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ABSTRACT

This project is a study of packet radio system. The packet radios are normally used in
armature radio and important in the telecommunication field. This project is a phototype of
packet radio terminal including with RF modem, 144-148 MHz binary FSK modulation and

TNC-2 firmware from TAPR.
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Tsunsudildlumsnaaos
cpu "z80.tbl"
hof “int16*
org 0000h

Free_RAM: equ 8000h

TRUE: equ 1

FALSE: equ 0

SIO: equ 0dch :only A5 is used for select SIO
A_dat: equ SIO+0 :modem data port

A_ctl: equ SIO+1 :modem control port

B_dat: equ SIO+2 ;host data port

B_ctl: equ SIO+3 :host control port

DCD: equ 8 ;dcd bitin RRO, ysed in Ch A
CTS: equ 32 :cts bitin RRO, used in Ch A
TBE: equ 4 :TX Buffer Empty bit

RTS: equ 2 :Request To Send (PTT bit in WR5 of Chan A)

Framing_Error: equ 40h ;Bitin RR1 for async framing error
Break_Abort: equ 80h :Bitin RRO for async Break detection
Auto_Enable: equ 0Oelh

frame character

FEND: equ 3000 ;frame end character
FESC: equ 3330 frame escape character
TFEND: equ 3340 ;extend end

TFESC: equ 3350 ;extend escape

.indicater values

ALEDon: equ 68h ;bits for WR5 to turn on STA LED
ALEDoff:equ 0eSh :bits for WRS to tumn off STA LED
ALED: equ 80h ;The DTR Bit in Ch A WR5, we will soon remove

;previous 2 definitions & use the memory loc.
JA_WRS to hold Ch A WRS5's value, because we
:need to be aware when we are transmitting!

BLEDon: equ 6ah :bits for WR5 to turn on CON LED

BLEDoff:equ Qeah ;bits for WRS5 to turn off CON LED

BLED: equ 80h

start:
jp code_start  ;go around this data area
org 10h
I_Vector:
dwl  ib_tbe :ch B transmitter buffer empty interrupt/user

dwl  ib_ext ;ch B ext/status change/user



dwl  ib_rca :ch B received char available/user

dwi  ib_special :ch B special receive condition/user

dwl ia_tbe :ch A transmitter buffer empty interrupt/modem
dwl  ia_ext :ch A ext/status change/modem
dwl  ia_rca :ch A received char available/modem

dwl ia_special ch A special receive condition/modem
code_start:

di :No interrupts for the moment...
:Init SIO. This is required even if we wanna flash LEDs...

in af(A_ctl) assurewe are talkingtoch 0

id cA_ct

Id b,a_size

id hla_init

otir init sync (modem) port

JInit Async pont, also to allow flashing LEDs

in a,(B_ctl) :assure we are talking to ch 0

id c,B_ctl

Id b,b_size

Id  hlb_init

ofir ;init async port & interrupt vector

. Figure out where top of stack is, set stack pointer.
; 32K RAM system.
id spo :top of stack
:Clear out RAM.
Id  bc0ffffh-Free_RAM-1 ;get Byte Countinto BC
Id hil,Free_RAM H
id (h1),0 ;
Id deFree_RAM+1 ;get"source” address = Free_RAM
{dir :Zero memory.
;This sequence loads up our data area in RAM:
Id  hidata_init
Id  de,TXdelay
Id bc.data_size
Idir
. init free buffer list.
id  hl.Bottom :beginning of buffer space
:now it's also top of free list
Id  b.{-1+{-100-Bottom}/128} & Offh ;get buffers - 1
ibloop:
push hi
Id de128



add hlde :HL has "next" pointer

ex de,hl :DE has "next" pointer

pop hi :HL now has pointer to current buffer
id (hi)e :low byte of “next” pointer first

inc  hi

id (h)d ;:now hi byte

inc hi

xor a

id (hl),a :zero out count field

inc hi

id (hh)a :zero out # of bytes read field

ex de,hl :HL is now pointer to next buffer
djnz ibloop :and init all the available buffers
xor a

Id (hl),a ;Last “next® address is 0

inc hl

id (hh),a .

inc i

id (hl)a :zero out count field

inc hl

id (hha :zero out # of bytes read field

;init regs for ib_ext interrupt

exx

Id bc0 :set prev state of SYNC pin,for 1200hz
id de0 :count of # of interrupts init

exx

:Now have the CON and STA LEDs do a "dance”.

dance(:

dance1:

Id b6 :Do it 6 times (arbitrary as hell, but should
:be an even number so that the LEDs are off at

‘the end of this mess...)

id hi0 :use HL as downcounter
call CON_Flip

calt STA_Flip

dec hi

Id ah

or |

jr  nzdancel
djnz dance0 :do this 6 times (3 “cycles®)

in a,(A_ctl) :assure we are talking to ch 0



id c.A_ct

Id b,a_size
Id hla_init
otir init sync {modem) port

:Re-Init Async port.

n a(B_cll) assure we are talkingtoch0

Id c¢B_ct

Id bb_size

id  hib_init

otir ;init async port & interrupt vector

: Prepare to load hi bits of interrupt vector
{d a.l_Vector/256
Id ia :set interrupt page for mode 2 ints
im 2
ei Jet ‘em rip!
Commutator_loop:
call TX_data
call Host TX _data
jp  Commutator_loop
:Now see if we need to start an output to RS-232 (host) port
Host_TX_data:
Id a,(out_started)
or a ;also clears carry (see below)
ret nz if output started, nothing to do
in a,(B_ctl) :look at RRO
and TBE sisolate the TBE bit
ret z
; else we should check to see if we need to start an output
di
call CON_off ;
Id  hi(out_head_cbuf) :grab current top of circ buf ptr

Id de,(out_tail_cbuf) ;and where the next free buf ptris

ei

or a

sbc  hlde

ret z Jif the same, nothing to do

:else we need to start an output
di ;interrupt protect this section,
Id  hi(out_head_cbuf) :get pointer to next cbuf to output
id e[hl)

in¢c  hi



id  d.(h) :DE has pointer to buffer chain

Id (out_chain_head),de :setin interrupt routine's place

Id a,TRUE

id (out_started).a :yes. output started
call CON_on

Id a,FEND

out (B_dat),a :send FEND character (start txing)

ei

ret :keep looking for new opportunity
TX_data:

Id a(TX_State)

or a
jp  ztxd0
cp A
jp  ztxd1
cp 2
jp ztxd2
cp 3
P ztxd3
cp 4
ret z

‘When tail timer times out, turn off the TX

id  a,(TX_Timer)

or a

ret nz

Id ab ;ready to write to WRS of Ch A

di :must have atomic use of A_WRS & SIO

out (A_ctl))a ;Nextcharto A_ctl goesto WRS
Id a(A_WR5) grabA_WRS

and NOTRTS iturn off RTS bit there

id (A_WRS5)a :keep memory copy updated
out (A_ctl)a :and tum off TX now

xor a

Id (TX_ State).a

xdo:
Id  a(TX outstanding) :if there are no outstanding TX...
or a ....frames, then we don't have to...
ret z ;...worry about Transmitter

: do persistence algorithm



id ar ;grab the Z-80 refresh register
add a,a :double;now 0 <= Areg <= 254
id b.a ;B holds our "random* number

Id a,(Persistence)

sub b :A reg = Persistence - Random #

ip  ¢.No_PTT :if (P-r) <0 then no PTT now

; Note that P=255 means ALWAYS key up

; else we've noticed that we've got some frame(s) to send.
; try to keyup TX
id a,(Full_Duplex)

or a
jp  nzKey_Up if Full Duplex, then there is no
:need to worry about al! this silly
:slot time and persistence stuff!
id a,(A_RR0) :A_RRO is set in interrupt routine
and DCD
ip  nz,No_PTT :If carrier active, wait it out

:OK, so we've won with the random number generator. Keyup TX and start the
;TXdelay timer
Key_Up:

Id a(TXdelay)

Id  (TX_Timer).a :Get timer value into timer slot
id ab

di we need quite time here.

out (A ctl)a :Ready to write into WR5 of Ch A
Id  a,(A_WRS)

or RTS :Turn on the PTT bit...

Id (A_WRS5),a ;...in the memory copy of WR5
out (A_ctl),a ; Keyup transmitter

Id a2

id  (TX_State).a

ei

ret ;That's all we do for now, we await
‘TXdetay event

No_PTT: ;since we lost on Random #, wait SlotTime before trying again

d  a,(SlotTime)

Id (TX_Timer),a :Set up the timer value of this event
Id a1
Id (TX_State).a



ret

txd1:
id a,(TX_Timer)
or a
ret nz
xor a
id (TX_State).a
ret
xd2:
id  a,(TX_Timer)
or a
ret nz
Id a3
Id (TX_State).a
ret
txd3:
di
id a4
id (TX_State),a
call TXnext_CBuf ;gets HL to point to buffer chain, and
:sets TX_Chain_Head for the interrupt
;routine
Id a,80h
out (A_ctha reset TXCRC
call getchar ;getchar needs int. protection
out (A_dat).a :Ship this char to TX modem
Id a,TRUE
Id (TX_Started),a ;and we've started TX
Id a,0c0h
out (A_ctl)a ;reset TX underrun/EOM latch
ei
ret
ia_tbe:
push af
push hi
Id a,(TX_Started)
or a
ip  zia 2 :previous frame finished
Id  h!(TX_Chain_Head)
call gelchar



Id  (TX_Chain_Head)hl  ;must keep this pointer updated

ip  ziatl :no more to send
out (A_dat),a ;else ship this char out
ia_t9:
pop hi
pop af
ei
reti ;just return from these interrupts
fa_t1:
halt iif it gets here, halt
xor a
Id  (TX_Started).a ;TXiis NOT started
Id  hl,TX_Outstanding : make is so that one fewer frames
: NOT *(TX_Outstanding)" (!) 29 Sep
dec (hl) ; are outstanding
Id az28h
out (A_ctl)a ; reset TX interrupt pending
jp iats

:previous frame is done, SIO now sending a flag. More?
ia_t2:

Id a.(TX_Outstanding)

or a

jp  nzja21 if more to send, go there
; else we're done here, clean up.

id az28h

out (A ct)a ; Reset TX interrupt pending

;start Tail timer event

Id a,(TailTime)
Id (TX_ Timer),a : wait for CRC to clear TX
Id ab

Id (TX_State),a

jp ia_tg
ia_t21: :start up next frame
call TXnext_CBuf ; get the next buffer chain pointer
; setup HL and TX_Chain_Head
Id a,8Ch
out (A_ctl).a ; reset TX CRC generator

call getchar

out (A_dat),a :get 1st char of next frame
Id a7 TRUE

Id (TX_Started).a : TX started again



; if no room, flush this frame (sigh)

ta_rc2:
xor a
Id  (RX_Allocated_Buffer),a
Id  hi(RX_head)
call free_chain
ia_rc5:
id aTRUE
id  (RX_flushing)a ; we are in the midst of
: flushing this frame
call STA_on ;ddd Note that we are in flushing
state
jp ia_rcO
ia_special:
push af
push hi ; regs we'll need
id a1
out (A_ctl),a ; ready to read RR1
in a(Act) ;OK grabRR1
bit S5a ; RX overrun?
jp  nzia_sp8 ; If a problem, treat as bad CRC
: That is, flush this frame....
sia_sp0:
bit 7,3 ; check state of End of Frame bit
jp  zia_sp8 ; Else something weird happened - probably

s RX overrun. in any case, flush this frame.
; error reset & then exit

: that is, treat like it was a CRC error

. If End of Frame, check CRC bit for valid.

ia_sp1:
bit

ip

6.2

nz,ja_sp8

; Check CRC error bit

: If CRC error bit is on, then was CRC error

; First ensure that we indeed have a buffer allocated...

a,(RX_Allocated_Buffer)

Id

or

a

z,ja_sp9 . if no buffer allocated, ignore this.

hi,(RX_head)

out_queue_insert : Shove this buffer string onto
. output queue

a

(RX_Allocated_Buffer),a ; We don't have a buffer



; aliocated for the next
; frame...
ip ia_sp9
: get here if there was a bad CRC

ia_sp8:
Id  a,(RX_Allocated_Buffer) ; If we don't have any
; buffers allocated, then
or a
ip  zia_sp9 ; we MUST NOT “release” them
; if they are not allocated
Xxor a
Id (RX_Allocated_Buffer),a
; hot receiving if we have bad CRC
Id hi(RX_head)
call free_chain ;free up all buffer(s)
ia_sp9:
id a30h ; error reset
out (A_ctl)a
in a,(A_dat) : Avoid spurious RCA interrupt
id a03h ; select WR3
out (A._ctl)a ;
Id a,008%h ; enter hunt mode
out (A_cth)a
Xor a
Id (RX_State),a ; store sync/hunt state
Id  (RX_flushing),a
pop hi
pop af
ei
reti
ia_ext:
push af
id a,10h ; reset ext/status interrupts
out (A_ctl),a

in a,(A_ctl) , grab RRO

id (A_RRO)a
bit 4,a ; check sync/hunt bit
ip  nzia_exi ; no need to worry, if not zero

id a.(RX_State) :itis 0! Didit change?
or a |

jp  nzia_ex9 : no, this is a DCD,CTS or EOM-interrupt



ia_ex1:

ia_ex9:

id a,TRUE ; indeed, it changed!
Id (RX_State),a ;nexttime, we'll know
Id a,(RX_Allocated_Buffer) ; if we are notin the
, receiving state...
or a ; then there are no aliocated buffers and...
jp  zia_exS ; we MUST NOT "release” them
; if no buffers allocated
xor a
id (RX_Allocated_Buffer),a ; not receiving
push hi
id  hl,(RX_head)

call free_chain : free up all buffer(s)
pop hi

ip ia_ex8

xor a . Prepare for next frame start

Id (RX_State),a ;

Id (RX_flushing),a

pop af
ei

reti

sync_hunt equ 10h

ib_ext:

ex afaf
exx . we want the other registers
Id  a,10h

out (B_ctl)a ;resetext/status interrupts
in a(B_ct) ;grabRRO

Id da ; Hold it for a moment...

and sync_hunt ; isolate this bit

ip  zib_s0

;else sync/huntis a 1

id ac
or a

jp  zib_s1: go here if state of sync/hunt changed

; Here if sync/hunt bit did NOT change - maybe something else did....

ib_s9:

id ad ; retreive RRO from above
and Break_Abort ; Check if we are doing a break/abort thing
ip  zib_NBA : There if No break/abort



: Else Break/Abort bit on, note state change...
Id a7TRUE
Id (in_break),a ;saveinmem (probably can use E reg...)
in a,(B_dat) ; clear out any null character from buffer
jp  ib_BOK ; Break OK for now...
ib_NBA: if no break/abort, check if we are in break/abort state.
id a,(in_break)
or a
jp  zib_BOK : Nothing going on, Break OK
; Else we were in break mode, and this is the tail end of & break.
xor a
Id (in_break),a

in a/(B_dat) ;discard the single extraneous nuli

ib_BOK:
ib_s99:

ex afaf

exx

ei

reti ; else something else & we don't care
ib_s0: ;sync/huntis a 0

Id ac

or a

jp nzjb_sla ; go here if sync/hunt changed
jp  ib_s9 ;else notinterested, forgetit

:get here if state of sync/hunt changed

ib_s1:
id ¢
jp ib_sib

ib_s1a: ; first fix up C for next tick
id ¢0

ib_s1b:

; Here when we've seen a real “clock tick” & dealt with C reg

inc b

id ab

cp 12

ip  nzib_s99 ; we act on every 12th clock tick...
id b0 ; so reload divisor. This give us an

; effective interrupt rate of 100 Hz

: Decrement all the timers



Id a,(TX_Timer) ; Get value, and ...

or a
jp  zib_slc
dec a ;... decrement it as required.

Id (TX_Timer),a

ib_stc:
jp  ib_s99
ib_special:
push af
ib_sp9: ; Normal exit
Id a,30h ; error reset
out (B_ctl),a
pop af
ei
reti

o

; The TX has become empty, shove a new character out

ib_tbe:

halt

push af ; new char will return in A
push hi

Id a,(Out_esc_mode)

or a

jp  zib_t1; not escaped, so go here

; else we are escaped. so send escaped char

ib_t1:

Id a(Out_char) ;charwhich foliows escape
or a
ip  zib_t2; special case if at end of frame, clean up

out (B_dat),a

xor a
id (Out_esc_mode),a ; get out of escaped mode
jp ib_S ; all for now...

Id  hl(out_chain_head) :we are currently on this buffer,

call getchar ; as getchar() needs to know

id  (out_chain_head),hl :maybe HL changed,so save it in case
jp  zib_tdone :if no more chars, deal with this

cp FESC

ip zib_tta ; deal with FESC char in data stream



cp FEND
jp  zib_tib ; deal with FEND char in data stream

; else this char is nothing special, so shove it out

out (B_dat),a ;shoveitout

jp  ib_t9 :if this is not last char, all for now
; else this is last char, send FEND
ib_tdone:

Id a,FEND

out (B_dat),a

id a,TRUE

Id (Out_esc_mode),a : set special escaped mode by...
xor a

id (Out_char),a ... making escaped chara 0

jp ib_t9 ; all till TX Buffer goes empty again.

; here if are completely done sending frame

ib_t2:

push de ; need this for a moment

Id  hi(out_head_cbuf)

inc  hi

inc hl

Id  de,out_bottom

or a

push hi

sbc  hlde

pop hi ; this may be the one we want

pop de

jp  nzjb_t2a syesitis!

id  hl,Out_Top ; else, make a circutar buffer
ib_t2a:

Id  (out_head_cbuf),hl ;we will work on this one next

xor a

Id (out_started).a ; not doing outputs anymore

id (Out_esc_mode),a : HENOT IN ESCAPED MODE ANYMORE !

Id a,228h . NEEDED for ASYNC

out (B_ctl),a ; reset TX interrupt pending
ib_t9:

pop hi

pop af

ei

reti . now get our butts out of here...



; here is FESC in data stream

ib_t1a:
out (B_dat).a ; Ship FESC character to port
Id aTFESC ; ready what will be next char
ib_t1z:
Id  (Out_char),a ; set char for next time
id  aTRUE ‘
Id  (Out_esc_mode),a ; we are in escaped mode
jp  ib_t9 ; all for now

. here is FEND in data stream

ib_t1b:
ld aFESC
out (B_dat),a
Id aTFEND
jp  ib_t1z . rest is same as FESC case

. Got a char from the TTY port, deal with it.
ib_rca:
push af
in a,(B_ctl) : Read RRO; force reg pointer to be 0
Id a1
out (B_cth).a . ready to read RR1
in a,(B_ctl ; Grab RR1
and  Framing_Error ;Isolate the FE bit
halt
jp  z,ib_Rtop ; No Framing Error, s0 process this char
; Else we have a Framing Error - Ignore this char & flush this frame...
call STA_off ; Off with the LED!
in a,(B_dat) ; Flush erroneous character
Xor a
id  (In_state),a :Force receiver to look for FEND
id  a.(In_Allocated_Buffer)
or a
ip  2,ib_rc9 : If no buffer is allocated, done; Exit.
; Else we were receiving a data SLIP frame, so flush it.
push hi
id  hi,(In_head)
call free_chain  ; Dump these buffers back to free list
pop hi
jp  ib_rc9 :And get out of here!
ib_rTop:



Id  a(In_state) ;get our state machine value
or a
ip  z,ib_r0;in state 0, waiting for FEND
cp 1
jp  zib_r1:in state 1, saw FEND
cp 2
jp  zjb_r2:in state 2, data to follow
cp 3
jp  zib_r3: saw FESC, expecting TFESC or TFEND
cp 10
ip  zib_ri0 ; Expecting TXdelay
cp 20
ip  zib_r20 ; Expecting P value
cp 30
ip  zib_r30 ; Expecting StotTime value
cp 40
Jip  zib_rdd0  :Expecting TailTime value
cp 50
jp  zib_r50 : Expecting Full/Half dupiex value

:else we don't know what happened, ignore it.

ib_rcjunk:
in a,(B_dat)
ib_rcFEND:
xor a
ib_rcSTATE:
Id (In_State),a ;gointo In_State 0, FEND hunt
ib_rc9:
pop af ; throw it away, we don't need junk
ei
reti

; Here if we are hunting for FEND character

ib_r0:
call STA_off
in a,(B_dat)
cp FEND

jp  nzjb_rc9 ;if we didn't see an FEND, keep looking
; else is an FEND, change state

Id a1

jp  ib_rcSTATE
: Get here if we've seen FEND character; look for command byte

ib_r1:



call STA_off
in a,(B_dat)
cp FEND
jp  zib_rc9
call STA_on

: Just another FEND, keep looking for cmd
;getting valid SLIP; show in STA LED

; Here if we DO NOT have an FEND (expecting command byte)

cp
ie
and
jp zjb_r1a
cp 1
jp zib_rib
cp 2
ip  zib_ric
cp 3
jp  zib_rid
cp 4
jp  zib_rie
cp S
jp  zib_rif

0Offh

Z kiss_exit

ofh

; 0 command means data will follow

; 1 command means TXdelay wili follow

; 2 command means P(Persistence) will follow

: 3 command means Slot Time will follow

; 4 command means TailTime to follow

; 6 command means Full/Half duplex to come

; Here if we receive bogus command byte, flush rest of frame
STA_off
ib_rcFEND

call :bogosity, so turn off STA LED
ip

; exit kiss mode.

kiss_exit:

Id  hl,(000eh)
res 4,hl)

{d  hl,0000h
push hl

id hi(0018h)
jp () '

; Data are expected, change state

ib_r1a:

ld az2

ip ib_rcSTATE
: TXdelay to follow, change state
ib_r1b:

Id a0

jp  ib_rcSTATE

. P to follow, change state

ib_ric:



Id a20

jp  ib_rcSTATE
; SlotTime to follow, change state
ib_r1d:

Id a,30

jp  ib_rcSTATE
; TailTime to follow, change state
ib_r1e:

Id ad40

jp  Ib_rcSTATE
; Full/Half Duplex to follow, change state
ib_r1f:

Id a50

jp  ib_rcSTATE
; These bytes are data
ib_r2:

in a,[B_dat)

cp FEND

jo  zib_r2b ; FEND means to queue this buffer

push af ; Save the char we read on stack for a bit..

Id  a,(In_Allocated_Buffer)

or a
jo nzib_r2c ;if we already allocated buffer
push hi

call allocate_buffer ; get our initial buffer to mess with

jp  nzib_r22

; else no room, flush this frame

pop af
pop hi : keep stack tidy
jp  ib_rcFEND
ib_r22:
Id aTRUE
Id  (In_Allocated_Buffer),a ; make ourselves active
Id  (in_buffer),hl
Id  (In_head),hl ;save cument & head of chain pointers
pop hi
ib_r2c:
pop af : Retreive the data char we just got...
cp FESC
jp  zib_r2a ; f FESC in data stream, switch state

push hl



ib_r2ca:

call
jp

Xor

pop
ip

ht(In_buffer)
putchar : shove this character into our buffer
nc,ib_r2ca
a
(In_Allocated_buffer),a
hl;(In_head)
free_buffer
ht
ib_rcFEND

(In_buffer),ht ; save in case HL changed
hi

ib_rc9 ; done so far

; FESC character seen while grabbing data

ib_r2a:

Id

ip

ad
ib_rcSTATE

. FEND character seen while grabbing data

ib_r2b:

Id a,(In_Allocated_Buffer)
or a
jp  zib_r2z ; No bytes accumulated, so is null frame
; else we must ship this frame to TX
push hl : This bug found 29 Sep (must save HL 1)
Id  hi(In_Buffer)
call putchar ; put a garbage character at the end of

ib_r2za:

ib_r2zb:

ib_r2z:

call

pop

xor

call

; last buffer because getchar() will strip
; it. Hack needed because of RX use of
; putchar/getchar.

hi,(In_head)

ne,ib_r2za

free_chain

ib_r2zb

TX_queue_insert

hi
a
(In_Allocated_Buffer),a ; input no longer active
; entry point for nuli frame

STA_off :done getting this frame, turn STA LED off



id a ; Keep as was, FENDs only at end in v.32
jo  ib_rcSTATE

: here if we've seen FESC in data stream

ib_r3:

in a/(B_dat)

cp TFESC

jp  zib_r3a

cp TFEND

ip  zib_r3b

Id a2

jo  ib_rcSTATE
ib_r3a:

id aFESC
ib_r3z:

push hi

id  hi{in_buffer)

call putchar

jp  nc,ib_r3za

xor a

Id  (In_Allocated_buffer),a

Id  hi(in_head)

call free_buffer

pop hl

jp  ib_rcFEND
ib_r3za:

id  (In_buffer),hl

pop hi
I a2
jp  ib_rcSTATE

: Here if we've seen TFEND after FESC in data stream; write FEND
ib_r3b:

id a,FEND

jp ib_r3z ; rest is same as for TFESC case

; This character is interpreted as TXdelay

ib_r10:
in  a,(B_dat)
id (TXdelay),a
jp  ib_rcFEND

; This charcter is P, Persistence value
ib_r20:
in a,(B_dat)



Id (Persistence),a
jp  ib_TcFEND

; This character is SlotTime value

ib_r30:
in a,(B_dat)
Id (SlotTime),a
jp  ib_rcFEND
ib_r40:
in a,(B_dat)
Id (TailTime),a
jp  ib_rcFEND

; This character is Full/Half Duplex value
; 0 means Half Duplex, non-zero means Full Duplex
ib_r50:

in  a,(B_dat)

id (Full_Duplex),a

jp  ib_rcFEND
. CTSflow
ib_r60cts:
sub Ofeh
id (CTS_Control),a
jp  ib_rcFEND
. Software DCD-
ib_r60dcd
sub 0f8h
Id (Soft DCD).a
jp  ib_rcFEND

** note!! This codé not present memory management.

Original code has dynamic allocation memory.



PRODUCT SPECIF!CATION.

28440/1/2/4,

284G40/1/2/3/4

SERIAL INPUT/OUTPUT CONTROLLER

FEATURES
u Two independent full-duplex channels, with separate
control and status lines for modems or other devices.

& Datarate in the x1 clock mode of 0 to 2.0M bus/
second with a 10 Ml iz clock.

& NMOS version for cos! sensilive performance solutions,

CMOS version for the -designs requiring low power
consumpiion

= NMOSZ0844x04 -4 MHz Z0844x06-6.17 MHz (Where -

x is the designator for the bonding oplion; 0, 1, 2 or 4)

& CMOS ZB4C4x06 - DC to 6.7 MHz, ZB4C4x08 - DC to
8 MHz, Z84C4x10 - DC to 10 MHz (Where x is the

designator for the bonding option; 0, 1,2, 3or 4)

a6 MHz version supports 6.144 MHz CPU clock opera-
fion.

® Asynchronous protocols: everything necessary for
complete messages in 5. 6, 7, or 8 bits/character.
includes variabla stop bits and several clock-rate
multipfiers; break generation and detection; parity;
overtun and frammg esror detection,

m Synchronous protocols: everything necessary for
complete bit- or byte-oriented messagesin 5,6, 7, or 8
bits/character, including 1BM Bisync, SDLC, HOLC,
CCITT-X.25 and others. Automatic CRC generation/
checking, sync character and zero insertiorvdeletion,
abort generation/detection, and flag insertion.

u Receiver data registers quadruply bullered, transmitter
registers doubly buffered.

u Highly sophisticated and flexible daisy-chain interrupt
vectoring for interrupts without external logic.

'GENERAL DESCRIPTION

The 280 SIO (here in after celerred to as the 280 SIO o,
S10). Serial Input/Output Controller is a dual-channel data
communication interface with extrdordinary versatility and
capability. Its basic functions as a serial-to-paraliel, paral-

Jelo-serial converter/controfier can be programmed by a _

CPU for a broad range of serial communication appfica-
tions. .

‘The device supports all common asynchronous and
synchronous protocols, byte- or bit-oriented. and pedorms
alt of the functions traditionally done by UARTs, USARTs,
and” synchronous communication controflers combined,
plus additional funclions tradilionally performed by the
CPU. Moreover, it does lhis on two fuily-independent

channels, with an exceptionally sophisticated interrupt
structure that allows very fast lransfers,

Full interfacing 1s provided. for CPU or DMA control. in
addition to data communication, the circuit can handle
virtually afl types of serial VO with fast, or slow, peripheral
devices. While designed primarily as a member of the Z80
family, its versatility makes it well suited to many other CPUs.
The Z80 SIO uses a single +5V power supply and the
standard Z80 tamlly single-phase clock, The SIO/0, SIO/H
and SIOr2 are packaged in a 40-pin DIP, the SIOX is
packaged in a 44-pin PCC and the SIO/3 is packagedina
44-pin QFP, Note that SIO/3 is only available in CMOS and
in QFP package. :

PIN DESCRIPTION

Figures 1 through 6 Mustrate the three 40-pin configurations
(bonding options) available in the -Z80C SIO (hereatter
referred to as SIO or Z80 SIO). The constraints of a 40-pin
package make it impossible to bring out the Receive
Clock h) Transmit Clock (XC). Data Terminal Ready
(DTR) and Sync (SYNC) signals for both channels. There-
fore, either Channe! B lacks a signal or two signals are
bonded together:

m Z80 SIO/2 lacks SYNCE
® Z80 SIO/1 lacks DTRB

@ Z80 SIO/0 has afl four signals, but TCB and RxCB are
bondedtogether

The 44-pinpackage, the 280 S10/4 for PLCC package, and

280 SIO/3 for QFP, has all options (Figure 7a and 7b).

The first bonding option above (SI0/2) is the preferted
version for most applicalions. The pin descriptions are as
follows:

BfA. Channel A or B Select (input. High selects Channe! B).
Ttus input defines which channel is accessed during a data
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transler between the CPU and the SI0. Address bit Ag from
the CPU is often used for the selectron function.

C/B. Control or Data Selec {input. High selects Control).
This input defines the type of information transler perlormed
between the CPU and the SI0. A High at this input during a
CPU write to the SJO causes the information on the data bus
to be interpreted as 3 command for the channel selected by
B/A. A Low at C/D means that the mnformation on the data
bus is data. Address bit A, is olten used for this lunction.

CE. Chip Enavle (Inpul. active Low). A Low level at thvs nput
cnables the SIO 1o accepl command or data input from the
CPU during a wie cycle. or 1o transmit data to the CPU
during a read cycle.

CLK. System Clock (input). The S10 uses the standard Z8C

Syslem Clock 10 synchvomze internal signals. This 15
single-phase clock.



CTSA, CTSB. Clear To Send (inputs, aclive Low). When
programmed as Auto Enables, a Low on these inputs
enables the respective transmitter. If not programmed as
Auto Enables, these inputs may be programmed as
general-purpose’ inputs. Both inputs are Schmiltdrigger
buffered to accommodate slow-fiseime signals. The SIO
detects pulses on these inputs and interrupts the CPU on
both logic level transitions. The Schmitttrigger butlering
does not guarantee a specilied noise-level margin.

D¢-D;. Systemn Data Bus (bidirectional, 3-state). The system
data bus transfers data and commands between the CPU
and the Z80 S10. Dy is the least significant bit. :

DBCDA, BCDB. Data Carrier Detect (inputs, acjive Low).
These pins function as receiver enables il the SIO is
programmed for Auto Enables: otherwise they may be used
as general-purpose nput pins. Both pins are Schmitt-tngger
bullered lo accommodate sfow-risetime signals: The SIO
delects pulses on these pins and interrupts the CPU on both
logre level transitions. Schmitt-trigger buftering does not
guarantee a specific noise-level margin,

DTRA, DTRB. Data Terminal Ready (outputs. active Low).
These oulputs follow the state programmed into the 280
SIO. They can also be programmed as general-purpose
oulputs. .

in the Z80 SIO/1 bonding option, DTRB is omitted.

1EL. interrupt Enable In (input, active High). This signal is
used with 1EO 1o form a priority daisy cham when there is
more than one interrupt-driven device. A High on this ine
indicales that no other device of higher priority is being
serviced by a CPU nterrupt service routine.

1E0. Interrupt Enable Out (output, active High). IEO is High
only il IEl 1s High and the CPU is not servicing an interrupt
from this S10. Thus, this signal blocks tower priority devices
from interrupting while a higher priority device s being
serviced by its CPU interrupt service routine.

INT. Interrupt Request (output. open drain, active Low).
When the SIO is requesting an interrupt, it pulls iNT Low.

JORA. Input/Output Request (input from CPU, active Low).
TORQ 1s used in conjunction with BAA, T/D, TE, and RD to
{ransfer commands and data belweenthe CPU and the SI0.
When TE, RD, and IORD are all active, the channel selected
‘%%BIK transfers data 1o the CPU (a read operation). When

and JORQ are aclive, but RD is inactive, the channel
selected by B/A is written 10 by the CPU with either data or
contro! information as _specified by C/D. As mentoned
previously. if lORA and MT are aclive simuttaneously, the
CPU is acknowledging an inteirupt and the SIO

automatically places its interrupt vector on the CPU data bus -

if it is the highest prionly device requesting an interrupt.
rd

M. Machine Cycle One(input from Z80 CPU, active Low).
When M1 is active and RD is also active, the 280 CPU is
feiching an instruction from memory; when MT is  active

is recognized, regardless of character boundaries.
In the Z80 SIOf2 bonding option, SYNTB is omitted.

TxCA, TxCB. Fansmitter Clocks (inputs). in asynchronous
modes, the Transmitter Clocks may be 1, 16, 32, or 64 times
the data rate; however, the clock muttiplier must be the same
for the ransmitter and the receiver. The Transmit Clock
inputs are Schmiti-trigger butfered for relaxed rise- and
fall-time requirements; no noise level margin is specified.
Transmitter Clocks may be driven by the Z80 CTC Counter
Timer Circuit for programmable baud rate generation.

white IORQ is active, the SI0 accepts M1 and IORQ as an
interrupt acknowledge if the SIO is the highest priority
device that has interrupted the Z80 CPU.

RxCA, RxCB. Receiver Clocks (inputs). Receive data is
sampled onthe rising edge of RxC. The Receive Clocks
may be 1, 16, 32, or 64 times the data rate in asynchronous
modes. These clocks may be driven by the 2680 CTC
Counter Timer Circuit for programmable baud rate
generation. Both inputs are Schmititrigger buffered; no
noise leve! margin is specified.

In the Z80 SIO/0 boading option, AxCB is bonded together
with TxCB,

RD. Read Cycle Status (input from CPU, active Low). It RD is
aclive, a mego% r O read operation is in progress. RDis
used with B/&, CE, and TORQ to transter data from the SI0
to the CPU.

RxDA, RxDB. Receive Data (inputs, active High). Serial”
data at TTU levels.

RESET. Reset (input, active Low), ALow RESET disables
both receivers and transmitters, forces TxDA and TxDB8
marking, lorces the modermn controls High, and disables all
interrupts. The control registers must be rewritten after the
SI0is reset and before data is ransmitied or receved.

RTSA, RTSB. Request To Send (outputs, active Low).
When the RTS bit in Wrdte Register 5 (Figure 14) is set, the
RTS output goes Low. When the RTS bit is reset in the
Asynchronous mode, the oulpul goes High afler the
transmitter is empty. In Synchronous modes, the RTS pin
strictly follows the state of the RTS bit. Both pins can be used

- as general-purpase outpuls,

SYNCA, SYNCB. Synchronization (bidirectional, active
Low). These pins can act either as inputs or outputs. In the
asynchronous receive mode, they are inputs similar to CIS
and DCD. In this mode, the transitions on these lines affect
the state of the Sync/Hunt status bits in Read Register 0
(Figure 13), but have no other function. in the External Sync
mode, these lines also act as inputs. When external
synchronization is achieved. SYNC must be driven Low on
the second rising edge of RxC after that rising edge of RxC
on which the last bit of the sync character was received. In
other words, after the sync pattern is detected, the external
logic must wait for two full Receive Clock cycles to activate
the SYNC input. Once SYNC is forced Low, & should be kept
Low unid the CPU informs the external synchronization
detect logic that synchronization has been lost of a new
message is about to start. Character assembly begins on
the rigi of RxC thatimmediately precedes the fafling
edge of SYNC in the External Sync mode. .

In the internal synchronization mode (Monosync and
Bisync), these pins act as outputs that are active during the
pant of the receive clock (RxC) cycle in which sync
characters are recognized. The sync condition is not
latched, sothese outputs are active each ime a sync pattern

In the 280 SI0/0 bonding option, TeCB is bonded together
with RxCB. ’

TxOA, TxOB. Tansmit Data (outputs, active High). Serial
data at TTL levels. TxD changes from the falling edge of TxC

W/RDYA, W/RDYB. Wait/Ready (outputs. open drain when
programmed for Wait function; driven High and Low when
programmed for Ready function). These dual-purpose
Outputs may be programmed as Ready lines lor a DMA
controller or as Watt lines that synchronize the CPU to the
SlQ data rate. The reset state is open drain.




FUNCTIONAL DESCRIPTION

The funclional capabiities of the 2680 SIO can be described
from two different points of view: as a data communications
device, it transniits and receives serial data in a wide variety
of data-communication protocols; as a 280 family
peripheral, R interacts with the Z80 CPU and other
peripheral circuits, sharing the data, address and control
buses, as wel as being a part of the 280 interrupt structure.
As a peripheral to other microprocessors, the Si0 offers
valuable features such as non-vectored inlerrupts, polling,
and gimple handshake capability. Figure 8 is a block
diagram.

Figure 9 #lustrates the conventional devices that the SIO
replaces.

The fiust part of the following discussion covers SIO
data-communication capabifities; the second part
describes interactions between the CPU and the SIO.
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DATA COMMUNICATION CAPABILITIES

The SIO provides two independent full-duplex channels that
can be programmed for use n any common asynchronous,
or synchronous data-commurxcation prolocol. Figure 10a
Rlustrates some of these protocols, The loflowing is a short’
description of them. A more detaled explanation of these
modes can be found in the Z80 SIO Jechnical Manual
(03-3033-01).

Asynchronous Modes. Transmission and reception can
be done independently on each channel! with five to eight
bds per character, plus optional even or odd parity, The
transmitters can supply one, one-and-a-hall, or two stop bits
per character and can provide a break output at any me.
The receiver break-detectron logic interrupts the CPU both
at the start and end of B recerved break. Reception is
protected from spikes .by a transient spikk-reject:on
mechanism that checks the signal one-hall a bit me after a
Low level is detected on the recerve data input (AxDA or
RxDB in Figure 5). I the Low does not persrst, as in the case
of atransient, the character assembly process s not started.

Framing errors and overrun errors are detected and
bullered together with the partial character on which they
occurred Vectored inlerrupts allow fast serwcing of error
conditions using dedicated routines Furthermore, a buit-in
checking process avoids inlerpreting a framing crror as a
new stant bd: a framing error results in the additron of
one-hall a bit tme (o the point at which the search lor the
next start bitis begun.

The SIO does not require symmetric ransmut and recerve
clock signals, a feature that allows o to bo used with a 280
CIC or many other clock sources. The transmiter and
recever can hancfic dataat arate of 1, 1716, 1/32. or 1/64 of
the clock rate supplied to the receive and transmd clock
nputs. N

In asynchronous modes, the SVNC_ pn may be
programm_gd as aninput that can be used for functions such
as monitoning a nng indicator.

Synchronous Modes. The SIO * upports both byte
onenled and bt-onented synthrn. - us communcation.

Synchronous byte-oneiied protocols can be handied in
scveral modes that allow character synchronization with an
8-bit sync character (Monosync), any 16-bt sync pattern
(Bisync). or with an external sync signal. Leading sync
characters can he removed wihout mierrupting the CPUL

Fve-, Six- of sevenbpt sync charactoes are detected with 8.
or 164 patterns wy the SIO by overlapping the taryer
patiern across mutiple incorming sync characters, as shown
mn Fgure 10b

CRC checking ko synchronous byte-onented modes s
detayed by one characier e so the CPU may drsabie CRC
checking on spechic characters Thus permis implemen-
1aton ol prolocols such as IBM Bisync.

Figure 10a. Some Z80 S10 Protocols
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Both CRC-16 (X165 + X'5 + X2 + 1) and CCITT (X6 + X2
+ XS + 1) error checking polynomials are supported. In all
non-SDLC modes, the CRC generator is inilialzed 1o 0s: in
SDLC modes. 11s nitialized to 1s. The S10 can be used for
interfacing 1o peripherals such as hartd-seclored floppy
disks, but it cannot generate or check CRC for
(BM-compatible soft-sectored disks. The SIO also provides
a feature that automatically transmits CRC data when no
other data s available for transmission. This allows very

high-speed transmussions under DMA control wath no need-

for CPU intervention at the end of a message. When inere is
no data or CRC 1o send in synchronous modes, the
transmitter inserts 8- or 16-bit sync characters regardless of
the programmed character lenglh. .

The SIO supports synchronous bit-oriented protocols such
as SDLC and HDLC by perlorming automatic flag sending,
zero insertion, and CRC generation. A special cornmand
can be usedto aborl a frame in transmission. Atthe end of a
message the SIO automatcally transmis the CRC and
traling flag when the transmd bufler becomes empty. il a
transmit underrun occurs i the nuddie of a message. an
externai/status interrupt warns the CPU of this status change
so that an aborl may bLe issund One 10 eght ts per
chatacter canbe sent. which allows recepl-on of 4 message
wth no prior informahon about the character structure in the
informaton Lield ol a fraine

The recever avtomatically synchronizes on the leading flag
ol a trame in SDLC or HDLC, and provides a
synchronization signal on the SYNC pin, an interrupt can
also be programmed. The receiver can be programmed to
search lor frames addressed by a single byte 10 only a
specthed user-selecled address or 1o a global broadcast
address. In thus mode, Irames that do not match either the
user-sclecled or broadcast address are ignored. The
number of address byles can be extended under software
control. For transmitling dala., an interrupt on the first
received character or on every character can be selected.
The recervér autornatically defetes all zeroes inserted by the
transmitier duning character assembly. It also calculates and
automatically checks the CRC to vaidate frame
transmission At the end of transmussion, the status of a
recewved rame is avaabile in the status registers.

The S1O can be convemently used under DMA control 1o
provide higth-speed reception or transmussion. In reception,
for example, the SIQ can intesrupt the CPU when the first
character of a message s recerved. The CPU then enables
the DMA to transler the message to memory. The SIO then
1ssues an end-of-frame interrupt and the CPU can check the
status of the recerved message  Thus. the CPU s freed for
other service while the message 1s being recerved

{/0 INTERFACE CAPABILITIES

The SIO oflers the choce of poling. vectored or
non-vectored nterrupts and block-ttansier modes o
transfer data. status, and control information 10. and from,
the CPU, The block-transter mode can atso be implemented
under DMA control

Polling. Two Stalus registers are updated at appropnate
tmes lor each lunction being perlormed (lor example, CRC
ercor-status vahd at the end of a message), Whenthe CPU s
operated n a polling fashion, one of the SIO's two status
registers is used 10 indicale whether the SIO has some data
or needs some data. Depending on the contents of this
regster, the CPU will either wrde dala, read dala, or sl go
on Two bits i the register indrcale that a data lranster is
needed In addwion, error and other condgions are
indicated. The second stalys register (special receive
conditions) does not have to be read in a polling sequence,
unid a character has been recewved. All interrupt modes are
disabled when operaling the device in a polled
environment

Interrupts. The SIO has an elaborate interrupt scheme to
provide fast interrupl service in real-tme applications. A
control regrster and a status regrster in Channel B contain
the interrupt vector. When programmed to do so, the SIO
can moddy three bits of the nterrupt vector in the status
register so that ¢ points directly to one of eight interrupt
service routings in memory, thereby servicing conditions n
both channels and efiminating most of the needs lor a
status-analysss routine.

Transmit interrupts, receive mterrupts. and cxlernal/slatus
nterrupts are the main sources of interrupts. Each interrupt

source 15 enabled under program control, with Channef A
having a hugher prionty than Channcl B, and with receve,
transmit, and exlernal/status nterrupts priontized in that
order wiltun each channel. When the transmit interrupt s
cnabled. the CPU is interrupled by the transmi buffer
becomuing empty. (This imples that the transmutter must
have had a data character wniten into it so it can become
emply.) The recewver can mlerrupt the CPU in one of two
ways: i

® Interrupt on hirst received character

& Interrupt on all received characters

{nterrupl-on-first-received-character 15 typically used with
the Dblock-transfer mode. Interrupt-on-all-received-
characters has the opfion o modilying the interrupt vector in
the event of a parity error. Both of these interrupt modes will
also interrupt under special receive condfilions on a
character or message bass {end-of-frame interrupt in
SOLC. for example). Thus means that the special-receive
condiion can cause an nlerrupt only o the
interrupt-on-first-received-characler  or  interrupt-on-afl-
recewved-characters mode is selecled. In intetrupt-on-first-
received-characler, an interrupt can occur lrom
special-recerve conditions (excepl parity error) alter the
tirst-recewved-character interrupt (example. receive-overrun
inlerrupt). -~

The main function of the external/status mterrupt is 1o
monior the signat transitons of the Clear To Send (CT5).
Data Carrer Detect (OCD). and Synchromization (SYNC)
pins (Figures 1 theough 7). In addition, an external/stalus




interrupt is also caused by a CRC-sending condition, or by
the detection ol a break sequence {asynchronous mode) or
abort sequence (SOLC mode) in the data stream. The
nterrupt caused by the break/abort sequence allows the
S10 1o interrupt when the break/abort sequence is delecied
or terminated. This feature facilitates the proper termination
of the current message, correct inftiafizatron of the next
message, and the accurate Jiming of the break/abort
condition in external logic.

in a 280 CPU environment {Figure 11), SIO interrupt
vectoring is “automatic™: the SIO passes its inlernally-
modihable 8-bit interrupt vector o the CPU, which adds an

additionat 8 bits from its interrupl-vector (1) register to form,

the memory address of the interrupl-routine table. Thistable
containgthe address of the beginning of the interrupt routine
tsell. The process emtails an indwect transler of CPU conlrol
to the interrupt routine, so that the next instruction executed
after an interrupt acknowledge.by the CPU is the fust
instructon of the interrupt routine Asell.

CPU/DMA Block Transter. The SIQ’s block-transier mode
accommodates both CPU block transiers and DMA
controflers {Z80 DMA or other designs). The block-transfer
mode uses the Wait/Ready output signal, which s selected
with three bits in an internal control register. The Wai/Ready
output signa! can be programmed as a WAIT ling in the CPU
block-ransfer mode or as a READY lne in the DMA
block-transter mode. )

To a8 DMA controlier, the SIO READY output indrcates that
the S0 is ready to transler data to. or from, memory. To the
CPU, the WATT output indicales that the SIO s not ready to
transfer data, thereby requesting the CPU to exiend the O
cycle.
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Figure 11. Typical 280 Environment

INTERNAL STRUCTURE

The internal, structure of the dewvice includes a Z80 CPU
interface. internal control and intérrupt logic. and two
full-duplex channels. Each channel contamns its own set of
control and status {write and read) registers, and control and
status logic that provides the interface to modems or other
external devices.

The registers for each channe! are designated as fofows:

WRO-WR7? — Write Registers O through 7
RAS0-RR2 — Read Registers 0 through 2

The register group includes five 8-bit contro! registers. two
sync-character registers and two status registers. The
interrupt vector 1s written inlo an additional 8-bit register
(Write Registel 2) in Channel B that may be read through
another 8-bil register (Read Register 2)in Channel B. The bit
assignment and functional groupng of each regrster is
configured to simplity and organize the programming
process. Table 1 fists the funclions assigned to eachread o
write register.

The logic for both channels prondes formats,
synchronizaton, and vahdation for data transferred to and
Irom the channelinterface. The modem controtinputs. Clear
To Send (CTS) and Data Carmner Detect (DCD). are

Table 1. Register Funclions

Read éeglstev Functions

ARO

ARt
AR2

Tansmt/Receive bufler status. wlerruptl status and
external status

Specal Recerve Conditon status
Modkfied mierrupi vector (Channel B only)

Write Register Functions

WR1

WR2

WR4
WRS
WRe
WR7

Regisier panters. CRC intiahize, and smtalization
commands for the vanous modes.

Tansmt/Receve mterrupt and data transler mode
Gehrution,

Interrupt vector (Channcl8 onty)

Recerve paramelers and control

TransmivRecerve muscefianeous patameters and modes
Tansmit parameters and controls

Sync character or SOLC address held

Sync character or SOLC flag




monitored by the external control and status logic under
program control. All external control-and-status-logic

signals are general-purpose in nature and can be used for

functions olher than modem control.

Data Path. The transmit and receive data path iftustrated for
Channel A in Figure 12 is identical for both channels. The
receiver has three 8-bit bufler registers in a FIFO
arrangement, in addition to the 8-bit receive shitt register.
This scheme creates additional time for the CPU to service
an interrupt at the beginning of a block of high-speed data.

Incoming data is routed through one of several paths (data
or CRC) depending on the selected mode and—in
asynchronous modes —the character length.

The transmitter has an 8-bit transmit data buffer register that
is loaded from the internal data bus, and a 20-bit transmit
shift register that can be loaded from the sync-character
butlers or from the transmit data register. Depending on the
operational mode. outgoing data is routed through one ol
four main paths before it is transmitted from the Transmit
Data output (TxD).
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Figure 12. Transmit and Recelve Data Path (Channe! A)
PROGRAMMING .

The syslem program first 1ssues a series of commands that
initialze the basic mode of operation and then issues other
commands that qualify conditions withih the selected mode.
For example, the asynchronous mode, characler length,
clock rate, number of stop bits, even or odd parity might be
set first; then the interrupt mode; and finally, receiver or
‘transmitter enable.

Both channels contain registers that must be'programmed
via the system program prior {0 operation. The channel-
select input (B/A) and the controtdata (C/D) are the
command-structure addressing controls, and are normal
controfled by the CPU address bus. Figures 15 and 16
Austrate the timing relationshigs lor programming the write
registers and transferring data and status.

Read Registers. The S10 contains three read registers for
Channel B and two read registars for Channel A (RRO-RR2
in Figure 13) that can be read to obtain the status
information: RA2 contans the internafly-modifiable mnterrupt
vector and 1s only m the Channel B regrster sel The status
information inCludes error conditrons, miertupt vector, and
slandard commumications-nterface signals.

To tead the contents of a selected read register other than
RRO, the system program must first wrie the pointer byte to
WRO in exactly the same way as a wrde register operation.
Then, by executing a read nstruction, the contents of the
aadressed read register can be read by the CPU.

Tre status bits of RRO and RR1 are carefully grouped to
simphify status monitoring. For example, when the inlerrupt
veclor indicates that a Special Receve Condition interrupt
has occurred., alt the appropriate error bits can be read from
asingleregister (RR1)

Write Registers. The SIO contains eight write registers for
Channe! 8 and seven wrie registers for Channel A
(WRO-WR? in Figure 14) that are programmed separately to
configure the lunctional personality of the channels; WR2
contains the interrupt vector lor both channels and s only in
the Channel B register set. With the exceptron of WRO,
programming the wrile registers requires two bytes. The first
byte 1s to WRO and contains three bits (Dg-D5) that pount to
the selected register; the second byte 1s the actuat controt
word thats written into the regrster to configure the SIO.

WRO is a special case in that all of the basic commands can
be written to & wilh a single byte. Resel (internal or external)
initiahzes the ponter bits Dg-D; to point to WRO. This implies
thata channel reset must not be combined with the pointing
to any register.
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WRITE REGISTER O * WRTE AECISTER
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TIMING

The SIO must have the same clock as the CPU (same phase
and lrequency relationship, not necessarily the same
driver).

" Read Cycle. The timing signals generated by a 280 CPU
input instruction to read a dala or status byte from the SIO
are Mustrated in Figure 15.

Write Cycle. ngure 16 fllustrates the timing and data
signals generated by a Z80 CPU output instruction to wrile a
data or control byte into the SIO.

interrupt-Acknowledge Cycle. Alter receiving an
interfupt-request signal from an SIO (INT putied Low), the
Z80 CPU sends an interrupt-acknowledge sequence, M1
Low and TORQ Low, a few cycles later (Figure 17).

The SIO contains an internal daisy-chained interrupt
structure for prioritizing nested interrupts for the various
functions of its two channels, and this structure can be used”
within an external user-defined daisy chain that prioritizes
soveral peripheral circuits.

The IEI of the highest-priority device is terminated High, A
device that has an interrupt pending or under service forces
it IEQ Low. For devices with na interrupt pending or under
service, IEQ = EL

To insure stable conditions in the daisy chain, all interrupt
status %nals are prevented from changing whie M1 is Low.
When'! .ls Low, the highest priory interrupt requestor
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Figure 15. Read Cycle
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(the one with IE1 High) places its interrupt vector on the data
bus and sets “s internal interrupt-under-service iatch.

Return From Interrupt Cycle. Figure 18 illustrates the
return from interrupt cycle. Normatlly, the Z80 CPU issues a
Return From Interrupt (RETI) instruction at the end ol an
interrupt service routine. RETI is a 2-byte opcode (ED-4D)
that resels the interrupt-under-service tatch in the SIO to
terminate the interrupt that has just been processed. This is
accomplished by manipulating the daisy chain in the
{ollowing way. .

The normal daisy-chain operation can be used lo detect a
pending interrupl; however, € cannot distinguish between
an interrupt under sefvice and a pending Unacknowledged
interrupt of a higher priority. Whenever ED is'decoded, the
daisy chain is modilied by forcing High the IEQ, of any
interrupt that has not yet been ackngwiedged. Thus the
daisy chain identifies the device presently under service as
the only one with an iEI High and an IEQ Low. I the next
opcode byte is 4D, the interrupt-under-service laich is reset.

The ripple time of the interrupt daisy chain (both the
High-to-Low and the Low-lo-High transitions) limits the
number of devices that can be placed in the daisy chain.
Ripple tme can be improved with carry-look-ahead, of by
extending the interrupt-acknowledge cycle. For turther
information about techniques for increasing the number ol
daisy-chained devices, reler to the 28400 280 CPU Product
Specification (00-2001-04).
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ABSOLUTE MAXIMUM RATINGS

Vottages in Vo with respecttoVss . ... .. -03Vio +0.7V

Voltages on all inputs with respect

Stresses greater than those rsted under Absohte Mammum Ratings may
cause permangnt damage 1o the devce Ths o 3 siress ratng only.
Operahon of the device al any CONGLON above these indcaled  ihe

BOVES <o venrineiene ven s ~0.3Vio Ve +0.3V
Storage Temperature .. ............ -65°Cto +150°C  Soeraton w'm’,:,;m smm,:"s B mmf:? ,',,:
devce rekabidy
STANDARD TEST CONDITIONS
L2l
The charactenstics below apply for the following test
conditions, unless otherwise noted. All voltages are 2k
relerenced to GND (0V). Postive current flows mto the #rOm OUTPYY
referenced pin. Available operating temperature range is: UNOER TesY
& S =0Cto +70°C, V Range .
. NMOS: +4.75V < V. < 45.25V 1000 ®
- CMOS: +4.50V 5 V. 5 +5.50V
8 E = -40°C 10 100°C, =4.50V 5 V. 5 +5.50V
- - -
DC CHARACTERISTICS .
284C40 CMOS 280 S10, Z84C40/41/42/43/44 DC CHARACTERISTICS
Vec=5.0V £ 10%, unless olherwise specified
Symbo!l Parameter Min Max Typ Unit Condition
Vee Clock input Low Vollage 03 . +0.45 Y
Ve Clock Input High Voltage V0.6 V403 v
v, Input High Voltage 22 e v
Ve Input Low Voitage -0.3 08 v
Vo Output Low Voltage 0.4 v lo=2.0mA
Vo Output High Vollage T 24 v Ip,=-1.6mA
Vae Output High Voltage V0.8 v la=-250pA -
i fnput Leakage Current -10 10 pA Vo=0.4Vio V.
o 3-state Output Leakage Currentin Float  -10 10 pA Von=04V oV,
I{SY)  SYNC Pin Leakage Current T .40 10 pA
lect Power Suppty Current - 4Ml iz Q) 7 mA V=SV
- 6MHz 10(1] 7 mA CLK=4,6,8, I0MHz
-8MHz - 21 8 MA V=V 0.2V
- 10MHz 15[1) 8 mA Vv, =02v
leca Standby Supply Current 10 YA V=5V
CLK=(0)
VerVec 0.2V
Ve=0.2v
Note:
{t] Moasurements made with cutputs floating.
CAPACITANCE
Symbo! Parameter Min Max Unit
C Ciock Capacitance 7 pt
CiN Input Capacitance s pt
Cour Output Capacitance 10 ot

Over specified lemperature range, [ = 1 MHZ
Unmeasured pins returned to ground.



AC CHARACTERISTICS* N

Z84C40/41/42/43/44 AC CHARACTERISTICS

Z84CA4X04° Z84C4X06 284C4X08 Z84C4X10  Note
No Symbol Parameter Min  Max Min  Max Min  Max Min  Max
1 1cC Clock Cycle Time 250 ©DC 162 0OC 125 DC 100 DC
2 TwCh Clock Pulse Width (High) 105 0OC 65 OoC 55 oC 42 DC
3 1C Clock Fall Time . 30 20 10 10
4 uC Clock Rise lime 0 20 10 10
5 TwCl Ciock Pulse Width (Low) 105 0OC 65 [>,04 55 DOC 42 DC
6 1sAD - ICE.BJIA.CI/D 1o Clock 145 60 40 35
Rise Setup Time
7 1sCS(C) NORQ, D 1o Clock Rise 115 60 40 35
B8  TdC(DO) Clock Risa to Data Out 220 150 100 85
Delay
9 1sDIC) Data In 10 Clock Rise 50 30 20 20
Setup lane
(Wirite or M1 Cycle)
10 TdAD(DOz) MD Rise o Data Out 110 Q0 75 65
Fioal Delay
11 1di3(DO1)  AORQ Fatt 1o Data Out 160 120 90 80
Detay (WNIACK Cycle) - ' .
12 TsM1(C) M1 1o Clock Rise Sctup 90 75 S5 410
Time
13 TsIEKIO) 11:110 AORQ Falt Setup 140 120 80 60
Time (ANTACK Cycle)
14 TAMI(ICO) M1 Fall 1o IEO Falt Detay 190 160 130 100
(Interrupt Belore M1)
15 TdIEILOr)  IEI Rise to IEQ Rise Delay 100 70- 60 50
(Afier ED Decode)
16 TAIENIEON) /M1 Faltto IEO Fatt Delay 100 70 60 50
17 TdC(INT) Ciock Rise o fINT 200 150 120 100
Fall Delay
18 1AIO(WRWI) IORQ or /CE Fall to 210 175 130 110
IWIRDY Delay (Wail Mode)
19 TdC(WMR) Ciock Rise 10 /W/RNDY 120 100 90 85
Delay (Ready Mode)
20 TaC(wmwe) Clock Ialt to W/MDY 130 110 90 80
: Fioat Detay (Wait Mode)
When Setup Is Specified
21 1h Any Unspecilied Hold o] 0 o] 0

Note:
¢ Units in nanoseconds (nS).

* 4 MHz 8ACAx is obsoleled and replaced by 6 MHz.



AC CHARACTERISTICS TIMING (Z84C4X CMOS Z80 SIO)
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AC CHARACTERISTICS (Z84C4X CMOS 280 SIO; Continued)

284CA0/41/42/43/44 AC CHARACTERISTICS

Z84C4X04° Z84C4X06 ZB4C4X08 Z84C4ax10 Note

No Symbol Parameter Min Max Min Max Min Max Min Max
1 TwPh Pulse Width (High) 200 200 150 150 [2]
2 Twhl Pulse Width (Low) 200 20 150 150 {2l
3 TcIxC {TxC Cycle Time 400 330 250 200 2
4  TwIxCi {TxC Width (Low) 180 100 85 80 {2
5 TwixCh {TxC Width (High) 180 100 85 80 {2
6 T1dTxC(TxD)  (TxCFall lo TxD Delay 300 220 160 120 (2]
7  TATxC(W/RRI) (TxC Fall lo /W//RDY 5 9 5 9 5 9 5 9 {1]
- Fall Delay (Ready Mode) . .
8- TATxC(INT) {TxC Fall fo INT Fall Delay 5 9 5 9 5 9 5 9 M
9 TcRxC RxC Cycle Time 400 330 250 200 2
10 TwRxCl fRxC Width (Low) - 180 100 85 80 {2
11 TwRxCh /RxC Width (High) 180 100 85 80 (2]
12 TsRxD{RxC) RxD to MRxC Setup Time 0 o 0 ] (2}
(X1 Mode) )
13 ThRxD(RxC) /RxC Rise to RxD Hold 140 100 80 60 2}
. Time (X1 Mode)
14 TJRxC({W/RRI) /RxC Rise to W//RDY Falt 10 13 10 13 10 13 10 13 {1
Delay (Ready Mode)
15 TdRxC(INT) RxC Rise (0 ANT Fall Detay 0 13 10 13 0 13 10 13 {1}
16 TdRxC(SYNC) /RxC Rise to /SYNC Fali 4 7 4 7 4 7 4 7
Delay (Output Modes)
17 TsSYNC(RxC) /SYNC Fali lo /RxC -100 -100 -100 -100 {2}
Rise Setup
(External Sync Modes)
* in All Modes, the Systam Clock rate must be st least five 6mos the meximum data rate.
/RESET st be active a minimum of ons complete clock cycle,
Notes:
{1) Units equa to System Clock Periods,
2] Units in nanoseconds (nS).
* 4 MHz 84C4x is obsoleted and replaced by 6 MHZ.
DC CHARACTERISTICS (2844X 7 NMOS Z80 Si0)
Symbol Parameter Min Max Unit Test Condition
vee Clock input Low Voltage -03 «0.45 v
ViHe Clock Input High Voltage Vee-06 Vec+0.3 v
Vit input Low Voltage -03 +0.8 v
Vin input High Voitage +20 Vee v
Vou Output Low Voltage . +04 v
Von Output High Voltage «24 v o = 2.0mA
Vou, Output High Voltage - v lon = -2504A
u Input Leakage Current 210 pA Vin = 04l Vee -
ho 3-State Output Leakage Current in Float . +10 KA Vourt = 0.4t0Vee
wen SVNT Pin Leakage Current . +10/-40 pA 0<Vin<Vee
ICC, Power Supply Current . 100 mA
Over speched temperature and volage range.
CAPACITANCE
Symbot Parameter Min Max Unlt
c Clock Capacitance 40 pt
° Cn Input Capacitance 5 pf
Cour Output Capacitance 15 pt

Over specihed lemperature range; | = 1 MHz,
Unmeasured pins returned to ground.



AC CHARACTERISTICS® (Z844X / NMOS 280 SIO)

20844X04 Z0844X06
Kumber Symbol Parameter Min  Max  Min  Max
I T o) Clock Cycle Yime 250 4000 162 4000
Z  TCh Clock Width (High) 105 2000 70 2000
3 TC Clock Fal Time . 30 15
4 c Clock Rise Time ) 30 15
[ ¥e Clock Widtth (Low) 105 2000 70 2000
6  YsADC) TE. C/D, B/A 10 Clock t Setup Trme 145 60
7 TCS(O) ORQ, RD 10 Clock t Setup Tame 15 &0
8  TdCOO) Clock 110 Data Out Oefay 220+ 150
9 TDKC) Data In 1o Clock t Setup (Write of M1 Cycle) 50 30
10 TdRODOz RO 10 Data Out Floal Delay 110 20
11 TaODO)  iORO ¢ to Data Out Delay (INTACK Cycle) * 160 120
12 TsMI(C) W1 1o Clock t Setup Time 90 75
13 TeEO) 1E110 10RO § Setup Time INTACK Cycle) 140 120
14 ToMI0EO) M {10 1EO ) Detay (interrupt before M1) 190 160
1S TAEKIEOH  {EItI0IEO ! Delay (aher ED decode) 100 70
16 TAEWEOH  IE40IEQ  Detay 100 0
17 TdCNT) Clock 10 INT 4 Defay . 200 150
18 TAIOWRWY 10RO ¢ or CE 4 10 W/RDY 4 Detay (Wait Mode) 210 175
19 TaC(W/RRY)  Clock o W/ROY 4 Delay (Ready Mode) 120 100
20 TaC(WMRW2)  Clock § to WARDY Float Delay (Wait Mode) 130 110
21 Th Any unspecitied Hold when Setup is specitied 0 0
“Unts i nanoseconds (ns).

AC CHARACTERISTICS TIMING (Z844X / NMOS 280 SIO; Continued)
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AC CHARACTERISTICS TIMING  (Z844X/ NMOS Zg0 SIO) .

—O—
<&, cid, aiA )(
o (D—o
oaa, Ao X
. N .
. A o I
04-0¢ ) }
ons \,‘K - /_—

" /Ii{b/.J
. e "
mo \\

O, O
AoV . ' \_‘Gi:]‘-_' ) S

AC CHARACTERISTICS (Z844X/NMOS Z80 SIO; Continued)

Z0844X04 Z0844X06

No. Symbot Parameter Min  Max Min Msx  Notes*
1 TwPh Pulse Width (High) 200 200 2
2 TwPl Pulse Width {Low) 200 200 2
3 TeTxC TxC Cycle Time 400 = 330 2
4 TwTxCl TxC Width (Low) 180 e 100 2
5 TwTkCh TxT Width (High) 180 o 0¢ 2
6 TdTxC(TxD) TaC L 1o TzD Delay 300 220 2
7 1dNC(WRAN  TRC 1 1o WARDGY 4 Detay (Ready Mocie) ) 5 9 5 9 1
8 TdIxC(INT) Tx€ L 10INT | Detay 5 9 5 9 1
9 TeReC i€ Cycte Time 400 « 330 2

10 TwhxCt T Width (L ow) 180 = 100 o 2

11 TwRxCh T widits (2 bigh) 180 L] 100 -« 2
12 TshrD(RaC) 20 10 FRC 1 Satup Tuna {«1 Mode) [+} 0 2
13 ThAD(R<CY Rl 1 AxD Hold Tunw (x| Morde) 120 100 2
14 TdRCW RN IGC T 10 WARDY | Delay (Ready Mode) 10 13 10 13 1
15 JaiGEnn el 140 INT | Dalay 10 13 10 13 1
16 1dRC(SYNC) RaT 110 SYNT i Detay (Qutput Modes) & 7 4 7 3
17 IsaYNGHC)  SYNG 1 10 T T Setup (Caternal Sync Modas) -100 - 100 2

Loy M Arerdion, tha Syatem Chack (At must b At keast ive Bmess the maonuem data rate RESET must by activa a mmumum of ona onmplate clock cycl
1 Unts aqun! lo System Clock Ponods

2 Unds an tanaiecond s (ns)



MITSUBISHI RF POWER TRANSISTOR

25C1947

NPN EPITAXIAL PLANAR TYPE

TEST CIRCUIT

1=175MH2
Zin=500 100,17,3P R 10D,27,1P to SOpF Zowt=50Q
[ %d . O
AT
10 25pF
10 30pF to 30pF
C. 100pF,47000F, 0.010f, 10uF in parallel
Notes: All coit are made from 1,.5mmg sihver plated coroer wite
Coil dimensions in milli-meter +Vee
D: (noer dismeter of coil
T Turn number of coil
P: Pisch of coil
TYPICAL PERFORMANCE DATA
COLLECTOR DISSIPATION VS, COLLECTOR CURRENT VS.
AMBIENT TEMPESATURE COLLECTOR TO EMITTER VOLTAGE
20 1.0—r—
Te=25C trema |
= o T
E., 16 < os ] |_i2ma
; » / // ] Al
=4 s — //'wm
2 on 3 = 06 —
a — MT;«: :us::n SINK s ] —13mA
'™
5 ol o c L1 ema
= 8 N g o« _________..-.-I
[o] s | et
G N 8 4mA ]
- 2 1
é ‘ N S 0.2 tg=2ma
! VATHOUT HEAT Sink L I
e D
%6 80 120 160 200 % . 8 TR T
AMBIENT TEMPERATURE T, (°C) COLLECTOR TO EMITTER VOLTAGE Vee (V)
COLLECTOR TO EMITTER BREAKDOWN
DC CURRENT GAIN VS, VOLTAGE VS.
COLLECTOR CURRENT BASE TO EMITTER RESISTANCE
10 Te =257C - 100 SR
0 ce =10V (g) 80 t ¢ = S0mA
& g 80
P ‘3' 70
S = =3
3 ] Es
£ ® > g g %0
£ o os «
a 0 / 8 w 3 > s
8 = 8¢ »
ur e}
10 3% w
1 0
00 20 %0 50 70100 200300 5007001000 10 2030 S0 70100 200300 500700 1k

COLLECTOR CURRENT I¢ (mA) BASE TO EMITTER RESISTANCE Rge (0)




MITSUBISHI RF POWER TRANSISTOR
25C1947

NPN EPITAXIAL PLANAR TYPE

OUTPUT POWER,

COLLECTOR QUTPUT CAPACITANCE Cgqp [pF)

COLLECTOR OUTPUT CAPACITANCE VS. COLLECTOR EFFICIENCY
COLLECTOR TO BASE VOLTAGE VS. INPUT POWER
6
'i Te=25%C] Te=25C | 100
n f=1MHz [ t=175MHz e -
[ . Skvee=13.5v P 80 !‘L
10 E3 &
20 [~ ° ] 5
M~ « 4 . — 60 E
10 ¥ =1 e &
l; 8 - &
- 3 o ¥
sk £ / S
> 4 o
3 o / w
2 20 2
2 J 4 3
v
1 1 0
" 10 20 30 50 70100 6% 0.2 0.3 0.4 0.5
COLLECTOR TO BASE VOLTAGE Vg (V) INPUT POWER Pipy (W)

OUTPUT POWER VS, COLLECTOR
SUPPLY VOLTAGE

OUTPUT POWER P, W)

! Tym25°C T J- I
bt 175MHZ T
6} Vee=13.5v }/ Pin=0,5W)|
ADJSUSTMENT /] 0.4w
5 '//1
oa .30
a A 4 r’/
/]/ | AT 0.25W
3 A//; C- L1
s,
LA
8 10 12 14 16 5

COLLECTOR SUPPLY VOLTAGE Ve [V}
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Dual Modulus Prescaler

The MC12015, MC12016 and MC12017 are dual modulus prescalers
which will drive divide by 32 and 33, 40 and 41, and 64 and 65, respectively.
An internal regulator is provided to allow these devices to be used over a
wide range of power—supply voitages. The devices may be operated by
applying a supply voltage of 5.0 Vdc £10% at Pin 7, or by applying an
unreguiated voltage source from 5.5Vdc to 9.5 Vdc to Pin 8.

MC12015
MC12016
MC12017

MECL PLL COMPONENTS
DUAL MODULUS PRESCALER

SEMICONDUCTOR
e 225 MHz Toggle Frequency TECHNICAL DATA
® Low-Power 7.5 mA Maximum at 6.8 V
® Control input and Output Are Compatible With Standard CMOS
® Connecting Pins 2 and 3 Allows Driving One TTL Load
* Supply Voltage 4.5V1t09.5V
e%‘_‘;
1
D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)
ORDERING INFORMATION
Operating
Device Temperature Range Package
MC12015D
MC12016D | Tp =-40to 85°C S0-8
MC120170
SIMPLIFIED BLOCK DIAGRAM
Control
Input e A

Voltage
l 8 || Regulator

o
e 7|
1 >

| ) !

] 0.0011F ] s | 1. Vreq @t Pin 7 is not guaranteed to be between 4.5 and
; S

Signal °'1 HH' | 2 Active 5.5V when V( is being appfied to Pin 8
Input 7 Puitup 2. Pin7is nottobe used as a source of regutated output

voltage

© Motorota, Inc. 1998




MC12015 MC12016 MC12017

MAXIMUM RATINGS [tbihead]

Rating Symbo! Value Unit
Regulated Voitage, Pin 7 Vreg 8.0 Vdc
Power Supply Voltage. Pin 8 Vce 10 Vde
Operating Temperature Range TA —40 to +85 °C
Storage Temperature Range Tstg ~65 1o +175 °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Voc=5.51095V; Vreg =4.5105.5 V; Ta = —40 10 85°C, uniess otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Toggle Frequency (Sine Wave Input) MHz
tmax 225 - -
fmin - - 35
Supply Current Icc - 6.0 78 mA
Control input HIGH (+32. 40 or 64) ViH 2.0 - - v
Control tnput LOW (+33, 41 or 65) viL - - 0.8 v
Output Voltage RIGH (lsoyurce = S0pA) [Nofe 1) VOH 25 N - \
QOutput Voltage LOW (Isink = 2mA) [Note 1] VoL - - 0.5 \
Input Voltage Sensitivity Vin mVpp
35 MHz 400 - 800
50 to 225 MHz 200 - 800
PLL Aesponse Time (Notes 2 and 3] PLL - - tout 10 70 ns

NOTES: 1. Pin 2 connected to Pin 3.

2.tpL | = the period of time the PLL has from the prescaler rising output tranistion (50%) to the modulus control input edge transition

. (50%] to ensure proper modulus selection.
3.toyt = period of output wavetorm.

MOTOROLA RF/IF DEVICE DATA




MC12015 MC12016 MC12017

*OUTLINE DIMENSIONS

i

TOJL@

D SUFFIX
PLASTIC PACKAGE
CASE 751-06
(SO-8)
ISSUET

c
\

[@]oz @[c[e ®]~B)]

e -~

Lol ol

NOTES:
. DIMENSIONING AND TOLERANCING PER ASME

Y145M, 1984

DIMENSIONS ARE tN MILLIMETER

DRMENSICR D AND E DO NOT INCLUDE MOLD
PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
OIMENSION 8 DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0 127 TOTAL N EXCESS
OF THE B OMENSION AT UAXIMUM MATERIAL
CONOITICN,

MRLMETERS
| om vy T uax
A 135 17§,
[ AtT 030 | 028
8 035 049
(4 019 | 025
D | 480 | 500
E 380 490
e 12785C
H 580 | 620
h |l 025 | 050
L 049 1
] [+d 7°

MOTOROLA RF/IF DEVICE DATA




MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-Input PLL Frequency

Synthesizer
Interfaces with Dual-Moduius Prascalers

The MC145152-2 is programmed by sixteen paralle! inputs for the N and A
counters and three input lines for the R counter. The device features consist of
a reference oscillator, selectable~reference divider, two—output phase detector,
10-bit programmable divide-by-N counter, and 6-bit programmable + A
counter.

The MC145152-2 is an .nproved-performance drop-in raplacement for the
MC145152-1. Power consumption has cecreased and ESD and latch—-up
performance have improved.

Operating Temperature Range: - 40 to 85°C

Low Power Consumption Through Use of CMOS Technology

3.010 9.0 V Supriy Range

On- or Off-Chip Reference Oscillator Oparation

iack Detect Signal

Dual Modulus/Parallel Programming

8 User-Selectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048
+N Range =3 to 1023, + A Range =010 63

Chip Complexity: 8000 FETs or 2000 Equivalent Gates

See Application Note AN9SO

REV 1
LT

MC145152-2

P SUFFIX
PLASTIC DIP
CASE 710

D'V SUFFIX
SCG PACKAGE
CASE 751F

ORDERING INFORMATION

MC145152P2 Plastic DIP
MC145152DW2 SOG Package

PIN ASSIGNMENT

a1 280w
vssfl 2 27 {1 0SCyy
vpp( 3 26 ] 0SCoy
RAOdA 25 1 A4
Ratlls 241 A3
raz(l 6 23 {140
opl7 22 A2
ovle 21 0
Mclo 20 [Ing
asll 10 19 0 N8
N1 18 N7
N2 17 I Ns
N20 3 16 Pns
n3ll 14 15 [ Ne

@ Motorola, Inc. 1695
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MC145152-2 BLOCK DIAGRAM

RA2 —
RAT — 12 x 8 ROM REFERENCE DECODER
0SCout RAD ™1 -
1
LK | o
0SCin -———l 12-8IT + R COUNTER = DETECT
|
[
MC
CONTROL PHASE — oV
— s LOGIC ,_l DETECTOR }|— op

-

6-BIT + ACOUNTER

10-BIT + N COUNTER

RN
A A3AR A

NO N2 N4ANS N7 N9

NOTE: NO ~ N3, A0 - A5, and RAQ ~ PA2 have pull-up resistors that are not shown.

PIN DESCRIPTIONS
INPUT PINS

fin
Frequency Input (Pin 1)

Input to the positive edge triggered + N and + A counters.
fin is typically derived from a dual-modulus prescaler and is
ac coupled into the device. For larger amplitude signals
standard CMOS logic levels) dc coupling may be usec.

RAOQ, RA1, RA2
Reference Addres:. Inputs (Pins 4, 5, 6)

These three inputs establish a code defining one of eight
possible divide values for the total reference divider. The
total reference divide values are as follows:

Reference Address Code Total ]
Divide
RA2 RA1 RAO Vaiue
0 0 0 8
0 0 1 64
s} 1 [} 128
[} 1 1 256
1 0 1} 512
1 0 1 1024
1 1 0 1160
[ 1 1 2048

NO ~ N9
N Counter Programming inputs (Pins 11 - 20)

The N inputs provide the data that is preset into the + N
counter when it reaches the count of 0. NO is the least signifi-
cant digit and N9 is the most significant. Puli-up resisters en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

A0~ A5
A Counter Programming Inputs
(Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number pf clock cycles of fi, that
require a logic 0 on the MC output (see Dual-Modulus

Prescaling section). The A inputs all have internal puli~up
resistors that ensure that inputs left open will remain at a
logic 1.

OSCin, osc°ut
Reference Oscillator Input/Output (Pins 27, 26)

These pins form an on—chip reference uscillator when con-
nected to terminals of an external parallel resonant crystal.
Frequericy setting capacitors of appropriate value must be
connected from OSCin to ground and OSCgqyt to ground.
0OSCjn may also serve as the input for an externally-gener-
ated reference signal. This signal is typically ac coupted to
OSCin. but for larger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. In the external
reference mode, no connection is required to OSCqyt.

OUTPUT PINS

OR, OV
Phase Detector B Outputs (Pins 7, 8)

These phase detector outputs can be combined externally
for a loop—error signal.

if the frequency ty is greater than g or if the phase of fy is
leading, then error information is provided by ¢y pulsing iow.
R remains essentially high.

If the frequency fy is less than fR or if the phase of fy is
lagging, then error information is provided by ¢R pulsing low.
oV remains essentially high.

If the frequency of fy = fR and both are in phase, then t-oth
¢y and ¢R remain high except for a small minimum tme
period when both pulse low in phase.

MC
Dual-Modulus Prescate Control Output (Pin 9)

Signal generated by the on—chip control logic circuitry for
controlling an extemal dual-modulus prescaler. The MC
level will be low at the beginning of a count cycle and wiil
remain low until the + A counter has counted down from its
programmed value. At this time, MC goes high and remains
high until the + N counter has counted the rest of the way
down from its programmed value (N — A additional counts
since both + N and + A are counting down during the first

MC145151-2 through MC145158-2
6
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portion of the cycle). MC is then set back low, the counters
preset to their respective programmed values, and the above
sequence repeated. This provides for a total programmable
divide value (NT) =N « P + Awhere P and P + 1 represent the
dual-modulus prescaler divide values raspectively for high
and low MC levels, N the number programmed into the = N
counter, and A the number programmed into the + A counter.

LD
Lock Detector Qutput {Pin 28)

Essentially a high level waen loop is locked (fR, fy of same
phase and frequency). Pulses low when loop is out of lock.

POWER SUPPLY
vVDpD
Positive Power Supply (Pin 3)

The positive power supply potential. This pin may range
from + 3 to + 9 V with respect to Vgg.

Vss
Negative Power Supply (Pin 2)

The most negative supply potential. This pin is usually
ground.

TYFICAL APPLICATIONS

NO CONNECTS
1 L o o 150 - 175 MHz
—— LOCK DETECT SIGNA'
1 1026z T 5kHz STEPS
NOTE 1 = RZ ¢
0SCqq  RAZ RA1 RA0 LD A1 I
0SCin %R \
R1 vco
MC33171
L MC145152-2
=ov—! voo e R2 NOTE 2
L tn B ‘T
= U9<—————-————- ND A5 ~——— AD =
ill]l]]]]ll'lll)T l
———
CHANNEL PROGRAMMING , MC12017

NOTES:
1. Ofi—chip osciltator cptional.

+64/65 PRESCALER

2. The ¢R and ¢y outputs are fed 10 an extemnal combiner/oop filter. See the Phase—Locked Loop — Low-Pass Filter
Design page for additional information. The e and oy outputs swing rail-to-rail. Therefore, the user should be careful
not 1o exceed the common mode input range of the op amp used in the combinerfioop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands

(W]

MOTOROLA

MC145151-2 through MC145158-2
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