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8-Bit Microprocessor SY6500

Famlly MICROPROCESSOR

PRODUCTS

Synertek

U CIRFICTTRATE- T

APRIL 1979

) Single 5 V 5% power supply ® Instruction decoding and control
# N channel, silicon gate, depletion load technalogy ® Addressable memory range of up to 65 K bytes
& Eight bit parallel processing * “Ready” input
& 5§ Instructions ® Direct memory access capability
® Decimal and binary arithmetic #® Bus compatible with MCE200
& Thirteen addressing modes ® Choice of external or on-board clocks
® True indexing capabhility ® 1 MHz, 2 MHz, and 3 MHz operation
® Programmabie stack pointer ® On-chip clock options
® Variable length stack * External single clock input
& Interrupt capability " Crystal time base input
® Non-maskable interrupt ® 40 and 28 pin package versions
& Use with any type or speed memory ® Pipeling architecture
& Bi-directional Data Bus

The SYB500 Series Micropracessors reﬁresent the first totally software compatible microprocessor family. This family of
products includes a range of software compatible microprocessors which provide a selection of addressable memory range,
interrupt input options and on-chip clock oscillators and drivers, All of the microprocessors in the SYB500 family are
software compatible within the group and are bus compatible with the MC6800 product offering.

The family includes six microprocessors with on-board clock oscillators and drivers and four microprocessors driven by
external clocks. The on-chip clack versions are aimed at high performance, low cost applications where single phase inputs
or crystals provide the time base. The external clock versions are geared for the multi-processor systern applications where
maximum timing controt is mandatory. All versions of the microprocessors are available in 1 MHz, 2 MHz, and 3 MHz
maximum operating frequencies.

MEMBERS OF THE FAMILY

PART NUMBERS ___
- - CLOCKS PINS IRQ NB RDY ADDRESSING
Plastic Ceramic
SYP6502 SYC6502 On-Chip 40 N N v 16 (64 K}
SYP6503 SYCBH503 " 28 v 12 (4 K)
SYPG504 $YCB504 - 28 v 13{8K)
SYPB505 SYCB505 “ 28 v 12 {4 K]
SYPG506 SYCB506 . 28 v 12 (4 K)
SYPE507 5YCB507 " 28 v 13 (8 K}
SYPB512 SYC6512 External 40 V4 v v 16 (64 K)
SYPG513 SYC6613 " 28 v v 12 {4 K)
SYPG514 SYC6514 " 28 N 13 (8K}
| svpesis SYCE515 " 28 v Vv 12 (4 K}
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5 SY6500

COMMENTS ON THE DATA SHEET

The data sheet is constructed to review first the basic “Common Characteristics” — those features which are common 10
the general family of microprocessors. Subsequent to a review of the family characteristics will be sections devoted to each
member of the group with specific features of each.

SY6500 INTERNAL ARCHITECTURE
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NOTE:

1. CLOCK GENERATOR IS NOT INCLUDED ON SYGG1X
2. ADDRESSING CAPASILITY AND CONTROL OPTIONS VARY WITH
EACH OF THE §Y6500 PRODUCTS.
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S$Y6500

D.C. CHARACTERISTICS
MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee | -0.310+7.0] V
Input Voltage Vin -03to+7.0] V
Operating Temperzture Ta 0te +70 °c
Storage Temperature T, ~B5 ta +150 °c

COMMENT

This device contains input protection against damage due to high
static voltages or electric fields; however, precautions should be
taken to avoid application of voliages higher than the maximum

rating.

ELECTRICAL CHARACTERISTICS (Ve = 5.0V E5%, Ty = 0-7U°C]
{4, @7 applies to SYB51X, B4 n) avplies to SYEE0X)

Symbol Charatteristic Min. Max. Unit
Vig Input High Voltage
Logic, @D(in} {650X) +2.4 Vee
a,, (851X} Ve ~0.5 Ve + 0.25 v
ViL Input Low Voltage
Logic, E’o(in) {650X) -0.3 +.4
8,. 0, {651X) -0.3 +0.2 A
!IL Input Loading
{V,, "0V, Vg =525V) -10 -300 A
RDY, S.0.
rin Input_—[s;;kage Current
(V,, =0t 525V, V. -0}
Logic {Excl. RDY, S.0.) 25 A
a,. 652 (651X) - 100 HA
o iin) {650X) 10.0 HA
(. Three-State {Off State) Input Current
vV, = 041024V, V =526V)
DBO-DBY - 10 HA
VOH Output High Voltage
“LOAD = -100uAdc, Ve =478 V)
SYNC, DBO-DB7, AQ-A15, R/W 2.4 - \
VOL Cutput Low Voltage
{1 LOAD 1.6mAdc, Vcc =475V)
SYNC, DBO-DB7, AQ-A15, R/W 0.4 \'4
Pe Power Dissipation
1 MHz and 2 MHz — 700 mwW
3 MHz - 800 mW
C Capacitance
v,, - 0.T, =25°C, £= 1 MHz)
C, RES, NMI, RDY, IRQ, $.0., DBE - 10
DBO-DB7 — 15
Con AQ-A15, R/W, SYNC - 12 Pk
Coo(m) B (in) (650X) — 15
C01 8, (651X) - B0
C@g 2, (651X} 80

Note: TRQ and NMI require 3 K puli-up resistors,




1S ] SY6500

TIMING DEFINITIONS
S$Y651X INPUT CLOCK TIMING
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SY6500

DYNAMIC OPERATING CHARACTERISTICS
(Vee = 5.0 £ 6%, Ty = 0° to 70°C)

®eE O

Measured between 10% and 90% points on

waveform,
Measured at 50% points.
Load = 1 TTL load +30Q pF,

RDY must never switch states within TH5 to

end of @,.

Devica 1 MHz 2 MMz 3MHz(Z)

Type Parsmater Note Symbol Min. Max. Min. Max. Min. Max. | Unit
Cycte Time TCYC 1.00 40 050 40 0.33 40 s
B1 Pulse Width TPWH01 430 - 215 — 150 - ns

651X 62 Pulse Width TPWH@Q 470 - 236 - 160 - ns
Delay Between 01 and 02 TD 0 — 0 - 1} - ng
8, and @, Rise and Fatl Times | (1) T Te 0 25 0 20 o 15 ns
Cycle Time TCYC 1.00 40 0.50 40 0.33 40 u§
B, gy Low Time @ Tea, 480 - 240 - 160 - ns
0, (1ry) High Time @ Tha, 460 - 240 - 160 - o
# Neg to @, Pos Delay ®& To1e 10 70 10 70 10 70 ns
0, Neg to @, Neg Delay ® Toz - ] 65 5 66 5 65 ns

650X &, Pos to 01 Meg Delay @ To1- 5 65 5 65 5 B85 ns
8 Pas to 0, Pos Detay ® Tozs 15 75 15 75 15 75 | s
0, (jay) Rise and Fall Time ® |Tro Tea| © 10 0 10 0 10 ns
01 {OUT} Pulse Width TPWH01 TLOO-ZO TL o, TLGO-ZD TL %, TL BD-ZO TL% ns
a’.‘.’(DUT} Pulse Width TPWHDZ TLED-'ID TLGD-‘IU TL0040 TLGOJO TL0040 TLaa-‘lU ns
Delay Between 01 and 02 TD 5 - 5 —_ 5 - ns
0, and B, Rise and Fall Times | (D@ | To. T, - 25 - 25 - 15 ng
R/W Setup Time Taws - 225 - 140 — 110 ns
R/W Hold Time TRwH 30 - 30 - 15 - ns
Address Setup Time TADS - 225 — 140 — 110 ns
Address Hold Time TADH 30 - 30 - 15 - ns
Read Access Time Tace - 660 — 310 - 170 ns

660X | Read Data Setup Time TDSU 100 — 50 - 50 - s

681X | Read Data Hoid Time THH 10 - 10 - 10 - ns
Write Data Setup Time TMDS - 175 - 100 - 75 ns
Write Data Hold Time THW 60 - 60 - 30 — ns
Sync Setup Time TSYS - 360 - 176 — 100 ns
Sync Hold Time Tevy 30 — 30 - 15 - ns
RDY Setup Time @ TRs 200 - 200 - 150 - ns

NOTES:

@©

Load = 100 pF.

The 2 MHz devices are identified by an A"
suffix.

The 3 MHz devices are identified by a "B"”
suffix.
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SY6500

PIN FUNCTIONS

Clocks (8. 8,)

The SYGE51X requires a two phase non-overlapping clock
that runs at the Vcc voltage level

The SYB50X clocks are supplied with an internal clock
generator. The frequency of these clocks is externally con-
trolled. Clock generator circuits are shown elsewhere in this
data sheet.

Address Bus (AO-A15) [See sections on each micro far
respective address fines on those devices.)

These outputs are TTL compatible, capab'e of driving one
standard TTL load and 130 pF.

Data Bus {DB-DB,)

Eight pins are used for the data bus. This is a bi-directional
bus, transferring data to and from the device and peripherals.
The outputs are three-state buffers, capable of driving one
standard TTL load and 130 pF.

Data Bus Enable (DBE)

This TTL compatible input allows external contral of the
three-state data output buffers and will enable the micro-
processor bus driver when in the high state. In normal
operation DBE would be driven by the phase two (02) clock,
thus allowing data output from microprocessor only during
@,. During the read cycle, the data bus drivers are internally
disabled, becoming essentially an open circuit. To disable
data bus drivers externally, DBE should be heid low. This
signal is available on the SY6512, only.

Ready {(RDY}

This input signal allows the user to halt the microprocessor
on all cycles except write cycles. A negative transition to
the low state during or coincident with phase one (@, ) will
halt the microprocessor with the output address lines
reflecting the current address being fetched. This condition
will remain thraugh a subsequent phase two (Gizl in which
the Ready signal is low. This feature allows microprocessor
interfacing with low speed PROMS as well as fast (max, 2
cycle} Direct Memory Access {DMA). If ready s low during
a write cycle, it is ignored unti! the following read cpera-
tion. Ready transitions must not be permitted during &,
time.

Intarrupt Request (iIRQ)

This TTL level input requests that an interrupt sequence
begin within the microprocessar. The microprocessar will
complete the current instruction being executed before
recognizing the request. At that time, the interrupt mask
kit in the Status Code Register will be examined, If the
interrupt mask flag is not set, the microprocessor will begin
an interrupt sequence. The Pragram Counter and Processor
Status Register are stored in the stack. The microprocessor
will then set the interrupt mask flag high so that no further
interrupts may occur. At the end of this cycle, the program
courtter law wil! be lcaded fram address FFFE, and program
counter high from location FFFF, therefore transferring
program control to the memary vector located at these
addresses. The RDY signal must be in the high state for any
interrupt to be recognized. A 3K external resistor should
be used for proper wire-OR oparation.

Non-Maskable Interrupt {NMI}

A negative going transition on this input requests that a
non-maskable interrupt sequence be generated within the
microprocesscr.

NMI is an unconditional interrupt. Foltowing compietion of
the current instruction, the sequence of operations defined
for 1RQ will be performed, regardless of the state interrupt
mask flag. The vestor address loaded into the program
counter, low and high, are locations FFFA and FFFB
respectively, thereby transferring program contral to the
memory vector located at these addresses. The instructions
loaded at these locations cause the microprocessor 1o
branch ta a non-maskable interrupt routing in memory.

NMI also requires an external 3KE2 resistor to V. for
proper wire-OR operations.

Inputs IRQ and NMI are hardware interrupts lines that are
sampled during @, {phase 2) and will begin the appropriate
interrupt routine on the @; (phase 1) following the comple-
tion of the current instruction.

Set Overflow Flag {$.0.)

A NEGATIVE going edge on this input sets the overflow
bit in the Status Code Register. This signal is sampled on
the trailing edge of @, .

SYNC

This output line is provided to identify those cycles in
which the microprocessor is doing an OP CODE fetch. The
SYNC line goes high during @, of an OP CODE fetch and
stays high for the remainder of that cycle. If the RDY line
is pulled low during the B, clock pulse in which SYNC went
high, the processor will stop in its current state and will
remain in the state until the RDY line goes high. In this
manner, the SYNC signal can be used to control RDY to
cause single instruction execution,

Reset (RES)

This input is used to reset or start the microprocessor from
a power down condition, During the time that this line is
held fow, writing te o from the microprocessor isinhibited.
When a positive edge i5 detected on the input, the micro-
processer will immediately begin the reset sequence.

After a system initialization time of six clock cycles, the
mask interrupt flag will be set and the microprocessor will
toad the program counter from the memory vector locations
FFFC and FFFD. This is the start location for program
control.

After V. reaches 4.75 volts in & power up routine, reset
must be held low for at least two clock cycles. At this time
the R/W and SYNC signal will become valid.

When the reset signal goes high following these twa cleck
cycles, the microprocessor will proceed with the normal
reset procedure detailed above.

Read Mrite (R/W)

This output signal is used to control the direction of data
transfers between the processor and other circuits on the
data bus, A high level on R/W signifies data inte the pre-
cessor; a low is for data transfer out of the processor.
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PROGRAMMING CHARACTERISTICS
INSTRUCTION SET — ALPHABETIC SEQUENCE

CMP  Compara Memary and Accumulator

CPY  Compare Memory and lugex ¥

ADC  Add Mamory to Accumulator with Carry DEC  Decrerment Memory by Gare PHA  Push Accumulglor on Stack
AND "AND" Memaory with Accumulatar ©EX  Decrement Indux X by One PHP  Push Processor Status un Stack
ASL  Shift laht One Bit (Memory or Accumulatr)  DEY  Decrement Index ¥ by One FLA  PUIl Accurnubatan brum Stack
PLE  Puli Processon Status bam Stark

BCC  Bramch un Carry Clear EOR  “Exclus " Mamary wrh
BCS  Branch uo Cary Set ROL  Rotate (ine Bit L efr (Mamary or Accumulatur)
BEQ  Branch pa Rasutt Zeio INC  Increment Mamary by Une ROR  Rotare One Wit Aight IMemory or Accumulator)
BIT  Tust Bits in Memary with Accumilatar INX  Increment Indax X by One RT{  Ratarn trom Interrupt
EMI  Branch on Resubt Minus INY  Increment Indax Y by One RT5  RAerurn trom Subroutine
BNE  Branch on Resut not Zara
8Pl Branch on Resutt Plus IMP  Jump 1a New Locatian ’ SBC  Subtragt Mermory frum Accuimulator with Borow
BRK  Force Areak ISR Jump ta New Location Sawing Return Audress SEC Set Carry Flay
BYC  Branch on Overflow Claar StD Set Decimal Mude
BYS  Branch an Ovarflaw Set LDA  Leoad Accumulater with Memony SET Set luterupt Disable Starus

LOX  Lozd Index X with Memory §TA  Store Accumularor in Mamary
CLC  Clear Carry Flag LDY  Lout tndes ¥ with Memory §TX  Stara Index X in Memory
CLD  Clear Decimal Moy LSR  Shift One Rit Righr {Memary or Accumulator| STY  Stare index ¥ n Memory
U Clear Interrupt Disable Bit
GLY  Clear Quertlow Flag NOP  Na Operation TAX  Tramster Ageumulator to Index X

CPX Campare Memary and Index X QRA  “QR” Memory with Accumulatar TSX  Transter Srack Painter to Index X

1AY Transfe Accumnlator 1o Index

TXA  Transler Index X 10 Accumulater
TX5  Transter Index X tu Stack Pointer
TYA  Transfer Index ¥ 1o Accumulator

ADDRESSING MODES

Accumulator Addressing

This form of addressing is represented with a one byte
instruction, implying an operation on the accumulator.
Immediate Addressing

In immediate addressing, the operand is contained in the
second byte of the instruction, with no further memory
addressing required,

Absolute Addressing

In absolute addressing, the second hyte of the instruc-
tion specifies the eight low order hits of the effective

address while the third byte specifies the eight high.

order bits. Thus, the absolute addressing mode allows
access to the entire 65K bytes of addressable memaory.

Zero Page Addressing

The zero page instructions allow for shorter code and
execution times by only fetching the second byte of the
instruction and assuming a zero high address byte. Care-
ful use of the zero page can result in significant increase
in code efficiency.

Indexed Zero Page Addressing — (X, Y indexing}

This form of addressing is used in conjunction with the
index register and is referred to as “Zero Page, X" or
“Zero Page, Y.” The effective address is calcuated by
adding the second byte to the contents of the index
register. Since this is a form of “"Zero Page” addressing,
the content of the second byte references a location in
page zera. Additionally due to the Zero Page” address-
ing nature of this mode, no carry is added to the high
order 8 bits of memory and crossing of page boundaries
does not occur.

Indexed Absolute Addressing — {X, Y indexing}

This form of addressing is used in conjunction with X
and Y index register and is referred to as “Absolute, X.”
and “Absolute, Y."” The effective address is formed by
adding the contents of X or Y to the address contained
in the second and third bytes of the instruction. This
mode allows the index register to contain the index or
count value and the instruction to contain the base
address. This type of indexing allows any location
referencing and the index to modify multiple fields
resulting in reduced coding and execution time.

Implied Addressing

In the implied addressing mode, the address containing
the operand is implicitly stated in the operation code of
the instruction.

Relative Addressing

Relative addressing is used only with branch instructions
and establishes a destination for the conditional branch.

The second byte of the instruction becomes the operand
which is an "QOffset” added to the contents of the lower
eight bits of the program counter when the counter is
set at the next instruction. The range of the offset is
-128 to +127 bytes from the next instruction.

Indexed Indirect Addressing

In indexed indirect addressing [referred to as {(Indir-
ect, X)), the second byte of the instruction is added to
the contents of the X index register, discarding the
carry, The result of this addition points to a memory
location on page zero whose contents is the low order
eight bits of the effective address. The next memory
losation in page zero contains the high order eight bits
of the effective address. Both memory focations specify-
ing the high and low order bytes of the effective address
must be in page zero.

Indirect indexed Addressing

In indirect indexed addressing (referred to as {Indir-
ect),Y), the second byte of the instruction points to a
memory location in page zero. The contents of this
memaory location is added to the contents of the ¥ index
register, the result being the low order eight bits of the
effective address. The carry from this addition is added
to the contents of the next page zero memory location,
the result being the high order eight bits of the effective
address.

Absolute Indirect

The second byte of the instruction contains the low
order eight bits of a memory location. The high order
eight bits of that memory location is contained in the
third byte of the instruction. The contents of the fully
specified memory location is the low order byte of the
effective address. The next memory location caontains
the high arder byte of the effective address which is
loaded into the sixteen bits of the program counter.
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PROGRAMMING CHARACTERISTICS

NV B[D|t]|Z]|C PROCESSOR STATUS REG

PROGRAMMING MODEL ? 9
CARRY 1= TRUE
7 ]
7 Pl L |RQDISABLE 1= DISABLE
X ] ivoexreaisten x DECIMAL MODE 1= TRUE
15 7 L] ‘—eresreeeew- BRK COMMAND 1= BRK
{ PCH { PCL | eroGRAMCOUNTER “PC
7 [
:Z:j STACK POINTER g OVERFLOW 1= TRUE

NEGATIVE 1= NEG.

INSTRUCTION SET — OP CODES, EXECUTION TIME, MEMORY REQUIREMENTS

NSTRUCTIONS ASSOLUTE | Z2EMD Pade, ACCUM - o X nelL ¥ 1ra6L s ARt Y WELATIVE | WWDIRECT T PAGE ¥ COWPITION LOOLS
wnwonic opemarion or[n] Jop]n] slop]n] «for[n [ {orin | dop[n] «Jor|n] sforn | s|opin «[orn | sJop[n | sfop|n] sJopin|s]n 2 ¢ 1+ B v
ADC | A+msc~a  win)es]2[2[eola[3]es]3]2 61(6[2[71s]2|7s]a [2[70la]3[20]4 |2 e
AND| AAM-A 28!z |2|m|a|3)25]3 |2 216]2[31[s] 2|35 (e 2304 f3]a0{s |3 PR
asL | caf___olwe 9es |36l |2eaiz |1 wle|2f1E[7]3 PR AR
8CC | BRANCHONC=3  (2) %22 [P
BCS | BRANCHONC-) () 89|22 [
BEG | BRANCHON Z-1  (2) 9[22 T
81T | AaAm 2c{a{af2a3|2 M- - - M,
BMI | BRANCHONN-1  (2) 0)2|2 .
B8NE | BRANCHONZ-0 () ooz |2 DR
BPL | BAANCHONN:=G (2] 0i2]2 [
BRK | (See Fig 11 w71 S ———
BVC | BRANCHON V=3  12) 5022 [
BVS | BRANCHON V=1 12} nl2]2 .-
cLC 9-C 18241 - -9 - - -
cLp|a-p 08[2 |1 _ - e -
cel a1 5821 [
cLv |a-v B8(2 /1 [
cMP | AM 1fcal2 [2[coja|sfcs|at2 ctie]2[o1|s | 2Jos{a |2|o0]4 [3{os|e |3 PRVEV R
crx | xm o2 |2{ecla [3]ea|3 |2 PR
CcPY Y-M co|2|2|ccla}afcall|2 4o - -
DEC | M1-m CE[6|3]c6|5]2 D66 |2|0E[7 3 R
DEX | X-1-X caf2z |1 Joi- - - -
DEY Y-1-Y 88|z | I R
E0R | AymM=-a 1|ag|2 [2}ania|3fas|a]2 a1i6|2|s1]s|2]ss]a|2[s0]a [3]s0]a |3 pde e -
INC [Me1=-M eele |3|e6ls |2 fel6 2iFe]7 |3 Ss e - -
INX | x+1=x E82 1 y 7 - - - -
INY Yrt—Y cel2]1 i - - = -
IJMP | JUMP TO NEW LOC aci3f3 6c|s |3 [
ISR | (See Fig. 2) JUMP SUB 20|63 [P
Loa|M=a t11|a9|z [2[ap|a{sfas|3i2 a1l6] 2[s1|s|2[es|a |2|80|4|2]es]4]3 sy - - - -
EICOIATL| ASBOLUTE | ZER® PASE ACCU. L U1) e, L L84 208860 A8, X Am.Y AELATIVE | mDsREcT LPASEY CONDITION CODES
wstuonk winarion or]w [ eor[n] #]or | e]op|n [ elor]n| s op[n] #iorIn| sjopin| #lop|n{ sjop|n | sjop|n] s|orin|sfor|nisln 2 c 1 D v
LoX m|azlz | 2[aes]3]asla]2 BE| 413 e[ [2]v v - - - -
Lov |ae|z [2[acis|3]aseja|2 safe|2[ecla]s PR
Lsr | o7 ol ¢ acls|ajasis|2]enj [ 56 (6| 2[sef7 |3 [P
NOP | NOOPERATION eal2 1 JE
onalavM=-a 99122004 [3]0sl3]2 o116/ 2|11]s| 2l15|al2|1p]a|3]19]4]3] = - -
PHA | A~ Ms S1—§ a3t [ ——
PHP | Pame s-1-5 IR .
PLA |S+1-8 M- A 684 |1 PRI
PLP |Ss1-8 Moo P 28[a |1 (RESTORED!
TN L 2¢/6|3]26]5 [ 2]2al2 |1 366 2{3e|7]3 Vvv- - -
RORW 6E{6|3]|66(5]2]6Aa]2 1 76(6|2[7E[7 |3 V- - -
RT1 | (Ses Fig. 1 RTAN INT a0l6 |1 RESTORED)
RTS | (Ses Fig. 2) ATRN SUB 60i6|1 oo
SBC | AMZ—~A t|es|2 | 2[eoja|3esla|2 evj6| 2|F1|s| 2{Fsia|2|rFola|3lro 4|3 PRI R
SEC | 1-C 38|21 IR
SED | 1-D f8l2(1 oo
SEU |11 IGEIE e
STA | A=m 80(4|3(85(3 |2 16| 2|91|6| 2]9s|a ] 2|oD[s | 3]90|5 |3 - -
STX | x—m 8ela 3la6{3|2 96|af2[- - - - - -
STY [v—m 8Cl4|3]8als|2 sala|2 [
Tax | A=Xx aal2 |1 Ji— - - o
TAY | A=Y agl2|1 T -~ - -
TSx | s-x BAj2 |1 PR
Txa|x-a BAl2 |1 I
Txs | x-$ 9al2 1 e e oo -
Tyalv-a e8|z |1 PRI
11} ADD 170 "N F PAGE BOUNDARY IS CROSSED X INDEX X « ADD - NOT MODIFIED
12) ADD 1 TO “N" IF BRANCH OCCURS TO SAME PAGE Y INDEX ¥ - SUBTRACT M, MEMORY BIT 7
ADD 2 TO "N IF BRANCH GCCURS TO DIFFERENT PAGE A ACCUMULATOR A AND Vg MEMORY BIT 6
{3} CARAY NOT ~ BELOW M MEMORY PER EFFECTIVE ADDRESS _—V OR N NO CYCLES
14} IF IN DECIMAL MODE 2 FLAG IS INVALID Ms MEMORY PER STACK POINTER ¥ EXCLUSIVE OR # NO BYTES
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT S A PR . MOOIFIED
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SY6502 — 40 Pin Package

Ves OF 1 ~ e
RUY] 2 ae [14; 10U Features
g, louti] 3 38 [}s.0.
G 37 (18, ()
'%E 5 % gN'C' « 65K Addressable Bytes of Memary
1 & s NC. —— —_—

sync ] 7 3 [Irm « IRQ Interrupt « NMI Interrupt
V“"E 8 = ::Js:(: s On-the-chip Clock

ABOD a 3z

a1 10 a1 [1pB2 +/ TTL Level Single Phase Input
AB;E " 23: az:: /' Crystal Time Base Input

AB 12

apa[]1z 28 [1oBS » SYNC Signal

aps[] 14 zr[JpBe {can be used for single instruction execution}
aBs ] 15 26 [oe7 .

AB7 ] 16 25 [ aB15 + RDY Signal i .
asel] 17 24 [1as1s {can be used far single cycle execution)
asa[] 18 23[1AB12 + Two Phase Output Clock for Timing of Support Chips
as10{] 19 221 AB1Z

apn[] 20 21| Vs

SYH5503 — 28 Pin Package

= W

s ) 28 [18; 0T Features

Vs [ 2 27 [, 11k

wal] 3 26 [JRM

Ami[] 4 25 []oBo

vee s 22 Fos o 4K Addressable Bytes of Memory (ABOO-AB11}

B2

T:E : i; goag e On-the-chip Clock

:::E : : gs:: » IRQ Interrupt

:::E :: 11: gz:i & NMI Interrupt

el R 7 Jasn « 8 Bit Bi-Directional Data Bus

ag7[]13 16 [] AB1D

ABB[] 14 15 [] Ase

SY6504 & SY6507 — 28 Pin Package

RES ]
Vs
“IRG or RDY []
VCC E
asa[]
A1}
AB2 [
aga[]
AB4 [
ABS [
AB6 [
AB7[]
88 []
ABa[]

[18, (ouT)
[ 8, tIN
[Jnmw
[[JoBo
: [21:3]
Muoes
[NoB3
[oes
{1085

[ 1o
1087

[ 1a812
[ 1 AB11
[ aB1

Features

» IRQ Interrupt (6504 oniy)

+ RDY Signal {6507 only}

» BK Addressable Bytes of Memory (ABOO-AB12)
s On-the-chip Clock

s 8 Bit Bi-Directional Data Bus
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SYB6505 — 28 Pin Package

REZ[]
VSSC
Aoy ]
Ra ]
Vee O
aso[]
as1[]
aB2[]
Aea[]
aga ]
AB5 ]
AB6 ]
287[]
aBe[]

NS

1
2
3
4
5
L
7
]
9

e, oun
8, (M)
[ row

[ o8
o1
[1oB2
[10B3
[oB4

[ DBS
1DBE
oer
NEGH
[JsB10
[ ] ABg

Features

s 4K Addressable Bytes of Memory {ABQD-AB11)
» On-the-chip Clock

« iRQ Interrupt

e RDY Signal

* B 8it Bi-Directional Data Bus

SY6506 — 28 Pin Package

mds " zheoun Features
vgs[ 2 27 [18, (M)
¥ touTi] s 26 [ JR/W
e 2 Flosn » 4K Addressable Bytes of Memory {ABOO-AB11)
Vec '8 24 1081 » On-the-chip Clock
L m ] 23 [Jos2
as1}7 2z []oe3 » [RQ tnterrupt
ag2]e 21 [1oB4
ABIL] 9 20 D85 * Two phases off
ABa ] 10 19 {]1PB6
ass{] 11 '8 [10B7 s 8 Bit Bi-Direntional Data Bus
AB6 [ 12 17 JAB11
aB7[] 13 16 [JaBio
aB8[] 14 15 []ABS
$Y6512 — 40 Pin Package
vor1 ™~ swhres
rov ] 2 3 08, oum Features
4,0]2 3 [so.
wallas 37 Q0;
veed s 26 Fose & 65K Addressable Bytes of Memory
] s 35 [Ine « IRQ Interrupt
sync s 3a [rRw _
Vee[] 0 33 [Josn » NMI Interrupt
aBo[]9 3z [JoB1 .
an ] 10 3 []oB2 * RDY Signat
agz(g 30 1083 » B Bit Bi-Directional Data Bus
a83(] 12 29 []OB4
apa[]12 8 [J0BS « SYNC Signal
aB6 [] 14 77 [3pBs .
sl 1 Y o Two phase input
a8t 1e 25 [1as16 » Data Bus Enable
aBs [ 17 26 [] AR14
aps[] 19 23 [1aB13
AB10[] 19 22 [asiz
as11(] 20 21 [ Vs

an
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SYB6513 — 28 Pin Package

Ve CF1 ~ 28 [ JRER
e] 2 2 1%, Features
raya 26 FIRw
NMi) a 25 [ DBO
Vet 5 21 Foes + 4K Addressable Bytes of Memory {AB00-AB11)
1 [ DB2
img 7 zz gum & Two phase clock input
:::;E : _j; gz:: « |IRQ Interrupt
i::E :‘: 1‘: gz:: o NMI Interrupt
sss[] 12 17 Pae » 8 Bit Bi-Directional Data Bus
as?[] 13 16 [JaB10
ags[] 14 15 [J ang
SY6514 — 28 Pin Package
w7 wpe Features
e,z 27 [1%;
iRG Y3 26 [rmw
:;;E : = Bom » 8K Addressable Bytes of Memory (ABOO-AB12)
ap1[] & z3 []oBz
as2[]7 22 QB2 » Two phase clock input
AB1[]a 21 [JoBa
:::E :‘O f‘; gs:: « [RQ Interrupt
aBa[] 11 18 []oB?
ae7[] %2 17 [1aB1z « 8 Bit Bi-Directional Data Bus
ABa[]13 16 [1aB11
ape[]a 15 P asto
SY6515 — 28 Pin Package
vur ~ mpms Features
ROY[] 2 7198,
50s 6 [JRW
a]a 25 [1oBo » 4K Addressable Bytes of Memory (ABOO-AB11)
Vo O] 5 24 [JDE1
a6 22[0ope2 .
ani] 7 =z Poes + Two phase clock input
aB2(]s 21 []os4
ap3[]e 20 []o8S ¢ IRQ Interrupt
ape[]10 19 [JDB6
ABs (] 11 18 [Jo87 R .
ass] 12 17 aen « B Bit Bi-Directional Data Bus
a3 16 [1a810
asa[] 14 15 [ 189

119
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DSCILLATOR CIRCLUIT
IONE TTL PACKAGE REQUIRED)

CLOCK GENERATION CIRCUITS

CiVIDE BY 2 QR 4 CIRCUIT
{ONE TTL PACKAGE REQUIRED)

| 11005 uF | 5V 5V '
| i | L . R |
R — R 4, (650X}
AV —io ap-——dg o a ¢
i 16K | z 5 8 1z 9 9, {851}
2.2k I g " |
I ——ANA———3 7474 474
| XTAL I |
| ~—-{ DL 7404 ! c [} [ @ | . 0,510
[ 3 R 2 3 5 11 5 g !
I ] 1 0 |
E = 500 pF | ’
| — i +5V *5Y ’
I | JUMPER “A" = 4 |
JUMPER “B" - -2
L________.________.__I_____________.___n
CRYSTAL QUTPUT FREQUENCY
FRECUENCY ] -4
3679545 MHz | 1.7897 MHz | 0.894886 MHz |
4194304 MHz | 2.097152 MMz | 1.048576 MHz |
SY650X
R, R,
p— A Ay “WWA
R, = 1.BK ohms
XTAL = 1 MHz - 5 MHz
7404 7404 % (TS KNIGHT MP SERIES
13K s (R EQUIVALENT)
t3
117 |~ SYSTEM
- I I CLOCK
XTAL
SY650X
G2
] 7404 SYSTEM
CLOCK
C, -
1 R, = 330K ohms
“ Cy = WaF
o KTAL - CTS KNIGHT MP SERIES
g, % AV OR EQUIVALENT
= XTAL
+By
J SYNERTEK™ INC. = P.0O.BOX552 ¢ SANTA CLARA, CALIFORNIA 95052 « TEL (408 988-5600 ¢ TWX:910-338-0135

|
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ISJCTODF @ At

Versatile
Interface Adapter
(VIA)

SY6522
SY6522A

MICROPROCESSOR

PRODUCTS

Preliminary
APRIL 1979

Two 8-Bit Bidirectiona! 1/0 Ports

Two 16-Bit Programmable Timer/Counters
Serial Data Port

Single +5V Power Supply

TTL Compatible

CMOS Compatible Peripheral Control Lines

¢ Expanded “Handshake™ Capability Allows Positive
Control of Data Transfers Between Processor and
Peripheral Devices

e Latched Qutput and Input Registers

o 1 MHz and 2 MHz Operation

The SYB522 Versatile Interface Adapter [VIA) is a
very flexible 1/0Q control device. In addition, this de-
vice contains a pair of very powerful 16-hit interval
timers, a serial-to-parallel/parallel-to-serial shift re-
gister and input data latching on the peripheral ports.
Expanded handshaking capability allows controi of
bi-directional data transfers between VIA's in multiple
processor systems.

Contral of peripheral devices is handled primarily
through two 8-bit bi-directional ports. Each line can

be programmed as either an input or an cutput. Several
peripheral 1/Q lings can be contralled directly from
the interval timers for generating programmabie fre-
quency square waves or for counting externally gen-
erated pulses, To facilitate control of the many power-
ful features of this chip, an interrupt flag register, an
interrupt enable register and a pair of function con-
trol registers are provided,

INTERAUPT = RO
CONTHOL
FLAGS INPUT LATCH
: HFR) HHAL
ENABLE QUTPUT BUFFERS
(IERT > (ORA) A PORT A
DATA pATA ) Data DIR.
BUS BUS 1DDRA}
BUFFLIRS
PORT A REGISTERS
PERIFHERAL
iPCRY
: AUXILIARY PORT A CAl
IAGH) :> _________ CAz
FUNCTION PORT B
CONTROL e
HANDSHAKE
' CONTRGOL
LATCH | LATCH
E§ —————n] F11-H | TIL-L,
RES __[.__.’___,‘,__[____J__ SHIFT REG CB1
Hiw ——=] p SR
s COUNTEH | COUNTER SR o2
— TicH | qTIcL)
51— )
~ cHir TIMER T PORT B HEGISTERS
CE82———=] ACCESS
RS0 ———= | CONTROL TIMER 2 INPUT LATCH
[IHE)
RS * LATCH R ——
57—} T2L-1) QUTEUT BUFFERS BOHT B
s ] P ORB PRy
counTER | counter | T VLT __
I s DATADIR

{ROHB)

Figure 1. §YB6522 Block Diagram

5

SYNERTEK™ INC. ¢ P.O BOX552

SANTA CLARA, CALIFORN!A 95052 »

TEL. t408! 988-5600 « TWX:910-338-0135
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ABSOLUTE MAXIMUM RATINGS

This device contains circuitry to protect the inputs
against damage due to high static voltages. However,
it is advised that normal precautions be taken to
avoid application of any voltage higher than maxi-
mum rated voltages.

Rating Symbol Value tnit
Supply Voltage Vee |-0.3t0+7.0( V
Input Voltage Viy |-0.3t0+7.0[ V
Ohperating Temperature

Range Ta Otc+70 | °C
Storage Temperature

Range Teag |-BBtw0 Y160 °C

ELECTRICAL CHARACTERISTICS (Vo = 5.0V * 5%, Ta = 0-70°C unless otherwise noted)

Symbol Characteristig Min. Max. Unit
iy Input High Voltage {all except ¢2) 2.4 Vee \4
VeH Clock High Voltage 2.4 Vee v
ViL Input Low Voltage -0.3 0.4 \4
] Input Leakage Current — Vyy =0te b Vdc - 2.5 S
R/W, RES, RS0, RS1, RS2, RS3, C51, €52,
CA1, b2
ITs1 Off-state Input Current — Vi = .4 to 2.4V - +10 uA
Vee = Max, DO to 07
A Input High Current — Vi = 2.4V -100 - uA
PAO-PA7Z, CAZ, PBO-PB7, CB1, CB2
e Input Low Current — V| = 0.4 Vdc - -1.6 mA
PAO-PA7, CA2, PBO-PB7, CB1, CB2
Vau Output High Yoltage 2.4 — v
Vee = min, ljgag = -100 pAde
PAO-PAT, CAZ, PBO-PB7, CB1, CB2
Vaouo Output Low Voltage - 0.4 \4
Vee = min, ljgag = 1.6 mAde
lon Cutput High Current (Sourcing}
Vau = 2.4V -100 - Ul
Vo = 1.5V (PBO-PB7) ~-1.0 - mA
loL Output Low Current {Sinking) 1.6 - mA
VoL = 0.4 vdc
IoFF Output Leakage Current (Off state) - 10 HA
IRQ
Cin Input Capacitance — Tp = 256°C, f= 1 MHz
{R/N, RES, RS0, RS1, RS2, RS3, G851, C8Z, - 7.0 oF
DO-D7, PAQO-PA7, CA1, CAZ, PBO-PBY)
(CB1, CB2) - 10 pF
(P2 Input) - 20 pF
CouT QOutput Capacitance — T, = 25°C, f= 1 MHz - 10 pF
Pp Power Dissipation — 700 mW
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Veo

24R5!

SVPE:?\I:W . . I/ I %

130pF 24K:2

t—f—

Figure 2. Test Load {for alf Dynamic Parameters)

[ Taca Tew

il
CLOCK

CHIP SELECTS, R 3
REGISTER SELECTS, X
RW N

—] P

PERIPHERAL
DATA

—] tug |—
DATA BUS {

Figure 3. Read Timing Characteristics

READ TIMING CHARACTERISTICS (FIGURE 3)

5Y6522 SY6522A
Symbol Parameter Min. Max. Min. Max. Unit
Tey Cycle Time 1 50 0.5 50 s
Tach Address Set-Up Time 180 - ag = hs
TcaR Address Hold Time 0 - o — ns
TrCR Peripheral Data Set-Up Time 300 — 300 - ns
%TCDF\ Data Bus Delay Time — 395 - 200 ns
TR Data Bus Hold Time 10 - 10 - ns

NOTE: tr, tf = 10 to 30ns.
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1

Tev

92
CLOCK

[T a ey =] JUCERERS B

CHIP SELECTS,
AEGISTER SELECTS

[Ty g = Toow —=1=— Tcww

—— Trw

o \ \ \\ AT

__________________ vee
fo— Temw —-| ;

FEAIPHERAL
DATA

Figure 4. Write Timing Characteristics

WRITE TIMING CHARACTERISTICS (FIGURE 4}

Y6522 $YB522A

Symbol Paramater Min. Max. Min. Max. Unit
Tey Cycle Time 1 50 0.50 50 Ms
Te 2 Pulse Width 0.47 25 0.25 25 us
Tacw Address Set-Up Time 180 - ad - ns
Toaw Address Hold Time 0 - 0 — | s
Twew R/W Set-Up Time 180 — a0 - ns
Toww R/W Hold Time 0 - 0 - ns
Tocw Data Bus Set-Up Time 300 - 150 - ns
THw Data Bus Hold Time 10 - 10 - ns
Tepw Peripheral Data Delay Time - 1.0 — 1.0 Hs
Temos Peripheral Data Delay Time

to CMQS Levels - 2.0 — 2.0 s

NOTE: 1, tf = 10 10 30ns.
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PERIPHERAL INTERFACE CHARACTERISTICS

Symbol Characteristic Min. Max. Unit Figure
tr, tf Rise and Falt Time for CA1, CB1, CA2, and CB2 - 1.0 us -

Input Signals
Teaz Delay Time, Clock Negative Transition to CA2 Negative

Transition (read handshake or pulse mode) — 1.0 s Ba, Sh
Trst Delay Time, Clock Negative Transition to CA2 Positive

Transition {pulse mode) — 1.0 us Ba
Trs? Delay Time, CA1 Active Transition to CAZ Positive

Transition {handshake mode} - 2.0 us 5b
TwHs Delay Time, Clock Positive Transition to CA2 or CB2

Negative Transition (write handshake) — 1.0 us 5c, bd
Tos Delay Time, Peripheral Data Valid to CB2 Negative

Transition 1] 1.6 us 5¢, bd
Trsa Delay Time, Clock Positive Transition to CA2 or CB2

Paositive Transition (pulse modle) — 1.0 us bc
TRsa Delay Time, CA1 or CB1 Active Transition to CA2 or

CB2 Positive Transition {handshake mode} - 20 us 5d
Tw Set-up Time, Peripheral Data Valid to CA1 or CB1

Active Transition (input latching} 300 - ns 5e
Tsg Shift-Qut Delay Time — Time from ¢, Falling Edge

to CB2 Data Out - 300 ns 5f
Tsh2 Shift-1n Setup Time — Time from CB2 Data In to

¢2 Rising Edge 300 - ns Bg
Tiew Pulse Width — PB6 Input Pulse 2 - s 5i
Ticw Pulse Width - CB1 input Clock 2 - us Sh
lipg Pulse Spacing — PB6 Input Pulse 2 - Hs i
lics Puise Spacing — CB1 Input Pulse 2 - Hs 5h
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" _\__/_—\r___/_\;_/—_\_
READ IRA
CPERATION
CAZ
“DATA TAKEN"

}-—f teaz —-‘ Fﬁflnsr- -

Figure 5a. CA2 Timing for Read Handshake, Pulse Mode

. _\_/_\
READ tRA
OPERATIGN
L
CAZ
“DATA TAKEN"
rys
e

il AT ——— - — Ips2 - b'

CAl
"DATA READY™

CACTIVE
TRANSITION

Figure 5b. CA2 Timing for Read Handshake, Handshake Mode

WHS ALEY)
WRITE ORA, ORB
QOPERATION
CAZ, CB2
“DATA READY"
ios
0 .

PA, PE W

PERIFHERAL o

DATA W \

Figure 5¢. CA2, CB2 Timing for Write Handshake, Pulse Mode
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WWWWWWWWW
OOOOOOOOO

CA2, CRZ
AAAAAAAAAAA

PPPPP
PPPPPPPPPP
DATA

CCCCCCC

\ MHTHTHH \\\\\Q\R\Wﬂ

TRANSITION

Figure 5d. CA2, CB2 Timing for Write Handshake, Handshake Mode

PERIPHERAL

ccccccc
TTTTTTTTTTT
ccccccc

A

N

UUUUUUUU

((((((((
PUT

EEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Figure 5f, Timing for Shift Out with Internal or External Shift Clocking
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7 - |

CB2

SHIFT DATA |

INPUTY

/
|

cel
SHIFT CL{XIK

{INPLIT OR
OUTBUT

SETUP TIME MEASURED TO THE FIRST iy
77 RISING FDGE AFTER CB1 RISING EDGE

Figure 5g. Timing for Shift In with Internal or External Shift Clocking

r
CR1
SHIFT CLOCK
INPUT

- - hew 1 ticg —— - o —=

Figure Bh, External Shift Clock Timing

PEE B
PLILSE COUNT .
INPFUT

o ——————————— lipw - - I- ——— g ——————

Figure 5i. Pulse Count Input Timing
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PIN DESCRIPTIONS
RES {Reset)

The reset input clears all internal registers to logic O
(except T1 and T2 latches and counters and the Shift
Register). This places all peripheral interface lines in
the input state, disables the timers, shift register, etc.
and disables interrupting from the chip.

¢2 (Input Clock)
The input clock is the system ¢2 clock and is used to
trigger all data transfers between the systermn processor
and the SY6522.

R/W {Read/Mirite)

The direction of the data transfers between the
Y6522 and the system processor is cantrolled by the
R/W line. if R/W is low, data will be transferred out
of the processor into the selected SY6522 register
{write operation). If R/W ishigh and the ¢hip is select-
ed, data will be transferred out of the 5Y6522 (read
operation).

0B0-DB7 [Data Bus)

The eight bi-directional data bus lines are used to
transfer data between the SY6522 and the system
processor. During read cycles, the contents of the sei-
ected SY6E522 register are placed on the data bus lines
and transferred into the processor. During write
cycles, these lines are high-impedance inputs and data
is transferred from the processor into the selected re-
gister. When the SYB6522 is unselected, the data bus
lines are high-impedance.

€51, T52 (Chip Selects)

The two chip select inputs are normally connected to
pracessar address lines either directly or through de-
cading. The selected SY6522 register will be accessed
when CS1 is high and 52 is low.

RS0-RS3 (Register Selects)

The four Register Select inputs permit the system pro-
cessar to select one of the 16 internal registers of the
SY6522, as shown in Figure 6.

Register RS Coding Register Description
Number RS3 | RS2 | RS1 | RSO Desig. Write Read
0 8] 0 0 [} ORB/IRB Output Register “B" Input Register "B"”
1 0 0 0 1 ORA/IRA Qutput Register “A” Input Register "A”
2 0 0 1 o] DDRB Data Direction Register “B"
3 0 o] 1 1 DDRA Data Direction Register A"’
4 0 1 0 Q TICL T1 Low-Order Latches Tt Low-Order Counter
5 0 1 4] 1 T1C-H T1 High-Order Counter
6 0 t 1 0 T1L-L T1 Low-Order Latches
7 o] 1 1 1 T1L-H T1 High-Order Latches
8 1 0 0 0 T2C-L T2 Low-Crder Latches T2 Low-Order Counter
9 1 0 0 1 | T2CH T2 High-Order Counter '
10 1 1] 1 0 SR Shift Register
11 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 o] IER Interrupt Enable Register
15 1 1 1 1 ORA/IRA Same as Reg 1 Except No “Handshake"”

Figure 6. S$Y6522 Internal Register Summary
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TRA {Interrupt Request)

The Interrupt Request output goes low whenever an
internal interrupt flag is set and the corresponding in-
terrupt enable bit is a logic 1. This output is "open-
drain” to allow the interrupt request signal to be
“wire-or'ed” with other equivalent signals in the
system.

PAD-PA7 {Peripherai A Port)

The Peripheral A port consists of 8 lines which can
be individually programmed to act as inputs or cut-
puts under control of a Data Direction Register. The
polarity of cutput pins is controlled by an Gutput
Register and input data may be latched into an in-
ternal register under control of the CA1 line. All of
these modes of operation are controlled by the sys
tern processor through the internal control registers.
These lines represent one standard TTL load in the
input mode and will drive one standard TTL load in
the cutput mode. Figure 7 illustrates the output
circuit.

CA1, CA2 (Peripheral A Control Lines)

The twao Peripheral A control lines act as interrupt in-
puts or as handshake autputs. Each line controls an
internal interrupt flag with a corresponding interrupt
enable bit, tn addition, CA1 controls the latching of
data on Peripheral A port input lines. CA1 is a high-
impedance input only while CA2 represents one stan-
dard TTL load in the input mode, CA2 will drive one
standard TTL load in the output mode.

+8Y

PAL-PAT,
CA2

1

1/0 CONTROL 1
QUTPUT DATA [}
1

INPUT DATA

Figure 7. Peripheral A Port Output Circuit

PBO-PB7 (Peripheral B Port)

The Peripheral B port consists of eight bi-directional
linas which are controlled by an output register and a
data direction register in much the same manner as the

PA port, In addition, the polarity of the PB7 output
signal can be controlled by one of the interval timers
while the second timer can be programmed to count
pulses on the PBB pin. Peripheral B lines represent one
standard TTL foad in the input mode and will drive
one standard TTL load in the output mode. In addi-
tion, they are capable of sourcing 1.0mA at 1.5VDC
in the output mode to allow the outputs to directly
drive Darlington transistor circuits. Figure 8 is the
circuit schematic,

CB1, CB2 {Peripheral B Control Lines)

The Peripheral B control fines act as interrupt inputs
or as handshake outputs. As with CA1 and CAZ, each
fine contrals an interrupt flag with a correspending in-
terrupt enable bit. In addition, these lines act as a
serial port under cantrol of the Shift Register. These
lines represent one standard TTL load in the input
mode and will drive one standard TTL load in the
output mode. Untike PBO-PB7, CB1 and CB2 cannot
drive Darlingten transistor circuits.

+5v

INPUT/

OUTPLT —— 4 |
CONTROL
| <
PEO-PBY,
cB1, Ca2
i
QUTPUT 1
DATA 1
INPUT BATA

Figure 8. Peripheral B Port Output Circuit

FUNCTIONAL DESCRIPTION

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Reg-
ister (DDRA, DDRB) for specifying whether the peri-
pheral pins are to act as inputs or outputs, A Qin a
hit of the Data Direction Register causes the corres-
ponding peripheral pin to act as an input, A 1 causes
the pin to act as an output,

Each peripheral pin is atso controlied by a bit in the
Output Register (ORA, ORB) and an Input Register
{IRA, |IRB), When the pin is programmed as an out-
put, the voltage on the pin is controlled by the cor-
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responding bit of the Qutput Register. A 1in the Qut-
put Register causes the output to go high, and a2 "0"”
causes the output to go fow. Data may be written into
Output Register hits corresponding to pins which are
programmed as inputs. In this case, however, the out-
put signal is unaffected.

Reading a peripheral port causes the contents of the
Input Register {IRA, IRB) to be transferrad anto the
Data Bus, With input latghing disabled, 1RA witl always
retlect the levels on the PA pins. With input latching
enabled, IRA will reflect the levels on the PA pins at
the time the latching occurred {via CA1),

The IRB register operates similar to the 1R A register.
However, faor pins programmed as outputs there is a
difference. When reading 1RA, the level on the pin
determines whether a0 or a 1 is sensed, When reading
IRB, however, the bit stored in the output register,

REG 1 — ORA/IRA

Flejoflalslzf1fu
L pag]
PAT
PAZ
OUTPUL HEGISTER 47 (KA
Pa3
b uR
P
A4 INRUT HEGISTER “&7 IRA)
PAB
PAE
PAT]
Pun
Dara Durection WRITF READ
Sulecnon
BORA 17 IOUTPUT) | MPU writes Outpal Level | MPL reads level on PA oim.
{Input latetung disabied| | {ORA]
CORA 17 {QUTPUT! MPU reads LRA bit which is

the eyl of the PA& gin at the
tinne of the last CAT active
transitinn

WIPLI roads tevet an PA pin

{Input fatetinyg enabled|

b MPI writas wato ORA. bt
no #fect an pn lavel untl
DDRA changed.

IEEL NPT
lngut latching d: cahied|

ORB, s the bit sensed. Thus, for outputs which have
large loading effects and which pull an output 717
down or which pull an autput 0" up, reading IRA
may result in reading a "0’ when a *'1"" was actually
programmed, and reading a 1" when & "0 was pro-
grammed. Reading tRB, on the other hand, wiil read
the "1™ or "'0" level actually programmed, no matter
what the loading an the pin,

Figures 9,10, and 11 illustrate the formats of the port
registers. In addition, the input fatching modes are
selected by the Auxiliary Control Register (Figure
16.)

Handshake Control of Data Transfers

The 5Y 6522 aliows positive control of data transfers
between the system processor and peripheral devices

AEG 0 — ORB/IRB

| E—Y
PB1

bt — B2

OUTPUT REGISTER "B {ORB)

FB2
- OR
PEY INPUT REGISTER “R” 1ORR)
S FBS
PEG
re7]
Pin
Data Diregtion WRITE READ
Salection
DORB = 17 JOUTPUT) MPU reads output register bt

MPL writes Qutpul Level
10RBI i ORB. Pin level bas ny alfent,

DODRB - 07" {INPUTH
{laput latelimy disabled

MPLI writes into ORB, but
na effect on pin level, uatil
DORB changed

MPU reads mput level on PB
win.

MPU reads IRB bit, which is
the level of the PB pin st the
time of the last £R 1 active
transition.

DDRE 07 {INPUT}
{1put atching enabled]

Figure 9. Qutput Register B (ORB},
Input Register B (IRB}

MU reads IRA bit which is

the level of the PA pin at the
time of the last CAT active
Transitions

DORA = 70" INPUT)
{Input latching enabled!

L

Figure 10. Output Register A (ORA},
Input Register A (IRA)

REG 2 (DDRB) AND REG 2 {DDRA)

o

! -

L ppuivaU
PRI/PAL

FB2/FAZ

TlepRlaf3|2|

PRIPAI[  HaTA DIRECTION REGISTER

"RTOR AT {DNAR/DORA)

FBA/PAA

FBB/PASE

PBG/PAG

FE7PAL

“D” ASSOCIATED FB:FA PIN |5 AN INFUT
(HIGH IMPEDANCE}
1 ASSQCIATED PB/PA PIN 1S AN OUTPUT,
WHOSC LEVEL {ISDETERMINCD 0Y
ORB/UKRA REGISTER Bil .

Figure 11. Data Direction Registers {DDRE, DDRA}

through the cperation of “handshake™ lines. Port A
fines {CAT, CA2) handshake data on both a read and
a write operation while the Pert B lines {CB1, CBZ)
handshake on a write operation only,

Read Handshake

Positive control of data transfers from peripheral de-
vices into the system processor can be accomplished
very effectively using Read Handshaking, In this case,
the peripheral device must generate the equivalent of
a ""Data Ready ' signal to the processor signifying that
valid datais present on the peripheral port. This signai
narmally interrupts the processor, which then reads
the data, causing generation of a “Data Taken™ signal.
The peripheral device responds by making new data
available. This process continues until the data trans-
fer is complete.
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TDATA REAQRY
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TRG QUTPUT

READ IRA OPERATION

-

“DATA TAKEN'"

HANDSHAKE MODE
{CAZ)

"DATA TAKEN'

PULSE MODE
caz

Figure 12. Read Handshake Timing {Port A, Only)

|
—

WRITE ORA, ORH
OPERATICN

“DATA READY™
HANDSHAKE MODE

{caz CB2)
“DATA READY"

PULSE MODE
ICAZ. CBY}

"DATA TAKEN
iCAt cAY)

| VA

TRO OUTPUT

Figure 13. Write Handshake Timing

In the S¥YB522, automatic “Read"” Handshaking is
possible on the Peripheral A port only. The CA1 in-
terrupt Input pin accepts the "“Data Ready™ signal
and CAZ generates the ""Data Taken’' signal. The
“Data Ready’ signal will set an internal flag which
may interrupt the processor or which may be polled
under program control. The “'Data Taken' signal can
either be a pulse or a level which is set low by the sys
tem processor and is cleared by the “Data Ready™
signal, These options are shown in Figure 12 which
illustrates the normal Read Handshaking sequence.

Write Handshake

The sequence of operations which allows handshaking
data from the system processor to a peripheral device

is very similar to that described for Read Handshaking.

However, for Write Handshaking, the SY6522 gener-
ates the “"Data Ready” signat and the peripheral de-
vice must respond with the “Data Taken' signal. This
can be accomplished on both the PA port and the
PB port on the SYB8522. CA2 or CB2 act as a "'Data
Ready'" output in either the handshake mode or pulse
mode and CAT or CB1 accept the “Data Taken’’ sig-
nal from the peripheral device, setting the interrupt
flag and cleaning the “Data Ready” cutput. This
sequence is shown in Figure 13.

Selection of operating modes for CA1, CA2, CB1,
and CB?Z is accomplished by the Peripheral Contral
Register {Figure 14}. i

Timer Qperation

Interval Tirmer T1 consists of two 8-bit latches and a
16-bit counter. The latches are used to store data
which is ta be loaded into the counter. Afier loading,
the counter decrements at $2 clock rate. Upon reach-
ing zero, an interrupt ftag will be set, and TRA will go
low if the interrupt is enabled, The timer will then
disable any further interrupts, or will automatically
transfer the contents of the latches into the counter
and will continue to decrement. kn addition, the timer
may be programmed to invert the output signal on a
peripheral pin each time it “times-out”. Each of
these modes is discussed separately below.

The T1 counter is depicted in Figure 15 and the
latches in Figure 16.

REG 12 — PERIPHERAL CONTROL REGISTER

[Jes]«[a]=[5]e]
s el Ry
CB2 CONTROL CATINTERRUPT CONTROL

7185 | OFERATION 6= NEGATIVE ACTIVE EDGE
[0/6 [0 | INFUT-NEGATIVE ACTIVE EDGE 1= PGSITIVE ACTIVE EDGE
T10[1]INDEPEMDENT INTERRUPT
(NPUT-NEG EDGE CAZCUNTROL

01 1[0 [INPUTPOSITIVE AGTIVE FOGE 3]2]1] OPERATION
@1 |1 |INDEPENDENT iNTERAUPT 0|0 0] INPUT NEGATIVE ACTIVE EDGE|

| |INPUT-POS EDGE 0|0 1] INDEFENDENT INTERRUPT
1]0]¢[HANDSHAKE GUTFUT ] | .| | mPuT-NEG EDGE
M o1 FULSE DUTPUT al1]0] INFUTFOSITIVE ACTIVE EDGE
+ 11 [o [Low ouTPoT G{711| INDEPENDENT INTERAUPT
1)1 HIGH OUTPUT J.f JINPUTPOSEDGE
CB1INTERRLIPT CONTROL T {0 10; HANDSHAKE DU PUT

i 11011 PULSE QUTPUT

0= NEGATIVE ACTIVF £DGE 1]1]0] LOW BITRUT
1= POSITIVE ACTIVE EBGE 717 [T HIGH ouTRUT

Figure 14. CA1, CAZ, CB1, CB2 Control
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Two bits are provided in the Auxiliary Control Reg-
ister {bits 6 and 7) to allow selection of the T1 oper-

ating modes. The four possible modes are depicted
in Figure 17,

REG 4 — TIMER 1 LOW-ORDER COUNTER

|7|6|5 4|3 2 ‘J|D|

L____.1 =

8 | count
VALUE

128}

WHITE — 8 BITS LOADED INTO T1 LOW-ORDER
LATCHES. LATCH CONTENTS ARE
TRANSFERRED INTO LOW-ORDER
COUNTER AT THE TIME THE HIGH-
ORDERA COUNTER IS LOADED {REG 5).

READ — 8 BITS FROM T1 LOW-ORDER COUNTER
TRANSFERRED TO MPU. IN ADDITION,
T1INTERRUPT FLAG IS RESET (BIT &
IN INTERRUPT FLAG REGISTER).

REG 5 — TIMER 1 HIGH-ORDER COUNTER

|7|5I5|l|3|2|1|0,

2048 | COUNT
VALUE

32768

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES. ALSO, AT THIS TIME BOTH
HIGH AND LOW-ORDER LATCHES
TRANSFERRED INTQ Tt COUNTER.
T1INTERRUPT FLAG ALSO (S RESET,

READ — 8 BITS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU,

Figure 15. T1 Counter Registers

REG 6 — TIMER 1 LOW-ORDER LATCHES

7|6|5Id|3 2!1 0

8 L. count
e 35 VALUE

32

64

|2£

WRITE - B BITS LOADED INTO T1 LOW-ORDER
LATCHES. THIS OPERATION ISNO
DIFFERENT THAT A WRITE INTO
REG 4.

READ — B B8ITS FROM T1 LOW-ORDER LATCHES
TRANSFERRED TO MPU. UNLIKE REG 4
OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG.

REG 7 — TIMER 1 HIGH-ORDER LATCHES

7|6I5|4|3 2|1|D|
L——ZSG

512
1024

2048 | COUNT
ao0s | VALUE

8182
16384

32768

WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER
LATCHES UNLIKE REG 4 OPERATION
NO LATCH-TO COUNTER TRANSFERS
TAKE PLACE.

READ -~ 8BITS FROM T1 HIGH-ORDER LATCHES
TRANSFERRED TO MPU.

Figure 16. T1 Latch Registers

REG 11 — AUXILIARY CONTROL REGISTER

I? Glﬁdi?l UI

T1 TIMER CONTROL

7|6} OPERATION PB7
0] 0| TIMED INTERRUPT
EACH TIME 118
LOADED DISABLED
01| CONTINUOUS
INTERRUPTS
10| TIMED INTERRUPT | ONE-SHOT
EACH TIME T118 OUTPUT
LOADED
1| 1 {CONTINUQUS SQUARE
INTERRUPTS WAVE
QUTPUT

LTy
| PA  (ATCH ENABLE/DISABLE
PB 0 = DISABLE
1= ENABLE LATCHING

T2 TiMER CONTROL
OPERATION
TIMED iINTERRUFT

COUNT DOWN WITH
PULSES ON PB6

£
M

SHIFT REGISTER CONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF 02

SHIFT IN UNDER CONTROL OF EXT. CLK
SHIFT OUT FREE-RUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF T2

SHIFT OUT UNDER CONTROL OF 02

SHIFT OUT UNDER CONTROL OF EXT. CLK.

[={=[a]clclolo]a
Slelolelsale|e|w
Slel=lel=le]=lol~

Figure 17. Auxiliary Control Register

Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is loaded auto-
matically from the low order latch when the processor writes into the high order counter. In fact, it may not be necessary to
write to the 1ow order counter in some applications since the timing operation is triggered by writing to the high order counter.
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WRITE TICH
CPERATION

3

RO QUTPUT

PFB7 QUTPUT I

N l N k N-2 l N3 ;

rq__m-——-————-fN¢|5CVCLES‘_—‘l
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Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing

Timer 1 One-Shot Mode

The interval timer ane-shot mode allows generation
of a single interrupt for each timer load operation. As
with any interval timer, the delay between the “write
T1C-H** operation and generation of the processor
interrupt is a direct function of the data loaded into
the timing counter, In addition to generating a single
interrupt, Timer 1 can be programmed to produce a
single negative pulse on the PB7 peripheral pin. With
the output enabled {ACR7=1} a “write T1C-H" oper-
ation will cause PB7 to go low. PB7 will return high
when Timer 1 times out. The result is a single pro-
grammable width pulse.

In the one-shot mode, writing into the high order
lateh has no effect on the operation of Timer 1. How-
ever, it will be necessary to assure that the low order
latch contains the proper data before initiating the
count-down with a “write T1C-H"" operation. When
the processor writes into the high order counter, the
T1 interrupt flag will be cleared, the contents of
the low order latch will be transferred into the low
order counter, and the timer will begin to decrement
at system clock rate. H the PB7 output is enabled,
this signal will go low on the phase two following the
write operation. When the counter reaches zero, the
T1 interrupt flag will be set, the TRQ pin will go low
{interrupt enabled), and the signal on PB7 will go
high. At this time the counter will continue to decre-
ment at system clock rate. This allows the system
processor to read the contents of the counter to de-
termine the time since interrupt. However, the T1
interrupt flag cannot be set again unless it has been
cleared as described in this specification.

Timing for the SY6622 interval timer one-shot modes
is shown in Figure 18.

Timer 1 Free-Run Mode

The most important advantage associated with the
latches in T1 is the ability to produce a continuous

series of evenly spaced interrupts and the ability to
produce a square wave on PB7 whose frequency is
not affected by variations in the processor interrupt
response time. This is accomplished in the “free-
running”’ mode.

In the free-running mode, the interrupt flag is set and
the signal on PB7 is inverted each time the counter
reaches zero. However, instead of continuing to decre-
ment from zero after a time-out, the timer automati-
cally transfers the contents of the latch into the
counter {16 bits) and continues to decrement from
there. The interrupt flag can be cleared by writing
T1C-H, by reading T1C-L, or by writing directly into
the flag as described later. However, it is not neces-
sary to rewrite the timer to enable setting the inter-
rupt flag on the next time-out.

All interval timers in the SYB522 are “‘re-triggerable’’.
Rewriting the counter will always re-initialize the
time-out period. In fact, the time-out can be prevent-
ed completely if the processor continues to rewrite
the timer before it reaches zero. Timer 1 will operate
in this manner if the processor writes into the high
order counter (T1C-H}). However, by loading the
latches only, the processor can access the timer dur-
ing each down-counting operation without affecting
the time-out in process. Instead, the data loaded into
the latches will determine the length of the next time-
out period. This capability is particularly valuable in
the free-running mode with the output enabled. In
this mode, the signal on PB? is inverted and the in-
terrupt flag is set with each time-out. By responding
to the interrupts with new data for the latches, the
processor can determine the period of the next hatf
cycle during each half cycle of the output signal on
PB7. 'n this manner, very complex waveforms can be
generated. Timing for the free-running mode is shown
in Figure 19.
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WRITE TICH
OPERATION

—i

1RG QUTPUT ‘

PAT OUTPUT

|4— N+ 1.5CYCLES

N+ 2CYCLES

Note! A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register cantents for PB7, Both
DODRB hit 7 and ACR bit 7 must be 1 for PB7 to function as the timer cutput. If one is 1 and the other is 0, then PB7 functions

as a normal output pin, controlled by ORB bit 7.

Figure 19, Timer 1 Free-Run Mode Timing

Timer 2 Operation

Timer 2 operates as an interval timer {in the “one-
slot” mode anly), or as a counter for counting nega-
tive pulses on the PBE peripheral pin. A single con-
trol bit is provided in the Auxitiary Control Register
to select between these two modes. This timer is com-
prised of a “write-only’’ low-order latch {T2L-L), a
“read-only”’ low-order counter and a read/write high
order counter. The counter registers act as a 16-bit
counter which decrements at $2 rate. Figure 20 illus-
trates the T2 Counter Registers.

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the “‘one-shot”
mode similar te Timer 1. In this mode, T2 provides a
single interrupt for each "write T2C-H” operation.
After timing out, the counter will continue to decre-
ment. However, setting of the interrupt flag will be
disabled after initial time-out sa that it will not be set
by the counter continuing to decrement through zero.
The processor must rewrite T2C-H to enable setting
of the interrupt flag. The interrupt flag is cleared by
reading T2C-L or by writing T2C-H, Timing for this
operation is shown in Figure 18.

REG 8 — TIMER 2 LOW-ORDER COUNTER

|1|s|5|4 JIz wln'
1
L_.1"

S

O]

8 COUNT
VALUE

WRITE — 8BITS LOADED INTO T2 LOW-QRDER
LATCHES,

BBITS FROM T2 LOW-DRDER COUNTER

TRANSFERRED TO MPLI, T2 INTERRUPT
FLAG IS RESET,

READ -

REG 9 — TIMER 2 HIGH-ORDER COUNTER

7IB 5 4|3|2I1 DI

l—-— 256 |
L 512
1024
2046 [ COUNT
VALUE
4096
B182
16394
32765
WRITE - 8BITS LOADED {NTO T2 HIGH-ORDER
COUNTER. ALSQ. LOW-ORDER LATCHES
TRANSFERRED TO LOW-ORDER
COUNTER. IN ADDITHIN, T2 INTERRUPT
FLAG {5 RESET.
AEAD — 2 BITS FROM TZ HIGH-QADER COUNTER

TRANSFERRED TO MPU.

Figure 20. T2 Counter Registers
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Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to
count a predetermined number of negative-going
pulses on PBB. This is accomplished by first loading
a number into T2, Writing into T2C-H clears the in-
terrupt flagand allows the counter to decrement each
time a puise is applied to PB6. The interrupt flag will
be set when T2 reaches zero. At this time the counter
will continue to decrement with each pulse on PB6G.
However, it is necessary to rewrite T2C-H to allow
the interrupt fiag to set on subsequent down-counting
operations. Timing for this mode is shown in Figure
21. The pulse must be low on the leading edge of 2,

Shift Register Operation
The Shift Register {SR) performs serial data transfers

into and out of the CB2 pin under control of an in-

ternal module-8 counter. Shift pulses can be applied
to the CB1 pin from an external source or, with the
proper mode selection, shift pulses generated inter-
nally will appear on the CB1 pin for controlling ex-
ternal devices.

The contrel bits which select the various shift register
operating medes are located in the Auxiliary Controt
Register, Figure 22 illustrates the configuration of the
SR data bits and the SR control bits of the ACR.

Figures 23 and 24 illustrate the operation of the vari-
ous shift register modes.

Interrupt Operaticn

Controlling interrupts within the SYB522 involves
three principal operations. These are flagging the in-
terrupts, enabling interrupts and signaling to the pro-
cessor that an active interrupt exists within the chip.
Interrupt flags are set by interrupting conditions
which exist within the chip or on inputs to the chip.
These flags normally remain set until the interrupt
has been serviced. To determine the source of an in-
terrupt, the microprocessor must examine these flags
in order from highest to lowest priority. This is ac-
complished by reading the flag register into the pro-
cessor accumulator, shifting this register either right
or left and then using conditional branch instructions
to detect an active interrupt.

Associated with each interrupt flag is an interrupt
enable bit. This can be set or cleared by the proces-
sor to enable interrupting the processor from the cor-
responding interrupt flag. 1 an interrupt flag is set to
a fogic 1 by an interrupting condition, and the corres-
pending interrupt enaple bit is set to a 1, the Inter-
rupt Request Output {I_RE) will go low. 1RO is an
“apen-collector” output which can be “wire-or'ed”
with other devices in the system to interrpt the
processor.

In the SYB522, all the interrupt flags are contained
in one register, In addition, bit 7 of this register will
be read as a logic 1 when an interrupt exists within
the chip. This allows very convenient polling of sev-
eral devices within a system to locate the source of
an interrypt.

WRITE T2C-H
OPERATION

PBE INPUT

LI |

1

RO OUTPUT

-1

o

m
L
1} N2 7 2 l 1 l °

Figure 21. Timer 2 Pulse Counting Mode

REG 10 —- SHIFT REGISTER

noonaand
L

\_—,—A
NOTES:

1. WHEN SHIFTING QUT. BIT 7 IS THE FIRST BIT
QLT AND SIMULTANECGUSLY 1S ROTATED BACK
INTOBITC

2 WHEN SHIFTING N, BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7.

-

SHIFT
REGISTER
BITS

REG 11 — AUXILIARY CONTROL REGISTER

BEOnEEno
_

l SHIFT REGISTER

MODE GONTROL

OPERATION

DISABLED

SHIFT IN UNDER CONTROL OF TZ

SHIFT tN UNDER CONTROL OF 42

SHIFT I UNDER CONTROL OF EXT CLK
SHIFT OUT FREE:AUNNING AT T2 RATE
SHIFT OUT UNDER CONTROL OF 72

1 |FT QUT UNDER CONTROL OF 43
SHIFT OUT UNDER CONTROL OF EXTCLK

aja|=iaje|eloje]=
N = e O O R e

_lalalal=]=|=]|=]~

Figure 22. SR and ACR Control Bits
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SR Disabled (000}

The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR, but the
shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in the Peripheral .
Control Register {PCR). In this mode the SR Interrupt Flag is disabled {held to a logic 0).

Shift in tInder Control of T2 {001)
In the 001 mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the CB1 pin

to caontrol shifting in external devices. The time between transiticns of this output clock is a function of the system
clock period and the contents of the low arder T2 latch (N}.

The shifting operation is triggered by writing or reading the shift register. Data is shifted first into the low order bit
of SR and is then shifted into the next higher order bit of the shift register on the negative-going edge of each claock
pulse. The input data should change before the positive-going edge of the CB1 clock puise, This data is shifted into
the shift register during the ¢ clock cycle following the positive-going edge of the CB1 clock pulse. After 8 CB1
clock pulses, the shift register interrupt flag will be set and TRQ wilt go low.

WRITE OR READ J_[
SHIFT AEG.

N+2 CYCLES ":“;ELES li:/[
SieTcLook | L L4 77 LeJd
e Tk WK Wik W X e W

Shift in Under Control of ¢z (010}

In mode 010 the shift rate is a direct function of the system clock frequency. CB1 becomes an output which
generates shift pulses for contyolling external devices. Timer 2 operates as an independent interval timer and has no
effect on SR. The shifting aperation is triggered by reading or writing the Shift Register, Data is shifted first into

bit 0 and is then shifted into the next higher arder bit of the shift register on the trailing edge of each ¢3 clock pulse.
After 8 clock pulses, the sHift register interrupt flag will be set, and the output clock pulses on CB1 will stop.

o SR LALLM UL UL

READ SR
QPERATION

SHIFT CLoGK |
onra g K 2 XK X K K e X2 KX ]I//////////////////////V//////f

7 l

Shift in Under Control of External CB1 Clock {011)

In mode 911 CB1 becomes an input. This allows an external device to load the shift register at its own pace. The
shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the shift register
counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing the Shift
Register resets the |nterrupt fiag and initializes the SR counter to count another 8 pulses.

Note that the data is shifted during the first system clock cycle following the positive-going edge of the CB1 shift
pulse. For this reason, data must be held stabie during the first fulf cycle following CB1 going high.

o JUULUULUALU LU UL LU UL

/L
SHIFT cLock L J L1 =71 LeJ1 7/ .
L1111 S 11 D 11, S, S 1 1

Figure 23. Shift Register Input Modes
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Shift Out Free-Running at T2 Rate (100}

Made 100 is very similar to mode 101 in which the shifting rate is set by TZ. However, in mode 100 the SR Counter
does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back inta bit 0, the 8 bits
loaded into the shift register will be clocked onto CB2 repetitively. |n this mode the shift register counter is disabled.

[

WRITE 5R n
OPEAATIGN

N+2 CYCLES N+2 CYCLES ‘ \ ‘ |

<B1QUTPUT | 1 | | 2 3 4 I | 8 I | g I
SHIFT CLOCK L
e I X XXX

Shift Out Under Control of T2 {101}

in mode 101 the shift rate is controlled by T2 (as in the previous mode). However, with each read or write of the shift
register the SR Counter is reset and & bits are shifted onto CR2. At the same time, 8 shift pulses are generated on CB1
to control shifting in external devices. After the 8 shift pulses, the shifting is disabled, the SR Intersupt Flag is set and
CB2 remains at the last data level,

ySelgligligigSgigigigipipipipEpipipipan gy =
CLOCK

| |
WRITE SR _J—l
OPERATION I L
N¢ZCYCLES N+2 CYCLES ! l
1 i
SHIFT CLOCK L
CRZ OLTPUT e e
cazgureu (TR T X X :
TR | I

Shift Out Under Control of ¢z (110)
tn mode 110, the shift rate is controlled by the ¢z system clock.

]
clock | l l |
[i f
WHITE SR ! l 1
OPERATION I I 1
CB1 OUTPUT
SHIFT CLOCK ! 2 3 J/ z 2

RS RN G GHEND GRER /AN, GREND, O S

IRG

Shift Out Under Control of External CB1 Clock {111)

In mode 111 shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets the SR
Interrupt flag each time it counts 8 pulses but it does not disable the shifting functien. Each time the microprocessor
writes ar reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized to begin counting the
next 8 shift pulses on pin CB1. After B shift pulses, the interrupt fiag is set. The microprocessor can then load the
shift register with the next byte of data.

42 fuwmruwmmwum
|

WRITE SR
CPERATION |
CBY INPUT I 1 i I z I
SHIFT CLOCK

PuT F
8z ouTl —
e X ! XA

7

—_—
li

£
]

Ak

Figure 24. Shift Register Output Modes
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The Interrupt Flag Register (IFR) and Interrupt En-
able Register {LER} are depicted in Figures 25 and
26, respectively.

The |FR may be read directly by the processor. In ad-
dition, individual flag bits may be cleared by writing
a "1” into the appropriate bit of the IFR, When the
proper chip select and register signals are applied to
the chip, the contents of this register are placed on
the data bus. Bit 7 indicates the status of the |IRQ out-
put. This bit correspands to the logic function: IRQ =
IFR6 x [ER6 +IFR6 x IERE+IFR4 x {ER4 + IFR3 x
IER3 + IFR2x IER2 + IFR1 x IER1 + }FRO x [ERO.
Note: X = jogic AND, + = Logic OR,

The IFR bit 7 is not a flag, Therefore, this bit is not
directly cleared by writing a logic 1 into it. It can
only be cleared by clearing all the flags in the register
or by disabling ali the active interrupts as discussed
in the next section.

REG 13 — INTERRUPT FLAG REGISTER

SET BY CLEARED BY
CA2 ACTIVE EDGE RFAD OR WRITE
REG 1 {ORA)
CA1 ACTIVE EDGE READ OR WRITE
HEG 1 (ORA|
COMPLETE 8 SHIFTS | READ OR WRITE
SHIFT REG

B2 ACTIVE EDGE

READ OR WRITE ORB

-{DB1 ACTIVE EDGE
_JTIMFOUT DI T2

READ T2 LOWOR

READ DR WRITE Dﬂ_Eﬁ

WRITE T2 HIGH

—
TIME QUT OF T1

READ T1 LOWOR
WRITE T1 HIGH

Line o ANY ENABLED CLEAR ALL
INTERAUPT INTERAUF TS

Figure 25. Interrupt Flag Register (IFR)

For each interrupt flag in IFR, there is a correspond-
ing hit in the Interrupt Enable Register. The system
processor can set or clear selected bits in this register
to facilitate controlling individual interrupts without
affecting others. This is accomplished by writing to

address 1110 {|ER address). If bit 7 of the data placed
on the system data bus during this write operation is
a 0, each 1 in bits 6 through O clears the correspond-
ing bit in the [nterrupt Enable Register. For each zero
in bits & through D0, the corresponding bit is un-
affected.

Setting selected bits in the Interrupt Enable Register
is accomplished by writing to the same address with
bit 7 in the data word set to a logic 1. In this case,
each 1 in bits 6 through 0 will set the corresponding
bit. For each zero, the corresponding bit will be un-
affected. This individual control of the setting and
clearing operations allows very convenient control of
the interrupts during system operation.

In addition to setting and clearing FER bits, the pro-
cessor can read the contents of this register by placing
the proper acddress on the register select and chip
select inputs with the R/W line high, Bit 7 will be
read as a logic 0.

REG 14 - INTERRUPT ENABLE REGISTER

|7|6|5|4|3|2]||D|
Lt:.cur ]
cal

SHIFT REG
CB2 0= INTERRUPT DISABLED

CB* 1= INTERRUPT ENABLED

TIMER 2

TIMER 1

SET/CLEAR
B

NOTES:

1 IFBIT7IS A ‘0", THEN EAGH “17 IN BITS 0 - 6 DISABLES THE
CORRESPONDING INTERRUPT.

2.1F BIT 74S A 17, THEN EACH “1" IN BITS 0 - 6 ENABLES THE
COARESPONDING INTERRUPT

3. IF AREAD OF THIS REGISTER IS DONE, BIT 7 WILL BE Q" AND
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE.

Figure 26. Interrupt Enable Register {iER}
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PACKAGE OUTLINE ORDERING INFORMATION PIN CONFIGURATION

A man, Order Patkage Frequency ™ car
w 2 * P Number Type Option pad g a2
SYP 6522 Plastic 1 MHz e Ao

600 max (15871 626 SYP6522A  Plastic 2 MH:z b
116.24 mm) (1811) 585 eaz s J
* } SYC 6622 Ceramic 1 MHz
‘\ r N PaX s 6L ] RSz
DOT DR NOTCH T SYC 6522A  Ceramic 2 MHz
TO LOCATE raa 16 150] mss
156 .

FIR NG 295 mm) pas]7 4[] Aes

| 2020 max ea6 []8 33[] vo

e o o

: LY 20 o

( ‘ peo (1o sveszz 310 02

310 max. FR1 [ o] ] D3

- 787 mm}
‘ i F } : pB2 [ D4
{1.65) 085 Pal [+31
~|=—r5n a0 T 00 man. g
12.58 mm rae [ D&
. LBD) 022 L.,

- {a5) 018 . 210 min. ras [ o7
1810 (48.51 mm) .25 mm} res ] Y
1.850 {48.00 mm) Pe7 [ cs

19 EQUAL SPACES .
.100 G TOL. NONCUM cs1 [ [o£5)
{2 54 mm) cnz O e

NOTE: #in No. 13 m lower 1811 corner when

tymbolization 1 in normai arisntation vee O 'RQ

5

SYNERTEK® INC.

P.O. BOX 552

SANTA CLARA, CALIFORNIA 95052 e

TEL. (408 988-5600 * TWX: 810-338-0135
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RAM, I/0O, Timer Array SY6532

MICROPROCESSOR
PRODUCTS

Synertek’

APRIL 1979

The SY6532 is designed to operate in conjuction with the SY6500 Microprocessor Family. It is comprised of a
128 x 8 static RAM, two software controlled 8 bit hi-directional data ports allowing direct interfacing between the
microprocessor unit and pedpheral devices, a software programmable interval timer with interrupt capable of timing in
various intervals from 1 to 262,144 clock periods, and a programmable edge-detect interrupt circuit.

+ 8 bit bi-directional Data Bus for direct communication « Programmable Interval Timer
with the microprocessor * Prograrnmable Interval Timer Intermpt
+ Programmable edge-sensitive interrupt + TTL & CMGS compatible peripheral lines
* 128 x 8 static RAM » Peripheral pins with Direct Transistor Drive Capability
« Two 8 bit bi-directional data ports for interface to » High Impedance Three-State Data Pins
peripherals
s Two programmable 1/Q Peripheral Pata Direction
Registers
Figure 1. 6632 BLOCK DIAGRAM
PAO PAT PBO PB7
[ B N N ] L NN ]
¥ Y
D“?&.';.'TON QUTPUT | emwpuera PERIPHERAL QUTPUT DmDé::TrTON
REGISTER REGETEH #{ DATA iUFFER DATA %urpen REGISTER REGISTER
A B B
| [ A f |

Y | ¥

Y Y i /

DATA
e ADDRESS CHIP SELECT 128x8 INTERRUPT o nTERVAL
DEGCDER togiC STATIC CONTROL 1 Tmen
BUFFER RAM LGGIG
ases [ A N X ] r
Do D7 AD AG RS cs1 E57 ¢2 AMw RES iRQ

: Synartek™® [ ] P.0. Box 552 | ] Santa Clara, CA 95052 [ ] Telephone {408} 984-8300 ® TwX 810-338-0135



8 SY6532
MAXIMUM RATINGS
RATING SYMBOL VOLTAGE UNIT
Supply Voltage vee -3to+7.0 \4
Input/Qutput Voltage VIN -3 to+70 Ay
Operating Temperature Range Top Oto 70 °C
Storage Temperature Range TSTG -55to +150 °C
ELECTRICAL CHARATERISTICS (Vcg = 5.0V 5%, Vgs = 0V, Ta = 25" C)
CHARACTERISTIC SYMBOL| MIN. TYP. MAX. | UNIT
Input High Voltage - VIH |Vsg+24 vee v
Input Low Voltage VIL Vgg-.3 Vggt+ .4 A
input Leakage Current; V[N = V§§ + 5V N 1.0 2.5 HA
AQ-a6, RS, RiW, RES, 92, €51, 82
Input Leakage Current for High Impedance State ITs1 +1.0 +10.0 uA
(Three State); VIN = 4V to 2.4V, DR-D7
Input High Current; Vi = 24V ITH -100, -300. pA
PAQ-PA7, PBR-PB7
Input Low Current; VIN = 4V i, -1.0 -16 MA
PAQ-PAT, PBO-PBY
Qutput High Voltage YoH v
Ve = MIN, ILoAD < -100uA (PAG-PA7, PBE-PB7, D@-D7) Vgg +24
ILoAD < 3 MA (PBO-PBT) Vgt 1.5
Output Low Voltage
Voo = MIN, ILoAD < 1.6MA VoL Vgt 4| V
Output High Current (Sourcing); Ipi
VOH = 24V (PAQ-PA7, PBY-PB7, DB-D7) -100 -1000 HA
> 1.5V Available for direct transistor 3.0 50 MA
drive (PB@-PB7)
Quiput Low Current (Sinking); VoL < 4V IoL 1.6 MA
Clock Input Capacitance Ceix 30 pf
Input Capacitance CIN 10 pf
Qutput Capacitance COUT 10 pf
Power Dissipation Iee 100 125 mA

All inputs contain protection cireuitry to prevent damage due to high static charges. Care should he cxercised to pre-

vent unnecessary application of voltage outside the specification range.
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I
WRITE TIMING CHARACTERISTICS
Teve
TR T et T
CLOCK INPUT 24v
0.4v
TWCW  |—
24v
R/
0.8V 04V
Tacw |[—
24v
2.0v
ADDRESS 0BV
0.4v
=] =t THWY
2.4v
2.0v
DATA BUS 08Y
0.4v
vee -30%
Tocw +Tcpw--| e — — — cc
A
- 2.4v
PERIPHERAL 20V
DATA 0.8V
0.4V
[ TCMOS ==t
READ TIMING CHARACTERISTICS
24V
CLOCK INPUT 2
AV
2.ov €
Riw /
0.4v
—e| TWCA |ap—
— TACR [
y‘znv 24v
ADDRESS
0.8v
- 0.4V
TpcR [
PERIPHERAL 2.0V 2V
DATA 0.8V
04v
[-—TcoR THR
24v
DATA BUS < zov
0.8V
¥ 0.4v
TlC [——
24v
04V
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WRITE TIMING CHARACTERISTICS

CHARACTERISTIC SYMBOL | MIN. | TYP.| MAX. | UNIT
Clock Period Teye ] uS
Rise & Fall Times TR, TF 25 NS
Clock Pulse Width . TC 470 NS
R/W valid before positive transition of clock TWCW | 180 NS
Address valid before positive transition of clock TACW | 180 NS
Data Bus valid before negative transition of clock TDCW | 300 NS
Data Bus [old Time THW 10 NS
Peripheral data valid after negative transition of clock TCPW 1 us
Peripheral data valid afier negative transition of clock driving CMOS TCMOS 2 us
(Level = Vo = 30%)

READ TIMING CHARACTERISTICS

CHARACTERISTIC SYMBOL | MIN. | TYP.{ MAX,| UNIT
R/W valid after positive transition of clock TWCR | 180 NS
Address valid before positive transition of clock TACR | 180 NS
Pexipheral data valid before positive transition of clock TPCR | 300 NS
Data Bus valid after positive transition of clock TCDR 395 NS
Data Bus Tiold Time THR 10 NS
TRQ (Interval Timer Interrupt) valid before positive transition of clock TIC 200 NS

Loading = 30 pf+ 1 TTL load for PAQ-PA7, PBY-PB7
= 130 pf + 1 TTL load for DB-D7

INTERFACE SIGNAL DESCRIPTION

Resat (RES)

During system initialization a Logic “0'" on the RES input will cause a zeroing of all four I/Q registers. This in turn
will cause all IO buses Lo act as inputs thus protecting external components from possible damage and erroneous data
while the systern is being configured vnder software control. The Data Bus Buffers are put into an OFF-STATE during
Reset. Interrupt capability is disabled with the RES signal. The RES signal must be held fow for at least one clock
period when reset is required,

Input Clock

The input clock is a system Phase Two clock which can be either a low level clock (VI < 0.4, Vi1 > 2.4) or high
level clock (Vi[, < 0.2, VIH = Ve :r:g’).

Read /MWrite {R/W)

The R/W signal is supplied by the microprocessor array and is used to control the transfer of data to and from the
microprocessor array and the SY6532. A high on the R/W pin altows the processor to read (with proper addressing)
the data supplied by the S5Y6532. A low on the R/W pin allows a write (with proper addressing) to the SY6532.

Interrupt Request (RQ)

The IRQ pin is an interrupt pin from the interrupt control logic. It will be normally high with a low indicating an
interrupt from the 8Y6532. IRQ is an open-drain output, permitting several units to be wire-or’ed to the common IRQ
microprocessor input pin. The IRQ pin may be activated by a transition on PA7 or timeout of the interval timer.

Data Bus (D0-D7)

The 8Y6532 has eight bi-directional data pins (D0-D?). These pins connect to the system’s data lines and allow transfer
of data to and from the microprocessor array. The output buffers remain in the off state except when a Read eperation
occurs.
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Peripheral Data Ports

The SY6532 has 16 pins available for peripheral 1/0 operations. Each pin is individually programmable to act as either
an input or an output. The 16 pins are divided into two 8-bit ports, PAO-PA7 and PBO-PB7. PAT may also funcrion

as an interrupt input pin. This fearure is described in another seczion. The pins are ser up as an input by writing a

“0" into the corresponding bit of the data direction register. A “1” into the data direction register will cause its
cotresponding bit to be an output. When in the input mode, the peripheral cutput buffers are in the 1" state and a
pull-up device acts as less than one TTL load to the peripheral data lines. On 2 Read operation, the microprocessor unit
reads the peripheral pin. When the peripheral device gets information from the SY6532 it receives darta stored in the
data register. The microprocessor will read correct information if the peripheral lines are greater than 2.4 volts fora 1"
and less than 0.4 volts for a “0" as the peripheral pins are all TTL compatible. Pins PBO-PB7 are also capable of
sourcing 3 ma at 1.5 v thus making them capable of direct transistor drive.

Address Lines (AD-AG)

There are 7 address pins. In addition to these, there is the RS pin. The above pins, A0-A6 and RS, are zﬂ.\ﬁiys used as
addressing pins. There are 2 additional pins which are used as CHIP SELECTS, They are pins CS1 and CS2.

INTERNAL ORGANIZATION

A block diagram of the internal architecturc is shown in Figurce 1. The 8Y6532 is divided into four basic sections:
RAM, [/O, Timer, and Interrupt Control. The RAM interfaces directly with the micreprocessor through the system
data hus and address lines. The 1/0 section consists of two 8-bit halves. Each half contains a Data Direction Register
{DDR} and an 1/O register.

RAM 128 Bytes (1024 Bits)

A 128 x 8 static RAM is contained on the §Y6532. It is addressed by AU-A6 (Byte Select), RS, CS1, and C52.

Internal Peripharal Registers

There are four 8-bit internal registers: two data direction registers and two output registers, The two data direction
registers (A side and B side) control the direction of data into and out of the peripherat /O pins. A logic zero in a bit
of the data direction register (DDRA and DDRB) causes the corresponding pin of the /O port to act as an input. A
logic one causes the corresponding pin to act as un output. The voltuge on any pin programmed us an output is deter-
mined by the corresponding bit in the output register (ORA and ORB).

Data is read directly from the PA pins during a peripheral rezd operation. Thus, for a PA pin programmed as an output,
the data transferred into the processor will be the same as the data in the ORA only if the voltage on the pin is allowed
to be 2 2.4 volts for a logic one and < 0.4 volts for a zero. If the loading on the pin does not allow this, then the data
resulting from the read operation may not match the contents of ORA.

The output buffers for the PB pins are somewhat different from the PA buffers. The PB buffers are push-pull devices
which are capable of sourcing 3ma at 1.5 volts. This allows for these pins to directly drive transistor circuits. To assure
that the processor will read the proper data when performing a peripheral read operation, logic is provided in the
peripheral B port to permit the processor to read the contents of ORB, instead of the PB pins as is the case for the
PA port.

Interval Timer

The timer section of the SY6532 contains three basic parts: preliminary divide down register, programmable 8-bit
register and interrupt ogic. These are illustrated in Figure 2.

The interval timer can be programmed to count up to 256 time intervals. Each time interval can be either |T, 8T,

64T or 1024T increments, where T is the system clock period. When a full count is reached, and iaterrupt flag is set to
alogic 1.” After the interrupt flag is set the internal clock begins counting down 1o a maximum of -255T. Thus, after
the interrupt flag is set, a Read of the timer will tell how long since the flag was set up to a maximum of 255T.

The 8-bit systern Data Bus is used to transfer data to and from the Interval Timer. If 4 count of 52 time infervals were
to be counted, the pattern 00 11 0 1 0 G would be put on the Data Bus and writien inte the Interval Time register.
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At the same time that data is being written to the Interval Timer, the counting intervals of 1, &, 64, 1024T are decoded
from address lines AQ and Al. During a Read or Write operation address line A3 controls the interrupt capability of
IRQ.ie., A3 = | enables IRQ, A3 = O disables IRQ. In either case, when timeout occurs, bit 7 of the Interrupt Flag
Register is sel. This flag is cleared when the Timex register is either read from or written to by the processor. If IRQis
enabled by A3 and an interrupt occurs TRQ will go low. When the timer is read prior to the interrupt ftag being set, the
number of time intervals remaining will be read,ie., 51, 50,49, etc.

When the timer has counted down to 000 00 00 0 on the next count time an interrupt will occur and the counter
willread 1 1111 11 1. After interrupt, the timer register decrements at a divide by *1” rate of the system clock.

If after interrupt, the timer is read and a value of 1 1 1 0 0 1 0 0 is read, the time since interrupt is 28T. The value read
is in two’s complement.

Value read =11100100
Complement =00011011
Add 1 =00011100=28.

Figure 2. BASIC ELEMENTS OF INTERVAL TIMER

RAW PA7 A3 o7 11605114 T T 111 0o RIW a1 A[
S INTERRUPT | o PROGRAMMABLE o DIVIDE
tRO controL | REGISTER DOWN -2

D7 06 D6 D4 D3 D2 D1 DO

Thus, to arrive at the total elapsed time, merely do a two's complement add to the original time written into the timer.
Again, assume time written as 00 1 101 00 (=52). With a divide by &, total time to interrupt is (52 x 8} + 1 =417T,
Total efapsed time would be 416T + 28T = 444T, assuming the value read after intersupt was 1 110010 0.

After interrupt, whenever the timer is written or read the interrupt is reset. However, the reading of the timer at the
same time the interrupt occurs will not reset the interrupt flag.

Figure 3 illustrates an example of interrupt.

Figure 3. TIMER INTERRUPT TIMING

® ®© © O
e LTI |3Lﬂ_| Ll foel ol T=1
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1. Data written into interval timersisQ0 1 101 00=5210 4 Interrupt has occurred at #2 pulse #416

2. Data in [nltg}‘val timeris00011001=251p Data in Interval timer =11111111
52- g -1=52-26-1=15 5. Datain Interval timeris 10101100
3. Datain I A timer is.0 00 _ two's complementis01 0101 00=84¢
. Data in 4nltgrv timer is 00000=0gp 84 +(52 x 8) = 50019

52- g -1=52-51-1=0

When reading the timer after an intersupt, A3 should be low s0 as to disable the IRQ pin. This is done so as to avoid
future interrupts until after another Write operation.

Interrupt Flag Register

The Interrupt Flag Register consists of two bits: the timer interrupt flag and the PA7 interrupt flag. When a read
operation is performed on the Interrupt Flag Register, the bits are transferred to the processor on the data bus, as
the diagram below, indicates.

Figure 4. INTERRUPT FLAG REGISTER

[P Jels[efsf[a]r]o]

; - ;
[‘PA7FLAG

TIMER FLAG

The PA7 flag is cleared when the Interrupt Flag Register is read. The timer flag is cleased when the timer register is
either written or read.

ADDRESSING

Addressing of the 5Y6532 is accomplished by the 7 addressing pins, the RS pin and the two chip select pins CS1 and
CS2. To address the RAM, CS1 must be high with C82 and RS low. To address the /O and Interval timer CSt and RS
must be high with €52 Jow. As can be seen to access the chip CS1 is high and C82 is low. To distinguish between
RAM or I/O Timer the RS pin is used. When this pin is low the RAM is addressed, when high the I/Q Interval timer
section is addressed . To distinguish between timer and [/O address line A2 is utilized. When A2 is high the interval
timer is accessed. When A2 is low the I/0 section is addressed. Table 1 illustrates the chip addressing,

Edye Sense Interrupt

In addition to its use as a peripheral I/ line, the PA7 pin can function as an edge sensitive input. In this mode, an
active transition on PA7 will set the internal intersupt flag (bit 6 of the Interrupt Flag Register). When this oceurs,
and providing the PA7 interrupt is enabled, the IRQ output will go low.

Control of the PA7 edge detecting logic is accomplished by performing a write operation to one of four addresses.
The data lines for this operation are “‘don’t care*' and the addresses to be used are found in Figure 4.

The setting of the internal fnterrupt flag by an active transition on PA7 is always enabled, no matter whether PA7

is set up as an input or an output.

The RES signa! disables the PA7 interrupt and sets the active transition to the negative edge-detect state. During the
reset operation, the interrupt flag may be set by a negative transition. It may, therefore, be necessary to clear the flag
before its normal use as an edge detecting input is enabled. This can be achieved by reading the Interrupt Flag Register,
as defined by Figure 4 immediately after reset.

1/0 Register - Timer Addressing

Table 1 illustrates the address decoding for the internal elements and timer programming. Address line A2 distin-
quishes I/O registers from the timer. When A2 is low and RS is high, the 1/0 registers are addressed. Once the [0
registers are addressed, address lines Al and AQ decode the desired register.

When the timer is selected Al and AD decode the “divide-by’’ matrix. This decoding is defined in Table 1. In addition, .
Address A3 is used to enable the interrupt flag to TRQ.
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Table 1 ADDRESSING DECODE
OPERATION RS R/W Ad A3 A2 Al A0
Write RAM 0 0 - - — —
Read RAM 0 1 - - - -
Write DDRA 1 0 — - 0 0 1
Read DDRA 1 1 - - 0 0 1
Write DDRB 1 o} - 0 1 1
Read DDRB 1 1 - - o 1 1
Write Output Reg A 1 0 - 0 0 Q
Read Output Reg A 1 1 - 0 0 Q
Write Output Reg B 1 0 - - 0 1 0
Read Qutput Reg B 1 1 — 0 1 0
Write Timer
1T 1 0 1 (a) 1 0 0
+8T 1 0 I {a) 1 0 1
+ 64T 1 0 1 () 1 I 0
+1024T 1 0 1 {a) 1 t 1
Read Timer 1 1 - () 1 — 1]
Read Interrupt Flag 1 1 - — 1 - 1
Write Edge Detect Control 1 0 o] — 1 (b} (c)

NOTES: — = Don’t Care, 17

High level (2.4V), “0" = Low level (<0.4V)

{a) A3 =0 to disable interrupt from timer to RO
A3 =1 to enable interrupt from timer to m

(b) Al =0 to disable interrupt from PA7 to IRG
Al = | to enable interrupt from PA7 10 IRQ

PACKAGE OUTLINE

10° max.
a0 21 i
DOT QR NOTCH 600 max. (15.87) 625
TO LOCATE {15.24 mm) (16.17) 5as
PINNO. 1—+»
1 20 f -
.1566 max.
-— é‘.?%%"‘" J (3.93 mm}
~49 mm 190 max.
{(4.32 mm)
¥ 310 max.
w lip [IF HF HF li? T I {7 .87 mm}
(1.65) 065 I
fio1) oag 1P i~ 100 min.
[2.54 mm)
{.55) 022
a5 g Y 010 min.
1.910 {48.61 mm} (.26 mm}

1.890 (48.00 mm}

19 EQUAL SPACES
1400 ¢ TOL. NONCUM.
{2.54 mm)
NQTE: Pin No. 1 is in lower left cormer when
symbolization is in normal orientation

(c) AD =0 for negative edge-detect
A0 =1 for positive edge-detect

PIN DESIGNATION

vss[] AB
. 257 ©
Adl] cs1
A3 T8z
a2 "S
At [] AW
Ad[] RES
PAd ] [o]']
ra1 ] D1
enz[] D2
Paa[] o3
Pas [ D4
pas[] D5
rae ] [ o6
pa7[J1s 26 D7
PB7 18 26 ] IRQ
Pe6[]17 za[ Jree
res 118 2z Jra1
Pe4[T1s 22 Pe2
vee 20 217} PB3
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SY2114

MEMORY
PRODUCTS

1024 x4 Static Random
Access Memory

IO RAFRCFRAT R M

SEPTEMBER 1878

& 200 ns Maximum Access

® Low Operating Power Dissipation
0.1 mW/Bit

® No Clocks or Strobes Required

Identical Cycle and Access Times

® Single +5V Supply

& Totally TTL Compatible:
All Inputs, Outputs, and Power Supply
® Common Data 1/0
400 mv Noise Immunity
® High Density 18 Pin Package

The SY2114 is a 4096-Bit static Random Access
Memory organized 1024 words bv 4-bits and is fabri-
cated using Synertek’s N-channel Silicon-Gate MOS
technology. It is designed using fully DC stable (static}
circuitry in both the memory array and the decoding
and therefore requires no clock or refreshing to
operate. Address setup times are not reguired and
the data is read out nondestructively with the same
polarity as the input data. Common Input/Qutput
pins are provided to simplify design of the bus oriented
systems, and can drive 1 TTE load.

PIN CONFIGURATION

A [ 11 18 E Ver
a; [] 2 17 Aq
s O] 16 [T Ay
ay [ 4 15 [ aq
a5 2™ 1l o
a s 13 [ 10,
Y% = ¥ 12§77 1104
zl]e 1n{] vo,
o ] @ wl]wr

ORDERING INFORMATION

Supply
Order Package Access  Current Temperature
Number Type Time {Max) Range

sYCc2114 Ceramic  4BOnsec 100mA  0°Cto 70°C
SYP2114 Molded 450nsec  100mA °C 10 70°C
8§¥C2114-3  Ceramic 300nsec  10dmA 0°C 1w 70°C
SYP2114-3 Molded 300nsec  TOOMA 0°C to 70°C
SYC2114L Ceramic 450nsec 70mA 0°C o /0°C
SYP2114L. Maolded 450nsee 70mA 0'C te 70'C
SYC2114L-3 Ceramic 300nsec  70mA 0°C 1o 70°C
SYP2114L-3 Molded 300nsec  70mA 0°C 10 70°C
SYC21142  Ceramic  200nsec 10CmA  (0"Cto 70°C
SYP2114-2 Molded 200nsec  100mA 0°Ctn 70°C
SYC2114L-2 Ceramic 200nsec  70mA 0'C o 70°C
SYP2114L-2 Malded  20Dnsec  70mA 0'C o 70°C

The SY2114 is designed for memory applications
where high performance, low cost, large hit storage,
and simple interfacing are impaortant design objectives.
It is totally TTL compatible in all respects: inputs,
outputs, and the single +BY supply. A separate Chip
Select (CS) input allows easy selection of an individ-
ual device when outputs are or-tied.

The SY2114 is packaged in an 18-pin DIP for the
highest possible density and is fabricated with N-
channel, lon Implanted, Silicon-Gate technology — a
technology providing exceltent performance charac-
teristics as well as improved protection against con-
tamination.

BLOCK DIAGRAM

g
04{ 2
A -~ Vrg
! H
- GND
A
24| b3
MEMOKY ARHAY
R
stieer 4 RONS
AZ,H > B4 COLUMNS
T T
I 4 H
& N coruwn
H uecrewTs
119,
INFUT COLUMN SELECT
DALA
11Uy P_ CONTROL
11U,

SYNERTEK"INC. s P.OQ.BOX552 e SANTA CLARA, CALIFORNIA 95052

s TEL. i4081988-5600 = TWX: 910-338-0135



ABSOLUTE MAXIMUM RATINGS COMMENT
. O O
Temperature Under Bias -10°Cto80°C Stresses above those tisted under “Absolute Maximum Rat-
Storage Temperature - —65°Cto 150°C ings” may cause permanent damage to the device. This isa
Voltage on Any Pin with stress rating only and functicnal opsgration of the device at
Respect to Ground 05V +TV these or any other conditions above those indicated in the

P operational sections of this specification is not implied.
Power Dissipation 1.0W P P

D.C. CHARACTERISTICS T, = 0°C to +70°C, Vg = 5V * 5% {Unless otherwise specified}

2114-2 2114L-2
2114-3,2114 2114L,2114L-3
Symbol Parameter Min | Max | Min | Max | Unit Conditions
bt tnput Load Current 10 10 uh VN =010 5.25V
{All input pins)
Lo 1/0 Leakage Current 10 10 uA | CS=2.0v,
Vi/o =04V w Voo
tech Power Supply Current 95 65 mA | Ve = 5.25V, /g = 0 mA,
Tp =25°C
olov) Power Supply Current 100 70 mA | Voo = 5.25V, ljjo = 0 mA,
Ta=0C
VL Input Low Voltage -05 ] 08 [-05 | C8 W
VIH Input High Voltage 20 {Veo | 20 | Voo A
VoL Output Low Voltage 0.4 c4 v loL=3.2mA
VOH Output High Voltage 24 | Vee | 24 | Ve \ IoH — -1.0mA

CAPACITANCE Ta =25°C, f= 1.0 MHz

Symbeol Test Typ Max Units
Ci/o input/Cutput Capacitance 5 pF
CIN Input Capacitance 5 oF

MNOTE: This parameter is periodically sampled and naot 100% tested.
A.C. CHARACTERISTICS Ta=0°Cto 70°C, Vi = 5V 5% (Unless Otherwise Specified)

2114-2,2114L-2| 2114-3,2114L-3] 2114,2114L.
Symbol Parameter Min. | Max. | Min. | Max. |Min. | Max. | Unit
Read Cycle
the Read Cycle Time 200 300 450 nsec
ta Access Time 200 300 450 | nsec
tco Chip Setect to Cutput Valid 70 100 120 | nsec
tox Chip Select to Output Enabled 20 20 20 nsec
toTD Chip Deselect to Output Off 0 60 0 8¢ 0 10CG | nsec
toHA QOutput Hold From Address Change 50 50 50 nsec
Write Cycle
twe Write Cycle Time 200 300 450 nsec
taw Address to Write Setup Time 0 0 o] nsec
tw Write Pulse Width 120. 150 200 nsec
twR Write Reiease Time 0 0 0 nsec
ToTW Write to Output Off 0 60 0 80 1] 100 | nsec
tow Data to Write Overlap 120 150 200 nsec
tHH Data Hold 0 0 G nsec
A.C. Test Conditions
Input Pulse Levels . . .. . e e e 0.8y to 2.0V
Input Rise and Fall Time . .. .. . e 10 n sec
Timing Measurement Levels: INPUL . . . .ottt e et i e e e cae i 1.5V
DU L e e e e e 0.8 and 2.0V
Output Load . . . oo o e e e 1TTL Gate and 100pF

SY2114
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TIMING DIAGRAMS

— tw

Read Cycle ®
| - TRC — |
[ P B ———
ARORESE N o _)(
—— e oo R — —— ] ,—-— T ——e—
F— X e ToHa
Loyt |‘:::::Q
Write Cycle
S, e
ADOHESS X
|
- £ K A R M R X X, LR
) RIS
- @% N RSN,
O]

B

we e

- -|
i

Lo
X ATOTOTOTOTNINAS

Do 'vvv‘vvv"v‘vv‘vvvv
OSSO ES L E VOGO

NOTES:

{1) WE is high for a Read Cycla

(@) tw is measurad from the latter of TS or WE going low to the earlier of G5 or WE gaing high.

DATA STORAGE

When WE is high, the data input huffers are inhibited
to prevent erroneocus data from being written into
the array. As long as WE remains high, the data stored
cannot be affected by the Address, Chip Select, or
Data 1/0 logic levels or timing transitions.

Data storage also cannot be affected by WE, Addresses,
or the 1/0 ports as long as CS is high, Either CS or
WE or both can prevent extraneous writing due to
signal transitions.

Data within the array can only be changed during
Write time - defined as the overlap of CS low and

WE low. The addresses must be properly established
during the entire Write time plus tWH

Internal delays are such that address decoding prop-
agates ahead of data inputs and therefore no address
setup time is required. If the Write time precedes the
addresses, the data in previously addressed {ocations,
or some other location, may be’ changed. Addresses
must remain stable for the entire Write cycle but the
Data Inputs may change, The data which is stable
for tpw at the end of the Write time will be written
into the addressed location.
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TYPICAL CHARACTERISTICS
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