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The Synertek 6522 is truly a versatile I/O device, Its many
operating modes and ease of programming make its inclu-
sion in a design very desirable.

SCOPE

The purpose of this note is not to reiterate the information -

contained in the data sheet, but to answer the mosl fre-
quently asked questions. The SY6522 data sheet contains
all the device's electrical and timing characteristics and
descriptions of the control register organization. This note
will occasionally reference the data sheet and direct the
reader to specific pages and figures. '

1.0 Interrupt Flag Register (IFR) and Inter-
rupt Enable Register (IER)

Understanding these two registers and their interaction
with each is imperativae for efficiently using the 6522.

The IER is basically seven switches linking the seven inter-
rupt flags of the IFR to the IRQ output and to IFR bit 7.
Writing 7F (H) to the |IER disables (opens the switches) all
axternal intarrupts. Neither tha IRQ output nor IFR bit 7 will
go true. However, bits 0-6 of the IFR will still raflect the
interrupt state of their respective 6522 function.

By writing 1XXX XXXX (binary value whara any x =1} to the
IER. the corresponding bit In the IFR will be linked to the
IRQ output and to IFR bit 7.

Notes: Carrections to earlier data sheats and catalogues.

1. Clearing IFR bits 0 and 3. it “Independent Interrupt” Is
selected in the PCR these bits can be reset ONLY by
writing a "1" to their bit position In the IFR. \

2. When reading the IER bit 7 will be a “1" not a "0".

2.0 Port A and Port B

These two 8-bit ports are fully described in the data sheet
and need littie clarification. Operation in the "latch” mode
has presantad a faw questions that are not fully covered in
the early data sheets. When aither bits 0 or 1 of the ACR are
set to a logic "1" their respective ports are put In the latch
mode. As described in the data sheet, the port lines to be
used must be programmed as Inputs. At this point a read of
either input register will effectively be a read of the port
lines. Not until CA1 or CB1 has transitioned (as pro-
grammed in the PCR) will any data be latched. Now a read
of the input register will reflect the data that was on the port
line at the time of the latching transition. After this read the
input registers will again appear transparent untll the next
CA1or CB1 transition. See Figura 2 below for an illustration
of reading in the latch mode.

Another area relating to the latch mode not specified in
earlier data sheets Is TAL, {(CA1, CB1 set up, prior to the
triggering transition). The new data catalog specs this at
300ns which Is for a 2 MHz 82 clock only. The formula for
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determining this value is Tcy/2 + 50ns. This means: if the
user has programmed the 6522 for latch mode, latching to
occur on the negative edge of CA1, then CA1 must be high
for a minimum TAL before the triggering edge occurs.

3.0 The Timers

The 8522 timers have generated a lot of customer calls due
to the not totally clear information available. First a quick
review of their associated registers, describing what
happens when they are read or written. Then a discussion
of how the modes operate and programming sequences to
get them started and keep them running.

3.1 Timer 1
T1 LOW-ORDER COUNTER (T1-CL)

Wriling to the T1-CL Is effectively a write to the low-order
latch. The data is held in the latch until the high-order coun-
ler Is written: at this lime the data is transferred to the
counter. A read T1-CL transfers the counter's contents 1o
the data bus and If a T1 interrupt has occurred the read
operation will clear the IFR flag and reset IRQ.

T1 LOW-ORDER LATCH (T1L-L)

Writing T1L-L stores an B-bit count value into the latch.
Elfectively the same as a write to T1C-L. A read of T1L-L
translers the latch’s contents to the data bus; it has no
affect an the T1 interrupt Hag.

T1 HIGH-ORDER COUNTER (T1C-H)

A write to T1C-H loads both the high-order counter and
high-order latch with the same value: simultaneously the
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Figure 3. Timer Modes of Operation

T1L-L contents are transferred to the low-order counter
and the count begins. If PB7 has been programmed as a
TIMER 1 output it will go low on the @2 following the write
Operation. Additionally, If the T1 interrupt llag has already
been set. the write operation will clear it. A read of T1C-H
transfers the counter’s contents to the data bus.

T1 HIGH-ORDER LATCH (T1L-H})

A write to T1L-H loads an 8-bit count value into the latch. A
read of T1L-H transters tha contents of the latch to the data
bus. Neither operation has an affect on the interrupt flag.

3.2 T1 Operation

3.2.1 Timed Interrupts

When both ACR bits 8 and 7 are zero, T1 will generate one
timed interrupt whenever T1C-H is written.

As an example:

1. Write 00 {H) to ACR — select T1 moda.

2. Write CO (H) to IER — enable T1 interrupts.
3. Write 0A (H} to T1C-L — (decimal 10}.

4. Write 00 (H) to T1C-H — (decimal 0).

The write to T1C-H initiates the countdown on the next ¢2.
The counter decrements on each succeeding ¢2 from 10 to
0 and then one half ¢2 cycle later IRQ goes active. The
countdown is 11 and a half cycles. Or, the timed period to
interrupt is equal to N (where N is the combined count
value of T1C-L and T1C-H) plus one and one half cycles.
See Figure 4.
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Figure 4. Timed Interrupt
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WRITE TIC-H TAANSFERS TIL-L CONTENTS TO TIC-L AND COUNT BEGINS ON NEXT ¢7.
READ TIC-L TRANSFERS TIC-L CONTENTS (0814} TO DATA BUS, HAS NO OTHER

AFFECT UNLESS AT 15 SET.
(3) NEW WRITE TO TIC-H BEGINS NEW COUNT.

Figure 5. Timed Inlenﬁpt
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Figure 8. One-Shot Qutput

In this moda the RO output can be prevented from going
low if T1C-H is written before time out occurs. A user can
let IRQ act as an alarm if a task of known length takes too
long. It TRQ ever did set, the user can then go to a fault
routine. (refer to Figure 5

3.2.2 One-Shot Output

By setting bit 7inthe ACR to a one, PB7 will ba anabled as
a one-shot output. PB7 will go low Immediately after writing
T1C-H. The duration of the pulse is equal to N + one and
one half {where N equals the count value) to guarantee a

valid output level on PB7. Bit 7 of DDRB must also be set to '

a one. ORB bit 7 will NOT affect the [evel on PB7 (rafer to
Figure 6)

3.2.3 Continuous Interrupts

T1 will generate continuous interrupts when bit 8 of tha
ACRH Is a one. In effect, this bit provides a link between the
latches and counter: automaticaily loading the caotnters
from the latches when limea out occurs. Note: when in this
mode and IR is enabled, IRQ will go low after the first
(and each succeeding) time out and stay low until either
TIC-L is read or T1C-H is written. (Refer to Figure 7).

3.2.4 Square Wave Output

When both ACR bits 8 and 7 are a ona, PB7 will be enabled,
and a square wave output will be generated. IRQ can be
aither enabled or disabled and will have no affect on the
PB7 outpul. Immediately after writing T1C-H PB7 will go
low for N + one and a half cycles. Beginning with the follow-
ing high half-phase of PB7 each succeeding half-phase will
be N + 2 42 cycles. {See Figure 8.

By taking advantage of tha Timer's flaxibllity, a complex
waveform can be generated on PB7. By writing new values
into tha latches (not the counters), the new values will
automatically be loaded into the counters whan time out of
the previous value occurs. The following sequence can be
used.

1. Load value A Into T1G-L, TIC-H.

2 Load value B Into T1L-L, T1L-H.

3. Bit test IFA bit B, when set value B will be loaded Into the
eounters and value C can be ioaded into the |atches.
Read T1C-L to reset IFR bit 8.

Repeat steps 3 and 4 loading a new value into tha latches
each time bit 8 gets set,

o A
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WRITE TIC-L COUNT A LOW.

WRITE TIC-H COUNT A HIGH, PB7 GOES LOW, COUNT BEGINS.

WRITE TIL-L COUNT B LOW.

WRITE TIL-H COUNT B HIGH, .

COUNT A COMPLETE, COUNT B LOADED INTO COUNTERS, IFR BIT 8 HIGH.
READ TIL-C. RESETSIFABITS,

WRITE TiL-L COUNT C LOW.

WAITE TIL-H COUNT C HIGH.

COUNT B COMPLETE COUNT C LOADED. IFA BIT 8 HIGH.

READ TIG-L, RESETS IFR BIT 8 AND 50 ON.

Figure 9. PBT Variable Puise Output
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4.0 Timer 2

Timer 2 operates as an interval timer, similar to T1 timed
interrupt mode, and as a negative pulse counter. Bit5cfthe
ACR selects the mode of operation, (see Figure_:i)_._lFR hit 5
is the T2 interrupt flag, and |ER bit 5 is the T2 IRQ contral
bit.

There are only two addressable T2 registers.

REGISTER 8 T2 LOW-ORDER COUNTER/LATCH (T2C-L)

. Writing T2C-L effectively stores an 8-bit byte in a write only
Jatch whera it will be held until the count is initiated. A read
of T2C-L transfers the contents of the low-order counter to
the data bus. and if a T2 interrupt has occurred, the read
operation will clear the T2 interrupt flag and reset iRQ.

REGISTER 9 T2 HIGH-ORDER COUNTER/
LATCH (T2C-H) -

Writing T2C-H loads an 8-bit byte into the high-order coun-
ter and latch and simultaneously loads the low-order latch
into the low-order counter, and the count down is Initiated.
it a T2 interrupt has occurred, the wrile operation will clear
the T2 interrupt flag and reset 1AQ. A read of T2C-H
transters the contents of the high-order counter to the dala
bus.

4.1 Timed Interrupts

T2 timed interrupts operate similarly to T1 timed interrupts.
First the low-order value is loaded into T2C-L, then the
high-order valua is loaded Into T2C-H, and the count down
begins. When count N +11/2 is reached, IFR bit 5 and/or
IRQ are set, Ona additional feature of T2 is, that on reach-
ing 0000(H) the counter rolls over to FFFF(H) and
continues to decrement. This allows the user lo read the
countar and determine exactly when the interrupt occurred,

[
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VALUE po|oA| ooo® | uooa| 0007 I 0000] 0008 l‘ DOOH‘ 0003 | 0002 | 0001 | 0000 | FFFP | FH’!'FFFD\ F"C]FFFH‘FFFAIFFFD‘!’FM‘ FFH’I

HIGH ORDER|LOW ORDER
BYTE aYTeE :

(I) COUNTER ROLLOVER FROM 000014 10 FFFFyg.
(D TRANSFERS HIGH ORDER BYTE FFi¢ TO DATA BUS.

(3 TRANSFERS LOW ORDER BYTE Fi1g 70 DATA BUS AND RESETS TFTL.

Figure 10. T2 Timed Interrupts Times 2 Pulse Counting Mode
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4.2 Pulse Counting _

Timer 2 can also be used to count negative pulses on the
PBS&line. Thereisa minimum high and low period required
on the pulse stream on PBS6, both the high period and low
pulse must be a minimum 2xTcy. A correction to all data
sheets is required. TR does not set when the count
reaches zero. | or bit 5 of the IFR will set when the
counter rolls over 1o FFFF(H). For example, loading
decimal 2 into the counter requires 3 pulses 10 set IRQ.
Therefore, if you are using PB6 as an additional interrupt
Input, load all zeroes Into T2 and a single negatlve puise on
PBE will cause an interrupt.

4.3 Timer 2 and the Shilt Reglster

There Is one other operating mode for T2.Itcan be used as
the shift clock for the shift registar. A more detailed descrip-
tlon will be given In the next section. Briefly, T2 timeouts
can be used to clock data in or out of the shift register. In

.-

T

these mades of operation only the low-order 8 bits of the -

counter_are applicable. Although not stated in the data
sheel T2 can be configured to be clocked externally, mak-

ing It relatively sasy to shift data asynchronously at a
standard 18x clock.

5.0 Shift Register

The shift register operation is straight forward and covered
quite thoroughly in the data sheet. One thing to keep in
mind if using it for serial communication, the M5B is shifted
in/out first. The standard canvention is to shift the LSB first.
It trying to communicate with another device using a
standard transmission scheme two alternatives are availa-
bla: one hardware and the other software. Refer to Figure
12 belaw for a hardware technique of swapping the byte
end-to-end.
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5.1 Shift Register Warnings

. MODE 010 .

We receive numergus calls reporting that the shift-in under
control of #2 outpuls g shift pulses. Synertek corrected this
problem a number of years ago. However, as of this writing,
the other two manufacturers still have this problem. it was a
design error that Synertek believed serious enough to

correct.
MODES 011 AND 111

When shifting data with an extarnal clock (CB1) more than
8 pulses may occur pefore IRQ is set. In oneinstance this is
caused by an idiosyncrasy of the device; in the other it is
caused by user implementation.

In both the shift-in and shift-out modes a timing condition
may occur when the Y6522 does not detect the shilt pulse.
This no-shift condition occurs when CB1 and ¢2 are
asynchronous and their edges coincide as illustrated
in Figure 13.

This no-shift condition occurs in a 6522 regardless of the
manufacturer. The problem can be remedied in a number
of ways. Where convenient, CB1 can be derived from 42
transitioning on the ¢2 rising edge. When CB1 cannot be
derived in this manner it can be synced to #2 by the use ofa
‘D" type filp-flop.

The other failure is not a ‘no-shift’, but an extra ninth shift,
and can be attributed to a lack of information in the data
sheet. The failure occurs when shifting data out under con-
trol of CB1, where CB1 is free-running. This usually occurs
when a user tries to implement tha SY8522 as a UART.

With CB1 free-running, IRQ goes low after the eighth nega-
tlve trangition on CB1. Genarally, the interrupt I8 sarviced
by fetching the next byte and storing it in the shift register.
Tha store operation resets TRQ and the shift register coun-
ter. If tha stora to tha shift register and a negative transition
on CB1 are coincident, a simuitaneous store and shift
occur before IRQ and the shift register counter are reset.
The result is bit 7 (MSB) is immediately shifted out on CB2,
then 8 more bits are shifted before TRQ is sat. Figura 14
below illustrates the fault condition and the resultant error.

SHIFT IN MODE 011
|

| [

cB1 i
RISING EDGE A /
ety t-'— 10ns
100m

NO SHIFT WILL OCCUR IF CBY
AISING EDGE IS WITHIN THE SHADED AREA

Figure 13. “No Shift” Condition

SHIFT OUT MODE 111

« \
A A

e 50ms

—
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FALLING EDGR IS WITHIN THE SHADED AREA
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DATA WRITTEN TO SR AND SHIFTED BY CBT

TAT RESET, SHIFT REGISTEA COUNTER REJET

BIT 7 TRANSFERRED TO CB2

SECOND SHIFT OCCURS, SHIFT COUNTER COUNTS 1
BIT 8 TRANSFERRED TO CBZ ANO 80 ON UNTIL

9 SHIFTS HAVE OCCURRED

SR606

Figure 14,
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This shouldn't be much of a problem at low transmission
rates unless the interrupt routine is extremely fong. How-
ever, at high transmiss|on rates timing does become critical
and the user will have to ensure the CBt negative cdge
cannol occur during the Write cycle.

This can be accomplished by counting interrupt routine
cycle times (best and worst case) and adjusting CB1so it
will not transition low again until the write shift register

operatlon s complete and [RQ has returned high. Where
" adjusting CB1 is not possible, the user could gate CB1 with
[AG disabling all transitions untll the shift register counter
is reset.

5.2 8 Bits Only

A ward of caution. Tha shilt register shifts 8 bits. Users have
triad to transmlt less than 8 bils and have run into trouble.
You cannot shift 7 bils and then write another byte to the
shift register hoping for 7 bit transmisasion. The 8th bit In the
byte wli! be transmitted.

5.3 Slarting the Shift Reglster

First of ail the ACR must be programmed to enable the shift
register. Starting a shift out operation is accomplished by
writing a byte to the shift register. To start a shift in opera-
tion either a read or wrile of the shift register is required.
Shilting In the next byte is enabled by reading the last-byte
received.

APPLICATIONS
6.0 SY6522 Interrupt Control

Organization of the SY6522 interrupt flags into a single reg-
ister greatly enhances the servicing of interrupts from this
device. Since there is only one IRQ output for the seven
possible sources of Interrupt within the chip, the processor
must examine these flags to determine the cause of the
interrupt. There are a number of methods of doing this: one
method on sensing an interrupt is to immediately read the
IFR contents into an accumulator (or register} and test bit 7.
If set then the SY6522 was the interrupting device, if not set
then check for another cause. With a SY6502 this is easily

done uslng the BPL or BMI Instructions. If the 5Y6522 was
the interrupting device a masking of the unwanted bits can
be performed by ANDing lhe accumulator with the IER,
leaving as ones only those sources of interrupts that were.
enabled. Now simple shift routines can be performed to
determine which one of the bits is set to further direct the
CPU for correct action.

7.0 Serial Communications

The SY6522 can support very limited serial communica-
tions. In new design-ins where board space and cost can be
justified a dedicated device such as the SY6551 (ACIA) or
SY2661 (EPCI) would be a designer's first choice. lf, haw-
evar, you're limited in space and the 6522 is already
Incorporated in the design serial communications can be
supportad.

Asynchronous communications formats can take many
forms. There will generally be a start bit, followed by 5to 8
dala bits, then optionally a parity bit and 1, 1-1/2 or Zstop
bits. The information cell can be up to 11 bits in length. This
creates obvious problems for the shift register which can
only handle 8 bits of data.

However, by using-T1, a transition-sensitive input (CA1,
CB1, CA2 or CB2) and any port line, serial communications
can be established. In this example we'll use CA1and PAQ,
by tying them together we can form an edge-sensitive AxD
input. To begin operation CA1 would be programmed 10
generate an interrupt on a negative transition to detect a
start bit. Upon detection of a transition CA1 would be dis-
abled, T1 started to time out after ane half bit time, With a
T1interrupt PAQ would be read to guarantee it was still zero
(a true start bit); it not zero restart routline, if zero start T1
count down for full bit time.

On each successive T1 interrupt read PAQ store and shift
until the data and parity if selected are received. Then a
check for stop bits to detect any framing error in the receipt
of the data. Now start over again searching for the next
start bit. As can be seen this is very software intensive tak-
ing a lot of CPU time, and therefore practical tor only low
baud rates.

RxD [CA1 & PAQ) | STAAT BIT Do O, 0;

S S v | |/ /|

(T) CA1INTERRUET, SET T1TO HALF BIT TIMEQUT, DISABLE CA1,

3\ T1HALF BIT TIME, VERIFY START BIT VALID, START FULL BIT TIMEQUTS, .
31 FULL BIT TIMEQUT, READ PAD FOR DATA, RESET T

1) FINAL IRB. CHECX FOR VALID STOP BIT, AE-ENABLE CA1.

Figure 15.
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8.0 Shift Register Serial Communication

As mentioned above the shift register is limited as an
asynchronous communications device. It can still b? Us‘.?d
quite effectively. Tha shift register was designed prlr'nar‘ny
as a synchronous serial communications gort for distrib-
uted systems. These systems can be either single processor
with distributed peripheral controtiers or distributed pro-
cessor systems. The mast important characteristic of the

shift register in these applications is its ability to transfer

information at relatively slow data rates to allow the use of
R-C noige suppression tachniques. The transfers can be
accomplished while the processor is servicing other
aspects of the system. A simplified 2 processor distributed
system is shown in the drawing below. Use of the SY6522
shilt register allows effective communication between the
two systems without the use of complex asynchronous
communications techniques.

In a system with distributed peripherals, the shift register
can be used lo transfer data to the peripheral interface

and clock lines ara wirad in parallel to each unit. In addi-
tion. a single SY6522 peripheral port ailows selection of the
display to be updated. With the system shown, the status
display can be updated at any tima by simply selecting the
desired display and then writing to tha shift register.

Remote input devices can be serviced in much the same
manner by shifting data into the shift register under control
of a peripheral port output as shown in Figura 17. Each set
of input switches can be polled by first selecting the set to
ba read than triggering the shift operation with a shift regis-
ter read. A shift register interrupt can be used to cause the
processor to read the input information after shifting Is
camplete,

The techniques described above can be utllized to expand
I/0 capabilities in a very cost-effective manner. A control
system requiring an extensive amount of /O can be imple-
mented with one SY6522 and numargus TTL shift registers

! . ) as illustrated in Figure 18, .
devices. This is illustrated in Figure 17 for a system with a
number of distributed status displays. These displays are
serviced- by stand-alone controllers which actuate the
lamps in the status displays with simple drivers. The data
SYSTEM 1 SYSTEM 2
DATA
ca2 Y caz
A § ¥
cal C{LOC’K cal
850X €522 { ¥ 8822 LI
“BUsY”
PBO (¢ Pao
7 7
conTROL
Figure 18, Shift Register {or 2 Processor Communications
[=:F) DATA
et cLOCK S
PaQ SELECT 1
8.A1IT SHIFT | TO DISPLAY
650X ™22 - REQISTEN LAMP DRIVERS
re2
o
P83 -
|
]
TO NEXT SELECT2 ARIT BFT | 70 DISPLAY
DISPLAY AEQISTEN LAMP DAIVENS
L]
| 1
h SELECT 3
[
o
Figure 17. Shill Register for Remote Displays
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Figure 18. Using lhe Shill Register lo Expand 1/O Capabllities
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Register RS Coding Register Description
Number RS3 | RS2 | RS1 | RS0 Desig. Write Read
0 0 0 0 0 ORB/IRB Qutput Register B -| Input Register "B
1 0] a { 0 1 ORA/IRA Output Register A" Input hegister A"
2 0 0 1 0 DDRB Data Direction Register “'B"
3 0 0 1 1 DDRA Data Direction Register A"
4 0 1 0 0 TIC-L T1 Low-Order Latches T1 Low-Crder Counter
5 0 1 0 1 T1C-H T1 High-Order Countar
6 0 1 1 0 TIL-L T1 Low-Order Latches
7 0 1 1 1 TIL-H T1 High-Order Latches
8 1 0 0 0] T2C-L T2 Low-Order Latches T2 Low-Order Counter
9 1 0 0 1 T2C-H T2 High-Order Counter
10 1 0 1 0 SA Shift Register .
1 1 0 1 1 ACR Auxiliary Control Register
12 1 1 0 0 PCR Peripheral Control Register
' 13 1 1 0 1 IFR Interrupt Flag Register
14 1 1 1 0 IER Interrupt Enable Register
15 1 1 1 1 ORA/IRA Samea as Reg 1 Except No ""Handshake''

8Y8522 Inlernal Raglster Summary

For further applications assistance direct inquiries to:

MICROPROCESSOR APPLICATIONS
Synertek

P.O. Box 552 MS60

Santa Clara, CA 95052

or Telephonae (408) 988-5614,

The information contained in this document has bean carefully checked and is ballaved to ba reliabls; hawever. Synariak shall not be responsible for any
toss or damage of whalever nature resulting from the use of . or reliance upan, tha information contained In this document. Synariek makss no guarantee or
warranty concerning the accuracy of such infarmation. and this document does not in any way extend Synertek s warranty on any product beyond that sat
farth in Synertek's standard terms and conditions of sale. Synertek does not quarantes that the use of any infarmation contained herein will not infringe
upan the patent or other rights of third parties. and no patent or other license isimplied hereby. Synertek reserves the right1o make changes in the product
without notification which would render (he information contained in this document obsolete gr inaccurate. Pleass contact Synartek lor the |atest
informatian concerning this product.




