






























































































































































































































































































































































Timing 
(Continued) 

20Q6..()329, 0330, 0331 

Bit Mode (Mode 3). The bit mode does not 
utilize the handshake signals, and a normal 
port write or port read can be executed at any 
time. When writing, the data is latched into 
the output registers with the same timing as the 
output mode (Figure 17). 

When reading the PIO, the data returned to 
the CPU is composed of output register data 
from those port data lines assigned as outputs 
and input register data from those port data 

lines assigned as inputs. The input register 
contains data that was present immediately 
prior to the falling edge of RD. An interrupt is 
generated if interrupts from the port aTe 
enabled and the data on the port data lines 
satisfy the logical equation defined by the a-bit 
mask and 2-bit mask control registers. How­
ever, if Port A is programmed in bidirectional 
mode, Port B does not issue an interrupt in bit 
mode and must therefore be polled. 

�D�A�T�:�:�~�l� -----v--:-::==-, Xr---:-=-=-'Xr --------

�~� ---------'l ______ J r-----------.. / 

"-0, �-�-�-�-�-�-�-�-�-�<�~� 
·Timmg Diagram Refers 10 Bit Mode Read --Z;;:::::AD 1 PLACED ON 81.18 

Figure 17. Mod. 3 Bit Mode Timing 

Interrupt Acknowledge Timing. During MI 
time, peripheral controllers are inhibited from 
changing their interrupt enable status, permit­
ting the Interrupt Enable signal to ripple 
through the daisy chain. The peripheral with 
lEI High and lEO Low during INTACK places 
a preprogrammed 8-bit interrupt vector on the 
data bus at this time (Figure 18). lEO is held 
Low until a Return From Interrupt (RET!) 
ipstruction is executed by the CPU while IEI is 
High. The 2-byte RET! instruction is decoded 
internally by the PIO for this purpose. 

Return From Interrupt Cycle. If a 2-80 per­
ipheral has no interrupt pending and is not 
under service, then its lEO = IEI. If it has an 
interrupt under service (Le., it has already 
interrupted and received an interrupt acknowl­
edge) then its lEO is always Low, inhibiting 
lower priority devices from interrupting. If it 
has an interrupt pending which has not yet 
been acknowledged, lEO is Low unless an 
"ED" is decoded as the first byte of a 2-byte 
opcode (Figure 19). In this case, lEO goes 
High until the next opcode byte is decoded, 
whereupon it goes Low again. If the second 
byte of the opcode was a "40," then the 
opcode was an RETI instruction. 

After an "ED" opcode is decoded, only the 
peripheral device which has interrupted and is 
currently under service has its lEI High and its 
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Figur. 18. Interrupt Acknowledge Timing 

lEO Low. This device is the highest-priority 
device in the daisy chain that has received an 
interrupt acknowledge. All other peripherals 
have lEI = lEO. If the next opcode byte 
decoded is "4D I" this peripheral device resets 
its "interrupt under service" condition. 

CLK 

... ======-:;' ______________ -Jr---
Figure 19. Return From Interrupt 
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Z-80 PlO Z-BOA PIO Z-80B PlogJ 
Min Max Min Max MID Max 

Number Symbol Parameter (DS) (DS) (DS) (DS) (DS) (DS) CommeDt 

I TcC Clock Cycle Time 400 [I] 250 [I] 165 [I] 

2 TwCh Clock Width (High) 170 2000 105 2000 65 2000 

3 TwCI Clock Width (Low) 170 2000 105 2000 65 2000 

TfC Clock Fall Time 30 30 20 

5-TrC---- Clock Rise Time 30----30---- 20 

6 T,CS(RI) ~A, cio to RD, 
10RQ I Setup Time 50 50 50 [6] 

Th Any Hold Times for Specified 
Setup Time 0 

8 T,Rl(C) lID, 10RQ to Clock J Setup 
Time 115 115 70 

9- TdRI(DO)-- RD, 10RQ Ito Data Out Delay---- 430---- 380--- 300 [2]--

10 TdRl(DO,) lID, 10RQ 1 to Data Out Float 
Delay 160 110 70 

II T,DI(C) Data In to Clock I Setup Time 50 50 40 CL = 50 pF 

12 TdIO(OOI) IORQ , to Data Out Delay 
(INTACK Cycle) 340 160 120 [3] 

13-T,MI(Cr)-- MI I to Clock J Setup Time-- 210---- 90----70 

14 T,MI(C!) Ml-Lto Clock' Setup Time 
(MI Cycle) 0 0 [8] 

15 TdMl(IEO) Mi 1 to lEO I Delay (lnt~upt 
Immediately Preceding Ml ') 300 190 100 [5,7] 

16 T,IE1(IO) lEI to 10RQ I Setup Time 
(INTACK Cycle) 140 140 100 [7] 

17-TdIEI(IEO!)- lEI I to lEO I Delay 190----130----120 [5]--
CL = 50pF 

18 TdIEI(IEOr) lEI I to lEO I Delay (after ED 
Decode) 210 160 160 [5] 

19 TelO(C) 10RQ 1 to Clock I Setup Time 
(To Activate READY on Next 
Clock Cycle) 220 200 170 

20 - TdC(RDYr)- Clock I to READY I Delay-- 200----190----170 [5]--

21 TdC(RDY!) Clock J to READY J Delay 

22 TwSTB ~ Pul,e Width 

23 T,STB(C) S'l'ROllE J to Clock I Setup 
Time (To Activate READY on 
Next Clock Cycle) 

24 -TdIO(PD)-- 10RQ J to PORT DATA Stable 
Delay (Mode 0) 

25 T,PD(STB) PORT DATA to STlIDllE 1 
Setup Time (Mode 1) 

26 TdSTB(PD) STROBE I to PORT DATA 
Stable (Mode 2) 

27 -TdSTB(PDr)-STROBE I to PORT DATA Float 
Delay (Mode 2) 

28 TdPD(INT) PORT DATA Match to INT I 
Delay (Mode 3) 

29 TdSTB(INT) S'l'lIDBE 1 to INT I Delay 

NOTES: 
[I] TeC = TwCh + lwei + TrC + TIC. 
121 Increase TdRI(DO) by 10 ns lor each 50 pF increase Hl 10{ld 

up !o 200 pF max. 
[3] Increase TdIO(DOI) by 10 ns lor each 50 pF. mcrease m 

IOc1dmq up 10 200 pF max. 
[4] For Mode 2: TwSTB :> TsPD(STB). 
[51 Increaoo these values by 2 ns for each 10 pF mCTedOO m 

10111 ding up 10 100 pF max. 

ISO 

ISO 

220 

200 

260 

230 

200 

540 

490 

CL = 50pF 

140 120 [5] 

ISO 120 [4] 

220 ISO [5] 

180 160 [5] 

230 190 

210 180 [5] 

180 160 CL = 50 pF 

490 430 

440 350 

[61 TsCS(RI) may be reduced. However, the time subtracted 
from TsCS(Rl) will be odded to TdRI(DO). 

[7] 2.5 TcC :> (N-2)TdIEI(IEOf) + TdMJ(IEO) + Ts1EI(10) 
+ TIL Buffer Delay, if <!loy. 

[8] m must be active for a mmimum of two clock cycles to 
resellhe PIa. 

(9] ZB08 PIO numbers are prelimmary and subject 10 change. 
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Absolute 
Maximum 
Ratings 

Test 
Conditions 

DC 
Charac-
teristics 

Capacitance 

Voltages on all inputs and outputs 
with respect to GND. . -0.3 V to + 7.0 V 

Operating Ambient 
Temperature. . .. As Specified in 

Ordering Information 

Storage Temperature ........ -65°C to + 150 °C 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND (0 V). Positive current flows into the 
referenced pin. Available operating 
temperature ranges are: 

• 0° to + 70°C, 
+4.75V s Vee s +5.25V 

• -40°C to +85°C, 
+4.75 V S Vee S +5.25 V 

• _55° to + 125°C, 
+4.75 V S Vee S +5.5 V 

The product number for each operating 
temperature range may be found in the 

Symbol Pmameter 

VILe Clock Input Low Voltage 

V1HC Clock Input High Voltage 

VII Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 
VOH Output High Voltage 

III Input Leakage Current 

Stresses greater than those listed under Absolute Maxi­
mum Ratmgs may cause permanent damage to the devIce. 
This 15 a stress rating only; operahon of the device at any 
condliJon above those indIcated in the operatlOnai sections 
of these specifICations is not implied. Exposure to absolute 
maxImum ratmg conditlons for extended periods may affed 
device reliabIlity. 

Ordering Information section. 
All ac parameters assume a load capacitance 

of 100 pF max. Timing references between two 
output signals assume a load difference of 
50 pF max. 

-.. 

,"o,o"""'m UNDER TEST 

'·"1 ~~~ ~ 

Min Max Unit Test Condition 

-0.3 +0.45 V 

Vcc-0.6 +5.5 V 

-0.3 +0.8 V 

+2.0 +5.5 V 

+0.4 V 
+2.4 V 

-10.0 + 10.0 "A 
Iz 3-State Output/Data Bus Input Leakage Current -10.0 + 10.0 "A 

IOL = 2.0 rnA 

IOH = -250 "A 

O<VIN<VCC 

O<VIN<Vcc 

VOH = 1.5V 

REXT = 390 n 
Icc Power Supply Current 

IOHD Darlington Dnve Current 

UVE'r Sl_"" ,ht'd IpU'P")<l:\,I' ,,~,(l ,.."itdqE' )<mqE' 

Symbol Parameter 

C Clock Capacitance 

CIN Input Capacitance 

COUT Output Capacitance 

Over speCllled temperature range, I " IMH z 
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100.0 rnA 

-1.5 3.8 rnA 

Min Max UDlt Test Condition 

10 pF Unmeasured 

pF pins returned 
to ground 

10 pF 

CB085-0006 



Features 

General 
o..criptioD 

2041·0154,0155 

• Four independently programmable 
counter/timer channels, each with a 
readable downcounter and a selectable 
16 or 256 prescaler. Downcounters are 
reloaded automatically at zero count. 

• Three channels have Zero Count/Timeout 
outputs capable of driving Darlington 
transistors. 

The 2-80 eTC four-channel counter/timer 
can be programmed by system software for a 
broad range of counting and timing applica­
tions. The four independently programmable 
channels of the 2-80 eTC satisfy common 
microcomputer tiystem requirements for event 
counting, interrupt and interval timing, and 
general clock rate generation. 

System design is simplified because the eTe 
connects directly to both the 2-80 CPU and the 
2-80 SIO with no additional logic. In larger 
systems, address decoders and buffers may be 
required. 

Programming the eTe is straightforward: 

}-UONALI 

Figure 1. Pin Fuactlou 
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Z8430 
Z8er CTC Counterl 
Tllller Circuit 

Product 
Specification 

March 1981 

• Selectable positive or negative trigger 
initiates timer operation. 

• Standard 2-80 Family daisy-chain interrupt 
structure provides fully vectored, prioritized 
interrupts without external logic. The eTC 
may also be used as an interrupt controller . 

• Interfaces directly to the 2-80 CPU or-for 
baud rate generation-to the 2-80 SIO. 

each channel is programmed with two bytes; a 
third is necessary when interrupts are enabled. 
Once started, the eTe counts down, reloads 
its time constant automatically, and resumes 
counting. Software timing loops are completely 
eliminated. Interrupt processing is simplified 
because only one vector need be specified; the 
eTC internally generates a unique vector for 
each channel. 

The 2-80 eTe requires a single + 5 V power 
supply and the standard 2-80 single-phase 
system clock. It is fabricated with n-channel 
silicon-gate depletion-load technology, and 
packaged in a 28-pin plastic or ceramic DIP. 

0, '" '" 0, 

'" 0, 

'" .. 
ClKITfiGo 

'''''0, CllUTfla, 

'''''''' CLlUTflG2 

""'" CllUTflGt 

iOiiQ os, 

COo 
iNT flESET 

'" iii 

Figure 2. Pia Asa1gnments 



Functional 
Description 

Architecture 

The Z-80 CTC has four independent counterl 
timer channels. Each channel is individually 
programmed with two words: a control word 
and a time~constant word. The control word 
selects the operating mode (counter or timer), 
enables or disables the channel interrupt, and 
selects certain other operating parameters. If 
the timing mode is selected, the control word 
also sets a prescaler, which diVides the system 
clock by either 16 or 256. The time-constant 
word is a value from I to 256. 

During operation, the individual counter 
channel counts down from the preset time con~ 
stant value. In counter mode operation the 
counter decrements on each of the CLK/TRG 
input pulses until zero count is reached. Each 
decrement is synchronized by the system 
clock. For counts greater than 256, more than 
one counter can be cascaded. At zero count, 
the down-counter is automatically reset with 
the time constant value. 

The timer mode determines time intervals as 
small as 4 ,"s (Z-80A) or 6.4 ,"S (Z-80) without 
additional logic or software timing loops. Time 
intervals are generated by dividing the system 
clock with a prescaler that decrements 

The eTe has four major elements, as shown 
in Figure 3. 

• CPU bus I/O 
• Channel control logic 
• Interrupt logic 
• Counter/timer circuits 

CPU Bus I/O. The CPU bus 110 circuit 
decodes the address inputs, and interfaces the 
CPU data and control signals to the CTC for 
distribution on the internal bus. 

FROM 
zaG CPU 

{
'm 

CONTROL 

a preset down~counter. 
Thus, the time interval is an integral mul­

tiple of the clock period, the prescaler value 
(16 or 256) and the time constant that is preset 
in the down-counter. A timer is triggered auto~ 
matically when its time constant value is pro~ 
grammed, or by an external CLKlTRG input. 

Three channels have two outputs that occur 
at zero count. The first output is a zero­
counVtimeout pulse at the ZC/TO output. The 
fourth channel (Channel 3) does not have a 
ZC/TO output; interrupt request is the only 
output available from Channel 3. 

The second output is Interrupt Request 
(lNT), which occurs if the channel has its 
interrupt enabled during programming. When 
the Z-80 CPU acknowledges Interrupt Request, 
the Z-80 CTC places an interrupt vector on the 
data bus. 

The four channels of the Z-80 CTC are fully 
prioritized and fit into four contiguous slots in 
a standard 2-80 daisy-chain interrupt struc­
ture. Channel 0 is the highest priority and 
Channel 3 the lowest. Interrupts can be 
indiVidually enabled (or disabled) for each of 
the four channels. 

Internal Control Logic. The CTC internal 
control logiC controls overall chip operating 
functions such as the chip enable, reset, and 
read/v.rite logic. 

Interrupt Logic. The interrupt control logic 
ensures that the CTC interrupts interface prop­
erly with the Z-80 CPU interrupt system. The 
logic controls the interrupt priority of the CTC 
as a function of the lEI signal. If lEI is High, 
the CTC has priority_ During interrupt 

iHT 

'" 'EO 

CLKfTlIQ 

Figure 3. Functional Bloclr: Diagram 
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Architecture 
(Continued) 

2041-0158 

processing, the interrupt logic holds lEO Low, 
which inhibits the interrupt operation on lower 
priority devices. If the lEI input goes Low, 
priority is relinquished and the interrupt logic 
drives lEO Low. 

If a channel is programmed to request an 
interrupt, the interrupt logic drives lEO Low at 
the zero count, and generates an INT signal to 
the Z·80 CPU. When the Z·~PU r~ds 
with interrupt acknowledge (Ml and IORO)' 
then the interrupt logic arbitrates the eTC 
internal priorities, and the interrupt control 
logic places d unique interrupt vector on the 
data bus. 

1£ an interrupt is pending, the interrupt logic 
holds lEO Low. When the Z·80 CPU issues a 
Return From Interrupt (RET!) instruction, each 
peripheral device decodes the first byte 
(ED16)' If the device has a pending interrupt, 
it raises lEO (High) for one M1 cycle. This 
ensures that all lower priority devices can 
decode the entire RETI instruction and reset 
properly. 

CLOCK -EJ---l 
Figure 4. Counter/Timer Block Diagram 

Counter/Timer Circuits. The CTC has four 
independent counter/timer Circuits, eacn' con­
taining the logic shown in Figure 4. 

Channel Control Logic. The channel control 
logic receives the 8-bit channel control word 
when the counter/timer channel is pro­
grammed. The channel control logic decodes 
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the control word and sets the following 
operating conditions: 

• Interrupt enable (or disable) 
• Operating mode (timer or counter) 
• Timer mode prescaler factor (16 or 256) 
• Active slope for CLK/TRG input 
• Timer mode trigger (automatic or CLK/TRG 

input) 
• Time constant data word to follow 
• Software reset 

Time Constant Register. When the counter/ 
timer channel is programmed, the time con­
stant register receives and stores an 8-blt hme 
constant value, which can be anywhere from 1 
to 256 (0 = 256). This constant IS automatic· 
ally loaded into the down-counter when the 
counter/timer channel is initialized, and subse­
quently after each zero count. 

Prescaler. The prescaler, which is used only 
in timer mode, diVides the system clock fre­
quency by a factor of either 16 or 256. The 
prescaler output clocks the down-counter dur­
ing timer operation. The effect of the prescaler 
on the down-counter is a multiplication of the 
system clock period by 16 or 256. The pre­
scaler factor is programmed by bit 5 of the 
channel control word. 

Down-Counter. Prior to each count cycle, the 
down-counter is loaded with the time constant 
register contents. The counter is then 
decremented one of two ways, depending on 
operating mode: 

• By the prescaler output (timer mode) 
• By the trigger pulses into the CLK/TRG 

input (counter mode) 

Without disturbing the down·count, the Z·80 
CPU can read the count remaining at any time 
by performing an 110 read operation at the 
port address assigned to the CTC channel. 
When the down-counter reaches the zero 
count, the Ze/TO output generates a positive­
going pulse. When the interrupt is enabled, 
zero count also triggers an interrupt request 
signal (INT) from the interrupt logic. 



Programming Each 2-80 CTC channel must be pro-
grammed prior to operation. Programming 
consists of writing two words to the I/O port 
that corresponds to the desired channel. The 
first word is a control word that selects the 
operating mode and other parameters; the 
second word is a time constant, which is a 
binary data word with a value from 1 to 256. A 
time constant word must be preceded by a 
channel control word. 

After initialization, channels may be 
reprogrammed at any time. If updated control 
and time constant words ar~ written to a chan~ 
nel during the count operation, the count con­
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any 2-80 CTC channel is 
enabled, the programming procedure should 
also include an interrupt vector. Only one vec­
tor is required for all four channels, because 
the interrupt logic automatically modifies the 
vector for the channel requesting service. 

A control word is identified by a 1 in bit O. 
A 0 in bit 2 indicates a time constant word is to 
follow. Interrupt vectors are always addressed 
to Channel 0, and identified by a 0 in bit O. 

Addressing. During programming, channels 
are addressed with the channel select pins CS 1 
and eS2. A 2-bit binary code selects the 
appropriate channel as shown in the folloWing 
table. 

Channel CSI CSo 

a 0 0 
I 0 1 
2 I 0 
3 I I 

Reset. The CTC has both hardware and soft­
ware resets. The hardware reset terminates all 
down-counts and disables all eTe interrupts 
by resetting the interrupt bits in the control 
registers. In addition, the ZelTO and Interrupt 
outputs go inactive, lEO reflects lEI, and 

Do-D7 go to the high-impedance state. All 
channels must be completely reprogrammed 
after a hardware reset. 

The software reset is controlled by bit 1 in 
the channel control word. When a channel 
receives a software reset, it stops counting. 
When a software reset is used, the other bits in 
the control word also change the contents of 
the channel control register. After a software 
reset a new time constant word must be written 
to the same channel. 

If the channel control word has both bits Dj 
and D2 set to 1, the addressed channel stops 
operating, pending a new hme constant word. 
The channel is ready to resume after the new 
constant is programmed. In timer mode, if 
D3 == 0, operation is triggered automatically 
when the time constant word is loaded. 

Channel Control Word Programming. The 
channel control word is shown in Figure 5. It 
sets the modes and parameters described 
below. 

Interrupt Enable. D7 enables the interrupt, so 
that an interrupt output (INT) is generated at 
zero count. Interrupts may be programmed in 
either mode and may be enabled or disabled 
at any time. 

Operating Mode. D6 selects either timer or 
counter mode. 

Prescaler Factor. (Timer Mode Only). D5 
selects factor-either 16 or 256. 

Trigger Slope. D4 selects the active edge or 
slope of the CLKITRG input pulses. Note that 
reprogramming the CLKfTRG slope during 
operation is equivalent to issuing an active 
edge. If the trigger slope is changed by a con­
trol word update while a channel is pending 
operation in timer mode, the result is the same 
as a CLKfTRG pulse and the timer starts. 
Similarly, if the channel is in counter mode, 
the counter decrements. 

!D,ID.ID,ID.!D,!D,!D,;DOI 

,,, ... u"' JJ~ 1 ENABLES INTERRUPT 
o DISABLES INTERRUPT 

MOD. 
o SELECTS TIMER MODE 

1 SELECTS COUNTER MODE 

NESCALEI'IVALUE' 
1 .. VALUEOF2S6 
0= YALUEOF16 

CLklTI'IO EDO. HLECTION 
o SELECTS FALLING EDGE 

1 SELECTS RISING EDGE 

~t 
co., •• , 0. "c,o. 
~ ~ 6~~~~~L WORD 

RESI!T 

~ : ~~l:AURE~ R°:SEE~ATION 

T' •• CONSTANT 
o ~ NO TIME CONSTANT fOLLOWS 
1 .. TIME CONSTANT fOLLOWS 

TI.EI'I TRIGOER' 
o _ AUTOMATIC tRIGGER WHEN 

TIME CONSTANT IS LOADED 
1 _ CLKITRGPULSESTARTSTIMER 

·TIMERMODEONLY 

Figure 5. ChaDneI Control Word 
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Programming 
(Continued) 

2041·0160,0161 

Triqqer Mode (Timer Mode Only). D3 selects 
the trigger mode for timer operation. When D3 
is reset to 0, the timer is triggered automatic­
ally. The time constant word is programmed 
during an 110 write operation, which takes one 
machine cycle. At the end of the write opera­
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock pulse (T2) 
of the machine cycle following the write opera­
tion. Once started, the timer runs contin­
uously. At zero count the timer reloads 
automatically and continues counting without 
interruption or delay, until stopped by a reset. 

When D3 is set to 1, the timer is triggered 
externally through the CLK/TRG input. The 
time constant word is programmed during an 
110 write operation, which takes one machine 
cycle. The timer is ready for operation on the 
rising edge of the second clock pulse (T2) of 
the following machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLK/TRG pulse by a delay time of one clock 
cycle if a minimum setup time to the rising 
edge of clock is met. If this minimum is not 
met, the delay is extended by another clock 
period. Consequently, for immediate trigger­
ing, the CLK/TRG input must precede T2 by 
one clock cycle plus its minimum setup time. If 
the minimum time is not met, the timer will 
start on the third clock cycle (T3). 

Once started the timer operates contin­
uously, without interruption or delay, until 
stopped by a reset. 

Time Constant to Follow. A 1 in D2 indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant word 
may be written at any time. 

A 0 in D2 indicates no time constant word is 
to follow. This is ordinarily used when the 
channel is already in operation and the new 
channel control word is an update. A channel 
will not operate without a time constant value. 
The only way to write a time constant value is 
to write a control word with D2 set. 

Figure 6. Time Constant Word 
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Software Reset. Setting D 1 to 1 causes a soft­
ware reset, which is described in the Reset 
section. 

Control Word. Setting Do to 1 identifies the 
word as a control word. 

Time CollStant Programming. Before a chan­
nel can start counting it must receive a time 
constant word from the CPU. During program­
ming or reprogramming, a channel control 
word in which bit 2 is set must precede the 
time constant word to indicate that the next 
word is a time constant. The time constant 
word can be any value from I to 256 (Figure 
6). Note that 0016 is interpreted as 256. 

In timer mode, the time interval is controlled 
by three factors: 

• The system clock period (<1» 

• The prescaler factor (P), which multiplies 
the interval by either 16 or 256 

• The time constant (T), which is programmed 
into the time constant register 

Consequently, the time interval is the pro­
duct of <jJ x P x T. The minimum timer resolu­
tion is 16 x <I> (4!'s with a 4 MHz clock). The 
maximum timer interval is 256 x <jJ x 256 (16.4 m 
with a 4 MHz clock). For longer intervals 
timers may be cascaded. 

Interrupt Vector Programming. If the Z·80 
eTC has one or more interrupts enabled, it 
can supply interrupt vectors to the 2-80 CPU. 
To do so, the Z-80 CTC must be pre'pro­
grammed with the most-significant five bits of 
the mterrupt vector. Programming consists of 
writing a vector word to the 110 port cor­
responding to the 2-80 eTC Channel o. Note 
that Do of the vector word is always zero, to 
distinguish the vector from a channel control 
word. D1 and D2 are not used in programming 
the vector word. These bits are supplied by 
the interrupt logic to identify the channel 
requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel a has the 
highest priority. 

lo,io.IDslo.lo,lo.,!D,:o,1 

Figure 7. Interrupt Vector Word 



Pin 
Descrlptioll 

CEo Chip Enable (input, active Low). When 
enabled the eTC accepts control words, inter­
rupt vectors, or time constant data words from 
the data bus during an 1/0 write cycle; or 
transmits the contents of the down-counter to 
the CPU during an 110 read cycle. In most 
applications this signal is decoded from the 
eight least significant bits of the address bus 
for any of the four VO port addresses that dre 
mapped to the four counter-timer channels. 

CLK. System Clock (input). Standard single­
phase Z-80 system clock. 

CLK/TRGo-CLK/TRG3. External Clock/Timer 
Trigger (input, user-selectable active High or 
Low). Four pins corresponding to the four 2-80 
eTC channels. In counter mode, every active 
edge on this pin decrements the down-counter. 
In timer mode, an active edge starts the timer. 

CSo-CSI. Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four eTC channels for an 110 write or read 
(usually connected to AD and AI). 

Do-o,. System Data Bus (bidirectional, 
3·state). Transfers all data and commands 
between the Z-80 CPU and the Z-80 CTC. 

CPU _ 'f 
INT -L1iIi,~-.---tiNi 

.... ... 

FIll"'" I. A Typical z.ao Ea_DI 
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lEI. Interrupt Enable In (input, active High). 
A High indicates that no other interrupting 
devices of higher priority in the daisy chain 
are being serviced by the Z-80 CPU. 

lEO. Interrupt Enable Out (output, active 
High). High only if lEI is High and the Z-80 
CPU is not servicing an interrupt from any 
Z-80 CTC channel. lEO blocks lower priority 
devices from interrupting while a higher 
priority -interrupting device is being serviced. 

INT. Interrupt Reguest (output, open drain, 
active Low). Low when any Z-80 CTC channel 
that has been programmed to enable interrupts 
has a zero·count condition in its down·counter. 

10RQ.· Input/Output R"9!!..est (input from CPU, 
active Low). Used with CE and RD to transfer 
data and channel control words between the 
Z-80 CPU and the Z-80 CTC. During a write 
cycle, 10RO and CE are active and RD 
inactive. The 2-80 eTC does not receive a 
speCific write signal; rather, it internally 
generates its own from the inverse of an active 
RD signal. In a read cycle, 10RO, CE and RD 
are active; the contents of the down-counter 
are read by the Z-80 CPU. If 10RO and Ml are 
both true, the CPU is acknowledging an inter­
rupt request, and the highest priority inter­
rupting channel places its interrupt vector on 
the Z-80 data bus. 

Mi. Machine Cycle One (input from CPU, 
active Low). When MI and 10RO are active, 
the Z-80 CPU is acknowledging an interrupt. 
The Z-80 CTC then places an interrupt vector 
on the data bus if it has highest priority, and if 
a channel has requested an interrupt (INT). 

RD. Read Cycle Status (input, active Low), 
Used in conjunction with 10RO and CE to 
transfer data and channel control words 
between the Z-80 CPU and the Z-80 CTC. 

RESET. Reset (input active Low). Terminates 
all down-counts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrupt outputs 
<;10 inactive; lEO rellects lEI; Do-D7 go to the 
high-impedance state. 

ZC/TOo-ZC/T02. Zero Count/Timeout (output, 
active High). Three ZC/TO pins corresponding 
to Z-80 CTC channels 2 through 0 (Channel 3 
has no ZC/TO pin). In both counter and timer 
modes the output is an active High pulse when 
the down-counter decrements to zero. 

2041-0156 



Timing Read Cycle Timing. Figure 9 shows read 
cycle timing. This cycle reads the contents of a 
down-counter without disturbing the count. 
During clock cycle T2, the Z-80 CPU initiates a 
read cycle by driving the following inputs 
Low: RD, IORQ, and CEo A 2-bit binary code 
at inputs CS1 and CSa selects the channel to 
be read. Ml must be High to distinguish this 
cycle from an interrupt acknowledge. No addi­
tional wait states are allowed. 

CSo. CS1, Ci =::::x: CHANNEL ADDRESS x:::::= 
,... \ r-

iii) \ r-
M1:j~------------------------

D"'TA~ 

Figure 9. Read. Cycle Timing 

Write Cycle Timing. Figure 10 shows write 
cycle timing for loading control, time constant 
or vector words. 

The eTC does not have a write signal input, 
so it generates one internally when the read 
(RD) input is High during II. During T2 
IORQ and CE inputs are Low. Ml must be 
High to distinguish a write cycle from an inter· 
rupt acknowledge. A 2-bit binary code at 
inputs eS j and eso selects the channel to be 
addressed, and the word being written is 
placed on the 2-80 data bus. The data word is 

eSc. C.1. Ci =::::x: CHANNEL ADDRESS x:::::= 

~=:i------------------------

_--T-----------------------.1 _01' 

DATA _______ ~~ ______ _ 

Figure 10. Write Cycle Timing 
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latched into the appropriate register with the 
rising edge of clock cycle TWA. No additional 
wait states are allowed. 

CLK'TM 

IRTEIUIAL TI.... ________ -J 

Figure 11. nmer Mode TlmiDg 

Timer Operation. In the timer mode, a 
CLKlTRG pulse input starts the timer (Figure 
11) on the second succeeding rising edge of 
eLK. The trigger pulse is asynchronous. and it 
must have a minimum width. A minimum lead 
time (210 os) is required between the active 
edge of the CLK/TRG and the next rising edge 
of CLK to enable the prescaler on the follow­
ing clock edge. If the CLK/TRG edge occ"rs 
closer than this, the initiation of the timer 
function is delayed one clock cycle. This cor­
responds to the startup timing discussed in the 
programming section. The timer can also be 
started automatically if so programmed by the 
channel control word. 

CLIUTRO 

IRTIRRAL 
COURTE .. -------'f 

ZC/TO ________ J 

Figure 12. CoUll .... Mode Timing 

Counter Operation. In the counter mode, the 
CLKlTRG pulse input decrements the down­
counter. The trigger is asynchronous, but the 
count is synchronized with eLK. For the 
decrement to occur on the next rising edge of 
CLl::, the trigger edge must precede CLK by a 
minimum lead. time as shown in Figure 12. If 
the lead time is less than specified, the count 
is delayed by one clock cycle. The trigger 
pulse must have a minimum width, and the 
trigger period must be at least twice the clock 
period. 

The ZC/TO output occurs immediately after 
zero count, and follows the rising eLK edge. 



Int ..... pt 
Operation 

The Z-80 CTC follows the Z-80 system inter­
rupt protocol for nested priority interrupts and 
return from interrupt. wherein the interrupt 
priority of a peripheral is determined by its 
location in a daisy chain. Two lines-lEI and 
lEO-in the CTC connect it to the system daisy 
chain. The device closest to the + 5 V supply 
has the highest priority (Figure 13). For addi­
tional information on the 2-80 interrupt struc­
ture, refer to the Z-80 CPU Product Specifica­
tion and the Z-80 CPU Technical Manual. 

"IGHUT f'IWOlilTY 
DIVICI 

LO •• ST PIUORITY 
DIVICIl 

Figure 13. DaIoy-ChaID ID __ _ 

Within the Z-80 CTC, interrupt priority is 
predetermined by channel number: Channel a 
has the highest priority, and Channel 3 the 
lowest. If a device or channel is being serviced 
with an interrupt routine, it cannot be inter­
rupted by a device or channel with lower 
priority until service is complete. Higher 
priority devices or channels may interrupt the 
servicing of lower priority devices or channels. 

A Z-80 CTC channel may be programmed to 
request an interrupt every time its down~ 
counter reaches zero. Note that the epu must 
be programmed for interrupt mode 2. Some 
time after the interrupt request, the CPU sends 
an interrupt acknowledge. The eTe interrupt 
control logic determines the highest priority 
channel that is requesting an interrupt. Then, 
i! the CTC lEI input is High (indicating that it 
has priority within the system daisy chain) it 
places an 8~bit interrupt vector on the system 
data bus. The high-order five bits of this vector 

eLK 

' '':::::::7 
DATA 

'-:::: 

ZILOG DATA 
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were written to the eTe during the program~ 
ming process; the next two bits are provided 
by the CTC interrupt control logic as a binary 
code that identifies the highest priority chan­
nel requesting dn interrupt; the low~order bit 
is always zero. 

Interrupt Acknowledge Timing. Figure 14 
shows interrupt acknowledge timing. After an 
interrupt request, the Z-80 CPU sends an inter­
rupt acknowledge (Ml and IORQ). All chan­
nels are inhibited from changing their inter~ 
rupt request status when Ml is active-about 
two clock cycles earlier than IORQ. RD is 
High to distinguish this cycle from an instruc~ 
tion fetch. 

The CTC interrupt logic determines the 
highest priority channel requesting an inter~ 
rup!. If the CTC interrupt enable input (lE!) is 
High, the highest priority interrupting channel 
within the eTC places its interrupt vector on 
the data bus when IORQ goes Low. Two wait 
states (TWA) are automatically inserted at this 
time to allow the daisy chain to stabilize. Addi­
tional wait states may be added. 

Ret ..... from Interrupt nmiDg. At the end of 
an interrupt service routine the RETI (Return 
From Interrupt) instruction initializes the daisy 
chain enable lines for proper control of nested 
priority interrupt handling. The eTe decodes 
the 2-byte RET! code internally and determines 
whether it is intended for a channel being ser~ 
viced. Figure 15 shows RET! timing. 

If several Z-80 peripherals are in the daisy 
chain, lEI settles active (High) on the chip 
currently being serviced when the opcode 
ED16 is decoded. If the following opcode is 
4D16. the peripheral being serviced Is released 
and its lEO becomes active. Additional wait 
states are allowed. 

Do-D1 

... : ::::: :;' 
, .. ____________ ~r 

Figure 15. a.. .... Fro .. ID-.apt Tlmh>g 
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AbBol"te 
MaximllJD 
Ratings 

Test 
Conditions 

DC 
Character-
istics 

Capacitance 

8U85UD9 

Voltages on all inputs and outputs 
with respect to GND .......... -0.3 V to +7.0V 
Operating Ambient As Specified in 
Temperature ......... , . Ordering Information 
Storage Temperature .... , ... -65°Cto +150°C 

The characteristics below apply for the 
folloWing test conditions, unless otherwise 
noted. All voltages are referenced to GND 
(0 V). Positive current flows into the refer­
enced pin. Available operating temperature 
ranges are: 

• O'C to +70'C, 
+4.75 V S Vee S +5.25 V 

• -40'C to +85'C, 
+4.75 V S Vee S +5.25 V 

• -55'C to + l25'C, 
+4.5 V S Vee S +5.5 V 

Symbol Parameter 

VTl•c Clock Input Low Voltage 

V lHC Clock Input High Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

Icc Power Supply Current 

III Input Leakage Current 

ILOH 3-State Output Leakage Current in Float 

ILOL 3-5tate Output Leakage Current in Float 

IOHD Darlington Drive Current 

Stresses greater than those hsted under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated In the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

The product number for each operating 
temperature range may be found in the order­
ing information section. 

'" 

""'"""':ffi 
UNDEATEST 

~"I ~:~ ~ 

Mill Max 

-0.3 +0.45 

Vee-·6 Vee +.3 

-0.3 +0.8 

+2.0 Vee 

+0.4 

+2.4 

+ 120 

+IO 

+IO 

-IO 

-1.5 

Unit 

V 

V 

V 

V 

V 

V 

rnA 

~A 

~A 

~A 

rnA 

Tnt Condition 

IOL = 2 rnA 

10H= 250 p.A 

VIN = o 10 Vee 

VOUT = 2.4 10 Vee 

Vour = 0.4 V 
VOH = 1.5 V 
REXT = 3900 

Symbol Parameter Max Ullit Condition 

CLK Clock CapaCitance 

C lN Input Capacitance 

COUT Output Capacitance 

TA = 25°C, f = I MHz 

20 

5 

10 

ZILOG DATA 
280 eTe 
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pF Unmeasured pins 

pF returned to ground 

pF 
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Z-80 CTC Z-80ACTC Z-80B CTC 
Min Max Min Max Min Max 

Number Symbol Parameter ( ... ) ( ... ) ( ... ) (DII) (DS) (DS) Not. 

TcC Clock Cycle Time 400 [I] 250 [I[ 165 [I] 

TwCH Clock Width (High) 170 2000 105 2000 65 2000 
TwCI Clock Width (Low) 170 2000 105 2000 65 2000 

TIC Clock Fall Time 30 30 20 
5- IrC ----Clock Rise Time 30 ------30-------20---------------

Th All Hold Times 

TsCS(C) CS to Clock , Setup Time 

0 

250 

o 
160 

8 TsCE(C) CE to Clock I Setup Time 200 ISO 

o 
100 

100 
9-- T.IO(C)---- IORQ I to Clock I Setup Time-250-------115----70-----------

10 TsRD(C) RD I to Clock I Setup Time 240 liS 70 

II TdC(DO) Clock I to Data Out Delay 240 200 

12 TdC(DOz) Clock I to Dato Out Float Delay 230 110 

130 

90 

[2] 

13--T.D!(C)--- Data In to Clock I Setup Time-60------- 50----40-----------

14 T.MI(C) MI to Clock I Setup Time 210 90 70 

IS TdMI(IEO) MI I to lEO t Delay (Intercupt 
immediately preceding Ml) 300 190 130 [3J 

16--TdIO(DOI)-IORQ I to Data Out Delay-----340----160----IIO----[2]---­
(INTA Cycle) 

17 TdIEI(IEOf) lEI I to lEO I Delay 190 130 100 [3] 

18 TdIEI(IEOr) lEI I to lEO I Delay 
(After ED Decode) 220 160 110 [3] 

19--TdC(INT)---Clock I to INT I Delay-------(TcC + 200)------(TcC + 140)-TcC + 120---[4]----

20 TdCLK(INT) CLK/TRG I to INTI 

21 TcCTR 

tsCTR(C) satisfied 
tsCTR(C) not satisfied 

CLK/TRG Cycle Time 

(TcC + 230) 
(2TcC+530) 

(2TcC) 

(TcC + 160) TcC + 130 
(2TcC + 370) 2TcC + 280 

(2TcC) 2TcC 

[5] 
[5] 

[5] 

22--TrCTR-----CLK/TRG Rise Time-------------50-------50-------40----------------

23 TlCTR CLK/TRG Fall Time 50 50 40 

24 TwCTRI CLK/TRG Width (Low) 200 200 120 

25 TwCTRh CLK/TRG Width (High) 200 200 120 
26-T,CTR(Cs)--CLK/TRG I to Clock I Setup----------------------------------------------­

Time for Immediate Count 300 

27 TsCTR(Ct) CLK/TRG t to Clock I Setup 
Time for enabling of Prescaler 
on following clock' 

28 TdC(ZC/TOr) Clock I to ZClTO I Delay 

28 TdC(ZCITOf) Clock I to ZCITO I Delay 

[AI 25 TeC > (n-2) TdIEI(lEOf) + TdMl(lEO) + TsIEI(lO) 
+ TTL buller delay, 11 any. 

IE) RESET must be achve lor a mlnlmUm of 3 clock cycles. 

NOTES: 
[l[ TcC '" TwCh + TwCI + TrC + T!C. 
[2) Increa.se dela.y by 10 ns ior each 50 pF mcreilse m loadmg, 

200 pF maximum Jar data lmes. dnd 100 pF lor control lines. 

210 

260 

190 

ZILOG DATA 
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210 ISO [5] 

210 ISO [4] 

190 140 

190 140 

13) Increase delay by 2 ns for HdCh lU pF Ir:n€'asl' In loadll1g, 
100 pF maXimum. 

[41 Timer mode. 
[5) Counter mode. 
[61 RESET must be ih:!l~e for d ffiHllmum of 3 C":oci; ,;ycles 



0rderIDg 
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PradacI ~ PradacI PacIrage/ . .....- T_ ....... ~ If""'- T_p ....... DeocrIpIIoD 

1B43O CE 2.SMHz ZllO CTC (28-pln) 1B43OA DE 4.0 MHz ZllOA CTC (28-pin) 

1B43O CM 2.SMHz Same ... above 1B43OA DS 4.0 MHz Same <IS above 

1B43O CMB 2.5 MHz Same ... above 1B43OA PE 4.0 MHz Same as above 

l.843O CS 2.5 MHz Same .. above 1B43OA PS 4.0 MHz Same a. above 

1B43O DE 2.5 MHz Same a. above 1B43OB CE 6.0 MHz ZllOB CTC (28-pin) 
1.8430 OS 2.5 MHz Same .. above 1.843OB CM 6.0 MHz Same .. above 

1B43O PE 2.5 MHz Same .. abov~ 1B43OB CMB 6.0 MHz Same •• above 

1B43O PS 2.5 MHz Same .. above Z8430B CS 6.0 MHz Same .. above 

Z8430A CE 4.0 MHz ZllOA CTC (28·pln) Z8430B DE 6.0 MHz Same .. above 

1B43OA CM 4.0 MHz Same .. above 1.843OB DS 6.0 MHz Same as above 

Z8430A CMB 4.0 MHz Same ... above Z8430B PE 6.0 MHz Same .. above 

1.843OA CS 4.0 MHz Same ... above 1.843OB PS 6.0 MHz Same as above 

NOTES: C - Ceramic. D = Cerdip, P '" PLlltlc: E ,.. -4(l°C to +85OC, M - -55OC to + 125OC. MB "" -55"C to + 125°C with 
M1L·STD-883 CIa. B procreu1nq. S = O·C to + 70°C. 
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5 - 1+8 
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Features 

General 
Description 

2042-0111,0120 

• Two independent full-duplex channels, with 
separate control and status lines for modems 
or other deVices. 

• Data rates of a to SOOK bits/second in 
the xl clock mode with a 2.5 MHz clock 
(2·80 SIO). or 0 to 800K bits/second with a 
4.0 MHz clock (Z·80A SIO). 

• Asynchronous protocols: everything 
necessary for complete messages in 5, 6, 7 
or 8 bits/character. Includes variable stop 
bits and several clock-rate multipliers; 
break generation and detection; parity; 
overrun and framing error detection. 

The 2-80 SIO Serial Input/Output Control­
ler is a dual-channel data communication 
interface with extraordinary versatility and 
capability. Its basic functions as a serial-to­
parallel, parallel-to-serial converter/controller 
can be programmed by a CPU for a broad 
range of serial communication applications. 

The device supports all common asyn· 
chronous and synchronous protocols, byte· or 

c'" _:: ""_ 
D:!: __ D. SYNC ... __ 

Z8440 
zacrSIO ....... 
"put/Output CoDIroUer 

Product 
Specl8calioD 

March 1981 

• Synchronous protocols: everything 
necessary for complete bit- or byte-oriented 
messages in 5, 6, 7 or 8 bits/charader, 
including IBM Bisync, SDLC, HDLC, 
CCITT-X.25 and others. Automatic CRC 
generation/checking, sync character and 
zero insertion/deletion, abort genera­
tion/detection and flag insertion. 

• Receiver data registers quadruply buffered, 
, transmitter registers doubly buffered. 

• Highly sophisticated and flexible daisy­
chain interrupt vectoring for interrupts 
without external logiC. 

bit·oriented, and performs all of the functions 
traditionally done by UARTs, USARTs and 
synchronous communication controllers com· 
bined, plus additional functions traditionally 
performed by the CPU. Moreover, it does this 
on two fully· independent channels, with an 
exceptionally sophisticated interrupt structure 
that allows very fast transfers. 

Full interfaCing is ptovided for CPU or DMA 

D 0. 1 ~ iGCi_- ) 

_". "'""" c •••• ". ". , 
__ 0, iiftl 

om __ MODEM --". } 

1
-" ""'0":: - c_,"o< 
-_lIffif __ iii 

CONTROL -- iOi'iQ R,08 -- 1 
'~~~ --" 

Clli TiCii __ 

-_alA WIADYB CM ........ L. 

::~~~ { ::: --} :::::OL 
I"l::~= 6COii __ 

Figure 1. Z-80 SI0/2 Pin FUDCtiODil 
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General 
Description 
(Continued) 

Pin 
Description 

control. In addition to data communication, the 
circuit can handle virtually all types of serial 
110 with fast (or slow) peripheral devices. 
While designed primarily as a member of the 
Z-80 family, its versatility makes it well suited 
to many other CPUs. 

Figures I through 6 illustrate the three pin 
configurations (bonding options) available in 
the SIO. The constraints of a 40-pin package 
make it impossible to bring out the Receive 
Clock (RXC), Transmit Clock (TxC), Data Ter­
minal Ready (DTR) and Sync (SYNC) signals 
for both channels. Therefore, either Channel B 
lacks a signal or two signals are bonded 
together in the three bonding options offered: 

• Z-80 SI0/2 lacks SYNCB 

• Z-80 SIOI! lacks DTRB 

• Z-80 SIOIO has all four signals, but TxCB 
and RxCB are bonded together 

The first bonding option above (510/2) is the 
preferred version for most applications. The 
pin descriptions dre as follows: 

B/A. Channel A Or B Select (input, High 
selects Channel B). This input defines which 
channel is accessed during a data transfer 
between the CPU and the SIO. Address bit Ao 
from the CPU is often used for the selection 
function. 

C/O. Control Or Data Select (input, High 
selects Control). This input defines the type of 
information transfer performed between the 
CPU and the 510. A High at this input during 
a CPU write to the SIO causes the information 
on the data bus to be interpreted as a com­
mand for the channel selected by B/A. A Low 
at C/D means that the information on the data 
bus is data. Address bit Al is often used for 
this function. 

0, 

0, 

o~~ _0, ~--
SYNC" 

The Z-80 SIO is an n-channel Silicon-gate 
depletion· load device packaged in a 40·pin 
plastic or ceramic DIP. It uses a single + 5 V 
power supply and the standard Z-80 family 
single-phase clock. 

CEo Chip Enable (input, active Low). A Low 
level at this input enables the SIO to accept 
command or data inpu t from the CPU during a 
write cycle or to transmit data to the CPU 
during a read cycle. 

CLK. System Clock (input). The SIO uses the 
standard Z-80 System Clock to synchronize 
internal signals. This is a single-phase clock. 

CTSA. CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow­
risetime signals. The SIO detects pulses on 
these inputs and interrupts the CPU on both 
logic level transitions. The Schmitt-trigger buf­
fering does not guarantee a speCified noise­
level margin. 

Do-o,. System Data Bus (bidirectional, 
3-state). The system data bus transfers data 
and commands between the CPU and the Z-80 
SIO. DO is the least significant bit. 

DCDA, DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the SIO is programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow­
risetime signals. The SIO detects pulses on 
these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffer-

I ~ 

BUS .--0, --'0. iiiCl 1 ""'" , .. ,'". --0, 
--0, 

imI1 CONTROL 
=_}.OD .. 

_(=~=:t" .... ~' ;,--- 1 
:{ --: :; ----}~g:::., ... ,'". 

INTEAItU,"T DCDIi 
CONTIIOI. 

.!.11 
Figure 3. Z-80 51011 Pin Functions 

ZILOG DATA 
Z80 SIO 

5 - 50 

Figure 4. Z-80 510/1 Pin Assignments 

2042-0111. 0]20 



Pin 
Description 
(Continued) 
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ing does not guarantee a specific noise-level 
margin. 

DTRA. DTRB. Data Terminal Ready (outputs. 
active Low). These outputs follow the state pro­
grammed into Z-80 SIO. They can also be pro­
grammed as general-purpose outputs. 

In the Z-80 SIOI! bonding option. DTRB is 
omitted. 

lEI. Interrupt Enable In (input. active High). 
This signal is used with lEO to form a priority 
daisy chain when there is more than one 
interrupt-driven device. A High on this line 
indicates that no other device of higher pri­
ority is being serviced by a CPU interrupt ser­
vice routine. 

lEO. Interrupt Enable Out (output. active 
High). lEO is High only if lEI is High and the 
CPU is not servicing an interrupt from this 
SIO. Thus, this signal blocks lower priority 
devices from interrupting while a higher 
priority device is being serviced by its CPU 
interrupt service routine. 

INT. Interrupt Request (output, open drain, 
active Low). When the S10 is requesting an 
interrupt, it pulls INT Low. 

IORQ. Input/Output Request (input from CPU. 
active Low). IORQ is used in conjunction with 
BIll.. C/D. CE and RD to transfer commands 
and data between the CPU and the SIO_ When 
CEo RD and 10RQ are all active. the channel 
selected by BIll. transfers data to the CPU (a 
read operation). When CE and 10RQ are 
active but Fill is inactive, the channel selected 
by BIll. is written to by the CPU with either 
data or control information as specified by 
C/D. If 10RQ and M1 are active simultane-

ously, the CPU is acknowledging an interrupt 
and the SIO automatically places its interrupt 
vector on the CPU data bus if it is the hfghest 
priority device requesting an interrupt. 

MI. Machine Cycle (input from Z-80 CPU. 
active Low). When Ml is active and RD is also 
active, the Z-80 CPU is fetching an instruction 
from memory; when Ml is active while 10RQ. is 
active, the SIO accepts MI and 10RQ as an 
interrupt acknowledge if the SIO is the highest 
priority device that has interrupted the Z-80 
CPU. 

RxCA. RxCB. Receiver Clocks (inputs). 
Receive data is sampled on the rising edge of 
RxC. The Receive Clocks may be I. 16. 32 or 
64 times the data rate in asynchronous modes. 
These clocks may be driven by the Z-80 CTC 
Counter Timer Circuit for programmable baud 
rate generation. Both inputs are Schmitt­
trigger buffered (no noise level margin is 
specified) . 

In the Z-80 SIOIO bonding option. RxCB is 
bonded together with TxCB. 

RD. Read Cycle Status (input from CPU. 
active Low). If RD is active, a memory or 110 
read operation is in progress. RD is used with 
BI A. CE and 10RQ to transfer data from the 
SIO to the CPU. 

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

RESET. Reset (input. active Low). A Low 
RESET disables both receivers and transmit­
ters, forces TxDA and TxDB marking, forces 
the modem controls High and disables all 
interrupts. The control registers must be 

,,~ , · ~~. ,,~ , · '. omj ~ ,;: == 1 __ 0, WiiiliYi CM" .... " '" ' ;;i: 4 
'. --'. --'. ""} CRi __ ..... 
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Pin 
Description 
(Continued) 

rewritten after the SIO is Teset and before data 
is transmitted or received. 

RTSA .RTSB. Request To Send (outputs" 
activE( Low). When the RTS bit in Write 
Register 5 (Figure 14) is set. the RTS output 
goes Low, When the RTS bit is reset in the 
Asynchronous mode, the output goes High 
after the transmitter is empty. In Synchronous 
modes. the RTS pin strictly follows the state of 
the RTS bit. Both pins can be used as general­
purpose outputs. 

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

In the internal synchronization mode 
(Monosync and Bisync), these pins act as out~ 
puts that are active during the part of the 
receive clock (RxC) cycle in which sync 
characters are recognized. The sync condition 
is not latched, so these outputs are active each 
time a sync pattern is recognized, regardless 
of character boundaries. 

In the Z·80 SIOI2 bohding option, SYNCB 
is omitted. 
TxCA. TxCB. Transmitter Clocks (inputs). In 
asynchronous modes, the Transmitter Clocks 
may be 1, 16. 32 or 64 times the data rate; 
however I the clock multiplier for the transmit­
ter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buf~ 
fered for relaxed rise~ and fall-time require­
ments (no noise level margin is speCified). 
Transmitter Clocks may be driven by the Z-80 
eTC Counter Timer Circuit for programmable 
baud rate generation. 

In the Z-80 SIO/O bonding option, TxCB is 
bonded together with RxCB. 
TxDA. TxDB. Transmit Data (outputs. active 
High). Serial data at TTL levels. TxD changes 
from the failing edge of TxC. 

W/RDYA. W/RDYB. Wait/Ready A. Wail! 
Ready B (outputs, open drain when pro­
grammed for Wait function, driven High and 
Low when programmed for Ready function). 
These dual-purpose outputs may be pro­
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU to 
the SIO data rate. The reset state is open 
drain. 

} SERIAL DATA 

} CHANN£l CLOCKS 

SYNC 
WAIT/Rboy 

) 
MODEM OR 
OTHER CONTROLS 

) 
MODEM OR 
OTHER CONTROLS 

-I SERIAL DATA 

CHANNEL CLOCKS _ iYNC 

..."....... 

Figure 7. Block Diagram 
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Functional 
Description 

Data 
Communi­
cation 
Capabilities 

2042-0107 

The functional capabilities of the 2-80 SIO 
can be described from two different points of 
view: as a data communications device, it 
transmits and receives serial data in a wide 
variety of data-communication protocols; as a 
Z-80 family peripheral, It interacts with the 
2-80 CPU and other peripheral circuits, shar­
ing the data, address and control buses, as 
well as being a part of the Z-80 interrupt struc­
ture, As a peripheral to other microprocessors, 

the SIO offers valuable features such as non­
vectored interrupts, polling and simple hand­
shake capability, 

Figure 8 illustrates the conventional devices 
that the SIO replaces. 

The first part of the following discussion 
covers SIO data-communication capabilities; 
the second part describes interactions between 
the CPU and the SIO. 

B e •••••• 
MICROPROCESSOR z .• o A 

INT1!IIFACK - 810 

-- CHANNEl. • 
Figure 8. Conventional Device. Replaced by the Z-80 SIO 

The SIO provides two independent full­
duplex channels that can be programmed for 
use in any common asynchronous or synchro­
nous data-communication protocol. Figure 9 
illustrates some of these protocols. The follow­
ing is a short description of them. A more 
detailed explanation of these modes can be 
found in the Z-80 SIO Technicol Manual. 

Asynchronous Modes. Transmission and 
reception can be done independently on each 
channel with five to eight bits per character, 
plus optional even or odd parity. The transmit­
ters can supply one, one-and-a-half or two stop 
bits per character and can provide a break 
output at any time. The receIver break­
detection logic interrupts the CPU both at the 
start and end of a received break. Reception is 
protected from spikes by a transient spike­
rejection mechanism that checks the signal 
one-half a bit time after a Low level is detected 
on the receive data input (RxDA or RxDB in 
Figure 5). If the Low does not persist-as in 
the case of a transient-the character assembly 
process is not started. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occurred. Vectored 
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interrupts allow fa'St servicing of error condi­
tions using dedicated routihes. Furthermore, a 
built-in checking process avoids interpreting a 
framing error as a new start bit: a framing 
error results in the addition of one-half a bit 
time to the point at which the search for the 
next start bit is begun. 

The SIO does not require symmetric transmit 
and receive clock signals-a feature that 
allows it to be used with a 2-80 eTC or many 
other clock sources. The transmitter and 
reeeiver can handle data at a rate of 1, 1/16, 
1/32 or 1164 of the clock rate supplied to the 
receive and transmit clock inputs. 

In asynchronous modes, the SYNC pin may 
be programmed as an input that can be used 
for functions such as monitoring a ring 
indicator. 

Synchronous Modes. The SIO supports both 
byte-oriented and bit-oriented synchronous 
communication. 

Synchronous byte-oriented protocols can be 
handlep in several modes that allow character 
synchronization with an 8-bit sync character 
(Monosync), any 16-bit sync pattern (Bisync), 
or with an external sync signal. Leading sync 



Data 
Communi­
cation 
Capablliti_ 
(Continued) 

characters can be removed without interrupt­
ing the CPU. 

Five-, six- or seven.bit sync characters are 
detected with 8- or 16-bit patterns in the SIO 
by overlapping the larger pattern across multi­
ple in-coming sync characters, as shown in 
Figure 10. 

CRC checking for synchronous byte­
oriented modes is delayed by one character 
time so the CPU may disable CRC checking on 
speCific characters. This permits implementa­
tion of protocols such as IBM Bisync. 

Both CRC-16 (X16 + XIS + X2 + 1) and 
CCITT (X16 + X12 + XS + I) error checking 
polynomials are supported. In all non-SDLC 
modes, the eRe generator is initialized to D's; 
in SDLC modes, it is initialized to I's. The SIO 
can be used for interfaCing to peripherals such 
as hard-sectored floppy disk, but it cannot 
generate or check CRC for IBM-compatible 
soft-sectored disks. The 5IO also provides a 
feature that automatically transmits eRe data 
when no other data is available for transmis­
sion. This allows very high-speed transmissions 
under DMA control with no need for CPU 
intervention at the end of a message. When 
there is no data or CRC to send in syn­
chronous modes, the transmitter inserts 8- or 
16-bit sync characters regardless of the pro­
grammed character length. 

The SIO supports synchronous bit-oriented 
protocols such as SDLC and HDLC by per­
forming automatic flag sending, zero insertion 
and CRC generation. A special command can 
be used to abort a frame in transmission. At 
the end of a message the SIO automatically 
transmits the CRe and trailing flag when the 
transmit buffer becomes empty. If a transmit 

underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of 
this status change so that an abort may be 
issued. One to eight bits per character can be 
sent, which allows reception of a message with 
no prior information about the character struc­
ture in the information held of a frame. 

The receiver automatically synchronizes on 
the leading flag of a frame in SDLC or HDLC, 
and provides a synchronization signal on the 
SYNC pin; an interrupt can also be pro­
grammed. The receiver can be programmed to 
search for frames addressed by a single byte to 
only a speCified user-selected address or to a 
global broadcast address. In this mode, frames 
that do not match either the user-selected or 
broadcast address are ignored. The number of 
address bytes can be extended under software 
control. For transmitting data, an interrupt on 
the first received character or on every 
character can be selected. The receiver 
automatically deletes all zeroes inserted by the 
transmitter during character assembly. It also 
calculates and automatically checks the CRC 
to validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. 

The SIO can be conveniently used under 
DMA control to provide high-speed reception 
or transmission. In reception, for example, the 
SIO can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the DMA to transfer the message 
to memory. The SIO then issues an end-of­
frame interrupt and. the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. 

~~~~~:~:~I~O="A~~~'="'~ 
MONOSYllfC 

~~~~-:-:~~~-",~, 

BISYNC 

LI~~~~:7:--~-=-=~~"='~'-L='="~'~ 
EXTERNAL SYNC 

r-F-"'-G-,.I-AO-O-"-,,..,I,..------"-FO-<~M~7T-"-'------~..:.,,;.;,~, -L;';';.;"::.' ~--==--.J 
SDLC'HDLC;:IX.26 

Figure 9. Some Z-80 810 Prot~l. 

6 BITS 
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110 Interlace 
Capabilities 

The 510 offers the choice of polling, inter­
rupt (vectored or non-vectored) and block­
transfer modes to transfer data, status and con­
trol information to and from the CPU. The 
block-transfer mode can also be implemented 
under DMA control. 

Polling. Two status registers are updated at 
appropriate times for each function being per­
formed (for example, eRe error-status valid at 
the end of a message). When the CPU is 
operated in a polling fashIon, one of the SIO's 
two status registers is used to indicate whether 
the SIO has some data or needs some data. 
Depending on the contents of this register, the 
CPU will either write data, read data, or Just 
go on. Two bits in the register Indicate that a 
data transfer is needed. In additIon, error and 
other conditions are indicated. The second 
status register (special receive conditions) does 
not have to be read in a polling sequence, 
until a character has been received. All inter­
rupt modes are disabled when operating the 
device in a polled environment. 

Interrupts. The SIO has an elaborate interrupt 
scheme to provide fast interrupt service in 
real-time applications. A control register and a 
status register in Channel B contain the inter­
rupt vector. When programmed to do so, the 
S10 can modify three bits of the interrupt vec­
tor in the status register so that it points direct­
ly to one of eight interrupt service routines in 
memory, thereby servicing conditions in both 
channels and eliminating most of the needs for 
a status-analysis routine. 

TransmIt interrupts, receive interrupts and 
external/status interrupts are the raain sources 
of interrupts. Each interrupt source IS enabled 
under program control, with Channel A hav­
ing a higher priority than Channel B, and with 
receive, transmit and external/status interrupts 
prioritized in that order within each channel. 
When the transmit interrupt is enabled, the 
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CPU is interrupted by the transmit buffer 
becoming empty. (This implies that the 
transmitter must have had a data character 
written into it so it can become empty.) The 
receiver can interrupt the CPU in one of two 
ways: 

• Interrupt on first received character 

• Interrupt on all received characters 

Interrupt-on-first-received-character IS 
typically used with the block-transfer mode. 
Interrupt-on-all-received-characters has the 
option of modifying the interrupt vector in the 
event of a parity error. Both of these interrupt 
modes will also interrupt under speCial receive 
conditions on a character or message baSIS 
(end-of-frame interrupt in SDLC, for example). 
This means that the special-receive condition 
can cause an Interrupt only if the interrupt-on­
first-received-character or interrupt-on-all­
received-characters mode is selected. In 
interrupt-on-first-received-character, an inter­
rupt can occur from special-receive conditions 
(except parity error) after the first-received­
character interrupt (example: receive-overrun 
interrupt) . 

The main function of the external/status 
interrupt is to monitor the signal transitions of 
the Clear To Send (CTS), Data Carrier Detect 
(DCD) and Synchronization (SYNC) pins 
(Figures 1 through 6). In addition, an exter­
nal/status interrupt is also caused by a CRC­
sending condition or by the detection of a 
break sequence (asynchronous mode) or abort 
sequence (SDLC mode) in the data stream. 
The interrupt caused by the break/abort 
sequence allows the SIO to interrupt when the 
break/abort sequence is detected or ter­
minated. This feature facilitates the proper ter­
mination of the current message, correct 
mitidlization of the next message, and the 
accurate timing of the break/abort condition in 
external logic. 



I/O Interface 
Capabilities 
(Corltmued) 

Internal 
Structure 

In d Z-80 CPU environment (FIgure I I), SIO 
mterrupt vectormg is "automatic": the S10 
passes Its internally-moddiable 8-bit interrupt 
vector to the CPU, which adds an additional 8 
bits from its interrupt-vector (1) register to form 
the memory address of the interrupt-routine 
table. This table contains the address of the 
beginning of the interrupt routine itself. The 
process entails an indIrect transfer of CPU 
control to the interrupt routine, so that the 
next instruction executed after an interrupt 
acknowledge by the CPU is the first instruction 
of the interrupt routine itself. 

CPU/DMA Block Transfer. The SIO's bIock­
transfer mode accommodates both CPU block 
transfers and DMA controllers (2-80 DMA or 
other deSigns). The block-transfer mode uses 
the Walt/Ready output signa!, which is 
selected with three bits in an internal control 
register. The Wait/Ready output signal can be 
programmed as a WAIT Ime in the CPU block­
transfer mode or as a READY line In the DMA 
block-transfer mode. 

To a DMA controiler, the SIO READY output 
indicates that the SIO is ready to transfer data 
to or from memory. To the CPU, the WAIT out­
put indicates that the SIO is not ready to 
transfer data, thereby requesting the CPU to 
extend the I/O cycle. 

The internal structure of the device includes 
a 2-80 CPU interface, internal control and 
interrupt logic, and two full-duplex channels. 
Each channel contains its own set of control 
and status (write and read) registers, and con­
trol and status logic that provides the interface 
to modems or other external devices. 

The registers for each channel are desig-
nated as follows: 

WRO- WR7 - Write Registers 0 through 7 
RRO-RR2 - Read Registers 0 through 2 

The register group includes five a-bit control 
registers, two sync-character registers and two 
status regist~rs. The interrupt vector is written 
into an additional a-bit register (Write Register 
2) in Channel B that may be read through 
another a-bit register (Read Register 2) in 
Channel B. The bit assignment and functional 
grouping of each register is configured to 
simplify and organize the programming pro­
cess. Table 1 lists the functions assigned to 
each read or write register. 
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SYSTEM 
BUSES 

i'Nr_ 

Figure 11. Typical %-80 Environment 

Read Register Functlou 

RRO TransmiVReceive buffer status, interrupt 
status and external status 

RRI Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

Write Reglster Functlou 

WRO Register pointers, CRC initialize, initializa­
tion commands for the various modes, etc. 

WRI TransmiVReceive interrupt and data transfer 
mode definition. 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and control 

WR4 TransmiVReceive miscellaneous parameters 
and modes 

WR5 Transmit parameters and controls 

WR6 Sync character or SDLC address field 

WR7 Sync character or SDLC flag 

2032-OlZl 



Internal 
Structure 
(Continued) 

The logic for both channels provides for· 
mats, synchronization and validation for data 
transferred to and from the channel interface. 
The modem control inputs, Clear To Send 
(CTS) and Data Carrier Detect (DCD), are 
monitored by the external control and status 
logic under program control. All external 
control-and-stetus-Iogic signals are general­
purpose in nature and can be used for func­
tions other than modem control. 

Data Path. The transmit and receive data path 
illustrated for Channel A in Figure 12 is iden­
tical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement, 
in addition to the 8-hit receive shift register. 
This scheme creates additional time for the 

CPU to service an mterrupt at the beginning of 
a block of high-speed data. Incoming data is 
routed through one of several paths (data or 
CRC) depending on the selected mode 
and-in asynchronous modes-the character 
length. 

The transmitter has an 84 bit transmit data 
buffer register that is loaded from the internal 
data bus, and a 204 bit transmit shift register· 
that can be loaded from the sync4 character 
buffers or from the transmit data register. 
Depending on the operational mode, outgOing 
data is routed through one of four main paths 
before it is transmitted from the Transmit Data 
output (TxD). 

TO CHANNEL 8. ~~!I!~~=:=:;li~~~~II;~!iJE~~~~~~~~~~rf:t EXTERNAL STATUS LoaiC. 

_ RECEIVE 
AltCA_ CLOCK 

LOGIC 
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CONTROL LOGIC. ETC. 

HUNT MOOE (BISYNC) r--------.., 

Figure 12. Tranamit cmd Receive Data Path (Cba1Ul81 AI 
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Programming The system program first issues a series of 
commands that initialize the basic mode of 
operation and then other commands that 
qualify conditions within the selected mode. 
For example, the asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first; then 
the interrupt mode; and finally, receiver or 
transmitter enable. 

Both channels contain registers that must be 
programmed. via the system program prior to 
operation. The channel-select input (B/A) and 
the control/data input (c/iS) are the command­
structure addressing controls, and are normal­
ly controlled by the CPU address bus. Figures 
15 and 16 illustrate the timing relationships for 
programming the write registers and transfer­
ring data and status. 

Read Regislen. The SIO contains three read 
registers for Channel B and two read registers 
for Channel A (RRO-RR2 in Figure 13) that can 
be read to obtain the status informatiOn; RR2 
contains the internally-modifiable interrupt 
vector and is only in the Channel B register 
set. The status information includes error con­
ditions, interrupt vector and standard 
communications-interface sign.:11s. 

To read the contents of a selected read 
register other than RRO, the system program 
must first write the pointer byte to WRO in 
exactly the same way as a write register opera­
tion. Then, by executing a read instruction, 
the contents of the addressed read register can 
be read by the CPU. 

The status bits of RRO and RRI are carefully 
grouped to simplify status monitoring. For 
example, when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred, all the appropriate error hits can be 
read from ~ single register (RRI). 

Write R8g!slen. The SIO contains eight write 
registers for Channel B and seven write 
registers for Channel A (WRO-WR7 in Figure 
14) that are programmed separately to con­
figure the functional personality of the chan­
nels; WR2 contains the interrupt vector for 
both' channels and is only in the Channel B 
register set. With the exception of WRO, pro­
gramming the write registers requires two 
bytes. The first byte is to WRO and contains 
three bits (Do-D2) that point to the selected 
register; the second byte is the actual control 
word that is written into the register to con­
figure the SIO. 
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WRO is a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (int~rnal or external) initializes the 
pointer bits Do-D2 to point to WRO. This 
implies that a channel reset must not be com­
bined with the pointing to any register. 

READ REGISTER 0 

1~lo.losio.I~lo.lo,IDo·1 

III ~~L-"CHA'ACTER"'''AIL' L-=::'NT PENDING ICH.ItONLY) 

i:,:",,, ••• PTY } 

~~c/HUNT • 

T. UNOEAAUNIEOM 
BREAK/ASORT 

READ REGISTER It 

10010.10.ID.10.10110,10.1 

'UsedWllh EXle",.'ISlatuS 
Imerrupl Mode 

III L-m"" 
I FIELD BITS I FIELD BITSlN ) 
IN PREVIOUS SECOND PREVIOUS 

1 0 0 8~TE BV;E 

010 0 f 
110 0 5 • 
001 0 I 
101 0 7 
011 0 I 
111 1 I 
000 2 I 

PItR.TYERROR ·Res.dua Dala Fo,e'ght 
A.OVERRUNERAOR R.BotS/Cha'acte,P'og'ammed 
CRCtFRItItlING ERROR 
EHOOFFRAfIIE,SDLC) 

tUsadW't~Spec .. iRece,veCondot,onMode _ 

READ REGISTER 2 

IDrIDtlo,lra,io.lo.io,IDaI 

111~~~t} ~~~~ IHTEA.RUPT 
Vf VECTOR 

~ 
" 

tv.".Dle,' Slah.sAliects 
~eclO' ,sP'og'ammed 

F1gure 13. Read Register Bit FuDCtioDa 
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WRITE REGISTER 0 

IDiDiD]oioiDiDiDvI 

· · : · · · , · · , , · · , · , , , · , , , 

I I I · · · · · , · , · · , , · · , · , , , · , , 
NULL CODE 

AEGISTEAD 
REGISTER 1 

~i~lii!~ ~ 
::~:~~:: ~ 

SENDABOR T(SDLel 
"S::e',USINTEAAUPTS ~~!~TNi~TI 

~~::~~~~ 
EA"DARES 

~:~~E:~~~:~ CHARACTER 

AETUANFA OMIHTICH-ADMLV) 

NULL CODE 
AESETlhCACCHECI<ER 
RESET T. CAe GENERATOA 
RESETTxUNDE!lAUNIEOM LATCH 

WRITE REGISTER I 

ID,In.'D.'D.ID,'o.ID,'~1 

~lli' 
~L-,." .. , ... " 
~T.INTENABlE 

STATU$ AFFECTS YECTOR 
(CH.80NLy) 

o 0 R.INT DISABLE 
o 1 R. IMT ON FIRST CHARACTER 
1 a INT ON ALL R. CHARACTERS (PARITY AFFECTS VECTOR) } • 
1 liNT ON ALL II. CHARACTERS (PARln DOES NOT AFFECT 

VECTOR) 

l«&!IREADYON AfT ·0'0" 
~IREADYFUNCTION SI>!'NI 
WAITIAEAOYENA8LE Cond"'''" 

WRITE REGISTER 2 (CHANNEL B ONLY) 

10,lo-IDsID.iD,ID,ID,lo,1 

11" ~~ }, ........ ~~'mo. 
" 

WRITE REGISTER 3 

(o,!o.]O.!O.]OI!o,]o,laol 

II I~~L-····"" ~SYN. C CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE (SOLCI 
R.CACENAIlE 
ENTEAHUNTPHASE 
AUTO ENABLES 

o A.SIITs/CHARACTER 
1 A.71ITS/CHARACTEA 

I 0 A.6BITS/CHAAACTEA 
I I R.aIITs/CHARACTER 

WRITE REGISTER' 

!D,!D.ios!D.!O,!O.!o,]o.1 

I I I L-::::~~ :~:=,~ 
o 0 SYNCIIIDDESENA8tE 

~ ~ : ,~T~:O:I~I~~~~AACAT:~TEA 
1 1 2STOPBITSlCHAAACTER 

o .BITSYNCCHAAACTER 
I IIBITSYNCCHARACTEA 
o SOLCIIIIOOE(OIIIII10FLAGf 
1 EXTERNAL SYNC MODE 

o XI CLOCK MODE 
I X16CLOCK MODE 

I 0 X32CLOCK MODE 
I I X84 CLOCN; MODE 

WRITE REGISTER 5 

(D,lo.ID.!D.lo,I~]D,lo.1 

~ I II I I L-~:::::" 
, ~~:~~~~~N; 

, • .. """0' " .. ,e"""", o I T.7BITS/CHARACTEA 
, 0 TaSBITs/CHARACTER 
, I haBITS/CHARACTER 

0'" 

WRITE REGISTER 8 

10,!0.Io.10.io,iezI0,lo.l 

WRITE REGISTER 1 

10,10.ID,10'lo,10:lo,10,,1 

IIIII ~i;~~iill:}. SYNC BIT 12 
SYNC BIT 13 
SYNC BIT 14 
SYNC BIT 15 

'Fo' SOLe 'I t,loJs' Be P'OIl'~""mpo 
'0 ()11 1" Ie ~O' Flag Rec'Xi~"<'o 

Figure 14. Writ. Rttgilter Bit Functlona 
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Timing The SIO must have the same clock as the 
CPU (same phase and frequency relationship, 
not necessarily the same driver). 

Read Cycle. The timing signals generated by 
a Z-BO CPU input instruction to read a data or 
status byte from the SIO Bre illustrated in 
Figure 15. 

Write Cycle. Figure 16 illustrates the timing 
and data signals generated by a 2-80 CPU out­
put instruction to write a data or control byte 
into the SIO_ 

Interrupt-Acknowledge Cycle. After receiv­
ing an interrupt-request signal from an SIO 
(lNT pulled Low), the 2-80 CPU sends an 
interrupt-acknowledge sequence (Ml Low, and 
10RQ Low a few cycles later) as in Figure 17_ 

The SIG contains an internal daisy-chained 
interrupt structure for prioritizing nested inter­
rupts for the various functions of its two chan­
nels, and this structure can be used within 
an external user-defined daisy chain that 
prioritizes several peripheral circuits. 

The lEI of the highest-priority device is 
terminated High. A device that has an inter­
rupt pending or under service forces its lEO 
Low. For devices with no interrupt pending or 
under service, lEO = lEI. 

To insure stable conditions in the daisy 
chain, all interrupt status signals are pre­
vented from changing while m is Low. When 
IORQ is Low, the highest priority interrupt 
requestor (the one with lEI High) places its 
interrupt vector on the data bus and sets its 

T, T, T. T. 

CLOCK 

Ci, criii, ali __ -:1"-/'-__ +-___ .JL 

~-----------~~---------

Fig\1J'e 15. Read Cycle 
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Figure 16. Write Cycle 
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internal interrupt-under-service latch. 

Return From Interrupt Cycle. Figure 18 
illustrates the return from interrupt cycle. 
Normally, the 2-80 CPU issues a RET! (Return 
From Interrupt) instruction at the end of an 
interrupt service routine. RETI is a 2-byte 
opcode (ED-4D) that resets the interrupt­
under-service latch in the SIO to terminate the 
interrupt that has just been processed. This is 
accomplished by manipulating the daisy chain 
in the follOWing way. 

The normal daisy-chain operation can be 
used to detect a pending interrupt; however, it 
cannot distingUish between an interrupt under 
service and a pending unacknowledged inter­
rupt of a higher priority. Whenever "ED" is 
decoded, the daisy chain is modified by forc­
ing High the lEO of any interrupt that has not 
yet been acknowledged_ Thus the daisy chain 
identifies the device presently under service as 
the only one with an lEI High and an lEO Low. 
If the next opcode byte is "4D," the interrupt­
under-service latch is reset. 

The ripple time of the interrupt daisy chain 
(both the High-to-Low and the Low-to-High 
tranSitions) limits the number of devices that 
can be placed in the daisy chain. Ripple time 
can be improved with carry-look-ahead, or by 
extending the interrupt-acknowledge cycle. 
For further information about techniques for 
increasing the number of daisy-chained 
deVices, refer to the Z-80 CPU Product 
Specification. 

.. ----------1-----

, .. =========7 
OATA 

Figure 11. Interrupt Acknowledge Cycle 
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Absolute 
Maximum 
Ratings 

Tat 
Conditions 

DC 
Charac· 

Voltages on all inputs and outputs 
with respect to GND. . . . ... -0.3 V to + 7.0 V 

Operating Ambient 
Temperature 

Storage Temperature. 

As Specified in 
.... Ordering Information 

.-65°Cto +150°C 

The characteristics below apply for the 
follOWing test conditions, unless otherwise 
noted. All voltages are referenced to GND 
(0 V). Positive current flows into the refer· 
enced pin. Available operating temperature 
ranges are: 

• O°C to + 70°C, 
+4.75 V S Vee S +5.25 V 

• -40°C to +85°C, 
+4.75VsVee s +5.25V 

• - 55°C to + 125°C, 
+4.5VSVee S +5.5V 

Symbol Parameter 

teristics VILC Clock Input Low Voltage 

V 1HC 

V iL 

VIH 

VOL 
VOH 

Clock Input High Voltage 

Input Low Voltage 

Input High Voltdge 

Output Low Voltage 

Output High Voltage 

Input Leakage Current 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
This 19 a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
01 these specihcatlons is not implied.. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

The product number for each operating 
temperature range may be found in the order­
ing information section. 

... 
FIIO,.OUTPUT 

UNDEIITEST =m" 
'00"1 ~:~ ~ 

Min Max Unit TeBt Condition 

-0.3 +0.45 V 

Vcc-0.6 +5.5 V 
-0.3 +0.8 V 
+2.0 +5.5 V 

+0.4 V IOL : 2.0 rnA 
+2.4 V IOH ~ -250.A 

-10 + 10 .A O<VJN<Vcc ILl 
Iz 3-State Output/Data Bus Input Leakage Current -10 +10 .A O<VIN<Vcc 
IUSYJ 

ICC 

SYNC Pin Leakage Current 

Power Supply Current 

Ovt!r specihed temper~ture and volt~ge Tange. 

Capacitance Symbol Parameter 

ao85·0006 

Clock Capacitance 

Input Capacitance 

Output Capacitance 

Over speCIfied temperature range. ! '" lMHz 

Min 

ZILOG DATA 
Z80 SIO 

5 - 61 

-40 +10 .A 

100 rnA 

Max Unit TeBt Condition 

40 

10 

pF Unmeasured 

pF pins returned 

pF to ground 

O<VIN<Vcc 



AC 
Electrical 
Character­
istics 

Ci. C/D. 8Ii ____________________ Y"'-----+---+--__j----J"--------

~.RD ____________________ Y·"'-----+---+--__j----J,-------

DVD7 ____________________ +-__________ -+'~~--------A 

Number Symbol 

1 TeC 

2 TwCh 

Parameter 

Clock Cycle Time 

Clock Width (High) 

TfC Clock Fall Time 

4 Tre Clock Rise Time 

z-ao SIO 
Min Max 

400 4000 

170 2000 
30 

30 

Z-BOA SIO Z-aoB SIO 
Mill Max Mill Max Unit 

250 4000 165 4000 ns 

105 2000 70 2000 ns 

30 15 ns 

30 15 n. 
5-TwCI---Clock Width (Low)---------170-2000--105-2000 --70 -2000--ns-

6 T.AD(C) CE, C/i), BIA to Clock' Setup Time 

7 T.CS(C) 

8 TdC(DO) 
10RQ, Ri5 to Clock' Setup Time 
Clock , to Data Out Delay 

160 145 

240 115 

240 

9 T.D1(C) Data In to Clock' Setup (Write or MI Cycle) 50 50 

60 ns 

60 
220 150 

30 ns 
lO-TdRD(DOz)-Ri5, to Data Out Float Delay 230----110 90--ns-

II TdIO(DOI) 10RQ , to Data Out Delay (INTACK Cycle) 340 

12 TsMI(C) Mlto Clock , Setup Time 210 90 

13 TsIEI(IO) lEI to 10RQ , Setup Time (INTACK Cycle) 200 140 

14 TdMI(!EO) MI I to lEO' Delay (interrupt before MI) 300 
15-TdIEI(lEOr)-IEI , to lEO' Delay (after ED decode) -----150---

16 TdIEI(IEOf) 

17 TdC(INT) 

18 TdIO(WIRWf) 

lEI I to lEO I Delay 
Clock , to INT , Delay 

10RQ , or CE I to WIRDY I Delay Wait 
Mode) 

150 

200 

300 

19 TdC(WIRR) Clock' to WIRDY I Delay (Ready Mode) 120 
2O-TdC(WIRWz)-Clock I to WIRDY Float Delay (Wait Mode)----150----

21 Th Any unspecified Hold when Setup is specified 0 

ZILOG DATA 
280 SIO 

5 - 62 

0 

160 

190 

100 

100 

200 
210 

120 

100 ns 

75 ns 

120 n. 
160 ns 

----70--ns-

70 ns 

150 

175 

100 

n. 
ns 

ns 

130 ----IIO--ns-

ns 
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AC 
Electrical 
Character­
istics 
(Continued) 

Number Symbol 

TwPh 

TwPI 

TcTxC 

TwTxCI 

T •• ________ +-__ ,~~ ____________________________________ __ 

Z-SO SIO Z·BOA SIO Z-BOB SIO 
Parameter Min Max Min Max Min Max U.alt 

Pulse Width (High) 200 200 200 ns 

Pulse Width (Low) 200 200 200 

TxC Cycle Time 400 400 330 

TxC Width (Low) 180 180 100 

5-TwTxCh---TxC Width (High)--------180--oo--180-oo--100-oo --ns--

6 TdTxC(TxD) TxC I to TxD Delay (xl Mode) 400 300 220 ns 

7 TdTxC(WIRRf) TxC I to W/RDY I Delay (Ready Mode) 9 9 9 Clk Period,· 

TdTxC(INT) TxC I to INT I Delay elk Periods~ 

T cRxC RxC Cycle Time 400 400 330 n, 
10-TwRxCI---RxC Width (Low),--------180- oo--180-oo--100-oo--n,--

II TwRxCh RxC Width (High) 180 180 100 n'~ 
12 TsRxD(RxC) RxD to RxC I Setup Time (xl Mode) 

13 ThRxD(RxC) RxC I to RxD Hold Time (xl Mode) 140 140 100 

14 TdRxC(W/RRf) RxC I to W/RDY I Delay (Ready Mode) 10 13 10 13 10 13 elk Periods * 

15-TdRxC(lNT)--RxC I to INT I Delay-------1O-13--1O-13--10-13-Clk Periods·· 

16 TdRxC(SYNC) RxC I to SYNC I Delay (Output Modes) 

17 TsSYNC(RxC) ~ I to RxC I Setup (External Sync 
Modes) 

In all modes, the System Clock rate must be at least five times the maximum data rate 
RESET must be active a mimmum 01 one complete Clock Cycle 
·System Clock 

2044·0]3 

4 

-100 

ZILOG DATA 
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Orderlag 
IDlormatloa 

Product Pac:kag./ Product Packag./ 
N1UIIber Temp Speed Deocrlpllon N1UIIber T .... p Speed DeocrIpllon 

28440 CE,CM 2.5 MHz ZSO SIO/O 28441 A DE,DS 4.0 MHz ZSOA slon 
(40-pin) (40·pin) 

28440 CMB,CS 2.5 MHz Same as above 28441A PE,PS 4.0 MHz Same as above 

Z8440 DE,DS 2.5 MHz Same as above 28441B CE,CM 6.0 MHz ZSOB SIO/l 

28440 PE,PS 2.5 MHz Same as above 
(40-pin) 

Z8440A CE,CM 4.0 MHz ZSOA SIOIO 28441B CMB,CS 6.0 MHz Same as above 

(40'pln) 28441B DE,DS 6.0 MHz Same as above 

Z8440A CMB,CS 4.0 MHz Same as above 28441B PE,PS 6.0 MHz Same as above 

Z8440A DE,DS 4.0 MHz Same as above 28442 CE,CM 2.5 MHz ZSO SI0/2 

Z8440A PE,PS 4.0 MHz Same as above 
(40-pln) 

Z8440B CE,CM 6.0 MHz ZSOB SIO/O 
Z8442 CMB,C;;S 2.5 MHz Same as above 

(40-pin) Z8442 DE,DS 2.5 MHz Same as above 

28440B CMB,CS 6.0 MHz Same as above 28442 PE,PS 2.5 MHz Same as above 

Z8440B DE,DS 6.0 MHz Same as above Z8442A CE,CM 4.0 MHz ZSOA SI0/2 

Z8440B PE,PS 6.0 MHz Same as above 
(40'pin) 

28441 CE,CM 2.5 MHz ZSO SIO/l 
28442A CMB,CS 4.0 MHz Same as above 

(40·pin) Z8442A DE,DS 4.0 MHz Same as above 

Z8441 CMB,CS 2.5 MHz Same as above Z8442A PE,PS 4.0 MHz Same as above 

28441 DE,DS 2.5 MHz Same as above 28442B CE,CM 6.0 MHz ZSOB SIOI2 

Z8441 PE,PS 2.5 MHz Same as above 
(40-pin) 

28442B CMB,CS 6.0 MHz Same as above 
28441A CE,CM 4.0 MHz ZSOA SIO/l 

28442B DE,DS 6.0 MHz (40·pln) Same as above 

28441A CMB,CS 4.0 MHz Same as above 
28442B PE,PS 6.0 MHz Same as above 

NOTES: C '" Ceramic, D '" Cerdip, P '" Plastic; E = _40°C to +8S°C, M '" _55°C to + 125°C, MB "" _55°C 10 + 125°C with 
MIL-STD-BB3 with Class B processing. S '" aoc to + 70°C. 

ZILOG DATA 
Z80 SIO 
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THEORY OF OPERATION 

CENTRAL PROCESSOR 

CLOCK GENERATOR: 

All the system clocks with the exception of the baud clock and the video dot clock are 
generated from a master oscillator operating at 20 Mhz. 

The 20 Mhz clock is scaled by the divide-by-5 section of decade counter U-12 to provide Li Mhz 
for use in the floppy disk data separator. The 2 Mhz clock for the disk controller is generated 
from the Li Mhz clock by the remaining divide by two sections of U-12. 

The 2.5 Mhz processor clock is generated by dividing the master 20 Mhz clock by 8 with binary 
counter U-IO. The output of the third stage is buffered by inverter U-9 and transistor Q-!. 

The column address strobe "CAS", and the address multiplexer control "MUXC", are derived 
from the 20 Mhz clock. When memory request "MREQB" is low and refresh "RFSHB" is high, 
generation of "CAS" and "MUXC" is enabled. "RFSHB" disables the generation of "CAS" and 
"MUXC" by holding shift register U-II reset. This is done to take advantage of the low power 
row address strobe "RAS" only refresh mode of the 16 K dynamic RAMs. 

RESET CONTROLLER: 

Two types of reset take place on the board. Power on reset is detected and conditioned by part 
of hex schmitt inverter U-I08. The pushbutton reset is also conditioned by a part of hex 
schmitt inverter U-I08. The "D" type flip flop U-26 synchronizes the pushbutton reset with 
machine cycle one "MI" from the processor. The output of the flip flop triggers a 12 
microsecond one shot U-27. Power on reset and pushbutton reset are or ed together by U-28 
and inverted by U-29 for use by the processor. The reset pulse is negative or ed with "MI" by 
U.Li5 to generate a reset for the Z80 family programmable I/O devices. 

BUS BUFFERING: 

Octal buffer U-78 buffers the control signals generated by the processor for use though-out the 
system. Quad transceivers U-30 and U-31 mediate data transfers to and from memory. U-79 
and U-Li5 control the direction of the data bus transceivers. During a memory read the data 
transceivers allow data from memory through to the processor, otherwise the processor always 
drives memory. Octal buffer U-81 drives the lower 8 bits of the address bus. The octal latch 
U-35 serves a dual function, as well as buffering the upper 8 bits of the address bus, the latch 
holds the address bus stable during the active portion of the "MREQ" cycle the Z80 
microprocessor allows the address bus to change. 

READ ONLY MEMORY: 

The board can accommodate up to LiK of 2716 ROM. 

U-6Li RESIDES FROM 0000 HEX TO 07FF HEX 
U-63 RESIDES FROM 0800 HEX TO OFFF HEX 

The description of the bank switching technique will be covered with the 6Li K RAM theory of 
operation. 

PORT ADDRESS DECODING: 

Octal decoder U-88 is used to select the appropriate I/O device based on the binary value of the 
address bits A2, A3, & Ali. When A7 is low and "MIR" is high, a low on "IORQ" will cause the 
appropriate output of the decoder to go low, selecting the I/O device for a read or write 
operation. 
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DISK TRANSFER SYNCHRONIZATION: 

In order to successfully execute the high speed data transfers between the processor and the 
disk controller; the fast Z80 non maskable interrupt "NMI" response was employed. During reads 
and writes to and from the disk controller, the data at memory location 66 hex is retrived and 
stored. This location is overwritten with a RETURN instruction. After this setup is 
accomplished the processor executes a HALT instruction. When the processor is in a HALT 
condition, a DATA REQUEST (DRQ) or an INTERRUPT REQUEST (IRQ) from the disk 
controller will cause a non-maskable interrupt to be generated. The processor then executes 
the RETURN instruction at 66 hex and returns to transfer the data to or from the disk 
controller. When the 128 byte transfer is complete the old data is restored at location 66 hex 
and the processor resumes normal operation. This hardware assistance obviated the necessity 
for a DMA device by eliminating the disk controller "DRQ" status test. 

CRT DISPLAY GENERATOR 

VIDEO CLOCK GENERATION: 

Three inverters from U-lli are used to generate the video dot clock. The 14.31818 Mhz dot 
clock is divided by 7 to develop the character clock. Synchronus binary counter U-50 is 
preloaded with a binary 9 at each top count to accomplish the divide by 7 function. The 
character clock is divided by 128 by the 8 bit binary counter U-53 to develop the scan clock. In 
the process of developing the scan clock the intermediate outputs of U-53 develop part of the 
character address for the video RAM. Decade counter U-52 divides the scan clock by 10, 
simultaneously developing the line clock and the vertical component of the character matrix 
address. U-49 and part of U-51 work in conjunction to generate the frame clock and the line 
address for the video RAM. The two devices divide the line clock by 26 to generate the 60 hz 
frame clock. The second half of U-49 divides the frame clock by 16 to develop the 4 hz blink 
clock. 

VIDEO RAM ADDRESSING: 

Multiplexers U-67, U-69 and U-70 select the source of the addresses for the video RAM. If the 
processor is doing a read or write to video RAM "CRTCE" (CRT memory access enable) will go 
low. When "CRTCE" goes low, the address from the processor is selected instead of the address 
generated by the counter chain. This gives the processor access to the video RAM for read out 
write operations. U-68 maps the 12 bit address developed by the counter chain into the 2 K 
byte video RAM. 

SYNC GENERATION: 

Horizontal sync is generated by decoding the 80th count of the character counter U-53. 

The vertical sync is generated between counts 24 and 26 of the line counter. 

CPU ACCESS OF VIDEO RAM: 

During read or write operations involving the video RAM and the CPU, "CRTCE" will go low. 
When "CR TCE" goes low the processor address bus is selected by multiplexers U-69 - U-70 as 
the address source for the video RAM. A low on "CRTCE" is also used as a term in the 
direction control logic for data bus access. Decoder U-80 controls the direction and activity of 
transceivers U-82 and U-83. During a processor read operation, data from the video RAM at 
the specified address is allowed onto the processor data bus. During a processor write 
operation, data from the processor is written to the video RAM at the specified address. 

VIDEO GENERATION: 

While in the display mode, ASCII data from the video RAM and scan address data from decade 
counter U-52 are used to select the proper dot patterns from the character generator U-92. 
The dot information from the character generator is sampled by hex "D" flip flop U-91 at the 
next character time. While the next character is being accessed, the previous dot pattern is 
multiplexed out of U-91 by multiplexer U-90. Multiplexer U-90 feeds the video driver U-1I7. 
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DISPLAY BLANKING: 

The display is blanked during horizontal retrace, vertical retrace, CPU access, and decode of 
scan counts 8 & 9. Blanking is accomplished by disabling the character generator. 

CRT RAM MEMORY ALLOCATION 

The CRT RAM resides from 3000 hex to 3FFF hex. Each 80 character line on the srceen is 
allocated 128 bytes in the CRT RAM. Listed below are the starting and ending addresses for 
each of the 24 rows in the CRT RAM (Assumes scroll register = 23 decimal). 

ROW 0 
ROW I 
ROW 2 
ROW 3 
ROW 4 
ROW 5 
ROW 6 
ROW 7 
ROW 8 
ROW 9 
ROW 10 
ROW 11 
ROW 12 
ROW 13 
ROW 14 
ROW 15 
ROW 16 
ROW 17 
ROW 18 
ROW 19 
ROW 20 
ROW 21 
ROW 22 
ROW 23 

3000 - 304F hex 
3080 - 30CF hex 
3100 - 314F hex 
3180 - 31CF hex 
3200 - 324F hex 
3280 - 32CF hex 
3300 - 334F hex 
3380 - 33CF hex 
3400 - 344F hex 
3480 - 34CF hex 
3500 - 354F hex 
3580 - 35CF hex 
3600 - 364F hex 
3680 - 36CF hex 
3700 - 374F hex 
3780 - 37CF hex 
3800 - 384F hex 
3880 - 38CF hex 
3900 - 394F hex 
3980 - 39CF hex 
3AOO - 3A4F hex 
3A80 - 3ACF hex 
3BOO - 3B4F hex 
3B80 - 3BCF hex 

The following example are character locations in the CRT memory. 
(Assumes scroll register = 23 decimal) 

ROW 

o 
o 
I 
I 

10 
10 
23 
23 

VIDEO SCROLLING 

COLUMN 

o 
79 
o 

79 
o 

79 
o 

79 

MEMORY LOCATION 

3000 (hex) 
304F (hex) 
3080 (hex) 
30CF (hex) 
3500 (hex) 
354F (hex) 
3B80 (hex) 
3BCF (hex) 

In order to eliminate the delay associated with software scrolling, hardware assistance was 
employed. Writing into the scroll register adds an offset to the line address developed by the 
line counter. For instance, an offset of zero puts the data at location 3000 hex (in the CRT 
memory) on the bottom row (row 23) of the screen. If the offset was one, the data at 3000 hex 
would be displayed on row 22. An offset of 23 (decimal) puts the data at location 3000 (hex) on 
row O. 
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Scroll Register 
Contents 

23 decimal 
22 
21 
20 
19 
18 
17 
16 
15 
111 
13 
12 
11 
10 

9 
8 
7 
6 
5 
II 
3 
2 
1 
o 

Memory location containing 
character displayed at 
Row 0, Column 0 

3000 hex 
3080 
3100 
3180 
3200 
3280 
3300 
3380 
31100 
3480 
3500 
3580 
3600 
3680 
3700 
3780 
3800 
3880 
3900 
3980 
3AOO 
3A80 
3BOO 
3B80 

64 K RAM AND BANK SWITCHING 

RAM ADDRESS MULTIPLEXING: 

Memory location containing 
character displayed at 
Row 23, Column 0 

3B80 hex 
3BOO 
3A80 
3AOO 
3980 
3900 
3880 
3800 
3780 
3700 
3680 
3600 
3580 
3500 
3480 
3400 
3380 
3300 
3280 
3200 
3180 
3100 
3080 
3000 

The address from the processor is multiplexed to the RAM array by multiplexers U-71 and U-72. 
During a memory access the row address is presented to the array first. After the row address 
is stable the decode of AI5B and AIIiB gated by "MREQ", generates the proper row address 
strobe. The decode of A15B and A14B is accomplished by octal decoder U-62. Nand gate 
package U-80 gates the decoder outputs with "MREQ" to generate the "RAS" for the 
appropriate 16 K block. After the proper setup and hold time for the row address have been 
met, "MUXC" switches the column address on to the RAM array. After the setup block that 
received the "RAS". If the memory is being read, the data from the RAMs will be gated onto 
the data bus by transceivers U-73 and U-76. If the memory is being written to, data is routed 
from the processors data bus to the RAM array. 

REFRESH: 

During the refresh cycle, the Z-80 places the refresh address on the lower bits of the address 
bus. When this address is stable in the RAM array, the "RFSH" pin on the Z-80 goes low. The 
active low "RFSH" generates a "RAS" on all RAMS via nand gate packages U-77 and U-80. An 
active "RFSH" diables the generation of both "CAS" and "MUXC". 

BANK SWITCHING: 

Bit 7 of port IC hex is the bank switch control. When the output is high, the ROMs and the 
CRT display appear in the lower 16K block. When bit 7 of port lC hex is low, all the 64K RAM 
is available to the processor. Enabling of the CRT bank and the first 16K RAM bank are 
mutually exclusive. Data movement to or from one will not effect the other. 
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FLOPPY DISK CONTROLLER, SYSTEM PIO, AND CTC 

FLOPPY DISK CONTROLLER: 

The 1771 (U-I09) performs all the control functions required to interface to a floppy disk drive. 
The only support required by the 1771 is external data separation, inverting data bus 
transceivers, head load timer, and buffering to and from the drive(s). 

DATA SEPARATOR: 

Presettable counter U-93 is used as a digital monostable with the timing reference developed by 
the system clock. Raw data coming from the disk drive is used to preload the counter. If the 
counter does not recieve a data bit between clocks the counter in effect times out and presents 
the controller with a logic zero. If the counter receives data between clocks, the controller 
will see a logic one on its data input. 

HEAD LOAD TIMING: 

When the 1771 activates the head load output, monostable U-l06 is triggered. The 1771 
samples the "HL T" until a logic one is detected. At this time the head is assumed to be loaded 
and stable. 

DATA BUS BUFFERING: 

Inverting transceivers U-ll0 and U-119 adapt the 1771 to the non-inverted Z-80 data bus. 
During a read operation, data from the 1771 is allowed onto the processors data bus. Otherwise 
the processor's data bus always drives the 1771's data inputs. 

CONTROL BUS BUFFERING: 

U-118, part of U-lj.7, and U-108 buffer the control, status and data to and from the 1771. In 
addition to beffering and isolation, U-l08 and U-lj.7 provide schmitt trigger characteristics for 
noise rejection. 

CTC: 

The Z80 CTC (Counter, Timer Controller) U99 resides at ports 18 hex through lB hex. 

SYSTEM PIO: 

The system Z80 PIO resides at ports lC hex through IF hex. The "A" side of the system Z80 
PIO controls the floppy disk drive select, bank switching, disk power switching, sensing 
keyboard data available (for polled keyboard applications), and on uncommitted user definable 
I/O bit. The bit allocations are as follows: 

BIT 0 = DVSEL 1 
BIT 1 = DVSEL 2 
BIT 2 = SIDE SELECT 
BIT 3 IS USED FOR KEYBOARD DATA AVAILABLE 
BIT lj. IS 8"/5J1." DISK SELECT 
BIT 5 ASSIGNED FOR FUTURE USE 
BIT 6 CONTROLS DISPLAY CHARACTER SET 
BIT 7 CONTROLS THE BANK SWITCHING (O=RAM) 

The "B" side of the system Z80 PIO is devoted to the keyboard. The keyboard port is eight bits 
wide and is fully buffered. 
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GENERAL PURPOSE Z80 PIO AND Z80 SIO 

The G.P. 280 PIO U-lOl provides the user with 16 bits of user definable input or output or ,a mix 
of input and output on nibble boundaries. The G.P. Z80PIO resides at ports 08 hex -OB hex. 
The PIO will support all modes of interrupt supported by the 280. 

SIO: 

The 280 SIO U-96 supports two full channels of serial I/O with the capability of supporting full 
RS-232 protocol on both channels. In addition, the A side of the 280 SIO can provide clocks to 
synchronous modems or recieve clocks from the modem. Channel A of the 280 SIO can be 
configured to interface to a modem or a terminal. 

BUAD RATE GENERATOR: 

The COM 8116 U-97 provides the user with two programmable baud rate generators. Channel A 
buad rate resides at port 00 hex and is write only. Channel B baud rate resides at port OC hex 
and is also write only. 
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