


























































































































































































































































































































































































































































































































From a normal read cycle (CS), there is never a conse­
quence to reading this register. Following negation of the 
RESET pin, but prior to writing to the PIVR, a $OF will be 
read. After writing to the register, the upper 6 bits may be 
read and the lower 2 bits are forced to O. No prioritization 
computation is performed. 

Port A Control Register (PACR) -

7 I 6 5 I 4 I 3 2 1 0 

Port A 
H2 Hl Hl 

H2 Control Int. SVCRQ Stat. Submode Enable Enable Clr!. 

The Port A Control Register, in conjunction with the pro­
grammed mode and the Port B submode. control the opera­
tion of Port A and the handshake pins H 1 and H2. The Port A 
Control Register contains five fields: bits 7 and 6 specify the 
Port A submode; bits 5. 4. and 3 control the operation of the 
H2 handshake pin and H2S status bit; bit 2 determines 
whether an interrupt will be generated when the H2S status 
bit goes to 1; bit 1 determines whether a service request (in­
terrupt request or DMA request) will occur; bit 0 controls the 
operation of the Hl S status bit. The PACR is always 
readable and writeable. 

All bits are cleared to 0 when the RESET pin is asserted. 
When the Port A submode field is Felevant in a model sub­

mode definition, it must not be altered unless the H12 Enable 
bit in the Port General Control Register is O. (See Table 2.1 

The operation of Hl and H2 and their related status bits is 
given below, for each of the modes specified by Port General 
Control Register bits 7 and 6. This description is organized 
such that for each model submode all programmable options. 
of each pin and status bit are given. 

Bits 2 and 1 carry the same meaning in each model sub­
mode, and thus are specified only once. 

PACR 
2 H2 Interrupt Enable 
o The H2 interrupt is disabled. 

PACR 
1 

o 
1 

The H2 interrupt is enabled. 

Hl SVCRQ Enable 
The Hl interrupt and DMA request are disabled. 
The Hl interrupt and DMA request are enabled. 

PACR Mode 0 Port A Submode 00 

PACR 
543 H2 Control 

o X X Input pin - status only. 
o 0 Output pin - always negated. 
o 1 Output pin - always asserted. 

o Output pin - interlocked input handshake pro­
tocol. 

1 Output pin - pulsed input handshake protocol. 

PACR 
.Q. 
X 

Hl Status Control 

Not Used 

PACR Mode 0 Port a Submode 01 

PACR 
543 H2 Control 
o X X Input pin - status only. 

o 0 Output pin - always negated. 
o 1 Output pin - always asserted. 

o Output pin - interlocked output handshake pro­
tocol. 
Output pin - pulsed output handshake protocol. 

PACR 
o Hl Status Control 
o The H 1 S status bit is 1 when either the Port A initial or 

final output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 
The H 15 status bit is 1 when both of the Port A output 
latches are empty. It is 0 when at least one latch is full. 

PACR Mode 0 Port A Submode 1X 
PCR 

543 H2 Control 
o X X Input pin - status only. 

X 0 Output pin - always negated. 
X 1 Output pin - always asserted. 

PACR 
o 
X Not used. 

Hl Status Control 

PACR Mode 1 Port A Submode XX Port B Sub mode XO 
PACR 

5 4 3 H2 Control 
o X X Input pin - status only. 

X 0 Output pin - always negated. 

X 1 Output pin - always asserted. 

PACR 
o 
X Not used. 

H 1 Status Control 

PACR Mode 1 Port A Submode XX Port B Submode Xl 
PACR 

5 4 3 H2 Control 
o X X Input pin - status only. 
1 X 0 Output pin - always negated. 
1 X 1 Output pin - always asserted. 

PACR 
o 
X Not used. 

H 1 Status Control 
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PACR 
543 

PACR Mode 2 

H2 Control 
x X 0 Output pin interlocked output handshake pro-

tocol. 
X X Output pin - pulsed output handshake protocol. 

PACR 
o H1 Status Control 
o The H 1 S status bit is 1 when either the Port B initial or 

fir:lal output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 
The H 1 S status bit is 1 when both of the Port B output 
latches are empty. It is 0 when at least one latch is full. 

PACR Mode 3 
PACR 
543 H2 Con.trol 
X X· 0 Output pin interlocked output handshake pro-

tocol. 
X X 1 Output pin - pulsed output handshake protocol. 

PACR 
o H1 Status Control 
o The Hl S status bit is 1 when either the initial or final 

output latch of Port A and B can accept new data. It is 
o when both latches are full and cannot accept new 
data. 
The Hl S status bit is 1 when both the initial and final 
output latches of Ports A and B are empty. It is 0 when 
either the initial or final latch of Ports A and B is full. 

Port B Control Register (PBCR) -

7 J 6 5 -' 
4 I 3 2 , 0 

Port B 
H4 H3 H3 

H4 Control Int. SVCRQ Stat. 
Submode Enable Enable Ctrl. 

The Port B Control Register specifies the operation of Port B 
and the handshake pins H3 and H4. The Port B control 
register contains five fields: bits 7 and 6 specify the Port B 
submode; bits 5, 4, and 3 control the operation of the H4 
handshake pin and H4S status bit; bit 2 determines whether 
an interrupt will be generated when the H4S status bit goes 
to 1; bit 1 determines whether a service request (interrupt re­
quest or DMA request) will occur; bit 0 controls the opera­
tion of the H3S status bit. The PACR is always readable and 
writeable. There is never a consequence to reading the 
register. 

All bits are cleared to 0 when the RESET pin is asserted. 
When the Port B submode field is relevant in a model sub­

mode definition, it must not be altered unless the H34 Enable 
bit in the Port General Control Register is O. (See Table 2.1 

The operation of H3 and H4 and their related status bits is 
given below, for each of the modes specified by Port General 
Control Register bits 7 and 6. This description is organized 
such that for each modelsubmode all programmable options 
of each pin and status bit are given. 

Bits 2 and 1 carry the same meaning in each model sub­
mode, and thus are specified only once. 

PBCR 
2 H4 Interrupt Enable 
o The H4 interrupt is disabled. 
1 The H4 interrupt is enabled. 

PBCR 
1 H3 SVCRQ Enable 
o The H3 interrupt and DMA request are disabled. 
1 The H3 interrupt and DMA request are enabled. 

PBCR 
543 

PBCR Mode 0 Port B Submode 00 

H4 Control 
o X X Input pin - status only. 
1 0 0 Output pin - always negated. 
1 0 1 Output pin - always asserted. 
1 1 0 Output pin - interlocked input handshake pro­

tocol. 
1 Output pin - pulsed input handshake protocol. 

PBCR 
o H3 Status Control 
X Not used. 

PBCR 
543 

PBCRMode 0 Port B Submode 01 

H4 Control 
o X X Input pin - status only. 
1 0 0 Output pin - always negated. 
1 0 1 Output pin - always asserted. 
1 1 0 Output pin - interlocked output handshake pro­

tocol. 
1 Output pin - pulsed output handshake protocol. 

PBCR 
o H3 Status Control 
o The H3S status bit is 1 when either the Port B initial or 

final output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 
The H3S status bit is 1 when both of the Port B output 
latches are empty. It is 0 when at least one latch is full. 

PBCR 
543 

PBCR Mode 0 Port B Submode 1X 

H4 Control 
o X X Input Pin - status only. 
1 X 0 Output pin - always negated. 
1 X 1 Output pin - always asserted. 

PBCR 
o H3 Status Control 
X Not used. 

543 
PBCR Mode 1 Port B Submode XO 

H4 Control 
o X X Input pin - status only. 
1 0 0 Output pin - always negated. 
1 0 1 Output pin - always asserted. 
1 1 0 Output pin - interlocked input handshake pro­

tocol. 
1 Output pin - pulsed input handshake protocol. 
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PBCR 
o 
X Not used. 

H3 Status Control 

PBCR Mode 1 Port B Submode X1 

PBCR 
543 H4 Control 
a x X Input pin - status only. 
1 a a Output pin - always negated. 
1 a 1 Output pin - always asserted. 
1 1 a Output pin - interlocked output handshake pro­

tocol. 
1 Output pin - pulsed output handshake protocol. 

PBCR 
o H3 Status Control 

a The H3S status bit is 1 when either the initial or final 
output latch of Port A and B can accept new data. It is 
a when both latches are full and cannot accept new 
data. 
The H3S status bit is 1 when both the initial and final 
output latches of Ports A and B are empty. It is a when 
neither the initial or final latch of Ports A and B is full. 

PBCR 
543 

PBCR Mode 2 

H4 Control 
x X a Output pin interlocked input handshake pro-

tocol. 
X X 1 Output pin - pulsed input handshake protocol. 

PBCR 
o 
X Not used. 

PBCR 
543 

H3 Status Control 

PBCR Mode 3 

H4 Control 
X X a Output pin interlocked input handshake pro-

tocol. 
X X Output pin - pulsed input handshake protocol. 

PBCR 
o 
X Not used. 

H3 Status Control 

Port A Data Register (PADR) - The Port A Data Register 
is an address for moving data to and from the Port A pins. 
The Port A Data Direction Register determines whether each 
pin is an input (0) or an output (1 I, and is used in configuring 
the actual data paths. This is mode dependent and is 
described with the modes above. 

This register is readable and writeable at all times. Depend­
ing on the chosen mode/submode, reading or writing may 
affect the double-buffered handshake mechanism. The Port 
A Data Register is not affected by the assertion of the 
RESET pin. 

Port B Data Register (PBDRI - The Port B Data Register 
is an address for moving data to and from the Port B pins. 
The Port B Data Direction Register determines whether each 
pin is an input (Olor an output 11), and is used in configuring 
the actual data paths. This is mode dependent and is 
described with the modes. above. 

This register is readable and writeable at all times. Depend­
ing on the chosen mode/submode, reading or writing may 
affect the double-buffered handshake mechanism. The Port 
B Data Register is not affected by the assertion of the RESET 
pin. 

Port A Alternate Register (PAARI - The Port A Alternate 
Register is an alternate address for reading the Port A pins. It 
is a read-only address and no other PIIT condition is af­
fected. In all modes and the instantaneous pin' level is read 
and no input latching is performed except at the data bus in­
terface (see Bus Interface Connection). Writes to this ad­
dress are answered with DTACK, but the data is ignored. 

Port B Alternate Register (PBARI - The Port B Alternate 
Register is an alternate address for reading the Port B pins. It 
is a read-only address and no other PI/T condition is af­
fected. In all modes the instantaneous pin level is read and 
no input latching is performed except at the data bus inter­
face (see Bus Interface Connection). Writes to this address 
are answered with DTACK. but the data is ignored. 

Port C Data Register (PCDRI - The Port C Data Register 
is an address for moving data to and from each of the eight 
Port CI alternate-function pins. The exact hardware 
accessed is determined by the type of bus cycle 1 read or 
write) and individual conditions affecting each pin. These 
conditions are 11) whether the pin is used for the Port C or 
alternate function. and 12) whether the Port C Data Direction 
Register indicates the input or output direction. The Port C 
Data Register is single buffered for output pins and not buf­
fered for input pins. These conditions are summarized in 
Table 11. 

The Port C Data Register is not affected by the assertion 
of the RESET pin. 

The operation of the PCDR is independent of the chosen 
PI/T mode. 

TABLE 11 - PCOR HAROWARE ACCESSES 

Read Port C Oata Register 

Port C function Port C function Alternate Alternate 
PCOOR=O PCOOR=1 function function 

PCOOR=O PCOOR=1 

",ort C I",ort C 
pin output pon output 

reaister register 
Write Port C Oata Register 

Port C Function Port C Function Alternate Alternate 

PCOOR=O PCOOR=1 function function 
PCOOR=O PCOOR= 1 

Port C Port C Port C Port C 
output register. output register. output register output register 
buffer disabled buffer enabled 
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Note that two additional useful benefits result from this 
structure. First, it is possible to directly read the state of a 
dual-function pin while used for the non-Port C function. Se­
cond, it is possible to generate program controlled transi­
tions on alternate-function Plns by switching back to the 
Port C function, and writing to the PCOR. 

This register is readable and wnteable at all times. 

Port Status Register (PSR) -

7 6 5 4 3 2 1 0 

H4 H3 H2 H1 
H4S H3S H2S H1S 

Level Level Level Level 

The Port Status Register contains information about hand­
shake pin activity. Bits 7-4 show the instantaneous level of 
the respective handshake Pin, and IS independent of the 
handshake pin sense bits In the POr) General Control 
Register. Bit 3-0 are the respective. status bits referred to 
throughout this data sheet. Their interpretation depends on 
the programmed modeisubmode of the PI:T. For Bits 3-0 a 
1 IS the active or asserted state. 

Timer Control Register (TCR) 

7 J 6 I 5 4 3 2 I 1 0 

TOUTiTlACK Z.D 
" 

Clock Timer 
Control Ctrl Control Enable 

The Timer Control Register nCR) determines all operations 
of the timer. Bits 7-5 configure the PC3/TOUT and 
PC7 ITIACK pinS for Port C, square wave, vectored inter­
rupt, or autovectored Interrupt operation; bit 4 specifies 
whether the counter receives data from the Counter Preload 
Register or continues counting when zero detect IS reached; 
bit 3 is unused and is read as 0; bits 2 and 1 configure the 
path from the ClK and TIN pins to the counter controller; bit 
o enables the timer. This register IS readable and wnteable at 
all times. 

All bits are cleared to 0 when the RESET pin IS asserted 

TCR 
765 TOUT /TiACR Control 

1 0 1 The dual-function pin PC3ITOUT carries the TOUT 
function and is used as a timer interrupt request 
output. The timer interrupt is enabled; thUS, the pin 
is low when the timer ZOS status bit is 1. The dual 
function pin PC7 ITIACK carries the TIACK func­
tion and is used as a timer interrupt acknowledge 
input. Refer to the Timer Interrupt Acknowledge 
Cycle section for details. This combination and the 
100 state above support vectored timer interrupts. 

1 1 0 The dual-function pin PC3ITOUT carries the TOUT 
function. In the run or halt state it is used as a timer 
interrupt request output. The timer interrupt is 
disabled; thus, the pin is always three-stated. The 
dual-function pin PC7/TIACK carries the PC7 func­
tion. 

1 1 1 The dual-function Pin PC3ITOUT carries the TOUT 
function and is used as a timer interrupt request 
output. The timer interrupt is enabled; thus, the pin 
is low when the timer ZOS status bit is 1. The dual­
function pin PC7 ITIACK carries the PC7 function 
and autovectored interrupts are supported. 

TCR 
4 Zero Detect Control 

o The counter is loaded from the Counter Preload 
Register on the first clock to the 24-bit counter after 
zero detect. and resumes counting. 
The counter rolls over on zero detect, then continues 
counting. 

Bit 3 IS unused and is always read as 0 

TCR 
2 1 Clock Control 

o 0 The PC2ITIN input pin carries the Port C function and 
the ClK pin and prescaler are used. The prescaler is 
decremented on the falling transition of the ClK pin; 
the 24-bit counter is decremented or loaded from the 
Counter Preload Registers when the prescaler rolls 
over from $00 to $1 F. The Timer Enable bit determines 
whether the timer is in the run or halt state. 

o 1 The PC2/TIN pin serves as a timer input and the ClK 
pin and prescaler are used. The prescaler IS 
decremented on the falling transition of the ClK pin; 
the 24-bit counter is decremented or loaded from the 
Counter Preload Registers when the prescaler rolls 
over from $00 to $1 F. The timer is in the run state 
when the Timer Enable bit is 1 and the TIN pin is high; 
otherwise the timer is in the halt state. 

o The PC2ITIN pin serves as a timer input and the 
prescaler is used. The prescaler is decremented follow­
ing the riSing transition of the TIN pin after syncing 
with the internal clock. The 24-bit counter is 
decremented or loaded from the counter preload 
registers when the prescaler rolls over from $00 to ·$1 F. 
The Timer Enable bit determines whether the timer IS 
in the run or halt state. 

1 1 The PC2/TIN pin serves as a timer Input and the 
prescaler IS unused The 24-bit counter is decremented 
or loaded from the Counter Preload Registers follow­
ing the rising edge of the TIN pin after syncing with 
the internal clock The Timer Enable bit determines 
whether the timer is in the run or halt state 
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TCR 
o 
o Disabled. 

Enabled. 

Timer Enable 

Timer Interrupt Vector Register (TIVR) - The timer inter­
rupt vector register contains the 8-bit vector supplied when 
the timer interrupt acknowledge pin TIACK is asserted. The 
register is readable and writeable at all times, and the same 
value is always obtained from a normal read cycle and a timer 
interrupt acknowledge bus cycle (TIACK). When the RESET 
pin is asserted the value of $OF is automatically loaded into 
the register. Refer to Timer Interrupt Acknowledge Cycle 
section for more details. 

Counter Preload Register H, M, L (CPRH-L) 

7 6 5 4 3 2 1 0 
Bit Bit Bit Bit Bit Bit Bit Bit 
23 22 21 20 19 18 17 16 CPRH 

Bit Bit Bit Bit Bit . Bit Bit Bit 
15 14 13 12 11 10 9 8 CPRM 

Bit Bit Bit Bir Bit Bit Bit Bit 
7 6 5 4 3 2 1 0 CPRL 

The Counter Preload Registers are a group of three 8-bit 
registers used for storing data to be transferred to the 
counter. Each of the registers is individually addressable, or 
the group may be accessed with the MOVEP . L or the 
MOVEP.W instructions. The address one less than the ad­
dress of CPRH is the null register, and is reserved so that 
zeros are read in the upper 8 bits of the destination data 
register when a MOVEP. L is used. Data written to this ad­
dress is ignored. 

The registers are readable and writeable at all times. A 
read cycle proceeds independently of any transfer to the 
counter, which may be occuring simultaneously. 

To insure proper operation of the PI/T Timer, a value of 
$000000 may not be stored in the Counter Preload Registers 
for use with the counter. 

The RESET pin does not affect the contents of these 
registers. 

Count Register H, M, L (CNTRH-L) -

7 6 5 4 3 2 1 0 

Bit Bit Bit Bit Bit Bit Bit Bit 
23 22 21 20 19 18 17 16 CNTRH 

Bit Bit Bit Bit Bit Bit Bit Bit 
15 14 13 12 11 10 9 8 CNTRM 

Bit Bit Bit Bit Bit Bit Bit Bit 
7 6 5 4 3 2 1 0 CNTRL 

The count registers are a group of three 8-bit addresses at 
which the counter can be read. The contents of the counter 
are not latched during a read bus cycle; thus, the data read at 
these addresses is not guaranteed if the timer is in the run 

state. I Bits 2, 1, and 0 of the Timer Control Register specify 
the state.) Write operations to these addresses result In'a 
normal bus cycle but the data is Ignored. 

Each of the registers is individually addressable, or the 
group may be accessed with the MOVEP. L or the MOVEP. W 
instructions. The address one less than the address of 
CNTR H IS the null register, and IS reserved so that zeros are 
read in the upper 8 bits of the destination data register when 
a MOVEP.L is used. Data wntten to this address is ignored. 

Timer Status Register (TSR) 

The Timer Status Register contains one bit from which the 
zero detect status can be determined. The lOS status bit Iblt 
Q) IS an edge-sensitive flip-flop that IS set to 1 when the 24-brt 
counter decrements from $000001 to $000000. The lOS 
status bit IS cleared to 0 follOWing the direct clear operation 
(similar to that of the ports), or when the timer IS halted 
Note also that when the RES ET pin IS asserted the timer IS 
disabled, and thus enters the halt state. 

This register IS always readable Without consequence. A 
write access performs a direct clear operation If bit 0 In the 
written data is 1. FollOWing that, the lOS bit IS 0 

This register is constructed with a reset dominant S-R flip­
flop so that all clearing conditions prevail over the possible 
zero detect condition. 

Bits 7-1 are unused and are read as O. 

TIMER APPLICATIONS SUMMARY 

This section outlines programming of the Timer Control 
Register for several tYPical examples. 

Periodic Interrupt Generator 

7 I 6 I 5 .l 
" ~ I ~ 

TOUT TIACK Z D :: oC·, Timer 
ContrOl Ctr! 

.. 
Contro' Enable 

x o 00 J' 1 X Changed 

In this configuration the timer generates a perrodlc Inter­
rupt. The TOUT pin IS connected to the system's Interrupt 
request CirCUitry and the TIACK pin may be used as an Inter­
rupt acknowledge Input to the timer. The TIN pin may be 
used as a clock input • 

The processor loads the Counter Preload Registers and 
Timer Control Register, and then enables the timer. When 
the 24-bit counter passes from $000001 to $000000 the lOS 
status bit IS set and the TOUT I interrupt request) pin IS 
asserted. At the next clock to the 24-blt counter It is again 
loaded with the contents of the CPR's, and thereafter 
decrements. In normal operation, the processor must direct 
clear the status bit to negate the interrupt request (see 
Figure 151. 
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FIGURE 15 - PERIODIC INTERRUPT GENERATOR 

,_ Run---------

SOOFFFF 

24·8" 
Coun\er* 

zos ===~n~---.Jn~---.JI 

Square Wave Generator 

elf I 2 = I 
C:QCt\ TImer 

C=,r",o Enable 

In this conhguratlcw 'ne timer produces a square wave at 
the TOUT pw, The TOUT pw, IS connected to the user's Clr' 

CUltry and the TI':"C" p,n IS not used The TIN pin may be us­
ed as a clock Input 

The processor loaos the Counter Preload Registers and 
Timer Control Register, ana then enables the timer, When 
the 24-blt counter passes from S000001 10 SOOOOOO the ZDS 
status bit IS set and the TOUT Isquare wave outputl Pin IS 
toggled, At the next clock to me 24-blt counter It IS again 
loaded with the contents of the CPRs, and thereafter 
decrements In this application there IS no need for the pro­
cessor to direct clear the ZDS status bit, however, It IS POSSI­
ble for the processor to svnc Itself with the square wave by 
clearing the ZDS status bit, then polling It, The processor 
may also read the TOUT level at the Port C address 

Note that the PC3/TOUT pin functions as PC3 following 
the negation of RESET. If used In the square wave con­
figuration a pullup resistor may be reqUired to keep a known 
level prior to programming Prior to enabling the timer, 
TOUT IS high (see Figure 161, 

FIGURE 16 - SQUARE WAVE GENERATOR 

II( Run'---------

T,mer J 
Enable 

TOGI \~------JI L 
... 1 .. _---- Square Wave·----­

*;...,. a '_',:..; representatlor-, of counte, valUE 

Interrupt After Timeout 

7 I 6 I 5 4· 3 2 I 1 0 

TOUTITIACK Z D Clock Timer 
Conlrol Clrl * ContrOl En 

x o 00 or 1 X changed 

In this configuration the timer generates an Interrupt after 
a programmed time period has expired The TOUT pin IS 
connected to the system's interrupt request circuitry and the 
TIACK pin may be an Interrupt acknowledge input to the 
timer. The TIN pin may be used as a clock input 

ThiS configuration is similar to the periodiC interrupt 
generator except that the Zero Detect Control bit is set ThiS 
forces the counter rollover after Zero Detect IS reached, 
rather than reloading from the CPRs, When the processor 
takes the Interrupt It can halt the timer and read the counter, 
This allows the processor to measure the delay time from 
Zero Detect (interrupt request) to entering the service 
routine. Accurate knowledge of the interrupt latency may be 
useful In some applications (see Figure 17). 

FIGURE 17 - SINGLE INTERRUPT AFTER TIMEOUT 

Timer J 
Enable 

SFFFFFF 

SOOOOOO 

ZDS 

TOUT 

Run 

* Analog representation of counter value, 

\ 
u 

L 
I 

Elapsed Time Measurement 

Elapsed time measurement takes several forms; two are 
described below, 

System Clock 

7 1 6 1 5 4 3 2 I 1 0 
TOUTITIACK Z D. Clock Timer 

Control Ctrl * Control Enable 

o o x o o o changed 

ThiS configuration allows time Interval measurement by 
software, No timer pinS are used. 

The processor loads the Counter Preload Registers 
Igenerally With all 1s) and Timer Control Register, and then 
enables the timer. The counter decrements until the ending 
event takes place When It is deSIred to read the time inter­
val, the processor must halt the timer, then read the counter 

For applications In which the Interval could have exceeded 
that programmable In thiS timer, Interrupts can be counted 
to prOVide the eqUivalent of additional timer bits Atthe end, 
the timer can be halted and read (see Figure 18), 
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FIGURE 18 - ELAPSED TIME MEASUREMENT 

I..: Run -I 

$FFFFFF -,.-.~ 

24· Sit 
Counter· 

$000000 
• Analog representation of counter values. 

External Clock 

I 7 I 6 I 5 I 4 3 

I 
TOUT/TIACK !Z 0 

Control Ctrl. * 
o o x o 

Elapsed 

2 I 1 0 I 
Clock Time~1 

Control Enable 
X changed 

This configuration allows measurement (counting) of the 
number of input pulses occurring in an interval In which the 
counter IS enabled. The TIN input pm provides the Input 
pulses. Generally the TOUT and TIACK pins are not used. 

This configuration is Identical to the Elapsed Time 
Measurement/ System Clock configuration except that the 
TIN pin is used to provide the input frequency. It can be con­
nected to a simple oscillator, and the same methods could be 
used. Alternately, it could be gated off and on externally and 
the number of cycles occurring while in the run state can be 
counted. However, minimum pulse width high and low 
specifications must be met. 

This configuration provides the watchdog function need­
ed In many systems. The TIN pin is the timer input whose 
penod at the high (1) level is to be checked. Once allowed by 
the processor, the TIN input pin controls the run/halt mode. 
The TOUT pin is connected to external circuitry requiring 
notification when the TIN pin has been asserted longer than 
the programmed time. The TIACK pin linterrup 
acknowledge) IS only needed if the TOUT pin is connected to 
interrupt circuitry. 

The processor loads the Counter Preload Register and 
Timer Control Register, and then enables the timer. When 
the TIN input is asserted 11, high) the timer transfers the con­
tents of the Counter Preload Register to the counter and 
begins counting. (f the TIN input is negated before Zero 
Detect IS reached, the TOUT output and the ZDS status bit 
remain negated. If Zero Detect is reached while the TIN input 
is still asserted the ZDS status bit is set and the TOUT output 
is asserted. IThe counter rolls over and keeps on counting.) 

In either case, when the TIN input is negated the ZDS 
status bit is 0, the TOUT output is negated, the counting 
stops, and the prescaler is forced to all 1s (see Figure 19), 

Timer --.J 
Enable 

TIN 

FIGURE 19 - DEVICE WATCHDOG 

$FFI'FFF=~~ 
24-Slt " 

Counter" 

$000000---.... 

ZDS n 
============~ ~== 

TOUT U 
"Analog representation of counter value. 

BUS INTERFACE CONNECTION 

The PIIT has ·an asynchronous bus interface, primarily 
designed for use with the MC68000 microprocessor. With 
care, however, it can be connected to synchronous 
microprocessor buses. This section completely describes the 
PIIT's bus interface, and is intended for the asynchronous 
bus designer unless otherwise mentioned. 

In an asynchronous system the PI/T CLK may operate at a 
significantly different frequency, either higher or lower, than 
the bus master and other system components, as long as all 
bus specifications are met. The MC68230 CLK pin has the 
same specifications as the MC68000 CLK, and must not be 
gated off at any time. 

The following signals generate normal read and write 
cycles to the PI/T: CS (Chip Select), R/W I Read/Write) , 
RS1-RS51five Register Select bits), DO:D7 (the8-bit bidirec­
tional data bus), and DTACK (Data Transfer Acknowledge). 
To generate interrupt acknowledge cycles PC6/PIACK or 
PC7tTIACK is used instead of CS, and the Register Select 
pins are ignored. No combination of the following pins may 
be asserted simultaneously: CS, PlACK, or TIACK. 

READ CYCLES VIA CHIP SELECT 
This catagory includes all register reads, except port or 

timer interrupt acknowledge cycles. When CS is asserted, 
the Register Select and R/Vii inputs are latched internailly. 
They must meet small setup and hold time requirements with 
respect to the asserted edge of CS. ISee the AC ELEC­
TRICAL CHARACTERISTICS table.) The PitT is not pro­
tected against aborted Ishortened) bus cycles generated by 
an Address Error or Bus Error exception in which it is 
addressed. 

Certain operations triggered by normal read (or write) bus 
cycles are not complete within the time allotted to the bus 
cycle. One example is transfers tolfrom the double-buffered 
latches that occur as a result of the bus cycle. If the bus 
master's CLK is significantly faster than the PIIT's the 
possibility exists that, following the bus cycle, CS can be 

MOTOROLA Semiconductor Products Inc. 
30 



negated then re-asserted before completion of these internal 
operations. In this situation the PI/T does not recognize the 
re-assertion of CS until these operations are complete. Only 
at that time does it begin the internal sequencing necessary 
to react to the asserted CS. Since CS also controls the 
DT ACK response, this "bus· cycle recovery time" can be 
related to the ClK edge on which DT ACK is asserted for that 
cycle. The PI/T will recognize the subsequent assertion of 
CS three (3) ClK periods after the ClK edge on which 
DT ACK was previously asserted. 

The Register Select and R/W inputs pass through an 
internal latch that is transparent when the PI/T can 
recognize a new CS pulse (see above paragraph!. Since the 
internal data bus of the PI/T is continuously enabled for read 
transfers, the read access time (to the data bus buffers) 
begins when the Register Selects are stabilized internally. 
Also, when the PI IT is ready to begin a new bus cycle, the 
assertion of CS enables the data bus buffers within a short 
propagation delay. This does not contribute to the overall 
read access time unless CS is asserted significantly after the 
Register Select and R/W inputs are stabilized (as may occur 
with synchronous bus microprocessors). 

In addition to Chip Select's previously mentioned duties, it 
controls the assertion of DT ACK and latching of read data at 
the data bus interface. Except for controlling input latches 
and enabling the data bus buffers, all of these functions 
occur only after CS has been recognized internally and syn­
chronized with the internal clock. Chip Select is recognized 
on the falling edge of the ClK if the setup time is met, 
DT ACK is asserted (low) on the next falling edge of the ClK. 
Read data is latched at the PilI's data bus interface at the 
same time DTACK is asserted. It is stable as long as Chip 
Select remains asserted independent of other external condi­
tions. 

From the above discussion it is clear that if the CS setup 
time prior to the falling edge of the ClK is met, the PIIT can 
consistently respond to a new read or write bus cycle every 
four 14) ClK cycles. This fact is especially useful in designing 
the PilI's clock in synchronous bus systems not using 
DT ACK. (An extra ClK period is required in interrupt 
acknowledge cycles, see Read Cycles via Interrupt 
Acknowledge. ) 

In asynchronous bus systems in which the PilI's ClK dif­
fers from that of the bus master, generally there is no way to 
guarantee that the CS setup time with respect to the PIIT 

ClK is met. Thus, the only way to determine that the PIIT 
recognized the assertion of CS is to wait for the assertion of 
DT ACK. In this situation, all latched bus inputs to the PIIT 
must be held stable until 5TACR is asserted. These include 
Register Select, R/W, and write data inputs (see below!. 

System specifications impose a maximum delay from the 
trailing (negated) edge of Chip Select to the negated edge of 
OT ACK. As system speeds increase this becomes more dif­
ficult to meet with a simple pullup resistor tied to the OT ACK 
line. Therefore, the PI IT provides an internal active pullup 
device to reduce the rise time, and a level-sensitive circuit 
that later turns this device off. OTACK is negated asyn­
chronously as fast as possible following the rising edge of 
Chip Select, then three-stated to avoid interference with the 
next bus cycle. 

The system designer must take care that DT ACK is 
negated and three-stated quickly enough after each bus 
cycle to avoid interference with the next one. With the 
MC68000 this necessitates a relatively fast external path from 
the data strobe to CS going negated. 

WRITE CYCLES 

In many ways write cycles are similar to normal read cycles 
(see above). On write cycles, data at the 00-07 pins must 
meet the same setup specifications as the Register Select 
and R/W lines. Like these signals, write data is latched on 
the asserted edge of CS, and must meet small setup and 
hold time requirements with respect to that edge. The same 
bus cycle recovery conditions exist as for normal read cycles. 
No other differences exist. 

READ CYCLES VIA INTERRUPT ACKNOWLEDGE 

Special internal operations take place on PI/T interrupt 
acknowledge cycles. The Port Interrupt Vector Register or 
the Timer Interrupt Vector Register are implicitly addressed 
by the assertion of PC6/PIACK or PC7/TIACK, respectively. 
The Signals are first synchronized with the falling edge of the 
ClK. One clock period after they are recognized the data bus 
buffers are enabled and the vector is driven onto the bus. 
OT ACK is asserted after another clock period to allow the 
vector some setup time prior to DT ACK. DT ACK is negated, 
then three-stated as with normal read or write cycle, when 
PlACK or TlACK is negated. 
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PACKAGE DIMENSIONS 

E 
I-----w 

Yr --,- ---------
JL D 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 60.35 61.57 2.376 2.424 
B 14.63 15.34 0.576 0.604 
C 3.05 4.32 0.120 0.160 
D 0.381 0.533 0.015 0.021 
F 0.762 1.397 0.030 0.055 
G 2.54 SSC 0.100 SSC 
J 0.203 0.330 0.008 0.013 
K 2.54 4.19 0.100 0.165 
L 14.99 15.65 0.590 0.616 
M 00 100 00 100 
N 1.016 1.524 0.040 0.060 

] 

NOTES: 

B 

L SUFFIX 
CERAMIC PACKAGE 

CASE 740-02 

1. DIMENSIONWIS DATUM. 
2. POSTIONAL TOLERANCE FOR LEADS: 

:-e-ia O.251O.010IeiT : A\9! 
3.OJ IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF 

LEAOS WHEN FORMED PARALLEl. 
5. OIMENSIONING ANO TOLERANCING 

PER ANSI Y14.5, 1973., 

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising 
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
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R68560 • R68561 

R68560, R68561 
. MULTI-PROTOCOL COMMUNICATIONS 

'~: ~~=Ld~~,·~~~ _______ C_O_N_T_R_O_L_L_E_R __ (M_P_C_C_) ________ ~ 

DESCRIPTION 

PRELIMINARY 

FEATURES 
The R68S60. R68S61 Multi-Protocol Communications Controller 
(MPCC) interfaces a single serial communications channel to 
a 68008/68000 microcomputer-based system using either asyn­
chronous or synchronous protocol. High speed bit rate. auto­
matic formatting. low overhead programming. eight character 
buffering. two channel DMA interface and three separate inter­
rupt vector numbers optimize MPCC performance to take full 
advantage of the 68008168000 processing capabilities and 
asynchronous bus structure. 

In synchronous operation. the MPCC supports bit-oriented pro­
tocols IBOP). such as SDLC/HDLC. and character-oriented pro­

··.tocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting. synchronizing. validation and error 
detection IS performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) 
and isochronous (ISOC) modes are also supported. In addition. 
modem interface handshake signals are available for general 
use. 

Control. status and data are transferred between the MPCC and 
the microcomputer bus via 22 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers. address­
able through separate receiver and transmitter data registers. 
each buffer up to eight characters at a time to allow more MPU 
processing lime to service data received or to be transmitted 
and to maximize bus throughput. especially during DMA oper­
ation. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC684S0 DMA Controller. Three 
prioritized interrupt vector numbers separately support receiver. 
transmit1er and modem interface operation. 

An on-chip oscillator drives the internal baud rate generator 
(BRG) and an extemal clock output with an B MHz input crystal 
or clock frequency. The BRG. in conjunction with two selectable 
prescalers and 16-bit programmable divisor. provides a data bit. 
rate of DC to 4 MHz. 

The 48-pin R68S61 sueports word-length (16-bit) operation when 
connected to the 68000 16-bit asynchronous bus. as well as 
byte-length (8-bit) operation when connected to the 68008 8-bit 
bus. The 40-pin R68S60 supports byte-length operation on the 
68008 bus. 

Document No. 68650N06 

• Full duplex synchronous/asynchronous receiver and trans­
mit1er 

• Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 

• Supports other synchronous character-oriented protocois 
(COP). such as six-bit BSC. DDCMP. X3.2B. ISO 151745. 
ECMA-16. etc. 

• SUpports synchronous bit-oriented protocols (BOP). such as 
SDLC. HDLClADCCP. X.25. etc. 

• Asynchronous and isochronous modes 

• Modem handshake interlace 
• High speed serial data rate (DC to 4 MHz) 

• Internal oscillator and Baud Rate Generator (BRG) with pro­
grammable data rate 

• Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

• Direct interface to 68008168000 asynchronous bus 

• Eight-character receiver and transmit1er buffer registers 

• 22 directly addressable registers for flexible option selection. 
complete-status reporting. and data transfer 

• Three separate programmable interrupt vector numbers for 
receiver. transmitter and serial interlace 

• Maskable interrupt conditions for receiver. transmitter and 
serial interface. 

• Programmable microorocessor bus data transfer: polled. 
interrupt and two-channel DMA transfer comeatible with 
MC68440/MC68450 

• Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

• Selectable fulVhalf duplex. autoecho and local loop-bacK 
modes 

• Selectable parity (enable. odd. even) and CRC (control field 
enable. CRC-16. ccrn V.41. VRC/LRC) 

ORDERING INFORMATION 
Part Number Frequency 

R6856_ _ 4 MHz 

~ Package: C ~ Ceramic 
P = PlastiC 

Number of pins: 0 .. 40 
, = 48 

O"C to 70"C 

Product Description Order No. 705 
Rev. 1, MarCh 1983 
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1. Byte mode on 68008 bus. 
2. Word mode on 68000 bus. 

FIGURE 1. MPCC Block Diagram 
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PIN DESCRIPTION 

Throughout the data sheet, signals are presented using the terms 
active and inactive or asserted and negated independent of whether 
the signal is active in the high-voltage state or low-voltage state. (The 
active state of each logic pin is described below.) Active low Signals 
are denOled by a superscript bar. R/Windicates a write is active low 
and a read active high. 

"""',. 
DATA 
BUS < m 

A' ...... CTS 

4DDIt!SS 
IUS I OT. 

"SYNC~NOUS 

\ 
BUS 

CONTROL. 

UDSIAO m 
LOWs ~ 

Co 

oiW - T.D -, 
ClACK .. oec hC 

_.ES!" 

OM' 

1 
COHTOOL 

TDiR •• D 

R6JJi o.e 

0...,. 
OONE EXT .. !. 

DTC >TAL 

BCLK 

} RECEIVI!" 
ttfTEAFAC'f 

} CLOCK 
INTE"PAC( 

INTERRUPT { CONTROl. 

iiiQ 
Vee 

lACK 

""" 
FIGURE 2. MPCC Input and Output Signals 

A1-A4-Address Lines. A1-A4 are active high inputs used in con­
junction with the CS input to access the intemal registers. The 
address map for these registers is shown in Table 1. AO is valid only 
in by1e mode. For 68000 asynchro'nous bus Interface AO = ODS. 

DO-D15-Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU. memory or other peripheral 
deVice. DO-D15 are used when connected to the 16-bit 68000 bus 
and ooeratlng in the MPCC word mode. DO-D7 are used when con­
nected to the 16-bit 68000 bus or the 8-bit 68008 bus and operating 
In the MPCC by1e mode. The data bus is three-stated when CS IS 
inactive. (See exceptions in OMA mode.) 

CS-Chip Select. CS low selects the MPCC for programmed trans­
fers with the host. The MPCC is deselected when the CS Input is 
inactive in non-DMA mode. CS must.be decoded from the address 
bus and galed with address strobe (AS). 

R,w-ReadIWrite. RIW controls the direction of data flow through 
the bidirectional data bus by Indicating that the current bus cycle is 
a reao (high) or write (low) cycle. 

OTA'C'K-Oata Transfer Acknowledge. i5TACK is an active low 
output that signals the completion of the bus cycle. During read or 
interrupt acknowledge cycles, DT ACK is asserted by the MPCC atter 
data has been provloed on the data bus; during write cycles it is 
asserteo atter data has been accepteo at the data bus. 5'i'ACK is 
driven high atter assertion prior to being tri·stated. A holding resistor 
IS reqUired to maintain DT ACK high between bus cycles. 

LOS/Os-Lower Data Strobe/Data Strobe. DUring a write (Riw 
low). the LOS positive transition latches data on data bus lines DO­
D7 into the MPCC. During a read (RiW high). CDS low enables data 
from the MPCC to data bus lines 00·D7. 

3 

UDs/AO-Upper Data Strobe/Address Line AO. When interfaCing 
the R68561 to the 68000 16·bit bus. the data bus UDS signal IS 
connected to the DDSlAO input. Dunng a write (R/W low). the UDS 
posrtive transrtion latches data on data lines D8·D15 into the MPCC 
(word mode only). During a read (RtW high), UDS low enables data 
from the MPCC to data bus lines D8·D15 (word mode only). In the 
by1e mode, ODS is used internally by the MPCC as AO to address 
a register by1e (see Table 1). 

When interfacing the R68560 to the 68008 8·bit bus, oata bus AO 
line is connected to the 0i5SI AO input and IS used to access an 
intemal register by1e (see Table 1). 

i'FiO-lnterrupt Request. The active low iRQ output requests Inter· 
rupt service by the MPU. IRO is driven high atter assertion prtor to 
being Iri·stated. 

iACK-lnterrupt Acknowledge. The active low iACK Input indi­
cates that the current bus cycle IS an interrupt acknowledge cycle. 
When iAcK is asserted the MPCC places an Interrupt vector on the 
lower by1e (DO-D7) of the data bus. 

TDSR-Transmitter Data Service Request. When Transmitter DMA 
mode is active. the low T5SR outout requests DMA service. 

RDSR-Receiver Data Service Request. When receiver OMA mode 
is active, the low ROSA output requests DMA service. 

OACK-DMA Acknowledge. The i5ACK low input indicates that the 
data bus has been acquired by the DMAC and that the requested 
bus cycle is beginning. 

i5Tc-Data Transfer Complete. The DrC low input indicates that 
a DMA data transfer IS complete. DTC in response to a RDSR 
indicates that the data has been successfully stored in memory. Di'C 
in response to a 'i'5SR indicates that the data is present on the data 
bus for strobing into the MPCC. 5TC is used in conjunction with 
RtW to increment the TxFIFO or RxFIFO pointer. 

Dc5NE-Oone. 50NE is a bidirectional active low signal. The 15O'NE 
signal is asserted by the OMAC When the DMA transfer count IS 

exhausted and there IS no more data to be transferred. or asserted 
by the MPCC when the status by1e follOWing the last character of a 
frame (block) IS being transferred in response to a RDSR. The DONE 
signal asserted by the DMAC in response to a i"5SR will be storea 
to track with the data by1e (lower by1e for word transfer! through tne 
TxFIFO. 

RESET-Reset. RESET is an active low, high Impedance Inpul that 
initializes all MPCC functions. REsET must be assened for at least 
500 ns to initialize the MPCC. 

5'i'R-Data Terminal Ready. The lS'fR active low outout IS genera; 
purpose in nature. and IS controlled by the DTRLVL bl1 In the Serial 
Interface Control Register (SICR). 

Frr'S-Request to Send. The FITS active low output is general pur· 
pose in nature. and is controlled by the RTSLVL bit In tne SICR. 

C;:-S-Clear to Send. The CTs active low Inout pOSitive tranSltlor, 
and level are reporteo In the CTS and CTSLVL bits In the Sena, 
Interface Status Register (SISRl. respectively. 

5SR-Data Set Ready. The DSR active low Input negative transi' 
tion and level are reported in the DSR and OSRLVL bits in the SISR. 
respectively. 
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DCo-Oata Carrier Detect. The DCD active low input positive tran· 
sltion and level are reported in the DCD and DCDLVL bits in the 
SISR. respectively. 

Txo-Transmitted Oata. The MPCC transmits serial data on the 
TxD output. The TxO output changes on the negative gOing edge of 
"'xC. 

RxO-Received Oata. The MPCC receives serial data on the AxD 
nout. The AxO Input is shifted into the receiver with the positive 
gomg edge of AxC. 

TxC-Transmitter Clock. TxC can be programmed to be an input 
or an output. When TxC is selected to be an Input, the transmitter 
ClOCk must be provided externally. When TxC IS programmed to be 
an output. a clock IS generatea by the MPCC's internal baud rate 
generator. The low·ta-high transition of the clock signal nominally 
Indicates the center of a serial data bit present on the TxD output. 

mm/AO 48 iiCK 
i5'i'AcK 47 COS/OS 

RxO 46 i5'fC 
J 

010 45 09 

OTR 44 CS 

5SR 6 5AcK 
5CO GNO 

011 41 00 

Ri5SR 08 

A1 01 

GNO 02 

A4 12 03 

A2 13 04 

A3 14 05 

RxC 15 06 

012 16 015 

TxC 17 07 

BCLK 18 REsET 
EXTAL 19 CTS 

XTAL 20 Vcc 

013 21 014 

R/W 22 i50NE 
iRQ 23 TxO 

RTS 24 TOSR 

R68561 Pin Configuration 
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Rxe-Receiver Clock. AxC provides the MPCC receiver with 
received data timing information. The clock transition from lOW' to· 
high nominally indicates the center of each serial data bit on the RxD 
input. 

EXT AL-Crystal/External Clock Input. 
XT AL Crystal Return. EXT AL and XTAL connect an 8 MHz external 
crystal to the MPCC intemal oscillator. The pin EXTAL may also be 
used as a TTL level input to supply a DC to 8 MHz reterence timing 
from an external clock source. XT AL must be tied to ground when 
applYing an external clock to the EXT AL input. 

BC1.K-Buffered Clock. BCLK is the Internal oscillator buffered 
output available to other MPCC aeviCes eliminating the need for 
additional crystals. 

Vee-Power. 5 V :: 5%. 

GNO-Ground. Ground (VssJ. 

AD lACK 

'5TAcK OS 

RxO i5Tc 
i5TR CS 
5SR 6ACK 
i5Co GNO 

ROsR 00 

A1 01 
GNO 02 

A4 03 
A2 04 

A3 05 
RxC 06 

TxC 07 

BCLK R'ESE'f 
EXTAL CTs 

XTAL Vcc 
OONE 

iRa TxO 

RTs T6SR 

R68560 Pin Configuration 
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MPCC REGISTERS 
Twenty-tour 8-bit registers define. control and montlor the data 
communlcattons orocess. These registers and their addresses are 
listed In Table 1. 

Table 2 summanzes the MPCC register bit assignments. A read from 
an unassigned location results In a read from the . null register.' The 
null register returns all ones for data ana results In a normal bus 
cycle. Unused bits of a defined register are read as zeros unless 
Otherwise noted. 

i 
I 
I 

In tne word mode. two registers are read or wnnen at a ttme stanlng 
at an even DOundary (AO IS not used In the word mooe and IS Implted 
10 De 0) in the byte mooe, each register IS expliCitly adoressed 
oaseo on AO. 

TABLE 1. MPCC Accessible Registers 
i 

I Address Bits 
Hex 

Register Addr A4 A3 A2 

Receiver Status Register (RSR) 00 0 0 0 
Receiver Control Register (RCR) 01 0 0 0 
Receiver Data Register (RDR) 02 0 0 0 
Receiver Interrupt Vector Number Register (RIVNR) 04 0 0 1 
Receiver Interrupt Enable Register (RIER) 05 0 0 1 

Transmtner Status Register (TSR) 08 0 1 0 
Transmlner Control Register (TCR) 09 0 1 0 
Transmlner Data Register (TOR) OA 0 1 0 
Transmlner Interrupt Vector Numoer Register (TIVNR) OC 0 1 1 
Transmlner Interrupt Enable Register (TIER) 00 0 1 1 

Senal Interface Status Register (SISR) 10 1 0 0 
Senal Interface Control Register (SICR) 11 1 0 0 
Senal Interrupt Vector Number Register (SIVNR) 14 1 0 1 
Senal Interrupt Enable Register (SIER) 15 1 0 1 

Protocol Select Register 1 (PSR1) 18 1 , 0 
ProtOCOl Select Register 2 (PSR2) 19 , 1 0 
Aodress Register, (AR1) 1A , , 0 
Address Register 2 (AR2) 1B 1 1 0 
Baud Rate DIVider Register 1 (BRDR1) 1C 1 1 1 
BaUd Rate DiVIder Register 2 (BRDR2) 10 1 

I 

1 1 
Clock Control Register (CCR) 1E 1 1 1 
Error Control Register (ECR) 1F 1 1 1 

-The data In the registers IS not Intllalized. however. the FIFO pointers are reset to point to the top. 
R = Read. W = Write 

5 

I Initialized , 

I 
by 

A1 AO Access RESET 

0 0 RJW Yes 
0 1 RJW Yes 
1 0 R No-

0 0 R/W Yes 
0 1 RJW Yes 

0 0 RJW Yes 
0 1 RJW Yes 
1 0 W No-
0 0 RJW Yes 
0 1 RJW Yes 

0 0 RJW Yes 
0 1 RJW Yes 
0 0 RJW Yes 
0 1 RJW Yes 

0 0 RJW Yes 
0 1 RJW Yes 
1 0 RJW Yes 
1 1 RJW Yes 
0 0 RJW Yes 
0 1 RJW Yes 
1 0 RJW Yes 
1 1 RJW Yes 
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TABLE 2. MPCC Register Bit Assignments 

HEX i f-i ___ ..,.... ___ -.-___ ....,.. __ B_rr_N...,U,....M_B_E_R __ -.-___ --,-___ --,-___ --i I RESET'" 

t.OORESS II 7 6 5 4, 3 2 1 0 VALUE 

i~ __ oo __ ~ilf_I _R_D_A __ I~-E-O-F-~--O--+_-C-'P-E-R-R~~-~-E-R-R-~-R-O-V-R_N_+_-R-"'-B--r--R-ID-LE----ir---OO--~ 
i II 

RDSREN DONEEN RSYNEN STRSYN 2ADCMP RABTEN RRES 01 i 01 , i 
~! ------~If_'------~------~------~------~------~------~------~----~~----~ 
in II RECEIVED DATA (RxFIFO) 

----o3-,-,-~If----l----...,----I--~-----I----~---I--~~---I----r----,----~--,----~---'--~f__----~ 

: 04 II RECEIVER INTERRUPT VECTOR NUMBER (RIVN) OF 

i I,---R-D----~--E-O-F--~------~--C--P-E-R-R~---F-RE-R-R--..,....-R-O--R-N---r--R-.-'B---r------~f------~ 

BEji' 05 II lEA IE - i IE IE I~ ; - 00 

: ~: f__---:----!r---:----If-----:----~---:----~---:----+I----;----~---;--~----;--~r-----~ 
I I--------,....f-------,....f---------~------_f_--------+_------~------~------~r_----~ 
I 

i 08 

09 

OA 

DB'" 

OC 

00 

OE 

OF 

10 

II 

12 

13 

14 

15 

IS 

17 

18 

19 

lA 

lB 

lC 

10 

IE 

IF 

TDRA 

TEN 

TORA 
IE 

CTS 

RTSLVL 

CTS 
IE 

WDlBYT 

PAREN 

TFC o o o TUNRN TFERR o 

TDSREN TICS THW TLAST TSYN TABT TRES 

TRANSMITTED DATA (TxFIFO) 

TRANSMITTER INTERRUPT VECTOR NUMSER (TIVN) 

TFC 
IE 

DSR 

DTRLVL 

oeD CTSLVL DSRLVL 

(NOT USED") 

(NOT USED") 

TUNRN 
IE 

DCOLVL 

ECHO 

SERIAL INTERRUPT VECTOR NUMBER (SIVN) 

DSR 
IE 

DCD 
IE 

STOP BIT SEl 

SB2 SBI 

000 PAR 

CHAR LEN SEL 

CL2 CLI P53 

BOP ADDRESs/SSC & COP PAD 

BOP ADDREss/SSC & COP SYN 

BAUD RATE DIVIDER (LSH) 

SAUD RATE DIVIDER (MSH) 

PSCDIV TCU<O RCU<IN 

CTLCRC CRCPRE 

TFERR 
IE 

o 

TEST 

CTLEX 

PROTOCOL SEL 

PS2 

o 

NAZI 

ADDEX 

PSI 

CU< SEL 

CK2 CKI 

CRe SEL 

CR2 CRI 

80 

01 

OF 

00 

00 

00 

OF 

00 

00 

00 

00 

00 

01 

00 

00 

04 

Rece,ver SlalUS 
RegIster (RSR) 

Receiver Control 
Register (RCR) 

Receover Data 
RegIster (RDR) 

(null) 

ReceIVer Interrupt Vector 
Number RegIster (RIVNR) 

ReceIver Interrupt Enaole 
RegIster (RIER) 

(null) 

(null) 

T ransmitler Status 
RegISter (TSR) 

T ransmiller Control 
Register (TCR) 

T ransmiller Data 
Register (TOR) 

(null) 

T ransmiller Interrupt Vector 
Number Register (TIVNR) 

Transmitter Interrupt Enable 
Register (TIER) 

(null) 

(null) 

Serial Interlace Status 
Register (SISR) 

Serial Interlace Control 
Register (SICR) 

(re_Ned) 

(re_Mld) 

Serial Interrupt Vector 
Number RegIster (SIVNR) 

Serial Interrupt Enable 
Register (SIER) 

(null) 

(null) 

Protocol Select 
Register 1 (PSR1) 

Protocol Select 
Register 2 (PSR2) 

Address Register 1 (t.Rl) 

Address Register 2 (AR2) 

Baud Rate Divider 
Register 1 (SRDR1) 

Baud Rate Divider 
Register 2 (SRDR2) 

CIoctc Control 
Register (CCR) 

Error Control 
Register (ECR) 

I NOTES: 

\ 

I RESET - Register conteo:tts upon power up or RESET (-- - - unoefined). 

I 
2. In the word mOde. two bytes are addressed wrth each word access stanlng 

3. When address 03 or OB is addressed in the word mOde, the second byte 
of the RxFIFO or TxFIFO is accessed, respectIVely. 

. wrth the even address (RSasSI only). 

6 

"Unused registers may contain random brt values. 
- - Read as zero. 
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REGISTER DEFINITIONS 

RECEIVER REGISTERS 

Receiver Status Register (RSR) 

The Aecelver Status Register (ASA) contains the status of the 
receiver Including error conditions. Status bits are cleared by writing 
a , Into resoeC\IVe positions. by writing a , into the ACA AAES bit 
Dr by AESET. If an EOF. C/PEAA. or FAEAA is set In the ASA. the 
data reflecting the error (the first byte or word in the AxFIFO) must 
be read pnor to resetting the corresponding status bit in the RSA. 
The iRa output is asserted if any of the conditions reported by the 
status bits occur and the corresponding interrupt enable brt in the 
RIER is set. 

The RSR format is tne same as the frame status format (see below) 
except as noted. 

RSR 
7 RDA -Receiver Data Available. (ASA only). 
o The AxFIFO IS empty (i.e .. no received data IS available). 

RSR 

Received data IS available In the RxFIFO and can be read 
via the RDR. 

§. EOF -End of Frame. 
o No end of frame or block detected. 

End of frame 'or block detected (BOP and BSC). 

RSR 
! RHW -Receive Half Word. (Frame Status only). 
o The last word of the trame contains data on the upper halt 

(08·0'5) and frame status on the lower half (00·07) of the 
data bus. 

RSR 

The lower half of the data bus (00·07) contains the trame 
status but the upper halt (08-015) is blank or invalid. 

4 C/PERR -CRC/Parity Error. 
o No CRC or parity error detected. 

RSR 

CAC error detected (BOP. BSC), Parity error detected 
(ASYNC, ISOC and COP). 

3 FRERR -Frame Error. 
o No frame error detected. 

Short Frame or a closing FLAG detected off boundary 
(BOP)' Frame error (ASYNC. ISOC) or receiver overrun. 

7 

RSR 
l ROVRN -Receiver Overrun. 
o No receiver overrun detected. 

RSR 

Receiver overrun detected. Indicates that receiver aata was 
attempted to be transferred Into the RxFIFO when It was 
full. resulting In loss of received data. The aata that IS 
already in AxFIFO are not affected and may be read by tne 
processor. 

1 RAtB -Receiver Abort/Break. a Normal Operation. 

RSR 

ABORT detected after an opening flag (BOP). ENQ oetectea 
in a block of text data (BSC). or BAEAK oetected (ASYNC). 

ORIOLE -Receiver Idle. (ASR only). a Aeceiver not idle. 
, 5 or more consecutive ''1's'' have been received and the 
receiver is in an inactive idle state. 

Frame Status 

For the BSC and BOP protocols whiCh have defined message blocks 
or frames, a "frame status" byte will be loaded into the AxFIFO fol· 
lowing the last data byte of each block. If the MPCC is In word mode 
and the last data byte was on an even byte boundary (Le .. there was 
an even number of bytes in the message). a blank byte will be loaded 
into the RxFIFO prior to loading the frame status byte in order to 
force the "trame status" byte and the next frame to be on an even 
boundary. In the byte mode, the status byte will always immediately 
follow the last data byte of the block/frame (see Figure 3) The EOF 
status in the RSR is then set when the byteiword containing tne 
frame status is the next byte/word to be read from the AxFIFO. 

In the receiver DMA mode. when the EOF status in the RSA IS set. 
DONE is asserted to the DMAC. Thus the last byte accessea oy tne 
DMAC IS always a status byte. which the processor may reaa to 
check the validity of entire trame. 

The trame status contains all the status contained Within the ASR 
with the exception of ADA and RfDLE. But. In addition to the ASP 
contents. the trame status byte has a AHW status in bit 5 Wnlcr> 
indicates either an even or odd boUndary (applicable to wora moae 
only). When AHW = O. the last word of the frame contains aata or 
the upper halt and status on the lawer half of the aata bus If AHW 
= ,. the lower half of the bus contains status but the upper half !S 
a blank or invalid byte. 
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WORD 015 08 07 DO WORD 015 08 07 DO 

N DATA STATUS N DATA DATA 

WORD MODE 
N+1 NEXT FRAME N+1 BLANK STATUS 

(RxHW = 0) N+2 NEXT FRAME 

(RxHW = 1) 

BYTE 07 DO BYTE 07 DO 

M DATA M DATA 

BYTE MODE 
M+1 STATUS M+1 STATUS 

M+2 NEXT FRAME M+2 NEXT FRAME 

FIGURE 3. BSC/BOP Block/Frame Status Location 

Receiver Control Register (RCR) 

6 5 

1- i RDSREN ! DONEEN 

The Receiver Control Register (RCR) selects receiver control options. 

RCR 

I 

RCR 

-Not used. 

.2. . RDSREN -Receiver Data Service Request Enable. 
o Disable receiver DMA mode. 

Enable receiver DMA mode. 

RCA 
5 DONEEN -i5OiiiE Output Enable. 
'0 Disable i50riiE output. 

RCA 

Enable DONE output. (When the receiver is In the DMA 
mode. I.e .. RDSREN = 1). 

,i. RSYNEN -RSYNEN Output Enable. Selects the DSR signal 
input or the RSYN SYNC signal output on the 
DSR pin. 

o Input DSR on DSR. 
Output RSYN on DSR. 

ACA 
3 STRSYN -Strip SYN Character (COP only). 
'0 Do not stnp SYN character. 

Strip SYN character. 

RCA 
2 2ADCMP -One/Two Address Compare (BOP only). 
'0 Compare one address byte with the contents of ARt. 

RCR 

Compare two address bytes with the contents of ARt and 
AR2. 

1. RABTEN -Receiver Abort Enable (BOP only). 
o Do not abort frame upon error detection. 

Abort frame upon RxFIFO overrun (ROVRN bit = , In the 

8 

RCR 

RSR) or CFCRC error detection (C/PERR bit = , In tne 
RSR) If either error occurs. the MPCC ignores the remainder 
of the current frame and searches for the beginning of the 
next frame. 

.Q. ARES -Receiver Reset Command. 
o Enable normal receiver operation. 

Reset receiver. Resets the receiver section Including the 
RxFIFO and the RSR (but not the RCR). RRES IS set by 
R'E'SEi" or by writing a , Into this bit for one write cycle and 
is cleared by writing a 0 into thiS bit. RRES requires clearing 
after RESET. 

Receiver Data Register (RDR) 

The receiver has an 8·byte (or 4-word) First In First Out (FIFO) reg­
ister file (RxFIFO) where received data are stored before being 
transferred to the bus. The received data IS transferred out of the 
RxFIFO via the RDR in 8-bit bytes or , 6-bit words depending on the 
WD/BYT bit setting in PSR2. When the RxFIFO has a data byte! 
word ready to be transferred. the RDA status bit In the RSR IS set 
to ,. 

Receiver Interrupt Vector Number Register (RIVNR) 

If a receiver Interrupt condition occurs (as reoorted by status bits In 
the RSR that correspond to Interrupt enable bits In the RIER) and 
the corresponding bit is set in the RIER. iRQ output IS asserted to 
request MPU receiver Interrupt service. When the iACK Input IS 
asserted from the bus. the Receiver Interrupt Vector Number (RIVN) 
from the Receiver Interrupt Vector Number Register (RIVNR) IS 

placed on the data bus. The RIVN is set to SOF upon RESET 



R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

Receiver Interrupt Enable Register (RIER) 

i 7 6 5 4 3 2 , 1 0 J 
I RDA EOF - C/PERR FRERR ROVRN RAiS I-I I IE IE IE IE IE IE 

The Receiver Interrupt Enable Register (RIER) contains Interrupt 
enable bitS for the Receiver Status Register (RSR). When enabled. 
tne iR5 output IS asserted when the corresponding condillon IS 
detecteo and reported In the RSR 

RIER 
7 RDA IE -Receiver Data Available Interrupt Enable. 
D Disable RDA Interrupt. 

Enable RDA Interrupt. 

RIER 
! EOF IE -End of Frame Interrupt Enable. 
o Disable EOF Interrupt. 

RIER 
5 

RIER 

Enable EOF Interrupt. 

-Not used. 

4 C/PERR IE -CRC/Parity Error Interrupt Enable. 
o Disable C/PERR Interrupt. 

Enable ClPERR Interrupt. 

RIER 
3 FRERR IE -Frame Error Interrupt Enable. 
o Disable FRERR Interrupt. 

Enable FRERR Interrupt. 

RIER 
1 ROVRN IE -Receiver Overrun Interrupt Enable. 
o Disable ROVRN Interrupt. 

Enable ROVRN Interrupt 

RIER 
1 RA/B IE -Receiver Abort/Break Interrupt Enable. 
o Disable RAiS Interrupt. 

RIER 
..Q. 

Enable RAiS Interrupt. 

-Not used . 

9 

TRANSMITTER REGISTERS 

Transmitter Status Register (TSR) 

2 0 

I TUNRN I TFERR i 0 

The Transmitter Status Register (TSR) contains the transmitter status 
InCluding error conOl1l0ns. The transmitter status bits are cleareo oy 
wrillng a , Into their respective bosltlons. by wrlllng a , Into Ine TCR 
TRES bit, or by RESET The IRQ output IS asserted If any of the 
conditions reborted by the status bits occur and the corresPonding 
Interrupt enable Pit In the TIER IS set. 

TSR 
7 TDRA -Transmitter Data Register Available. 
o The TxFIFO is fulL 

TSR 

The TxFIFO IS not full (i.e .. available) and data to transm:t 
can be loaded via the TOR. 

1 TFC -Transmitted Frame Complete. (SOP. SSC ant 

o 

TSR 

~ 

TSR 

COP only). 
Frame not complete. 
ClOSing FLAG or ABORT character has been transmlttec 
(SOP). Trailing PAD has been transmitted (SSC). or the last 
character of a frame or block as defined by iLASi (TCR 
bit 3) has been transmitted (COP). 

-Not used. 

~ TUNRN -Transmitter Underrun (SOP. SSC and COP 

o 

TSR 

only). A transmitter unoerrun occurs when the 
transmitter runs out of oata during a transmiS­
Sion. For SOP. the unoerrun conoitlon IS treateo 
as an abort. For SSC and COP. SYN characters 
are transmitteo until more oata IS available In tne 
TxFIFO. 

No transmitter unoerrun occurred. 
Transmitter underrun occurred. 

l TFERR -Transmit Frame Error (SOP only) 
o No frame error has occurred. 

No control helo was present (Short trame). 

Transmitter Control Register (TCR) 

1 7 1 6 1514!3!21 v 

I TEN I TDSREN I TICS! THW i TLAST I TSYN I TAST iRES 

The Transmitter ContrOl Register (TCR) selects transmitter contro; 
functions. 

TCR 
1. TEN -Transmitter Enable. 
o Disable transmitter. TxD output is 101eo. The Tx~IFO mal 

be loaoed while the transmitter IS disabled 
Enable transmitter. 
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TCR 
.§. TOSREN -Transmitter Oata Service Request Enable. 
o Disable transmitter DMA mode. 

Enable transmitter DMA mode. . 

TCR 
.? TICS -Transmitter Idle Character Select. Selects the 

,ole character to be transmitted when the trans­
mitter IS In an aClille idle mode (transmJ!ler 
enableo or disabled). 

o Mark Idle (TxD output IS held high). 

TCR 

Content of AR2 (BSC and COP). BREAK condllion (ASYNC 
ana ISOC). or FLAG character (BOP). 

.: THW - Transmit Haft Word. (word mode only). ThiS bit 
IS used when the frame or blOck ends on an odd 
boundary In coni unction with the TLAST bit and 
Indicates that the last word in the TxFIFO con­
tains valid data In the upper byte only. This bit 
must alWays be 0 In byte mode. 

o Transmit full word (16 bits) from the TxFIFO. 
Transmit upper byte (S bits) from the TxFIFO. 

TCR 
~ TLAST -Transmit Last Character (BOP. BSC and COP 

only). 
o The next character is not the last character in a frame or 

block. 

TCR 

The next character to be wntten into the TOR is the last 
character of the message. The TLAST bit automatically 
r.eturns to a 0 when the associated wordlbyte is written to 
the TxFIFO. If the transmitter DMA mode is enabled. TLAST 
IS set to a 1 by DONE from the DMAC. In this case the 
character written into the TOR in the current cycle is the 
last character. 

l. TSYN -Transmit SYN (BSC and COP only). 
o 00 not transmit SYN characters. 

TCR 

Transmit SYN characters. Causes a pair of SYN characters 
to be transmitted immediately following the current char­
acter. If BSC transparent mode is active. a OLE SYN 
sequence IS transmitted. The TSYN bit automatically returns 
to a 0 when the SYN character is loaded Into the Trans­
mitter Shift Register. 

1 TABT -Transmit ABORT (BOP only). 
o Enable normal transmitter operation. 

T.CR 

Causes an abon by sending eight consecutive 1 ·s. A data 
wordlbyte must be loaded into the TxFIFO after setting this 
bit In order to complete the command. The TABT bit clears 
automatically when the subsequent data wordlbyte is lOaded 
Into the TxFIFO. 

.!!. TRES -Transmitter Resat Command. 
o Enable normal transmitter operation. 

Reset transmitter. Clears the transmitter section including 
the TxFIFO and the TSR (but not the TCRj. The TxO output 
is held In "Mark" condition. TRES is sat by'R'ESEr or by 
writing a 1 into this bit for one write cycle and is cleared by 
writing a 0 into thiS bit. TRES requires clearing after RESET 

10 

Transmit Oata Register (TOR) 

The transmitter has an S-byte (or 4-word) FIFO register file (TxFIFO) . 
Data to be transmitted IS transferred from the bus into the TxFIFO 
via the TOR in S-bit bytes or 16-M words depending on the WD/BYT 
bit setting in PSR2. The TORA status bit In the TSR is set to 1 when 
the TxFIFO is ready to accept another data wordlbyte. 

Transmitter Interrupt Vector Number Register (TIVNR) 

If a transmitter interrupt condition occurs (as reponed by status bits 
In the TSR that correspond to interrupt enable bits in the TIER) and 
the corresponding bit in the TIER IS set. the iRa output is assened 
to request MPU transmJ!ler Interrupt service. When the I~ input 
IS assened 'rom the bus. the Transmitter Interrupt Vector Number 
(TIVN) from the Transmitter Interrupt Vector Number Register (TIVNR) 
is placed on the data bus. The TIVN IS set to SOF upon RESET. 

Transmitter Interrupt Enable Register (TIER) 

7 6 5 4 3 2 1 0 

TORA TFC - - - TUNRN TFERR -
IE IE IE IE 

The Transmitter Interrupt Enable Register (TIER) contains interrupt 
~ble bits for the Transmitter Status Register. When enabled. the 
IRQ output is assened when the corresponding condition is detected 
and reponed in the TSA. 

TIER 
1 TDRA IE -Transmitter Data Register (TOR) Available 

Interrupt Enable. 
o Disable TORA Interrupt. 

Enable TORA Interrupt. 

TIER 
! TFC IE -Transmit Frame Complete (TFC) Interrupt 

Enabla. 
o Disable TFC Interrupt. 

Enable TFC Interrupt. 

TIER 
5-3 -Not used. 

TIER 
1 TUNRN IE-Transmitter Underrun (TUNRN) Interrupt 

Enable. 
o Di', "It' TUNRN Interrupt. 

Enc""1;> TUNRN Interrupt . 

TIER 
1 TFERR IE-Transmit Frame Error (TFERR) Interrupt 

Enable. 
a Disable TFf:RR Interrupt. 

Enable TP:"1R " '~rrupt. 

TIER 
.Q. -Not \lSpt! 
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SERIAL INTERFACE REGISTERS 

Serial Interiace Status Register (SISR) 

The Senal Intertace Status Register (SISA) contains the senallnter­
face status Infomnatlon. The transition status bits (CTS. DSA and 
DCD: are cleared by wntlng a 1 Into their resoectlve POSitions, or by 
RESET The level slatus bits (CTSLVL, DSRLVL and DCDLVL) 
reflect the Slate of their respective mputs and cannot be cleared 
Internally. The IRQ OUlput IS asserted if any of the conditions reported 
Dy the transition slatus bits occur and the corresponding Interrupt 
enaoie bit In the SIER IS set. 

SISR 
2 CTS -Clear to Send Transition Status. 
1 CTS has transitloned POSitive (from active to inactive) 
o CTS has not transltloned positive. 

SISR 
~ DSR -Data Set Ready Transition Status. 
1 DSR has tranSltloned negative (from Inactive to aCllve) 
o 5SR has not tranSitioned negative. 

SISR 
.§ DCD -Data Carrier Detect Transition Status. 
1 DCD has transltloned positive (from active to Inactlvel 
o DCD has not transltloned positive. 

SISR 
4 CTSL VL -Clear to Send Level. 
o CTS Inout level IS negatea (high). 

CTS Input level IS asserted (low). 

SISR 
3 DSRL VL -Data Set Ready Level. 
'0 DSR Input level IS negated (high). 

DSR Input level IS asserted (low). 

SISR 
2 DCDL VL -Data Carrier Detect Level. 
o DCD Input levei IS negated (high). 

SISR 

1=2. 

DCD Input level IS asserted (lOW). 

-Not used. 

Serial Interiace Control Register (SICR) 

., I 6 I 5 i 4 ! 3 1 2 
I I 

RTSLVL I DTRLVL I i -I-! ECHO 

o 
TEST NRZI 

The Senal Intertace Control Register (SICR) controls vanous senal 
Intertace Signals and test functions. 

SICR 
7 RTSL VL -Request to Send Level. 
'0 Negate RT§ output (high) 

Assert R'FS output (low) 

11 

SICR 

NOTE 

In SOP. SSC, or COP, when the RTS bit IS ciear.~d In trle 
middle of oata transmission, the RTS outout remains 
asserted until the end of the current frame or block has 
been transmitted In ASYNC or ISOC. the RTS outout IS 
negated when the TxFIFO IS empty If the transmlner 's 
Idling when the RTS bit IS reset. the RTS outout IS negatec 
within two bit times. 

.§. DTRLVL -Data Terminal Ready Level. 
o Negate DTR oulput (hlgn). 

SICR 
5-3 

SICR 

Assert DTA output ilow) 

-Not used, These bilS are Initialized to 0 by RESET 
and must not be set to 1 

.£. ECHO -Echo Mode Enable. 
o Disable Ecno mode lenable normal operatlonl 

SICR 

Enable Ecna mode. Received oata IRxDI ana clOCK (Rxe) 
are routed back through the transmlner to TxD ana TxC. 
resoectively. The contents of the TxFIFO IS undisturbed. 
ThiS mode may be used for remOle test purposes. 

.1 TEST -Self-test Enable . 
D Disable self-test lenable nomnal operation) 

SICR 

Enable self-test, the transmmed data iTxDI and clock (TxC) 
are routed back tnrouOh to the receiver throuor, Rx Dana 
RxC. respectively (DCD and CTS are Ignored)~ ThiS "Ioop­
back' self-test may be used for all protocols. 

.Q. NRZI -NRZI Data Format Select. Selects the transmit 

o 
and receive data fomnat to be NRZ or NRZI 

Select NRZ data format. NRZ coding-high; 1 and low 
; O. 
Select NRZI data format. The senal data remains In rne 
same state to send a binary 1 and SWitches to the opposite 
state to send a binary O. A 1 bit delay IS adoed to tne TxD 
output to allow for enCOding. 

Serial Interrupt Vector Register (SIVR) 

4 3 2 o 

If a senal intertace Interrupt condition occurs {as reponed bv status 
bits In the SISR that correspond to Interrupt enaole bits In tne SIER, 
and the corresponding bit In the SIER IS set. the iRQ output IS 
asserteo to request MPU senal Intertace Interrupt service When the 
iACK Input asserted from the bus. the Senallnterrupt Vector Number 
(SIVNI from the Senal Interrupt Vector Number ReOiste' (SIVNR) IS 
placed on the data bus. The SIVN,s set to SOF uo~n RESET 
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Serial Interrupt Enable Register (SIER) 

-: i 6 
i 

5 I 4 3 2 1 a I 
CTS I DSR i D~D I - - - - -I 

IE I IE 
'. j 

The Senallnterrupt Enable Register (SIER) contains Interrupt enable 
:)Its for the Senallnterface Status Register. When an interrupt enable 
bit IS set. the IRQ output is asserted when the corresponding con­
dition occurs as reported In the SISR. 

SIER 
7 CTS IE -Clear to Send (CTS) Interrupt Enable. 
a Disaole CTS Interrupt. 

Enaoie CTS Interrupt. 

SIER 
.2. DSR IE -Data Set Ready (DSR) Interrupt Enable. 
o Disable DSR Interrupt. 

Enable DSR Interrupt. 

SIER 
1. OCO IE -Data Carrier Detect (OCO) Interrupt Enable. 
a Disable DCD Interrupt. 

SIER 

~ 

Enable DCD Interrupt. 

-Not used. 

GLOBAL REGISTERS 

The global registers contam command information applying to dif· 
ferent modes of operation and protocols. After changing global reg­
ister data. TRES and RRES should be set then cleared prior to 
performing normal mode processing. 

Protocol Select Register 1 (PSR1) 

7 

ProtOCOl Select Register (PSR,) selects BOP protocol related 
options. 

PSRI 

B. 
PSRI 

-Not used. 

~ CTLEX -ContrOl Field Extend (BOP only). 
a Select 8-bit control field. 

Select 16-bll control field. 

PSRI 
Jl.. AOOEX -Address Extend (BOP only). 
o Disable address extension. All eight bits of the address byte 

are utilized for addressing, 
Enable address extension. When bit a in the address byte 
IS a 0 the adoress field is extended by one byte. An excep­
tion to the address field extension occurs when the first 
address byte is all O's (null address). 
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Protocol Select Register 2 (PSR2) 

7 6 I 5 4 I 3 2 I 1 I a I 
WD/BYT STOP BIT SEL CHAR lEN SEl PROTOCOL SEl i 

SB2 I S81 CL2 I Cll PS3 I PS2 IpS' i 

ProtOCOl Select Register 2 (PSR2) selects protocols, character size. 
the number of stop bits. and word/byte mode. 

PSR2 
1. WO/BYT -Data Bus Word/Byte Mode. 
a Select byte mode. Selects the number of data bits to tle 

transferred from the RxFIFO and the registers to the data 
bus and to be transferred from the data bus to the TxFIFO 
and the registers. The MPCC IS initialized by RESET to the 
byte mode. Reset processing for operation with the 16-blt 
bus should select the word mode by sending 580 on the 
lower data bus to address 51 9 prior to transferring subse­
quent data between the MPCC and the data bus. 
Select word mode. 

PSR2 
6-5 STOP BIT SEL. 

PSR2 
4-3 CHAR LEN SEL. 

PSR2 

-Number of Stop Bits Select. Selecls 
the number of stop bits transmitted at 
the end of the data bits In ASYNC and 
ISOC modes. 

SB2 

o 
o 

581 

o 
1 

o 

No. of Stop Bits 

ASYNC 

1 

1-112 
2 

ISOC 

1 
2 
2 

-Character Length Select. Selects the 
character length except In BOP ana 
BSC where the character length IS 

always eight bits. Panty is not included 
In the character length. 

CL2 CLI Character Length 

0 0 5 bits 
0 1 6 bits 

0 7 bits 
8 bits 

2-0 PROTOCOL SEL. -ProtOCOl Select. Selects protocol and 
defines the protocol dependent control 
bits. 

PS3 PS2 PSI Protocol ------
0 0 0 BOP (Primary) 
0 0 1 BOP (Secondary) 
0 0 Reserved 
0 1 1 COP 

0 0 BSC EBCDIC 
0 1 BSC ASCII 

0 ASYNC 
ISOC 
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Address Register 1 (AR1) 

7 6 5 4 3 2 o 
BOP ADDRESS/BSC & COP PAD 

Address Register 2 (AR2) 

6 

The protocol selected In PSR2 (BOP, BSC and COP only) deter­
mmes tne function of the two 8-blt Address Registers (ARI and 
AR2), As a secondary station In BOP, the contents of the address 
registers are used for address matching depending on the 2ADCMP 
selection In the RCA. In BSC and COP. ARl and AR2 contlln pro­
grammable leading PAD and programmable SYN characters, 
respectivelY, 

Address Register (AR) Contents 

i Protocol Selected 2ADCMP ARl AR2 

I 
BOP (Primary) X X X 
BOP (Secondary) 0 Address X 

1 Address Address 
BSC EBCDIC X Leading PAD SYN 
BSC ASCII' X Leading PAD SYN 
COP X Leading PAD SYN 

·X = Not used 

Baud Rate Divider Register 1 (BRDR1) 

o 

Baud Rate Divider Register 2 (BRDR2) 

a 

The two 8-blt Baud Rate DiVider Registers (BRDRl and BRDR21 
nold the diVisor of the Baud Rate DiVider cirCUIt. BRDRI contains 
the least Significant halt (LSH) and BRDR2 contains the most sig­
nificant half (MSH). With an 8.0&1 MHz EXTAL Input. standard tl1t 

rates can be selected uSing the combination of Prescaler Dlvloer 
(In the CCR) and Baud Rate DiVider values shown In Table 3 i=or 
Isochronous or synchronous protocols, the Baud Rate DIVider value 
must be muttiplied by two for the same Prescaler Divider value, 

The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler diVider and deSired baud rate values as 
follows: 

where: 

Crystal i=requency 
BRD = 

(Prescaler Divider) (Baud Rate) (K) 

K = I tor isochronous or synChronous 
2 for asynchronous 

TABLE 3. Standard Baud Selection (8.064 MHz Crystal) 

Baud Rate Divider 

Prescaier Divider Asynchronous Isochronous and Synchronous 

Desired Hexadecimal Value Hexadecimal Value 

Baud Rate Decimal PSCDIV Decimal BRDR2 BRDR1 Decimal BRDR2 I BRDRl 
(Bit Rate) Value (0 or 1) Value (MSH) (L.SH) Value (MSH) (L.SH) I 

50 3 1 26.880 69 00 53.760 D2 00 
75 2 0 26,880 69 00 53,760 02 00 

110 3 1 12.218 2F BA 24.436 5F 74 
135 2 0 14.933 3A 55 29.866 74 AA 
ISO 3 1 8.960 23 00 17,920 46 00 
300 2 0 6,720 lA 40 13,440 34 80 

1200 3 1 1,120 04 60 2.240 08 CO 
1800 2 0 1.120 04 60 2.240 08 CO 
2400 2 0 840 03 48 1,680 06 90 
3600 2 0 560 02 30 1,1'20 04 60 
4800 3 1 280 01 18 560 02 30 
7200 2 0 280 01 18 560 02 30 
9600 3 1 140 00 8C ,280 01 18 

19200 3 1 70 00 46 140 00 8e 
38400 3 1 35 00 23 70 00 46 
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Clock Control Register (CCR) 

- 6 5 i 4 3 
-; - I - 1PSCDIV TClKO I 

I I , ! 

"'''e eCR selects vanous ClOCK options. 

CCR 
7-5 

CCR 

-Not used. 

2 1 I 0 

RCLKIN ClK SEl 

CK2 I CK1 

-± PSCDIV -Prescaler Divider. The Prescaler Divider net· 
work reduces the external/oscillator frequency to 
a value for use by the Internal BaUd Rate 

CCR 

Generator. 
DlVloe by 2. 
DIvide by 3. 

1 TClKO -Transmitter Clock Output Select. 
o Select TxC to be an input. 

Select TxC to be an output. 

CCR 
1. RClKIN -Receiver Clock Internal Select (ASYNC only). 
o Select External RxC. 

Select Internal RxC. 

CCR 
l.:Q CLK DIV -External Receiver Clock Divider. Selects the 

divider of the external RxC to determine the 
receiver data rate. 

CK2 CKI 

o 
o 

o 
1 
o 

Divider 

1 (ISOC) 
16 
32 
64 
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Error Control Register (ECR) 

7 6 5 4 3 2 1 I 0 

PAR EN ODD PAR - - CRCCTl CRCPRE CRCSEL 

CR2 I CR1 

The Error ContrOl Register (ECR) selects the error detection method 
used by the MPCC. 

ECR 
.7.. PAREN -Parity Enable. (ASYNC. ISOC and COP only) 
o Disable panty generation/checking. 

Enable panty generation/checking. 

ECR 
.i OOOPAR-Odd/Even Parity Select (Effective only when 

PAREN=1). 
o Generate/check even parity. 

ECR 

~ 

SCR 

Generate/check odd parity. 

-Not used. 

.l CFCRC -Control Field CRC Enable. 
o Disable control field CRC. 

ECR 

Enable control field CRC. Enables an Intermediate CRC 
remainder to be appended after the address/control field in 
transmitted BOP frames and checked in received frames. 
The CRC generator is reset after control field CRC 
calculation. 

~ CRCPRE -CRC Generator Preset Select. 
o Preset CRC Generator to O. 

ECR 

Preset CRC Generator to 1 and transmit the 1's comple­
ment of the resulting remainder. 

1:2 CRCSEL -CRC Polynomial Select. Selects one of the CRC 
polynominals. 

CR2 CRI Polynomlnal 

o 0 x"'+ x12 + x· + 1 (CCm V.41) 
o 1 x" + x" + x· + 1 (CRC-16) 

o x· + 1 (VRCllRC)" 
1 Not used. 

'VAC: Odd-parity check is performed on each 
character including the LAC character. 
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INPUT/OUTPUT FUNCTIONS 
MPUINTERFACE 

Transfer of data between the. MPCC and the system bus 
Involves the following signals: Address lines A1 through A4. 
Data Bus DO through 015, and control signals consisting of 
RiW, DT ACK. cs. Dos/ AO, and LOS/OS. When the MPCC 
IS connected to the 16-bit 68000 bus. UOSiAO is connected 
to the UDS bus signal and LOS/OS is connected to the LOS 
bus signal. When the MPCC is connected to the 8-bit 68008. 
UOS/AO is connected to the AD bus signal and LOS/OS is 
connected to the DS bus signal. Figures 9 & 10 show typical 
interface connections. 

ReadlWrite Operation 

The RJW input controls the direction of data flow on the data 
bus. CS (Chip Select) enables the MPCC for access to the 
internal registers and other operations. When CS is asserted 
the data I/O buffer acts as an output driver during a read 
operation, and as an input buffer during a write operation. 
CS must be decoded from the address bus and gated with 
address strobe (AS). 

When connected to the 16-bit 68000 bus for operation in the 
word mode (WO/BYT = 1 in the PSR2), address lines A1-A4 
select the internal register(s) (the 8-bit controUstatus regis­
ters are accessed two at a time and the 16-bit data registers 
are accessed on even address boundaries). When the MPCC 
is selected (CS low) during a read (RJW high), 16 bits of reg­
ister data are placed on the data bus when the data strobes 
(LDS and UOS) are asserted. LOS strobes the lower eight 
data bits (00-07) and UOS strobes the upper eight data bits 
(08-015). The MPCC asserts Data Transfer Acknowledge 
(OTACK) prior to placing data on the data bus. Conversely. 
when the MPCC is selected (CS low) dunng a write (RJW 
low), LOS and UOS strobe data from the 00-07 and D8-D15 
data bus lines into the selected register(s) and the MPCC 
asserts OT ACK. DT ACK is negated when CS IS negated. 
Figures 11 and 12 show the read and write timing 
relationships. 

When connected to the 8-bit 68008 bus for operation in the 
byte mode (WO/BYT = 0 in the PSR2), address lines AO-A4 
select one Internal 8-bit register. When the MPCC is selected 
(CS low) during a read (RJW high), eight bits of register data 
are placed on data bus lines DO-07 when the data strobe 
(OS) is asserted. When the MPCC is selected (CS low) for 
a write (RJW low), OS strobes data from the DO-07 data lines 
into the selected register. 

OMA INTERFACE 

The MPCC is capable of prOViding OMA data transfers up to 
2 Mbytes per second when used with the MC68440 or 
MC68450 OMAC in the single address mode. Based on 4 
Mb/s serial data rate and 5 bitSicharacter. the maximum OMA 
required transfer rate is 800 Kbytes per second. 
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The MPCC has separate OMA enable bits for the transmitter 
and receiver. each of which occupies a' OMA channel. Both 
the transmitter and receiver data are implicitly addressed 
(TOR or ROR) therefore addressing of the data register IS 
not required before data may be transferred. CommUnication 
between the MPCC and the OMAC is accomplished by a two­
signal requesVacknowledge handshake. Since the MPCC 
has only one acknowledge input (OACK) for its two OMA 
request lines. an external OR function must be provided to 
combine the two OMA acknowledge signals. The MPCC 
uses the RJW Input to distinguish between the Transmitter 
Data Service Request (TOSR) acknowledge and the Receiver 
Data Service Request (~) acknowledge. 

Receiver OMA Mode 

The receiver OMA mode is enabled when the ROSREN bit 
in the RCR is set to 1. When data IS available in the RxFIFO. 
Receiver Data Service Request (ROSR) is asserted for one 
receiver clock penod to initiate the MPCC to memory DM.A 
transfer. The next ROSR cycle may be initiated as soon as 
the current ROSR cycle is completed. 

In response to RDSR assertion, the DMAC sets the RIW line 
to write, asserts the memory address. address strobe. and 
OMA acknowledge. The MPCC outputs data from the RxFIFO 
to the data bus and the DMAC asserts the data strobes. The 
memory latches the data and asserts DT ACK to complete 
the data transfer. The OMAC asserts OTC to indicate to the 
MPCC that data transfer is complete. Figure 13 shows the 
timing relationships for the receiver OMA mode. 

ROSR is inhibited when either ROSREN is reset to 0 or 
RRES is set to 1 (both in the RCR), or when RESET is 
asserted. 

Transmitter OMA Mode 

The transmitter OMA mode is enabled when the TOSREN 
bit in the TCR is set to 1. When the TxFIFO IS availaoie. 
Transmitter Data Service Request (TOSR) IS asserted for 
one transmitter clock period to initiate the memory to MPCC 
OMA transfer. The next TOSR cycle may be inillated as soon 
as the current TOSR cycle is completed. 

In the transmitter OMA mode. the TxFIFO is impliCitly 
addressed. That is, when the transfer IS from memory to the 
TxFIFO. only the memory is addressed. In response to TDSR 
assertion. the OMAC sets the RfW line to read. asserts tne 
memory address. the address strobe. the data strobes and 
OMA acknowledge. The memory places data on the data bus 
and asserts DT ACK. Data is valid at thiS time and will remain 
valid until the data strobes are negated. The OMAC asserts 
OTC to indicate to the MPCC that data IS available. The 
MPCC now loads the data into the TxFIFO and the transfer 
is complete. A timing diagram for the transmitter OMA mode 
is shown in Figure '4. 

TOSR is inhibited when either TOSREN is reset to 0 or TRES 
IS set to , (both In the TCR). or when RESET IS assertec. 
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When the DMA transfer count is exhausted in transmitter 
DMA mode. the DMAC asserts i55NE which sets the TLAST 
011 In the TCA to indicate that the last word/byte has been 
transferred. In the receiver DMA mode. DOiiiE" IS asserted 
oy the MPCC when the last character of the frame/block is 
oelng transferred from the AxFIFO to the data bus if the 
DONEEN bit IS set to a 1 In the ACR. 

INTERRUPTS 

If an InterrUDt generating status occurs and the Interrupt is 
enabled. the MPCC asserts the iRQ output. Upon receiVing 
lACK for the pending Interrupt request. the MPCC places an 
Interrupt vector on 00-07 data bus and asserts DTACK. 

The MPCC has three vector registers: Receiver Interrupt 
Vector Number Register (RIVNR), Transmitter Interrupt Vector 
Number Register (TIVNR). and Serial Interrupt Vector Number 
Register (SIVNR). The receiver interrupt has higher priority 
over the transmitter interrupt, and the transmitter Interrupt 
nas priority over the serial Interface Interrupt. For example. 
Ii a pending interrupt request has been generated simulta­
neously by the receiver and the transmitter. the Receiver 
Interrupt Vector Number (RIVN) is placed on DO-D7 when 
acknowledged by the MPU. Upon completion of the first 
interrupt request cycle (which clears the receiver interrupt). 
IRQ will remain low to start the transmitter interrupt cycle. 

A timing diagram for the interrupt acknowledge sequence is 
shown in Figure 15. 

DC~MODEMINTERFACE 

The following section describes the handshake/control sig­
nals prOVided on the MPCC for interfaCing to a modem or 
RS-232C-type Data Communication Equipment (DCE). 

RTS (Request to Send) Output 

The RTS output is controlled by the RTSLVL bit in the SICR 
in conjunction with the state of the transmitter section. When 
the RTSL VL bit is set to 1, the RTS output is asserted. When 
the RTSL VL bit is reset to 0, the RTS output remains asserted 
until the TxFIFO becomes empty or the end of the message 
(or frame), complete with CRC code if any, has been trans­
mitted. RTS also is negated when the RTSL VL bit is reset 
during transmitter idle, or when the RESET input is asserted. 

CTS (Clear to Send) Input 

The ~ input signal is normally generated by the DCE to 
indicate whether or not the data set is ready to transmit data. 
The m bit in the SISR reflects the transition status of the 
ffi input while the CTSL VL bit in the SISR reflects the cur­
rent level. A positive transition on the CTS pin asserts IRQ 
if the CTS IE bit in the SIER is set. The CTS input in an 
inactive state disables the start of transmission. 
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DCO (Data Carrier Detect) Input 

The DCD input signal is normally generated by the DCE and 
indicates that the DCE is receiving a data carrier signal SUit­
able for demodulation. The 5Ci5 bit In the SISR reports the 
transition status of the DCD input while the DCDL VL bit In 
the SISR contains the current level. A pOSItive transition on 
the DCD pin asserts the IRQ output if the DCD IE bit In the 
SIER is set. A negated DCD Input disables the start of the 
receiver. 

DSR (Data Set Ready) Input 

The DSA Input from the DCE indicates the status of the local 
data set. The DSR bit In the SISR contains the transition 
status of the DSR Input while the DSRLVL bit in the SISR 
reports the current level. A negative transition on the DSR 
pin asserts the IRQ output if the DSA IE bit in the SIER is 
set. 

When the RSYN bit in the RCR IS set to 1, the frame syn­
chronization signal (RSYN) in the receiver is output on the 
DSR pin. In this mode, DSR output low Indicates detection 
of SYN in BSC or COP. or an address match in BOP. 

OTR (Data Terminal Ready) Output 

The DTR output is general purpose In nature and can be 
used to control switching of the DCE. The DTR output is con­
trolled by the DTRLVL bit in the SICA. 

TxC (Transmitter Clock) Input/Output 

The transmitter clock (TxC) may be programmed to be input 
or an output. When the TCLKO control bit in the CCR is set 
to a 1, the TxC pin becomes an output and provides the DCE 
with a clock whose frequency is determined by the Internal 
baud rate generator. When the TCLKO control bit is reset. 
TxC .is an input and the transmitter shift timing must be pro­
vided externally. The TxD output changes state on the neg­
ative-going edge of the transmitter clock, i.e .. the low-to-high 
transition of the clock signal nominally indicates the center 
of a serial data bit on the TxD output. In the asynchronous 
mode when TCLKO = 0 in the CCR. the TxC frequency must 
be two times the deSired baud rate. 

TxD (Transmitted Data) Output 

The serial data transmitted from the MPCC is coded in NRZ 
or NRZI (zero compliment) data format as selected by the 
NRZI control bit in the SICR. 

RxC (Receiver Clock) Input 

The receiver latches data on the negative transition of the 
RxC, i.e .. the positive transition of the external clock Indicates 
the nominal center of each serial data bit on the RxD input. 

RxO (Received Data) Input 

The serial data received by the MPCC can be coded in NRZ 
or NRZI data format. The MPCC will decode the received 
data in accordance with the NRZI control bit setting In the 
SICA. 
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SERIAL COMMUNICATION MODES 
AND PROTOCOLS 

ASYNCHRONOUS AND ISOCHRONOUS MODES 

Asynchronous and Isochronous data are transferred in frames. 
Each frame consists of a start bit. 5 to 8 data bits plus 
optional even or odd parity. and 1, 1 'iz, or 2 stop bits. The 
data character IS transmitted with the least significant bit 
(LSB) first. The data line is normally held high (MARK) 
between frames, however. a BREAK (minimum of one frame 
length for which the line is held low) IS used for control pur· 
poses. Figure 3 Illustrates the frame format supported by the 
MPCC 

Asynchronous Receive 

In the asynchronous (ASYNC) mode. data received on RxD 
occurs in three phases: (1) detection of the start bit and bit 
syncnrOnlzatlon. (2) character assembly and optional parity 
check. and (3) stop bit detection. The receiver bit stream 
may be synchrOnized by the internal baud rate generator 
clock or by an external clock on RxC. When RCLKIN in the 
CCR IS set to O. an external clock with a frequency of 16, 32. 
or 64 times the data rate establishes the data bit midpoint 
and maintains bit synchronization. The character assembly 
process does not stan if the start bit is less than one-half bit 
time. Framing and parity errors are detected and buffered 

Asynchronous Frame Format 

along with the character on which errors occurred. They are 
passed on to the RxFIFO and set appropnate status bits In 
the RSR when the character With an error reaches the last 
RxFIFO register where it is ready to be transferred onto the 
data bus via the RDA. 

Isochronous Receive 

In the isochronous (ISOC) mode. a 1 times clock on RxC is 
provided with the data on RxD and the senal data bll IS 
latched on the falling edge of each clock pulse. The require­
ment for the detection of a valid start bit. or the beginning of 
a break, is satisfied by the detection of a hlgh·to·low transl' 
tion on the serial data input line. Error detection and status 
Indication are the same as the asynchronous mode. 

Asynchronous and Isochronous Transmit 

In asynchronous and Isochronous transmit modes. output 
data transmisSion on TxD begins with the start bl1. This IS 
followed by the data character which is transmitted LSB first. 
If parity generation is enabled. the parity bit is transmitted 
after the MSB of the character. 

DATA 
I r--T- ---<'2- - ---,--"'T~- ""---I-"'-r 

~_-.-..I ___ L ___ -(~ _____ l ___ L __ J LJ_L_ 
I START I LBS I I MSB I (POAPT)RITY I STOP I (1,1'12, OR 2 BITS) 

~ 5 TO 8 BITS .1 
Isochronous Frame Format 

eLK 

I r---I----(~----l--l-- I 
.... __ .... 1 -- ----r~----.!..---'--_.J 

I START I LBS I 1 MSB I ~;:T~Y I 

DATA 

STOP 
1 OR 2 BITS 

I... 5 TO 8 BITS .1 
FIGURE 3. Asynchronous and Isochronous Frame Format 
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SYNCHRONOUS MODES 

.r; svnchronouS moaes. a clock IS provlaed along with the 
:::ata Serial outout data IS shined out and Input data IS 
,atcnea on the failing eage of the clock. 

BIT ORIENTED PROTOCOLS (BOP) 

Ir ~ltJrlentea crotocols (BOP). messages (data) are trans­
C'11[Tec ana recelvea In frames Each frame contains an 
opening flag. adoress field. control field. frame check 
seouence. ana a clOSing flag. A frame may also contain an 
irlormatlon field i See Figure 4) 

The opening flag IS a special character whose bit pattern IS 
01111110 It marks the frame boundaries and IS the Inter­
frame f,ill ~haracter The address field of a frame contains the 
aodress of the secondary station which is receiving or 
resoondlng to a command. The address field may be one or 
more bytes long. The address field can be extended by set­
:Ing rhe AOOEX bit to a 1 In PSR1 In thiS case. the address 
field will be extended until the occurrence of an address byte 
With a 1 In bit O. Up to two bytes of the adaress field may be 
automatically checked when the MPCC is programmed to be 
a secondary station In BOP An automatic check for global 
111111111) or null (00000000) address IS also made. 

FLAG ADDRESS CONTROL 
0111'110 1 OR N 1 OR 2 

BYTES BYTES 

The optional Information field consists of 8-blt characters 
Cyclic redundancy checking IS used for error aetectlon and 
the CRC remainder resulting from the calculation IS trans­
mitted as the frame check sequence field. For BOP. the 
polynomial X'· - X'2 - X' - 1 (CRC-CCITT) should be used. 
Ie. selected in the CRC SEL bits In the ECA. The registers 
representing the CRC-CCITT polynomial are generally preset 
to all 15 and the ,'s complement of the resulting remainder 
IS transmitted. (See X.2S Recommendation). 

Zero insertion/deletion IS employed to prevent valid frame 
data from being confused with the special characters. A a IS 
Inserted by the transmitter aner every finh consecutive' In 

the data stream. These inserted zeros are removed by the 
receiver to restore the data to its onglnal form. The inserted 
zeros are not Included in the CRC calculation. 

With the control options offered by the MPCC. commonly 
used bit onented protocols such as SOLC. HOLC. AOCCP 
and X.2S standards can be supported. Figure 5 compares 
the requirements of these options. 

INFORMATION FCS FLAG 
N BYTES 2 BYTES 01"1110 
(OPTIONAL) 

FIGURE 4. Bit Oriented Protocol (BOP) Frame Format 

IBM SDLC FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION FCS FLAG 

01111110 1 BYTE 1 BYTE N BYTES 2 BYTES 01'11'10 

ADCCP/HDLC FRAME FORMAT 

FLAG ADDRESS CONTROL INFORMATION FCS FLAG 

01111110 N BYTES 1 OR 2 BYTES N BYTES 2 BYTES 01'1"10 

FIGURE 5. Implemented Bit Oriented Protocols 
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BOP Receiver Operation 

In BOP, the receiver starts assembling characters and accu­
mulating CRC immediately after the detection of a FLAG. 
The receiver also continues to search for additional FLAG, 
or ABORT, characters on a bit-by-bit basis. Zero deletion is 
implemented in the Receiver Shift Register after the FLAG 
detection logic and before the CRC circuitry. The receiver 
recognizes the shared flag (the closing flag for one frame 
serves as the opening flag for the next frame) and the shared 
zero (the ending 0 of a closing flag serves as the beginning 
o of an opening flag forming the pattern "0' , , , 1 1 01 1 111 10." 

Character assembly and CRC accumulation are stopped 
when a closing FLAG or ABORT is detected. The CRC 
accumulation includes all the characters between the opening 
FLAG and the closing FLAG. The contents of the CRC reg­
ister are checked at the close of a frame and the C/PERR 
bit In the RSR is updated. The FCS and the FLAG are not 
passed on to the RxFIFO. 

If the FLAG is a closing flag, a check for short frame (no 
control field) and CRC error conditions are made and the 
appropriate status IS updated. When an ABORT (seven 1 's) 
is detected, the remaining frame is discarded and the RAiB 
bit is set In the RSR. When a link idle (15 or more consecutive 
1 's) is detected, the RIDLE status bit is set In the RSR. The 
zeros that have been inserted to distinguish data from special 
characters are detected and deleted from the data stream 
before characters are assembled. The MPCC programmed 
as a secondary station provides automatic address matching 
of up to two by1es. If there is no address match, the receiver 
(secondary station) ignores the remainder of the frame by 
searching for the flag. If there is a match, the address bytes 
are transferred to the RxFIFO as they are assembled. 

For the control field. one or two by1es are assembled and 
passed on to the RxFIFO depending on the state of the 
extended control field bit. 

If the CTLCRC bit in the ECR :s set to " an intermediate 
CRC check will be made after the address and control field. 
The Frame Check Sequence is still calculated over the 
remainder of the frame. 
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BOP Transmitter Operation 

In BOP, the TxFIFO can be pre loaded through the TDR whiie 
the transmitter is disabled (TEN = 0 in the TCR) When the 
transmitter is enabled (TEN = , in the TCR), the leading 
FLAG is automatically sent prior to transmitting data from the 
TxFIFO. The TDRA bit is set to , In the TSR as long as 
TxFIFO is not full. If an underrun occurs, the TUNRN bit In 
the TSR is set to a , and an ABORT (11111111 I is trans­
mitted followed by continuous FLAGs or marks until a new 
sequence is initiated. 

The TLAST bit in the TCR must be set prior to loading the 
last character of the message to signal the transmitter to 
append the two-by1e Frame Check Sequence (FCS) fol­
lowing the last character. If the transmitter DMA mode is 
selected (the TDSREN bit set to 1 in the TCR) the TLAST 
bit is set by the DONE signal from the DMAC. 

A message may be terminated at any time by setting the 
T ABT bit in the TCR to 1. This causes the transmitter to send 
an ABORT character followed by the remainder of the current 
frame data in the TxFIFO. 

The senal data from the Transmitter Shift Register IS contin­
uously monitored for five consecutive 1 's, and a 0 is inserted 
in the data stream each time this condition occurs (excluding 
FLAG and ABORT characters). 

CRC accumulation begins with the first non-FLAG character 
and includes all subsequent characters. The CRC remainder 
is transmitted as the FCS following the last data character. 
If the CTLCRC bit in the ECR is set to " an intermediate 
CRC remainder is appended after the Address and Control 
Field. The final frame check sequence is calculated over the 
balance of the frame. 
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BISYNC (BSC) 

The structure of messages utilizing the IBM Binary Syn­
chronous Communications (BSC) protocol. commonly called 
Bisync. is shown in Figure 6. The MPCC can process both 
transparent and non-transparent messages using either the 
EBCDIC or the ASCII codes. The CAC-16 polynomial should 
De selected by setting the appropriate CACSEL bits in the 
ECA for both transparent and non-transparent ESCDIC and 
for transparent ASCII coded messages. VAC/LAC should be 
selected for non-transparent ASCII coded messages. BSC 
messages are formatted using defined data-link control char­
acters. Data-link control characters generated and recog­
nized by the MPCC are listed in Table 3. 

TABLE 3. BSC Data-Link Control Characters 

ASCII EBCDIC 
Command Byte 1 Byte 2 Command Byte 1 Byte 2 

SYN 16' - SYN 32' -
SOH 01 - SOH 01 -
STX 02 - STX 02 -
ET8 17 - E08 (ETS) 26 -
ETX 03 - ETX 03 -
ENQ 05 - ENQ 20 -
OLE 10 - OLE 10 -
ITS 1F - ITS 1F -
EOT 04 - EOT 37 -
ACK N' 10 30-37 ACKO 10 70 
NAK 15 - ACK 1 10 61 
WACK 10 38 NAK 3D -
AVI 10 3C WACK 10 68 

AVI 10 7C 

NOTE: 'Programmable 

A heading is a block of data starting with an SOH and con­
taining one or more characters that are used for message 
control (e.g., message identification, routing, and priority). 
The SOH initiates the block-cheCk-character (SCC) accu­
mulation, but is not included in the accumulation. The heading 
is terminated by STX when it is part of a block containing 
both heading and text. A block containing only a heading is 
terminated with an ITS or an ETB followed by the BCC. Only 
the first SOH or STX in a transmission block following a line 

LEADING PAD SYN SYN 
1 BYTE 1 BYTE 1 BYTE 
(AR1) (AR2) (AR2) 

turnaround causes the BCC to reset. All succeeding STX or 
SOH characters are included in the BCC. This permits the 
entire transmission (excluding the first SOH or STX) to be 
block-checked. 

The text data is transmitted in complete units called mes­
sages, which are initiated by STX and concluded with ETX. 
A message can be subdivided into smaller blocks for ease 
in processing and more effiCient error control. Each block 
starts with STX and ends with ETS (except for the last block 
of a message. which ends with ETX). A single transmiSSion 
can contain any number of blocks (ending with ETB) or mes-

o sages (ending with ETX). An EOT following the iast ETX 
block indicates a normal end of transmission. Message 
blocking without line turnaround can be accomplished by 
using ITS (see the Additional Data Link Capabilities section. 
ISM GA 27-3004-2). 

BODY 

Two modes of data transfers are used in BSC. In non-trans­
parent mode. data link control characters may not appear as 
text data. In transparent mode. each control character is pre­
ceded by a data link escape (DLE) character to differentiate 
it from the text data. Table 4 indicates which control char­
acters are excluded in the CAC generation. All characters 
not shown in the table are included in the CAC generation. 
Figure 7 shows various formats for ControVAesponse Blocks 
and Heading and Text Blocks. 

TABLE 4. BSC Control Sequences-Inclusion 
in CRC Accumulation 

Included in CRC Accumulation 

Character of Sequence Yes No 

TSYN - DLESYN 
TSOH - DLESOH 
TSTX' - DLESTX 
TETS ETS OLE 
TETX ETX DLE 
TDLE (DLE)DLE OLE(DLE) 

'If not preceded within the same block by transparent 
heading information. 

BCC TRAILING 
PAD 
11111111 

FIGURE 6, BSC Block Format 
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R68560, R68561 Multi-Protocol Communications Controller' (MPCC) 

esc Receiver Operation 

Character length defaults to eight bits in SSC mode. When 
ol,SCl1 is selected. the eighth bil IS used for panty provided 
:ne VRC LRC polynomial IS selected. Character assembly 
starts ailer the recelet of two consecutive SYN characters. 
Serral data OIls are shliled through the Receiver Shift Reg­
,ster Into the Senal-to-Parallel Register and transferred to the 
RxFIFO The RDA status bit In the RSR is set to 1 each time 
aata IS transferred to the RxFIFO. The SYN character in non­
,ransparent mode and DLE-SYN pairs In transparent mode 
are discarded. 

The receiver starts each block In the non-transparent mode. 
It SWllcnes to transparent mode If a block begins with a OLE­
SOH or OLE-STX pair. The receiver remains in transparent 
made until a OLE-ITS. OLE-ETS. OLE-ETX or OLE-ENQ pair 
IS received. SCC accumulation begins ailer an opening SOH. 
STX. or OLE-STX. SYN characters in non-transparent mode 
or DLE·SYN pairs In transparent mode are excluded from the 
BCC accumulation. The first OLE of a OLE-OLE sequence 
is '1ot Included in the SCC accumulation. The SCC is checked 
after receipt of an ITS. ETS. or ETX In non-transparent mode 
or OLE·ITB. OLE-ETS. DLE-ETX In transparent mode. If a 
CRC error is detected. the C,PERR and EOF bits in the RSR 
are set to 1. If no error IS detected only the EOF bit IS set. 
It tne ClOSing character was an ITS, SCC accumulation and 
cnaracter assembly starts .again on the first character fol­
lowing the SCC. 

esc Transmitter Operation 

SSC transmission begins with the sending of an opening pad 
i PAD) and two sync (SYN) characters. These characters are 
programmable and stored in AR1 (PAD) and AR2(SYN). SOH 
or STX Inmates the block-check-character (SCC) accumu­
lation. An Initial SOH or STX IS not Included in the SCC 
accumulation. Should an underrun condition occur. the con­
tent of AR2 (normally SYN character) IS transmitted until new 
characters become available. The message is terminated by 
the transmission of the SCC followed by a closing pad when 
an ETB, ITS. or ETX IS fetched from the TxFIFO. The closing 
PAD IS generated by the MPCC. 

LEADING ~AD SYN SYN 
5-8 BITS 5-8 BITS 5-8 BITS 
(AR,) (AR2) (AR2) 

• 

In transparent mode. the SCC accumulation is Initiated by 
DLE-STX and is terminated by the sequences OLE-ETX. 
DLE-ETS. or DLE-ITS. See Table 4 for character sequence 
and inclusion In CRC accumulation. If an underrun occurs. 
DLE-SYN characters will be transmitted until new characters 
are available in the TxFIFO. ETS. ETX. ITS. or ENQ with a 
TLAST tag IS treated as a control character and the MPCC 
automatically inserts a DLE immediately preceding these 
characters. DLE-ETS. DLE-ETX. OLE-ITS. or DLE-ENQ ter­
minates a block of transparent text. and returns the data link 
to normal mode. SCC generation IS not used for messages 
beginning with characters other than SOH. STX. DLE·SOH. 
or DLE-STX. On all message types, if the TSYN bit IS set to 
1 in the TCR. a SYN-SYN (DLE-SYN sequence on trans­
parent messages) sequence is transmitted before the next 
character is fetched from the TxFIFO. 

CHARACTER ORIENTED PROTOCOLS 

The character oriented protOcol (COP) option uses the format 
shown In Figure 8. It may be used for various character 
oriented protocols with 5-8 bit character sizes and optional 
panty checking. The input data is checked on a bit-by-bit 
basis for a pair of consecutive SYN characters to establish 
character synchronization. These SYN characters are dis­
carded after detection. The PAD and SYN characters may 
be 5-8 bits long and are user programmable as stored in AR1 
and AR2. respectively. 

If parity checking is enabled the characters assembled after 
character sync are checked for panty errors. If STRSYN is 
set in the RCR. all SYN characters detected within the mes­
sage will be discarded and will not be passed on to the 
RxFIFO. If STRSYN is reset. SYNs detected within the mes­
sage will be treated as data. 

I MESSAGE I 
5-a BIT CHARACTERS I 

I I 

FIGURE 8. Character Oriented Protocol Format 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

. A1-A4 

UOS/AO' 

ffi'iCi( 

00-015 

NOTES: 

I 
I-

1. Byte mode when connected to AO on 68008 bus. 
2. Word mode when connected to UOS on 68000 bus. 

8 

3. Timing measurements are referenced to and from a low yoltage of 0.8 YOlts and a high yoltage of 2.0 Yolts. 
unless otherwise noted. 

A1-A4 
UOS/AO' 

LOS/OS 
UOS/A02 

OTACK 

00-015 

NOTES: 

FIGURE 11. MPCC Read Cycle Timing 

~~----~QV~----~'I_.-~-------

1. Byte mode when connected to AD on 68008 bus. 
2. Word mode when connected to UDs on 68000 bus. 
3. Timing measurements are referenced to and from a low yoltage of 0.8 yolts and a high yoltage of 2.0 YO Its. 

unless otherwise noted. 

FIGURE 12. MPCC Write Cycle Timing 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

\'--___ 1 

/ HIGH FOR 1 CLOCK 
...... ------------,----~ reRIOD MINIMUM 

00-015 

R/W 

NOTES: 1, Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts 
unless otherwise noted. 

2. Word mode only. 

FIGURE 13. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode). 
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R68560, R68561 

INTERNAL 
TRANSMITTER 

CLOCK 

OACK 

Multi-Protocol Communications Controller (MPCC) 

\'-----~/ \'--------'/ 

\ I HIGH FOR 1 CLOCK '---______________ ....J PERIO~ MINIMUM 

\'----__ ------~I 

00-015 

\ f 
-----c l'---

RIW 

\'-------------~--~I 
--~ / 

NOTES: 1. Tim!ng measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts 
unless otherwise noted. 

2. Word mode only. 

FIGURE 14. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode). 

27 



R68560, R68561 Multi-Protocol Communications Controller.(MPCC) 

IRQ \~------------------------~/ 

t----{26 }---"'i 

00-07 

• NOTE: TIming measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts. 
unless otherwise noted. 

FIGURE 15. Interrupt Request Cycle Timing 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

@ 

...l 

~ 
...l ~ TxC 

31 

TxO 
I\. 

RxC "'rc ~t-
r\ 

r.::::- 3 = 

RxO 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 vohs and a high voltage of 2.0 volts, 
unless otherwise noted 

FIGURE 16. Serial Interface Timing 

RxO /1\ 

34 

TxO \ 
J 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts. 
unless otherwise noted 

FIGURE 17. Serial Interface Echo Mode Timing 
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R68560, R68561 Multi·Protocol Communications Controller (MPCC) 

SPECIFICATIONS 

AC ELECTRICAL CHARACTERISTICS (Vee = 5.0 Vdc 

Number Characteristic I Symbol Min Max I Unit 

RiW High to CS. OS Low I o 
2 Address Valid to CS. OS Low I 30 1 ns 

~ CS ... ow '0 DT ACK Low I o 40 ns 

~ 
I 

CS. ;JS Low to Data Valid I i tSLOV I 0 I 140 ns 

I i CS. DS High to Dala Invalid tS><OI I 10 I 150 I ns I ~ 

i 6 I 
CS. OS Hign to DT ACK High tS><OAT 0 

I 
40 

I : I ns 

I - I . CS. OS High to Address Invalid tSHAI 20 - ns 

8 CS. DS High to R!W Low I 
tSHRL i 20 - I ns i 

I 
9 I R!W Low to CS. OS Low I 0 I I ! I tRLSL - ns 

: 10 CS High. OS High to R!W High tSHAH 20 - ns : I 
I 

! :1 I Data Valid to CS, OS High tovsH 60 - ns I 

12 
, 

CS. OS High to Data Invalid I 
tSHOI 0 - ns ! I 

! ,,. i OTt Low to OS High ! tCLSH I 60 - ns 

18 , DACK Low to Dala Valid. DONE Low tALOV I 0 140 ns 

19 I OS High to Dala Invalid tSHD' 10 150 ns I 

21 I Dala Vaild to OS High I tO VSH I 60 
j - ns 

22 ! OS High to Dala Invalid tsHo l 0 - I ns I I 

25 I lACK Low to DTACK Low t'ALAL 0 40 ns 

26 I lACK. OS Low to Data Valid t'ALOV 0 140 ns 

27 I OS High to Data Invalid I'SHOI 10 150 ns I 
28 ! lACK High to DT ACK High I !'AHOAT 0 , 40 I ns 

30 I RxC and TxC Penod tcP 250 - ns 

31 I TxC Low to TxD Delay tTCLTO 0 200 ns 

32 I RxC Low to RxD TranSItion (HOld) tRCLAD 0 - I ns 

33 I RxD TranSItion to Rxe Low (Setup) tRDRCL 30 - ns 

l 34 I RxD to TxD Delay (Echo MOde) I tROTO - 200 ns 

i Note. 
1 For read cycle timing, the MPCC asserts '5i'ACK within the MPU S4 clock low setup time reqUirement and establishes valid data (Data In) 

Within the MPU S6 clOCk low setup time reqUirement. 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

MAXIMUM RATINGS 

Characteristics I Symbol I Value 

Supply Voltage I Vcc I -0.3 to -7.0V 

Input Voltage I Vin I -0.3 to ... 7.0V 

I Operating Temperatures I T ... i o to 700C 

I Stora e Temperatures 
, 

T ! -55 to ... I 500C g slg 

Note: 
This deVice contains circuitry to protect the Inputs against 

i damage due to high static voltages or electrrc fields: however. 
normal precautions should be taKen to avoid application of 
any voltage higher than maximum-rated voltages to this high. 
impedance circutt. Reliability of operation IS enhanced if unused 
inputs are tied to an approprrate logiC voltage level (e.g .• 
either V ss or V cel. 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance 
Ceramic 
Plastic 

Symbol Value 

50 
68 

DC ELECTRICAL CHARACTERISTICS (Vee = 5.0 Vdc ::: 5%, V 55 = 0 Vdc, T A = oDe to 70De unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Input High Voltage All Inputs V ,H Vss - 2.0 Vcc V 
I 

Input Low Voltage I All Inputs VIL Vss - 0.3 Vss'" 0.8 V 

Input LeaKage Current (V in = 0 to 5.25V) RlW. RESET. CS lin - 10.0 IJ.A 

Three-State (Off State) Input Current (V in "' 0.4 to 2.4) IRQ. DT ACK. 00-015 ITS1 - 10.0 IJ.A 

Output High Voltage 
(I LOAC = -400 IJ.A. CLQAC = 130 pf. Vcc = min) ~. T!i:SR. IRQ. DTACK, 00-015 VOM Vss'" 2.4 - V 

I 
DTR. R'fS. TxD, TxC 

I (lLOAC = O. CLQAC = 30 pf. Vee = min) BCLK 

Output Low Voltage 
(I LOAC = 3.2 mAo Vee = min) RCi:5R. T!i:SR. ~. ~. D~D15 VOL - 0.5 V 

5TR, RTS.T;5.TXC.BCLK 

I (lLOAC = 8.8 mA, Vee = min) 00iiiE 
Intemal Power Dissipation (Measured at T A = 25·C) PINT - I I W 

Input Capacitance (V in = O. T A = 25·C. f = I MHz) Cin - 13 pF 

! 
I 
I 

I· 
I 
I 

I 
, 

I 

I 

Information fumlshed by Rockwellintemarional Corporation is believed to be accurate and reliable. However. no responsibility IS assumed by Rockwell 
Intemational for ItS use. nor any mfringement of patents or other rights of third parties which may result from its use. No license IS granted Oy Implication 
or otherwise unoer any patent or patent rights of ROCkwell Intemational other than for CircUitry embodied in a Rockwell product. Rockwell Intemaflonai 
reserves the right to cnange circuitry at any time wittJout notice. This is a preliminary specification with tentatIve parameters whIch may oe sub/ect to 
change after final product characterization is completed. 

~ROCkwell Intematlonal CorporatIOn 1983 
All RIghts Reserved 
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R68560, R68561 Multi-Protocol Communications Controller (MPCC) 

PACKAGE DIMENSIONS 

48-PIN CERAMIC DIP 

:48 - '-"1 ._- .. 
! 

I 

i 
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~-------------------~----------_~--' 
- - - - - - - - - - l_ - - - - -i:i-;t--,.....--,-

",;;: N '/ u ,, ____ .:.. 
QJ'-: KJ 

I MILLIMETERS I INCHES 

j DIM! MIN: MAX I MIN I MAX, 
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NOTES: 
1. DIMENSION -A- IS DATUM. 
2. POSTIONAL TOLERANCE FOR 

LEADS: 

1"'I·a'o.25 (0.010191 T I ~I 

3. m IS SEATING PLANE. 
4: DIMENSION "L" TO CENTER OF 

LEADS WHEN FORMED 
PARALLEL. 

5. DIMENSIONING AND 
TOLERANCING 
PER ANSI Y14.S. 1973. 
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MM58167A Microprocessor Real Time Clock 
General Description 
The MMSS167A is a lOW thresnold metal gate CMOS cIrcUIt 
that functions as a real time Clock ,n bus oriented mIcro­
processor systems. The deY'Ce ,nCludes an addressaole 
real time counter. 56 bits of RAM. ana two ,nterrupt out· 
puts. A .pOWER DOWN ,nput allows tne cn,P tP De dlsa· 
bled from tne rest of the system for standby low power 
operallon. The lime case is a 32.768 Hz crystal OSCIllator. 

Features 
• Microprocessor compatible 18·0,t data OuS) 

• 1'10.000 of a second tnrougn montn counters 
• 56 bits of RAM witn comparator to compare tne real 

time counter to tne RAM data 

• 2 INTERRUPT OUTPUTS w,tn 8 poss,ble ,nterrupt 
signals 

• POWER DOWN inout tnat dlsaOles all ,nputs and out· 
puts except for one of tne ,nterrupts 

• Status bit to ,ndlcate rollover dUring a read 

• 32.768 Hz crystal OSCillator 

• Four·year calendar Ino leap year) 

• 24-hour clock 

Functional Description 
R.el Time Count.r 

The real lime counter is diVIded into 4-011 dlgllS wltn 2 
digits Deing accessed during any read or write cyCle. Each 
digit represents a BCD number and,s defined In TaOle I. 
Any unused oits are neld at a logical zero durrng a read and 
ignored dUring a write. An unused bll is any bll not neces· 
sary to proviae a full BCD numoer. For examPle lens of 
hours cannot legally exceed tne numOer 2. thus only 2 bits 
are necessary to define tne tens of nours. The otner 20lts 
,n the tens of nours dig't are unuSed. The unused b,ts are 
deSignated In Taole I as dashes. 

The addressable ponion of the counter is from 1'10.000 of 
a second to months. The counter itself is a ripple counter. 
The ripple delay IS less than 60 ,.s acoYe 4.0V and 300 "s at 
2.0V. 

RAM 

56 bits of RAM are contained on-ehip. These can De used 
for any necessary power down storage or as an alarm 
latcn for comparison to the real time counter. The data In 
the RAM can De comeared to the real time counter on a 
digit baSIS. The only digits that are not compared are the 
unit ten thousandtns of seconds and tens 01 days of the 
week (tnese are unused '" the real time counter). II the Iwo 
most significant bits of any RAM digit are ones. tnen tnls 
RAM location will always compare. 

The RAM is formatted the same as the real time counter. 4 
Oits per digit. 14 d'g'ts. nowever there are no unused Oits. 
The unused bits in the real time counter will compare only 
to zeros ,n tne RAM. 

Interru",. end eom".l"IItor 

There are two interrupt outputs. The first and most flexible 
is the INTERRUPT OUTPUT la true high signal). This out· 
put can De programmed to proYlde 8 different output 
signalS. They are: 10 Hz. 1 HZ. once per minute. once per 
hour. once a day. once a week. once a month. and wnen a 
RAMlreal time counter comparison occurs. To enaOle the 
output a one is written into tne Interrupt control register at 
tne bit location corresponding to the deSIred output 
freauency (Figure 1). Once one or more bits nave been set 
,n the interrupt control register. Ine corresponding 
counter's rollover to ilS reset state will clock tne interrupt 
status register and cause the interrupt outpul to go ""gh. 
To reset Ihe interrupt and to identify whICh frequency 
caused the interrupt. the Interrupt status register is read. 
Reading thiS register places the contents of Ihe status 
register on the data bus. The Interrupting Ireauency will De 
,dentified by a one in tne respective bit position. RemOVing 
the read will reset tne Interrupt. 

The second interrupt is the sTAN6By INTERRUPT (open 
drain output. active lOW). This interrupt occurs when 
enabled and when a RAMlreal time counter comparison 
occurs. The sTAiiii5By INTERRUPT is enaOled oy writing a 
one on the DO line at address 16M or diSabled by writing a 
zero on the DO line. This interrupt IS not triggered by the 
edge 01 the compare Signal. but rather by the level. Thus if 
the compare is enabled when the STANDBY INTERRUPT 
is enaOled. the interrupt will turn on immediately. 

Connection Diagram 

Dual-In-Une Psc:llsge 

I:! 2' VaD 

1m %l~ 

;;ro 22 07 

m 21 01 

.. ZD as 

., " 1M 

A2 
II 

D3 

l3 
17 

02 .. 0' 

~o 

DSC OUT " StANdh IAnMAuPT 

Vss 1J INTERRUPT 
OUTI'UT 

TO'VI!W 

, ... ·!2',...2iO'ln'eo rn \,; 5 A 
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i , 

Absolute Maximum Ratings 
VOltage at All Pins 

Operating Temperature 

Storage Temperature 

Voo-Vss 

Vss - 0.3V to Voo + 0.3V 
- 4Q"C to SS"C 

-6S"Cto1SO"C 

Lead Temperature(SOldering. 10 seconds) 

6.OV 

300"C 

Electrical Characteristics Vss=OV, -4O"CsTA sSS"C 

Parameter Conditions 

Supply VOltage 

Voo Outputs Enabled 

Voo ~ iSOWrii Moae 

Supply Current 
100• Static Outputs TRI·STATE'·· 

f'N=oC. Voo=S.SV 
100• Dynamic Outputs TRI·STATE 

f'N = 32 kHz. Voo = S.SV 
V'M~Voo-0.3V 
VII .. sVss·0.3V 

lob. Dynamic Outputs TRI·STATE 
f'N" 32 kHz. Voo = 5.5V 
V'M=2.0V, V'l=0.8V 

Input VOltage 
Logical Low 
Logical High 

Incut Leakage Current VSSSV'NSVOO 

Output Impadance 110 and INTERRUPT OUT 
Logical Low Voo=4.5V, IOL= 1.6 mA 
Logical High Voo = 4.SV, 10M = - 400 lOA 

." 10M= -10 ",A 
TAI·STATE VSSS 'lOUTS '100 

Output Impedance ~ and STANDBY INTERRUPT 
Logical Low, Sink r VOQ=4.5V, IOl= 1.6 mA 
Logical High, Leakage 'lOUTS '100 

Functional Description (Continued) 

Min 

4.0 
2.0 

0.0 
2.0 

-1 

I 
2.4 

0.8 V(;Q 
-1 

.j 

TABLE I. REAL TIME COUNTER FORMAT 

Max ! 

Counter Addressed 
Units 

BCD I 00 01 02 03 
Code ! 

",0.000 of Seconds (000;) .. .. .. .. I 0 

Hundredths and Tenths Sec (0'0;) 

I 
DO 01 02 03 I 9 

Seconds 1020;; DO 01 02 03 9 

Minutes 1030;) DO 01 D2 03 9 

Hours 1040;) DO 01 02 D3 9 

Day of the Week iOSM) 00 01 02 .. 7 

Day of the Month iOSo;) DO 01 02 03 

I 
9 

Month (07M) 00 01 02 03 9 

, -I'lndlca, •• unuaeG bits 

T'FU .. STATr il ............ trwletnartc of Nauona. Semrconauctor Cora. 

2 

Max Units 

5.5 V 
5.5 V 

10 uA 

20 uA 

5 mA 

0.8 I V 

VDO I V 
, uA 

0.4 V 
V 
V 

1 ",A 

I 
0.4 V 
10 ,.A 

Max 
Tens 

BCD 
04 OS 06 07 

Code 

D4 OS 06 07 

I 
9 

04 D5 06 07 9 

D4 05 06 .. 

I 
5 

D4 05 06 .. 5 

04 OS .. .. I 2 

.. .. .. .. 
I 

0 

D4 05 .. .. 3 

04 .. .. .. I 1 



Functional Description (Continued) 

TABLE II. ADDRESS CODES AND FUNCTIONS 

A4 AJ A2 A1 AO Function 

0 0 0 0 0 Counter-Ten Thousandths of Seconcs 

0 0 a 0 Counter-Hundredths and Tenths of SecondS 

0 0 0 a Counter - Seconcs 

0 0 0 Counter- Minutes 

0 0 0 0 Counter- Hours 

0 0 0 Counter-Day of WeeK 

0 0 0 Counter-Day of Month 

0 0 Counter- Montn 

0 0 0 0 RAM - Ten Thousandths of Seconos 

0 0 0 RAM - Hundredtns and Tenths of SecondS 

0 0 0 RAM - SecondS 

0 0 RAM-Minutes 

0 0 0 RAM-Hours 

0 0 RAM - Day of Week 

0 a RAM-Day of Montn 

0 RAM-Months 

0 0 0 0 Interrupt Status Register 

0 0 0 Interrupt ContrOl Register 

0 0 0 Counters Reset 

0 0 RAM Reset 

0 0 0 Status Bit 

0 0 GO Command 

0 0 STANDBY INTERRUPT 

Test MOde 

An otners'unuseCi 

3 



Functional Description (Continued) 

The comparator is a cascaded exclusive NOR. Its output is 
latched 61 I'S after the rising edge of the 1 kHz clock signal 
(input to the ten thousandths of secondS counter!. This 
allows the counter to ripple through before looking at the 
comparator. For operation at less than 4.0V. tna tnousand­
ths of seconds counter should not be included in a com­
pare because of the possibility of having a ripple delay 
greater than 61 1'5. (For output timing see Interrupt 
Timing.) 

~ower Down Mod. 

The ~OWER 50Wiii input is essentially a second cnip 
select. It disables all inputs and outputs except fan he 
STANDBY INTERRUPT. When this input is at a logical 
zero. the device will not respond to any extemal signals. It 
will. however. maintarn timekeeping and turn on the 
S1'AN'5BY INTERRUPT if programmed~o~The 
programming must be done Oefore the POWER DOWN in­
put goes to a logical zero.) When s~n~ to the 
standby or power down mode. the POWER DOWN input 
should go to a logical zero at least 1 1'5 betore Vee is 
switched. When switcning Vee all other Inputs must re­
main Oetw"n Vss -0.3V and Vee+0.3V. When restoring 
Vee to the normal operating mode. it is necessary to Insure 
t!!!!..!!.!.. other inputs are at valid levels betore switching the 
POWER DOWN input back to a logical one. These precau· 
tions are necessary to insure that no data is lost or altered 
when Changing to or tram the power down mode. 

Counter and RAM R ... ts; GO Command 

The counters and RAM can be reset by writing all 1's (FF) at 
address 12/of or 13/of respectively. 

A write pulse at address 15M will reset tne thousandtns. 
hundredths. tenths. units. and tens of seconds counters. 
This GO command is used for precise starting of the Clock. 
The data on the data bus is ignored during tne write. /I the 
seconds counter is at a value greater than 40 when the GO 
is issued. the minutecounterwill increment; otnerwise tne 
minute counter is unaffected. This command is not neces­
sary to stan the clock. but merety a convenient way to 
stan precisely at a given minute. (See Table III for reset 
format.) 

Status Sit 

The status bit is provided to inform the user that the clocl< 
is in tne process of rolling over wnwn a counter is read. The 

, kHz clock into tna thousandths of secondS counter has a 
puise width of 61 "S. If a read at the real time counter lany 
digits) is done during this61 I'S penod the status Oit will be 
set. This teUs the user that the clock IS ripPling through tne 
real time counter. Because tne clock is rippling. invalid 
data may Oe read from the counter. If the status eit is set 
following a counter read. the counter Should Oe reread. 

The status Oit appears on DO when address 14M IS read. All 
the other data lines will be zero. The bit is set when a 
logical one appears. ThiS bit Should be read every time a 
counter read or series of counter readS are done. The trail· 
ing edge of the read at address 14M will reset the status bit. 

Oscillator 

The oscillator used IS the standard Pierce oscillator. Exter· 
nally only 2 capacitors and the crystal are required. For 
micropower crystals a resistor in series with the oscillator 
output may be necessary to insure the crystal is not over· 
driven. This resistor should be approximately 200 kO. The 
capacitor values should Oe tYPically 20 pF-25 pF. The 
crystal frequency is 32. 768 Hz. 

The oscillator input can be externally dnven. if desrred. In 
thiS case the output should be left floating and the input 
levels should be Within 0.3V of tne supplies. 

A ground line or ground plane eetween prns 9 and 10 may 
Oe necessary to prevent interference of the OSCillator by 
the A4 address. 

Control Lin •• 

The READ. WRITE. and CHIP SEL.ECT signals are active 
low inputs. The REAOY Signal is an open drain output. At 
the stan of each read or write cycte the READY line lopen 
drain) will pull low and will remarn low until valid data 
from a chip read appears on tne bus or data on the bus IS 
latched in dUring a wme. REA"'D and WRii'E must be 
accompanied by a CHIP SE!.ECT (see Figures 3 ana 4 for 
read and wrrte cycte timing). 

Test Mod. 

The test mOde IS merelY a mooe ior production testing. It 
allows the counters to count at a nigher Inan normal rate. 
In tnlS mode the 32 KHz OSCillator input is connected 
Oirectly to tne ten thousandths of seconds counter. The 
chip select and wnte lines must be law and Ine address 
must Oe neld at IF .... 



Functional Description (ContInued) 
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FIGURE'. Interrupt Register Formlt 

07 

I ,. INn_Run 
CONTROL 
RlGIST!" 

Q ADDRESS- 1'M 

lIMOUR 

I/OAY 

'/WEEK 

r I-- 'IIIO.TH 

: , 'NTlRRU" 
STATUS 
REG.STU 

Q ADDR£SS· 101M 

L 

INTtRRUPT f-l.OCIC 

Interrupt Timing -40·CsTA s8S"C. 4.5vsVoosS.5V. Vss"OV 

Parlmeter 

t,NTON Status RegIster Clock to INTERRUPT 
OUTPUT (F'in 13) HIgh (Note 1) 

tSBYON Compare Valid to STANDBY INTERRUPT 
(F'in 14) Low (Note 1) 

t'NTOFF TraIling Edge of Status Register 
Read to INTERRUPT OUTPUT Low 

ISBVOFF TraIling Edge of Write Cyc..,.le;.,.,..,..,..,.,...,.,. 
100 = 0: Address = 16 ... 1 10 STANDBY 
INTErlRUPT Off (High Impedance Statel 

Min 

INTURU" 
OUT'UT 
rACT1VE 
L.OGIC HIGMI 

c 
~ 

" .: 
u 
i 
C 

~ 
~ 

c 
u 

,. 

,. 
12 

10 

I I 

"aa IV, 

FIGURE 2. Typical Supply 
Current YS Supply Voltage 

MIX Units 

5 

5 

5 

5 

Note 1: The status '80lSIIr ClOCkS Ire: tMe correSDonCtno counter's re:llioyer to ItS f.set state orlne comcar. oec:oml"g villlO. Th. comOilr. oecomes yalla 51 .s 
attar tMe "'0.000 of .. second counter 1$ clocKed. It tne re.1 time counter aat. matcnes tne RAM OalL 

Read Cycle Timing -40·CsT .. sSS"C, 4.SVsVOOSS.SV. Vss=OV 

Parameter Min Max Units 

'AR Aadress Sus Valla to Reae Strooe 100 ns 

tes"" ChlO Selec: to Read Strooe 0 ns 

:~RY Read Strooe [0 Reaav Strooe ~SO I"IS 

t~yO Ready Strobe to Data VallC 800 ns 

tAO Aodress Bus Valla to Da:a Vailo 1050 ns 

t ..... Data i-1ole Time From Trailing Eage of Read Strooe 0 ns 

:"z Tra,l,ng Eoge oi Reac Strooe to TRI·SIATE Made 250 ns 

tqyP1 Read i-1ola Time atter Ready Strooe 0 ns 

tqA AOdress Sus HOIC Time trom TraIling Ecge at ReaC Strooe 50 ns 

HOi.2: It tAR a 0 or 'ow. a and Cnlp Select. Aooress Valid. Read or Write are COlncroent tnen tney must eXist tor 'O~O ns. 
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Write Cycle Timing -40·C sT ... s8S0C. 4.5V s Voos5.5V. Vss=OV 

Parameter Min Max Units 

t,.w Address Valid to Write Strobe 

tcsw Chip Select to Write Strobe 

tow Data Valid betore Write Strobe 

tWRY Write Strobe to Ready Strobe 

tRY ReadY Strobe Width 

~w Write Hold Time atter Ready Strobe 

two Data Hold nme atter Write Strobe 

tWA Address Hold Time atter WWe Strobe 

Dara Cua loading IS 100 pF. 

Reaay outout loacUno IS 50 DF and 20 kG puJl.fJQ. 

!nglolr and outout AC timing levetl: 
I.09lcal ona = 2.0V 
l..OOlcal zaro .. O.8V 

Read and Write Cycle Timing Diagrams 
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Typical Applications. 
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NEe Electronics (Europe) GmbH NEe 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

INTELLIGENT GPIB 
INTERFACE CONTROLLER 

J,J.PD7210 

The /lPD721 0 TLC is an intelligent GPIB Interface Controller designed to meet all of 
the functional requirements for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 4B8·1978. Connected between a processor bus and the GPIB, the TLC 
provides high level management of the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with most processor architectures, 
Bus Driver/Receivers are the only additional components required to implement any 
type of GPIB interface. 

• All Functional Interface Capability Meeting IEEE Standard 
SH 1 (Source Handshake) 
AH 1 (Acceptor Handshake) 
T5 or TE5 (Talker or Extended Talker) 
LJ or LE3 (Listener or Extended Listener) 
SR 1 (Service Request) 
RL 1 (Remote Local) 
PPI or PP2 (Parallel Port [Remote or Local Configuration)) 
DC 1 (Device Clear) 
DTl (Device Trigger) 
Cl·5 (Controller [All Functions)) 

• Programmable Data Transfer Rate 
• 16 MPU Accessible Registers - 8 Readl8 Write 
• 2 Address Registers 

- Detection of MTA, MLA, MSA (My Talk/Listen/Secondary Address) 
- 2 Device Addresses 

• EOS Message Automatic Detection 
• Command (IEEE Standard 488·78) Automatic Processing and Undefined Command 

Read Capability 
• DMA Capability 
• Programmable Bus T ranseeiver I/O Specification (Works with T.I JMotorola/1 ntel) 
• 1 to 8 MHz Clock Range 
• TTL Compatible 
• N Channel MOS 
• +5V Single Power Supply 
• 4~Pin Plastic DIP 
• 8080/85/86 Compatible 

TIR 1 VCC 
TIR 2 EOI 

CLOCK iiii5Ac 
RESET NRFi5 

T/R 3 DAv 
OMAREO DiOii 
OMAACK i5iO'i 

Cs DiOii 
RO iiiOs 
WR Dii54 
INT DiCi3 
00 Di02 
01 5iOi 
02 SR5 
03 ATN 

04 iffil 
05 IFC 
06 RS 2 
07 RS 1 

GNO RS 0 



,uPD7210 

PIN NAME 1/0 DESCRIPTION 
PIN IDENTIFICATION 

1 T/Rl 0 Transmit/Receive Control - InputlOutput Control Signal 
for the GPIB Bus Transceivers. 

2 T/R2 0 Transmit/Receive Control - The function of T/R2, T/R3 
are determined by the value of TRM1, TRMO of the 
address mode register. 

3 ClK I Clock - (HI MHz) Reference Clock for generating the 
state change prohibit times Tl, T6, T7, T9 specified in 
IEEE Standard 48B·1978: 

4 RST I Reset - Resets 7210to an idle state when high (activehigh). 

5 T/R3 0 Transmit/Receive Control - Function determined by 
TRMI and TRMO of address mode register (See T/R2). 

6 ORO 0 DMA Request - 7210 requests data transfer to the com· 
puter system, becomes Iowan input of DMA acknowledge 
signal DACK. 

7 DACK I DMA Acknowledge - (Active low) Signal connects the 
computer system data bus to the data register of the 7210. 

8 CS I Chip Select - (Active low) Enables access to the register 
selected by RSO·2 (read or write operation). 

9 RD I Read - (Active low) Places contents of read register 
specified by RSO·2 - on 00·7 (Computer Bus). 

10 WR I Write - (Active low) writes data on 00·7 into the write 
register specified by RSO·2. 

11 X a Interrupt Request - (Active High/low) Becomes active 

iNf 
due to any 1 of 13 internal interrupt fectors (unmasked) 
a~ive state software configurable, active high on chip reset. 

12·19 00·7 I/O Data Bus - 8 bit bidirectional data bus, for interface to 
computer system. 

20 GNO Ground. 

21·23 RSO·2 I Register Select - These lines select one of eight read 
(write) registers during a read (write) operation. 

24 IFC I/O Interface Clear - Control line used for clearing the inter· 
face functions. 

25 REN 110 Remote Enable - Control line used to select remote or 
local control of the devices. 

26 ATN 110 Attention - Control line which indicates whether data on 
010 lines is an interface message or device dependent message. 

27 SRO 110 Service Request - Control line used to request the can· 
troller for service. 

28-35 0101·8 110 Data Input/Output - 8 bit bidirectional bus for transfer 
of message on the GPIB. 

36 DAV 110 Data Valid - Handshake line indicating that data on 010 
lines is valid. 

37 mm5' 110 Ready for Data - Handshake line indicating that device is 
ready for data. 

38 NDAC 110 Data Accepted - Handshake line indicating completion of 
message reception. 

39 EOI I/O End or Identify - Control line used to indicate the end of 
multiple byte transfer sequence or to execute a parallel 
polling in conjunction with ATN. 

40 VCC +5V DC - Technical Specifications: +5V; NMOS; 
500 MW; 40 Pins; TTL Compatible; 1·8 MHz. 

2 
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The IEEE Standard 488 describes a "Standard Digital Interface for Programmable 
Instrumentation" which, since its introduction in 1975, has become the most popular 
means of interconnecting instruments and controllers in laboratory, automatic test and 
even industrial applications. Refined over several years, the 488·1978 standard, also 
known as the General Purpose Interface 8us (GPI8), is a highly sophisticated standard 
providing a high degree of flexibility to meet virtually most all instrumentation 
requirements. The IlPo721 0 TLC implements all of the functions that are required to 
interface to the GPI8. While it is beyond the scope of this document to provide a com· 
plete explanation of the IEEE 488 Standard, a basic description follows: 

The GPI8 interconnects up to 15 devices over a common set of data control lines. 
Three types of devices are defined by the standard: Talkers, Listeners, and Controllers, 
although some devices may combine functions such as Talker/Listener or Talker/ 
Controller. 

Data on the GPI8 is transferred in a bit parallel, byte serial fashion over 8 Data I/O 
lines (0101 - 0108). A 3 wire handshake is used to ensure synchronization of transmis· 
sian and reception. I n order to permit more than one device to receive data at the same 
time, these control lines are "Open Collector" so that the slowest device controls the 
data rate. A number of other control lines perform a variety of functions such as device 
addressing, interrupt generation. etc. 

The IlPD721 0 TLC implements all functional aspects of Talker, Listener and Controller 
functions ad defined by the 488-1978 Standard, and on a single chip. 

The /lPD721 0 TLC is an intelligent controller designed to provide high level protocol 
management of the GPI8, freeing the host processor for other tasks. Control of the 
TLC is accomplished via 16 internal registers. Data may be transferred either under 
program control or via oMA using the TLC's oMA control facilities to further reduce 
processor overhead. The processor interface of the TLC is general in nature and may 
be readily interfaced to most processor lines. 

In addition to providing all control and data lines necessary for a complete GPI8 imple­
mentation, the TLC also provides a unique set of bus transceiver controls permitting the 
use of a variety of different transceiver configurations for maximum flexibility. 

INTERNAL REGISTERS 

The TLC has 16 registers, eight of which are read and 8 write. 

AEGIITER NAME ADDRESSING SPECIFICATION 

R R R WR cs 
S WR cs 
0 WR cs 

Data In IORI 0 WR CS 017 01. OIS '014 013 012 

Int..-up! Sr.tUl' [1 A I 1 WR CS I CPT I APT OET eND Dec eRR 

'nt.rrupt SIM .. 2 (2AI a WR cs IAT I sl!li15i I..~K ~!M ~(5 C(5K~ 

kill Poll S*u. 13RI 1 WR CS I sa ! PEND sa 55 I 54 53 
Addt_ StaIUlI4A1 a WR CS I CIC I XTI\1 I SPMS CPAS ! TPAS LA 

CorNftliftd .... Througll (5R( 1 WR CS j ern I cptl ern CPT4 ! CPT3 cpn 
Add,.. 0 (&AI a WR cs x OTO QLP I ACH I ADi.o AD3.(J 
Add,.., 17 .. 1 1 WR cs EOI OTI OLI I ,1,05·1 I A04.' A03·1 

Byt_ Out (OWl a WR CS a07 e08 BOO BOO 803 I B02 

jn1en'up1 Mak 1 (1wl 1 WR CS CPT APT DET eNO Dec I ERR 

InterruPt MInk 2 IMI a WR cs SAQI DMAO I DMAI CO i LOKe 

SMilil Pall Mode 1M) 1 WR CS sa sa I 55 54 I 53 __ {<wI 
a WR CS ton Igo TRM1 I TRMO 

Au.lI....., Mode (5WI 1 WR cs ieNT2 CNT1 CNTO ! COM .. I COM3 I COM2 

Add, .. 0/1 (awl a WR CS lARS bf bL ADiS AD4 AQ3 

End of Str"" I7WJ 1 WR CS eC7 eco ecs ec. eC3 EC2 

INTRODUCTION 

GENERAL 

Olt I 010 

00 I 01 

I i!tl!~l! I AI5!~1 
I 52 I 51 I 
I TA I MJMNi 

I CPT1 I ePTol 
! ,1,02-0 j AOl-01 

I A02·1 I A01-1' 

I aOl BOO I 
I DO DI I 
! REMe AOSCI 

I S2 SI I 
! AOM1 ADMOI 

I COM1 COMO! 

A02 .0.01 I 
ECI ECO I 
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DATA REGISTERS 

The data registers are used for data and command transfers between the GPIB and the 
microcomputer system. 

DATA IN lOR) IDI7 DI6 DI5 I "D14 DI3 DI2 I Dll DID 

Holds data sent from the GP1B to the computer 

BYTE OUT lOW) I 80l I 806 I 805 1804 I B03 1802 1801 I BOO I 

Holds information written into It for transfer to the GPIB 

INTERRUPT REGISTERS 

The interrupt registers are composed of interrupt status bits, interrupt mask bits, 

and some other nontnterrupt related status bits. 

READ 
INTERRUPT 

STATUS 1 i 1 Rj I CPT APT OET ENu DEC ERR DO 

INTERRUPT 

01 

STATUS 2 12RJ liNT I SROl LOK REM CO I LOKC I REMC I AOSC I 

WRITE 
INTERRUPT 

MASK 1 11wl I CPT APT DET END I DEC ERR DO 01 

INTERRUPT 

MASK212Wl I 0 I SROl I OMAO I OMAI I CO I LOKC I REMC I AOSC I 
There are thirteen factors which can generate an interrupt from the pPD7210. each 
with their own status bit and mask bit. 

The interrupt status bits are always set to one if the interrupt condition is met. 
The interrupt mask bits decide whether the INT bit and the interrupt pin will be 
active for that condition. 

I nterrupt Status Bits 

INT OR of All Unmasked Interrupt Status Bits 
CPT Command Pass Through 
APT Address Pass Through 
DET Device Trigger 
END End (END or EOS Message Received) 
Dtc Device Clear 
ERR Error 

DO Data Out 
01 Data In 
SROI Service Request Input 
LOKC Lockout Change 
REMC Remote Change I 
ADSC Address Status Change I 
CO Command Output I 

Non Interrupt Status Bits 

LOK Lockout 
REM Remote/Local 
DMAO Enable/Disable DMA Out 

DMAI Enable/Disable DMA In 

5 
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SERIAL POLL REGISTERS 

READ 
SERIAL POLL 
STATUS 13R) sa 1 PEND 1 56 55 154 53 52 S1 

WRITE 
SERIAL POLL 
MODE 13W) sa rsv S6 S5 154 S3 S2 51 

The Serial Poll Mode register holds the STB (status byte: 58, 56·511 sent over the 
GPIB and the local messagerSV (request service). The Serial Poll Mode register 
may be read through the Serial Poll Status register. The PEND is set by rsv = I, and 

cleared by NPRS· i'Sii = 1 (NPRS = Negative Poll Response Statel. 

ADDRESS MODE/STATUS REGISTERS 

ADDRESS STATUS 14R) 

ADDRESS MODE 14WI 

I CIC ATIiI I $PMS 1 LPAS ITPAS LA TA 1 MJMN 1 
I ton Ion I TRM1 I TRMO I 0 I ADM1 1 AOMO 1 

The Address Mode register selects the address mode of the device and also sets the 
mode for T/R3 and T/R2 the transceiver control lines. 

The TLC is able to automatically detect two types of addresses which are held in 
address registers 0 and 1. The addressing modes are outlined below. 

ADDRESS MODES 

CONTENTS OF CONTENTS OF 
ADDRESS ADDRESS (0) ADDRESS 111 

ton Ion ADMI ADMO MODE REGISTER REGISTER 

1 0 0 0 Talk only Addreu Identification Not Necessary 
mode 

0 1 0 0 Listln only Not Used 
mode 

0 0 0 1 Address modi 1 Major talk address Minor talk address 
or Major listen or Minor listen 
address addreu 

0 0 1 0 Addr.ss mode 2 Primary address Secondary address 
(talk or listen) (talk or listen) 

0 0 1 1 Address mode 3 Primary address Primary address 
(major tal k or (minor talk or 
major listen~ minor I isten I 

Combinations other than above 
indicltlld Prohibited. 

Not.: A 1 - Either MTA or MLA reception is indicated by coincidence of either address with the 
received address. Interface function Tor L. 

A2 - Address register 0 ... primary. Address register 1 ... secondary. interface function TC 
or LC. 

Al - CPU must read secondary address via Commllnd Pass Through RegISter. TE or LC 
Command. 
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ADDRESS STATUS BITS 

ATN 
LPAS 
TPAS 
CIC 
LA 
TA 
MJMN 
SPMS 

ADDRESS REGISTERS 

Data Transfer Cycle (device in CSBS) 
Listener Primary Addressed State 
Talker Primary Addressed State 
Controller Active 
Listener Addressed 
Talker Addressed 
Sets minor TIL address Reset = Major TIL address 
Serial Poll Mode State 

ADDRESS 0 [6R] I x DTO DLO I ADS,() I AD4.() I AD3'() I AD2.() I AD1.() I 
ADDR ESS 1 [7R] Llli I DTl DLl I ADS·l I AD4-1 I AD3·1 I AD2·1 I ADl -1 I 
ADDRESS all [6W] lARS I DT DL I ADS I AD4 I AD3 I AD2 I 
Address settings are made by writing into the address all register. The function 
of each bit is described below. 

ADDRESS 0/1 REGISTER BIT SELECT[ONS 

ARS Selects which address register a or 1 
DT - Permits or Prohibits address to be detected as Talk 
DL - Permits or Prohibits address to be detected as Listen 
ADS - ADI - Device address value 
EO! - Holds the value of EOIline when data is received 

COMMAND PASS THROUGH REGISTER 
COMMAND PASS 
THROUGH [SRI 

ADl 

The CPT register is used such that the CPU may read the 010 lines in the cases of 
undefined command, secondary address, or parallel poll response. 

END OF STRING REGISTER 

END OF 
STRING [7W] I EC7 I EC6 ECS EC4 EC3 EC2 ECl ECOI 

This register holds either a 7 or 8 bit EOS message byte used in the GP[B system to 
detect the end of a data block. Aux Mode Ragister A controls the specific use of 
this register. 

AUXILIARY MODE REGISTER 

AUXILIARY 
MODE [SW] ICNT2 I CNTl CNTO COM4 I COM3 I COM2 COM1 COMO I 

7 
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This is a multipurpose register. A write to this register generates one of the following 
operations according to the values of the CNT bits. 

CNT COM OPERATION 
2 1 0 4 3 2 1 0 

0 0 0 C4 C3 C2 CI Co 
ISlues an auxiliary command specified by 
C4 to CO. 

The reterence cioek frequehcy is specified 
0 0 1 0 F3 F2 Fl FO and T1. TS. T7. Tg are determined as I 

result. 

0 1 1 U S P3 P2 P1 
Makes write operation to the parallal pol 
ragilter. 

1 0 0 A4 A3 A2 A1 AO 
Makes write operation to the aux. IA) 
register. 

1 0 1 84 83 82 81 80 
Makes write operation to the aUK. (8) 

register. 

1 1 0 0 0 0 El EO 
Make. write operation to the aux. I E) 
register. 

AUXILIARY COMMANDS 0 0 0 C4 C3 C2 Cl Co 

COM 

43210 
00000 iepon I mmediate Execute pon .;.. Generate local 

pan Message 
00010 crst Chip Reset - Same as External Reset 
00011 rrfd Release RFD 
00100 trig Trigger 
00101 rtl Return to Local Message Generation 
00110 seai Send EOI Message 
00111 nvld Non Valid (OSA reception) - Release DAC 

Holdoff 
01111 vld Valid (MSA reception, CPT, DEC, DET) -

Release DAC Holdoff 
OXOOI sppf SetiReset Parallel Poll Flag 
10000 gts Go To Standby 
10001 tea Take Control Asynchronously 
10010 tes Take Control Synchronously 
11010 tese Take Control Synchronously on End 

10011 Itn Listen 
11011 Itnc Listen with Continuous Mode 

11100 lun Local Un listen 
11101 epp Execute Parallel Poll 
lXl10 sifc Set/Reset I FC 
lXl11 sren SetiReset REN 
10100 dsc Disable System Control 

INTERNAL COUNTER 0 0 1 0 F3 F2 FIFO 

The internal counter generates the state change prohibit times (T 1, T 6, T7, T 9) 
specified in the IEEE std 488-1978 with reference to the clock frequency. 

AUXILIARY A REGISTER 1 0 0 A4 A3 A2 Al AO 

Of the 5 bits that may be specified as part of its access word, two bits control the 
GPIB data receiving modes of the 7210 and 3 bits control how the EOS message is 
used. 
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A, AO DATA RECEIVING MODE 

0 0 Normal Handshake Mode 

0 , R F 0 Holdoff on all Data Mode , 0 RFD Holdoff on End Mode , , Continuous Mode 

BIT 
FUNCTION 

NAME 

A2 
0 Prohibit Permits (prohibits) the setting of the END bit , Permit by reception of the EOS message. 

0 Prohibit 
Permits (prohibits) automatic transmission of 

A3 , Permit 
END message simultaneously with the trans-

mISsion of EOS message T ACS. 

A4 
0 7 bit EOS Makes the 8 bltsl7 bits of EOS register the , 8 bit EOS valid EOS message. 

AUXILIARY B REGISTER 1 0 1 B4 B3 B2 Bl BO 

The Auxiliary B Register is much like the A Register in that it control.s the special 
operating features of the device. 

BIT 
FUNCTION 

NAME 

1 Permit Permits (prohibits) the detection of undefined 

BO 
command. In other words, it permits (pro· 
hibits) the setting of the CPT bit on reception 

0 Prohibit of an undefined command. 

1 Permit Permits (prohibits) the transmission of the 

Bl 
0 Prohibit 

END message when in serial poll active state 
(SPAS). 

1 Tl 
Tl (high speed) as Tl of handshake after 

(high·speed) 
82 

Tl 
transmission of 2nd byte following data 

0 
(low-speed) 

transmission. 

83 
1 INT 

Specifies the active level of I NT pin. a INT 

SRQS indicates the value of 1 st level local 
message (the value of the parallel poll flag is 

1 1st = SRQS ignored). 

B4 SRQS = 1 ... lst = 1. 
SRQS=O ... lst=O. 

0 
1st = Parallel The value of the parallel poll flag is taken 
Poll Flag as the 1 st local message. 

9 
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AUXILIARY E REGISTER 1 1 0 0 0 0 E1 EO 

This register controls the Data Acceptance Modes of the T LC. 

BIT FUNCTION 

EO 1 Enable DAC Holdotf by initiation of DCAS 
0 Disable 

E1 1 Enable DAC Holdoff by initiation of DTAS 
0 Disable 

Parallel Poll Register o u S 

The Parallel Poll Register defines the parallel poll response of the I1PD7210. 

1

0 
11 I 1 I U I S~I t~'"''''G''''~''' 

OUTPUT LINE 10101 TO 01081 

SPECIFYING STATUS BIT 
POLARITY 

S • 1 : I N PHASE 
5 - 0: IN REVERSE PHASE 

U = 1 : NO RESPONSE TO PARALLEL POLL 

..... ------~ U = 0: RESPONSE TO PARALLEL POLL 
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n J::Jr[l"''""'"~ X, X2 

~:gj~ 
AD 

~PD808S _ 
WR 

ALE 

RESET OUT 

ClK I IWmH RST 7.5 .. 

~.7 I 

RESr'N I, :IT 
J BUS TRANSCEIVERS 

1J 

z 

~ !J ~I ~ ill P !;ll~ ~ ~ e ~I ~I ~ ill ~ ~I NO, wo ""'3:1 mtn;llo 

RST6.5 INTO !!l ~ do !!l ;: 
~PD7210 TIMER OUT 

RST 5.5 tjOMAREQ OMAACK "H" ~PD815S 
,~" m 

DEVICE CONTROL 

CI 
." 

iii 

1 
I 

110 T 

~~.7 1 
» -o ~~lol»lJn-n 
;b ~l ~J;;C:~ m 

m 
~PD8J55 -I cet--"H" 

PA7'(). PB7'() IORI--"H" 

~ 

» 
f 

J 
SWITCHES I DISPLAY 

s:: 
z 
s:: 
c 

::ES:: _co 
-i 0 :x: co 

U1 
1: en 
"-< °en '-I-i 
~m 
oS:: 

1: 
"lJ 

~ 
N .... 
o 
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.P07210 

~ 
~ 

15;0. 
~ 
liiCii 
DiOi 

TIR, 

TIR3 IEOIOEI 
lOT 

l5Ai7 

mml 

NDAc 

TIR21CICI 

m'l! 

:zmr 
1ml 

m' 

MC344BAX. 

DATA A BUSA 
DATA B BUS B 
OATAC BUS C 
DATA 0 BUS 0 

SIRA·O PEA_O 

DATAA BUSA 
DATA B BUS B 
OATAC BUSC 
DATA 0 BUSO 
S/RA.O PEA·O 

SIRA 
DATA A BUSA 
S/RB 
DATA B BUS B 
SIRC 
OATAC BUSC 
SIRO 
DATA 0 BUS 0 

PEA·O 

SIRA 

DATA A BUS A 
SIRB 
DATA B BUS B 
S/RC 
OATAC BUS C 
S/RO 
DATA 0 BUS 0 

PEA·C 

TT 
"H""L" "L"' 

GPIS 

OIOB 
0107 g:g: MINIMUM 8085 SYSTEM 

WITH ,uPD7210 (CONT.) 

EOI 

OAV 

NRFO 

NOAC 

SRO 

ATN 

REN 

IFC 

Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set 82 = 0). 

01 B DB B8 , 0, 8, 

l5iOs 06 86 

lml5 05 85 

15;0. D. SN75160 8, 

01°3 03 83 

i5iOi 02 92 

iml'i 0, 9, 

TIR31PEI PE 
TE 

,uP07210 TIR, GPIS 

TE 
T/R2 (CIC) DC 

SAl! SRD 

ATN ATN 

I EOI SN75161 
15AV OAV 

NRI'li NRFO 

NDAC NDAC 

IFC 

N REN 

Note: In the case of low·speed data transfer (82 = 0), the T/R3 pm can be used as a 
TRIG output. The PE input of SN75160 should be cleared to "0." Using this 
conction. pass-control operation cannot be used. 



ABSOLUTE MAXIMUM 
RATINGS 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

i PARAMETER SYMBOL TEST CONDITIONS 

ISuPPly VOltage 1 Vcc I 

Iinput Voltage V, 

IOUtpUT \iottll9f' ! Vo ! 

IOperltll"g Temperature I T opt I 

I Strltge T emperatufe i Tng 

T,=O"v+70"C.VCC"'5V':!: 10% 

PARAMETER )SYMBOL I TEST CONDITIONS 

! Input Low Voltage 

I Input ~·h9h VOltage 

! low Level Output Voltage ! VOL tOl " 2mA f4mA : T /A 1 Pin) 

1VOHI IOH " -400uA, Except I NT 

~Hlgh Lellel Output Voltage i'llOH2 

I 

i 10M" -400uA liNT Pm 

i 10M = -SOuA j" 
!Input llllk8(Jl! Current i IlL liN'" OV '\, VCC 

!Output Leak. Current i tOL lOUT" 0.45V '" VCC 

ISuppl y Current I ICC 

T .11= 25"C, Vee" GND ~ ov 

! PARAMETEFI SYMBOL TEST CONDITIONS 

I Input Capacitance C'N f = 1 MHz 

IOutput Capacitance CoUT AI! Pms Except Pin Under 
Test Tied to AC Ground 

1110 CapacItance CliO 

Ta= O"v +7(rc, Vee'" 5V =- 10"0 

I 
PARAMETER SYMBOL I TEST CONDfTIONS 

I 

I Address Setup to AD lAR 
I RS2·0 

cs 
I Address Hold from RD 'RA i 
j Ffij Pulse Width lRR I 
I Data Delay from Address lAD i 
!Dau Delay from RD ... lRO I 
!Output Float Delay from RD t I tOF ! 

l!fD Recovery Time lRV L 

i Address Setup to WA I 'AW 

IAddr •• Hold from WR I "NA I 
!iNA. Pulse Width I IWW i 
!Dna Setup to WR I tDw , 
!Date Hold from WR ! "NO 

!WR Recovery Time I 'RV I 

DMAREQ ~ Delay from DMAACK 

Data Delay from OMAACK 

J,LPD7210 

RATINGS UNITS 

I -0.5"'+7.0 V 

-0.5 'V +1.0 V 

-0.5 '\,.. +7.0 V 

i o '\, +70 ·c 

I -65"'·125 ·c 

MIN TVP 
LIMITS 

MAX 
UNITS 

-0.5 +0.8 V 

! + 2.0 VCc +0.5 

+0.45 V 

+24 

I +2.4 V 

+3.5 V 

-10 +10 uA ! 
-10 +10 uA I 

+180 mA I 

LIMITS 
UNITS 

M1N TV. MAX 

10 pF 

15 pF 

20 pF 

LIMITS 
UNITS 

MIN TV. MAX 

85 
n. 

0 

0 n, 

170 n. 

250 n. 

150 n. 

0 80 ns 

250 no 

J 0 L n. I 
! 0 n. I 
I 170 I ns I 
I 150 l ns I 

I 0 I n. I 
I 250 I n. I 

13 
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PARAMETER SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
MIN TVP MAX 

mI I~Dill tEODI PPS$"'" PPAS. ATN • True 250 n. 
m11~T/RI t tEOT11 PPSS"'" PPAS. ATN .. True 155 no 

Em t .... T/Rl + tEOT12 PPAS"'" PP55. ATN - Filse 200 n. 
ATN.t. .... ~+ tATNO AIDS'" ANRS. LIDS 155 n. 
Am ..... TIR1 '" tATTI TACS + SPAS -TAOS, CIOS 155 n. 
A"fN ,j. .... T/R2,j. tATT2 TACS + SPAS"" TAOS, CIOS 200 I n. 

DAY 1- DMAREO t 1OVRO ACRS ... ACOS. LACS 600 n. 
DAY I~NRFD 1 tQVNRl ACRS"ACD$ 350 n. 
DAY 1 ~ NiiAC t toVNDl ACRS .... Aces .... AWNS 650 n. 
DAV t -NDAC,j. 1OVND2 AWNS-+ANRS 350 n. 

DAV t ..... NRF'O t tQVNR2 AWNS"" ANRS'" ACRS 350 n. 
RDI~jijjfj!!jt tRNR 

ANRS ... ACRS 
LACS. 01 reg. selected 500 n. 

NOAC t ...,. DMAREQ t tNORQ STRS -SWNS -SGNS, TACS 400 n. 

NiiAC t -DAV t tNOQV STRS ... SWNS .... SGNS 350 ns 
Wij t ~ Dill 'WO' SGNS ..... SOYS, 80 reg. selected 250 ns 

NRFD t .... OAV + tNRDV SOYS-+STRS, Tl'"True 350 ns 

SGNS - SDYS - STRS 830 
YiRt ... i5AV. 'WDV BO reg, selected, RFO "" True +tSVNC n. 

NF = fc • 8 MHz. T1 (High Speed) 

TRIG PulseWidlh tTRIG 50 n. 

CS, RS2-0 

07-<l High Impedance Higtl Impedance /~ 

~ _______ tAD ______ ~1 

OMAREO 

___ ~CtAKD~ 
~tAKR01,--__ _ 

14 

CS, RS2-0 

07-0 

NEC cannot assume any responsibility for any circuits shown or 
represent that they are free from patent infringement. 
NEC reserves the right to make changes any time withollt notice 
in order to improve design and supply the best product possible. 

AC CHARACTERISTICS 

Dec. 1981 



APPENDIX I 

Product Error Report 

DEAR CUSTOMER, 

WHILE FORCE COMPUTERS HAS ACHIEVED A VERY HIGH STANDARD OF 

QUALITY IN OUR PRODUCTS AND DOCUMENTATION, WE CONTINUALLY SEEK 

SUGGESTIONS FOR IMPROVEMENTS. 

WE WOULD APPRECIATE ANY FEEDBACK YOU CARE TO OFFER. 

PLEASE USE ATTACHED "PRODUCT ERROR REPORT" FORM FOR YOUR COMMENTS 

AND RETURN IT TO ONE OF OUR FORCE COMPUTERS OFFICES. 

SINCERELY 

FORCE COMPUTERS 

I-I 





PRO D U C T ERR 0 R REPORT 

HARDWARE/SOFTWARE/SYSTEMS 

PRODUCT 

SERIAL NO. 

DATE OF PURCHASE 

ORIGINATOR 

COMPANY 

ADDRESS 

DATE 

TELEPHONE 

CONTACT 

AFFECTED PRODUCT: 

AFFECTED DOCUMENTATION: 

ERROR DESCRIPTION : 

SEND TO : 

FORCE Computers Inc. 
Marketing 
727 University Avenue 
Los Gatos, CA 95030 
U.S.A. 

EXT 

SOFTWARE 

SOFTWARE 

FORCE Computers GmbH 
Marketing 
Daimlerstrasse 9 
8012 Ottobrunn/Munich 
West Germany 

This box to be 
completed by FORCE 

DATE : 

PR# 

ACTION BY : 

Engineering 
Marketing 
Production 

HARDWARE 

HARDWARE 

SYSTEM 

SYSTEM 

FORCE Computers FRANCE 
[\~arketing 
11, rue Casteja 
92100 Boulogne 
France 




