TIMER, INTERRUPT AND COMMUNICATIONS CONTROL (TICC)

In addition to the general purpose I/O ports of the system connector,
there is an 8-bit parallel input port and a separate 8-bit parallel
latching output port available on the 25-pin DEVICE CONNECTOR
(see Section 6. 1.5 ). Data transfer between these ports and the

8080 CPU is under the control of the Timer, Interrupt and
Communication Contzrol, TICC; hence these ports are referred

to as TICC 1/O ports. An 8-bit word present at the TICC input

port can be transferred into the accumulator with the "LDIN"
instruction, while the content of the accurnulator can be trans-
ferred to the TICC output port with the "STOUT" instruction.

The TICC output port is inverting.

The serial input-output, the interrupt processing and the interval
timers are also under the control of the TICC. This section dis-
cusses the TICC features and provides the background information
that will enable the programmer to use the DCE as a microcomputer

with powerful real-time processing capability.

SERIAL INPUT-OUTPRUT
Serial output data from the DCE pass through the SOPOS, SONEG

output pair, and the input serial data to the DCE pass through the
SIPOS ans SINEG input pair located at the DEVICE CONNECTOR.
Both pairs are optically isolated from the DCE circuits and are
compatible with 20mA current loop system. The serial input

is conditioned by a schmidt trigger that switches on at 10mA and
otf at 5mA, providing thus a high degree of noise immunity. The

serial output is capable of switching 30mA.

The serial 1/O can be connected in a passive mode or in an active
mode. The passive mode is used when the external device supplies
the current. In this case connection is shown in Figure 3-1.

The active mode is used when the external device does not




supply the current which 1s usually the case with the teletype. For
this case the connection to the teletype is shown on Figure 3-2.

Section 3, 1.2 describes the necessary teletype modifications.

The serial receiver register of the TICC detects the start and stop
bits of an incoming character and places it into the receiver buffer,

At this time the internal '"receiver-buffer-loaded' flag goes high

indicating to the CPU that the receiver is loaded with a new character,
If the interrupt-mask-register does not mask this particuler input off,

and if no higher priority interrupts exist at the time, this flag will

interrupt the CPU and cause it to enter the "read-receiver-buffer” .
routine, at the vector address 0020H, which transfers the buffer .
contents into the accumulater and processes the data. The "receiver-

buifer-loaded" flag is reset automatically when the receiver buffer is read.

Before serial transmission of output data, the program must send the

control word to specify the BAUD rate and number of stop bits desired

(see Section 4. 4.3). The program provides this facility by transferring

an 8-bit code from the accumulator to the TICC rate register by the

instruction "STCRR™", The code in the TICC register defines the BAUD

rate and the number of stop bits. Once the BAUD rate is set, the instruc-

tion "STXMT'" loads the character to be transmitted into the transmit

buffer. The serial transmitter register, upon receiving the character .
from the buffer, generates the "start' and "stop' bits and shifts the

data out at the programmed rate, independently of the CPU.

While the transmitter is shifting out the serial data, the CPU can be
executing another program function, At the time that the transmit-
buffer goes empty and the TICC is ready to receive the next character
from the 8080 CPU, it will set the "transmit-buffer-empty'’ flag
"high' and force an interrupt to occur, The program can then load the
next character into the TICC transmit buffer and return to execution

of the program function that was in progress before transmit-buffer-

empty was signalled,



TICC 1/0 Conditions and Characteristics

PARAMETER MIN TYP MAX| CONDITION
High level input voltage, V I3 3. 3v bv
Low level input voltage, V”_ -lv 0, 8v
Input current II J—rlOpA Ty =i~ &y
High level output voltage, VOH 3. Tw IOH = 400pA
F lew i TR v . =
Low level output voitage. V . 0.45v |1 OL 1. TmA
Interrupt pulse width, tw 500ns
Interrupt pulse spacing 500ns
SERTIAL OUT
Breakdown voltage, V(BR}CEO 30v
Collector leakage, ICE.O 100nA VCE = 10w
Saturation voltage, VCF(SAT} 1. 2%
Rive and fall times, LR, tF hB?;IiS&C VCE = 10v
SERIAL IN IC = 10mA |
Forward current, IF{M_AX} 20mA | continuous !
Reverse voltage, BVR 3v
Forward voltage, Vuﬁ e b IF = 20maA
Turrn on carrent, I?[:OI\?) 10mA 15mA |
Turn off current, IF{OFF‘} ZmA | 5mA
Rise and fall times, th- tF i 400ns
DCE TERMINAL
Pin 22 Print -
(SONEG)
SERIAL - OUT
Pin 21 Print +
{(SOPOS)
: Keyboard -
Pin 18 &
(SINEG)
SERIAL - IN
Pin 17 Keyboard +
(SIPOS)

Figure 3-1 Terminal Connection, Passive Mode
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Teletype Modifications

The 20mA serial [/O of the DCE can be used directly as teletype

interface, The user must conunect the keyboard and the teleprinter

to the DCE, if 2 33ASR teletype is used,for communications with

the microcomputer. For this connection a slight modification

of the MODEIL 33ASR is necessary, This modification pro-

cedure is detailed in the following two steps:

Change the factory-wired 60mA mode to 20mA mode by
changing the resistor taps from the existing (factory tapped)
at 750ohm position to the end (14500hm) position in the
electrical service unit. Push-on taps are provided, and
no scldering 1s required, Refer to Figure 3-3 on page 3-7
for the location of the resistor, Figure 3-4 shows the

location of the taps.

In addition, a single wire on the barrier terminal strip must
be moved at the rear of the electrical service unit. Unscrew
the violet wire from terminal 8, and move it to terminal 9.

Refer to figures 3-4 and 3-5 on page 3-7.

Change the factory-wired half duplex mode to full duplex mode
by moving both the blue-white and the brown-yellow wire to
terminal number 5. These leads are factory-wired to termin-
al 4 and 3 respectively. Refer to figures 3-5 and 3-6 on page
3-7.
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Certain applications may require the DCE to control the tape
reader drive. This can easily be accomplished by installing
a simple relay circuit into the electrical service unit of the
33ASR. Realize the relay circuit on a small vector board
with a Potter-Brumfield (No. JR-1005) relay, a carbon
composition (470 ohm, 0, 5w) resistor,l and a (0. LuF, 200 vdc)
capacitor as shown on figure 3-7 on page 3-8. Mount this

auxiliary circuit on the vertical metal tab as shown on figure

3-8 on page 3-8.

Figures 3-7 and 3-9 show how to wire the auxiliary board into
the electrical service unit. Splice into the brown wire and
connect a lead from the splice to one side of the JR-1005
relay. Connect another wire from the splice to the LOCAL
position of the MODE switch. Connect the LINE position

of the mode switch to the other side of the JR-1005 relay.
Identify the LOCAL and LINE terminals referring to

figure 3-10. Figure 3-2 on page 3-4 shows how to inter-

connect the DCE to the modified teletype.
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INTERRUPTS (8-bit DCE)

Interrupt processing ease is one of the most powerful features

of the DCE that allows maximum utilization of the CPU. Complex
interrupt structures can be established by software that tailors

the response of the DCE to customized circumstances under the
control of the microcomputer. For example, several peripheral
sensors or devices having different priority levels can share DCE
execution time. The programmer has the flexibility to use the
interrupt control functions to establish priority, mask out undesired
interrupts, or generate interrupt requests to deal with high priority
conditions. For example, a vectored interrupt is generated when
any of the five interval timers count down to zero. If any of the
peripheral devices can accept data only at certain time intervals,

the program can load one of the timers with the number corresponding
to the time interval. While the CPU is processing the main program,
the timer counts down. At zero, the CPU is made to branch to the
routine that outputs the next data byte, and then it returns to the
execution of the main program. Re-loading the timer can be part

of the output routine to ensure continuous data output at the desired

time intervals.

The programmer can selectively enable desired interrupts by
loading a control word into the Interrupt Mask Register from the
accumulator with the "STIMR'" macro instruction. A logical ONE

at bit position 'n' of this register allows interrupt 'n' pass through
to interrupt the executing program and branch to the vector address
specified in Section 3. 2.3, The PROM (or RAM) memory at the
address specified must contain the start of the interrupt service
routine which saves the CPU registers (if necessary), performs
the required processing functions, restores CPU registers, enables
CPU interrupts and returns to the previous program. Interrupt
requests disabled via the interrupt mask register are also latched
in the TICC interrupt register. If the corresponding bit in the
interrupt mask register is set subsequently, the interrupt request

will become active. All the 8 interrupts are handled by the TICC.
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The programmer can choose two different ways to configure the DCE
for servicing an interrupt; he can set up an interrupt driven system

or a polled interrupt system.

Interrupt Driven System (see Figure 6-1, 6-2)

Conditions: a) CPU interrupts are enabled
b) Bit 3 of TICC Command Register is set

c) Interrupt Mask Register corresponding to interrupt
is set.

The following is the sequence of events when an interrupt occurs:

1. The Interrupt Register latches the interrupt condition and the
corresponding bit remains set until the interrupt is serviced
(i. e. the TICC transfers the corresponding RST instruction to
the CPU).

2. TICC sets bit 5 of TICC Status Register high to indicate interrupt
pending.
TICC sends an INT signal to CPU.

4, CPU acknowledges interrupt with an INTA signal,
TICC transfers the RST instruction of the highest pending interrupt
to the CPU and clears the corresponding bit in the Interrupt
Register.

6. CPU loads the program counter with the RST address and program

execution starts at the interrupt service routine,

Polled Interrupt System (see Figure 6-1, 6-2)

Conditions: a) CPU interrupts are disabled
b) Bit 3 of TICC Command Register is cleared
c) Interrupt Mask Register bit corresponding to interrupt

is set.

In this system an interrupt condition will not interrupt the CPU,



The following is the sequence of events:

1. The Interrupt Register latches the interrupt condition and the
corresponding bit remains set until the CPU reads the interrupt
address register,

2. The TICC sets bit 5 of TICC status register high to indicate
inter rupt pending.

3. TICC sends an INT signal to CPU. The CPU does not acknowledge
the INT signal since its interrupt is disabled. (see note)®

4, When the program is ready to accept an interrupt, it must poll
the interrupt pending bit of the TICC Status Register (bit 5).

5. If the interrupt pending bit is set, program must read the interrupt
address register, where the address of the highest priority pending
interrupt is stored. This reading clears the interrupt register bit for
that interrupt. When the RST instruction in the interrupt address
register is executed, the corresponding service routine is entered
{can be done by loading program counter with 9802H via H, L registers).

*NOTE:

If the CPU interrupts are enabled in this mode the CPU will
acknowledge the interrupt but the TICC will not release the
contents of the interrupt address register. Since the CPU
bus in this condition is not driven, it will float high, and

the CPU sees an RST7 (FF) instruction.

An important feature of the Interrupt Register is that it is edge triggered,.

A low to high transition on the external interrupt, for example, sets

bit 2. Servicing the interrupt clears fhis bit even if the external

interrupt input stays at logical ONE. It is,therefore, not necessary
B

to employ external hardware to remove the request.

Regarding point 5 above, it must be noted that the CPU can only read
the interrupt Address Register if bit 3 of the TICC Command Register is
zero. If this bit is set, any attempt to read the Interrupt Address
Register results in a reading of FFH, and pending interrupts are not

cleared,
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Disable CPU interrupts whenever changing the contents of the TICC
interrupt mask register to prevent spurious interrupts due to tran-

sients,

The lowest priority interrupt, number 7 (see Figure 6-1) can be
generated by either the fifth interval timer or by the auxiliary
interrupt IN7 (bit 7 of the TICC parallel input port). The programmer
can select Timer 5 or IN7 by setting Bit 2 of the TICC Command

Register to zero or one respectively.

The power-on reset and the Timer | interrupt both set the program
counter to zero. When Timer 1 is being used, the program can
determine the source of interrupt 0 by looking at an unused bit of

GIC Port 2, for example Bit 4. If this bit is connected to +5v

through a resistor, after power-on it will be read as a 'one' since

all GIC ports will go into the input mode., If the initialization program
configures GIC Port 2 Bit 4 as output and sets it to zero, it will remain
at zero until the next power-on reset. The program starting at address
0000 can therefore read P2B4 and jump to the initialization routine or
Timer 1 service routine accordingly. (note: this technique cannot be used

in multiprocessor systems since they use P2B4)

Interrupt Vector Assignments {see Figure 6-2)

INTERRUPT SOURCE VECTOR
NUMBER ADDRESS (HEX)
0 Reset or Timer | has expired 0000
| Timer 2 has expired 0008
2 EXINTR low to high detected 0010
3 Timer 3 has expired 0018
4 Serial receiver has received 0020

a full character

5 Serial transmitter is ready to 0028
accept next character

6 Timer 4 has expired 0030

Timer 5 has expired or IN7 low 0038
to high detected



INTERVAL TIMERS
The five programmable timers of the DCE provide program control-
led time intervals that are used to invoke a subroutine that performs
a servicing function for a peripheral device or event that requires

periodic recognition. These timers are 8-bit counters, which pro-
vide intervals that vary in duration from 64 to 16,320 microseconds.
Much longer intervals can be generated by cascading the timers in

software.

To start a time count using any of the five timers, the program
can load the required interval by an instruction with general
format "STTIM n'. For example, the instruction "STTIM 2"
loads the contents of the accumulator into Timer 2. Loading

the timer activates it, and it starts counting down increments

of 64 microseconds at the first TICC clock pulse. The {first
count period can be any length between 0 and 64 microseconds.
When the count reaches zero, the bit in the interrupt register
corresponding to the timer is set, and an interrupt is generated if
CPU interrupts are enabled and that mask bit is set. The timer
then rermains inactive until a new interval is loaded. Loading an
interval value of zero, causes an immediate interrupt. A new
value loaded while the interval timer is counting overrides the

previous value and the timer starts counting down the new value.

To maintain continued accuracy, a timer has to be reloaded within
64 microseconds after firing. If a series of timed interrupts with
crystal accuracy is required, the timer interrupt service routine

must reload that timer within 64 microseconds.

Note: None of the TICC command registers used for giving control
information or data to the TICC (eg.interrupt mask register)
can be read back. Therefore, copies of the contents of these

registers should be maintained, if required.
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TICC STATUS AND COMMANDS

The DCE allows the programmer to poll the status of the TICC
with respect to external conditions and issue discrete commands
to deal with specific circumstances. These actions can be ex-
ecuted via the TICC Status Register, the TICC Command Register,

and the Communications Rate Register described in this section.

TICC Status Register (see Figure 6-2)

To query the status of the TICC, the program must transfer the
contents of this register to the 8080 CPU and examine its con-
tents bit by bit. The status conditions associated with each bit
are described in the following paragraphs and summarized in

Sections 3.5,

Bit 0, Framing Error

A logical ONE in this bit position indicates that one or both
stop-bits were in error, which implies that the serial data
received and held in the receiver buffer is probably erron-
eous. If this flag is high and the bits of the receiver-buffer-
register are all logical ONE, then a break in the serial com-
munications line has occurred, This flag will remain high

until the next valid character is received.

Bit 1, Overrun Error

A logical ONE in this bit position indicates that a new charac-
ter was loaded into the receiver buffer before a previous char-
acter was read out by the program. A new read-receiver-
buffer command, "LDRCV'" or a reset command clears this

flag.




Bit 2, Serial Input, Direct Connection

This bit 1s directly reading the serial input line and permits by-
passing the serial receiver register. This feature can be useful
if the BAUD rate of the incoming character is not standard. In
this case the programmer can handle the non-standard BAUD rate
with software and one of the interval timers. Bit 2 can also be
used for test purposes or detecting a break; it is normally 'high"

when no data is being received and line current is flowing.

Bit 3, Receiver Buffer Loaded

A logical ONE in this bit indicates that the receiver buffer is load-
ed with a new character. A read-receiver-huffer instruction,

"LDRCV'" or the reset function clears this flag.

Bit 4, Transmitter Buffer Empty

A logical ONE in this bit indicates that the transmitter-buffer is
empty. This condition occurs as soon as the buffer register trans-
ferred the data to the serial transmitter (which may still be in pro-
cess of shifting out a character at the time the CPU polls bit 4). The

reset function sets this flag high.

Bit 5, Interrupt Pending

A logical ONE in this bit indicates that one or more of the enabled
interrupt conditions has occurred, This is the bit polled by the

CPU in the polied-interrupt method described in Section 3,2.2

Bit 6, Full Bit Detected
A logical ONE in this bit indicates that the first data bit of an in-

coming character has been detected in the serial receiver register.
This bit, provided for test purposes, will remain high until the
entire character has been received. A reset instruction clears

this flag.
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Bit 7, Start Bit Detected

A logical ONE in this bit indicates that the start bit of an incoming
character has been detected in the serial receiver register. ‘This
bit, provided for test purposcs, will remain high until the entire

character has been received. A reset instruction clears this flag.

TICC Command Register (see Figure 6-2)

The programmer can issue discrete commands to the TICC through
the Command Register, Desired conditions can be encoded in the
accumulator and transferred into the Command Register with the
"STTCM" instruction. Here it will remain latched, with the ex-
ception of bit 0, until a new command arrives. The conditions
associated with each bit of the Command Register are described

in the following paragraphs.

Bit 0, Reset

A logical ONE transferred to this bit position will cause the following:

1. Clear the receiver buffer, the receiver register, the receiver- .
buffer-loaded flag, the start-bit-detected flag, the full-bit-detect-
ed flag, and the overrun-error flag.

2. Set the transmitter -buffer-empty flag high, indicating that the
transmitter buffer is ready to accept a character from the CPU.

3. Clear the interrupt register except for the bit corresponding to
the transmitter-buffer-interrupt, which is set to high

4 Inhibit the interval timers

5. Set transmitter data output high (marking).

The TICC Command Register does not latch a logical ONE transferred

to bit 0, and therefore this does not have to be explicitly cleared; it is

normally at logical ZERO

The reset function has no effect on the output ports, the external inputs,
the interrupt ackn(')wledge enable, the mask register, the rate register,

the transmitter buffer and the transmicter register




Bit 1, Break

A logical ONE in this bit sets the serial output to the high impedence
or non-conducting state (spacing). The reset function of bit 0 over-

rides this function. Normally this should be at logical ZERO.

Bit 2, Interrupt 7 Select

A logical ONE in this bit selects the auxiliary interrupt input at bit
7 of the parallel input port of the DEVICE CONNECTCR as input

source. A logical ZERO selects the Interval Timer 5.

Bit 3, Interrupt Acknowledge Enable

A logical ONE in this bit enables the TICC to accept an interrut-
acknowledge-decode from the CPU and transfer the RST instruction
as a response. This condition sets up an interrupt driven system
discussed in Section 3. 2.1. A logical ZERO in bit 3 causes the TICC
to ignore the interrupt-acknowledge-decode, a condition that results

in a polled-interrupt-system, discussed in Section 3,2, 2,

These bits are always ZERO, used only for DCE test procedures,
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Communication Rate Register (gsee Figure 6-2)

This register allows the programmer to select any of the 7
standard BAUD rates for serial data transmission and re-
ception. A logical ONE in any of the bits 0 through 6 of
this register will select the BAUD rate for both the trans-

mitter and the receiver as defined below:

Bit 0 110 BAUD
Bit 1 150 BAUD
Bit 2 300 BAUD
Bit 3 1200 BAUD
Bit 4 2400 BAUD
Bit 5 4800 BAUD
Bit 6 9600 BAUD i

If more than one bit is high, the highest of the rates indicated
will result, If all six bits are low, both the receiver and the

transmitter will be inhibited,

Bit 7 allows the selection of stop bits to be generated by the
transmitter register, Logical ONE in bit 7 selects one stop

bit, while logical ZERO selects two stop bits.

The programmer can encode the desired BAUD rate and number
of stop bits in the accumulator and transfer this code into the
rate register with the "STCRR'" instruction,. This register holds

the code until it receives a new commandg,




(DNIGNAd HINI)==(V)

(VI LSIOTY TLVH)

{v={QNVININOD DDIL}

3-19

(SNLVLIS DO1L)—=(V)

(v )—={3SYW MINI)

(v)=(s 9EWIL)

(v)—={t ¥EIWIL)

{(V)~=(¢ YAWIL)

{(V)}=(Z JINWIL)

{V)]={1 ¥EWIL)

{190d Ni}+{Vv)
(v)I=(1¥04 Lno)

(BT 34N9 JAITDIAE)—={V}
(v)=>=(d3d 4409 LINSNVHL)

NOILDONNDA

[ shemiy
jdadaajur Surpuad 1saydwy jo aaquny

d¥1a aaysydaa Burpuad jdniasjy
931q dojeg omy 107
11q dois auo 103 |
Ataandadsaa uo g
10 S'p'EZ' 10319 Aq QAVE 0096 10 008Y
DO¥Z ‘0021 ‘005 ‘0SI ‘0I1 192129 U0 ANO
SUOIIEDIUNLULIOD [BII3E JIQIYUL 10132 [V
HHO LS 19181851 3jea woIBOTUNLILUO D)
(saanpacoad 1833 IO 10) pasn) sdemie ¢
syxlnzaajur
0808 Jo uvoriraauad NHIL 21qEU2 01 |
5 ddWIL 1°e128 01
£t 1dniiajutr jo adanos se P NI 192[28 0] |
uoildsuuces 10211p
-indjno (21198 uo Wesiq puas o3 |
DDI1 38sax 01 |
WOLIS 13381821 purwIwion
surpaanoad 31831 O (] 10] pasen
Jurpuad sidnrxajur pajqeua oN (0
Burpuad 81 1dnagajuy pajgeus awog !
jasax walshe 10 LAXIS Aq 0 O3 12821
Aidura xs g TwIsueIy o]
19891 wajeAs 10 ADYQAT AqQ Q 01 19591
PIpPROT I3FNq FAtaday [
Uo11d3uU0Dd 1023 1tp - Jndul [erI3g [ /Q
10113 UNIJISA0 ON 0
{peas PUO 1SE[ SI0IAG PRATIDAI
I9]2BIBYD MIU) 10113 UNIIIA0 IIATAIIY ([
I210BaAPYD 1§T] U0 101I0 JulLlel] ON [0
{inxzas
ur (s)irq doys) 1oxxa Burwesy asatanay 1|
vISdT :a@1st1da1 smyelg
u idnirajur safqeua
HWILS u 31q ur ,,[,, I2181dax ysew ydnzisjug
S WILLS G Jaouul) [eAlLaIU]
b WILLS P LWL [BAIIIU]
£ WILLS £ I2ul} jeasaju]
Z WILLsS ¢ Aowin] Tearajul
I WILLS 1 19w [Bazaiu]
NIGQT 1rod indur [aryeied
1.n01ls jzod indino [aijeied
ADMAT I3JINE DAIDIDT [RILIIS SNOUN IYIUAS vy
ITWX LS AnIINg Z23IUMISUE L) [BIIDS SNOUNIYIUAS Y

NOILDNYMLSNI

OUIVIH NOLLATYDSA

AdVININNS HELSIDEYE DDIL §°¢

0'1°2°9'L S1ig
€'%'c S1Td
ANFd YT LNI

L Lid

9 - 05114
HIALSIDAY TLVH

L - ¥ 1ld
‘¢ 1149

‘¢ LId

T LI8

‘0 Lld
ANVWWOD DDIL
L '9s1iid

‘S LId
‘¥ LId

‘£ Lld
‘7 114

‘1 LId

‘0 1Lld
SN1lv.is DOIL

MSVYIW Y.LNI

S YIANIL

¥ HANWIL

£ YIWIL

? HANWIL

1 ¥dNIL

Ld0Od NI

1H¥0od 100
HALA0Y AAIFDTH
HAA40d IJINSNYHL

OWYN
YA LSIDIY

2086

5086

¥086

£086

2086
aose
D086
qa096
YO8E
6086
1086
L1086
0086
9086

SSAYUUY
MALSIDIY




;
7
P
q
r
s
i
u
¥
w
x
Y
Fd
{
DEL

3-20

o
3
ha ] I
B o LHVAVATQ STFTFROI
o o | 2 I F|OTZ| 0w A
M & Z| G0l <im|@|F|-H|>|w|0|a
E -
D Ol | N | W
@) ol=|ln{imwlivn|oinlo|ea |22 22
@]
—
U o|l—~|lo|l—~|lo|l—~|lol—~|o|l—~|C|e—=|O|—| o~
M ol Q|l—| —||Q|—|— {1 Ol Col—|— | O|CO| | —
O|lo|lo|lO|l—ml—|l—  —| | D|—]|—|—]|~
ocjlo|lo|lo|lo|la|lo|lo|—|—|~l=]—]~]|—]|—
N
o

USASCIHl (USA Standard Code for Information Interchange)
OI
1
DLE
DCI
DC2
DC3
DC4
NAK
SYN
ETB
CAN
EM
SUB
ESC
FS
GS
RS
us




