (write)
bsr hread ;i read sectors e
bra sasrwa :
sasTw3: bsr _hurite write sectors M

ENTIAL
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"Sep 26 11:55 1985 ahdx. s Page 4

_sasrwd: add.w #12, sp (cleanup stack)

tst. 1 dO i errors?

beq sasruwr i No —— success

subq.w #1,retrycnt i drop retry count and retry
bpl sasrwl

sasTur: rtts

#*+ .
# _sasi_mediach - see if hard disk media has changed (it never does)
#*# Synopsis: _sasi_mediach(dev)
* WORD dev;
*
# Returns: oL
*
P
.globl _sasi_mediach
_sasi_mediach:
clr. 1 do
rts
*+

* BPB for 1OMB drive

~ # Approximate only. Tweak me.
)

P
thebpb: dc. w 512 - i #bytes/sector
dec. w 2 i #sectors/cluster
dc. w 1024 i #bytes/cluster
dc. w 16 i rdlen (256 root files) (in sectors)
dc. w 41 i FATsiz (10300 FAT entries) (sectors)
dc. w 42 i 2nd FAT start
dc. w 99 ;i data start (in sectors)
dc. w 10300 i #clusters (approximate here)
dc. w 1 i flags (16-bit FATs)
* Low—level driver
#—-——=— Globals
flock equ $43e i FIFD lock variable
_hz_200 equ $4ba i 200hz system ticker
#——=—~ Hardware:
wdc equ $££8604
wdl equ $££8606
wdcwdl equ wdc ; used for long writes
dmahi equ $££8609
dmamid A equ dmahi+2
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Sep 26 11:55 1985 ahdx s Page 5

dmalow equ dmamid+2
gpip equ $£ffa0l ’ —

#————— Tunable:

ltimeout equ $80000 ; long—-timeout
stimeout equ $80000 ; short-timeout
*+
# LONG _qdone() — Wait for operation complete _
* Passed: nothing )
»
# Returns: EQ: no timeout
* MI: timeout condition
*
# Uses: DO
*—
_qdone:
move.l #ltimeout, tocount
qd1: subq. 1 #1, tocount i drop timeout count
bmi qdq i (i give up., return NE)
move. b gpip,doO i interrupt?
and. b #$20, dO
bne qdil i (not yet)
moveq #0, dO i return EQ (no timeout)
qdq: Tts
+ ‘\\\
* WORD _endcmd()
*# Wait for end of SASI command
# Passed: dO value to be written to wdl
» .
#* Returns: EQ: success (error code in DO. W)
» MI: timeout
» NE: failure (SASI error cade in DO W)
* .
# Uses: d0, d1
-
_endcmd: move dO, d1 5 preserve wdl valvue
bst _qdone ; wait for operation complete
bmi endce i (timed-out, so complain)

move.w di,wdl

nap

move. w wdc, dO i get the result '

and. w #$00f#, dO i (clean it up), if non-zero should
endce: rts i do a ReadSense command to learn more

*+
#* _hinit(dev)
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"Sep 26 11:55 1985 ahdx.s Page 6

% WORD dev;
( ~# Initialize hard disk
S )
* Returns: -1 if hard disk not there
%*
$p
.globl _sasi_init
_sasi_init:
_hinit:
pea actur i push test unit read command block adr
bsr _dosahdxc
addq. 1 #4,sp
rts
o
# _hread(sectno, count, buf, dev)
* LONG sectno; 4(sp)
# WORD count; 8(sp)
* LONG buf; $a(sp) $b=high, $c=mid, $d=low
# WORD dev; $e(sp) :
*
# Returns: -1 on timeout
* O on success
* nonzero on error
»
.
.globl _hread
. _hread:
‘i, st flock i lock FIFO
move #$88, wdl
move. 1l #$0008008a, wdcwdl i 0B wdc, Ba wdl
move.l $a(sp),-(sp) i set DMA address
bsr _setdma
addq #4, sp
bsr _setss i set sector and size
bmi _hto
move.w #$190,wdl
nop
move. w #$90, wdl
nop
move.w 8(sp),wdc ;i write sector count to DMA chip
nap
move.w #%$8a,wdl
nop
move.l #$00000000, wdcwdl i control byte O wdc O wdl
move.w #%$8a, d0
bsr —endcmd
hrx: bra _hdone i cleanup after IRQ
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_hwrite(sectno,

3t
# LONG sectno;
# WORD count;
# LONG buf;
# WORD devi
3*

.globl
_hwrite:
st

move. 1
bsr
addq

move.
move. 1

bst
bmi

move. w
nop
move. w
nop
move. w
nop
move. w
nap
move. 1

move. w
bst

hwx: bra .

H 4

# _wd_format
# Passed:

# Returns:

# Uses:

¥*

*—

.globl
_wd_format: lea
clr. w
st
move. w
move. b
swap
move. w
move. 1

moveq

andx. s Page 7

bu#, dev)
4({sp)
8(sp)
$a(sp)

$e(sp)

count,

_hwrite
flock
$a(sp), —(sp)
_setdma

#4, sp

#$88, wdl
#4$000a008a, wdcwdl

_setss
_hto

-#$190, wdl

8(sp),wdc
#4$18a, wdl
#$00000100; wdcwd 1

#%18a, dO
_endcmd

_hdone

format WD hard disk

nothing
O, or -N
<702

_wd_format
acfmt, a0
d0

flock
#$88, wdl
(a0)+, dO
do

#$8a, dO
d0, wdc

#(5-1),4d1

$b=high,

i

$c=mid, $d=low

lock FIFO

set DMA address

Oa wdc 8a wdl

sector count for DMA ct

cleanup after IRQ

pick up pointer to the

lock FIFO

get the command byte

byte wdc 8a wdl

write remaining S5 byte

CONFIDENTIAL
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2p 26 11:55 1985 ahdx. s Page 8
ntl: bsr _qdone
bmi _hto
move. b (aQ)+,d0
swap do
move. w #%$8a,d0
move.1l dO,wdcwdl
dbra di, fmt1
nt2: btst #5, gpip
bne fmt2
move.w wdc,dO
andi.w #$00FF., d0O
bra _hdone
+
wd_setup - setup parameters
.globl _wd_setup
wd_setup:
st flock
pea adap_parms{(pc)
bsr _setdma
addq #4, sp
move. w #$88,wdl
move. 1l #$0015008a, wdcwdl
bsr —qdone
bmi wd x
move. 1 #$0000008a, wdcwdl
bsr _qdone
bmi wd x
move. 1 #$0000008a, wdcwdl
bsr —qdone
bmi wd x
move. 1l #$0000008a, wdcwdl
bsr —qdone
bmi wdx
move. 1l #$00146008a, wdcwdl
bsr _qdone
bmi wd x
move. w #$90, wdl
nap
move. w #%$190,wdl
nop
move. w #$01,wdc
nop
move. w #$18a,wdl
nop
move. 1l #$00000100, wdcwdl
move. w #$18a,d0

i

H

CONFH

(presumes only one unit)

next byte of command

wait (forever) for completion

get the status

only low byte is significant

cleanup after IRG

for WD hard disk

mode select command

15 wdc B8a wdl

22 bytes of parameters

reset the DMA chip

1 sector of DMA (actuvally less)

control byte

wdl value

DENTIAL
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Sep 24 11:55 1985 ahdx.s Page 9

bsr _endcmd _ B
wdx: bra _hdone ' AN
"
#——— parameters for 10MB WD
adap_parms: dc. b $00, $00, $00, $08, $00, $00, $00, $00, $00, $00
dc. b $02, $00, $01, $02, $462, $02, $01, $00, $01, $00, %00, $02
*+
# LONG _dosahdxc( addr ) BYTE #addr;
#* do a simple (no DMA) ahdx command
=
.globl _dosahdxc
_dosahdxc: movea.l 4(sp),ad 7 pick up pointer to the command block
clr. w do
st flock i lock FIFO
move. w #$88, wdl
move. b (a0)+,dO i get the command byte
swap do
move.w #$8a,d0
move.l dO,wdcwdl i send it to the controller
moveq #(5-1),d1 i write remaining S bytes of command
dosacl: bsr —qdone i (presumes only one unit)
bmi _hto
move. b (a0)+,d0 ;i next byte of command
swap do
move. w #%$8a,d0
move.l dO,wdcwdl !
dbra d1, dosacl S
bsr -qdone i wait for the command to complete
bmi _hto
move.w wdc,dO i get the status
andi.w #$00FF, dO i only low byte is significant
bra _hdone i cleanup after IRQ
#+
# void _setdma(addr)
# LONG addr;
P
_setdma:
move. b 7(sp),dmalow
move. b &(sp), dmamid
move. b S(sp),dmahi
rts
*+
* WORD _setss —-— set sector number and number of sectors
Yo
_setss: move.w #%8a, wdl Fan
NS
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bst
bmi

move. b
move. b

1sl. b
or.b
swap
move.
move.
bst

bmi

move.

" swap
move.
move.
bsr
bmi

move.
swap
move.
move.
bst
bmi

move.
swap
move.
move.
bstr

setsse: rts

Ll 3

- g

-_hto: moveq
_hdone: move. w

nop

tst. w

clr
rts

savssp:
tocount:
retrycnt:
o_init:
o_bpb:
o_Tw:
o_mediach:

i_sasi2: nop

ifne loadable

clr. 1

move. w

trap

_qdone
setsse
9(sp), dO
$e(sp), dl
#5,d1
d1,doO

do
#$€008a, dO
d0, wdcwd1
_qdone
setsse
10(sp), dO
([}
#$008a, dO
d0, wdcwdl
—qdone
setsse
11(sp), dO
d0
#$008a, dO
dO, wdcwdl
_qdone
setsse
12(sp), dO
do
#$008a, dO
dO, wdcwd1
_qdone
#—10 dO
#$80, wdl
wdc

flock

dec. 1 i
dc. 1 i
dc. w i
dec. 1 1
dc. 1 i
dc. 1 1
dec. 1 1
-(sp)

#$20, ~(sp)
#1

ahdx. s Page 10

i

H
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wait for controller to take command
construct sector#

ORed with devno

write MSB sector# + devno

write MidSB sector#

write LSB sector#®

write sector count

indicate timeout
Landon‘s code seems to presume we
put this back to %80

NOW, signal that we are done
(saved SSP)

timeout counter
retry counter

it’s a bird...
it‘’s a plane ...
no, its:

sey
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endc

isasq:

ifne

endc

ifne

endc

isase:

ifne

endc

msg:

addq
move. 1

bsr
tst. w
bne

clr. 1
or.1
or.1
move. 1

cle. 1
move.
move.
move.

bt s

move.
move.
move.

bt et s

nop

loadable
move. 1l
move. w
trap
addq

loadable
move. w
move. 1
move. w
trap

rts

lea
bstr

loadable
move. 1
move. w
trap
addq

move. w
move. w
trap

move. 1

move. w

#6, sp i SOOUPERUSER!'!
d0: savssp i "Faster than a prefetched opcode... "

\V/

_sasi_init i kick controller
do
isase i punt —— disk didn’t respond correctly

do

_drvbits, dO i include C: bit in devVector
#$4, dO

d0, _drvbits

as i zeropage ptr
hdv_bpb(aS5), o_bpb ' i save old vectors
hdv_rw(aS), o_rw

hdv_mediach(aS), o_mediach

#hbpb, hdv_bpb(a5) 3 install our new ones
#hrw, hdv_rw(ad)
#hmediach, hdv_mediach(a5)

; stupid assembler

savssp, —-(sp) ; become a mild mannered user process
#3320, —-(sp)

#1

*6059

#0, —-(sp) ; exit code

#((i_sasi2-i_sasi)+$0100),-(sp) ;i save code, data, & basepage
#$31, ~(sp) i terminate and stay resident

#1 i should never come back. ..

nodmsg, a0
msg

savssp, —~(sp) ; become a mild mannered user process
#$20, —-(sp)

#1

#6, sp

#1,-(sp) i flag error status
#%4c, -(sp) i terminate
#1

a0, -(sp) a
#9, -(sp) i print null terminated string "
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o trap #1
(‘ addq. 1 #6,sp
e Tts
actur: dc.b 0,0,0,0,0.0 ; atari command: test unit ready
acfmt: dc.b 4,0,0,0,1,0 i format disk
nodmsg: dc.b ‘No AHDX disk response. ’, $0d, $0a, 0
. even
end

.....
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MCSR30
MCG8A50

(1.5 MHz)

MgﬁBBSO

ASYNCHRONOUS COMMUNICATIONS INTERFACE
ADAPTER (ACIA)

The MC6850 Asynchronous Communications Interface Adapter pro-
vides the data formatting and control to interface serial asynchronous
data communications information to bus organized systems such as the
MCB6800 Microprocessing Unit.

The bus interface of the MCE8B50 includes select, enable, read/write,
interrupt and bus interface 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 the asynchronous data interface, with pro-
per formatting and error checking. The functional configuration of the
ACIA is programmed via the data bus during system initialization. A

MOS

(N-CHANNEL, SILICON-GATE)

ASYNCHRONOUS
COMMUNICATIONS INTERFACE
ADAPTER

S SUFFIX

programmable Control Register provides variable word lengths, clock V' CERDIP PACRAGE
division ratios, transmit control, receive control, and interrupt controi. * CASE 623
For peripheral or modem operation, three control lines are provided.
These lines allow the ACIA to interface directly with the MC6860L
0-600 bps digital modem.
©® 8- and 9-Bit Transmission ] P SUFFIX
® Optional Even and Odd Parity I pLasTic PACKAGE
® Parity, Overrun and Framing Error Checking CASE 708
® Programmable Control Register
® Optional + 1, + 16, and +~ 64 Clock Modes
® Up to 1.0 Mbps Transmission
® False Start Bit Deletion CER:”?CU::';(AGE
® Peripheral/Modem Controi Functions CASE 716
® Double Buffered
® One- or Two-Stop Bit Operation
PIN ASSIGNMENT
MCB860 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER
B8LOCK DIAGRAM
¢ vssr @ /' 2pcTs
Rx Data{]2 23{15¢o
RAxCLK 3 22100
oute Tx CLK 4 21f1 01
. T it
Detas Bus B“B't::' , Transmitter f—am ';'.'::' o ATsds 20002
TxData(]6 19{]03
a nag? 18 {104
" eceive
- Data csoQs 17008
cs2Q9 16 {J 06
Adarass i cs1{]io 15 {JO7
C«:n"zol ond Rs (1! 1a{J€
Interrupt Control Peripharal/ veelh2 13w
ey jt—————p  Modem
Control
4-527
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MC6850°MCBBA50° MC68B50 |
MAXIMUM RATINGS
Characteristics Symbol Value Unit This device contains circunry 1o protect the
Supply Voltage Ve |-0310 +70} Vv inputs against damage due to high static
input Voltage Vin ~03tw0 +70}) Vv voltages or electric fields; however, it is ad-
R vised that normal precautions be taken to
o?h?ggotvcggzgﬂ‘ég;m Ta IT,L :: ;DH oC avoid application of any voltage higher than
MCEBS0C. MCEBASOC, MCEBBSOC -40 10 +85 maxmum  fated voltages to this high- ‘
T ~ a - T e - impedance circuit. Reliability of operation is
Storage Temperature Range stg | ~551t0 +150 | °C enhanced 1f unused inputs are tied (o an ap-
prepriate logic voltage level le g., either Vgg
THERMAL CHARACTERISTICS or Vee)
Ch isti Symbol Value Unit
Thermal Resistance
Plastic 120
Ceramic LAT 60 °C/W
Cerdip 65
POWER CONSIDERATIONS
The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Ppeoja) (311
Where:
T = Ambient Temperature, °C
8 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT +PPORT
PiNTmiccx Vee, Watts — Chip Internal Power
PpoRT = Port Power Dissipation, Watts — User Determined 4
For most applications PPORT <« PINT and can be neglected. PpPQRT may become significant if the device = configured to
drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PPORT is neglected) is:
Pp=K=+(Tj+273°C) 2)
Solving equations 1 and 2 for K gives:
K=Ppe(Tp+273°C) + OJA-P02 (3)
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T J can be obtained by solving equations (1) and (2) iteratively for any
value of TA.
DC ELECTRICAL CHARACTERISTICS (Ve =5.0 Vde £5%, VS5=0, Ta=T to TH uniess otherwise noted |
Charascteristic Symbol Min Typ Max Unit
input High Volitage ViH Vgg+20 | - vee \
Input Low Voltage Vi Vgs-03| - | Vvss+08 | Vv
Input Leakage Current R/W, CSO, CS1, C32, Enable ' ~ 10 25 A
Vin=0105.25V) RS, Rx D, Rx C, CT5. DCD in : : s
Three-Siate (Off State) input Current 00-07
(Vin=0.4 10 2.4 V) Ts) - 20 10 A
Output High Voltage D0-07
(I oad = — 205 uA, Enable Puise Width <25 s} VoH Vgs+24 - - v
{iLoag™= — 100 A, Enable Pulse Width < 25 us) Tx Data, ATS vgs+24 | - -
Qutput Low Voltage (I gad= 1.6 mA, Enable Pulse Width< 25 us) VoL - - Vgs+0.4 v
Output Leakage Current (Off State] (VOH = 2.4 VI TG | LoH = 1.0 10 WA
Internal Power Dissipation (Measured at Ta =Ty ) PINT - 300 525 mwW
Internal Input Capacitance
(Vin=0, TA=25°C, {=1.0 MHz) 00-07 | Cin - 10 125 pF
E, Tx CLK, Rx CLK, R/W, RS, Rx Data, CS0, CS1, T52, TS, BCD - 7.0 75 ]
Output Capacitance RTS, Tx Data c - - 10 oF
Vin=0, TA=25°C, f = 1.0 MH2) wa out - _ 50
. AN
4528 N
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SERIAL DATA TIMING CHARACTERISTICS

Characteristic Symbol MCess0 MC6BA50 | MCE8B50 Unit
Min | Max | Min | Max | Min | Max
Data Clock Puise Width, Low + 16, + 64 Modes PWeL 600 - 450 - 280 - ns
(See Figure 1) + 1 Mode 900 | - |650 ) - |50 | -
Data Clock Pulse Width, High + 16, + 64 Modes PWCH 600 | — | 450 - 280 | - ns
(See Figure 2) +~ 1 Mode 900 - | 680 | - 500 -
Data Clock Frequency + 16, + 64 Modes e - 08 - 1.0 - 1.5 | MHz
+ 1 Mode — | 500 { — | 750 | — |1000] kHz
Data Clock-to-Data Delay for Transmitter {See Figure 3) tTOD - | 600 | — | 540 | — | 460 [ ns
Receive Data Setup Time (See Figure 4} +1Mode { taps | 260 | - 100 - 0 - ns
Receive Data Hold Time (See Figure 5 +~1Mode | tgpy {260 | - | 100 | - 0 — ns
Interrupt Request Release Time (See Figure 6) YR - 1.2 - 0.9 - 0.7 | us
Request-to-Send Delay Time (See Figure 6} TS - 560 - 480 - 400 ns
Input Rise and Fall Times (or 10% of the puise width if smaller) 1 - 1.0 - 0.5 ~ 1025 us

FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE

PWCY el

Tx Clk
or
Rx Cltk

FIGURE 3 — TRANSMIT DATA QUTPUT DELAY

Tx Cik

trpp  |e——

Tx Data

FIGURE 5 — RECEIVE DATA HOLD TIME
(+1 Mode)

Rx Cik

[*— 'ROH

Rx Data

FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE

Tx Clk

Rx Clk

PWe

FIGURE 4 — RECEIVE DATA SETUP TIME
(+ 1 Mode)

Rx Data x
——

Rx Clock

tROS

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

Enable

o

=

*—tRTS

RL}

—

Note: Timing measurements are referenced to and from a low voitage of 0.8 voits and a high voitage of 2.0 voits, unless otherwise noted.
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2 and Figure 7)

Ident. MCB850 | MCBBAS0 | Mceseso
Number , Characterietic Symbol [ Max | Min [ Max | Min | Max] O™
1 Cycle Time teye |10 10 j067] 10 [05] 10] s
2 Pulse Width, € Low PWg(_| 430 | 9600 | 280 | 9600 | 210 | S600] rs
3 Puise Width, £ High PWEH | 450 | 9600 | 280 | 9600 | 220 | 9600 ns
2 Clock Rise end Fall Time , vy | - | %] - | B ]| -| 0] ns
9 Address Hold Time AR 0] - 0] = ]0] =] ns
13| Address Setup Time Before £ s [0 ] - [0 | - 4] - | ns
14 Chip Select Setup Time Before E 'cs 80| - {60 )]~ | 4] - ns
16 | Chip Select Hold Time tch | 0] - JW0] -~ ]w0] -] ns
18 Read Date Hold Time \DHR | 20 | 100 | 20 | 100 | 20 | 100 | ns
Write Dats Hold Time toHw | 0| - 10 - 10 - ns
B Output Data Delay Time DOR — 22| - [W® ] - | 50| ns
" hput Data Setup Time tosw | 66| - | 8 | - |60 ] - | ns

FIGURE 7 — BUS TIMING CHARACTERISTICS
- 0) >
o \ U
eI ~ [
0o
)

-~ @ O <

| Yy
i
©

R/W. Address \’A‘lﬂ
Nonmureat ___| JXXIQOXK 20X
s_1/

BRYD) —@—
Read Data MPU Read Data Non-Muxed y.
Non-Muxed
{21)
Wirite Data MPU Write Data Non-Muxec!
Muxed
1. Voltage levels shown are Vi £0.4 V, VH22.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, uniess otherwise specified.
FIGURE 8 — BUS TIMING TEST LOADS
Load A _Losd 8
(D0-O7, RTS, Tx Data) {(!RQ Only)
sov
Ry =25 k)
Test Point MMD6150 Test Pont
or byuw
c n
MMD 7000
or Equiv.
C = 130 ¥F tor DO D7 R = 11.7 k82 for DO-O7
= 30 »F tor ATS and Tx Data = 24 kil tor RTS snd Tx Dats

50V
3k

100 of
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FIGURE 9 — EXPANDED BLOCK DIAGRAM

Transmit Clock 4 Clock Parity
Ensbis 14 ——.-} Gen Gen
Reed/Write 13 —®  Chip { I
Chip Selec1 0 B —@m Select Transmit Transmit
Chip Setect 1 10 —=»d  and Data :y Shift f——————————=& 6 Transmit Data
Chip Select 2 9 ——QORead/Write| Register Register
Register Selact 11— CoOntrot ’
Transmit
Controt D—-T—— 24 Clear 1o Send
DO 22 -
Status
D121 - Register *
1nt t
02 20 < i Moaie! P— 7 interruot Request
D3 19 - Data
Bus .
D4 18 w8 ayifers 23 Dats Carrier Detect
05 17 -4
06 16 <oy :D‘ = 5 Request-to-Send
D7 15 <08 Control &
Register
Receive Parity
Control . Chaeck
Vee= Pin 12 Receive p Receive
Vgg=Pin 1 Oats (:: Shitt 2 Data
SS Register Register
Clock Sync
Receive Clock 3 Gen Logic r“

DEVICE OPERATION

At the bus interface, the ACIA appears as two addressable
memory locations. Internally, there are four registers: two
read-only and two write-only registers. The read-only
registers are Status and Receive Data; the write-only
registers are Control and Transmit Data. The serial interface
consists of serial input and output lines with independent
clocks, and three peripheral/ modem control lines.

POWER ON/MASTER RESET

The master reset (CRO, CR1) should be set during system
initialization to insure the reset condition and prepare for pro-
gramming the ACIA functional configuration when the com-
munications_channel_is required. During the first master
reset, the IRQ and RTS outputs are held at level 1. On all
other master resets, the RTS output can be programmed
high or low with the IRQ output held high. Control bits CR5
and CR6 should also be programmed to define the state of
RTS whenever master reset is utilized. The ACIA also con-
taing internai power-on reset logic to detect the power line
turn-on transition and hold the chip in a reset state to pre-
vent efroneous output transitions prior to initialization. This
circuitry depends on clean power turn-on transitions. The

4-531

power-on reset is released by means of the bus-programmed
master resat which must be applied prior to operating the
ACIA. After master resetting the ACIA, the programmable
ontrol Register can be set for a number of options such as
variable clock divider ratios, variabie word length, one or two
stop bits, parity {even, odd, or nonel, etc.

TRANSMIT

A typical transmitting sequence consists of reading the
ACIA Status Register either as a result of an interrupt or in
the ACIA’s turn in a polling sequence. A character may be
written into the Transmit Data Register if the status read
operation has indicated that the Transmit Data Register is
empty. This character is transferred to a Shift Register where
itis serialized and transmitted from the Transmit Data output
preceded by a start bit and followed by one or two stop bits.
Internal parity (odd or even) can be optionally added to the
character and will occur between the last data bit and the
first  stop bit. After the first character is written in.the Data
Register, the Status Register ¢an be read again to check for a
T-ansmit Data Register Empty condition and current
peripheral status. If the register is empty, another character
can be ijoaded for transmission even though the first
character is in the process of being transmitted (because ot

24
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double buffering). The second character will be automatical-
ly transferred into the Shift Register when the first character
transmission is' completed. This sequence continues until all
the characters have been transmitted.

RECEIVE

Data is received from a peripheral by means of the Receive
Data input. A divide-by-one clock ratio is provided for an ex-
ternally synchronized clock (to its data) while the divide-
by-16 and 64 ratios are provided for internal synchronization.
Bit synchronization in the divide-by-16 and 64 modes is in-
itiated by the detection of 8 or 32 low samples on the recaive
line in the divide-by-16 and 64 modes respectively. False start
bit deletion capability insures that a full half bit of a start bit
has been received before the internal clock is synchronized
to the bit time. As a character is being received, parity {odd
or even) will be checked and the error indication will be
available in the Status Register along with framing error,
overrun error, and Receive Data Register full. In a typical
receiving sequence, the Status Register is read to determine
if a character has been received from a peripheral. If the
Receiver Data Register is full, the character is placed on the
8-bit ACIA bus when a Read Data command is received from
the MPU. When parity has been selected for a 7-bit word (7
bits plus parity), the receiver strips the parity bit (D7=0) so
that data alone is transferred to the MPU. This feature
reduces MPU programming. The Status Register can con-
tinue to be read to determine when another character 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 all
characters have been received.

INPUT/OUTPUT FUNCTIONS

ACIA INTERFACE SIGNALS FOR MPU

The ACIA interfaces to the M6B00 MPU with an 8-bit
bidirectional data bus, three chip select lines, a register select
line, an interrupt request line, read/write line, and enable
line. These signals permit the MPU to have complete control
over the ACIA.

ACIA Bidirectional Data (D0-D7) — The bidirectional data
lines (DO-D7) allow for data transfer between the ACIA and
the MPU. The data bus output drivers are three-state devices
that remain in the high-impedance (off) state except when
the MPU performs an ACIA read operation.

ACIA Ensble (E) — The Enable signal, E, is a high-
impedance TTL-compatible input that enables the bus in-
put/output data buffers and clocks data to and from the
ACIA. This signal will normally be a derivative of the MC6800
$2 Clock or MC6809 E clock.

Read/Write (R/W) — The Resd/Write line is a high-
impedance input that is TTL compatible and is used to con-
trol the direction of data flow through the ACIA’s input/out-
put data bus interface. When Read/Write is high (MPU Read
cycle), ACIA output drivers are turned on and a selected
register is read. When it is low, the ACIA output drivers are

4-532

turned off and the MPU writes into a selected register.
Therefore, the Read/Write signal is used to select read-only
or write-only registers within the ACIA.

Chip Select (CS0O, CS1, CS2) —~ These three high-
impedance TTL-compatible input lines are used to address
the ACIA. The ACIA is selected when CS0 and CS1 are high
and CS2 is low. Transfers of data to and from the ACIA are
then performed under the control of the Enable Signal,
Read/Write, and Register Select.

Register Select (RS) — The Register Select line is a high-
impedance input that is TTL compatible. A high level is used
to select the Transmit/Receive Data Registers and a low
level the Control/Status Registers. The Read/Write signal
line is used in conjunction with Register Select to select the
read-only or write-only register in each register pair.

Interrupt Request {IRQ) — Interrupt Request is a TTL-
compatible, open-drain {no internal 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
TRQ status bit, when high, indicates the IRiQ output is in the
active state.

Interrupts resuit from conditions in both the transmitter
and receiver sections of the ACIA. The transmitter section
causes an interrupt when the Transmitter Interrupt Enabled
condition is selected (CR5#CR6), and the Transmit Data
Register Empty (TDRE) status bit is high. The TDRE status
bit indicates the current status of the Transmitter Data
Register except when inhibited by Clear-to-Send (CTS) be-
ing high or the ACIA being maintained in the Reset condi-
tion. The interrupt is cleared by writing data into the
Transmit Data Register. The interrupt is masked by disabling
the_Transmitter Interrupt via CRS or CR6 or by the loss of
CTS which inhibits the TDRE status bit. The Receiver sec-
tion causes an interrupt when the Receiver Interrupt Enable
is set and the Receive Data Register Full (RDRF) status bitis
high, an Overrun has occurred, or Data Carrier Detect (DCD)
has gone high. An interrupt resulting from the RDRF status
bit can be cleared by reading data or resetting the ACIA. In-
terrupts caused by Overrun or loss of DCD are cleared by
reading the status register after the error condition has oc-
curred and then reading the Receive Data Register or reset-
ting the ACIA. The receiver interrupt is masked by resetting
the Recaiver Interrupt Enable.

CLOCK INPUTS

Separate high-impedance TTL-compatible inputs are pro-
vided for clocking of transmitted and received data. Clock
frequencies of 1, 16, or 64 times the data rate may be
selected.

Transmit Clock (Tx CLK) — The Transmit Clock input is
used for the clocking of transmitted data. The transmitter in-
itiates data on the negative transition of the clock.

Receive Clock (Rx CLK) — The Receive Clock input is
used for synchronization of received data. {In the + 1 mode,
the clock and data must be synchronized externally.) The
receiver samples the data on the positive transition of the
clock.
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SERIAL INPUT/OUTPUT LINES

Receive Data (Rx Data) — The Receive Data line is a high-
impedance TTL-compatible input through which data is
received in 3 serial format. Synchronization with a clock for
detection of data is accomplhished internally wher clock rates
of 16 or 64 times the bit rate are used.

Transmit Data (Tx Data) — The Transmit Data output line
transfers serial data to a modem or other peripheral.

PERIPHERAL/MODEM CONTROL

The ACIA inciudes several functions that permit limited
control of a peripheral or modem. The tunctions included are
Clear-to-Send, Request-to-Send and Data Carnier Detect.

Ciear-to-Send (CTS) — This high-impedance TTL-
compatitie input provides automatic control of the transmit-
ung end of 3 communications iink via the modem Clear-to-
Send active low output by inhibiting the Transmit Data
Register Empty (TDRE) status bit.

Request-to-Send (RTS) — The Request-to-Send output
enables the MPU to control a peripheral or modem via the
data bus. The RTS output corresponds to the state of the
Control Register bits CR5 and CR6. When CR6=0 or both
CRS and CR6=1, the RT3 output is low {the active state).
This output can aiso be used for Data Terminal Ready (DTR).

Data Carrier Detect (DCD) — This high-impedance TTL-
compatible input provides automatic control, such as in the
receiving end of a communications link by means of a
modem Data Carrier Detect output. The DCD input inhibits
and initializes the receiver section of the ACIA when high. A
low-to-high transition of the Data Carrier Detect initiates an
interrupt to the MPU 10 indicate the occurrence of a loss of
carner when the Receive interrupt Enable bit is set. The
Rx CLK must be running for proper mopelauot\,

ACIA REGISTERS
The expanded block diagram for the ACIA indicates the in-
ternal registers on the chip that are used for the status, con-
trol, recewving, and transmitting of data. The content of each
of the registers is summarized in Table 1.

TRANSMIT DATA REGISTER (TDR)

Data is written in the Transmit Data Register during the
negative transition ot the enable (E) when the ACIA has been
addressed with RS high and R/W low. Writing data into the
register causes the Transmit Data Register Empty bit in the
Status Register to go low. Data can then be transmitted. it
the transmitter is idling and no character 13 being transmit-
ted, then the transfer will 1ake place within 1-bit time of the
trailing edge of the Write command. If a character is being
transmitted, the new data character wiil commence as soon
as the previous character 1s complete. The transfer of data
causes the Transmit Data Register Empty (TDRE) bit to in-
dicate empty.

RECEIVE DATA REGISTER (RDR)

Data is automatically transferred to the empty Receive
Data Register (RDR) from the receiver desenalizer (3 shift
register) upon receiving a compiete character. This event
causes the Receive Data Register Fuli bit (RDRF) in the
status buffer to go high (full). Data may then be read
through the bus by addressing the ACIA and selecting the
Receive Data Register with RS and R/W high when the
ACIA is enabled. The non-destructive read cycle causes the
RDAF bit 10 be cleared to empty aithough the data is re-
tained in the RDR. The status is maintained by RDRF as to
whether or not the data 1s current. When the Receive Data
Register is fuil, the automatic transfer of data from the
Receiver Shift Register to the Data Register is inhibited and
the RDR contents remain valid with its current status stored
in the Status Regrster.

TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS

Butfer Address
-
Dsts RS » R/W RS ¢ R/W RS« RIW AS e R/W
Bus Traosmit Receive
Line Data Data Control Status
Number Register Register Register Regrster
{Write Only) {Read Only) (Write Only) ({Read Only)
) Dawa Bt 0° Data Bit O Counter Divide Recesve Data Register
Setect 1 (CRO) Full (RORF)
' Osta 811 1 Oata & 1 Counter Divive Transimit Data Register
Select 2.:.CR 11 Empty (TOAE)
? Data Bit 2 Data 811 2 Word Setect 1 Oata Carrrer Detect
(CR2) (BTo)
3 Oate 8t 3 Data 8t 3 Waore Select 2 Clear to Sena
(CR3) (T3
4 Datagin 4 Data 8t 4 Word Select 3 Framing Error
(CR4 (FE)
5 Oata Bt 5 Data B8 S Transnut Control 1 Recewer Overrun
(CRS) TOVAN)
6 Data Bit 6 Data B 6 Transnut Control 2 Parity treor (PEY
(CRG)
7 Datagu 7°°* Data 8 7°° Receive interrupt Interrupt Reauest
Enahle (CH7) (TROY

* Lesding it LSB 81t O
** Data bit will he zero in 7 bt phus parnity modes

“tc Data hitis don't care’ 1 7 bt plus panty modes
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CONTROL REGISTER

The ACIA Control Register consists of eight bits of write-
only buffer that are selected when RS and R/W are low. This
register controls the function of the receiver, transmitter, in-
terrupt enables, and the Request-to-Send peri-
pheral/modem control output.

Counter Divide Select Bits (CRO and CR1) — The Counter
Divide Select Bits (CRO and CR1) determine the divide ratios
utilized in both the transmitter and receiver sections of the
ACIA. Additionally, these bits are used to provide a master
reset for the ACIA which clears the_Status Register (except
for external conditions on CTS and DCD) and initializes both
the iver and itter. M. reset does not affect
other Control Register bits. Note that after power-on or a
power fail/restart, these bits must be set high to reset the
ACIA. After resetting, the clock divide ratio may be selected.
These counter select bits provide for the following clock
divide ratios:

cm [ cro T runction
0 0 +1
0 1 +18
1 0 ~64
1 1 Master Reset

Word Select Bits (CR2, CR3, and CR4) —~ The Word
Select bits are used to select word length, parity, and the
number of stop bits. The encoding format is as follows:

CR4| CR3 | CR2 Function
0 0 0 7 Bits + Even Parity + 2 Stop Bits
0 (1] 1 7 Bits+ Odd Parity + 2 Stop Bits
0 1 0 7 Bits + Even Parity + 1 Stop Bit
0 1 1 7 Bits+ Odd Parity+ 1 Stop Bit
1 0 0o 8 Bits +2 Stop Bits
1 [ 1 8 Bits+ 1 Stop Bit
1 1 [} 8 Bits + Even parity+ 1 Stop Bit
1 1 1 8 Bits+ Odd Parity+ 1 Stop Bit

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

Tranemitter Control Bits (CRS and CR8) ~ Two Transmit-
ter Control bits provide for the control of the interrupt from
the Transmit Data Register Empty condition, the Request-to-
Send (AT3) output, and the transmission of a Break level
(space). The following encoding format is used:

CRE| CRS Function
0 | 0 | AIS=low, Transmiting Interrupt Disabled.
0| 1 | RiS=low, T itting Interrup
1] o0 | RTS=high, T itting pt Disabled
1 1 | RTS=low, Transmits a Break level on the
Transmit Dats Output. Transmitting Inter-
1upt Disabled.

Receive interrupt Eneble Bit (CR7) — The following inter-
rupts will be enabled by a high level in bit position 7 of the
Control Register (CR7): Receive Data Register Full, Overrun,
or a low-to-high transition on the Data Carrier Detect (DCD)
signal line.

STATUS REGISTER

Information on the status of the ACIA is available to the
MPU by reading the ACIA Status Register. This read-only
register is selected when RS is low and R/W is high. Infor-
mation stored in this register indicates the status of the
Transmit Data Register, the Receive Data Register and error
logic, and the peripheral/modem status inputs of the ACIA.

Receive Dats Register Full (RDRF), Bit 0 — Receive Data
Register Full indicates that received data has been trans-
ferred to the Receive Data Register. RDRF is cleared after an
MPU read of the Receive Data Register or by a master reset.
The cleared or empty state indi that the cont of the
Receive Data Register are not current. Data Carrier Detect
being high also causes RDRF to indicate empty.

Transmit Data Register Empty (TDRE), Bit 1 — The
Transmit Data Register Empty bit being set high indicates
that the Transmit Data Register contents have been trans-
ferred and that new data may be entered. The low state in-
dicates that the register is full and that transmission of a new
character has not begun since the last write data command.

Data Carrier Detect (DCD), Bit 2 — The Data Carrier
Detect bit will be high when the BTD input from a modem
has gone high to indicate that a carrier is not present. This bit
going high causes an Interrupt Request to be generated
when the Receive Interrupt Enable is set. It remains high
after the DCD input is returned fow until cleared by first
reading the Status Register and then the Data Register or
until a master reset occurs. If the DCD input remains high
after read status and read data or master reset has occurred,
the interrupt is cleared, the DCD status bit remains high and
will follow the DCD input.

Clear-to-Send (CTS), Bit 3 — The Clear-to-Send bit in-
dicates the state of the Clear-to-Send input from a modem.
A low CTS indicates that there is a Clear-to-Send from the
maodem. In the high state, the Transmit Data Register Empty
bit is inhibited and the Clear-to-Send status bit will be high.
Master reset does not affect the Clear-to-Send status bit.

Framing Error (FE), Bit 4 — Framing error indicates that
the received character is improperly framed by a start and a
stop bit and is detected by the absence of the first stop bit.
This error indicates a synchronization error, faulty transmis-
sion, or a bresk condition. The framing error flag is set or
reset during the receive data transfer time. Therefore, this er-
ror indicator is present throughout the time that the
associated character is available.

Receiver Overrun (OVRN), Bit & — Overrun is an error flag
that indicates that one or more characters in the data stream
were lost. That is, a character or a number of characters
were received but not read from the Receive Data Register
(RDR) prior t0 subsequent characters being received. The
overrun condition begins at the midpoint of the last bit of the
second character received in succession without a read of
the RDR having occurred. The Overrun does not occur in the
Status Register until the valid character 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
reading of data from the Receive Data Register or by a
Master Reset.

Parity Error (PE), Bit 8 — The parity error flag indicates
that the number of highs (ones) 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
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character is in the RDR. If no parity is selected, then both the
transmitter parity generator output and the receiver partiy
check results are inhibited.

Interrupt Request (IRQ), Bit 7 — The TRQ bit indicates the
state of the TRQ output. Any interrupt condition with its ap-
plicable enable will be indicated in this status bit. Anytime
the iRQ output is low the TRQ bit will be high to indicate the
interrupt or service request status. IRQ is cleared by a read
operation to the Receive Data Register or a write operation
to the Transmit Data Register.
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OPERATION

Since ail functions of the PSG-are controlled by the processor
via a series of regi: 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 {ollows the
control sequence listed:

O

Function
Program tone periods.
Program noise period
7 Enable tone and/or noise
on selected channels.

P 9
Tone Generator Control RO--RS
Noise Generator Control R6
Mixer Control R

Amplitude Control R10--R12  Select “lixed" or “envelope-
variable” amplitudes
Envelope Generator R13--R15  Program envelope period

Control and select envelope pattern

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

The 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 ilfustrated
in the following:

Coarse Tune Fine Tune
Register Chsnnel Register
A A RO
R3 B R2
RS [ R4

[s7]e6]es]Be]es]e2]B1]80]

NOT
USED

[e7]e6]es[ae]B3]B2]a1]B0]

[rp1s[rero] rra [ rea [ trr [ 1re [1rs [ e[ 1ea[ rp2] e [ 1eo ]

12-bit Tone Period (TP) to Tone Generator

Noise 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 5-bit Noise Period value. This 5-bit
valye consists of the lower 5 bits (B4--B0) of register R6. as
illustrated in the following:

Noise Period
Register R6
[e7] e Jos [eaJeaJe2 [ o1 o0
NOT 5-bit Noise Period (NP)
USED to Noise Genarator

Mixer Control-I/O Enable

(Register R7)

Register R7 is a multi-function Enable register which controls the
three Noise/Tone Mixers and the two general purpose 1/0 Ports
The Mixers, as previously described. combine the noise and tone
frequencies for each of the three channeis. The determination of
combining neither/either/both noise and tone frequencies on each
channel is made by the state of bits B5--B0 of R7.

The direction (input or output ) of the two general purpose /0 Ports
(IOA and 10B) is determined by the state of bits B7 and 86 of R7.

These functions are illustrated in the following:

Mixer Control-I/0 Enable
Regrster A7

e [ o6 [ es [ e [ 83 [ 82 [ a1 [ 80 ]

A

Function: | inpul Enatie

voror [ 8 | a
Functon | Nowe Enabie | [ moreEname |
crannes | ¢ [ 8 [ A | [c[es] A}

AY-3-8910 ® AY-3-8912
AY-3-8913

INSTROMERT

Amplitude Control
(Registers R10, R11, R12)

The amplitudes of the signals generated by each of the three D/A
Converters (one each for Channels A, B, and C) is determined by the
contents of the lower 5 bits (B4--B0) of registers R10,R11,and R12as
illustrated in the following:

Ampiitude Control

Register Channel
R10 A
A1 8
R12 c

{87]e6]Bs]84]B3]B2]B1]R0]

7/

[ o

amplitude 4-bitl “lixed”
“Mode” amplitude Level

Envelope Generator Control
(Registers R13, R14, R15)

To accomplish the generation of fairly complex enveiope 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 refative shape and cycie 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.

ENVELOPE PERIOD CONTROL (Registers R13, R14)

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 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:

Envetope Envelope
Coarse Tune Fine Tune
Register R14 Register R13

[o7]oe] e[« e ez arfeo] [o7]se]es[oe[es]ez]e o)

[errs]erra]errifero]erni[erio] ero [ epa ] ep7 [ ers [eps [ere Jera | epz | ert [ero]

16-brt Envelope Penod (EP)
10 Envelope Generator

ENVELOPE SHAPE/CYCLE CONTROL (Register R15)

The Envelope Generator further counts down the envelope fre-
guency by 16. producing a 16-state per cycle envelope pattern as
defined by its 4-bit counter output, E3 E2 E1 EQ. The particular shape
and cycle pattern of any desired envelope is accomplished by
controtling the count pattern (count up/count down) of the 4-bit
counter and by delining a single-cycle or repeat-cycle pattern.

This envelope shape/cycle control i1s contained in the lower 4 bits
(B3--B0) of register R15 Each of these 4 bits controls 3 function in
the envelope generator, as illustrated in the following:

Envelope Shape/Cycle
Control Register (R15)

FVIBGIBSIB‘IBI’[azlE’]ﬂﬂ Function

e—. co—
NOT Hold
USED
Alternate To

Envelope
Generator

Attack

Continue
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AY-3-8910 W AY-3-3912
N HOMERT AY-3-8913

NORMALIZED
VOLTAGE
ns s

83 82 9 B wis i

A
c S
o T NOTE: ENVELOPE ONLY—
l'l : : NOISE AND TONES
RARIEIE] ARE DISABLED.
nialalo GRAPIHC REPRESENTATION
MIEIEIRY OF ENVELOPE GENERATOR
elx|efo ouTRUT B3 E2 81 KR

ou:um

1]ofofn \ v See Fig. 4 lor detsil DECIMAL VALUE

OF E3E2 €1 €O

0 !
() Te () -“—’I

N — P €P 1S THE ENVELOPE PERIOD
( . 1DURATION OF ONE CYCI &) EP ENVELOPE PERIOD
" Fig. 1 ENVELOPE SHAPE/CYCLE OPERATION Fig. 3 D/A CONVERTER OUTPUT
" kd
o GRAPHIC REPRESENTATION OF M

THE OECIMAL VALUES OF
ENVELOPE GENERATOR
OUTPUT E3 €2 £1 €0

le. v ©» el
r " o ") N
Fig. 2 DETAIL OF TWO CYCLES OF Fig. 1 Fig. 4 SINGLE TONE WITH ENELPE SHAP

(ref. waveform “1010” in Fig. 1) PATTERN 1010

VO Port Data Store i
(Registers R16, R17)

Registers R16 and R17 function as intermediate data storage regis-
ters between the PSG/CPU data bus (DAQ--DA7) and the two /O
ports (IOA7--10A0 and 10OB7--1080) Both ports are available in the
AY-3-8910 only /O Port A is available in the AY-3-8912: none are
available on the AY-3-8913. Using registers R16 and R17 for the
transfer of 1/0 data has no effect on sound generation

D/A Converter Operation
Since the primary use of the PSG is to produce sound for the highly

imperfect amplitude detection mechanism of the human ear, the D/A
conversion is performed in logarithmic steps with a normaiized

™, voltage range of from 0 to 1 Volt. The specific amplitude control of ) <
: each of the three D/A Converters 1s accomplished by the three sets of Fig. 5 MIXTURE OF THREE TONES
4-bit outputs of the Ampiitude Control block, while the Mixer outputs WITH FIXED AMPLITUDES

provide the base signal frequency (Noise and/or Tone).
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ELECTRICAL CHARACTERISTICS (AY-3-8910, AY-3-8912)
Maximum R-tlngo' R
Storage Temperature .. ......cccvveecenesssess —55°Cto +150°C Exceeding these ratings could cause permanent dam-
Operating Temperature ...........oceceeuvsecess.. 0°Cto+40°C age to the device. This is a stress rating only and func-
Vec and all other input/Output tional operation of this device at these conditions is not
Voitages with Respectto Vgg .« e v vevveverncnnnn .. —0.3Vto +8.0v implied—operating ranges are specified in Standard
X Conditions. Exposure to absolute maximum rating con-
Standard Conditions (uniess otherwise noted): ditions for extended periods may affect device reliability.
Voo = +5V 5% Data labeled “typical” is presented for design guidance
Vss = GND only and is not guaranteed.
Operating Temperature = 0°C to +40°C
Characteristics Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
All inputs
Low Level Vi 0 - 0.6 v
High Level Vi 24 - Vee v
All Outputs (except
Analog Channel Outputs)
Low Level Voo 0 - 0.5 v lo = 1.6mA, 20pf
High Level Von 2.4 —_ Vee v low = 100uA, 20pf
Analog Channel Outputs Vo 0 -— 60 dB Test Circuit: Fig. 6
Power Supply Current Iec - 45 85 mA
AC CHARACTERISTICS
Clock Input N
Frequency fe 1 — 2 MHz
Rise Time te - —_ 50 ns
Fall Time t -— —_ 50 ns Fig. 7
Duty Cycle - 25 50 85 % . 2N
Bus Signals (BDIR, BC2, BC1) :
Associative Delay Time teo - - 50 ns h
Reset
Reset Puise Width taw 500 — - ns } Fia. 8
Reset to Bus Control Delay Time tre 100 — - ns 9-
A9, A8, DA7--DAO (Address Mode)
Address Setup Time tas 400 - ns } Fig. 9
Address Hold Time tan 100 - - ns 9.
DA7--DAO (Write Mode)
Write Data Puise Width tow 500 - 10,000 ns
Write Data Setup Time tos 50 - -— ns Fig. 10
Write Data Hoid Time tom 100 - - ns
DA7--DAO (Read Mode)
Read Data Access Time toa - 250 500 ns
DA7--DAO (insctive Mode) Fig. 11
Tristate Delay Time trs -_ 100 200 ns
"Typical values are at +25°C and nominal voltages.
R
Apcl”
/V A 4
ANALOG
CHANNEL O- +
OuUTPUT oV,
- (OP AMP MUST NOT SATURATE)
Fig. 6 ANALOG CHANNEL OUTPUT TEST CIRCUIT )

523 N S
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ELECTRICAL CHARACTERISTICS (AY-3-8913)
Maximum Ratings”

Storage Temperature ..............cccovieivneninnenns —55°C to +150°C * Exceeding these ratings could cause permanent dam-
Operating Temperature ................c.covvevvevnenenn, 0°C to +70°C age to the device. This is a stress rating only and func-
Ve and all other Input/Output Voitages tional operation of this device at these conditions is not
with ReSpect to Vgg.....oovvuiiiinninnnniinennnnnines —0.3V to +8.0V implled—operating ranges are specified in Standard
Conditions. Exposure to absolute maximum rating con-
Standard Conditions (uniess otherwise noted): ditions for extended periods may affect device reliability.
Voo = +5V £5% Data labeled “typicai” is presented for design guidance
Vss = GND only and is not guaranteed.
Operating Temperature = 0°C to +70°C
Characteristics Sym Min Max Units Conditions
DC CHARACTERISTICS
Input Voltage Levels
Low Level V. 0 0.7 v
High Levei © Vim 2.2 Vee v
Output Voitage Levels (except
Ansiog Channel Qutputs)
Low Levei Voo 0 0.4 v 1 TTL Load
High Levei Vou 24 Vee v +100pt
Anaiog Channel! Outputs Vo 0 2000 uA Test Circuit: Fig. 6
Power Supply Current lee _ 85 mA
AC CHARACTERISTICS
Clock Input
Frequency fe 1 25 MH2z
Rise Time 1, - 50 ns
Fall Time t, - 50 ns Fia. 7
Duty Cycle - 40 60 % g-
Bus Signais (BDIR, BC2, BC1)
Associative Delay Time teo - 50 ns
Reset
Reset Puise Width taw 5 - us
Reset to Bus Control Delay Time the. 100 - ns } Fig. 8
A9, A8, DA7--DAO (Address Mode)
Address Setup Time tas 300 - ns Fio. 9
Address Hold Time tam 50 - ns 9
DA7--DAO (Write Mode)
Write Data Puise Width tow 1800 - ns
Write Data Setup Time tos 50 - ns Fig. 10
Write Data Hold Time tow 100 - ns
DA7--DA0 (Read Mode)
Read Data Access Time toa - 350 ns
DA7--DAO (Inactive Mode) Fig. 11
Trietate Delay Time trg - 400 ns

.24
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Fig. 11 READ DATA TIMING

AY-3-8910 B AY-3-8912 »Hﬁ;ﬁm
AY-3-8913
TIMING DIAGRAMS
a— Vi
Vi 8OIR/
CLOCK BC8C1
Vo . Va
w—] iy
. Ve
' aolgl
BC2/BC1
Wl Va
b.
. Fig. 7 CLOCK AND BUS SIGNAL TIMING
B8US
CONTROL NACT VALID BUS SIGNAL
DECODE
e tre
bt torwy Vo
AESET
Ve
P2 BUS CONTROL
A sicnacs crancing
50 ns MAX.,
INCLUDING SKEW.
Fig. 8 RESET TIMING
8US
CONTROL  DON'T CARE DON'T CARE
DECODE
[
Ve
A9, AB, PREVIOUS
DA7--DAO STATE ADDRESS**
Vu
P7] BUS CONTROL *ANY COMBINATION OF BDIR, BC2, BC1
@ SIGNALS CHANGING WHICH DECODE “LATCH ADDRESS":
I-— 50 ns MAX., INCLUDING SKEW. BODIR BC2 BC1
0o o
**REFER TO PARAGRAPH 2.1.1 oo 1 0 0O
FOR A DESCRIPTION OF or 1 1 4
“VALID" PSG Al ING.
PSG AoDRESS Fig. 9 LATCH ADDRESS TIMING
BUS
CONTROL DON'T CARE WRITE TO PSG* DON'T CARE
DECODE
1 los tow tow et
Vin
oa7-DA0  PREVIOUS DATA
Vi
P7] BUS CONTROL *“WRITE TO PSG"™:
23 S1GNALS CHANGING
50 me MAX.. BOIR BC2 BCt
INCLUDING SKEW. T 1 o
Fig. 10 WRITE DATA TIMING
8US
CONTROL  DON'T CARE READ FROM PSG* INACTIVE
DECODE
toa =i tys —
Vo
PREVIOUS READ DATA
DA7--DA0 STATE VALID TRISTATE
vou
77 BUS CONTROL *“READ FROM PSG":
@ SIGNALS CHANGING soin act
50 ns MAX., 8c2
INCLUDING SKEW. o 1 1
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COMPONENTS

PRELIMINARY

MK68901
MULTI-FUNCTION PERIPHERAL

FEATURES
O 8 Input/Output Pins
¢ |ndividually programmabile direction

¢ individual interrupt source capability
- Programmab.. ~dge selection

O 16 Source interrupt controller

* 8 Internal sources

e 8 External sources

¢ Individual source enable

¢ Individual source masking

* Programmable interrupt service modes
- Poliing
- Vector generation

- Optional In-service status

¢ Daisy chaining capability

0O Four timers with individually programmable prescaling

¢ Two multimode 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

Byte synchronous to 1 Mbps

Internal/external baud rate generation

DMA handshake signals

MK68901
Figure 1

DEVICE PINOUT
Figure 2

TAQ -

TCO -

TDO =
XTALY
XTAL2
TAl
81
RESET

n

1 48 cs

2 47 =« DS
3 46[] -» DOTACK
4 as{] = jack
5 a4 D7
[ 43 D&
7 42 0s
8 41 D4
9 40 D3
10 39 D2
" uessor B o1
T I oo
13 36[J = GND
14 35l ] - Ccix
15 34 ] = iE
16 33[] > i€0
17 32{] » iNTR
18 nl ) RR
19 30[])-> TR
20 29 ”
21 28 16
22 27 s
23 26 n
24 25 13 ?, </




¢ Modem control
* Loop back mode
C 68000 Bus compatible

C 48 Pin DIP

INTRODUCTION

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

Eight paraliel 170 lines

Interrupt controller for 16 sources
Four timers

Single channel full duplex USART

The use of the MFP in a system can significantly 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 ST1, a Z80 family
peripheral.

PIN DESCRIPTION

GND: Ground

Ve +5 volts (+ 5%)

CS: Chip Select (input, active low). CS is used to
select the MK68901 MFP for accesses to the
internal vcoisters. CS and IACK must not be
asserted at the same time.

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

Read/Write (input). R/W is the signal from
the bus master indicating whether the
current bus cycle is a Read (High) or Write
{Low) cycle.

Data Transfer Acknowledge. (output, active
low, tri-stateable). DTACK is used to signal
the bus master that data is ready, or that data
has been accepted by the MK68901 MFP.
A1-A5. AddressBus(inputs). The address bus is used
to address one of the internal registers during
a read or write cycle.

Do’D-,I

]

CLK:

INTR:

IACK:

SO:

St

RC:

Data Bus (bi-directional, tri-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. it is also used to
pass a vector during an interrupt ac-
knowledge cycle.

Clock {input). This input is used to provide the
internal timing for the MK68901 MFP.

Device reset. (input, active low). Reset
disables the USART receiver and transmitter,
stops all timers and forces the timer outputs
low, disables all interrupt channels and clears
any pending interrupts. The General Purpose
Interrupt/ 1/0 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.

Interrupt Request (output, active low, open
drain). INTR is asserted when the MK68901
MFP is requesting an interrupt. INTR is
negated during an interrupt acknowledge
cycle or by clearing the pending interrupt(s)
through software.

Interrupt Acknowledge (input, active low).
IACK is used to signal the MK68901 MFP
that the CPU is acknowledging an interrupt.
CS and IACK must not be asserted at the
same time.

Interrupt Enable In (input, active low). IEl is
used to signal the MK68901 MFP that no
higher priority device is requesting interrupt

Interrupt Enabie Qut (output, active iow). iEO
is used to signal lower priority peripherals
that neither the MK68901 MFP nor another
higher priority peripheral is requesting
interrupt service.

General Purpose Interrupt 1/0 lines. These
lines may be used as interrupt inputs and/or
170 lines. When used as interrupt-inputs,
their active edge is programmabie. 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.

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

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

7

Receiver Clock. This input controls the serial
bit rate of the USART receiver.



TC:

TAO.TBO,
TCO. TDO:

XTAL1,
XTAL2:

TALTBL:

Transmitter Clock. This input controls the
serial bit rate of the USART transmitter.

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

Transmitter Ready. (output, active low) DMA
output for transmitter, which reflects the
status of Buffer Empty in port number 16.

Timer Outputs. Each of the four timers has an
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 cycles. TAO or
TBO can be reset (logic “0”) by a write to
TACR, or TBCR respectively.

Timer Clock inputs. A crystal can be connect-
ed between XTAL1 and XTAL2, or XTAL1 can
be driven with a TTL level clock. When driving
XTAL1 with a TTL ievel clock. XTAL2 must be
aliowed to float. When using a crystal.
external capacitors are required. See Figure
27. All chip accesses are independent of the
timer clock.

Timer A.B inputs. Used when running the
timers in the event count or the pulse width
measurement mode. The imerrupt channels
associated with 4 and I3 are used for TAl and

REGISTER MAP

Figure 4
ress| Abbrevistion | Register Name
rt No.
0 GPIP GENERAL PURPOSE 1/0
1 AER ACTIVE EDGE REGISTER
2 DDR DATA DIRECTION REGISTER
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
8 VR VECTOR REGISTER
C TACR TIMER A CONTROL REGISTER
D TBCR TIMER B CONTROL REGISTER
E TCDCR TIMERS C AND D CONTROL REGISTER
F TADR TIMER A DATA REGISTER
10 TBOR TIMER B DATA REGISTER
1" TCDR TIMER C DATA REGISTER
12 TDDR TIMER D DATA REGISTER
13 SCR SYNC CHARACTER REGISTER
14 UCR USART CONTROL REGISTER
15 RSR RECEIVER STATUS REGISTER
16 TSR TRANSMITTER STATUS REGISTER
17 UDR USART DATA REGISTER

TBI, respectively. Thus, when running a timer
in the pulse width measurement mode, 14 or
I3 can be used for 170 only.

MK68901 BLOCK DIAGRAM

Figure 3
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INTERRUPTS

The General Purpose I/0-Interrupt Port (GPIP) provides
eight 1/0 lines that may be operated either as inputs or
outputs under software control. In 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 the O-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-Q 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 would then
normally configure the AER before enabling interrupts via

IERA and IERB. Note: changing the edge bit, with the
interrupt enabled, may cause an interrupt on that channel.

The Data Direction Register (DDR) is used to define I0-17 as
inputs or as outputs on a bit by bit basis. Writing azerointo a
bit of the DDR causes the corresponding Interrupt-1/O pinto
be a Hi-Z input. Writing a one into a bit of the DDR 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 state (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 MKE68901 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 of
interrupt processing for all 1/0 facilities of the MK68901.
These registers allow the programmer to enablie or disable

GENERAL PURPOSE I/0 REGISTERS

Figure §
ACTIVE EDGE REGISTER
PORT 1 (AER) GPIP GPP GPIP GPiP GPIP GPP GPIP GPIP | 1 - RISING
7 [} L] 4 3 2 1 ] 0 - FALLING
DATA OIRECTION REGISTER
PORT 2 (DOR) GPiP GPWP | GPWP GPIP GPIP GPP GPIP GPIP | 1 = OUTPUT
7 [ ] 5 4 3 2 1 4] 0 = INPUT
GENERAL PURPOSE I/0O DATA REGISTER
GPIP | GPWP GPIP GPIP | GPWP GPP GPiIP GPIP
PORT 0 (GPIP) 7 , 8 5 4 3 2 1 0o
INTERRUPT VECTOR
Figure 8
v, Ve Vs Ve v, v, v, v,
{ Jl J
. V,-1V,  Vector bits 3-0 supplied by the
MFP based upon the intsrrupting
channel. .
Vy-V, 4 most significant bits. Copied
from the vector register.
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any 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 gvailable under software control. All the interrupts are
prioritized as shown in Figure 9

VECTOR REGISTER
Figure 7

PortB(VR) | Vv,

s

»*

»*

»

# = Unused bits: read as zeros

T
S  In-Service Register Enable

Upper 4 bits of the Vector register

Written into by the user
INTERRUPT CONTROL REGISTERS
Figure 8
INTERRUPT ENABLE REGISTERS
ADDRESS 7 [ 5 4 3 2 1 0
A GPp | gPip | TIMER | RCV | Rcv | XMIT | xmIT | TIMER
PORT 3 Butfer Butt
{IERA) ? () A Full Ervor Emu.t; Error -]
PORT 4 B GPP | GPIP |TIMER | IMER | GPIP | GPIP | GPIP | GPIP
('ERB) 5 n c o) 3 2 1 o
{ INTERRUPT PENDING REGISTERS
7 [ 5 4 3 2 1 0
A TW™MER| RCV | Rev | XMIT | xmr | TIMER
PORT S GPP | GPIP Butter Butfer
(IPRA) 7 ] A Fult Evor | Empty | Error B
PORT 6 B GPIP | GPIP | TIMER | IMER| GPIP | GPIP | GPIP | GPIP
(\PRB) 5 4 c o 3 2 1 o
"WRITING 0 - CLEAR
WPITING 1 - UNCHANGED
INTERRUPT IN-SERVICE REGISTERS
7 (] 5 4 3 2 1 o
RCV XMIT
PORT 7 A GPIP GPIP | TIMER Bufier RCV Butter | XMIT TIMER
(ISRA) 7 6 A Full Eror | Empty | Emor 8
L GPp | GPIP |TIMER | TIMER | GPIP | GPIP | GPIP | GPIP
PORT 8
{ISRB) 5 I c D 3 2 1 ]
INTERRUPT MASK REGISTERS
7 6 5 4 3 2 1 0
A ACV XMIT T
PORT 9 Geip | GPIP | TIMER | RCH | mcv | e | XM TIMER
(IMRA) 7 6 A Full Error | Empty | Error B
porTa B | GPIP | GPIP | IMER | IMER | GPIP | GPIP | GPIP | GPIP
5 4 c D 3 2 1 0

(_\ (IMRB)

1 - UNMASKED 0 = MASKED
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INTERRUPT CONTROL REGISTER DEFINITIONS
Figure 9

Priority | Channel | Description

HIGHEST 1111 General Purpose Interrupt 7(17)
1110 | General Purpose Interrupt 6(I6)
1101 Timer A
1100 Receive Buffer Fuil
1011 Receive Error
1010 | Transmit Buffer Empty
1001 Transmit Error
1000 | TimerB
o1 General Purpose Interrupt 5(I5)
0110 | General Purpose Interrupt 4(14)
0101 Timer C
0100 | TimerD
0011 General Purpose Interrupt 3(13)
0010 | General Purpose Interrupt 2(12)
0001 General Purpose Interrupt 1(I1)

LOWEST 0000 | General Purpose Interrupt (i)

Interrupts may be either polled or vectored. Each channel
may be individually enabled or disabled by writingaoneora
zero in the appropriate bit of Interrupt Enable Registers
(IERA IERB--see Figure 8 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 {ISRA,ISRB); 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. [ERA and IERB are also readable.

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

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

The interrupt mask registers (IMRA and IMRB) 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, INTR 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 IMRB 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-of-interrupt mode.
The mode is selected by writing a one or a zeroto 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-of-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 end-of-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-of-interrupt mode, the in-service

A CONCEPTUAL CIRCUIT OF AN INTERRUPT
CHANNEL

Figure 10
EDGE ENABLE MASK o
REGISTER REGISTER REGISTER -
§ L—‘
— ‘ \ S INTERRUPT
s Q — i
_) INTERRUPT ._.__/ IN-SERVICE
17 PENDING
] INTERRUPT
4 REQUEST
o PASS VECTOR
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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 betore the return. Thus no lower priority channe! 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, 3
second interrupt on that channel may be received and
fatched 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

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 any one 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 8-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 O) are generated by the interrupting
channel.

To acknowledge an interrupt, 1ACK goes low, the iE! input
must go low (or be tied low) and the MK68901 MFP must
have an acknowledgeable interrupt pending The Daisy
Chaining capability (Figure 11) requires that all parts in a
chain have acor mon IACK. When the common IACK goes

A CONCEPTUAL CIRCUIT OF THE MK68901 MFP
DAISY CHAINING

Figure 11a
Fmm e e e e e e e e e e -~ - -— -
,  MKessol MFP )
i€
) |
| |
! AT > ) |
i PASS I
VECTOR
1 |
! |
| |
| |-
{EQ
. FREEzE T Dc 37 Do ]>° -
X I INTERRUPT CONTROL |
| |
b e e f e et -t e - e e e e e e e e e = J
DAISY CHAINING
Figure 11b
HIGHEST LOWEST
PRIORITY PRIORITY
MK88301 MK68901 MKE8901
 1E] IEO 13] IEO = v === = —IEI
IACK IACK 1ACK
IACK l
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low. all parts freeze and prioritize interrupts in parallel. Then
priority is passed down the chain, via IEl and iEO, 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 DTACK.

Figure 9 describes the 16 prioritized interrupt channels. As
shown, General Purpose Interrupt 7 has the highest
priority, while General Purpose Interrupt O is assigned the
lowest priority. Each of these channels may be reprioritized,
in effect, by selectively masking interrupts under software
control. The binary numbers under “channel” correspondto
the modified bits IV3, IV2, IV1, and IVO, respectively, of the
Interrupt Vector for each channel (see Figure 6).

Each channel has an enable bit contained in IERA or IERB, a
pending latch contained in IPRA or IPRB, 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 (DDR) and
an1/0 bitin the General Purpose Interrupt-1/0 Port (GPIP).

TIMERS

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, puise width measurement, and waveform
generation. The other two timers (Timer C and Timer D) 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/counter timers with a common independent
clock input (XTAL1, XTAL2). In addition, all timers have a
time-out output function that toggles each time the timer
times out.

The four timers are pregrammed via three Timer Control
Registers and four Timer Data Registers. Timers A and B are
controlled by the control registers TACR and TBCR,
respectively (see Figure 12), and by the data registers TADR
and TBDR (Figure 13). Timers C and D are controlled by the
control register TCDCR (see Figure 14) and two data
registers TCDR and TDDR. 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 the time constantregister. Timer A and B input pins, TAl
and TBI, 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 puise 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 countpulse will
cause the current count to decrement. When the timer has
decremented down to “01”, the next count puise will not
cause ittodecrement 1o “00". Instead, the next count pulse
will cause the timer to be reloaded from the Timer Data
Register. Additionally, a “Time out" pulse wiil 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

TIMER A AND B CONTROL REGISTERS
Figure 12

Port C (TACR) » » »

TIMER
A

aeaer| ACs | AC, | AC, | Ac,

Port O (TBCR) | 4

*
*

TIMER
8C, | 8C, | BC, | BC,

8
RESET

“owsswsw000000000
st w0000 ==2=200000
42004 =-00=200==000
~020~0=0-0=0=0=208

# Unused bits: read as zeros

Timer Stopped

Delay Mode. : 4 Prescale

> 10 Prescale
Delay Mode, °
: 50 Prescale
- 64 Prescale
Delay Mode, :

Delay Mode.

Delay Mode,
Delay Mode.

Delay Mode, :
Event Count M

16 Prescale

100 Prescale
200 Prescale

Pulse Width Mode, : 4 Prescale
Pulse Width Mode. - 10 Prescale
Puise Width Mode. - 18 Prescale
Puise Width Mode, ' 50 Prescale
Puise Width Mode. ' 64 Prescale
Pulse Width Mode. - 100 Prescale
Pulse Width Mode. - 200 Prescale
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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 puises.

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 Gut pulse will occur
(hence an interrupt if that channel is enabled) every 1000
cycles of the timer clock, and the timer output will complete
one fuli cycle every 2000 cycles of the timer clock.

The main counter is an 8-bit binary down counter. k may be
read at any time by reading the Timer Data Register. The
information read is the information last clocked into the
timer read register when the DS pin had last gone high prior
to the current 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< *er is written while the
timer is running. the new word is not loadad into the timer
until it counts through H'01". However, if the timer is
written while it is counting through H“01"”, 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°01"".

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 puises.

Changing the prescale value with the timer running can
cause the first Time Out pulse to occur at an indeterminate
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
orin 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 4 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 TAI
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 TBI; see Active Edge Register in Figure 5.) f 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
T8B! input will be active low. As previously stated. the

TIMER DATA REGISTERS (A, 8, C, AND D)
Figure 13

PortF(TADR) | D, o, O, o, o, o, D, D,
Port 10(TBDR) | D, D, D, o, D, D, D, 0,
Port11 (TCOR) | D, D, Dg D, 0, D, o, D,
Port 12(TDDR) | D, D, D o, o, D, D, o,
TIMER C AND D CONTROL REGISTER
Figure 14
Port E (TCDCR) * cc, | cc, | cc, * oc, | oc, | oc,
C, C, Cp
0 O O Timer Stopped
0 O 1 Delay Mode, - 4 Prescale
0 1 O Delay Mode, = 10 Prescale
0o 1 1 Delay Mode, + 16 Prescale
1 0 O Delay Mode, + 50 Prescale
1 0 1 Delay Mode, — 64 Prescale
1 1 0 Delay Mode, ~ 100 Prescale
* Unused bits: read as zeros 1 1 1 Delay Mode, + 200 Prescale P22




A CONCEPTUAL CIRCUIT OF THE MFP TIMERS IN
THE PULSE WIDTH MEASUREMENT MODE
Figure 15

Tal
TIMER A ?_I '
PULSE WIDTH MODE I D_ INTERRUPT
HAN
N l _)__l CHANNEL
° - Do—_>—1
INTERRUPT
TNER B CHANNEL
PULSE WIDTH MODE
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interrupt channel (I3 or 14) associated with the input still
functions when the timer is used in the pulse width
measurement mode. However, if the timer is programmed
for the puilse width measurement mode, the interrupt
caused by transitions on the associated TAl or TBl input will
occur on the opposite transition.

For example, if the edge bit associated with the TAl input
(AER-GPIP 4) is a one, an interrupt would normally be
generated on the O-1 transition of the |4 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 TAI 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 the
high to low transition, Timer A will stop, and itis at this point
that the interrupt will occur (assuming that 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 I/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. Ncte
that, like changing the edge bit, placing the timer into or
taking it out of the puise 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
resultin an indeterminate value being written into the main
ccunter. If the timer is written after the pulse goes active,
the timer counts from the previous contents, and when it
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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 prescaler 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 (i3 for TBI or 14 for TAl) is allowed to function normalily.
To count transitions reliably, the input must remain in each
state (1/0) 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 Qut 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 @ “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 operation of Timers A
and B.



USART

Serial Communication is provided by a full-duplex double-
buffered USART, which is capabie of either asynchronous
or synchronous operation. Variable word length and
start/stop bit configurations are available under software
control for asynchronous operation. For synchronous
operation, a8 Sync Word is provided to establish

synchronization during receive operations. The Sync Word -

will also be repeatedly transmitted 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)
and TR (Transmitter Ready) allow DMA operation. Separate

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 Transmitter sections is accessed by means of the two
Status Registers, as shown in Figures 18 and 19. Data
written to the Data Register is passed to the transmitter,

while reading the Data Register will access data received by
the USART.

USART DATA REGISTER
Figure 16
Port 17 (UDR) | Dy D, D, D, D, o, D,
USART CONTROL REGISTER (UCR)
Figure 17 UCR, UCR,
1-:16 PARITY ;. EVE
ST ST,
Port 14 (UCR) 0.1 wL, w, ° ENOA:L‘ED o oDD
(/ ‘ * Unused bits. read as zero
+16/+1: When this bit is zero, data will be clocked - ST1 | STO | Start Bits |Stop Bits | Format
into and out of the receiver and transmitter 0 0 0 0 SYNC
2N at the frequency of their respective clocks. 0 1 1 1 ASYNC
e When this bit is loaded with a one, data +1 o} 1 1 ASYNC
STeto will be clocked into and out of the receiver 1 1 1 2 ASYNC
s and transmitter at one sixteenth the
RS ratel frequency of their respective clocks. t NOTE + 16 only
' Additionally, when placed in the divide by
2, sixteen mode, the receiver data transition ~ o
resynchronization logic will be enabled. PARITY : Parity Enabled. When set (“1), parity will

WLO-WL1: Word Length Control. These two bits set
the length of the data word (exclusive of
start bits, stop bits,and parity bits) as
follows:

WL1 WLO Word Length
0 0 8 bits
0 1 7 bits
1 0] 6 bits
( 1 1 5 bits
STO-ST1:  Start/Stop bit control (format control).

These two bits set the format as follows

E/O:

be checked by the receiver, parity will be
calculated, and a parity bit will be inserted
by the transmitter. 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 character. For shorter lengths,
the parity must be stored in the Sync
Character Register (SCR) along with the
sync character.

Even-Odd. When set("'1"), even parity will
be used if parity is enabled. When cleared
("0"), odd parity will be used if parity is

enabled. 7» 2 s
1



Note that mhe synchronous or asynchronous format may be
selected independently of a <~ 1 or + 16 clock. Thus it is
possible to clock data synchronously into the device but still
use start and stop bits. In this mode, all normal
asynchrorous format features still apply. Data will be
shifted in after a start bit is encountered, and a stop bit will
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
asynchronously using a synchronous format. There is data
transition detection logic built into the receive clock circuitry

which will re-synchronize the internal shift clock on each
data transition so that, with sufficiently frequent data
transitions, start 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 USART 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:

RECEIVER STATUS REGISTER (RSR)

Figure 18
RSA, RSR,
Port 15 (RSR) | BUFFER OVERRUN | PARITY | FRAME | FOUND/SEARCH | MATCH/CHARACTER| SYNC STRIP | RECEIVER
FULL ERROR | ERROR | ERROR | OR BREAK DETECT IN PROGRESS ENABLE ENABLE
BF: Buffer Full. This bit is set when the the FE flag is set or cleared when a word is
incoming word is transferred to the receive transferred to the receive buffer.
buffer. The bit is cleared when the receive
::‘ f:;.;::di:v r;z:ds:g';?e UDR. This bit F/S: Found/Search. This combination control
. bit and flag bit is only used with the
. . . . synchronous format. it can be set or
OF: g\::::::g izg';h;:mﬁfw;: re:w:d ihe cleared by writing to this bit of the RSR.
due 1o be transferred to the receive buffer, When Fms bit is cleared, the rgcenver 1S
but the last word in the receive buffer has p!aced n the sear ch mode. '." this fnode. a
not yet been read. When this condition bit by bit comparison of the incoming data
occurs, the word in the receive buffer is not to t',"e charactgr in the Sync Character
overwritten by the new word. Note that the Register (SCR) is made. The word length
status flags always reflect the status of the counter is disabled. When a match is
data word currently in the receive buffer. found, this bit will be set autqmancallv,
As such, the OE flag is not actually set until and the word length counter w'“. start as
the good word currently in the buffer has sync has now been achieved. An ‘nmerrupt
been read. The interrupt associated with will be generated on the receive error
this error will also not be generated until f:hanngl whg n tl::e match ocgurs The word
the old word in the receive buffer has been justshifted in wil, of necgs;ny. be equalto
read. the sync character, and it will not be
transferred to the receive buffer.
OE flag is cleared by reading the receiver
status register, and new data words B: Break. This flag is used only when the
cannot be shifted to the receive buffer until asynchronous format is selected. This flag
this iz done. will be set when an all zero data word,
_ followed by no stop bit, is received. The flag
PE: Parity Error. This flag is set if the word will stay set until both a non-zero bit is
received has a parity error. The flag is set received and the RSR has been read at
when the received word is transferred least once since the flag was set. Break
from the shift register to the receive buffer indication will not occur if the receive
if the error condition exists. The flag is buffer is full.
cleared when the next viord which dees
not have a parity error is transferred to the M/CIP : Match/Character in Progress. If the
receive buffer. synchronous format is selected, this flag is
the Match flag. It will be set each time the
FE: Frame Error. This flag only applies to the word transferred to the receive buffer

asynchronous format. A frame error is
defined as a non-zero data word which is
not followed by a stop bit. Like the PE flag,

12

matches the sync character. It will be reset
each time the word transferred to the

receive buffer does not match the sync
G P~



character. I 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.

SS . 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.

RE. : Receiver Enable. This control bit is used to
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
to be running before the receiver is en-
abled.

There are two interrupt channels associated with the
receiver. One channe! is used for the normal Butfer 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 channe! 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 (UDR) to ensure that
the fiags 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 into
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 fiag will
not be set and the associated interrupt will not be generated
until the receive buffer has been read i a break occurs, and
the recerve 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 recewve buffer is read

If a break occurs while the OE flag is set. the B flag wil! 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 wil 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.  a +16 clock 1s selected,
along with the the asynchronous format, faise 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 O-1 transition
must not occur for B 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 continously. When a valid
transition 1s 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 poss:bie 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.

77
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TRANSMITTER STATUS REGISTER (TSR)

Figure 19
TSR, TSR,
Port 18 (TSA) BUFFER | UNDERRUN AUTO END OF sreax | micH | Low TRANSMITTER
EMPTY ERROR TURNAROUND | TRANSMISSION ENABLE
TRANSMITTER disabled, the transmitter will stop at the

The transmitter section of the USART is configured as to
format, word length, 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:

UE:

AT:

END:

14

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.

This bit is set when the last word 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 resuit 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

HL:

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 completicn of the
character (if any) currently being trans-
mitted. A break wiil continue to be
transmitted until the B bit is cleared by
writing @ “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
aone keeps the "BE " bitfrombeing settoa
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 during 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 "he transmitter output,
when the transmitter is disabled, as
follows:

H Lt Output State

0 0 Hi-Z

0 1 Low ("0™)

1 0 High

1 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.

744



SYNC CHARACTER REGISTER

to enable or disabie 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 tc be transmitted
until finished. ¥ a 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 & L bits should be written with the
desired state prior to enabling the trans-
mitter.

Like 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

Figure 20
Port13(SCR) | D, D, D, o, D, D, D, D,
Altering these two bits after Transmitter transmit buffer, an Underrun Error will not occur when the
Enable (XE)is set will alter the output state character in progress concludes.
until END is false. These bits should be set
prior to enabling the transmitter. The state Often it is necessary to send a break for some particular
of these bits determine the state of the first ~ period. To aid in timing a break transmission, a transmit
transmitted character after the transmitter error interrupt will be generated at every normal character
is enabled. If the high impedance mode boundary time during a break transmission. The status
was selected prior to the transmitter being register information is unaffected by this error condition
enabled, the first bit transmitted is in- interrupt. it should be noted that an underrun error, if
determinate. present, must be cleared from the TSR, and the interrrupt
pending register must be clearcd of pending transmitter
XE : Transmitter Enable. Thiscontrol bitisused  errors at the beginning of the break transmission or no

interrupts will be generated at the character 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

Ali fiags in the RSR or TSR will continue to function as
described whether their associated interrupt channe! 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 particular 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 MK68301

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 polied.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
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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.

RR 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
recewer.

TR TRANSMITTER READY

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

REGISTER ACCESSES

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

asserted, and R W must be high. The internal read control
signal_is essentially the combination of CS, DS, and
RO/WR Thus, the read operation will begin when CS and
DS go active and will end when either CS or DS goes
inactive. The address bus must be stable prior to the start of
the operation and must remain stable until the end of the
operation. Unless a read operation or interrupt ac-
knowledge cycle is in progress the data bus (Dy-D5) will
remain in the tri-state condition.

To write a register, CS and D3 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
operation. After the MKE8901 asserts DTACK, the CPU
negates DS. At this time, the MFP latches the data bus and
writes _the contents into the appropriate ate_register. Also,
when DS is negated, the MFP rescinds DTACK.

For an interrupt acknowledge, the opefatlon starts when
IACK goes low, and ends when |4 TACK _ goes high. The data
bus is tri-stated when either IACK or DS goes high.

MK68901 ELECTRICAL SPECIFICATIONS - PRELIMINARY

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bids ..........cuutiieiereneeeeeeeoseanscesaescsocesosaassasioasasnanns -25°C to +100°C
StOrage T OMmMIPOIAIUNE ... ... ctiitieieereereeeesaseeeeaaaeessseaasoeanssasesesecnssesnnnns -65°C to +150°C
Voltage on Any Pin with ReSpect 10 Ground ..........cvuviirerennnresneacnstonsoscaasesenaneas -03Vto+7V
POWEE iSSP0 ... iiieeetenerenneereeeennnnsonnnnoseeeassnsanssassoscasssseesassssssssesnsennns 15W

Stressaes above those Iisted uf\d« "Absolute Maximum Ratings’”” may cause permanent damage to the dewce. This 13 a stress rating only and functionai operation of
the device at these or any other condition above those indicated in the operational sections of this specification 18 not imphied Exposure to absolute maximum rating
conarntons for extended periods may affect reliability.

D. C. CHARACTERISTICS
Ta = 0°C 10 70°C; V¢ = +5 V 1 5% unless otherwise specified.

SYM |PARAMETER MIN MAX | UNIT COII!E)?‘:.ION
Vin input High Voltage 1 20 Veet3 | V
Vi Input Low Volitage -03 08 v
Vou  (Output High Voltage (except DTACK) 24 v H = -120 uA
Voo  |Output Low Voltage (except DTACK) 05 V |lg =20mA
T Power Supply Current 180 mA |Outputs Open
Iy input Leakage Current +10 BA [V =010 Ve
lon Tri-State Output Leakage Current in Float 10 A Vour =241t Ve
oL Tri-State Output Leakage Current in Float -10 uA Vour =05V
lon DTACK output source current -400 vA Vour =24
lou DTACK output sink current 53 mA Vg =05

All voltages are referenced to ground 779

16



CAPACITANCE

Ta = 25°C, f = 1 MHz unmeasured pins returned to ground.

SYM |PARAMETER MAX | UNIT cor:tezsglon
Cin input Capacitance 10 pf Unmeasured
Cour Tri-state Output Capacitance 10 pf retu‘:‘::d to
ground
AC ELECTRICAL CHARACTERISTICS (V¢ = 5.0 Vdc + 5%, GND = 0 Vdc, T = 0°C to 70°C)
MK62901 |
NUM | CHARACTERISTIC MIN MAX | UNIT FIG NOTE
1 CS. DS Width High 50 ns 21,22
2 R/W. A1-AS Valid to falling CS (Setup) 0 ns 2122
3 Data Valid Prior to Rising DS (Setup) 280 ns 21
4 CS. TACK Valid to Falling Clock (Setup) 50 ns 21-24 3
5 CLK Low to DTACK Low 220 ns 2122
6 CS. DS or IACK High to DTACK high 60 ns 21-24
7 CS. DS orIACK High to DTACK Tri-state 100 ns 21-24
8 CS. DS or IACK High to Data Invalid (Hold Time) 0 ns 21.24
9 CS. DS or1ACK High to Data Tri-state 50 ns 21-24
10 | CS or DS High to R/W, A1-AS Invalid (Hold Time) 0 ns 21,22
11 | Data Valid from CS Low 310 ns 21
12 Read Data Valid to DTACK Low (Setup Time) 50 ns 21
13 DTACK Low to DS, CS or IACK High (Hold Time) 0 ns 21.24
14 iE) low to falling CLK (Setup) 50 ns 23 2
15 | IEO Valid from Clock Low (Delay) 180 ns 23 1
16 Data Valid From Clo;:k Low (Delay) 300 ns 23
17 | 1EO Invalid from IACK High (Delay) 150 ns 2324
18 | DTACK Low from Clock High (Delay) 180 ns 2324 2
19 | iEO Valid from IEl Low (Delay) 100 ns 24 1
20 | Data Valid from IEI 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. IACK Inactive to Rising Clock (Setup) 100 ns 21-24 4
25 170 Minimum Active Puise Width 100 ns
26 | IACK width High 150 ns 2324

L4
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AC ELECTRICAL CHARACTERISTICS (Continued) (V. = 5.0 Vdc + 5%, GND = 0 Vdc, T, = 0°C to 70°C)

MK68901

NUM | CHARACTERISTIC MIN MAX UNIT FIG NOTE

27 1/0 Data valid from Rising CS or DS 450 ns

28 Receiver Ready Delay from Rising RC 600 ns

29 Transmitter Ready Delay from Rising TC 600 ns

30 Timer Output Low from Rising Edge of CSorDS 450 ns
(A & B)(Reset Tgy7)

3 Tour Valid from Internal Timeout 2 o1k ns

+300

32 Timer Clock Low Time 110 ns

33 Timer Clock High Time 110 ns

34 Timer Clock Cycle Time 250 1000 ns

35 RESET Low Time 2 us

36 Delay to Falling INTR from External 380 ns
Interrupt Active Transition

37 Transmitter internal Interrupt Delay from Rising 550 ns
of Falling Edge of TC

38 Receiver Buffer Full Interrupt Transition Delay 800 ns
from Rising Edge of RC

39 Receiver Error Interrupt Transition Delay from 800 ns
Falling Edge of RC

40 Serial In Set Up Time to Rising Edge of RC 80 ns
(Divide by one only)

41 Data Hold Time from rising edge of RC 350 ns
(Divide by one only)

42 Serial Qutput Data Valid from Falling Edge of TC (1) 440 ns

43 Transmitter Clock Low Time 500 ns

44 Transmitter Clock High Time 500 ns

45 Transmitter Clock Cycle Time 1.05 £ us

46 Receiver Clock Low Time 500 ns

47 Receiver Clock High Time 500 ns

48 Receiver Clock Cycle Time 1.05 » us

49 | CS, IACK, DS Width Low 80 Tew

50 Serial Output Data Valid from Falling 490 ns
Edge of TC (+16)

NOTES:

1 1EO only goes low if no acknowledgeable interrupt 1s pending. It 1EO goes
low. DTACK and the data bus remain tri-stated

2 DOTACK will golow at A f spec. 148 met; otherwise. DTACK will go low at 8

3 if the setup ime 18 not met. TS or IACR wiil not be recognized unul the next
faihng CLK

18

4

1f this setup time 18 met (for consecutive cycles), the mimimum heid-off ime
of one clock cycie wiil be obtained If not met. the hoid-off will be two clock

cycles.
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TIMER A. C. CHARACTERISTICS

Definitions:

Error = Indicated Time Value - Actual Time Value
tpsc - to «x Prescsie Value

Internal Timer Mode

Single Interval Error (free running) (Note 2)

......................................................... + 100 ns
Cumulative Internal Error . ... . . e e i i 0
Error BetweenTwo TimerReads ......... ... .. i t (tpsc + 4 to )
Start Timerto Stop Timer Error ............coiiiiiiiiiiiiiiiaiin, 2t + 100 ns to - (tpsc + 6t = 100 ns)
Start TimertoRead Timer Error ........... ... i, 0 to - (tpsc ~ 6tc  + 400 ns)
Start Timer to Interrupt Request Error (Note 3) ..., =2 1 t0 - (41, +800 ns)
Pulse \*dth Measurement Mode
Measurement Accuracy (Note 1) ... ... o oo ittt 2 tc x 10 - (tpsc + 4t y)
Minimum Pulse Width .. ... . i i e et et et 40 ¢
Event Counter Mode
Minimum Active Time of TAL TBI .. ... .. i ittt ininneanns 4.
Minimum Inactive Time of TAL TBI ... ... . ittt iiea e e aanes A
NOTES:
1 Error may be cumuistive if repetitively performed
2. Error with respect 10 Ty of INT o note 3 1s true
3 A Q it 1S P ble for the timer 10 make an nterrupt request
immediately
sSo0



READ CYCLE

Figure 21 b"' . 5
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INTERRUPT ACKNOWLEDGE (IEl LOW)
Figure 23
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TYPICAL QUTPUT
Figure 25
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R =20k 0
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=130 pt
::-un
R, =740 01
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Figure 26
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MK68901 MFP EXTERNAL OSCILLATOR

COMPONENTS
Figure 27 30 pt
1l

-

-

XTAL1

_L”

MK88901

XTAL2

CRYSTAL PARAMETERS:

Parailel resonance, fundamental mode AT cut

Ry = 150 (1 (Fp = 2.8 - 4.0 MHa);
R, 2300 (1 (F, = 2.0 - 2.7 MHz)

Cl=18pt:C = 0.02pf: C, = 5pf: L, = 96 MHz

Fq (typ) = 2.4576 MMz
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MK68901 PIN PACKAGE DRAWING
Figure 28
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ILLIMETERS| _INCHES NOTES

DIM| MIN | MAX | MIN_ | MAX | 1 DIMENSION[AJis DATUM

A j603516157 |2376 2424 2 POSITIONAL TOLERANCE FOR LEADS

8 [1463]1534 {0576 0604 |0025(0010”‘IIAM]

€ | 305] 4321012010160 | 3 ET31S SEATING PLANE
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B BRI I G PER ANSI Y14 6 1973
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MKE8901 ORDERING INFORMATION

PART NO. PACKAGE TYPE MAX. CLOCK FREQUENCY | TEMPERATURE RANGE

MK68901 Ceramic 4.0 MHz 0°t0 70°C
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1 INTRODUCTION

It is apparent that any microprocessor is capable of producing
acceptable sounds with only a transducer if the processor has no
other tasks to perform while 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 still perform other activities would in the least be very complex it
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-3-8910and AY-3-8912 Programmable Sound
Generators.

l ' The AY-3-8910/8912 Programmable Sound Generator (PSG) is a
. .. % lLarge Scale Integrated Circuit which can produce a wide variety of
Descﬂptlon complex sounds under software control The AY-3-8910/8912 is
manufactured in GlI's N-Channe! lon Implant Process. Operation
requires a single 5V power supply, a TTL compatible clock, and a
microprocessor controller such as the Gl 16-bit CP1600/1610 or one

of GI'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 controllable channels
available in the PSG.

All of the circuit control signals are digita!l 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 n 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 amicroprocessor/PSG system would also
require interfacing between the outside world and the microproces-
sor, this facility has been designed into the PSG. The AY-3-8910 has
two general purpose 8-bit 1/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

13
Scope

Fig. 1

O Fuli software control of sound generation.

O interfaces to most 8-bit and 16-bit microprocessors.
O Three independently programmed analog outputs.
O Two 8-bit general purpose I/0 ports (AY-3-8910).
O One 8-bit general purpose 1/0 port (AY-3-8912).

O 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
hardware designs have been tested to ensure that the methods are
practical rather than purely theoretical.

Although the techniques described will produce powertul 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.

TYPICAL SYSTEM DIAGRAM
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2.1

Basic
Functional
Blocks

ARCHITECTURE

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 1/0. 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/wnite control
registers. These 16 registers 100k 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 AQ) are decoded as follows:

*A9| A8 | DA7|DA6|{DAS|DA4|DA3I|DA2|DAT|DAD| * AT s
not pro.:ded
01110100 f0J0]0]0 ]9 ontheav-a-8912
THRU

foJrJoJofofoJaifrj]n]

HIGH LOW

ORDER ORDER

(Chip Select) (Register #)

The four low order address bits select one of the 16 registers (RO--
R17,). 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 tc 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
tactory mask modification_Unless otherwise specified, address bits

DA7--DA4 are programmed to recognizeé only a 0000 code. A vang-
high order addresggﬁﬁhe—sTﬁ'e'Tgusfémmnﬁ'e"lb‘WTBrder 4 bits)
inthe Register Address Latch/Decoder block. A latched address will
remain valid until the receipt of a new address. enabling multiple
reads and writes of the same register contents without the need for

redundant re-addressing.

/04
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Fig. 2 PSG BLOCK DIA G R A M 00—
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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 produce the basic square wave tone frequen-
cies for each channel (A,B,C)

Noise Generator produces a frequency modulated pseudo
random pulse width square wave output.

Mixers combine the outputs of the Tone Generators
and the Noise Generator. One for each chan-
nel (A.B,C).

Amplitude Control provides the D/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.

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

2.1.3 /O 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 /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
/O Ports without affecting any other function of the PSG. The IO
Ports are TTL-compatible and are provided with internal pull-ups on
each pin. Both Ports are available on the AY-3-8910; only /O Port Ais
available on the AY-3-8912.

10 rory



Fig. 3 PSG REGISTER ARRAY
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22 The AY-3-8910 is supplied in a 40 lead dual in-line package with the
pin assignments as shown in Fig. 4. The AY-3-8912is suppliedina 28

( Pin Assignments lead dual in-line package with the pin assignments as shown in Fig. 5

Fig. 4 AY-3-8910 PIN ASSIGNMENTS ee————

Top View
N\
Vss (GND) (3] 40 [0 Vec (+5V)
NC Q2 390 TEST 1
ANALOG CHANNEL B 3 38[] ANALOG CHANNEL C

" ANALOG CHANNEL A [+ 370 DAO
N.C. Os 360 DA1
1087 16 350 DA2
1086 7 34 DA3
1085 & 330 DA4
10B4 ]9 320 pAs
1083 ¢ 310 DA6
1082 O 11 30 DA7
1081 [J12 297 BC1t
1080 13 281 BC2
10A7 (14 270 BDIR
10A6 15 26 TEST 2
10AS 16 250 A8
10A4 17 24 A9
10A3 16 23 RESET
1I0A2 ¢ 22 CLOCK
10A1 25 215 I0A0

{ ]

Fig. 5 AY-3-8912 PIN ASSIGNMENTS s———

Top View )
ANALOG CHANNEL C CJe1 O DAO
TEST 1 ]2 270 DA1
Vee (+5V) O3 265 DA2
ANALOG CHANNEL B [ ¢ 255 DA3
ANALOG CHANNEL A 5 24> DA4
Vss (GND) O6 230 DAS
1I0A7 7 220 DAs
10A6 8 215 DA7
10A5 ¢ 20 BC1
10A4 [0 190 BC2
I0A3 1+ 180 BDIR
I0A2 12 170 A8
I0A1 12 165 RESET
10A0 [ 14 15 CLOCK
. . ___ ]
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Pin Functions

DA7--DAO (input/output/high impedance): pins 30--37 (AY-3-8910)
Data/Address 7--0: pins 21--28 (AY-3-8912)

These 8 lines comprise the 8-bit bidirectional bus used by the

microprocessor to send both data and addresses to the PSG and 1o
receive data from the PSG. In the data mode. DA7--DAO correspond
to Register Array bits B7--B0. In the address mode, DA3--DAOQ select
the register # (0--17¢) and DA7--DA4 in conjunction with address
inputs A9 and A8 form the high order address (chip select).

A8 (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 DA7--DAQ 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 a logic “0” (ground)
to the Reset pinwill 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 GlI'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/0 lines of the processor. The
PSG decodes these signals as illustrated in the following:

13 7020




2.3
Pin Functions
(cont)

S a5 crieoo PSG
©® © @® FUNCTION FUNCTION
0 0 O NACT  INACTIVE See 010 (1AB) below
0 0 1 ADAR LATCH ADDRESS See 111 (INTAK) below
0o 1 0 IAB INACTIVE The PSG/CPUbus is inactive DA7--DAO
are in a high impedance state
0o 1 1 0T8 READ FROM PSG. This signal causes the contents
ot the register which s currently addressed 1o
appear on the PSG/CPU bus. DA7--DAO are in the
output mode.
1 0 0 BAR LATCH ADDRESS. See 111 (INTAK) below
10 Dw INACTIVE. See 010 (IAB) above.
1 1 0 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 in
the input mode

11 INTAK  LATCH ADDRESS. This signal indicates that the bus
contains a register address which should be latched
in the PSG DA7--DAQ are in the input mode

While intertacing 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 of the bus control
signals to the following, which would only require that the processor
generate two bus control signals (BDIR and BC1, with BC2 tied to
+5V):

€ o - PSG

(8]
8 8 8 FUNCTION . ) a— R
0 1 0 INACTIVE -_ FRON s :
0 1 1 READFROMPSG  — °30CESS3s M
1 1 0 WRITE TO PSG SR
1 1 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 D/A
Converter, and provides an up to 1V peak-peak signal representing
the complex sound waveshape generated by the PSG.

I0A7--10A0 (input/output): pins 14--21 (AY-3-8910)
pins 7--14 (AY-3-8912)
10B7--10B0 (input/output). pins 6--13 (AY-3-8910)
(not provided on AY-3-8912)
Input/Output A7--A0, B7--B0

Each of these two paraliel input/output ports provides 8 bits of
parallel data to/from the PSG/CPU bus from/to any external devices
connected to the IOA or I0OB pins. Each pin is provided with an on-
chip puil-up resistor. so that when in the “input” mode, all pins will
read normally high. Therefore, the recommended method for scan-
ning external switches, forexample, would be to ground the input bit.

14 702/
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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 Gl test purposes only and should be leftopen—do
not use as tie-points.
Vee: pln 40 (AY-3-8910)

pin 3 (AY-3-8912)

Nominal —5Volt power supply to the PSG.

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

| Ground reference for the PSG.

Since the PSG functions are controlied by commands from the
system processor, the common data/address bus (DA7--DAQ) re-
quires definition as to its function at any particluar 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.

15 7033
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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 rectanguiar
blocks). defined by the pattern of bus control signais (BDIR, BC2,
BC1).

ouUTPUT OuTPU™ E
.INACTWE ADDRESS INACTIVE DATA b INAC V0 E
T i
N Aacress and wnite data ,
r 10 PSG sequence ;
ouTPUT ] INPUT -
INACTIVE [ ADDRESS e INAC TIVE  frencniis DATA pefd INAC T\ €
I 1
}‘_ Adgdress and reac data i l
| l

trom PSG sequence

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 “1", +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.]

oin / \
- /T N\

8uUsS

CONTROL NACT V. 1  mwiax 4 NACT

- OuUTPUT
DA7--DAO FLOAT X ADDRESS X FLOAT
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2.5.2 WRITE DATA TO PSG SEQUENCE

The “Write to PSG" sequence. which would normally follow immed:-
ately after an address sequence, requires four principal microstates.
(1) send NACT (inactive): (2) put data on bus; (3) send DWS (writeto
PSG); (4) send NACT (inactive).

o / \

BC1

comggf NAZT FZ//, ows E/A NACT

- OUTPUT DATA
DA7--DAC FLOAT X (TO PSG, X FLOAT

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 principal microstates of the read sequence are' (1) send
NACT (inactive); (2) send DTB (read from PSG): (3) read data on bus:
(4) send NACT (inactive).

BDIR

-/ \

ConTROL __NACT %% cTe m NACT

INPUT DATA x
DA7--DAC FLOAT X (FROM PSG) FLOAT

2.5.4 WRITE TO/READ FROM IO PORT SEQUENCE

Since the two 1/0 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.

17
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3

3.1
Tone Generator
Gontrol

{Registers RO, R1, K2, R3, R4, RS)

OPERATION

Since all tunctions of the PSG are controlied 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 tunction of creating or
programming a specific sound or sound effect logically follows the
control sequence listed:

Section Operation Registers Function

31 Tone Generator Control RO--R5 Program tone periods

32 Noise Generator Control R6 Program noise period

33 Mixer Control R7 Enable tone and’or noise
on selected channels

34 Amplitude Control R10--R12  Select "tixed” or "envelope-
variable” amphitudes

3.5 Envelope Generator R13--R15 Program envelope period

Control and select envelope pattern

The trequency 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
Register Channel Register
R1 A RO
R3 B R2
RS Cc R4

[e7]e6[es[ee]B3]B2{81 80| [67]86[es[ae|83[B2{B1 |80

e

te11[ter0] Tee [ ree [1e7 [ 16 [ s [ Tra [ TP3 | ez | 1e- | TPo |

12-bit Tone Period (TP) to Tone Generator

Note that the 12-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 resuitant tone frequency.

Note alsc that due to the design technique used in the Tone Period
count-down, the lowest period value is 000000000001 (divide by 1)
and the highest period value is 111111111111 (divide by 4.095,¢).
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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:

feiocw
(@) t = 1—;7’*';5,— (b) TPyo = 256CTic + FTy
Where: f: = desired tone frequency

fcLock = input clock frequency
TPio=decimal equivalent of the Tone Period
bits TP11--TPO.
CT.o=decimal equivalent of the Coarse Tune
register bits B3--BO (TP11--TP8)
FT.o=decimal equivalent of the Fine Tune
register bits B7—B0 (TP7--TPO)

From the above equations it can be seen that the tone frequency can
range from a low of 3'3?56 (wherein: TP10=4,095,0) to a high of %
(wherein: TP,c=1). Using a 2 MHz input clock, for example, wouid
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.

_ lcrocx FTic _ TPy
(a) TPy = rYR (b) CTy¢ __256 = —__256
Example 1: fr = 1kHz
ferocx = 2MHz
_ o 2x0¢
TP = 16(1x10°) 125
Substituting this result into equation (b)
FT 125
+ — = —
CTe + 56 = 256
CCTwe =0 = 0000 (83--B0)

FTwo =125, = 01111101 (B7--B0)
Example 2: fy = 100Hz
feeocx = 2MHz
2x10°
16(1x10%)
Substituting this result into equation (b).
Flo _1250 _ , . 2%
256 256 256

<. CTho 4,0, = 0100 (B3--B0)
FT.c = 226:c = 11100010 (B7--80)

TPy = = 1250

CTwo +

i

o
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(”Noise Generator

3.2

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 5-bit Noise Period value. This 5-bit
value consists of the lower 5 bits (B4--B0) of register RE as
illustrated in the following:

Noise Period

Register R6
87 [ B8 [Bs [Ba |83 [B2] B [B0]
h NOT 5-bit Norse Period (NP)
USED to Noise Generator

Note that the S-bitvaluein R11is a period 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:

' - 'CL&‘
" T 16 NPy
Where: fn =desired noise frequency
fcLock = input clock frequency

NP,o=decimal equivalent of the Noise Period
register bits B4-—-B0.

From the above equation it can be seen that the noise frequency can
range from a low of %" (wherein: NPyo = 31,0) to a high of %3
(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:

— 'CLOC:
NP, = 6ty
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3_3 Register 7-is a multi-function Enable register which controls the 3
three Noise/Tone Mixers and the two general purpose 1/0 Ports.

Mixer Control-

The Mixers, as previously described. combine the noise and tone

1/0 Enahle freauencies fo- each of the three channels. The determination of
combining neither/either/both noise and tone frequencies on each

(Register R7) channel is made by the state of bits B5--B0 of R7.

The direction (input or output ) of the two general purpose 1/0 Ports

(IOA and 10B) is determined by the state of bits 87 and B6 of R7.
These functions are illustrated in the following:

Funct.or Inpu’ Enac-

Noise Enable Truth Table:

R7 Bits Noise Enabled
BS B4 B3 on Channel
0 0 O C B A
0 0 1 cC B -—

0 1 0 C — A
0 1 1 C - -
1 0 0 - B A
1 0 1 - B -
1 1 0 - — A
LD R | -_— - -

Mixer Control-1'O Enable

Register R7

[ 67 | 86 [ 8s | 8¢ [ 85 | &2 | &

A~

10 Pcr 8 [ A

Function

Nowse Enatic

Channel

C[Bln

\

[ e |

Tone Enabir

c | e | a

Tone Enable Truth Table:

R7 Bits
B2 B1 BO

- = s - 00 O0O0

- -+ 00 - 4+ OO

1/0 Port Truth Table:

R7 Bits
87 B6

0

- -+ 00

1
0
1

1/0 Port Status

108 10A
Input Input
Input Output

‘Output Input
Output Output

N N o TS RN o,

Tone Enabied

on Channel
C B A
cC B -
C — A
C — -
- B A
— B -
- - A

NOTE: Disabling noise and tone does not turn oft a channel. Turning a
channel off can only be accomplished by writing all zeroes into the
corresponding Amplitude Control register. R10, R11. or R12 (see

Section 3.4).
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( 3 4 The amplitudes of the signals generated by each of the three D/A
i . Converters (one each for Channels A. B,and C) ig determined by th.
AmplltUde contents of the lower 5 bits (B4--B0) of registers R10. R11,and R12 as

illustrated in the following:

Control
Amplitude Control
(Registers R10. R11. R12) Register # Channel
R10 ) A
R11 B
R12 o}

Meeleslsa 83 a‘ : e.

//\ \

amp- tuae 4D faes
Moo« ampitu s Leve

The amplitude “mode” (bit M) selects either fixed level amplitude

(M=0) or vaniable level amplitude (M=1). It follows then that bits L3--

LO. defining the value of a “fixed" level amplitude. are only active

when M=0. When fixed level amplitude is selected, itis “fixed” onlyin

the sense that the amplitude level is under the direct control of the

. system processor (via bits D3--D0). Varying the amplitude when in

( R this “fixed” amplitude mode requires in each instance the direct

g intervention of the system processor via an address latch/write data
sequence to modify the D3--D0 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 asan "envelope
enable” bit; i.e., when M=0 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).




The full chart describing all combinations of the 5-bit Amplitude -

Control is as follows: o~
Amplitude Control NS
Register # Channel
R10 A
R11 B
R12 C
B7|B6|B5{B4|B3|B2|B1|B0
un— —
NOT
USED Amplitude
Control ‘
M L3 L2 L1 LO Output ‘
\
0 0o 0 0 0 *0 0 0 O The amplitude 1s
N © 0\ fixedat 10’16 levels
s : as determined by
0o 1 1 1 1 1111,"3"2"”'0
\ The amplitude is
variable at 16 levels

1 X X X X E3 E2 E1 EO as determined by the
I output of the
Envelope Generatbr

X=Don't Care '
( ) *The all zeroes code is used 0 turn a channe’

ot

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 L1 LO.

Fig. 6 VARIABLE AMPLITUDE CONTROL (M=1) =sssssssssssssmm—m

GRAPHIC REPRESENTA".ON C7 = L=aNNE. 87
THE DECIMAL VALUES TF T-E - PP
AMPLITUDE CONTEZ. 070" ETOot
—T-amngL
(4 £F _‘ <
‘. T :
Fan
. {
- - ] "
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35
Envelope
Generator
Control

(Registers R13. R14, R15)

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 trequency 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. Iy A
H /(*-
3.5.1 ENVELOPE PERIOD CONTROL (Registers R"l@. R14q)
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 16-bit Envelope Period vaiue. 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
foliowing:

Envelope - ‘Envelcoe
Coarse Tune Fine Tune
Register R14 Register R13
{e7]ee|ss|sa{B3]B2]01 6:] {8-|eclas|sd]es]e2]81 |80 ]

/ N~

[epsserrafeprafescaeprifeoro] eoe | epe | €=~ [ Epe [ €ps | €pa [ €pa [epz [ €Pt [€r. ]

16-b:t Envelope Period (EP)
to Enveiope Generatcr

Note that the 16-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:).

The envelope frequency equations are:

1
(@ fe = 55;‘—;,"‘0 (b) EPyc=256CT10+FT1o
Where: fe = desired envelope frequency

fcLock = input clock frequency
EP.o=decimal equivalent of the Envelope
Period bits EP15--EPO
CT.0o=decimal equivalent of the Coarse Tune
register bits B7--B0 (EP15--EP8)
FT.o=decimal equivalent of the Fine Tune
register bits B7--B0 (EP7--EPO)

From the above equation it can bee seen that the envelope frequency
can range from a low of 57— (wherein: EP1c=65,535:0) to a high
of %& (wherein: EPyo=1). Using a 2 MHz clock, for example, would
produce a range of envelope frequencies from 0.12 Hz to 7812.5 Hz.
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To calculate the values for the contents of the Envelope Period

Coarse and Fine Tune registers. given the input ciock and the desired
envelope frequencies, we rearrange the above equations, yielding S
'CLO("‘ . FTm Epvfr
p‘ e —— 1 — T —
(@) EPro = et (0) CTha + 56 = 256
Example: fe = 05 Hz
fmga‘= 2 MHz
_ _2a0°
EPy = 356105 - 15.625
Substituting this result into equation (b
‘ FTo _ 15625 _ . = 9
CTwo + 256 = 256 = 61 256

CTiwo = 61,0 = 00111101 (B7--B0)
FTwo = 9ig = 00001001 (B7--BO)

3.5.2 ENVELOPE SHAPE/CYCLE CONTROL (Register RY5)

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 E1EQ. 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--B0) of register R15. Each of these 4 bits controls a function in
the envelope generator, as illustrated in the following:

Envelope Shape/Cycle j
Control Register (R15) S

{e7]es|es|eafoslBolmi[BO|

N—— om—
NOT Hole
USED
Alternate To

Envelope
Attach Generator

Continue

The definition of each function is as follows:

Hold when set to logic “1", limits the envelope to one cycle,
holding the last count of the envelope counter (E3--
E0=0000 or 1111, depending on whether the envelope
counter was in a count-down or count-up mode. respec-
tively).
Alternate when set to logic “1", 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 hoiding
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35
Envelope
Generator
Control
(cont.)

Fig. 7

Attack when set to logic “17, the envelope counter will count up
(attack) from E3 E2 E1 EO=0000to E3E2 E1 EO=1117;
when set to logic 0", the envelope counter will count
down (decay) from 1111 to 0000.

Continue when set to logic “1", 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
numerous charts of the binary count sequence of E3 E2 E1 EQ for
each combination of Hold. Alternate, Attack and Continue. However,
since these outputs are used (when selected by the Ampiitude
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 s——

mserrs |
83 B2 81 BO.
| . AL ;
- S
i c T
N A E
| T T.R
[ TN KW
IN Al A O GRAPHIC REPRESENTATION
U €T L OF ENVELOPE GENERATOR
E x € D OUTPUT E3 E2 E1 EO

»
>

% <

Sec Fig Btor et
Z

-

Zé

'

— P ,“— EF 3 THE ENVELCPE PERIOD
: (D -RATION OF ONE CYTLE"
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Fig 8 DETAIL OF TWO CYCLES OF Fig. 7
(ref. waveform “1010" in Fig. 7) m—————

GRAPHIC REPRESENTATION OF
THE DECIMAL VALUES NF THE
ENVELOPE GENERATOR
OUTPUT E3E2 €' EC

T

g ; (11
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3.6

~ 1/0 Port Data

Store

(Registers R16 R17)

Registers R16 and R17 function as intermediate data storage regis-
ters between the PSG/CPU data bus (DA0--DA7) and the two /O
ports (I0OA7-10A0 and 10B7--10B0). Both ports are available in the
AY-3-8910, only I/O Port A is available in the AY-3-8912. Using
registers R16 and R17 for the transfer of I/0 data has no effect at all
on sound generation. :

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

1. Latch address R7 (select Enable register)

2. Write data to PSG (setting B6 of R7 to “1")

3. Latch address R16 (select IOA register)

4. Write data to PSG (data to be output on 1/0 Port A)

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

1. Latch address R7 (select Enable register)

2. Write data to PSG (setting B6 to R7 to “0")

3. Latch address R16 (select IOA 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 I/O 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 R17 will follow the signals applied to the 1/0 port(s). However,
transfer of this data to the CPU bus requires a “read” operation as
described above. v ’




3.7
D/A Converter
Operation

Since the primary use of the PSG is to produce sound for the highly
imperfect amplitude detection mechanism of the human ear, the D/A
conversion i1s performed in logarithmic steps with a normalized
voitage range of from 0 to 1 Volt. The specific amplitude control of
each of the three D/A Converters isaccomplished by the three sets o*
4-bit outputs of the Amplitude Control block, while the Mixer outputs
provide the base signal frequency (Noise and/or Tone).

Fig. 9illustrates the D/A Converter output which would result if 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) nsess—

NORMALIZED
VOLTAGE
15 15
v 1 p
NOTE THIS IS THE ENVELOPE
ONLY—NOISE AND TONES
ARE DISABLED
707V
SV DECIMAL VALUE
OF E3E2 E1 EO
(SEE AMPLITUDE
CONTROL.
SECTION 3.4)
.303V
25V
1515V
125V
0

EP=ENVELOPE PERIOD
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Fig. 10 SINGLE TONE WITH ENVELOPE SHAPE CYCLE PATTERN 1000
(RO=14,. R1=37,4, R7=76s, R12=20,, R15=10,, all other registers=0)

Fig. 11 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1100
(R15=14,, all other registers same as Fig. 10) s ——————————
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Fig. 12 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1010

(R15=12,, all other registers same as Fig. 10) mes————————

Fig. 13 MIXTURE OF THREE TONES WITH FIXED AMPLITUDES s
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4

4.1
Introduction

Fig. 14

INTERFACING

Since the AY-3-8910/8912 PSG must be used with support compo-
nents, interfacing to the circuitis an obvious requirement. The PSGis
designed to be controlied 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 may be utilized in a microprocessor/microcomputer
system.

SYSTEM BLOCK DIAGR AN 00 s e

ADDRESS
INPUT

MICROPROCESSOR MEMORY

MICROCOMPUTER

BUS CONTROL

ANALOG
OUTPUTS

Crock AUDIO
GENERATOR AMPLIFIER
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4 2 An economical solution to providing a system clock is shown in Fig.

¢ 15. It consists of a 3.579545MHz standard color burst crystal, a

c'ock CD4069 CMOS inverter, and a CD4013 to divide the color burst

- frequency in half. The clock produced for the PSG runs at a
Generaﬂon 1.7897725MHz rate. Depending on the microcomputer used, its clock
should be selected within its specified value.

Fig. 15 CLOCK GENERATION s s e

EITHER CLOCK

TO M:CRO
COMPUTER

(SPEC DEPENDENT)

3 579545MH;
CRYSTAL

Sl

1 7897725MH;

PSG

_0.8948863M2

¢

20pF

=)\

w

AVASIS

129
4013
2 5

12

467
810

"

4

1789772502
CLOC® TO PSG
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4 Fig. 16 illustrates the audio output connections to a commercially
- available LM386 audio amplifier. It shows channels A, B, and C
A“dlo Outpul summed together to enable complex wavetorms to be composed and
'“terface amplified through a single external amplifier. These channels may be
individually amplitied through separate channels for more exotic

sound systems.

Each output channel is individually controlied by separate amplitude
registers (R10, R11, R12) and an enable register (R7) in the PSG

Fig 16 AUDIO OUTPUT INTERFACE wsssssssssssssssssssssss——

ANA_OG CHANNEL OUTPUTS
PSG | &

B

C
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4.4
External
Memory

Access

Fig. 17

The ROM or PROM shown connected to the PSGin Fig 17 iliustrates
an option for providing additional data information for processor
support. The two I/0 registers within the PSG are used in this case to
address the memory via IO 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 I/0 ports A and B would be as follows
(Assume Port A addresses and Port B reads)

Bus Codes
Bus Control BDIR BC2 BC1 Explanation of Bus Data (DA7--DAO)
Latch address 1 1 1 00000111, Latch R7 to program ['O Ports
Write to PSG 1 1 0 01000000 Set B7 B6 1o 0. 1 respectively
Latch address 1 1 1 00001110 Latch R16 to address memory
Write to PSG 1 1 0 00000001 Address daia to memory
Latch address 1 1 1 00001111 Latch R17 10 read memory
Read from PSG 0 1 1 XXXXXXXX Memory data conta:ned i~ R17

NOTE BC2 :n the above Bus Codes may be permanentty tied 10 -5V trus
requiring only twa bus control hines tor all control operations (refe- to
Section 2.3 for a complete explanation;

Also, RAM or EAROM may be used in place of the ROM or PROM

shown by altering the program to use PORT B as an 1/O. Port B then
will be able to write data as an output and read data as an input.

EXTERNAL MEMORY ACCESS ssssssssssssssssssssnssssmmssmmms

PSG

A Be - 102
(104 2UTPUT: | [0a-

10AZ

[VARTANALER LRI N I b

10A3 > 25817
MEr D5 -
[ Y 10A2 SOM o PE TN
1045 >
DAL B N
IOAE >
oar
10A7 > DATAC_T
Caz Bl el
oA e | & |2
. ‘_’_;——::—
Dad B2 E——:—
cas B: | & =
cag Bé 108L
CAT 8" 108+
QEGITTER 108z
ARF:* 1082
108
l}
1083 i
|
a7 gT o | 10BE .
SIRINPUT 108~
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4 5 In Fig 18. the hnes identified DA7--DAQ are the input/output bus bits
( , * 7--0. This 8 bit bus is used to pass all data and address information

Micmprocessor/ between the AY-3-8910/8912 and the system processor.

i BC1, BC2 and BDIR are bus control signals generated by the

Mlcrocomputer processor to direct all bus operations. These operations are identi-

'ﬂterface 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 MICROPROCESSOR/MICROCOMPUTER INTERFACE semmmm—

-5v

— |

- AS AR

O4a°

OA-

DA

D&~
g 87
T.27A ADTRESS LINES DAz

pa:  PSG

DAL

uP uC

o
Q Bu TONTROL 4

LINES

Bo -
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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 main controller in the
circuit. The PIC 1650 is used to scan the keyboard. fetch data from
the PROMSs, write data tothe AY-3-8910 and provide the timing for the
AY-3-8910.

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

This particular schematic illustrates how a microcomputer with
additional memory can produce a stand-alone 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 isusedin a
hand-heid demonstrator unit. This demonstration unit illustrates the
range of PSG capabilities, including music, sound effects and /O
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 ADDRES
84 025 1026 WRITE MOVF  ADDRESW .GET REGISTER NO

85 026 0045 MOVWF 10A .SET ADDRESS

86 027 1006 MOVF 10B.W .GET PRESENT BC1.8C2.BDIRETC
87 030 7370 ANDLW 370

88 031 6404 IORLW 4 .SET BAR

89 032 0046 MOVWF 108 .SEND BAR

90. 033 7370 ANDLW 370

91. 034 0046 MOVWF 108 .SEND NACT

92. 035 1027 MOVF  DATAW

93. 036 0045 MOVWF 10A :PUT DATA ON D A PINS OF 8210
94 037 1006 MOVF  10B.W

95. 040 7370 ANDLW 370

96 041 6406 IORLW 6

97. 042 0046 MOVWF 108 :SEND DWS

98 043 7370 ANDLW 370 'SET UP NACT

99 044 0046 MOVWF 108 :SEND NACT

100 045 4000 RET ‘RETURN TO CALLING ROUTINE

37
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( | 4.6 4652 READ DATA ROUTINE
. ADDRESS OF READ IN REGISTER ADDRES

AFTER READ. INPUT DATA IN REGISTER 'DATA

ENTRANCE READ1 ASSUMES THAT REGISTER NUM IN v,

51

Interfacing =
to the PIC 1650 ::
(cont) =

00 0066 READ! MOVWF

00!
062
0c3
004
005
006
007
010
on
012
013
014
015
016
07
020
02
022
023

1026
0045
1006
6404
0046
7370
0046
6377
0045
1006
7370
6403
004€
1005
006~
100€
7370
0046
4006

READ MOVF
MOVWF
MOVF
IORLW
MOVWF
ANDLW
MOVWF
MOVLW
MOVWF
MOVF
ANDLW
IORLW
MOVWF
MOVF
MOVWF
MOVF
ANDLW
MOVWF
RET

ADDRES
ADDRES W
I0A
10B.wW

4

108

370

108

377

10A
108w
370

108

4.6.3 READ ROM ROUTINE

ADDRESS OF ROM IN W AT ENTRANCE NEXRO"
.ADDRESS OF ROM IN ROMAD AT ENTRANCE ROMFRD

106
107

‘ 108
109
- 100
11

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

046

0s0
051
052
083
054
0S5
056
057
060
061
062

BYPASS ADDDRESS STORE

GET REGISTER NO

MOVE TO 8910 D A FiNS

GET PRESENT BC1 EC2BDIRETC

.SET BAR
SEND BAR

SEND NACT

.SET FOR INPUT

.SET DTB

SENC DTB

.SAVE DATA

SENDC NACT
.RETURN TO CALLINS ROUTINE

INCREMENTS ROMAD AFTER READ IF ROM ACDRESS
.CROSSES 256 BORDER MAKE UPPER BANK SE_ECT

{USES 8910 REG 16 FOR ADDRESS
8910 REG 17 FOR INPUT DATA

NEXROM MOVF  ROMAD W

ROMRD MOVWF DATA PUT ADDRESS
MOVLW 16 10O A ADDRESS
MOVWF ADDRES
BCF 10B 6 TURN ON ROM
CALL WRITE SEND TO 104
INCF ADDRES TC IOB ADDRESS
CALL READ GET DATA
BSF 10B 6 TURN OFF ROM
INCFSZ ROMAD  TO NEXT LOC
RET
BSF 1085 SET HIGH SELEC™
RET RETURN TO CALL NG ROUTINE
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4 7 As shown in Fig. 20, the wiring 1s direct between the AY-3-8910and a
( ' . * CP1600/1610 microprocessor The levels are compatible thus elimi-
o Inteﬁa(:"]g to the nating any need for level converters. Even the terminology between
CPlﬁm/l 61 0 the IC's remains constant to provide simple-to-follow connections

The CP1600/1610 acts as a controller in this configuration fetching
data from ROM's contained elsewhere in the system. The CP1600/
1610 aiso acts as the bus controller developing the necessary timing
for the AY-3-8910.

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:
MVIl Reg 0. R4
CLRR RO
Here MVO@ RO, R4
CMP| Reg 0 + 17, R4
BLT 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 withan AY-3-8910/8912
through the addition of an M6820 PIA chip The /O ports designated
as PAO to PA7 are used as the 8 bitbus linesand 1/0 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 D DIR A
LDAA #FF
STAA 8004 ;OUTPUTS
LDAA #4
STAA 8005 ;GET PERIPHERAL A
STAB 8004 ;FORM ADDR
STAA 8006
CLRA
STAA 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
STAA 8006 WRITE DATA
RTS ;RETURN

4.8.3 READ DATA ROUTINE
:AFTER READ, B HAS READ DATA

READ STA A 8005 ;GET D DIR
STA A 8004 .INPUTS
LDAA #4
STA A 8005 ;:GET PERIPHERAL
DECA
STA A 8006 .READ MODE
LDA B 8004 ;READ DATA

CLRA
STA A 8006 :REMOVE READ MODE
RTS ;RETURN

Pp)
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49
Interfacing
to the 8080

S100 Bus

The-sampie S100 bus design provides tor 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 muitipie
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 routines in the illustrative

program, the program overhead necessary to communicate with the
PSG is minimal.

4.9.1 LATCH ADDRESS ROUTINE

PORTADDR EQU 80H ;ADDRESS TRANSFER PORT ADDRESS
PORTDATA EQU 81H .DATA TRANSFER PORT ADDRESS

;THIS ROUTINE WILL TRANSFER THE CONTENTS OF
8080 REGISTER C TO THE PSG ADDRESS REGISTER
PSGBAR MOV  AC .GETCINAFOROUT
OUT PORTBAR ;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 PSGBAR GET ADDRESS LATCHED
MOV AB. .GET VALUE IN A FOR TRANSFER
OUT PORTDATA .PUT TO PSG REGISTER
RET

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 CALL PSGBAR

IN PORTDATA .GET REGISTER DATA
MOV  B.A GET IN TRANSFER REGISTER
RET
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5.1
Note Generation

MUSIC GENERATION

The production of music involves the creation of series of frequen-
cies which are pleasing to the human ear (setting critical evaluation
aside). This involves essentially mathematical relationships, making
the application ideal for digital devices. For example. the shifting up
or down in octaves i1s 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 ioads. The method used in
many cases is to obtain register load values for tirst octave notes and
to shift to the correct octave at playtime.

The chart in Fig. 23 lists a full 8 octaves of notes from a low of C1
(32.703Hz) to a high of B8 (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 chartinthe 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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D
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E
F
Fa
G
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A
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C
Cs
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D#
E
F
Fs
G
Ge
A
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n
C
Cs
D
D=
E
F
Fa
G
Gw#
A
As
B
o}
Cs
D
(o] ]
E
F
Fu
G
Ge
A
An
B8

IDEAL ACTUAL 12-BIT REGISTER IDEAL ACTUAL
NOTE OCTAVE FREQUENCY FREQUENCY VALUE IN OCTAL  NOTE OCTAVE FREQUENCY FREQUENCY
eSS 32703 32 698 6 5 3 s /7l ¢ 6 523 248 522714
7 34648 34 653 6 2 3 47°~°Y Cn ~ 554.368 553.768
36 708 36712 5 7 4 1 7 0 5 587.328 588 741
< 38891 38 895 5 4 7 4.0V '« D 5 622 256 621 449
J4 41203 41 201 5 2 3 3 . E 5 659 248 658 005
.7 43654 43 662 s 0 0 2.° .t F 5 698 464 699 130
A3 46249 46 243 4 S 6 3 ;+//. Fn 5 739 984 740 800
~ ' 48999 48 997 4 3 5 3 .Yv' G 5 783 984 782 243
r 3 51913 51908 4 1§ 3 .- > G# 5 830 608 828 598
-7 55000 54 995 3 7 6 2 1 A 5 880 000 880 794
< 58270 58 261 3 6 0 0 -2 Aws 5 932.320 932173
4~ 61735 61733 3 4 2 4 , < B 5 987 760 989918
65 406 65416 3 2 5 8 . c 6 1046 496 1045 428
69 296 69 307 3 1 1 6 "7 ca 6 1108 736 1107 532
73416 73 399 2 17 6 4 D 6 1174 656 1177 482
77 782 77 789 2 6 3 6 D 6 1244512 1242 898
, 82406 82 432 2 8§ 1 5 E 6 1318 498 1318 009
87 308 87 323 2 4 0 1 F 6 1396 928 1398 260
92 498 92523 2 2 1 Fu 6 1479 968 1471 852
97 998 98 037 2 1 6 S G 6 1567 968 1575 504
103 826 103 863 2 0 6 5 G 6 1661 216 1669 564
110 000 109 991 1T 7 1 A 6 1760 000 1747 825
116 540 116 522 1 7 0 0O AN 6 1864 640 1864 346
127 470 123 467 1T 6 12 B8 6 1975 §20 1962 470
130 812 130 831 T s 2 7 C 7 2092 992 2110 581
138 592 138613 1 4 4 7 o) 7 2217472 2237 216
146 832 146 799 T 3 7 2 o] 7 2349 312 2330 433
155 564 155 578 13 17 D 7 2489 024 2485 795
164 812 164 743 1 2 4 7 E 7 2636 992 2663 352
174 616 174 510 1 2 0 1 F 7 2793 856 2796 520
184 996 184 894 1 1 3 5 Fu 7 2959 936 2943 705
195 996 195 903 1 0o 7 3 G 7 3135936 3107 244
207 652 207 534 1 0 3 3 G# 7 3322 432 3290 023
220 000 220198 o 7 1 4 A 7 3520 000 3495 649
233 080 233043 o 7 4 0 Aw 7 3729 280 3728 693
246 940 246933 o 7 0 5 B 7 3951 040 3995 028
261 624 261 357 0 6 5 4 rc 8 4185 984 4142 992
277 184 276 883 0 6 2 4 Co 8 4434 944 4474 431
293 664 293 598 o 5 71 S o] 8 4698 624 4660 866
311128 310724 o 5 5 O D 8 4978 048 5084 581
329 624 329973 o 5 2 13 3 8 5273 984 5326 704
349 232 349 565 6 5 0 O F 8 5587 712 5533 039
369 992 370 400 0o 4 5 6 { Fu 8 5319 872 5887 410
391 992 392 494 0 4 3 S G 8 6271872 8214 488
415 304 415839 0o 4 1 5 G# 8 6644 864 6580 046
440 000 440 397 o 3 71 &6 A 8 7040 000 6991 299
466 160 466 087 0 3 8 0 An 8 7458 560 7457 385
493 880 494 959 0 3 4 2 B8 8 7902 080 7930 056
Fig. 23 FOUAL TEMPERED CHPOMATIC SCALE (t . =17R377MH7)
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5 2 One of the methods of entering a composition 1nto a computer
* memory would be to utihze a keyboard tc pass number and
Tune Entry/ alphabetic information concerning the composer's wishes. An alter-
Pl b k nate method would be to scan a positional series of switches (like a
av daC piano keyboard) to determine note. volume and duration data.

Since flexibility in tune entry i1s desired. 1t 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.

5.3 One of the significant features of a microcomputer based music
player is the ability to modify the tune once it has been recorded

Tune variatiﬂns 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 programming effect would be to shift one bit left for
each lower octave and one bit right 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

§.3.2 KEY

One measure of the virtuosity of amusician 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 Fcr example. a piece written in C
and played in C# wouid 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 ) Ail 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 durationcan
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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Fig. 24

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 various note
constants which will produce musical chords. A chord with a
particular quality may be formed by piaying its root, a 3rd Minor or
Major, and other notes from the chord chart. For example. a C Major
chord 1s formed from C(=+2), E(=2}. and G(=+2).
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54
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 controlied ampiitude
mode (bit 4 of registers 10, 11 or 12=0). In the case of a
decaying or steady note, when anote 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 adrum 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.
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5.5
Applications

Fig. 25

While many appiications of the PSG in music generation are
apparent, for instance in the area of toys and games, other applica-
tions are possibie 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 ORGAN 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 controlled 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 shownisa Gl 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.
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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 provide a percussion instrument section for an electronic
organ

The microcomputer used in this case could be a GI PIC 1650 which
can be internally programmed to drive a series of AY-3-8310's. all
hardwired to an I'O port of the PIC. Each AY-3-8910 provides a
separate output envelope and frequency of the instrument 1t 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 8910's via the A8 and A9
address lines providing additiona!l instrument sound variations.
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 1/0 ports.
saving microcomputer ports. to provide extra rhythm length or
number of patterns. These ROMs could also be replaced by EAROMs
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 s ————
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6

6.1
Tone Only
Effects

Fig. 27

SOUND EFFECTS GENERATION

One of the main uses of the PSG is to prod-ice 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 eftects 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).

EUROPEAN SIREN SOUND EFFECT CHART wsscassssss——

Octal
Register # Load Value Explanation
Any not specified 000 -
RO 378} Set Channel A Tone period to 2.27ms
R1 000 (440H2)
R7 076 Enable Tone only on Channel A only
R10 017 Select maximum amphtude on Channel A
(Wait approximately 350ms before continuing)
RO 126 } Set Channel A Tone period to 5.346ms
R1 001 (187Hz). ’
(Wait approximately 350ms before continuing)
R10 000 Turn off Channel! A to end sound effect
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, - m0ise and the envy&iones L,eneralocr (Or orocesscr cantrol of channed
o NOISB Dniy envelope f other chaiineis aie using the envelope generator)

Eﬁects Examples of this. whicn can be seen in £:gs. 28 and 29, are gunshot
and explos:on In soth cases pure noise IS used with a decaying
envelope In the exampies shown the oniy changes are in the iength
of the enveiope as moditied by the coarse tune register and in the
noise period Note that a significantiy lower explosion can be
obtained by using a!l three channels operating with the same
parameters

Fig. 28 GUNSHOT SOUND EFFECT CHART ssss——m—

Octal
Register Load Value Explanation
Any not speciied 000 —

R6 017 Set Noise period to mid-value

R7 007 Enabie Noise only on Channels AB.C
21'? ggg Select full amphitude range under direct
R12 020 control of Envelope Generator

R14 020 Set Envelope period to 0.586 seconds
R15 000 Select Envelope “decay’ . one cycle only

Fig. 2¢ EXPLOSION SOUND EFFECT CHART messsssssssssssssmm—m

B Octal
Register Load Value Explanation
Any not specified 000 —
R6 000 Set Noise period to max. value
R7 007 Enable Noise only. on Channels A.B.C
R10 020

Select full amphlitude range under

R11 020

R12 020 direct control of Envelope Generator
R14 070 Set Envelope period to 2.05 seconds
R15 000 Select Envelope “decay’. one cycle only
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6.3 The Laser, Whistiing Bomb, Woif Whistle, ana Race Car sounds in
Figs. 30 thru 33 all utilize frequency sweeping effects. In all cases
Frequency they involve the increasing or decreasing of the values in the tone
period reqisters with variable start, end, and time between frequency
Sweep EHECts changes. For example, the sweep speed of the Laser 1s 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” effect which seems well suited for "space war" type games.

Fig. 30 LASER SOUND EFFECT CHART wsssssssssm—

Octal
Register Load Value Explanation
Any not specified 000 -
R7 076 Enable Tone only on Channel A onty
R10 017 Select maximum amplitude on Channel A
Sweep effect for Channel A Tone period
RO 060 (start) via a8 processor loop with approximately
RO 160 (end) 3ms wait time between each step from 060
to 160 (0.429ms 23304z to 1 Oms 1000Hz)
R10 000 Turn off Channel A to end sound ettect

Fig. 31 WHISTLING BOMB SOUND EFFECT CHART wseessssssmmmm

Octal
Register # Load Value Explanation
Any not specified 000 -
R7 076 Enable Tone only on Channel A only
R10 017 Select maximum amp'itude on Channel A
Sweep effect for Channel A Tone period via
RO 060 (start) a processor loop with approximately 25ms
RO 300 (end) wait time between each step from 060 to 300

(0.429ms/2330Hz to 1.72ms 582Hz).
After above loop is compieted. follow with sequence in Fig. 28.
k]




6.4 Because of the independent architecture of the PSG. many rather
. complex effects are possible without burdening the processor. For
MU'tI-Channel example, the Wolf Whistle effect in Fig. 32 shows two channels in use
Eﬁects to add constant breath hissing noise to the three concentrated
frequency sweeps of the whistie. Once the noise is put on the
channel, the processor only need be concerned with the frequency

sweep operation.

Fig 32 WOLF WHISTLE SOUND EFFECT CHART s

Octal
Register # Load Vaiue Explanation
Any not specified 000 -

R6 001 Set Noise period to minimum value

R7 056 Enable Tone on Channe! A, Noise on Channe!B
R10 017 Select maximum amplitude on Channe! A
R1 on Select lower amplitude on Channel B

Sweep effect for Channel A Tone periodviaa

RO 100 (start) } processor loop with approximately 12ms

RO ,040 (end) wait time between each step from 100 to 040

_ (0.572ms/1748Hz to 0.286ms/3496Hz)
(Wait approximately 150ms before continuing)
A processor loop with approximately 25ms
28 L%% ((‘r::g)) wait time between each step from 100 to 060
(0.572ms’/1748Hz to 0 429ms/2331Hz2)
A processor loop with approximately 6ms
RO 060 (start) wait time between each step from 060 to

RO 150 (ena) 150 (0 429ms'2331Hz to 0.930ms’/1075Hz).
::(1) % } Turn oft Channels A and B to end effect

Fig. 33 RACE CAR SOUND EFFECT CHART msemmmm—m—m—

Octal
Register # Load Value Explanation
Any not specified 000 — .
R3 017 Set Channe! B Tone period 1o 34.33ms (29Hz).
R7 074 Enable Tones only on Channels A and B
R10 017 Select maxirmum amplitude on Channe! A
R11 012 Select lower amplitude on Channel B.
Sweep effect for Channel A Tone period via
“R1/R0 0137000 (start) J a processor ioop with approximately 3ms wart
*R1/RO 004/000 (end) } time between each step from 013/000 to
004/000 (25.17ms/39.7Hz to 9.15ms’109.3Hz)
A processor 10op with approximately 3ms
21/'28 %’og/%%% (('2:3)) { wait time between each step from 011/000 to
' 003/000 (20.6ms/48.5Hz to 6.87ms/145 6Hz).
, A processor {oop with approximately 6ms
:1 /:g %%ﬁ;m (('set:g)) l wait ime between each step from 006.000 to
001/000 (13 73ms/72.8Hz to 2.29ms/436 7Hz)
::? Turn ott Channels A and B to end effect

*Decrement R1'R0 as a whole number e g start at 013°000. ther 012377
then 012376 etc
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7.1
Maximum
Ratings

1.2
Standard
Conditions

7.3
DC
Characteristics

Fig. 34

Fig. 35

ELECTRICAL SPECIFICATIONS

Storage Temperature ......................... —55°C to -150° C

Operating Temperature

Vce and all other input and output
.................... —-0.3V to +8.0V

Exceeding these ratings could cause permanent damage to these devices
Functional operation at these conditions i1s not imphed— operating conditions

voltages with respect to Vss

are specilied below

Vec=+5V 5%
Vssz GND

Operating temperature: 0°C to +40°C

........................... 0°C to +40°C

Characteristic Sym | Min. [ Typ. " |Max. | Units Conditions
All Inputs
Logic 0" Vi | O — | 06 v
Logic "1” Vin | 24 - Vee v
All Outputs (except
Analog Channel Outputs)
Logic 0" Voo | O — 05| Vv Ioo=16 mA, 20pF
LOglC "1 Vou | 24 -— Vee v 1@4=1qu‘ ZODF
Analog Channel Outputs Vo | O - 60 | dB | Testcircuit Fig 34
Power Supply Current Iecc | — 45 75 | mA

* Typical vaiues are at +25°C and nominal voltages

ANALOG CHANNEL OUTPUT TEST CIRCUIT eosssssss—

ANALOG

R

N

CHANNEL. O
QUTPUT

(OP AMP MUST NOT SATURATE)

CURRENT TO VOLTAGE CONVERTER ssssssssssss—

A2 06
C=2%NEL O-

l.TPUT
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1.4
AGC
Characteristics

Fig 37

Characteristic Sym | Min.|Typ.* {Max.| Units | Conditions

Clock Input

Frequency fo 110 — 20 | MHz

Rise time t. — — 5C ns

Fall time t — -— 50 ns

Duty Cycle —|os|s0o | 75| % |F'936
Bus Signals (BDIR, BC2, BC1)

Associative Delay Time tar. | — — 50 ns

Reset
‘F_R_e_ie—t Pulse Width taw |500] — | — | ns } Fig 37
Reset to Bus Control Delay Time tag { 100 | — - ns g
A9, A8, DA7--DAO (Address Mode)

Address Setup Time tac | 400 | — — ns }Fig 38
Address Hold Time taw | 100 — — ns

DA7--DAO (Write Mode)

Write Data Pulse Width tow | 500 — [|oox| ns

Write Data Setup Time tos | S0 - — ns }Fag. 39
Write Data Hold Time to | 100 - — ns

DA7—-DAO (Read Mode)

Read Data Access Time toa | — | 250 | 500} ns

DAT7--DAO (Inactive Mode) } Fig 40
Tristate Delay Time tvs | — | 100 {200 | ns

* Typical values are at 25°C and nominal voltages

CLOCHK AND BUS SIGNAL TINMING =sss————

Vie
Vi
BOIR
crock } i 822 8C!
. ..
1 -——! )-—-—- ‘ i -—.q‘ 1o p-—
lo— 1. ; Vi
i
80IR
b 11, e BC2 BCH
Vi,
s b
RESET TIMING
BUS
CONTRS. NAZ™ 42 VA_ID BUS S'GNAL
DECODE
RE<ET

!
“ = CONTHO
SGNALS CHANGNG

— o & -~ ML

N IoUDNG SKEW
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Fig 3¢ LATCH ADDRESS TIMING

BUS : R
CONTRO. . DONTCARE P4 4.7 DON T CaEE
DECODE = —~

AS Ag PREVIOUS ! e !
DA7--DAD STATE X ADDRESS x

|8 lf

v

] BuUS CONTROL *ANY COMBINATION UF BD'= BLY B
% SIGNALS CHANGING W=iCH DECODE L&7CH ACTRESS
—«! |je— 50 ns MAX INCLUDING SKEw BOIR BC2 BC!
' ¢ : :
**REFER TO PARAGRAPH 211 o co e
FOR A DESCRIPTION OF o ; .

“VALID' PSG ADDRESSING

Fig. 39 WRITE DATA TIMING

BUS
CONTROL DON'T CARE wriTe 10 PG * P24 DO~ CARE
DECODE
—t oo 1ny == | ——
\8
~ PREVIOUS .
DA7--DAC STATE Cava X
v
BUS CONTROL © WRE TS PS5l
7/[ WRTE T PSC

SIGNALS CHANGING

__.{ ‘,__ 50 ns MAX 8DIR BC2 BCH e
INCLUDING SKEW 1 ) C

Fig. 40 READ DATA TIMING

BUS } )
CONTRC.  DONT CAR: READ FROM £3G° m INACT L E
DECODE
N -
) V.
~~LT 1
DA7--DAD pZET\Q$:S x ; RECZ:: ’ X TE ITATE
! } V.
% B8US CONTROL * QEAD FRI PSG
@ SIGNALS CHANGING
. | BDIR BC2 BC1
‘-— 50 ns MAX ) .
INCLUDING SKEW 0 '

o
‘0
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Package Outlines

Fia. 41

40 LEAD DUAL IN LINE PACKAGES (tor AY-3-84910) wemsesssmmmmm
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Fig 42 238 LEAD DUAL IN LINE PACKAGES (for AY-3-8912) memmm—m
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WESTERN DIGITAL

A

c g R P 0

WD1770/1772 5Ya" Floppy Disk ControllerrfFormatter

FEATURE®

s 28 PIN DIP

s SINGLE Zv SUPPLY

o BUILT N JATA SEPARATOR

e BUILT N RITE PRECOMPENSATION

o 3 SINGLE AND DOUBLE DENSITY

« MOTOR CONTROL

o 128 256 312 OR 1024 SECTCR LENGTHS
e TTL COMPATIBLE

e 8§ BiT BIL'RECTIONAL DATA BUS

¢ TWO VERSICNS AVAILABLE
WDI77C = STANDARD 179X STEP RATES
wD1772 = FASTER STEP RATES

DESCRIPTION

The WD1770 :3 a MOS/LSH gevice which pertorms the
functions 2¢ 3 5"« " Floppy Disk Controiter:Formatter.
It 's simitar 70 1ts oregecessor. the WD 179X, but also
contains a Iigital data separator and write precom:
pensation <:rcuitry. The drive side of the interface
needs nO accitionai logic except tor butters/
receivers. Designed for 5'a 7 single or doudbie density
operation, 'he device containg a programmable
Motor On signal.

The WD177C 1s implemented in NMOS silicon gate
lechnology and is avaiiable in a 28 pin dual-in-line.

The WD1770 is a low cost version of tre FD178X
Floppy Disx ControtterrFormatter It is compatibie
with the 179X, but has a built-in digital data separator
and write crecompensation circuits. A s:ngle read
line (RD. Pin 19) i the only indut required 1C recover

A r /v 0O N

I w 3] INTRQ
=W 2 2] ora
4 3 %) OOEN
TEN e ) s weRt
Ao s uJ P
a6 23] TRoo
Y w4 23 wo
ol V. N s O a2 wG
cave 19 2 MO
cas o ‘9 )
cas CIn ‘3 cLK
cag »?»{] DIRC
R e K] ‘5] STEP
NG e 93 vee

PIN DESIGNATION

senal FM or MFM data from the disk drive. The
device has been specifically designed for control of
Sa® floppy disk drives with data rates of 12§
KBitv/Sec isingle density) and 250 KBits/Sec (double
density). In agdition, wnte precompensation of 125
Nsec from nominal can be enabled at any point
through simple software commands. Another pro-
grammabie feature, Motor On, has been incorporated
to enable the spindle motor automatically prior to
operating a selected drive.

Two versions of the WD1770 are available. The stan-
dard version 1s compatible with the 179X stepping
rates, while the WD 1772 offers stepping rates of 2, 3,
5 and 6 msec.

The processor interface consists of an 8-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.
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PIN ‘ | f
NUMBER PIN NAME © SYMBOL ‘ FUNCTION
1 CHIPSELECT . C§ | A logic low on this nput selects the chip and
! | enable Host communicatior with the device.
} 2 READMRITE " RW ’ A iogic high on tmis :nput ccntrols  the
‘ i placerment of cata on the O0-07 ines from a
; { selected register, while a 'ogic low causes a
| ; I wnte operation 10 a selected register.
34 ADDRESS 0,1 - AQ, A1 } These two Inputs seiect a register to Read/Write
' Pocata _ _
: | CS A1 A0 RW = i AW =0
[ i 0 0 0 StatusReg  Command Reg
) : , 0 0 1 Track Reg Track Reg
! : 0 1 0 SectorReg Sector Reg
! i .0 1 DCataReg Data Reg
1 N t
i 512 . DATA ACCESSLINES | DALO-DAL? | Eignt mit bidirectional bus used tor transter of
| . 0 THROUGH 7 i data. contro!, or status. This bus is enabled by
| ' i ! CSand RW. Each !ine wiil drive one TTL load.
1 ————— e e C —
! 13 . MASTER RESET MR . Alogic 'aw pulse cn this ine resets the device
; ard .mvahzes the status rag:ster..~ternal pu!t- Lo
: 14 " GROUND GND . Ground.
g 15 - POWER SUPPLY . Vee | ~5V =5% power supply nput.
16 - STEP . STEP . The Step output contains a pulse for each step

of the drive's AW head. The WD1770 and
WD 1772 offer aitterent step rates.

! 17 " DIRECTION . DIRC | The Direction output 1s high when stepping i

; ! towards the center of the diskette, and low
% : | ~nhen stepping out.
18 i CLOCK CLK | This input requires a 'ree-runming 50% duty
; i © cycle clock (forintemal timing) at 8 MHZ = 1°%.
19 | READ DATA AD This active low input is the -aw data 'ine
. contaimng both ctock and data puises from the
. anve.
20 MOTORON - MO # Active high output used to enabie the spindle
: ¢ motor prior {0 read. wnte oOf stepping opera .
: { tions. i
21 WRITE GATE WG This output 3 made valid prior to writing on the
i diskette. !
2 WRITE DATA ! WD FM or MFM clock and data puises are placedon
i ! this iine to be wntten on the disketta. |
23 TRACKOO - TROO This active low :nput informs the WD1770 that |
| the anve’'s RW reads are positioned over Track '

‘ | - cerolinternal pull-up).
i 24 - INDEX PULSE ! This active low input informs the WD1770 when
: i ) . 'he physical index hole nas been encountered
‘ I onthe diskette internal pull-up).
25 . WRITE PROTECT WPRT I This nput s sampted whenever a Write
© Command is received. A logic iow on this |
i i "'ne il prevent any Wnte Command from |
i ' . executing intemai pull-ugh ;
% ' DOUBLE CENSITY SCEN LTS mout oin =acts -iher single TMY o
SNABLE Ioute MFA emeay Nren DCEN = lcubie

seu
R T R S AR G- - TEalV] | X¥Te 1%

ol

-

“
44



FUNCTION

This active migh output indicates that the Data
Register s tuil (on a Read) or empty (on aWnte !

This active righ output s set at the ccmpletion
ot any command or reset a read of the Status

—
PIN
NUMBER PIN NAME .~ SYMBOL
27 CATA REQUEST ~ORQ
| operaticn).
28 INTESRUPT RECUEST 'NTRQ
Register
.

" pr— .

Lo [T

r‘—.—.a"'! o _.__.... B :
L -~ T .
3 P I i N
T e ; 3
T A ! ; 3
, T worto z
N e detan -~ o
. — - o !
3 o - B
] — ]
£ ‘ :
bolm TED
S nEn (S
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WD1770 SYSTEM BLOCK DIAGRAM

ARCHITECTURE

The Fioppy O:sk Formatter biock diagram 'S ik
lustrated on cage 4 The primary secticns include
the parallel processor intertace ard the Foppy Disk
intertace.

Data Shift Register — This 8-bit "egister assembies
seriai data from the Read Data input (RD) cunng Read
cperations and transters sernal data o the Nnte Data
Cutput dunng ‘Write cperations.

Data Register — This 8bit regster s .sed as a
hcicing reg:ster dunng Disk Reac and WNnte cpera
t.ons. In Disk Read cperations, the assembled data
byte is trarsterred in parallel tc :ne Cata Register
‘ram the Cata Shitt Register In Disk Wnite cperations.
formation s transterred in caraiel ‘rom the Data
Seg:ster to the Data Shift Reqister.

Nhen executing the Seek command. the Data Regis-
ter halds the 3acress of the desired Track position

This register s ioadeg from the DAL and gated onto
the DAL unger processor control.

Track Register — This 3-0it register hcids the track
~umber of ‘ne current Reaa/Wnte head position. it 's
~cremenrtag Dy one avery Lime the read s stepped in
ind cecremerted by cre ahen the heac 's stepped
cut itowargs ‘rack 0C). The contents of the register
are ccmpared with the recorded track ~umber in the
D teld dunng disk Read. Write. and Venty opera
tcns. The Track Register can de ‘oaded ‘rom or
transtferred 0 'he DAL This Register shouid not be
:z3ded ~hen the device 'S DUSyY.

Sector Register (SR) — This 8-brt register holds the
acdress of ‘he desired sector pesition. The contents
ot the register are compared with the recorded sector
~umber n he ID ‘ield cunng disk Read or Write
aperations. The Sector Register contents can be
‘caced from or transferred 1o the DAL This register
should not Se :0aded when the device iS busy.

Command Register (CR) — This 8-bit register holds
the commana cresently being executed. This register
should not te ‘caced when the device 1s busy unless
the new command 1s a force interrupt. The ccmmand
register can be !oaded ‘rom the DAL, but not read
zrto the DAL

Status Register (STR) — This 8-bit register holds
gevice Status information. The meaning of the Status
tits 1s a function of the type of command previously
executed. This register can be read onto the DAL, but
not !caded ‘rom the DAL

CRC Logic — This logic is used to check or to
gererate the '6-bit Cyclic Redundancy Check (CRC).
The polynomal is:

Gix) = x16 + x12 + x5 + 1.

The CRC ncludes all :nformation starting with the
address mark and up to the CRC characters. The
CRC register '3 preset !0 ones pnor to data being
shifted through the circuit.

Anthmetic/Logic Unit (ALU) — The ALU 1s a serial
comparator. ‘ncrementer, and decrementer and s
used for register modification and compansons with
the disk recorded 1D tieid.

SLLHOLLIaM
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WD1770 BLOCK DIAGRAM

Timing and Control — All computer and Fioppy Disk
interface controis are generated through this logic.
The intermnat device timing is generated from an exter-
nal crystal clock. The FD1770 has two ditterent

modes of ration according 1o the state of DDEN.
When = 0. double density (MFM) is enabled.

When ODEN = 1, single density is enabled.

AM Detector — The address mark detector detects
ID, data and index address marks dunng read and
wnte operations.,

Data Separator — A c:igital data separator consisting
of a ring shift register and data window detection
iogic provides read data and a recovery clock to the
AM detectot

PROCESSOR INTERFACE

The interface 10 the processor is accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer Data, Status. and Control words out of, or in
10 the WD1770. The DAL are three state bufters that
are enabled as output drivers when Chip Select (CS)
and RAW = 1 are active or act as input receivers when
CS and RW = 0 are active.

When transfer of data with the Floppy Disk Controlier
1S required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and AQ. combined with the signal RW during a Read

cperation or Write operation are interpreted as seiect-
:ng the following reqgisters:
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A1- A0 | READ(RW=1) | WRITE(RW=0)

0 0 ! StatusRegister | Command Register
9 1 Track Register - Track Register

1 0 | Sector Register Sector Register

1 1 ! DataRegister Data Register

Ounng Cirect Memory Access (DMA) tvpes of data
trarsfers between the Data Register of the WD1770
anl the processog the Data Request (DRQ) output
ia vsed in Data Transter control. This signal aiso
aLpedrs as status it 1 dunng Read and Wnte
IRratons.

-

2r sk Read operations the Data Request is acti
.z'ec (set n:gh) when an assembled senal input byte
15 ‘ransierrec in parailel to the Data Registet This bit
is cleared when the Data Register is read by the pro-
wessor It the Data Register 's read after ane or more
characters are lost, by having new data transferred in
*c the register pnor to processor readout, the Lost
Data bit 13 set in the Status Registec The Read opera
tions continues until the end of sector is reached.

On Disk Wnte operations the Data Request 'S ac-
livated when the Data Reg:ster transfers its ceontents
tc the Data Shift Register, and requires a nrew data
byte. It is reset when the Data Register is icaced with
new data by the processor. |f new data is not ioaded
at the time the next senal byte is required by the
Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data 13 set in the Status
Registec

At the compietion of every command an INTRQ is
generated. INTRQ is reset Dy either reading the
status register or by !cading the command register
with a new command. In addition, INTRQ is gen
erated if a Force interrupt command condition 1S met.

The WD 1770 has 'wo modes of operation accoraing
to the state DDEN (Pin 26). When DDEN = 1. single
density i1s selected. In either case, the CLK input (Pin
18)is at 8 MHZ

GENERAL OtSK READ OPERATIONS

Sector lengths of 128, 258, $12 or 1024 are obtainabie
in either FM or MFM formats. For FM, DDEN shouid
be placed to logical “1” For MFM formats, DDEN
should be placed to a logical 0!’ Sector lengths are
deotennmed at format time by the fourth byte in the
"10" field.

The number of sectors per tract as far as the WO1770
'8 concemed can be from 1 to 255 sectcrs. The

b

SECTOR LENGTH TABLE j
SECTOR LENGTH NUMBER OF BYTES |
FIELD (HEX) IN SECTOR (DECIMAL) '
00 128 :
01 256
02 512 ;
L 03 1024 |

number of tracks as far as the WD1770 is concamed
is from Q to 255 tracks.

GENERAL DISK WRITE OPERATION

When writing is t0 take place on the diskette the
Write Gate (WG) output is activated, allowing cument
‘o flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be icaded

into the Data Register in response to a Cata Request

from the device betfore the Wnte Gate signai can be
activated.

Writing is inhibited when the Wnta Protect input is 2
fogic low, In which case any Write command is im-
mediately terminated, an interrupt 18 generated and
the Wnite Protect status bit 13 set.

For Write operations, the WD1770 provides ‘Write
Gate (Pin 21) to enabie a Write condition, and Write
Data (Pin 22) which consists of a senes of active hign
pulses. These pulses contain both Clock and Data i
formation in FM and MFM. Write Data provides the
unique missing clock pattemns for recording Address
Marks.

The Precomp Enable bit in Write commands allow
automatic Wnte precompensation to take piace. The
outgoing Wnte Data stream is delayed or advanced
from nominal by 125 nanoseconds according to the
following tabie:

PATTERN MFM FM
X[ 1] 1]0][ Eady N/A
X| 0] 1] Late N/A
0| 0| 0| 1| Eaty N/A
110|010} Late N/A
[N Y L Next Bit to be sent
‘—————Current Bit sending

Previous Bits sent

Precompensation is typically enabled on the inner-
most tracks where bit shifts usually occur and bit
density is at its maximun,

COMMAND DESCRIPTION

The WD1770 will accept eleven commands. Com
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit ).
The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit 1s set. When a command is comgieted, an
interrupt is generated and the Busy status bit is
reset. The Status Register indicates whether the
completed command encountered an error or was
‘ault free. For ease of discussion, commands are
dvided into four types. Commands and types are
summanzed in Table 1.

47
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COMMAND SUMMARY

TYPE COMMAND

-

| Restore

| Seek

I Step

| Step-in

| Step-out

il Read Sector
il Wnte Sector

Wt Read
Address

it Read Track 1

i Wnte Track

IV Force
Interrupt 1 1 0 1t 13 12

- - 0000 O|w
00O - -00 0|l
- O - O =0 Oofn
3 3ccc—-0Olap
::'::r:r:r::rua
mmMm<< << <N

-
- o
oo
Tz
mm

-
-
Py
=4
m

n

"
n

vol
ocvo Sodadasdaaddle

VOO

S

FLAG SUMMARY

| TYPE | COMMANDS

h = Motor On Flag (Bit 3)

h = 0, Enable Spin-Up Sequence
h = 1. Disable Spin-Up Sequence
V = Verity Flag (Bit 2)

V = 0, No Venty

V = 1, Venty on Destination Track

r1, |y = Stepping Rate (Bits 1,0)

", n wOD1770 wD1772
0 0 6ms 2ms
0 1 12ms Ims
1 0 20ms Sms
1 1 0 ms 6 ms
Update Flag (Bit §

U=
u = 0, No Update
u = 1, Update Track Register

TYPE il & Il COMMANDS

m = Muitiple Sector Flag (Bit 4

m = 0. Single Sector
m = 1, Multiple Sector

ag = Data Address Mark (Bit 0)

ag = 0.Write Normal Data Mark
aQ = 1. Write Deleted Data Mark

E = 30ms Settling Delay (Bit 2)

P_= Write Precompensation(Bit1)
= 0. Erable Wnte Precomp
= 1, Disable write Precomp

TYPE IV COMMANDS

13-1g Interrupt Condition (Bits 3-0)

lp = 1. Don't Care

11 = 1. Don't Care

12 = 1,Interrupt on Index Pulse

13 = 1, Immediate Interrupt

13-lg = 0. Terminate without Interrupt

o

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step. Step-in, and Step-Out commands. Each of the
Type | Commands contains a rate field (m,r1), which
determines the stepping motor rate.

A 4us (MFM) or 8 us (FM) pulse i1s provided as an out-
put to the dnve. For every step pulse 1ssued. the dnve
moves one track location n a direction determined
by the direction output The chip will step the dnve in
the same direction :t last stepped uniess t™e com
mand changes the direct;on.

The Direction signal 1s active high when stepping in
and low when stepping out. The C:rection signal 'S
vahd 24u3 befora the fhrst stepping puise s
generated.

Atter the last directional step an acditionai 30
milliseconds of head settling time takes clace if the
Venty flag 1s set in Type | commands. There is also a
0 ms head settling time 1 the E tlag is set in any
Type Il or It command.

When a Seek, Step or Restore command is executed.
an optional venfication of Read/M¥nte head position
can be performed by setting bit 2(V = 1) in the com-
mand word to a iogic 1 The venfication operation
begins at the end of the 30 millisecond sertling ime
after the head is loaded against the media. The track
number from the first encountered D Field 1s com-
pared against the contents of the Track Registet If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct. the venty opera
tion 18 complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the
CRC error status bit is set (Status 8it 3). and the next
encountered |0 field '3 read from the disk for the
ventication operation.

The WD 1770 must f:nd an 1D field with correct track
number and correct CRC within 5 revolutions of 'he
media, otherwise the seek error 1s set and an INTRQ
is generated. If V = 0. no verification is performed.

Aii commands. except the Force Interrupt command.
may be programmed via the h Flag to delay for spin
dle motor start up time. If the h Flag 's set and the
Mator On line iPin 20) '3 low when 3 command 'S
raceived, the WD1770 will force Mctor On to a logic !
and wait 6 revolutiors before execuling 'ne com
mand. At 300 RPM. ris guarantees a ane second
sgindie start up 'me it after finishing 'he command.
the device remains :d'e ‘or 10 revoi'ons, the Mot




On line will go back to a logic C. If a command is
issued whiie Motor On is high, the command wiil ex-
ecute immediately, deteating the 6 revolution start
up. This teature allows consecutive Read or Write
commands without waiting for motor start up each
time; the WD1770 assumes the spindle motor is up to

RESTORE (SEEK TRACK 0)

Upon receipt of this command, the Track 00 (TROG) in-
put is sampled. If TROD is active low indicating the
Read/Write head is positioned over track 0, the Track
Register is icaded with zeroes and an interrupt is
generated. If TROO is not active low. stepping pulses
({Pin 16) at a rate specified by the rq,r field are issued
until the TROQ input is activated.

SET BUST 3€SET CAC
SEER ERROA DRQ 'NTRQ

<> -

YES

SET WO
WAIT 8 INJEX PULSES

SET
JiReCTION [

RESET
CIRECTION

| 2

I CRTOOSR J

s— g

NO 1
Q [ RESET DIRECTON ] [ SET DIRECTION J
T

) = ==

oTOTR l.

TRACK 0 ANO

CRECTION

= °
5

5SUE
OME STEP PULSE

CELAY ACCORD'NG
TUR. AgFIELD

TYPE | COMMAND FLOW
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At this time, the Track Register is loaded with zeroes
and an interrupt is generated. if the T input does
not go active low after 255 stepping puises, the
WD1770 terminates operation, interrupts, and sets
the Seek error status bit, providing the V flag is set A
verification operation also takes place if the V flag is
set. The h bit allows the Motor On option at the start
of command.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
ReadMrite head and the Data Register contains the
desired track number The WD1770 will update the
Track Register and issue stepping puises in the ap
propriate direction until the contents of the Track
Register are equal to the contents of the Data
Register (the desired track location). A verification

VERIFY
SEQUENCE

NO

1
—q TES (wrno RESET susv,

)

\

'0 AM BEEN
DEYE,CTED

THERE A
CRC ERRCA
?

NTRQ
QESET BUSY

TYPE | COMMAND FLOW

NO | nmeseT
CRC

operation takes place it the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command. Note: When using multiple dnves, the
track register must be updated for the drive selected
before seeks are issued.

STEP

Upon receipt of this command, the WD1770 issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the ry,m field,
a verification takes place if the V flag is on. If the U
Hag is on, the Track Register is updated. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the compietion of
the command.

STEP-N

Upon receipt of this command, the WD1770 :ssues
one stepping pulise in the direction towards ‘rack 78
!t the U flag is on, the Track Register is incremented
by one. After a delay determined by the ry,mg ‘ieid, a
venfication takes place if the V tiag is on. The h bit
allows the Motor On ogtion at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-OUT

Upon receipt of this command, the WD1770 issues
one stepping puise in the direciion towards track 0. It
the U tlag is on, the Track Register is decremented by
one. After delay determined by the ri.m field, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE i COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Com-
mand into the Command Registeg the computer
must load the Sector Register with the desired sector
numbec Upon receipt of the Type Il command, the
busy status bit is set. If the E flag = 1 the command
will execute atter a J0 msec delay.

When an |D field is located on the disk, the WD1770
compares the Track Number on the 1D fieid with the
Track Registec if there is not a match, the next en
countered iD fieid is read and a comparison is again
made. If there was a match, the Sector Number of the
10 field is compared with the Sector Registet. If there
is not a Sector match, the next encountered 1D tield
is read off the disk and comparisons again made. If
the 1D fleld CRC is corect, the data field is then
located and will be either written into, or read from
depending upon the command. The WD1770 must
find an 1D tield with a Track number, Sector numbet,
and CRC within four revoiutions of the disk, other-

\KNH/,’
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IS
TYPE Il
COMMAND
nec:,weo

YES

SET BUSY RESET DRQ. LOST
DATA RECORO NQT FOUND &
STATUS BITS S 4 8 INTRQ

SET w0
wAlr
6 INDEX PULSES

ISE=1?

INTRQ RESET BUSY
SET AMTE PROTECT

TYPE il COMMAND

wise, the Record not found status bit is set (Status
Bit 4 and the command is terminated with an inter-
Tupt (INTRQ)

Each of the Type Il Commands contains an (m) flag
which determines it muitiple records (sectors) are to
be read or wnitten, depending upon the command. I
m = 0, a single sector 18 read or wntten and an intef-
rupt is generated at the completion of the command.
It m = 1, muttiple records are read or written with

the sector register intemally updated so that an ad-
dress verification can occur on the next record. The
WD1770 will continue to read or write muitiple
records and update the sector register in numerical
ascending sequence until the sector register ex-
ceeds the number of sectors on the track or until the
Force Interrupt command is loaded into the Com-
mand Registe¢ which terminates the command and
generates an interrupt.

For exampie: If the WD1770 is instructed to read sec-
tor 27 and there are only 28 on the track, the sector
register exceeds the number available. The WD1770
will search for § disk revolutions, interrupt out, reset
busy, and set the record not found status bit.

READ SECTOR

Upon receipt of the Read Sector command, the Busy
status bit is set, and when a iD field is encountered
that has the comect track numbet comect sector
numbet and correct CRC, the data field is presented
to the computec 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 ID fieid
CRC byte; if not, the 1D field is searched for and
verified again followed by the Data Address Mark
search. If after 5 revoiutions the DAM cannot be
found, the Record Not Found status bit is set and the
operation is terminated. When the first character or
bDyte of the data field has been shifted through the
DSR, it is transferred to the DR, and DRQ is
generated. When the next byte is accumulated in the
DSR, it is transferred to the DR and another DRQ is
generated. If the computer has not read the previous
contents of the DR before a new character is tran-
sferred that character is lost and the Lost Data Status
bit is set This sequencs continues until the com-
plete data fieid has been inputted to the computec If
there is a CRC error at the end of the data fieid, the
CRC error status bit is set, and the command is
terminated (even if it is a muitiple record command).
At the end of the Read operation, the type of Data Ad-
dress Mark encountered in the data field is recorded
in the Status Register (Bit 5) as shown:

STATUS BITS
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the Busy
status bit is sat. When an iD fieid is encountered that
has the correct track number, cormect sector number,
and correct CRC, a DRQ is generated. The WD1770
counts off 11 bytes in single density and 22 bytes in
double density from the CRC field and the Whrite Gate
(WG) output is made active if the DRQ is serviced
(i.e., the DR has been lcaded by the computen. If DRQ
has not been serviced, the command is terminated

TLLLIOLLIAM
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INTRQ. RESET BUSY
SET RECORD NOT FOUND

NO

BRING N SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

s
Y
SET CAC €S 1nene 4 e | RESET
STATUS ERROR CAC ERROR s

READ

TYPE it COMMAND

and the Lost Data status bit is set. |f the DRQ has

DATA ADOR MARK (BIT
been serviced, the WG is made active and six Dytes 20 ESS (87 9
of zeroes in single density and 12 bytes in double 1 Deleted Data Mark
density are then written on the disk. At this time, the 0 Data Mark

Data Address Mark 18 then written on the disk as
Jdetermined by the ag field of the command as shown The WD 1770 then wntes the data field and generates
below: , DRQ's to the computer if the DRQ is not serviced in

ume for continuous writing the Lost Data Status Bit

N



HAS

DATA AM NO

READ SECTOR
SEQUENCE

OCCURED
iN TIME
2

PUT RECORD TYPE !N
STATUS REG BIT S

YES

i

SET JATA
LOST

vES

‘NTRQ ARESET BUSY
SEY CRC ERROR

170
SECTOR REG

) ,
k) ( INTRQ R€SET BUSY ’

TYPE It COMMAND
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SEQUENCE

I DELAY 2 BYTES OF GAP J

'
[ SET ORQ ]
¥

f OELAY 9 BYTES OF GAP J

INTRQ RESET BUSY
SET LOST DATA

- J0EN
l CELAY 1 BYTE OF GAP — DEN
vEs
TUSN ON &G & WRITE
& BYTES CF JTROES JELAY 11 BYTES
NRITE DATA AM TP ON WG & wenT
ACCORDING TO Aqg FIELD b aveES oo 3“0:5‘
JF WRITE COMMAND =

[ OR TO OSA. SET DRAQ l

l WRITE BYTE TO O1SK J

SEY DATA LOST
WRITE BYTE
OF ZEROES

HAVE

ALL BYTES
BEEN WRITTEN
)

WNRITE CRC ]

I WRITE 1 BYTE OF FE J

TURN OFF WG

TYPE i COMMAND




O

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 intemally and written on the disk followed
by one byte of logic ones in FM or in MFM. The WG
output is then deactivated. INTRQ will set 24usec
(MFM) after the last CRC byte is written. For partial
sector writing, the proper method is to write data and
fill the balance with zeroes.

TYPE M COMMANDS

Read Address

Upon receipt of the Read Address command, the
Busy Status Bit is set. The next encountered |D fieid
is then read in from the disk, and Six data bytes of the
1D field are assembied and transferred to the DR, and
a DRQ i3 generated for each byte. The six bytes of the
1D fieid are shown below:

TRACK | SIDE | SECTOR [SECTOR|CRC|CRC
ADOR . NUMBER |ADDRESS|LENGTH! 1 | 2

+

1 2 3 4 5 (6

Although the CRC characters are transferred to the
computer, the WD1770 checks for validity and the
CRC error status bit is set if there is a CRC error The
Track Address of the ID fieid is wntten into the sector
register so that a companson can be made by the
uset At the end of the operation an interrupt is
generated and the Busy Status is reset.

Resd Track

Upon receipt of the READ track command, the head
is loaded and the Busy Status bit is set Reading
starts with the leacing edge of the first encountered
index puise and zontinues until the next :ndex puise.
All Gap, Headet and data bytes are assembied and
transferred to the data register and DRQ's are
generated for each byte. The accumulation of bytes
is synchronized to each address mark encountered.
An Interrupt is generated at the compietion of the
command.

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 mark
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 1D AM, 1D field. ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector will be comect The
Gap Bytes may be read incomectly during write-splice
time because of synchronization.

WRITE TRACK FORMATTING THE DISK

{Refer to section on Type Il commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed VO or when operating under
OMA with a large amount of memory. Data and gap
nformation must be provided at the computer inter-
face. Formatting the disk 18 accomplished by posi
honing the R/W head over the desired track number
and issuing the Wiite Track command.

Upon receipt of the Write Track command, the Busy
Status bit is set. Wnting starts with the leading edge
of the first encountered index puise and continues
until the next index pulse, at which time the interrupt
8 activated. The Data Request 18 activated im-
mediately upon receiving the command, but writing
w~il not start until after the first byte has been lcaded
into the Data Regqister if the DR has not been Icaded
within 3 byte umes, the operation is terminated
making the device Not Busy, the Lost Data Status Bit
1S set, and the interrupt is activated. if a byte is not
present in the DR when needed, a byte of zeroes is
substituted.

This sequence continues from one index mark to the
next index mark. Normalily, whatever data pattem ap-
pears in the data register is written on the disk with a
normal clock pattem. Howevey, it the WD 1770 detects
3 data pattem of F5 through FE in the data registe
this is interpreted as data address marks with
missing clocks or CRC generation.

DATA PATTERN
IN DR (HEX) IN FM (DOEN = 1) IN MFM (DDEN = 0)

00 thry F4 Write 00 thru F4 with CLK = FF Wnte 00 thru F4, in MFM
F5 Not Allowed Wnte A1° in MFM, Present CRC
F8 Not Allowed Write C2°° in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8thru FB Write F8 thru FB, CLK = C7, Preset CRC Wnte FB thru FB, in MFM
FC Write FC withCLK = D7 i Wnte FC in MFM
FD Write FO withCLK = FF Wnte FD in MFM
FE Write FE, CLK = C7. Preset CRC Write FE in MFM
FF Write FF with CLK = FF Wnte FF in MFM

. -Missing clock transition between bits 4 and 5.
Missing clock transition between bits 3 and 4.

W
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ENTER
NO
YES

SET BUSY. RESET DRQ.
LOST DATA STATUS
BITS 4. §

NO
YES

SET w0
DELAY 6
INDEX PULSES

SET INTRQ
LOST DATA
RESET BUSY

OELAY 3 BYTE
TIMES

MAS
NC _~0ra BEEN
SERVICE
2

YES

INDEX

PULSE
URED,
k]

DR 70 OSA

TYPE lil COMMANO WRITE TRACK

56
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YES .MFW)

WRITE 2 CRC
CrmARS CLK = FF

WRITE FC

CLx = 07

[[A™TE FD. FE CA

| F3F9. CLK = C7

NTIALIZE CRC

NTAC QESET
BUSY

WRITE
| BYTE OF ZERCES
SEY DATA LOST

WRITE A1 IN UFV
HITH MISSING
CLOCK NITIALIZE
CRC

WRITE OSR
N MFM

WRITE C2 \N MFM
| Wit

" cLocK

WRITE 2 CRC
THARS

TYPE It COMMAND WRITE TRACK

57
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The CRC generator is initialized when any data byte
from FB to FE is about to be transferred from the OR
to the DSR in FM or by receipt of F5 in MFM. An F7
pattemn will generate two CRC characters in FM or
MFM. As a consequence, the patterns F5 through FE
must not appear in the gaps, data fields, or |0 helds.
Also, CRC's must be generated by an F7 pattermn.

Disks may be formatted in IBM 3740 or System 34 for-
mats with sector lengths of 128, 256, 512, or 1024
bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to
terminate a multiple sector read or write command or
to insure Type | status in the status registec 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 tower four bits of the command determine the
conditional interrupt as follows:

19 = Don'tCare

Iy = Don't Care

12 = Every Index Puise

9 = Immediate Interrupt .

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I3-iQ) are
set 10 a 1. Then, when the condition for interrupt is
met, the INTRQ line will go high signifying that the
condition specified has occurred. If 13-l are all set to
zerc (HEX OQ), no interrupt will occur but any com-
mand presantly under execution will be immediately
terminated. Yhen using the immediate interrupt con-
ditton {13 = 1) an interrupt will be immediately
generated and the cument command terminated.
Reading the status or writing to the command
register will not automatically clear the interrupt. The
HEX DO is the only command that will enabie the im-
mediate interrupt (HEX D8) to clear on a subsequent
load command register or read status register opera-
tion. Foliow a HEX D8 with DO command.

Wait 16 micro sec (doubie density) or 32 micro sec
(single density) betore issuing a new command after
1ssuing a forced interrupt. Loading a new command
sooner than this will nullify the forced interrupt.

Forced interrupt stops any command at the end of an
internal  micro-instruction and generates INTRQ
when the specified condition is met. Forced interrupt
will wait until ALU operations in progress are com-
plete (CRC calculations, compares, etc.).

Status Register

Upon receipt of any command, except the Force In-
terrypt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the
new command. If the Force interrupt Command is
received when there is a current command under ex-
ecution, the Busy status bit i3 reset. and the rest of
the status bits are unchanged. If the Force interrupt

command is received when there is not a current
command under execution, the Busy Status bit 's
reset and the rest of the status bits are updated
or cleared. In this case, Status reflects the Tyre |
commands.

The user has the option of reading the status register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data register is
read the DRQ brt i1n the status register and the ORQ
lin@ are automatically reset A write to the Data
register aiso causes both DRQ's to reset.

The busy bit in the status may be monitored with a
user program to determine when a command IS com-
piete, in liey of using the INTRQ line. When using the
INTRQ, a busy status check is not recommended
because a read of the status register to cetermine the
condition of busy will reset the INTRQ line.

The format of the Status Register s shown below:

(8T '
4 131211
S4  S3S2]51(s0

o

7] 6] 5
ST [ S6 ' S5

b - 44

RECOMMENDED — 128 BYTES/SECTOR

Shown below 1s the recammended single-density tor-
mat with 128 bytesisecioc In order to format a Sisk-
ette, the user must 1ssua the Wnte Track command.
ang load the data register wiih the ‘ollowing values.
For every Dyte {0 De wniten, them :3 one Data
Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
.. FF {or OOy
6 00
1 FE (10 Address Marx)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A)
1 00 (Sector Length)
1 F7 (2 CRC's written)
1 FF (or OOy
8 00
1 FB (Data Address Mark)
128 Data (I8M uses E5)
1 F7(2 CRC's written)
10 FF (or 00y
369°*  FF(or0Oy

*Write bracketed field 16 times.
**Continue wnting until WD1770 interrupts out
Approx. 369 bytes.

258 BYTES/SECTCR

Shown below 18 the recommended duai-density for-
mat with 256 bytes/sector. In order to format a
diskette the user must issue the Write Track com-
mand and load the data register with the following
values. For every byte to be wntten. (hare 18 one data
request.

s =
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INDIE A I l
UL LE

—_——— HLPLAILD
[ FOM EACH SECTOR >
wuvitsfonvies| 1w 1ack | sioe  [secronfienatn] cnc cue foevieseuvies ""b: USLROATA | CRC che hosvies
EF 00’ FE ’ ’ » [} ' 2 FF 00" AD 128 BYTES ' 2 FE
MARK
10 FIELD DATA FIELD
WRITE GA!E————I L—- -
SINGLE DENSITY FORMAT
INDEX l I
PuLSE ——e - - HUPLATED
[ FOH EACH SECTOH >
OBYIES Jrabvies]aBYTES] 0 JTRACK] it JuacTORfLeNnUIn]CRClonClzovTEsfiznvies] aByTes| USLIRDATA CRECFCRC Y 24BYTES
“ 00’ Av |fe]l o P} ’ . v |2 N3 ou Y XS 268YIES v | e ‘at
10 FIELD. } DATA FIELD
wRﬂﬁOA'IE_.—-_—l l——— - -
DOUBLE DENSITY FORMAT
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NUMBER 1) Sector size must be 128, 256. 512 of 1024 bytes.
OF BYTES HEX VALUE OF BYTE WRITTEN 2) Gap 2 cannot be varied from the recommended
60 4E format.
12 00 3) 3bytes of A1 must be used in MFM,
3 FSWrites Al) In additi Index Address Mark is not required
1 FE (D Address Mark) n moq, the X ress is not requi
1 Track Number (0 thru 4C) for operation by the WD1770 Gap 1, 3, and 4 lengths
y Sice Number (0 or 1) can be as short as 2 bytes for WD1770 operation,
1 Sector Number (1 thru 1A) however PLL lock up lime, motor speed vanation,
1 01-Sector Length) write-splice area, etc. will add more bytes to each gap
1 F7Ai2 CRC‘sa:r?ttenl 0 achieve proper operation. it is recommended that
2 AE the recommended format be used for highest system
12 00 reliability.
3 F5 Writes A1)
1 FB.DataAddress Mark) Fu MFM
ps DATA Gap! 16 bytes FF 32 bytes 4€
1 F7(2 CRC's written) Gapil 11 bytes FF 22 bytes 4E
& & | eone | r2vesm
* A
“Write bracketed ‘ieid 16 imes. .. 3bytes Al
**Continue wnting until WD1770 interrupts out. Gap It "1 m:: ';s 2; m: 35
A :
pprox. 668 bytes. 3 bytes A1t
1. Non-Standard Formats Gap IV 16 bytes FF 16 bytes 4E
Variations in the recommended formats are possible * Byte counts must be exact

to a imited extent if the foilowing requirements are
met

** Byte counts are minimum, except exactly 3 bytes
of A1 must be wntten.

STATUS REGISTER ODESCRIPTION
BIT NAME MEANING
S7MOTORON This bit retiects the status of the Motor On output.

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: it indicates a
Wnite Protect. This bit is reset when updated.

S5 RECORD When set, this bit indicates that the Motor Spin-Up sequence has completed (6

TYPESPIN-UP revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates record
Type. 0 = Data Mark. 1 = Deleted Data Mark.

S4 RECORD NOT When set, it indicates that the desired track. sectoc or side were not found. This bit

FOUND (RNF) 18 reset when updated.

S3 CRC ERROR It S4 i3 set, an error 1s found in one or more D fields: otherwise it indicates esror in
data field. This bit is reset when updated.

S2 LOST DATA/ When sat. it indicates the computer did not respond to DRQ in one byte time. This

TRACK 00 bit is reset to zero when update. On Type | commands, this bit reflects the status of

the TRACK 00 Pin.
This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read

S1 DATA REQUEST/

INDEX Operation or the DR is empty on a Wnite operation. This bit 1s reset to zero when
updated. On Type | commands, this bit indicates the status of the Index Pin.
SO BUSY When set, command is under execution. When reset, no command is under

execution.

DC ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Storage Temperature . . ... . -55°Cto +125°C

Maximum Volitage to Any Input
Operating Temperature . ... .. 0°C to 70°C Ambient

with RespecttoVss . ............ (~15t0 -0.3V)
L
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May 14, 196
Poug Renn
Shiraz Shivji
Tom Brightman

Atari Monitor Summary Specifications
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ATARI CORP.
1196 Borregas Avenue
Sunnyvale, CA 94086

Please find attached list of our summary specifications for
Atari monitors for the ST product line.
specifications and make any necessary corrections.

Please review these

Please also provide a drawing or specification for the SC1425
EST monitor connector pin out.

Thank you,

//)

y

x>/

Tom Brightman
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| ] SM 124 | SC 1224 SC 142

| CRT | S1ZE | 12" (11" V) | 12" (11" Vv 14" (13"V)

| | Phosphor ‘ - : Dot Dot

| | Dot Pitch - 0.38mm C.31lmm

] INTERFACE | Connector ] 13 pin male din | 13 pin male din | TBD

| | Audio 1 VPP/1.0K 1 VPP/1.0K 1 VPP/1.0K

| | Video Input Digital RGB Analog RGB Analog

| | Input Impedance | 75 /1.0VPP | 75 /0-1.0VPP | 75 /0-1.0VPP
| | Dot Rate 32MHz | 16MHz ] 32MHz

| | HSYNC TTL/3.3K /NEG TTL/3.3K /NEG TTL/3.3K /NEG
| ] VSYNC TTL/3.3K /NEG TTL/3.3K /NEG TTL/3.3K /NEG
] | Display Area | 210mm x 131lmm | 210mm x 150mm 240mm x 180mm
| I Resolution I 640 x 400 | 640 x 200 | 640 x 480

| DEFLECTION| Frequency | H | 35.7KHz 15.75KHz 31.5KHz

| | | v | 71 .2KHz 60HZ 60Hz

| | Retrace H- Jusec 10usec | busec

| | v 700usec lmsec 700usec

] | Input Rise Time | 10nsec | 15nsec 10nsec

| | Input Fall Time | 10nsec | 15nsec | 10nsec

| | Geo Distortion | 1.5% | . 1.5% | 1.5%

| | Non-Linearity | 9% | 7% 7%

| | Misconvergence (center) N/A 0.6mm 0. 4mm

| | Misconvergence {(corner) N/A 1.0mm 0.6mm
|USER | Power ON/OFF Switch/Pot Switch/Pot Switch/Pot
|CONTROLS | Audio Volume Pot Pot | Pot

| | Brightness Pot Pot Pot

| | Contrast Pot | Pot Pot
NOTE: 1. On/0ff & Volume may be combined.

2.
3.

On SM 124, Brightness/Contrast may be combined.
Audio frequency response of 100Hz - 15KHz

3db.
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10-1. HORIZONTAL TIMING

VIDEO . 10.5[{5_“'6#5 L bouS WS,
1S L5uS '

i 1

SYNC g
e ;

T 15.75KHz(63.5 ) E

!‘ . 3 D M ’E

10-2. VERTICAL  TIMING

VIDEO ] 1-396mS |1.184m 12.7mS 141mS |
, 0.19mSi ] :1.016m5
SYNC. | .
e |
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SIGNAL DiN-CONNECTOR
PIN ASSIGNMENT

* 13PIN DIN CONNECTOR
T0 THE COMPUTER

AUDIO
NOT CONNECTED
NOT CONNECTED
MONO/RGB*

NOT CONNECTED
GREEN

RED

12V PULLUP
H-SYNC

BLUE

VIDEO

V-SYNC

GND

1
2
3
4
5
6
7
8 .
9

I S
wWw N~ o

*NOTE: PIN &4 = "GROUND” FOR MONO/NOT CONNECTED FOR RGB.
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