Features

¢ Input/Output Latches
® Serial data port.
® Two 8-bit bidirectional O ports..
® Two 16-bit programmable timers:
® Expanded handshake cantrol.
& Directreplacement for emtmg NMOS part
. ®Single:5 voit power supply: - ‘
'@ Low power ISO-CMOS’ ﬁéchnology
- @ Fully TTL compatible:

Applications ,
-8_General micraprocessor'|/O port.
@ RS232 interface.
@ Keyboard controller. .
= 2 Perfpherai control ter.

Desmptlon

The~MD65$C22 is @ Versatile, Interface Adapter
‘containing two 8-bit bidirectional latched: ports,
two- 16-bit programmable timers and.a serial to
parallel/parallel to serial shift register. The device
is fabricated in Mitel's 1SO-CMQS technology.

L

 150-CMOS M9655C22
Versatile Interface’Adapter

.. Preliminary Information

9161-002-046 NA . o
" Sl gdios o
Pin Connections
vss . 1. w0 cal
PAO ] 2: 39 1 cA2
PAT [] 3 38 [0 Rso
o2 ] 4 37 [ Rst &
- PA3 -] 5 36 [} Rs2
PAs [] 6 35 [] Rs3
PAS. [ 7. . 34 [] RESET
PA6 [ 8 33 ] Do
PA7 [ 9 32'% .D1
PO [ 10 Y D2’
P81 [ 11 30 [J D3
PB2 E 12 29[] pa
PB3 13 28 [ DS
PBA [ 14 27 [ D6
P8BS [ 1S 26 [] o7
PB6 [ 16 25 [] ¢2
_ PB7 17 .28 ¢
cs1,_E 18 23 % G2
B2 [] 19 22 [] RW
voo [ 20 21 [ RQ
Ordering Information
MDBSSC22AC 40 PinCerantic Package
MD655C22AE - 40 Pin Plastic Package

“FLAGS(IFR)

ENABLE (IER)

INTERRUPT CONTROL

.. |..PERIPHERAL (PCR) .

AUXILIARY (ACR)

FUNCTION CONTROL .

" LATCH | LaTen
(TILH) © (TIL)
. coumsa ! COUNTER
(TICH) -} (T1CL)

. HANDSHAKE CONTROL )

‘TIMERY - -

LATCH
Py

ctaresseseseens (...,....,...,....

COUNTER +COUNTER
{T2C-H) | "(T2CL)

| "lNPU’T LATCH (IR'A)

PERIPHERAL
INTERFACE *

DATADIR. (DDRA)

'PORT A REGISTERS

] SHIFT REGISTER (SR)

INPUT L‘ATCH'(IRB) ¥

...........................

pATA om, {DDRB)

TIMER 2

PORT B REGISTERS

Figure 1. Functional Block Diagram
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Preliminary Information

Absolute Maximum Ratings*

Parameter Symbol Min Max Units

1 | Supply Voltage Vpp-Vss 0.3 7.0 . Vv
2 | Voltage on any 1O pin TV, Vss-0.3 Vpp+0.3 v
3 | Current on any /O pin h +10 mA
4 | Operating Temperature Ta -40 +85 °C
5 | Storage Temperature Ts -65 +150 °C
6 | Power Dissipation Plastic Po 0.6 w

Ceramic Po 1.0 w

Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - voltages are with respect to ground (Vss) unless otherwise stated

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 Supply Voltage Vpp | 4.75 5.0 5.25 v -
2 Input Voltage Vin 24 Vpp " For a noise margin of 400
ViL VSS 04 v mV
3 Operating Temperature Ta -40 +25 | +85 °C
4 Operating Frequency f 0 20 | MHz
Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
DC Electrical Characteristicst - voltages are with respect to ground (Vss) uniess otherwise stated
Characteristics Sym | Min | Typt | Max | Units Test Conditions
1 Quiescent Supply Current Ipp1 20 LA | inputs High, ¢2 stopped
2 Operating Supply Current - lop 0.56 mA | $2=2MHz, Inputs High
3 Input High Volitage Vi 2.0 Vob \Y)
4 Input Low Voltage Vi Vss 0.8 \")
5 Input Leakage Current iz 25| uA |Vi=VssorV,=Vpp
R/W,RES, RS0-3, CS1, T32, CA1,
@2
6 Input Capacitance Cin 7.0 pfF | Ta=25°C, f=1MHz
7 Output High Voltage Von 24 VoD V | Vpp=4.75V, | gap = -100pA
PortB | Vou 1.5 Voo \ Vpp =4.75V, I gap = -1.0mA
8 Output Low Voltage Vou Vss 04 .V Vpp =4.75V, I gap = 1.6MA
9 Output Leakage Current TRQ| loz 0.01 10 uA | Off State
10 Output Capacitance Co 10 pF |Ta=25°C, f=1MHz
DC Electrical Characteristics are over recommended temperature range & recommended power supply voltages

* Typical figures are at 25°C and are for design aid on

AC Electrical Characteristics’ - voltages are with

ly: not guaranteed and not subject to production testing.

respect to ground (Vgs) uniess otherwise stated

Characteristics Sym | Min | Typt | Max | Units Test Conditions
1 ¢2 Cycle Period teye 0.5 us | see Timing Diagram 1
2 ¢2 HIGH Pulse Width tc 0.22 us - | see Timing Diagram 1
3 Address Set-up Time tas 90 0 ns |see Timing Diagram 2 &3
4 Address Hold Time tan 0 ns |see Timing Diagram 2 &3
5 ¢2 to Valid Data Delay (Read) tpoR 54 190 ns |see Timing Diagram 2
6 Data Hold Time (Read) toHR 10 20 ns |see Timing Diagram 2
7 Data Set-Up Time (Write) tosw | 90 42 ns | see Timing Diagram 3
Timing is over recommended temperature range & recommended power supply voltages. Test loads shown in figures > and 6.

* Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
Note: @ Rise and Fall times (t; &t;) are <10 ns; @ The term negate denotes removal of the active signal and assert denotes its presence.
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AC Eleétrical Characteristics' (Continue

d) - vottages are with respect to ground (Vss) unless otHerwisd statdd -

* Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to p

- Eharacteristics - sym | ‘Min | Typs |"Max | Unfts | TestConditions |
8 Data Hold Time (Write) toHw 10 0 ns |see Timing Diagram 3
9 Read/Write Set-up Time trws 90 10 ns |see Timing Diagram2 &3 -
10 ReadAVrité Hold Time - tawu | O ns |see Timing Diagram 2 &3 -
1 Peripheral.Data Set up Time - tpCR 150 0 ns |see Timing Diagram 2
12 Peripheral‘Data Delay Time tepw 1500 ns |see Timing Diagram 3
13 ©2 negate to CA2 fallingedge | tcaz 0.20 | 1.0¢ us |seeTiming Diagram4 &5
: (read, handshake-pulse mode) : :
4 14| - |@2negatetoCA2risingedge |- ts 1 0.10 | +0 }- us-{seeTiming Diagram4 - - -
(puise mode) . oy -
15 ‘CA1 assert to CA2 rising edge | tgs2 025 | 2.0 ps | see Timing Diagram 5
" | (handshake mode) o -
16 p @2 assert to CA2,.CB2 falling twhns | 0.05 | 0.07 1.0 Hs - |see Timing Diagram6 & 7
£ edge (write handshake)
17| r |Peripheral Data to CB2 falling tos 0.20 | 0.30 1.5 | ws |seeTiming Diagram6 &7
A ledge - 0 S B SR Rt agrent
118 |': @2 assert to. CA2, CB2 rising trs3 0.70 -}- 1.0- {.. ps -{see Timing Diagram 6
H | edge (pulse mode) ' 5
19| E |CA1, CB1 assert to CA2, €B2 trsa 0.30 20 us |see Timing Diagram 7
R |rising edge (handshake mode) o - g
201 A ] CA2, CB2 falling edge to CA1, ta1 | 400 | 330 ns  |seeTiming Diagram 7
L | CB1 assert (handshake mode)
21 Peripheral Data Set up Timeto | 300 0 ns |see Timing Diagram 8
| 1 cA1, €B1 assert (input Jatching) 1 L
22 ¥ CA1,CB1 negate timebefore .. | ta |tc+50| 160 .| ‘ns . rsee Timing Diagram 8
£ next latch
23} g |Peripheral Data Hold after CAt,] tpp | 150 50 rs |seeTiming Diagram 8 i
| F [CB1assert (inputlatching) . o e
24| a1 92 negate to Shift Data Valid tsr1 40 . 300 | -ns |see Fiming Diagram9
25| C |Shift Data Valid to ¢2 assert tsr2 300 20 |- - ng - tsee-Timing Diagram-10- - -
26| E |External Shift to $2 negate tspz | 100 | 220 | teye ns | see Timing Diagram 10
27|  [Pulse Width, CB1 input pulse ticw [2xtcyc ns |see Timing Diagram 11
28 Pulse Spacing, CB1inputpulse | tics [2xtcyc ns | see Timing Diagram 11
129 Pulse Width, PB6 input pulse tew |2xtcye "~ 'n$ | see Timing Diagram 12
30 Pulse Spacing, PB6 input pulse tips  [2xteye ns |see Timing Diagram 12
31 CA1, CB1, CA2, CB2 negate- tpwr {tc+50| 170. --ns . see.Timing Diagram 13
time before next assert . o
32 @2 assert to CB1 rising edge (SR | tppr 0 ns |see Timing Diagram 14
shifted by internal clock) , ‘
33 $2 assert to CB1 falling edge torL 0 ns .Jsee Timing Diagram 14
(SR shifted by internal clock) 1 _|J -
Timing is over recommended temperature range & recommended power SUDPTy VoIt Ges. Test 10ads Shown Tigures 5and 6.

roduction testing.

Note: @ Rise and Fall times (tg &t¢) are <10 ns; ® The term negate denotes removal of the active signal and assert denotes its presence.
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Timing Diagrams
The points from which these timing values are measured are V|, &V, forinputs and Voy and Vg, for outputs

teve
>2 / tc \1 /
] |-— — |<-—
tr te
Timing diagram 1. 2 Pulse
'
o / \ S
tas toor taH
i ]
cs1,652
RS0O-RS3
trws trwH
< N - -
RW \
toHR
N
DATA BUS X JK
tpcr
I
Peripheral
Data
Timing diagram 2. MPU Read Cycle
—
@2 / N\ /
tas tan
cs1,652 —
RSO-RS3 X; 4(
trRws tRWH
RV T\
N, v,
tosw toHw
s P |
-
DATA BUS X i(
torw
Peripheral
Data
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Timing diagram 3. MPU Write Cycle
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~ Read IRA S

\

tcaz

CA2, “Data
© Taken”

A

b &

Reacj IRA /

CA2, "Data
» . Ta.ken‘ -

_CA1, "Data
Ready”

7/ =
tcaz- e trs2 - -
\ N a—
N N ./ s
7/
I - i
4
l .Active’

Transition

Timing diagram 5. CA2 Timing for Read Handshake, Handshake Mode

WriteORA  —\
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[

Peripheral
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" Timing 'diagram'6. - CA2,CB2 Timing for Write Handsha

ke, Pulse Mode
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o _ /T N[ N
Write ORA —\ [ 7O

twHs
CA2, CB2 - el
"Data \ /’_
Ready” N £
. tps
. I‘ el Vayi
Peripheral X 77
Data : o
21 . trsa
- l pony
CA1,CB1 >
“Data
Taken” 4
_____ Active
Transition

Timing diagram 7. CAZ2, CB2 Timing for Write Handshake, Handshake Mode

PA,PB
Peripheral
Input Data - ——— ~/
I Bl [}
t 1
CA1, CB1 Input " PoH
Latching )('
Control N
ta | Active
Transition
Timing diagram 8. Peripheral Data Input Latch Timing
D2

CB2 SHIFT DATA
QUTPUT

tsr1
CB1 SHIFT CLOCK

(INTERNAL OR \\\\\\

EXTERNAL)

- Timing diagram 9. Timing for Shift Out with Internal or External Shift Clocking
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ISO-CMOS Preliminary Information

TABLE 1.
Pin Description

Pin #

Name

Description

Vss/GND

LOGIC GROUND

2-9

PAQ-PA7

PORT A BIDIRECTIONAL DATA INTERFACE. An 8line interface whose lines may be
configured individually as either inputs or outputs; as programmed in Data Direction
Register A (DDRA). The logic level of each pin programmed as an output is controlled
by writing to the appropriate bit in Output Register A (ORA), and the status of each
pin programmed as an input is reflected by the corresponding bit in Input Register A
(IRA). The logic thresholds of the port are TTL compatible and appear as one TTL load
when configured as inputs. '

10-15

PBO-PBS

PORT B BIDIRECTIONAL INTERFACE. These pins operate in the same manner as PAO-
PA7, under the control of DDRB, ORB and IRB. Their logic thresholds are TTL
compatible except that they can source 10 mA of currentat 1.5 volts, in order to drive
Darlington transistor pairs. Asinputsthey appear as one TTL load.

16-17

PB6-PB7

PORT B BIDIRECTIONAL INTERFACE; TIMER INPUT/OUTPUT. When the timers are
disabled, these pins are the two most significant bits of Port B, identical to PBO-P85.
PB6 also serves as a clock input for Timer 2, and PB7 can be used by Timer 1 to
generate waveforms. Control of the timer functions is provided by the Auxiliary
Control Register (ACR).

18-19

CB1,CB2

PORT B CONTROL LINES AND SERIAL PORT. The port B control lines have various
functions, determined by the state of the shift register control bits in the ACR, and
the port B control bits in the Peripheral Control Register (PCR). If the shift register is
disabled (the use of the shift register preempts the use of these pins by port 8), CB1
and CB2 are controlled by the state of the appropriate bits in the PCR. Under PCR
control, these pins are used for data transfer handshake control, specificaily in the
write direction (from the perspective of the microprocessor). As a serial port, serial
data is shifted in or out of CB2, and CB1 acts as a clock input or output. Both pins
operate as either inputs or outputs, and are TTL compatible.

20

Vpp

POSITIVE POWER SUPPLY.

21

RQ

INTERRUPT REQUEST.. This open drain output notifies the controlling microprocessor
that the MD655C22 needs to be serviced. it may only go low when the interrupt
enable bits in the Interrupt Enable Register (IER) are programmed to acknowledge
the source of the interrupt. :

22

DATA BUS BUFFER DIRECTION CONTROL. The direction control input determines
whether data is latched into, or read from the MD655C22.

23,24

32, Cs1

CHIP SELECTS 1 AND 2. These inputs, when asserted, enable the data bus buffer so
data may be transferred into or out of the device. Chip Select 1is active high, and
Chip Select 2 is active low. These inputs are qualified by the system clock (¢2) so that
a transfer may only occur when the system clock is high.

25

@2

SYSTEM CLOCK (OR ENABLE CLOCK). This input from the microprocessor allows
synchronization with the MD655C22 on data bus transfers. All microprocessor bus
set up times and hold times are referenced to the edges of ¢2. '

26-33

D7-DO

MICROPROCESSOR DATA PORT. This bidirectional portinterfaces directly t6 the host
microprocessor, providing a data path between the data bus and the internal
registers of the MD655C22. When not enabled by the Chip Selects and the ¢2 clock,
this port appears as a high impedance to the data bus. Whether the port is
configured as an input.or an output is determined by the state of the R/W input. All
pins interfacing to the microprocessor bus are TTL threshold compatible but are high
impedance inputs.
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. - TABLEt. .
L o Pin Description (continued) -
Pin# " Name R R 'Desci'ipt!m‘ P !
¢ 34 | RES | RESET. The reset pin allows an external réset“Bfthe device,.An active level (logic
: low) onv this inputwill clear all internal registers, except the shift registers and the
| timer latches. All functions are.disabled, including interrupts originating from the
device. The parallel ports initialize as inputs after a reset.
35-38 | RS3-RSO | REGISTER SELECTS 0-3. Theré are 16 registers inside the MD655C22, accessible from
the controlling mi¢roprocessor. When the ddta port is enabled, the selection of a
| register for participation in the data transfer isidetermined by the state of these
inputs. RS0 isthigleast significant bit of the 4 bif register address.
39,40 | CA2,CA1 | PORTA CONTROLLINES. These pins have a function.very similar to the port B
' controllines, however, CA1 and CA2 can be tsed for handshaking control in data
transfers in both the write and the read directions (from the microprocessor’s
! perspective). These pins are TTL threshold compatible but are high impedance
inputs. .
TABLE 2.
Register Decode And Designation
. ' Register Selected
RS3 RS2 RS1 | RSO ——
o Write Operation . Read operation
0 1 0 0 0 Output Register B (ORB) Input Register B (IRB)
0 10 | o0 1 . Output Register A (ORA) Anput Register A (IRA)
0 o 1.1 0 Data Direction Register B (DDRB) . | Data Direction Register 8 (DDRB).
0 0 1 1 Data Direction Register A (DDRA) Data Direction Register A (DDRA)
0 1 0 0 T1 Low Order Latches (T1C-L) ‘ T1 Low Order Counter (T1C-L)
0 1 0 1 T1 Highorder Counter (T1C-H) .1 T1 High Order Counter (T1C-H)
0 1 1 | 0] . T1Low OrderLatches(T1L-L) T1Low Order Latches (T1L-L)
S R G I A I .1...}. TrHigh OrderLatches (T1L-H) = | T1 High Order L’atches(Tﬁ; L-H)
1 1 0 | 0 |:0 | ' T2LowOrderLatches(T2C-L) T2 Low Order Counter (T2C-L)
1t o | o.] 1 T2 High Order Counter (T2C-H) | .. T2 High Order Counter (T2C-H)
1 0 1 0 Shift Register (SR) - Shift Register (SR)
‘1 0 1 1 Auxiliary Control Register (ACR) | Auxiliary Control Register'(ACR)
1 1 0 0 Peripheral Control Register (PCR) Peripheral Control Register (PCR)
111 0 1 Interrupt Flag Register (IFR). Interrupt Flag Register (IFR)
1 111 0 interrupt Enable Register (IER) Interrupt Enable/Registen(IER) -
1 v 1 1. ] 1 | ORA(withouthandshaking) | . IRA (withouthandshaking)




MD65SC22 150-CMOS Preliminary Information
TABLE 3.
Port A pin to register map
External Pin PA7 PA6 PAS PA4 PA3 PA2 PA1 PAO
Data Register bit ORAL7 ORAL6 | ORAL5 | ORAL4 | ORAR3 | ORAL2 | ORAp! ORALD
IRA,7 | IRAL6 | IRALS | IRAL4 | IRA3 | IRAL2 IRAL 1 IRALO
Data Direction Reg. | DDRA,7 | DDRAp6 | DDRA,S | DDRAL4 | DDRAL3 | DDRA,2 | DDRA,1 | DDRALO
bit
TABLE 4.
Port B pin to register map
External Pin PB7 P86 PBS PB4 PB3 PB2 PB1 PBO
Data Register bit | ORB,7 | ORB,6 | ORB,5 | ORBy4 | ORBp3 | ORB,2 | ORBy1 | ORBLO
IRBy,7 IRBy6 IRBy,S IRBp4 IRB,3 IRBy,2 IRBy 1 IRBL0
Data Direction Reg. | DDRB,7 | DDRB,6 | DDRB,S | DDRBy4 | DDRBy3 | DDRB2 | DDRB,1 | DDRB,0
bit ‘
TABLES.
Data Register A operation
Data DDRApx = 0 (input) DDRApx = 1 (output)
Flow ACR,0=0 ACR,0 =1 ACRp0 =0 ACRp0 =1
Read P reads logiclevel of |uPreadslogiclevel of ]uPreadslogiclevel of | uPreadslogiclevel of
IRA | port pin transparently | port pin transparently | port pin transparently | port pin transparently
until an active signal is until an active signal is
applied on CA1, which applied on CA1, which
latches the state of the latches the state of the
port pin until the port port pin until the port
is read. is read.
write |togiclevel of pinsnot |logiclevel of pinsnot  }logic level of output logic level of output
ORA ] affected until direc- affected until direc- pins follows logic level | pins follows logic level
tion of pin is changed* | tion of pinis changed | writteninto ORA written into ORA

*may Be continually rewritten, retaining last data written

TABLE 6.

Data Register B operation

tion of pin is changed*

tion of pin is changed

Data DDRByx = 0 (input) DDRByx = 1 (output)
Flow ACRp1=0 ACRp1 =1 ACRy1 =0 ACRp1 =1
Read | uPreadslogiclevel of |uPreadslogiclevel of | uP readslogiclevel P reads logic level
IRB ] port pin transparently | port pin transparently | written to the ORB, written to the ORB,
until an active signal is | not what may be on not what may be on
applied on CB1, which | the port pin. the port pin.
latches the state of the
port pin until the port
is read.
Write |logiclevel of pinsnot |logiclevel of pinsnot | logic level of output logic level of output
ORB | affected until direc- affected until direc- pins follows logic level | pins follows logic level

written into ORB

written into ORB

*may be continually rewritten, retaining last data written
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TES,TvPb-t'NT (Ofequlvarent)

MMD7000
" {or equivalenty

“Figure 5. Test load for all pins. exceptTRU

SWDC

TEST POINT

Figure 6. Testload for IRQ
-FUNCTIONAL DESCRIPTION

The MDGSSC22 is a system utility dewce, combining
‘multiple functions into one component. The
‘MD655C22 provides 2 hidirectional, parallel ports (8
-bit); a bidirectional serial port; and 2 timers (16 bits
‘each).- Each function is-qualified by a number of
.powerful and flexible user modes. Access and
‘control of the MD655C22 utility is provided through
a.micropracessor interface and 16 programmahle
.registers. Complimenting this interface, a maskable
‘interrupt capability may be used to notifiy the
-microprocessor of real time events: Two registers
:are provided to qualify the possible sources of an
interrupt, and to determine which source
originated.an mterfupt

‘Parallel Port Operation (Port A and Port B)’

There aré 7 registers that control and report the

state of parallel ports A and B. The. determination .

‘of a port pin-as an input or an output is performed
'by the contents of the Data Direction ‘Registers
(DDRA and DDRB). Writing a bit in a DDR to a
logical ‘1’ defines the corresponding pin of the port

,as an output. Conversely, writing a logical ‘0’ to'the .

‘bit-causes theport-pm tobe aninput.. DDRALQ (bit 0

" mode.

in DDRA) controls the direction of pin PAQ, DDRA,1
controls.the direction of pin PA1, etc., up to DDRA7
controlling PA7. Port. B8 pins.follow the same
conventions for mapping to DDRB bits. The
contents of the DDRs may be read back by the
microprocessor. ‘

The ‘Data Registers (ORA-B-and RA-B) ‘control and
monitor the logic level of their respective pins. -The
bits of these registers are mapped ta the pins of the
ports in the same manner as the DDRs.. If a paraliel
port pin is-defined as an output, the {ogic level of
the pin follows the logic level written into the
corresponding bit in the port’s OR. When the pin is
defined-as an input, writing to the OR has no effect,
the state of the pin may only be monitored.
Changing the pin from an input to an output will
cause the logic level of the output to follow the last

__logiclevel written to the OR bit.

'Read ‘access to individual bits in the OR and the IR is

determined by the appropriate bit in the DDR. As
well, there are'differences between Port A and Port
B. Port B pins configured as outputs will only return

-the last logic level written to them. Port B pins

configured as inputs, and Port A pins configured as
both inputs and outputs have 2 modes in which they
may monitor data: transparent mode and latch
In transparent made, reading an IR bit or
ORA bit always returns the actual logic level present
on the parallef port pin. In latch-mode, an-active
transition on CA1 or CB1 (CA1 for port A'and CB1
for port B) will Jatch the current logic level of . the
pin into its respective IR bit or ORA bit, until it is
read by the microprocessor. After the bit has been

" read, and until the next active transition of CA1 or

CB1, each bit follows the logic level of its pin as in
transparent mode. '

- Latch mode may be enabled or disabled by 2 bits in

the Auxiliary Control Register (ACR): ACR,0 (Port A)
and ACR,1 (Port B). Writing a logical ‘0’ to these
bits disables the latching of the parallel ports, and
logical “1* enables latching. Figure 7 shows the
input /output clrcuntry of each of the parallel port
pms

Handshaking

The Control pins (CA1, CA2, CB1 and CB2) have the
task of providing handshaking for data transfers

- {via the MD655C22) between the controlling

microprocessor and another 'device. The various
operating modes of the Control lines are
determined by the contents.of the Peripheral
Control Register (PCR). PCR,0°and-PCRy4 define the
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active edge of the CA1 and CB1 inputs respectively.
PCR,1-3 determine the operation of the CA2 pin,
and PCRy,5-7 determine the operation of the CB2

pin.

Port A may be used for handshaking data transfers
in both the microprocessor to peripheral device
direction (write) and in the peripheral device to
microprocessor direction (read). Port B only
provides handshaking in the microprocessor to
peripheral device direction. It should be made clear
that handshaking only occurs in 2 out of a possible 8
modes for the CA2 and the CB2 pins. These are
clearly shown in Table 7 as the “Handshake mode”
and the “Pulse mode”. The setting of the pertinent
bits in the PCR for these modes as well as the other
modes of the CA2 and CB2 lines are shown.

The protocol for a controlled data transfer in
“Handshake” or “Pulse” mode depends on the
direction of the transfer. A “write” (supported on
Port A and Port B) transfer is initiated by the
microprocessor writing data to the OR. In “Pulse”
mode, a pulse {one ¢2 cycle in duration) is then
output on CA2 or CB2. In Handshake mode, CA2 or
CB2 goes low until a response from the peripheral
device. This signal on CA2 or CB2 is equivalent to a
“Data Ready” signal from the MD655C22 to the
peripheral device. The peripheral device may now
read the data on the port's pins, and must
acknowledge the receipt of the data by applying an
active edge on the CA1 or CBT line. If the
“Handshake” mode is enabled, application of the
“Data Taken” signal by the periphera!l device will
cause the MD655C22 to remove the “Data Ready”
signal. “Data Taken"” also sets the interrupt flag for

TABLE 7.
Peripheral Control Register (CA1, CA2, CB1, CB2 control)

b7 { b6 | b5 | b4 | b3 | b2 | b1 | bO

Operation

x x| x{x!{x]x]|x]|O0

CA1 interrupt control, negative active edge

x| x I x| x| x| x]x 1

CA1 Interrupt control, positive active edge

x| x{x|x|0]0] 01} x |CA2control,input, negative active edge

x| x| x| x]o0o]o0o]|11{x |CA2control,input, negative active edge, not cleared by read of O/IRA*
x| x| x| x| 0] 10| x |CA2control, input, positive active edge

x| x| x1x|0] 1] 1] x |CA2controi, input, positive active edge, not cleared by read of O/IRA*
x| x| x]1x]1]0]0][ x |CA2control, output, “Handshake” mode

x| x| x| xj1]01}1]| x |CA2control, output, “Pulse” mode

CA2 control, output fow

CA2 control, output high

CB1 Interrupt control, negative active edge

CB1 interrupt control, positive active edge

CB2 control, input, negative active edge

CB2 control, input, negative active edge, not cleared by read of O/IRB*

CB2 control, input, positive active edge

CB2 control, input, positive active edge, not cleared by read of O/IRB*

CB2 control, output, “Handshake” mode

CB2 control, output, “Pulse” mode

—_
- O o
-

b
x
x
x
x

0|l x x| x| x| x

CB2 control, outputlow

TPt x ] x| x| x| x

CB2 control, output high

" *See section on IFR function
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CA1 or CB1, which will cause an interrupt of the
microprocessor if that particular interrupt is
enabled. The interrupt may be removed by the
microprocessor writing to the port.:

A "read” data transfer (supported on only Port A)
follows a very similar pattern to''the “write”
protocol. A “read” data transfer is initiated by the
. peripheral device by presenting an active edge to
the CA1-input (“Data Ready") when:the data from
the peripheral is present on Port A pins. This will set

the interrupt flag for CA1, and if this interrupt is -

enabled, the microprocessor will be interrupted.
The microprocessor may read the data at Port A,
thereby removing the interrupt and presenting a
“Data Taken" signal or pulse (one ¢2 cycle in
duration) on CA2 "Data Takén" is cleared by-the
next active edge of "Data Ready” from the
peripheral device.

In Port A operation, the type of handshaken ‘data
transfer performed (“read” or “write*) depends on
what event occurs first after the last data transfer; a
write into ORA by the microprocessor, or a “Data
Ready” signal from the peripheral device. -For data
transfers that do not require handshaking, there are
6 modes.of CA2, CB2 control that do not follow the
previously described protocol. - As illustrated in
Table 7, the logic level of CA2 or CB2 may be placed
high or low, independent of any action from the
peripheral device. CA2 and CB2 may also be
configured as inputs that trigger an interrupt to the
microprocessor. Selection is- available between
which edge of an input (positive or negative) causes
interrupt triggering, and the manner in which the
interrupt is cleared is also selectable (Table 7).
Interfupts from the CA2 and CB2 inputs may be
cleared by reading their respective IRs; or writing

Dow

Data Direction

Dout

Vce

|

1

Figure 7a. Port A Equivalent Circuit.

p PORTPIN

Data Direction

Figure 7b. Port B Equivalent Circuit.

DATA BUS
—E—-—‘—— SELECT
P PORT PIN
DATABUS |
T skt

Figure 7. Port A and Port B Equivalent Circuits.
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into the Interrupt Flag Register (IFR) may be made
mandatory in order to clear the interrupt. This
latter method of clearing interrupts is described in
the section on the IFR.

A final register is provided for use as a parallel port.
This register is equivalent to ORA and IRA, however
data transfers performed through this register may
not utilize the handshaking protocol (see table 2).

Timer 1 Operation

Timer 1 (T1) is an interval timer, which decrements
from a programmable 16-bit count to zero. When
the count reaches zero and subsequently rolls over
to FFFFy, an interrupt flag in the IFR is set,
interrupting the uP if enabled in the Interrupt
Enable Register (IER). T1 decrements every full cycle
of the ¢2 clock. The timer is divided into a low

count and a high count, each of which are
separately accessible.

TABLE 8.
Shift register operation

SR DISABLED - SR interrupt flag disabled, and CB1 and CB2 controiled by contents of

SHIFT IN UNDER T2 CONTROL - CB1 is an output and CB2is an input. CB1 is normally
high. Aread or a write to the SR initializes shift operation. CB1 changes state on
every T2 timeout (N + 2 cycles of ¢2 and coincident with the rising edge of ¢2; note
that only the lower byte of the timer is used in the timeout) after the read or write of
the SR. Data at CB2 should be stable until the falling edge of ¢2 (which shifts in data)
following a rising edge of CB1. After 8 pulses on CB1, the interrupt flag will be set
and CB1 will remain high. If enabled in the IER, the interrupt pin will go low on the
falling edge of ¢2 following the last rising edge of CB1. This interrupt is cleared by

SHIFT IN UNDER CONTROL OF 2 - Similar to mode 1. CB1is an output and CB2is an
input. CB1 is toggled on the rising edge of ¢2 after shift initialization, providing a
frequency half that of 2. All other operation is the same as mode 1 (see fig. 9).

SHIFT IN UNDER CONTROL OF EXTERNAL CB1 CLOCK - CB1 and CB2 are both inputs.
Data is shifted in on each falling edge of the first ¢2 cycle after the rising edge of the
signal on CB1. Since CB1 may not be synchronized with ¢2, data must be held at CB2
for at least one full ¢2 cycle after the CB1 rising edge. Initialization and interrupt

initialization. When data is written to the SR, it is shifted out asin mode 5, but is
shifted back into the most significant bit. CB1 continues toggling and no interrupt
flag is set after 8 T2 timeouts. The same data will continue to be shifted out until new

SHIFT OUT UNDER CONTROL OF T2 - CB1 and CB2 are both outputs. Similar to mode
1, but CB2 is now an output. Last data is maintained on CB2 until next falling edge of
@2 after falling edge of CB1. Initialization and interrupt operation is the same as

SHIFT OUT UNDER CONTROL OF ¢2 - Same as mode 5, but CB1 behaves as in mode 2

SHIFT OUT UNDER CONTROL OF EXTERNAL CB1 CLOCK - CB1 is an input and CB2 is an
output. Similar clocking operation as mode 3, data is shifted out on the first falling

ACR state .
Mode Operation
b4 | b3 | b2

0 o(o]o
PCR.

1 010711
the next initialization of the shift operation (see fig. 8)

2 0|1 0

3 o] 1|1
operation is the same as modes 1 and 2 (see fig. 10).

4 1] 0 | 0 | SHIFT QUT FREE RUN AT T2 RATE - Same as mode 5 except no interrupt, no
data is writen to the SR (see fig. 11).

5 11011
mode 1, but last data remains on CB2 until nextinitialization (see fig. 12).

6 1]1]0
(see fig 13).

7 1 1 1
edge of ¢2 after the falling edge of CB1. Data remains on CB1 until next shift.
Initialization and interrupt are the same as the mode 6.
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To alleviate the- synehronizatibn problem of

transferring 16 bits: of data to the counter
simultaneously, the low arder count of T1.is always
latched when written by the'uP (a write. to T1C-L or
Til-L). When.the -count for the-high order byte is
written (a write to T1C-H), the- low, order byte is
transferred.from its latch to the timer. This write to
the high order:count initiates a ¢ount-down on the
next cycle of $2 immediately following.

A latch for the high order count of the timer is also
provided (T1L-H), because Tt reinitiates its count
automatically in one mode of operation. This
causes a:requirement for the data to be available
repeatedly. Writing to this latch does not transfer
the data to the count until the current count

decrements to zero.: Writing to T1C-L and T1L-L are
equivalent operations, however:reading. T1C-L will
return the current state of the low-order count, just
as reading . T1C+H returns the current state of the
high order count. Reading Tit-L:and TiL-H will
merely return the values written to those latches by
the uP. Writing to T1C-H and reading .from T1C-L,
both clear the interrupt flag (cleating the interrupt
to the uP if it.is enabled). Any access of the T1L:
registers will not affect the operation of .the
interrupt mechanism. A'passive read or write of the:
timer latches, that doesn’t affect the current count
of the timer, will prove useful in the “continuous”
mode of operation.

T1 aliows 2vmed'es of 'o'peration, the “single pass
mode” and the “continuous mode”, selected by the

, TABLE 9.
Interrupt Flag Register o
':i: Source Set by Cleared by
0 CA2 CA2 active edge Read-or Write of O/IRA* or set IFR bit
1| CAT " [CAYactiveedge Read or'Write of O/IRA o set [FRbit ="~
"2 [ SHIFTREG | Completion of 8 Shift Register shifts | Read or i;Write" of SRorset IFRbit .
'3 €82  |CB2activeedge Read or Write of O/IRB* or'set IFR bit
a 81 |cB1active edge Read or Write of O/IRB or set IFR bit
5 | TIMER2 |TimeoutofT2 Read T2low or Write T2 high, "6r’ set IFR bit
6 | TIMER1 |TimeoutofT1 Read T1jow or Write T1 high, or set IFR bit
7 | TRQ |Anyenabled interrupt Clearing all enabled interrupts '

‘See Table 7. 1% |t is mdlcated there that the ffag w1|| not be cleared by a Read or Write of OVIRAor O/IRB, then the flag must be cleared -

requore this method of flag clearing. .. ...

an’interrupt.

-TABLE 10.
- Interrupt Enable Re lster g
IER | ENABLE Disabled by Enabled by

0 CA2  ]|write 0xxxxrxx1'2 to IER, returns Txxxxxx1; "I Write 1x~xxxx5<1'2 to IER, returns 1 x'_'xxxxez

1 CA1 Write Oxxxxx1x; to IER, returns Txooxix;  [Write 1x0xxxx1x, to IER, returns 1xxxxx0x;

2 | SHIFTREG ] Write Oxxxx1xx; to IER, returns 1 X1 XXz | Write 1x&xx1kxé to [ER, returns 1 X.X,XX,Q;(Xz |

3 CB2 Write Oxxx1xxx; to IER, returns 1xxx1xxx, | Write 1xxx1xxx; to [ER, returns 1xxx0xxxy _

4 cB1 [write Oxx1xxxx; to IER, returns Ixxixxxxy | Write 1xvx1‘xxxxz t0 [ER, returns 1xx0xxxx; |

5 | TIMER2 |Write OxTxxxxx; to |ER, returns 1xTxxxxxy | Write 1x1xxxxx; to IER, réturﬁs 1x0xkxix2 '

6 | TIMER1" fwrite 01 xxxxxx; to IER, returns 1 oo | Write 1 1xxxxx; to 1ER, returns 10XXXXXX
Note: x is intended-to reprmm: don t care m all bmary fepresentatlons, retumed data is data read subsequent to enable br dtsable of .
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state of ACR,6. In both modes, if DDRB,7 and
ACRy7 are 1, pin PB7 may be controlled by the timer.
Otherwise, control reverts to the parallel port. In
“single pass mode”, the timer will decrement from
the programmed count to zero, set the interrupt
flag, and disable further interrupts. The interrupt
may be cleared by reading T1C-L or by reading T1C-
H, but further interrupts are only made possible by
initiating another countdown (a write toT1C-H).
Writing to T1C-H also effectively loads register T1L-
H with the same data. If ACR,7 =1, and DDRBp7 =1,
then PB7 will be low for the duration of the single
pass countdown (N + 1.5 cycles of ¢2, where N is the
contents of the low count and the high count), then
go high until the next count is initiated. Time from
count initiation to interrupt flag set is the same as
the period of the PB7 negative pulse.

In “continuous mode” (ACRy6 = 1), rather than
disable interrupts after the zero count is reached,

the count is transferred into the counter from the
high and low order latches, and the timer starts the
count over. PB7 alternates between a high and a
low on each timeout. The interrupt on timeout may
be cleared without affecting the countdown, by
reading T1C-L. Providing the ability to alter the
contents of the latches without affecting the
current count allows the period of the next timeout
to be varied. This provides the facility for
generating complex waveforms on PB7. The
waveform on PB7 in continuous mode begins with a
low going half cycle of N+ 1.5 ¢2 cycles duration,
where N is the value of the count. Subsequent half
cycles will be N +2 ¢2 cycles in duration. Timeout
can be "postponed” by writing to T1C-H before
timeout occurs. This effectively starts the count
immediately at its new value. The ability to do this
is valuable for use in "Watchdog” or “Sanity” timer
functions (if the interrupt occurs, a recovery process
begins).

TABLE 11.
Auxiliary Control Register

b7 b6 | b5 | bd | b3 | b2 | b1 | b0

Operation

Port A latch disable

Port A latch enable

Port B latch disable

Port B latch enable

Shift register disabled

Shift register shift in under control of T2

Shift register shift in under control of ¢2

Shift register shift in under control of extertnal clock

Shift register shift out free running at T2 rate

Shift register shift out under control of T2

Shift register shift out under control of $2

Shift register shift out under control of external clock

T2 Timer timed interrupt

T2 Timer count down with pulses on PB6

T1 Timer timed interrupt each time T1 is loaded (PB7 disabled)

T1 Timer continuous interrupts (PB7 disabled)

T1 Timer timed interrupt each time T1 is loaded, PB7 one shot output

T1 Timer continuous interrupts, square wave output on PB7
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Timer 2 Operation

Timer 2 operates in 2 modes: a single pass mode
similar to'that of Tt (ACR,5 = 0), and a pulse count
mode (ACR,5=1t). Because ‘there is no
“continuous” mode operation, a high order byte
latch is not needed to store the value of the high
order count for-sequential timeouts. Again, the
interrupt flag may be cleared by reading the T2C-L
and writing to T2C-H reinitializes the timeout as
well as clearing the interrupt flag. Reading either
T2C-L or T2C-H transfers the contents of the timer
onto the data bus. Interrupt occurs N +1.5 ¢2 cycles

after timeout initialization just as in T1 operation, '

but, although interrupts are .disabled until
reenabled by writing to T2C-H, the count rolls over
to FFFFy'and continues to decrement. The user may
use this feature to determine how long it took to
service the interrupt. Response time is measured by
subtracting the count of the timer from FFFF,.

In Pulse counting mode, the count of the timer is
decremented by negative pulses on PB6. PB6 must
be configured as.an input by DDRBy6, and
ACRy5 = 1. The'interrupt flag is set by the pulse that
rolls the count in T2 ovér to FFFFy. As in other
modes, the interrupt may be cleared by reading
T2C-L or T2C-H, but to enable subsequent interrupts
T2C-H must be written to.

shift Register Operation

‘Parallel /Serial VO operations are made possible by

the provision of an 8-bit serial Shift Reglster (SR).
The serial port uses the 2 port B contral pins (CB1
and CB2) when operating. CB1 is used for
synchronizing the shifting operation. In some
modes it is used as an output, providing shift timing
for external circuitry; in other modes it is used by
the external circuitry to control the shift operation
of the MD655C22. CB2 is the data stream, and can
be configured as either an input or an output.

When being used as an output, data in the SR is
shifted from the least.significant bit, towards the
most significant bit, through the intervening bits.
From.the most significant bit, the data is shifted out
of CB2. This direction of shifting produces a serial
data stream starting with the most significant bit of
the SR contents and ending with the least

in the register are cleared, or disabled in the IER.

significant bit of the SR contents. When CB2 is
being used as an input, the same shift-direction is
followed, so_the first bit in the serial stream will:
become the most significant bit in the SR after 8
shifts.The order of bit transmission and reception’
should be taken into consideration when trying to
use the MD655C22 to communicate with a device

that _uses a standard serial communication protocoi

(MD65SC51 ACIA), as these devnces shift the least
significant blt ‘out first.

The operptmg mode of the SR is determined by the
state of several bits in the ACR: ACR,4, ACRp3 and
ACRp2. for a description of the operating modes of
the SR, see Table 8.

Interrupt Registers (IFR and IER)

Control and monitoring of the’many different
interrupts that may originate from the MD655C22 is
implemented by the Interrupt Flag Register and the
Interrupt Enable Register. Specific events have been
described that set (logic '1) a bit in the interrupt
flag register. Such an event does not necessarily
interrupt the microprocessof. To assert the
interrupt pin, the bit in the IER that coincides with
the set flag must be set (by a write of a logic 1 from
the uP). IFRy7 reflects the state of the interrupt pin. -
If the interrupt pin is asserted, IFR,7 will be set
(logic '1°), otherwise it will be clear. :

The IFR may be read to determine the origin of an
interrupt, or it may be written to.- Writing to the IFR
provides an alternate method of clearing an"
interrupt flag (modes 1 & 3 - CAZ and CB2). This
may be-done by writing a-logic ‘1’ to the bit
intended to be cieared. IFR,7 may not:be cleared in -
this manner, it may only be cleared if all other flags -

IER is also a read/write register. As explained,
writing to the register enables or disables interrupts
to the uP. f IER,7 is a 0, when writing a byte of
information to IER, any other bit in the byte that is
a logic '’ clears its corresponding.interrupt enable '
bit. When'a 1 is written to1€R,7 , any other bit in
the byte that is a logic "1" sets its corresponding
interrupt enable (set=enable; clear =disable).
Reading the register returns the enabled/disabled
information (enabled = logic ‘1!, disabled = logic
'0°) written to the register, except for IER7. This bit
alwaysreturns a logic '1". )
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b2

Read SR

CB1 Output

CB2 input

RQ Not Valid data

Figure 8. Shift Register timing in mode 1
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Figure 9. Shift Register timing in mode 2
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Figure 10. Shift Register timing in mode 3
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CB2 0utput 1 X 2 X 3 7/ s X S X
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CB2 Output
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Figure 13. Shift Register timing in mode 6
Note: Shift register mode 7 has similar timing characteristics to mode 6 except CB1 is an input, and is not dependent ®2. IRQ goes low
on the next rising edge of P2 after the rising edge of the eighth CB1 Pulse



