

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FUNCTIONAL DESCRIPTION
(CONT.)

M PD8259-5

INTERRUPT ACKNOWLEDGE (INTA)

The interrupt acknowledge signal is usually received from the 8228 (system controller

for the 8080A). The system controller generates three INTA pulses to signal the 8259-5
to issue a 3-byte CALL instruction onto the data bus.

Ao

Ag is usually connected to the processor’s address bus. Together with WR and RD
signals it directs the loading of data into the command register or the reading of
status data. The following table illustrates the basic operations performed. Note that
itis divided into three functions: Input, Output and Bus Disable distinguished by the
ﬁ_[-), -VW:(, and CS inputs.

uPD8259 BASIC OPERATION
Ap| D4 | D3 | RD| WR | CS | PROCESSOR INPUT OPERATION (READ)
0 0| 1|0 [IRR,ISRor IR~ DataBus @
1 0 1 | 0 | IMR~ DataBus
PROCESSOR OUTPUT OPERATION (WRITE)
oflof|o |1 0 | 0 | DataBus— OCW2
0 0 1 1 0 0 Data Bus > OCW3
ol 1| x |1 0 | 0 | DataBus— ICW1
1] x| x| 1] o] o | DataBus>0Cw1, icw2, 1Icw3 @
DISABLE FUNCTION
X X X 1 1 0 Data Bus —> 3-State
X X X X X 11 Data Bus — 3-State

Notes: (D The contents of OCW2 written prior to the READ operation governs the
selection of the IRR, ISR or Interrupt Level.

@ The sequencer logic on the uPD8259-5 aligns these commands in the
proper order.

CASCADE BUFFER/COMPARATOR. (For Use in Multiple uPD8259-5 Array.)

The ID’s of all uPD8259-5's are buffered and compared in the cascade buffer/com-
parator. The master uPD8259-5 will send the ID of the interrupting slave device along
the CASOQ, 1, 2 lines to all slave devices. The cascade buffer/comparator compares its
preprogrammed 1D to the CASOQ, 1, 2 lines. The next two iNTA pulses strobe the pre-
programmed, 2 byte CALL routine address onto the data bus from the slave whose 1D
matches the code on the CASOQ, 1, 2 lines.

SLAVE PROGRAM (SP). (For Use in Multiple uPD8259 Array.)

The interrupt capability can be expanded to 64 levels by cascading multiple
uPD8259-5's in a master-plus-slaves array. The master controls the slaves through the
CASQ, 1, 2 lines. The SP input to the device selects the CASO-2 lines as either outputs
(SP=1) for the master or as inputs (SP=0) for the slaves. For one device only the SP
must be set to a logic ‘1" since it is functioning as a master.
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4 PD8259-5

READ TIMING WAVEFORMS

CHIP SELECT
TAR>™ — TRA

ADDRESS BUS

le—TAR—~ —=i [=-Tgp

iJORD u

|-~ |=—Tpr

TRD
DATA BUS\\ HIGH IMPEDANCE \ NN

WRITE
~Tow - —m] Twc
CHIP SELECT
! =
ADDRESS BUS l
- TAoW—= —o= |w—Tywa
DATA BUS
Tow - TWD fa—
1/0 WR J_/
Tww hea—o
READ STATUS/POLL MODE
S Y e N e
WR
v

RD |

DATA BUS 7/////// /[ OCW3 Y/ //// /L[4 DATA :I’/[///Z[///jZ/[
OTHER
—|  p— UNT
IR
o
INT o/ N—,
INTA \ \—/

DB \AIGH IMPEDANCE. ANANANNNN | ANRNNANN IANN

Co-2 AN 7
—— !|c|<—

Note: IR must stay “‘high”’ at least until the leading edge of 1st INTA.

INPUT WAVEFORMS FOR AC TESTS

24
2.2 2.2
>TE$T POINTS <
0.8 0.8
0.45
INITIALIZATION SEQUENCE
i N e N \___f
DATA 8US = = { Y= === === L= —

STORE BYTE 1 STORE BYTE 2 STORE BYTE 3
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j PDB259-5

DETAILED OPERATIONAL The uPD8259-5 derives its versatility from its programmable interrupt modes and its
DESCRIPTION ability to jump to any memory address through programmable CALL instructions. The
following sequence demonstrates how the uPD8259-5 interacts with the processor.

1. An interrupt or interrupts appearing on I1R(Q.7 sets the corresponding IR bit(s)
high. This in turn sets the corresponding IRR bit(s) high.

2. Once the IRR bit(s) has been set, the uPD8259-5 will resolve the priorities
according to the preprogrammed interrupt algorithm. 1t then issues an INT signal
to the processor.

3. The processor group issues an INTA to the uPD8259-5 when it receives the INT.

4. The INTA input to the uPD8259-5 from the processor group sets the highest
priority ISR bit and resets the corresponding |RR bit. The INTA also signals the
uPD8259-5 to issue an 8-bit CALL instruction op-code (11001101) onto its Data
bus lines.

5. The CALL instruction code instructs the processor group to issue two more
INTA pulses to the uPD8259-5.
6. The two INTA pulses signal the uPD8259-5 to place its preprogrammed interrupt

vector address onto the Data bus. The first INTA releases the low-order 8-bits
of the address and the second INTA releases the high-order 8-bits.

7. The uPD8259-5's CALL instruction sequence is complete. A preprogrammed
EOI (End-of-Interrupt) command is issued to the uPD8259-5 at the end of an
interrupt service routine to reset the ISR bit and allow the uPD8259-5 to service
the next interrupt.

PROGRAMMING THE Two types of command words are required from the processor to fully define the
uPD8259-5 | operating modes of the uPD8259-5.

1. Initialization Command Words (ICWs)

Each uPD8259-5 in the interrupt array must be initialized prior to normal opera-
tion. The initialization is performed by a 2 or 3-byte sequence clocked by WR
pulses. Figure 1 shows this sequence. (Refer to Figure 2 for bit definitions.)

Ap D7 Dg D D4 D3 D2 D7 Do

[o IA7’AGIA511‘|0]F|SLOJ IcW1

|1 |as|ata|asz|ar [an [ar0| g [ g | 1cw2

YES

NO
r1 l; ISeJSs lS4 S3 !Sz |S1 ISo—l ICW3

READY TO ACCEPT REQUESTS
IN FULLY NESTED MODE

INITIALIZATION SEQUENCE — FIGURE 1.
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J4PD8259-5

2. Operation Command Words (OCWs)

The operation command words are used to program the various interrupt
algorithms listed below:

Fully Nested Mode

Rotating Priority Mode

Special Mask Mode

Polled Mode

Once the uPD8259-5 has been initialized, OCWs can be written at any time.

When Ag =0 and D4 = 1 in a command to the uPD8259-5, together with CS = 0, it is
recognized as Initialization Command Word 1. This is the start of the initialization
sequence and causes the following to occur:

e The Interrupt Request edge-sense circuitry is reset so that an input must make a
low-to-high transition to generate its interrupt.

e The initialization sequence clears Interrupt Mask Register to all unmasked and
resets the Special Mask Mode and Status Read Flip-Flops.
e [R7inputis set to priority 7.

There are eight equally-spaced base vector addresses in memory for the eight interrupt
inputs. The interval between the base vector addresses can be programmed to be either
four or eight requiring 32 or 64 bytes in memory, respectively. The following shows
how the address format is mapped onto the Data bus.

D7 De Ds Dg D3 D2 D1 Do

[A7] %6 [as[aa] As[ A2 [A1] 40

N —
DEFINED BY AUTOMATICALLY INSERTED
D5-7 OF ICW1 BY uPD8259

[[Ars[Ara]Ara[Arz]A11]A10] A [ As |
\——/_\/—\_”
DEFINED BY ICW2
The uPD8259-5 automatically defines Ag-4 with a separate address for each interrupt

input. The base vector addresses A15.6 are programmed by ICW1 and ICW2. Ag is
either defined by the uPD8259-5 if the address interval is eight or must be user-define

PROGRAMMING THE
1PD8259-5 (CONT.)

INITIALIZATION
COMMAND WORDS
1 and 2 (ICW1 and ICW2)

the interval is 4. The 8~byte CALL interval is consistent with 8080A processor RESTART

instruction software. The 4-byte CALL interval can be used for a compact jump table.
Refer to Figure 4 for a table of address formats. .

The following is an example of an interrupt acknowledge sequence. The uPD8259-5 has
been programmed for a CALL address (base vector address) interval of eight (F = 0) and

there is an interrupt appearing on IR4. The 3-byte sequence is strobed out to the Data
bus by three INTA pulses.

Dy Dg Ds D4 D3 D2 D7 Do
1sTiNTA [1 [ 1] oo 1] 1 Jo]1] carcooe

NDINTA  [A7]Aag] 1o o] oo o] vrowerrourine
ADDRESS (FROM
FIGURE 4)

3RDINTA  [A15[A14] A|3lA1zlA11JAio[Ag [Ag | HIGHER ROUTINE
ADDRESS
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p PD8259-5

INITIALIZATION COMMAND It is only necessary to-program ICW3 when there are multiple uPD8259-5's in the
WORD 3 (ICW3) @ interrupt array, i.e., S = 0. There are two types of ICW3s. The first is for programming
: the master uPD8259-5. The second is for the slaves.

1. ICW3-Master uPD825§-5. A 1" is setin Sp.7 for each corresponding slave in the
interrupt array. The Sq.7 bits, together with SP = 1, instructs the cascade buffer/
comparator to send the 1D of the interrupting slave on the CASO0,1,2 lines.

2. ICW3-SLAVE uPD8259-5(s). Bits D7-D3 are ‘‘don’t care’’ bits and have no effect
on ICW3. The ID of each slave is programmed by bits Dg.2 (1Dg,1,2). Once the
master uPD8259-5 has sent out the first byte of the CALL sequence, the slave
device(s) with their SP inputs set to Logic 0, compare their 1Ds appearing on the
CASO, 1,2 lines through the cascade buffer/comparator. The slave whose ID
matches the CASO, 1,2 code then issues bytes 2 and 3 of the CALL sequence.

OPERATIONAL COMMAND Once the uPD8259-5 has been programmed with Initialization Command Words, it can
WORDS (OCWs) @ now be programmed for the appropriate interrupt algorithm by the Operation
Command Words. Interrupt algorithms in the uPD8259-5 can be changed at any time
during program operation by issuing another set of Operation Command Words. The
following sections describe the various algorithms available and their associated OCWs.

INTERRUPT MASKS

The individual Interrupt Request input lines are maskable by setting the corresponding
bits in the Interrupt Mask Register to a logic /1’ through OCW 1. The actual masking

is performed upon the contents of the In-Service Register (e.qg., if Interrupt Request

line 3 is to be masked, then only bit 3 of the IMR is set to logic “'1.” The IMR in turn
acts upon the contents of the ISR to mask bit 3). Once the uPD8259-5 has acknowledged
an interrupt, i.e., the uPD8259-5 has sent an INT signal to the processor and the system
controller has sent it an INTA signal, the interrupt input, although it is masked, will
inhibit lower priority requests from being acknowledged. There are two means of
enabling these lower priority interrupt lines. The first is by issuing an End-of-Interrupt
(EO!) through Operation Command Word 2 (OCW2), thereby resetting the appro-
priate ISR bit. The second approach is to select the Special Mask Mode through OCW3.
The Special Mask Mode (SMM) and End-of-Interrupt (EOI) will be described in more
detail further on.

FULLY NESTED MODE

The fully nested mode is the uPD8259-5s basic operating mode. It will operate in this
mode after the initialization sequence, requiring no Operation Command Words for
formatting. Priorities are set IRQ through 1R7 with IR the highest priority. After the
interrupt has been acknowledged by the processor and system controller, only higher
priorities will be serviced. Upon receiving an TNTA, the priority resolver determines the
priority of the interrupt, the corresponding ISR bit is set, and the vector address is
output to the Data bus. The EOl command resets the corresponding ISR bit at the end
of its service routine.

Notes: @ Reference Figure 2
@ Reference Figure 3
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. PD8259-5

ROTATING PRIORITY MODE COMMANDS OPERATIONAL COMMAND

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate WORDS (CONT.)

modes. These two modes are typically used to service interrupting devices of equivalent
priorities.

1. Auto Rotate Mode

Programming the Auto Rotate Mode through OCW2 assigns priorities 0-7 to the
interrupt request input lines. Interrupt line IRQ is set to the highest priority and
IR7 to the lowest. Once an interrupt has been serviced it is automatically
assigned the lowest priority. That same input must then wait for the devices
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate
Mode is selected by programming OCW2 in the following way (refer to Figure 3):
set Rotate Priority bit “R" to a logic ““1"”"; program EOI to a logic 1" and SEOI
to a logic “’0.” The EQOI and SEOI commands are discussed further on. The
following is an example of the Auto Rotate Mode with devices requesting
interrupts on lines IR2 and IRs.

Before Interrupts are Serviced:

IS7 1Sg 1S5 1S4 1S3 1S2 IS7 ISQ
o |

In-Service Register Djo 1 1i0 l 0 l 1 l 0
Highest

Priority
Priority Status
Register IR7I|R6 ] IR5] IR4[ IR3[ IR2 IIR1J |RQJ

According to the Priority Status Register, IR2 has a higher priority than IRg and
will be serviced first.

After Servicing:

IS7 1Sg 1S5 1S4 1S3 1S 1S1 ISo
In-Service Register [ o | o [ 1 [ o [0 ] OJ 0 l 0 ]

Highest
Priority

Priority Status

Registor [1IR2] IR1[ IR0 [ IR7 [ IR6] IR5] IR4] IR3 |

At the completion of IRy's service routine the corresponding In-Service Register
bit, I82 is reset to ‘0"’ by the preprogrammed EOl command. IR2 is then assigned
the lowest priority level in the Priority Status Register. The uPD8259-5 is now
ready to service the next highest interrupt, which in this case, is IRg.

2. Specific Rotate Mode

The priorities are set by programming the lowest level through OCW2. The
uPD8259-5 then automatically assigns the highest priority. If, for example, IR3 is
set to the lowest priority (bits L2, L1, Lg form the binary code of the bottom
priority level), then IR 4 will be set to the highest priority. The Specific Rotate
Mode is selected by programming OCW2 in the following manner: set Rotate
Priority bit “R"" to a logic “1,” program EOI to a logic “‘0,” SEOI to a logic “*1”
and L3, L1, Lo to the lowest priority level. If EOI is set to a logic “1,” the ISR
bit defined by L9, L1, Lg is reset.
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OPERATIONAL COMMAND
WORDS (CONT.)

4 PD8259-5

END-OF-INTERRUPT (EOI) AND SPECIFIC END-OF-INTERRUPT (SEOI)

The End-of-Interrupt or Specific End-of- Interrupt command must be issued to reset the
appropriate In-Service Register bit before the com{pletion of a service routine. Once the
ISR bit has been reset to logic “0,"” the uPD8259-5 is ready to service the next interrupt

Two types of EQls are available to clear the appropriate ISR bit depending on the
uPD8259-5's operating mode.
1. Non-Specific End-of-Interrupt (EOI)
When operating in interrupt modes where the priority order of the interrupt inputs
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com-
pletion of the service routine can be determined. A non-specific EOl command
will automatically reset the highest priority ISR bit of those set. The highest
priority ISR bit must necessarily be the interrupt being serviced and must neces-
sarily be the service subroutine returned from.

2. Specific End-of-Interrupt (SEOI)

When operating in interrupt modes where the priority order of the interrupt
inputs is not preserved (e.g., rotating priority mode) the last serviced interrupt
level may not be known. In these modes a Specific End-of-Interrupt must be
issued to clear the ISR bit at the completion of the interrupt service routine.
The SEOI is programmed by setting the appropriate bits in OCW3 (Figure 2)
to logic *‘1”s. Both the EOl and SEO! bits of OCW3 must be set to a logic **1”
with L2, L1, Lo forming the binary code of the ISR bit to be reset.

SPECIAL MASK MODE

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt
Mask Register section) by setting the appropriate bits in OCW 1 to a logic 1" will
inhibit lower priority interrupts from being acknowledged. In applications requiring
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic *'1.”
Once the SMM s set, the uPD8259-5 remains in this mode until it is reset. The Special
Mask Mode does not affect the higher priority interrupts.

POLLED MODE

In the Poll Mode the processor must be instructed to disable its interrupt input (INT).
Interrupt service is initiated through software by a Poll Command. The Poll Mode is
programmed by setting the Poll Mode bit in OCW3 (P = 1), during aWR pulse. The
following RD pulse is  then considered as an interrupt acknowledge.l If an interrupt
input is present, that RD pulse sets the appropriate ISR bit and reads the interrupt
priority level. The Poll Mode is a one-time operation and must be programmed through
OCWS3 before every read. The word strobed onto the Data bus during Poll Mode is of
the form:

D7 Deg D Dg D3 D2 D1 Dg
X X X[ x [wa[wi]wo ]

where: 1 =1 if there is an interrupt requesting service
= 0 if there are no interrupts

W2.g forms the binary code of the highest priority
level of the interrupts requesting service

The Poll Mode can be used when an interrupt service routine is common to several
interrupt inputs. The INTA sequence is no longer required offering a saving in ROM
space. The Poll Mode can also be used to expand the number of interrupts beyond 64.
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4 PD8259-5

The following major registers’ status is available to the processor by appropriately READING uPD8259-5
formatting OCW3 and issuing RD command. STATUS

INTERRUPT REQUEST REGISTER (8-BITS)

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement.
Once it has been acknowledged, the highest priority in-service bit is reset. (Note that
the Interrupt Mask Register has no effect on the IRR.) AWR command must be issued
with OCW3 prior to issuing the RD command. The bits which determine whether the
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS
must be logic ““1”” and RIS a logic "'0.”

IN-SERVICE REGISTER (8-BITS)

The In-Service Register stores the priorities of the interrupt levels being serviced.
Assertion of an End-of-Interrupt (EOI) updates the ISR to the next priority level. A
WR command must be issued with OCW3 prior to issuing the RD command. Both ERIS
and RIS should be set to a logic **1."”"

~ INTERRUPT MASK REGISTER (8-BITS)

The Interrupt Mask Register.holds mask data modifying interrupt levels. To read the
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to
the data bus when RD is asserted with Ag at a logic “1.”

A single OCW3 is sufficient to enable successive status reads providing it is of the same
register. A status read is over~r|dden by the Poll Mode where bits P and ERIS of OCW3
are set to a logic “1.”

If more than eight interrupt levels are required, multiple uPD8259-5s can be cascaded ~CASCADING MULTIPLE
with one master and up to eight slaves, to accommodate up to 64 levels of interrupt. uPD8259-5's

As shown in Figure 5, the master device directs the appropriate slave to release its CALL
address through its three cascade lines (CASO,1,2).

The INT output of the slave devices go to the IR inputs of the master device. The
master uPD8259-5's INT output is connected to the processor’s control bus, When the
slave device signals the master that it has acknowledged an interrupt, the master issues
an 8080A CALL Op-code at the first INTA pulse. The master then signals that slave
device (via CAS0,1,2) to issue the appropriate CALL address during the second and
third INTA pulses.

The slave address code is present on cascade lines 0,1,2 (active-high logic) from the
trailing edge of the first INTA to the trailing edge of the third INTA. Each device in the
uPD8259-5 array must be individual_l-y initialized and can be programmed in different
operating modes. Two End-of-Interrupt commands must be issued for the master and
its corresponding slave. An address decoder is used to dr|ve the Chip Select inputs for
each uPD8259-5 in the array. The Slave Program (SP) mput must be held at a logic

“0” level for each slave device and held at logic “1’’ level for the master. The SP input
selects the Cascade lines as either inputs (SP = 0) or outputs (SP = 1).
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INITIALIZATION COMMAND
WORD FORMAT

OPERATION COMMAND
WORD FORMAT

4 PD8259-5

D; Dg Ds D4 D3 Dy 0o
1cW1 [0]A7[M[A51 " Jo]F [s [ o] | 1- singie wros2sssm
Interrupt Array Avoiding
the necessity of program-
ming ICW3.
0 = Multiple uPD8259-5's
in Array.

CALL ADDRESS INTERVAL
1= Interval is 4

0= Interval is 8
07 Os Dg D3 D2 Dy Dp

A7.5 of Lower th‘mo]
Address
Tow2: L T A-5| Ata FAuT A12] An] Ao Ao [ Ag]

L Upper Routine
Address
Ao D7 Dg Ds D4 D3

oo O aTeTaTaTelnlm T

(Master Device)
l 1= 1R Input has a Slave
0= IR Input does not
have a Slave
Ao 07 Ds D4 03 D2 Dy Do
1CW3: ||]0T [o] o] oJwa]01] 109
(Stave Device) SLAVE 1D
oj1]2|3jafs]6|7
= of1fo|1fofriof
ofofs{1|ofof1]n
ofofofof1{1{1]{1

FIGURE 2

Ap D7 Dg Ds Dg D3 D2 Dy Do
ocwi. L lu7 Mg IMslMalM:[le M|l Mﬂ
1=Ci g bit in
L I I ] T ] 1AR is masked.
0 = No mask present for

the corresponding
1RR bit.

D; Dg D5 Dsg D3 Dz Dy Dp BINARY LEVEL TO BE RESET

ocw2 ro I R ] seoifeor [0 Jo | La] Ly ] Lo ] CORPUTINTOLOWESTPRIORITY
o[1[2]3[«[s]s]7

of1

olo

ofo

oj1{of1{0f1
111j0j0f1]1
ojojrf1]1|1

NON-SPECIFIC END OF INTERRUPT
1 = Reset the Highest Priority

Bitof ISR
0 = No Action

SPECIFIC END OF INTERRUPT
1=1L2 Ly, Lo Bits are used
0 = No Action

ROTATE PRIORITY
1 = Rotate
0 = Not Rotate

Ao 07 Dg Os O4 O3 D2

Dy Oo
oews: [ o [ - Jesmm[swm] o | 1+ [ ° | Emslmsi—]
L-—"—l |Read In-Service Register

0 | No Action
0|1 No Action

1| 0 | Resd IR Reg. on
Next RD Pulse

1 1 | Resd IS Reg.on
Next D Pulse

Polling

1 | Read Binary Code of
Highest Level ﬁm;mng
Interrupt on Next RD Pulse

0 | No Action
1 iSoecisl Mask Mode
0] 0| NoAction

0] 1 | NoAction

1| 0 | Read Special Mask
1| 1 | Set Specisl Mask

FIGURE 3
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4. PD8259-5

Ap Dg D3
ocw1 1 X X M7-Mo IMR' (Interrupt Mask Register)—M_I'—RToads IMR data while
RD reads status
ocw2 [} 0 [} R SEOI EOI
0 0 No Action
0 1 Non-Specific End-of-Interrupt
0 1 0 No Action
[} 1 1 Spacific-End-of-lntenupt L2, L1, Lo forms binary representation
of level to be reset.
1 0 0 No Action
1 0 1 Rotate Priority at End-of-Interrupt (Auto Mode)
1 1 0 Rotate Priority, L2, L1, Lo specifies bottom priority without
End-of-Interrupt
1 1 1 Rotate Priority at End-of-Interrupt (Specific Mode). L, L1, Lo
specifies bottom priority, and its In-Service Register bit is reset.
OCW3 0 0 1 ESMM  SMM
0 [
0 7 Special Mask not affected
1 Reset Special Mask
1 1 Set Special Mask
ERIS RIS
o o
) 7 No Action
1 0 Read IR Register Status
1 1 Read IS Register Status
INTERVAL =4 INTERVAL =8
Dy Dg Ds D4 D3 Dz D1 Do D7 Dg Ds Dsg D3 D2 D1 Do
Ry| A7 A A 1 1 1 0 O A7 A6 1 1 1 0 O O
IRg| A7 Ag As 1 1 [} [ [+] A7 Ag L [ [} ] ]
Rs|A; A A5 1 O 1 0 O A7 A6 1t 0 1t 0 0 O
Rg| A7 A6 A5 1 O O 0 O A7 A6 1. 0 0 0 0 O
R3[| A7 Ag A5 O 1 1 0 O A7 A O 1 1 0 0 O
IR2[ A7 Ag Asg 0 1 [} [} 0 A7 As o 1 ] o 0 o
Ry|A7 Ag A5 O O 1 0 O A7 A¢ O O 1 0 0 O
IRg| A7 Ag As [} o 0 [ o A7  Ag o o 0o 0 0 [}
FIGURE 4

Note: Insure that the processor’s interrupt input is disabled during the execution of any control command
iand initialization sequence for all uPD8259-5's. :
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CASCADING THE uPD8259-5 4 PD8259-5

S PROCESSOR ADDRESS BUS (16) g

\ PROCESSOR CONTROL BUS S

INT
REQ ‘

~—~)

PROCESSOR DATA BUS (8) J

7S ZaN 7AN

-d—J —_———
—~——t- b —— - —{—
—t — — -— - —|-1
) AV4 1 R/ 1 \Z1\/
3 & Ao INT 3 Ao INT
CAS 0 [t cas CASO
uPD8259-5 1PD8259-5 uPD8259-5
(SLAVE 2) cast (SLAVE 1) cAs1 cAst (MASTER)
CAs 2 CAS 2 CAS 2
SF IR IR IR IR IR IR IR IR S IR IR IR IR IR _IR_IR_IR S IR IR IR _IR_IR_IR_IR_IR
GND GND Vee
21 2 19 18 17 16 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0
INSTRUCTION SET [
Number Mnemonic Ag| D7] D6} Ps| Ds| D3 | D2| D1} Do | Operation Description
1 ICW1 A o A7 | As| As 1 0 1 1 0 Byte 1 Initialization,
Format = 4, Single
2 ICW1 8 0o A7 | As| As 1 ] 1 0 o Byte 1 Initialization,
Format = 4, Not Single
3 ICW1 C 0 A7l Ag | As 1 0 0 1 ) Byte 1 Initialization,
Format = 8, Single
4 1CW1 D o A7 | A6 | As 1 ] o [} o Byte 1 Initialization,
Format = 8, Not Single
5 icw2 1 At1s| A1a| A13| A12| A11 | A10| Ag | Ag | Byte 2Initialization
(Address No. 2)
6 ICW3 M 1 S7 | Se | Ss | Sa | S3 | S2 | Sy So Byte 2 Initialization —
MASTER
7 ICW3 s 1 o ) [} 0 0o S2 | S So | Byte 3 Initialization —
SLAVE
8 ocwl 1 M7 | Mg | Mg | Mg | M3 | M| My [ Mg | Load Mask Register,
Read Mask Register
OCW2 E 0 [} V] 1 o 0 0 0 0 Non-Specific EOI
10 OCW2 SE \] 0o 1 1 [} [} L2 Ly Lo | Specific EOI, L2, Ly, Lo
Code of IS to be Reset
1 OCW2 RE o 1 [} 1 ) 0 0o 0 o Rotate at EOI
(Auto Mode)
12 OCW2 RSE o 1 1 1 ) o L2l 4u Lo | Rotate at EOI (Specific Mode).
L2, L, Lg Code of Line to be
Reset and Selected as Bottom
Priority.
13 OCW2 RS o 1] 0] 0] 0 |t2] ty| o] L2 Ly Lo CodeofBottom
Priority Line.
14 ocw3 P o - 0 [} ] 1 1 0 0 Poll Mode
15 OCW3 RIS [ - 0 0 [ 1 0 1 1 Read IS Register
16 OCW3 RR [ - 0 0 0 1 0 1 0 Read Requests Register
17 OCW3 SM 0 - 1 1 0 1 0 0 [ Set Special Mask Mode
18 OCW3 RSM o - 1 [} o 1 1] 0 o Reset Special Mask Mode

Note: Insure that the processor’s interrupt input is disabled during the execution of any control command
and initialization sequence for all uPD8259-5's.
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o K ————— | PACKAGE OUTLINE
L—e]
uPD8259-5C
M
—
0°-1 5°
{Plastic)
ITEM | MILLIMETERS | _INCHES
A 3BOMAX. | 1496 MAX.
[ 2.49 0.098
c 2.54 0.10
) 0620.1 0,02 * 0.004
3 33.02 13
F 15 0.059
G 254MIN. | 0.10MIN.
W 0.5 MIN. 0.02MIN.
i 5.22MAX. | 0.205 MAX.
3 5.72MAX, | 0.225 MAX.
K 15.24 0.6
L 13.2 052
+0.10 +0.004
M 92005 | ®°'- 0002
A uPD8259-5D
fo————————— A
et ———— K ——————
|t
r 1 : )
1 1 * Lo
H .q__t J
1 G
—J >,//-<- ™M 0—10° =i
(Ceramic)
ITEM | MILLIMETERS INCHES
A 36.2 MAX. 7.43 MAX.
B 7.59 MAX. 0.06 MAX.
c 2541 0.1 0.1 + 0.004
D 0.46: 0.01 0,02 +.0.004
E 33.02:0.1 7.3 0004
F .02 MIN. 0.04 MIN.
G 32 MIN. 0.13 MIN,
H TOMIN, .04 MIN.
1 3.6 MAX. .14 MAX.
J 4.5 MAX. .18 MAX.
K 1524 TYP, 0.6 TYP.
N 1493 TYP. 059 TYP.
M 0.25 £ 0.05 0.01 £ 0,002
8259DSREV1-10-80-CAT



NEC

NEC Microcomputers, Inc. JPD8259A

DESCRIPTION

FEATURES

PIN CONFIGURATION

4LPD8259A-2
PROGRAMMABLE INTERRUPT CONTROLLER

The NEC uPD8259A is a programmable interrupt controller directly compatible with
the 8080A/8085A/8086/8088 microprocessors. |t can service eight levels of interrupts
and contains on-chip logic to expand interrupt capabilities up to 64 levels with the
addition of other uPD8259As. The user is offered a selection of priority algorithms to
tailor the priority processing to meet his system requirements. These can be dynami-
cally modified during operation, expanding the versatility of the system.

The uPD8259A is completely upward compatible with the uPD8259-5, so software
written for the uPD8259-5 will run on the uPD8259A.

e Eight Level Priority Controller

Programmable Base Vector Address

Expandable to 64 Levels

Programmable Interrupt Modes (Algorithms)
Individual Request Mask Capability

Single +5V Supply (No Clocks)

Full Compatibility with 8080A/8085A/8086/8088
Available in 28 Pin Plastic and Ceramic Packages

U )
csO 2817 vee
wr Q2 27 Ao
RD[]3 % [ INTA PIN NAMES
b704 25 [ IR7 D7 -Dp Data Bus (Bi-Directional)
Dsd 5 24 [ IR6 RD Read Input
Ds[]6 23 [J IR5 WR Write Input
; 22 R4 Ao Command Select Address
°4 OJ 8;:;\ ! CAS2— CASO | Cascade Lines
D3 Os 21 [J 1IR3 — e Slave Program Input/
D29 20 [ 1R2 P/E Enable Buffer
D4 c 10 19 : R1 INT Interrupt Qutput
D tj INTA Interrupt Acknowledge Input
o1 18 1RO 1RO — IR7 Interrupt Request Inputs
caso[]12 17[J INT 5 Chip Select
CAs1[]13 16 [ SP/EN.
GND [J14 15[ cAs2
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(- N 4 (N
INT

1

INTAT INT
07 - 0o
: : CONTROL LOGIC

DATA
BUS —~

[ 1
4 [

i7OR - 1RO

170w — READ/ IR1

| — LI L

WRITE | g | -

Ao LoGIc |2
ad N INTERRUPT in3

& SERVICE PRIORITY REQUEST ra

REGISTER RESOLVER [\;—] REGISTER |t

|

l (ISR} (IRR) IRS

e
s IR6
@

IR7
-
CASCADE r T I
BUFFER/ -
COMPARATOR Q INTERRUPT MASK REGISTER {IMR)
__ CASG  CAS2
SP CAS1
J oW : ] I N
PROCESSOR PROCESSOR PROCESSOR INTERNAL
ADDRESS CONTROL DATA BUS
BUS B8US BUS
SLAVE
PROGRAM CASCADE
ENABLE LINES
BUFFER
. O
Operating TemPerature . . . . ..o vov v vnen et e e ee e eeee e 0°C to +70°C
. ]
Storage Temperature ................. e ~65°C to +150°C
Voltage on Any Pin . ............... PP e -0.5 to +7 Volts
Power Dissipation ... .........covivuunnn e e e e W

Note: @ With respect to ground.

COMMENT: Stress above those listed under ‘' Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*Ta=25°C
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M PD8259A
DC CHARACTERISTICS  T4=0°Ct070°C; Ve = 45V + 10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP MAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 0.8 \%
Input High Voltage ViH 2.0 Vee + 0.5V v
Output Low Voltage VoL 0.45 \ loL = 2mA
Output High Voltage VOoH 2.4 \Y loH = —400 uA
Interrupt Output- VOH-INT 2.4 Vv loH = -400 uA
High Voltage 3.5 \% 1OoH = -50 kA
Input Leakage Current Il (IRg ) ) -300 MA VN = 0V
for IRQ.7 7 10 HA VIN = Vee
Input Leakage Current IiL 10 WA | Vyn = Ve to OV
for other Inputs
Output Leakage Current [ I o - 10 uA VouT =045V
Output Leakage Current | I on 10 uA | VouT = Vee
Ve Supply Current Icc 100 mA
o
CAPACITANCE Ta=25°C; Vcc = GND = OV
LIMITS , TEST
PARAMETER SYMBOL | MIN | TYP ] MAX | UNIT} CONDITIONS
Input Capacitance CIN 10 pF fc=1MHz
1/0 Capacitance Ci/o 20 pF Unmeasured Pins
Returned to Vgs
AC CHARACTERISTICS Ta=0°C t0 70°C; Ve = 5V + 10% (uPDB259A)
uPDB259%A uPD8259A -2 TEST
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | UNIT CONDITIONS
AO/CS Setup to RD/INTAY tAHRL 0 0 ns
AO/CS Hold after RD/INTA® tRHAX 0 0 ns
RD Pulse Width tRLRH | 235 160 ns
AO/CS Setup to WR1 tAHWL 0 ] o ns
AO/CS Hold after WRt WHAX 0 0 ns
WR Pulse Width WLWH | 290 190 ns
Data Setup to WR T tDVWH | 240 160 ns
Data Hold after WR1 WHDX [} 0 ns
Interrupt Request Width (Low) tILIH 100 100 ns ®
Cascade Setup to Second or Third
INTA! (Stave Only) 'CVIAL 56 40 L™
End of RD to Next Command tRHRL 160 160 ns
End of WR to Next Command TWHRL 190 190 ns
Note: @ This is the low time required to clear the input latch in the edge triggered mode.
uPDB259A uPDB259A-2 TEST
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | UNIT CONDITIONS
Data Valid from RD/INTA4 tRLDV 200 120 ns C of Data Bus = 100 pF
PR — C of Data Bus
Data Float after RD/INTA* tRHDZ 100 85 ns Max Test C = 100 pF
Min Test C =15 pF
Interrupt Output Delay YHIH 350 300 ns
Cascade Valid from First INTA} !
(Master Only) tIAHCV 565 360 ns CynT - 100 pF
Enable Active from RD{ or INTA{ tRLEL 125 100 ns C(CASCADE = 100 pF
Enable Inactive from RD? or INTA* tRHEH 150 150 ns
Data Valid from Stable Address tAHDV 200 200 ns
Cascade Valid to Valid Data tcvDvV 300 200 ns
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INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR) FUNCTIONAL
DESCRIPTION

The interrupt request register and in-service register store the in-coming interrupt
request signals appearing on the IR0-7 lines (refer to functional block diagram). The
inputs requesting service are stored in the IRR while the interrupts actually being
serviced are stored in the ISR.

A positive transition on an IR input sets the corresponding bit in the Interrupt Request
Register, and at the same time the INT output of the uPD8259 is set high. The IR input
line must remain high until the first I-m input has been received. Multiple, non-
masked interrupts occurring simultaneously can be stored in the IRR. The incoming
INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm)
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt
service subroutine until it is reset by the programmed End-of-Interrupt (EOI) command.

PRIORITY RESOLVER

The priority resolver decides the priority of the interrupt levels in the IRR. When the
highest priority interrupt is determined it is loaded into the appropriate bit of the
In-Service register by the first INTA pulse.

DATA BUS BUFFER

The 3-state, 8-bit, bi-directional data bus buffer interfaces the uPD8259 to the
processor’s system bus. It buffers the Control Word and Status Data transfers between
the uPD8259 and the processor bus.

READ/WRITE LOGIC

The read/write logic accepts processor data and stores it in its Initialization Command
Word (ICW) and Operation Command Word (OCW) registers. It also controls the
transfer of the Status Data to the processor’s data bus.

CHIP SELECT (CS)

The uPD8259 is enabled when an active-low signal is received at this input. Reading
or writing of the uPD8259 is inhibited when it is not selected.

WRITE (WR)

This active-low signal instructs the uPD8259 to receive Command Data from the
processor.

READ (RD)

When an active-iow signal is received on the RD input, the status of the Interrupt
Request Register, In-Service Register, Interrupt Mask Register or binary code of the
Interrupt Level is placed on the data bus.

INTERRUPT (INT)

The interrupt output from the uPD8259 is directly connected to the processor’s INT
input. The voltage levels of this output are compatible with the 8080A/8085A/
8086/8088.

INTERRUPT MASK REGISTER (IMR)

The interrupt mask register stores the bits for the individual interrupt bits to be masked.:
The IMR masks the data in the ISR. Lower priority lines are not affected by masking a
higher priority line.
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FUNCTIONAL INTERRUPT ACKNOWLEDGE (INTA)

DESCRIPTION L .
(CONT.) INTA pulses cause the uPD8259A to put vectoring information on tie bus. The num-

ber of pulses depends upon whether the uPD8259A is in uPD8085A mode or 8086/
8088 mode.

Ao

Ag is usually connected to the processor’s address bus. Together with WR and RD
signals it directs the loading of data into the command register or the reading of
status data. The following table illustrates the basic operations performed. Note that

itis divided into three functions: Input, Output and Bus Disable distinguished by the
RD WR and CS inputs.

1PD8259A BASIC OPERATION
Ao| D4 | D3 | RD| WR | CS | PROCESSOR INPUT OPERATION (READ)
0 0| 1|0 [|IRR,ISRorIR - Data Bus ®
1 0 1 0 IMR - Data Bus
PROCESSOR OUTPUT OPERATION (WRITE)
oflo]ol1 0 | 0 | DataBus—>OCW2
0 0 1 1 0 0 Data Bus > OCW3
0 1 X 1 0 0 Data Bus ~> ICW1
1{ x| x| 1] 0] o0 | DataBus—>0CW1, 1CW2, Icw3 @
DISABLE FUNCTION
X X X 1 1 0 Data Bus —> 3-State
X | x| x| x| x| 1 | DataBus— 3-State

Notes: (D The contents of OCW2 written prior to the READ operation governs the
selection of the IRR, ISR or Interrupt Level.
@ The sequencer logic on the uPD8259A aligns these commands in the
proper order.

f

CASCADE BUFFER/COMPARATOR. (For Use in Multiple uPD8259 Array.)

The ID’s of all uPD8259A’s are buffered and compared in the cascade buffer/com-
parator. The master uPD8259A sends the ID of the interrupting slave device along
the CASO, 1, 2lines to all slave devices. The cascade buffer/_ccinparator compares its
preprogrammed ID to the CASO, 1, 2 lines. The next two INTA pulses strobe the pre-
programmed, 2 byte CALL routine address onto the data bus from the slave whose 1D
matches the code on the CASO, 1, 2 lines.

SLAVE PROGRAM (SP). (For Use in Multipie uPD8259A Array.)

The interrupt capability can be expanded to 64 levels by cascading multiple uPD8259A's
ina master-p!us—slaves array. The master controls the slaves through the CASQ, 1,2

lines. The SP input to the device selects the CASO-2 lines as either outputs (SP'1) for
the master or as inputs (SP=0) for the slaves. For one device only the SP must be set

to a logic “1” since it is functioning as a master.
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INPUT WAVEFORMS FOR AC TESTS AC CHARACTERISTICS
(CONT.)
2.4
2.0 2.0
X >TEST POINTS <
0.8 0.8
0.45
WRITE MODE TIMING
o o WAVEFORMS
o
\ 7
N~ 7

- 9 tAHWL [e— 1" WHAX
cs
ADDRESS BUS
Ao
TDVWH —={*f E WHDX
DATA BUS %

READ/INTA MODE

RLRH

RD/ANTA -_—\F —JZ{

EN
— tRLEL e tRHEH

le— tAHRL — tRHAX

cs
ADDRESS BUS
Ao

} tAHDV
DATABUS + = = = = e e e e e e e e -{ ——————

OTHER TIMING

tRHRL

WHRL
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TIMING WAVEFORMS TNTA SEQUENCE
(CONT.) — b tUHIH

IR

—=| ULJH fo—

R o e
S )

'CVIAL*' ‘°— —

s tcvov -—7{ - / \

— YALCV —°|

DETAILED OPERATIONAL The sequence used by the uPD8259A to handle}a'n interrupt depends upon whether
DESCRIPTION an 8080A/8085A or 8086/8088 CPU is being used.

The following sequence applies to 8080A/8085A”systems:‘
The uPD8269A derives its versatility from programmable interrupt modes and the

ability to jump to any memory address through programmable CALL instructions. The
following sequence demonstrates how the uPD8259A interacts with the processor.

1. An interrupt or interrupts appearing on IR(.7 sets the corresponding IR bit(s)
high. This in turn sets the corresponding IRR bit(s) high.

2. Once the IRR bit(s) has been set, the uPD8259A will resolve the priorities
according to the preprogrammed interrupt algorithm, It then issues an INT signal
to the processor.

3. The processor group issues an INTA to the uPD8259A when it receives the INT.

4, The INTA input to the uPD8259A from the processor group sets the highest
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the
UPD8259A to issue an 8-bit CALL instruction op-code (11001101) onto its Data
bus lines.

5. The CALL instruction code instructs the processor group to issue two more
INTA puises to the uPD8259A.

6. The two INTA pulses signal the uPD8259A to place its preprogrammed interrupt
vector address onto the Data bus. The first INTA releases the low-order 8-bits
of the address and the second INTA releases the high-order 8-bits.

7. The uPD8259A’s CALL instruction sequence is complete. A preprogrammed
EOI (End-of-Interrupt) command is issued to the uPD8259A at the end of an
interrupt service routine to reset the ISR bit and allow the uPD8259A to service
the next interrupt.

For 8086/8088 systems the first three steps are the same as described above, then the
following sequence occurs:

4. During the first INTA from the processor, the uPD8259A does not drive the

data bus. The highest priority ISR bit is set and the corresponding IRR bit is
reset. .

5. The uPD8259A puts vector onto the data bus on the second INTA pulse from
the 8086/8088.

6. There is no third INTA pulse in this mode. In the AEOI mode the ISR bit is
reset at the end of the second INTA pulse, or it remains set until an EOl com-
mand is issued.
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8080A/8085A MODE

For these processors, the uPD8259A is controlled by three INTA pulses. The first

INTERRUPT
SEQUENCE

INTA pulse will cause the uPD8259A to put the CALL op-code onto the data bus. The
second and third INTA pulses will cause the upper and lower address of the interrupt

vector to be released on the bus.

07 D8 D5 D4 DI D2 DI DO FIRST INTA
CALLCODE | 1 1 1 0 1
R Intervel = 4
D7 D6 D5 D4 D3 D2 D1 DO
7 A7 A6 AS 1 1 1 0 0
6 A7 A6 AS 1 1 0 ) 0
s A7 A8 AS 1 0 1 0 0
4 A7 A6 AS 1 0 0 0 0
3 A7 A6 AS 0 1 1 ) 0
2 A7 A6 AS 0 1 0 0 0
1 A7 A6 A5 0 0 1 0 0
[ A7 A6 AS 0 0 0 0 0
R Interval =8 SECOND INTA
D7 D8 D5 D4 D3 D2 D1 DO
7 4 A6 1 1 1 0 0 0
6 A7 A6 1 1 0 0 0 0
s | A7 a6 1 0. 1 0 0 0
4 A7 A6 1 [ 0 [ 0 [
3 A7 A6 0 1 1 0 0 0
2| AT ae 0 1 0 0o 0 [
1 A7 A6 0 0 1 [ 0 0
0 A7 A6 0 o 0 0 0 0
o7 D4 D3 02 D1 00 THIRDTW
[as [ a T aa T a2z T ann | a0 [ ao [ a8 |

In this mode only two INTA pulses are sent to the uPD8259A. After the first INTA
pulse, the uPD8259A does not output a CALL but internally sets priority resolution.
If it is a master, it sets the cascade lines. The interrupt vector is output to the data bus

on the second INTA pulse.

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
R7 | T7 | T6 | T5 | T4 | T3 1 1 11
IR6 | T7 | T6 | T5 | T4 | T3 | 1 1 0
IR6 | 77 | T6 | 765 | T4 | T3 |1 0 1
R4 | T7 | T6 | T5 | T4 | T3 | 1 0 0
IR3 | T7 | Te | 75 | T4 | T3 | © 1 1
IR2 | T7 | T6 | I5 | T4 | T3 | © 1 0
R1 | T7 | T6 | T5 | T4 | T3 | 0 0 1
IRO | T7 | T6 | T5 | T4 | T3 | O 0 0
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INITIALIZATION 1cw1 AND ICW2

COMMAND WORDS Ag-A15. Page starting address of service routines. In an 8085A system, the 8 request
levels generate CALLs to 8 locations equally spaced in memory. These can be pro-
grammed to be spaced at intervals of 4 or 8 memory locations, thus the 8 routines
occupy a page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ag-A15). When the routine interval is 4, Ag-A4 are
automatically inserted by the uPD8259A, while Ag-A15 are programmed externally.
When the routine interval is 8, Ag-Ag are automatically inserted by the uPD8259A,
while Ag-A15 are programmed externally.

The 8-byte interval maintains compatibility with current software, while the 4-byte
interval is best for a compact jump table.

In an MCS-86 system, T7-T3 are inserted in the five most significant bits of the vector-
ing byte and the uPD8259A sets the three least significant bits according to the inter-
rupt level. A10-As are ignored and AD! (Address Interval) has no effect.

LTIM: If LTIM = 1, then the uPD8259A operates in the level interrupt mode.
Edge detect logic on the interrupt inputs is disabled.

ADI: CALL address interval. ADI = 1 then interval = 4; ADI = 0 then
interval = 8.

SNGL: Single. Means that this is the only uPD8259A in the system. If SNGL =
1 no ICW3 is issued.

1C4: I this bit is set — ICW4 has to be read. If ICW4 is not needed, set
1C4 =0.

ICW3

This word is read only when there is more than one uPD8259A in the system and cas-
cading is used, in which case SNGL = 0. It will load the 8-bit slave register. The func-
tions of this register are:

a. In the master mode (either when SP = 1, or in buffered mode when M/S =1 in
ICW4) a /1" is set for each slave in the system. The master then releases
byte 1 of the call sequence (for 8085A system) and enables the correspond-
ing slave to release bytes 2 and 3 (for 8086/8088 only byte 2) through the
cascade lines.

b. In the slave mode (either when SP = 0, or if BUF = 1 and M/S =0 in ICW4)
bits 2-0 identify the slave. The slave compares its cascade input with these bits
and if they are equal, bytes 2 and 3 of the CALL sequence (or just byte 2 for
8086/8088) are released by it on the Data Bus.

ICW4

SFNM: If SFNM = 1 the special fully nested mode is programmed.

BUF: If BUF = 1 the buffered mode is programmed. In buffered mode SP/EN
becomes an enable output and the master/slave determination is by
M/S.

M/S: If buffered mode is selected: M/S = 1 means the uPD8259A is pro-

grammed to be a master, M/S = 0 means the uPD8259A is programmed
to be a slave. If BUF = 0, M/S has no function.
AEOI: If AEOI = 1 the automatic end of interrupt mode is programmed.
uPM: Microprocessor mode: uPM = 0 sets the uPD8259A for 8085A system
operation, uPM = 1 sets the uPD8259A for 8086 system operation.



A PD8259A

A0 o7 s o8 D4 03 02 o1 00
| o A7 As As ) LM ADI snaL 104 | rewr
I 1 A1517 A14/T6 A13/T5 A12/T4 A1/T3 A0 A9 A8 —llcm
ves
(SNGL= 1)
NO (SNGL=0)
K 1% [ s s s $2/102 51101 sofioo |icws
NO cwa
tca=0)
YES (C4=1)
K o ) ° SFNM [ ws AEOI wou |1cwa
L READY TO ACCEPT INTERRUPTS J
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OPPERATIONAL COMMAND Once the uPD8259A has been programmed with Initialization Command Words,

WORDS (OCW's)

it can be programmed for the appropriate interrupt algorithm by the Operation
Command Words. Interrupt algorithms in the uPD8259A can be changed at any time
during program operation by issuing another set of Operation Command Words. The
following sections describe the various algorithms available and their associated OCWs.

INTERRUPT MASKS

The individual Interrupt Request input lines are maskable by setting the corresponding
bits in the Interrupt Mask Register to a logic “/ 1"’ through OCW 1. The actual masking

is performed upon the contents of the In-Service Register (e.g., if Interrupt Request
line 3 is to be masked, then only bit 3 of the IMR is set to logic ““1.” The IMR in turn
acts upon the contents of the ISR to mask bit 3). Once the uPD8259A has acknowledged
an interrupt, i.e., the uPD8259A has sent an INT signal to the processor and the system
controller has sent it an INTA signal, the interrupt input,",although it is masked,

inhibits lower priority requests from being acknowiédégd There are two means of
enabling these lower priority interrupt lines. The first is by issuing an End-of-Interrupt
(EOI) through Operation Command Word 2 (OCW2), thereby resetting the appro-
priate ISR bit. The second approach is to select the Special Mask Mode through OCW3.
The Special Mask Mode (SMM) and End-of-Interrupt (EOI) will be described in more
detail further on.

FULLY NESTED MODE

The fully nested mode is the uPD8259A’s basic operating mode. It will operate in this
mode after the initialization sequence, without requiring Operation Command Words
for formatting. Priorities are set IR through |R7, with 1R the highest priority. After
the interrupt has been acknowledged by the processor and system controller, only
higher priorities will be serviced. Upon receiving an INTA, the priority resolver
determines the priority of the interrupt, sets the corresponding IR bit, and outputs the
vector address to the Data bus. The EOl command resets the corresponding ISR bits at
the end of its service routines.

Notes: @ Reference Figure 2
) Reference Figure 3

651



4.PD8259A

ROTATING PRIORITY MODE COMMANDS

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate
modes. These two modes are typically used to service interrupting devices of equivalent
priorities.

1. Auto Rotate Mode

652

Programming the Auto Rotate Mode through OCW?2 assigns priorities 0-7 to the
interrupt request input lines. Interrupt line IRQ is set to the highest priority and
IR7 to the lowest. Once an interrupt has been serviced it is automatically
assigned the lowest priority. That same input must then wait for the devices
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate
Mode is selected by programming OCW2 in the following way (refer to Figure 3):
set Rotate Priority bit “R" to a logic ““1"; program EOI to a logic “‘1’* and SEOI
to alogic “’0.” The EOl and SEOQI commands are discussed further on. The
following is an example of the Auto Rotate Mode with devices requesting
interrupts on lines IR2 and IRs.

Before Interrupts are Serviced:
IS7 1S IS5 1S4 1S3 1Sz 1S1 ISo
In-ServiceRegister]O IO ]1 lO 1011 IO 0 J
Highest

———

Priority
Priority Status [ l l l l J I l q
Register IR7|IRg|IR5 | IR4[IR3| IR2 [IR1]| IR

According to the Priority Status Register, IR2 has a higher priority than IRg5 and
will be serviced first.

After Servicing:

IS7 I1Se 1Ss 1S4 1S3 1S2. IS7 ISg

In-ServiceRegister[ 0 l 0 l 1 ]o lo ] 0 roTﬂ

Highest
Priority

Priority Stat
ey SEUs [1R2[ 1R\ [ 1Ro | 1R7 [ 1Re] iRs] 1Ra] 1R3 ]

At the completion of IR's service routine the corresponding In-Service Register
bit, 1Sy is reset to 0" by the preprogrammed EOl command. IR is then assigned
the lowest priority level in the Priority Status Register. The uPD8259A is now
ready to service the next highest interrupt, which in this case, is IRg.

. Specific Rotate Mode

The priorities are set by programming the lowest level through OCW2, The
MPD8259A then automatically assigns the highest priority. If, for example, IR3 is
set to the lowest priority (bits L2, L1, Lo form ‘the binary code of the bottom
priority level), then IR4 will be set to the highest priority. The Specific Rotate
Mode is selected by programming OCW2 in the following manner: set Rotate
Priority bit “R’’ to a logic *’1,” program EOI to a logic *’0,” SEOI to a logic ‘1"
and L2, L1, Lo to the lowest priority level. If EOI is set to a logic *“1,” the ISR
bit defined by L2, L1, L is reset.

OPERATIONAL COMMAND
WORDS (CONT.)
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OPERATIONAL COMMAND END-OF-INTERRUPT (EOI) AND SPECIFIC END-OF-INTERRUPT (SEOI)

WORDS (CONT.) The End-of-Interrupt or Specific End-of-Interrupt command must be issued to reset the
appropriate In-Service Register bit before the completion of a service routine. Once the
ISR bit has been reset to logic *’0,” the uPD8259A is ready to service the next interrupt.

Two types of EOls are availaple to clear the appropriate ISR bit depending on the
uPD8259A’s operating mode.

1. Non-Specific End-of-Interrupt (EOI)
When operating in interrupt modes where the priority order of the interrupt inputs
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com-
pletion of the service routine can be determined. A non-specific EOl command
automatically resets the highest priority ISR bit of those set. The highest
priority ISR bit must necessarily be the interrupt being serviced and must neces-
sarily be the service subroutine returned from.

2. Specific End-of-Interrupt (SEOI)

When operating in interrupt modes where the priority order of the interrupt
inputs is not preserved (e.qg., rotating priority mode) the last serviced interrupt
level may not be known. In these modes a Specific End-of-Interrupt must be
issued to clear the ISR bit at the completion of the interrupt service routine.
The SEOI is programmed by setting the appropriate bits in OCW3 (Figure 2)
to logic “1”s. Both the EOl and SEOI bits of OCW3 must be set to a logic ‘1"
with L2, L1, Lo forming the binary code of the ISR bit to be reset.

SPECIAL MASK MODE

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt
Mask Register section) by setting the appropriate bits in OCW 1 to a logic '1"’

inhibits lower priority interrupts from being acknowledged. In applications requiring
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic ““1.”"
Once the SMM is set, the uPD8259A remains in this mode until it is reset. The Special
Mask Mode does not affect the higher priority interrupts.

POLLED MODE

In Poll Mode the processor must be instructed to disable its interrupt input (INT).
Interrupt service is initiated through software by a Poll Command. Poll Mode is
programmed by setting the Poll Mode bit in OCW3 (P = 1), during aWR pulse. The
followingﬁ_D pulse is then considered as an interrupt acknowledge. If an interrupt
input is present, that RD pulse sets the appropriate ISR bit and reads the interrupt
priority level. Poll Mode is a one-time operation and must be programmed through
OCW3 before every read. The word strobed onto the Data bus during Poll Mode is of
the form:

Dy Dg Ds Dg D3 D2 Dy Do
Lo [x [x [ x| x[wawi[wo ]

where: 1= 1if there is an interrupt requesting service
= 0 if there are no interrupts

W2.0 forms the binary code of the highest priority
level of the interrupts requesting service

Poll Mode can be used when an interrupt service routine is common to several inter-
rupt inputs. The INTA sequence is no longer required, thus saving in ROM space.
Poll Mode can also be used to expand the number of interrupts beyond 64,
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o
0,

A 0 O o

CTToTol =]
L] T

1 ICW4 NEEDED
0+ NO ICW4 NEEDED

1 = SINGLE

0 = CASCADE MODE

CALL ADDRESS INTERVAL
1= INTERVAL OF ¢

0= INTERVALOF 8

1 = LEVEL TRKSOERED MODE
TRIGGERED MODE

0 = EDGE

cw2
o, © © b

L f/'r'/ /m/l B
EEEEEE

1CW3 (MASTER DEVICE)
O 0 0 0

of INTERRUPT
VEETOR ADORESS
(MCS-80/85 MODE ONLY)
o
[~]
l A,5-Aq OF INTERRUPT
véer ADCRESS
(MCS80/35 WoDe)
OF INTERRUPT
VECTOR ADDRESS
o (8088 /8088 MODE)

[+]

[LLLLELLT
[TTTILI

IR INPUT HAS A SLAVE
IR INPUT DOES NOT HAVE

L%

A SLAVE
1CW3 (SLAVE DEVICE)
N O, O O O O, 0 0 0
[' ] ol 0 lo l olollo,lto,lao.

SLAVE 101
ofv]2]3]efs]e]?
ol1fofr]ofrfo]s
ofjolr]r]ojo]r |
ofofJofo[r]ofr ]

cwe
Ao Oy D¢ Os ©Os D3 DO2 O1 Do
l , l 0 1 0 l 0 Mwslu:slato-[wl
l -l 1 = 8086/ 8088 MODE
0 = MCS-80/86 MODE
1- AUTO EOI
0 = NORMAL. EO1

EE
-

NON BUF FERED MODE
BUFFERED MODE/SLAVE
BUFFERED MODE/MASTER

1 = SPECIAL FULLY NESTED
MOOE

0 = NOT SPECIAL FULLY
NESTED MOOE

NOTE 1: SLAVE 10 IS EQUAL TO THE CORRESPONDING MASTER IR INPUT.
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4 PD8259A

READING uPD8259 STATUS The following major registers’ status is available to the processor by appropriately
formatting OCW3 and issuing RD command.

INTERRUPT REQUEST REGISTER (8-BITS)

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement.
The highest priority in-service bit is reset once it has been acknowledged. (Note that
the Interrupt Mask Register has no effect on the IRR.) A WR command must be issued
with OCW3 prior to issuing the RD command. The bits which determine whether the
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS
must be logic “1” and RIS a logic *0."”

IN-SERVICE REGISTER (8-BITS)

The In-Service Register stores the priorities of the interrupt levels being serviced.
Assertion of an End-of-Interrupt (EOI) updates the ISR to the next priority level. A
WR command must be issued with OCW3 prior to issuing the RD command. Both ERIS
and RIS should be set to a logic **1.”

INTERRUPT MASK REGISTER (8-BITS)

The Interrupt Mask Register holds mask data modifying interrupt levels. To read the
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to
the data bus when RD is asserted with Ag at a logic *'1.”

A single OCW3 is sufficient to enable successive status reads providing it is of the same
register. A status read is over-ridden by the Poll Mode when bits P and ERIS of OCW3
are set to a logic "1.”

OPERAT|ON COMMAND Ag D7 Og Ds Ds D3 Dz D1 Dg
WORD FORMAT o [ ]Mr[ws[ue]mams] we]m]wo] oo
N O 5
e

D; Dg Dg Dg D3 D Dy Dp BINARY LEVEL TO BE RESET

Ao
OR PUT INTO LOWEST PRIORITY
ocwz: [0 [ a]seofeor]o Jo [ ]| TaToTeTareTs

Ol1]oj1{oj1j0O}1
0{0f[1]1]0fOf1][1
ojojojofr]rj1i1

NON-SPECIFIC END OF INTERRUPT
1 = Reset the Highest Priority

Bitof ISR
0 = No Action

SPECIFIC END OF INTERRUPT
1=1L32 Ly, Lo Bits are used
0 = No Action

ROTATE PRIORITY
1 = Rotate
0 = Not Rotate

07 Og Os D4

Ao D3 Dz Dy Dy
oows: [ o [ -~ Jeswm[sm ][ o [ 1+ [ o Jems [ ms}—

| Read In-Service Register
No Action

0] 1 | NoAction

1] 0 | Resd IR Reg. on
Next RO Pulse

1| 1 | Resd 1S Reg. on
Next D Pulse

o

Polling

1 | Read Binary Code of
Highest Level Requesting
Interrupt on Next RD Pulse
0 | No Action

i‘ ISpecial Mask Mode
No Action

No Action

Read Special Mask
Set Special Mask

=|=|ojo =l

<lo|=|e
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656

INSTRUCTION SET SUMMARY

SUMMARY OF 8259A INSTRUCTION SET

inst. #  Mnemonic A0 D7 D6 D5 D4 D3 D2 D1 DO Operation Description
1 ICW1 A 0 A7 A8 A5 1 0 1 1 0 Format = 4, single, edge triggered
2 iICwWt B 0 A7 A6 A5 1 1 1 1 0 Format = 4, single, level triggered
3 ICWt C 0 A7 A6 A5 1 0 1 0 o0 Byte 1 Initialization Format = 4, not single, edge triggered
4 ICW1 D 0 A7 A6 A5 1 1 1 0 0 Format = 4, not single, level triggered
5 ICW1 E 0 A7 A6 0 1 o o0 1 0 No ICW4 Requirpd  Format =8, single, edge triggered
(] ICW1 F 0 A7 A6 0 1 1 0 1 o0 Format = 8, single, level triggered
7 ICW1 G 0 A7 A8 0 1 0o 0o 0 O Format = 8, not single, edge triggered
8 ICW1 H 0 A7 A6 0 1 1 0 o0 o0 Format =8, not single, level triggered
9 icwt | 0 A7 A6 A5 1 0 1 1 1 Formiat = 4, single, edge triggered
10 iIcw1 J 0 A7 A6 A5 1 1 1 1 1 Format = 4, single, level triggered
"noIew1 K 0O A7 A6 A5 1 0 1 0 1 Byte 1 Initialization  £ormat = 4, not single, edge triggered
12 Icw1 L 0 A7 A6 A5 1 1 1 0 1 Format = 4, not single, ievel triggered
13 ICW1 M 0 A7 A6 O 1 o o 1 1 ICW4 Required Format = 8, single, edge triggered
14 ICW1 N 0 A7 A6 O 1 1 0 1 1 Format =8, single, level triggered
15 ICW1 O 0 A7 A6 O 1 0o 0 0 1 Format = 8, not single, edge triggered
16 ICW1 P 0 A7 A6 O 1 1 [} 0 1 Format = 8, not single, level triggered
17 Icw2 1 A15 A14 A13 A12 A11 A10 A9 A8 Byte 2 initialization
18 ICW3 M 1 S7 S8 S5 S4 S3 S2 S SO Byte 3 initialization — master
19 ICW3 s 1 0O 0 O 0 o0 s2 st SO Byte 3 initialization — slave
20 ICW4 A 1 o 0 o0 o0 0 o0 o O No action, redundant
21 ICw4 B 1 0 0 0 0 0 0 0 1 Non-buffered mode, no AEOI, 8086/8088
22 ICW4 C 1 0 0 O 0 0 0 1 O Non-buffered mode, AEOI, 80/85
23  ICws D 10 0 0 0 0 0 1 1 Non-buffered mode, AEOI, 8086/8088
24 ICW4 E 1 0 0 0 0 0 1 [} 0 No action, redundant
25 Icwa F r 0o 0 0 0 0 1 o0 ! Non-buffered mode, no AEOI, 8086/8088
% Icws G o 0 0 0 0 1 1 0 Non-buffered mode, AEOI, 80/85
7 1CWe M o0 0 0 0 11 Non-buffered mode, AEOI, 8086/8088
;; :(c;:vv: : : z g g g : g g ? Buffered mode, slave, no AEOI, 80/85
2 owe K 1 0 0 06 o 1 o 1 0 Buffered mode, slave, no AEOI, 8086/8088
3 CWe L 1 0 0 0 0 1 0 1 1 Buffered mode, slave, AEOI, 80/85
32 ICWe M 3 o 0o o0 o0 f 3 0o 0 Buffered mode, slave, AEO!, 8086/8088
13 ICWe N T 0 0 0 0 1 1 0 1 Buffered mode, master, no AEOI, 80/85
u ICWé O 10 0 0 0 1 1 1 o0 Buffered mode, master, no AEOI, 8086/8088
35 ICW4 P 1 [} 0 0 [} 1 1 1 1 Buffered mode, master, AEOI, 80/85
36 ICW4 NA 1 0o 0 0 1 0 0 0 0 Buffered mode, master AEOI, 8086, 8088
37 ICW4 NB t+ 0 0 0 1 0 O0 o0 1 Fully nested mode, 8085A, non-buffered, no AEOI
38 1ICwa NC L L L L ICW4 NB through ICW4 ND are identical to
3 ICwa ND o 0 0 1 0 0 1 1 ICW4 B through ICW4 D with the addition of
40 ICW4 NE i 0 0 0 1 0 1t 0 O Fully Nested Mode
41 IGWa NF o001 010 Fully Nested Mode, 80/85, non-buffered, no AEOI
42 ICW4 NG 1 0 [} 0 1 0 1 1 0
43 ICW4  NH 1 0 0 0 1 0 1 1 1
44 ICW4 NI 1 [} 0 0 1 1 0 0 0
45 ICW4  NJ 1 0 0 0 1 1 ] 0 1
46 ICW4  NK Y o o0 o 1 1 0 1 0 ICW4 NF through ICW4 N? are ndenﬁgl to
p ICWe  NL 1 o 0 o 1 1 0 Y 1 ﬁ\‘/}l; SQ:ZU%VIOL(:WA P with the addition of
48 ICW4 NM 1 0 0 0 1 1 1 0 0
49 ICW4 NN 1 0 0 0 1 1 1 [} 1
50 ICW4 NO 1 0 0 0 1 1 1 1 0
51 ICW4 NP 1 0o 0 o0 1 1 1 1 1
52 OoCwi1 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask register, read mark register
53 ocw2 € 0 0 0 1 0 0 0 0 0 Non-specific EOI
54 OCw2 SE o 0 1+ 1 0 0 L2 L1 LW Specific EOI, LO-L2 code of IS FF to be reset
55 ocw2 RE 0 ! 0 ! 6 0 0o o o Rotate on Non-Specific EQI
86 OCW2 RSE 0 1 1 1 0 0 L2 L1 o Rotate on Specific EOI LO-L2 code of line
57 ocwz R 61 00 0 0 0 0 0 Rotate in Auto EOI (set)
8 ocwz CR ¢ 0 0 0 0 0 0 0 0 Rotate in Auto EOI (clear)
59 OCW2 RS 0 1 1 0 0 J L L L o
60 ocw3 P 0 0 o0 0 0 3 B 0o o Set Priority Command
61 OCWIRS 0 O 0 0 0 1 0 1 1 Poll mode

Read IS register



4. PD8259A

SUMMARY OF OPERATION Ao D4 D3
COMMAND WORD owt | 1+ x x My-Mo IMR (Interrupt Mask Register) WR loads IMR data while
PROGRAMMING - LA
ocw2 | o ] 0 | R SEOI EOI
0 0 No Action

(] 0 1 Non-Specific End-of-Interrupt

0 1 0 | No Action

[} 1 1 Specific-End-of-Interrupt L2, L1, Lo forms binary representation
of level to be reset.

1 0 0 No Action

1 0 1 Rotate Priority at End-of-Interrupt (Auto Mode)

1 1 0 Rotate Priority, L9, L1, Lo specifies bottom priority without
End-of-Interrupt

1 1 1 Rotate Priority at End-of-Interrupt (Specific Mode). Lo, L1, Lo

specifies bottom priority, and its In-Service Register bit is reset.

OCw3 0 0 1 ESMM  SMM

0 )

P p Special Mask not affected

1 (4] Reset Special Mask

1 1 Set Special Mask

ERIS RIS

] 0

o 7 No Action

1 0 Read IR Register Status

1 1 Read IS Register Status

LOWER MEMORY INTERVAL =4 INTERVAL =8
INTERRUPTA\IS%%TE%E D7 Dg Ds D4 D3 D2 D3y Do D7 Dg Ds Dg D3 D2 D1 Do
Ry[ A7 A A5 1 1 1 0 O A7 A¢ 1t 1 1 0 0 O
Rg| A7 Ag Ag 1 1 0 0 0 A7 A5 1 1 0 O O O
Rs| A7 A6 A5 1 0O 1 0 O A7 A¢ 1 O 1 0 0 ©
Rg| A7 A6 A5 1 0 O O O A7 A 1 0O ©0 0 O ©
R3| A7 A A O 1 1 0 O A7 A¢ O 1 1 0 O O
Ro| A7 Ag A5 O 1 0 ©0 O A7 Ag O o o o o
Ry[A7 A Ag O O 1 0 O A7 Ag O T 0o 0 ©0
Rg| A7 A As O 0 O0 O O A7 Ag O o o o o
FIGURE 4

Note: Insure that the processor’s interrupt input is disabled during the execution of any control command and
initialization sequence for all uPD8259As.

PROCESSOR ADDRESS BUS 161

[ l

PROCESSOR CONTROL BUS

1] l

PROCESSOR DATA BUS (81

—

4
4
= rm N & o W
caso
WPDB259A LPDB250A WPDB250A
tstave n casy SLAVE 1 casy ! masTER)
cas 2 [t
F R R MR R A AR B F R_IR IR R R IR $_n R IR R_IR_ AW
G~°1 yl|1" Gint I[’Ir‘ = lt’ ‘T

2 0 19 18 17 a6 15 W2 moos 8 76 s 4 3 2 1o
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< PACKAGE OUTLINE
e 1PD8259AC

==
[ |
oz '\
1

—
0°-15°
"
(Plastic)

ITEM MILLIMETERS INCHES

A 38.0 MAX. 1.496 MAX.

B8 2.49 0.098

C 2.54 0.10

] 05201 0.02 * 0.004

E 33,02 1.3

F 1.5 0.059

G 2.54 MIN. 0.10 MIN,

H 0.5 MIN. 0.02 MIN.

I 5.22 MAX. 0.205 MAX.

J 5.72 MAX. 0.225 MAX.

K 15.24 0.6

L 13.2 0.52

+0.10 +0.004
" 025’ oo | 001 o2
A ] . K uPD8259AD
Y - L]
' -

AT A ——
T

- M 0-10° -

(Ceramic)

ITEM MILLIMETERS INCHES

A 36.2 MAX. 1.43 MAX,
B8 1.59 MAX. 0.06 MAX.
C 25401 0.1 + 0.004
D 0.46 + 0.01 0.02 + 0.004
E 33.02+ 0.1 1.3+ 0.004
F 1.02 MIN, 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN,
1 3.5 MAX. 0.14 MAX,
J 45 MAX, 0.18 MAX.
K 16,24 TYP, 0.6 TYP,

. L 1493 TYP. 0.59 TYP,

M 0.25 + 0.05 0.01 + 0.002
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NEC

NEC Microcomputers, Inc. f1PD8279-5

PROGRAMMABLE KEYBOARDI/DISPLAY
INTERFACE

DESCRIPTION The uPD8279-5 is a programmable keyboard and display Input/Output device. It
provides the user with the ability to display data on alphanumeric segment displays
or simple indicators. The display RAM can be programmed as 16 x 8 or a dual
16 x 4 and loaded or read by the host processor. The display can be loaded with
right or left entry with an auto-increment of the display RAM address.

The keyboard interface provides a scanned signal to a 64 contact key matrix expand-
able to 128. General sensors or strobed keys may also be used. Keystrokes are stored
in an 8 character FIFO and can be either 2 key lockout or N key rollover. Keyboard
entries generate an interrupt to the processor.

FEATURES e Programmable by Processor
e 32 HEX or 16 Alphanumeric Displays
e 64 Expandable to 128 Keyboard
e Simultaneous Keyboard and Display
e 8 Character Keyboard — FIFO
o 2Key Lockoqt or N Key Rollover
e Contact Debounce
e Programmable Scan Timer
e Interrupt on Key Entry
e Single +6 Volt Supply, +10%
e Fully Compatible with 8080A, 8085A, uPD780 (280™)
e Available in 40 Pin Plastic Package

PIN CONFIGURATION ), PIN NAMES
RL2 1 40 D Vce DBg.7 Data Bus (Bi-directional)
RL3 c 2 39 RL4 CLK Clock input
ek [ 3 38 RLo RESET Reset Input
IrRQ O 4 37 [J CNTL/STB = Chip Setect
Rig E 5 36 g SHIFT RD Read Input
RLs O 6 35 sL3 = o
RLG : 7 34 : SL2 rite Input
RLy E 8 13 : sty Ag Buffer Address

#pD iRQ Interrupt Request Output
RESET ] 9 32 B st L Scan Lines
A o 82795 31 ours, Ao '
—_— Lo.7 Return Lines
WR [ 11 30 [J ouTs, SHIFT Shift Input
DBo [ 12 29 [J ouT By CNTL/STB | Control/Strobe Input
DBy E 13 28 [J out B3 OUT Ag.3 | Display (A) Outputs
DB2 g 14 27 B ouTAg OUT Bo.3 | Display (B) Outputs
DB3 15 26 : OuUT Aq BD Bland Display Output
DB4 [] 16 25 ] ouT Ay
DBs 17 24 OUT A3
DBg [ 18 23 BD
DBy 19 22 [ C§
Vss 20 21 g Ag
TM: Z80 is a registered trademark of Zilog.
Rev/1
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. PD8279.5

The uPD8279-5 has two basic functions: 1) to control displays to output and 2) to FUNCTIONAL
control a keyboard for input. Its specific purpose is to unburden the host processor DESCRIPTION
from monitoring keys and refreshing displays. The uPD8279-5 is designed to directly

interface the microprocessor bus. The microprocessor must program the operating

mode to the uPD8279-5, these modes are as follows:

Output Modes

e 8 or 16 Character Display
e Right or Left Entry

Input Modes

e Scanned Keyboard with Encoded 8 x 8 x 4 Key Format or Decoded 4 x 8 x 8
Scan Lines.

e Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4 x 8 Scan Lines.

e Strobed Input.

BLOCK DIAGRAM

CLK RESET DBo.7 RD WR CS Ag

o
K=
S
b3
-
<——
|«

/O CONTROL

—
I

BUFFERS

-

INTERNAL - DATA BUS (8)

J

—

DISPLAY 3 CONTROL AND = 8x8

ADDRESS [~ :>. 16x 8 L, TIMING FIFO/SENSOR d KEYBOARD

REGISTERS DISPLAY REGISTERS - AN DEioNUDNce

| RAM L ] CONTROL
' I
TIMING
AND ‘
ICONTROL
DISPLAY 1
———’{SCAN COUNTEQ' [ RETURN l
E J:l *
SHIFT
OUT Ag.3 OUT Bg.3 SLo.3 Rlo.7
CNTL/STB

Operating TeMPErature . .. ... .oov e v mie e e 0°Cto +70°C ABSOLUTE MAXIMUM
Storage Temperature . . .. ..o.vvv v vt e -65°C to +125°C RATINGS*
All Output Voltages . .. ... cvvn e e -0.5 to +7 Volts(D
Al INPUL VOIAGES . v vttt et e -0.5 to +7 Volts(D
Supply Voltages . . ......... e -0.5 to +7 Volts®
Power Dissipation . . . . ..o vttt w

Note: @ With respect to Vgs

COMMENT: Stress above those listed under Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*Ta=25°C
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4 PD8279.5

PIN IDENTIFICATION N
DESCRIPTION
NO. SYMBOL NAME

1,2,5, RLQ.7 Return Lines Return line inputs which are connected to the scan

6,78, lines through the keys or sensor switches. They

38,39 have active internal pullups to keep them high until
a switch closure pulls one low. They also serve as an
8-bit input in the Strobed Input mode.

3 CLK Clock Clock from system used to generate internal timing.

4 tRQ Interrupt Interrupt Request. In a keyboard mode, the inter-

Request rupt line is high when there is data in the FIFO/
Sensor RAM. The interrupt line goes low with each
FIFO/Sensor RAM read and returns high if there
is stilt information in the RAM. In a sensor mode,
the interrupt line goes high whenever a change in a
sensor is detected.

9 Reset Reset Input A high signal on this pin resets the uPD8279-5.

10 RD Read Input Input/Output read and write. These signals enable

—_11_ o WR Write Input the data buffers to either send data to the external
bus or receive it from the external bus.

1219 DBg.7 Data Bus Bi-Directional data bus. All data and commands
between the processor and the uPD8279-5 are
transmitted on these lines.

20 Vss Ground Power Supply Ground

Reference

21 Ag Buffer Address| Buffer Address. A high on this line indicates the
signals in or out are interpreted as a command or
status. A low indicates that they are data.

22 cs Chip Select Chip Select. A low on this pin enables the inter-
face functions to receive or transmit.

23 8D Blank Display Blank Display. This output is used to blank the

Output display during digit switching or by a display
blanking command.

24-27 OUT Ag3 Display A These two ports are the outputs for the 16 x 4

Outputs display refresh registers. The data from these out-

2831 OUT Bp.3 Display B puts is synchronized to the scan lines (SLo-SL3)

Outputs for multiplexed digit displays. The two 4-bit ports
may be blanked independently. These two ports
may also be considered as one 8-bit port.

3235 SLo.3 Scan Lines Scan Lines which are used to scan the key switch
or sensor matrix and the display digits. These
lines can be either encoded (1 of 16) or decoded
(1 of 4).

36 Shift Shift Input -The shift input status is stored along with the key
position on key closure in the Scanned Keyboard
modes. It has an active internal pullup to keep it
high until a switch closure pulls it low.

37 CNTL/STB| Control/’ For keyboard modes this line is used as a control

Strobe Input input and stored like status on a key closure. The
line is also the strobe line that enters the data into
the FIFO in Strobed input mode (Rising Edge). It
has an active internal pullup to keep it high until
a switch closure pulls it low.

40 Vce +5V Input Power Supply Input
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Ta=0"C 1o +70°C; Vg = +5V £ 10%; Vs = OV.

LIMITS TEST
PARAMETER SYMBOL MIN S BTN UNIT CONDITIONS
Input Low Voltage for Shift, Vit -0.5 1.4 \
Control and Return Lines
Input Low Voltage (Others) ViL2 -0.5 0.8 Y
Input High Voltage for Shift, VIH1 2.2 \
Control and Return Lines
Input High Voltage (Others) ViH2 20 \Y
Output Low Voltage VoL 045 Vv loL=2.2mA
Output High Voltage on VOH 3.5 \% IQH = -400 uA
Interrupt Line
Input Current on Shift, [ITR] +10 MA Vin =Vce
Control and Return Lines -100 uA VN = 0V
Input Leakage Current L2 +10 nA ViN = Vce to OV
(Others)
Output Float Leakage I0FL +10 MA VouT = Vce to OV
Power Supply Current Icc 120 mA
LIMITS TEST
PARAMETER SYMBOL MIN | TYP| MAX UNIT CONDITIONS
Input Capacitance CIN 5 10 pF VIN = Vce
Output Capacitance CouTt 10 20 pF VouT = Vce

Ta=0°Cto +70°C; Vg = +5V £ 10%; Vss = OV

PARAMETER SYMBOL LIMITS UNIT b
MIN [ TYP |MAX CONDITIONS
READ
Address Stable Before READ tAR 0 ns
Address Hold Time for READ tRA 0 ns
READ Pulse Width tRR 250 ns
Data Delay from READ tRD 150 | ns | CL=150pF
Address to Data Valid tAD 250 ns | CL=150pF
READ to Data Floating tDF 10 100 | ns
Read Cycle Time tRCY 1 us
WRITE
Address Stable Before WRITE tAW 0 ns
Address Hold Time for WRITE|  twA 0 ns
WRITE Pulse Width tww  |250 ns
Data Set Up Time for WRITE tDW 150 ns
Data Hold Time for WRITE twD 0 ns
OTHER
Clock Pulse Width toW 120 ns
Clock Period tcy 320 ns
GENERAL TIMING
Keyboard Scan Time: 5.1ms Digit-on Time: 480 us
Keyboard Debounce Time: 10.3 ms Blanking Time: 160 us
Key Scan Time: 80 us Internal Clock Cycle: 10 us
Display Scan Time: 10.3 ms
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TIMING WAVEFORMS

pPD8279.5
INPUT FOR AC TESTS

2.0

I~ 20
TEST POINTS
-

0.8 038

READ
\ (SYSTEM'S
Ag. CS
0. ¢ X ADDRESS BUS)
=-tAR RCY: 1
RR RA
RD S (READ CONTROL)
-t o] tDF=]
tAD
DATA BUS .
HIGH IMPEDANCE
[OUTPUT) HIGH IMPEDANCE ~ |#——DATA VALID~——
WRITE
F (SYSTEM'S
Ao. €S j K ADDRESS BUS)
L WA
tAw ww

(WRITE CONTROL)

I——i DW—e= wo

DATA BUS
(INPUT)

DATA MAY CHANGE ﬁ'DATA VALID« DATA MAY CHANGE

CLOCK INPUT

tow —s=1

./




4 PD8279-5

The following is a description of each section of the uPD8279-5. See the block
diagram for functional reference.

1/0 Control and Data Buffers

Communication to and from the uPD8279-5 is performed by selecting CS, Ao, RD and
WR. The type of information written or read by the processor is selected by Ag. A
logic O states that information is data while a 1 selects command or status. RD and WR
select the direction by which the transfer occurs through the Data Buffers. When the
chip is deselected (CS = 1) the bi-directional Data Buffers are in a high impedance state
thus enabling the uPD8279-5 to-be tied directly to the processor data bus.

Timing Registers and Timing Control

The Timing Registers store the display and keyboard modes and other conditions pro-
grammed by the processor. The timing control contains the timing counter chain. One
counter is a divide by_ N scaler which may be programmed to match the processor
cycle time. The scaler must take a value between 2 and 31 in binary. A value which
scales the internal frequency to 100 KHz gives a 5.1 ms scan time and 10.3 ms switch
debounce. The other counters divide down to make key, row matrix and display scans.

Scan Counter

The scan counter can operate in either the encoded or decoded mode. In the encoded
mode, the counter provides a count which must be decoded to provide the scan lines.
In the decoded mode, the counter provides a 1 out of 4 decoded scan. In the encoded
mode the scan lines are active high and in the decoded mode they are active low.

Return Buffers, Keyboard Debounce and Control

The eight return lines are buffered and latched by the return buffers. In the keyboard
mode these lines are scanned sampling for key closures in each row. If the debounce
circuit senses a closure, about 10 ms are timed out and a check is performed again. If
the switch is still pressed, the address of the switch matrix plus the status of shift and
control are written into the FIFO. In the scanned sensor mode, the contents of
return lines are sent directly to the sensor RAM (FIFQ) each key scan. In the strobed
mode, the transfer takes place on the rising edge of CNTL/STB.

FIFO/Sensor RAM and Status

This section is a dual purpose 8 x 8 RAM. In strobe or keyboard mode it is a

FIFO. Each entry is pushed into the FIFO and read in order. Status keeps track of the
number of entries in the FIFO. Too many reads or writes to the FIFO will be treated
as an error condition. The status logic generates an IRQ whenever the FIFO has an
entry. In the sensor mode the memory is a sensor RAM which detects changes in the
status of a sensor. If a change occurs, the IRQ is generated until the change is
acknowledged.

Display Address Registers and Display RAM

The Display Address Register contains the address of the word being read or written
by the processor, as well as the word being displayed. This address may be pro-
grammed to auto-increment after each read or write. The display RAM may be read
by the processor any time after the mode and address is set. Data entry to the display
RAM may be set to either right or left entry.

OPERATIONAL
DESCRIPTION



1 PD8279-5

COMMAND OPERATION  The commands programmable to the uPD8279-5 via the data bus with CS active (0)
and AQ high are as follows:

Keyboard/Display Mode Set

[ofofofofp]r]x]k]

MSB LSB
Display Mode:
bb
o 0 8-8-bit character display — Left entry
0 1 @ 16-8 bit character display — Left entry
1 0 8-8 bit character display — Right eptry
1 1 16-8 bit character display — Right entry

Note: () Power on default condition

Keyboard Mode:

KKK

0 Encoded Scan — 2 Key Lockout
0 Decoded Scan — 2 Key Lockout
0 Encoded Scan — N Key Rollover
0 Decoded Scan — N Key Rollover

Encoded Scan-Sensor Matrix
Decoded Scan-Sensor Matrix

Strobed Input, Encoded Display Scan

- . 0 0O = = O O
- O = O = O = O

Strobed Input, Decoded Display Scan

Program Clock
Lofo[1]e]r[r]r]r]

Where PPPPP is the prescaler value between 2 and 31 this prescaler divides the external
clock by PPPPP to develop its internal frequency. After reset, a default value of 31 is
generated.

Read FIFO/Sensor RAM
Lo[1]ofm[x]a]AA] Ag=0
A1 is the auto-increment flag. AAé is the row to be read by the processor. The read
command is accomplished with (CS - RD - AO) by the processor. If Aqis 1, the row

select counter will be incremented after each read. Note that auto-incrementing has
no effect on the display.

Read Display RAM
[o[ [ 1]a1]AJA]ATA] Ag=0

Where A1 is the auto-increment flag and AAAA is the character which the processor
is about to read.

Write Display RAM
LiloJoJai]a[A]A]A]

where AAAA is the character the processor is about to write.

Display Write Inhibit Blanking
110 1] X|IW|IW|BL|BL

A|B |A|B
Where IWA and IWB are Inhibit Writing nibble A and B respectively, and BLA, BLB
are blanking. When using the display as a dual 4-bit, it is necessary to mask one of the
4-bit halves to eliminate interaction between the two halves. This is accomplished with
the IW flags. The BL flags allow the programmer to blank either half of the display

independently. To blank a display formatted as a single 8-bit, it is necessary to set
both BLA and BLB. Default after a reset is all zeros. All signals are active high (1).
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Clear COMMAND OPERATION
[*[1]0o]cofcofcn]crlca] (CONT.)
Cb Cp Cp
1 0 X All zeros
1 1 0 AB =201g
1 1 1 All ones

0 X X Disable clear display

This command is used to clear the display RAM, the FIFO, or both. The Cp options
allow the user the ability to clear the display RAM to either all zeros or all ones.

CF clears the FIFO.
CA clears all.

Clearing the display takes one complete display scan. During this time the processor
can’t write to the display RAM.

CF will set the FIFO empty flag and reset IRG. The sensor matrix mode RAM pointer
will then be set to row 0.

CA is equivalent to CF and Cp. The display is cleared using the display clear code
specified and resets the internal timing logic to synchronize it.
End Interrupt/Error Mode Set

Ll felxx]x][x]

In the sensor matrix mode, this instruction clears IRQ and allows writing into RAM.

In N key rollover, setting the E bit to 1 allows for operating in the special Error mode.
See Description of FIFO status.

FIFO Status
[Du|sE[OJ U] FI N[ NJ]N]J
Where: Dy = Display Unavailable because a clear display or clear all command is in
progress.
S/E = Sensor Error flag due to multiple closure of switch matrix.

O = FIFO Overrun since an attempt was made to push too many
characters into the FIFO.
U = FIFO Underrun. An indication that the processor tried to read an
empty FIFO.
F = FIFO Full Flag.
NNN = The Number of characters presently in the FIFO.

The FIFO Status is Read with Ag high and CS, RD active low.

The Display not available is an indication that the Cp or C A command has not
completed its clearing. The S/E flags are used to show an error in multiple closures has
occurred. The O or U, overrun or underrun, flags occur when too many characters are
written into the FIFO or the processor tries to read an empty FIFQ. F is an indication
that the FIFO is full and NNN is the number of characters in the FIFO.

Data Read

Data can be read during Ag = 0 and when CS, RD are active low. The source of the
data is determined by the Read Display or Read FIFO commands.

Data Write

Data is written to the chip when Ag, CS, and WR are active low. Data will be written
into the display RAM with its address selected by the latest Read or Write Display
command.
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COMMAND OPERATION
(CONT.)

PACKAGE OUTLINE
uPD8279-5C

wPD8279-5

PNata Format

RET
) 1

T T
CNTL | SH SCAN
1 !

In the Scanned Key mode, the characters in the FIFO correspond to the above format
where CNTL and SH are the most significant bits and the SCAN and return lines are
the scan and column counters.

I RL7| RLg I RLs ] RLa l RL3 I RL2 I RL1 | RLo]

In the Sensor Matrix mode, the data corresponds directly to the row of the sensor
RAM being scanned. Shift and control (SH, CNTL) are not used in this mode.

Control Address Summary

Ag DATA

MSB LSB
1{oJoJo]o]o] k] k] K| Keyboard Display Mode Set
1loflof1p]er]P]r] P]| LoadProgam cClock
oo 1 [ofar[x[Aa]Aa]| A]| RedFiFo/sensor RAM
0P)|1|1IA1|A|A|AIAIReadDisplayRAM
11 ]oJo[a][alA]A] A] writDisplay RAM
v Lo [ x | W R B BL Y Display Write Inhibit/Blanking

ury
1
-

[co[Co]Co] cr] Ca]

u—y
—
o

Clear

1t 0[] JE] x| x ][ x] x| endinterupt/Error Mode set
1 [ou]se]o Jul F] N[ n] N] FiFostatus
K
A I__L
1 . -
JEARRNL e
o e
BI—- Fi “‘]C':‘ D“ 0° — 15 -
. e
(Plastic)
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 1.62 0.064
C 254+ 0.1 0.10 ¢ 0.004
D 0.5+ 0.1 0.019 + 0.004
E 48.26 1.9
F 1.2 MIN 0.047 MIN
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
1 5.22 MAX 0.206 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.600
L 13.2 0.520
+0.1 +0.004
0.25
h 005 | %% go02

8279-5DS-REV 1-12-80-CAT
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NEC

NEC Microcomputers, Inc. M PB8282

DESCRIPTION

FEATURES

FUNCTIONAL
DESCRIPTION

H'PB8283

OCTAL LATCH

The uPB8282/8283 are 8-bit latches with tri-state output buffers. The 8282 is non-
inverting and the 8283 inverts the input data. These devices are ideal for demuxing
the address/data buses on the 8085A/8086 microprocessors.

The 8282/8283 are fabricated using NEC's Schottky bipolar process.

Supports 8080, 8085A, 8048, 8086 Family Systems

Transparent During Active Strobe

Fully Parallel 8-Bit Data Register and Buffer

High Output Drive Capability (32 mA) for Driving the System Data Bus
Tri-State Outputs

20-Pin Package

— . [\
oip 1 20 vee pio O 20 vec
on 2 191 pog o 2 19| bog
Di; 3 18 poy DI2 (3 18] 607
DIz 4 17[0) DOy DI3 []4 17[] DOz
DIs s g;:z 16[1] DO3 Dis s g;gs 160 @
DIs Q6 15[ DOg4 DIs [(Je 15[ DO4
Dig 17 14[] DOg Dls []7 14| DOs
Di7 s 13|70 DOg D7 ]s 133 BOe
oE o 129 poy OE 9 12[] b7
GND[T10 1[] sT8 GNB[T0 11[] sTB

PIN NAMES
Dlg-Dl7 | DATAIN
DOgDO7 | DATA OUT
OE OUTPUT ENABLE
STB STROBE

The uPB8282/8283 are 8-bit latches with tri-state output buffers. Data on the inputs
is latched into the data latches on a high to low transition of the STB line. When STB
is high, the latches appear transparent. The OE input enables the latched data to be
transferred to the output pins. When OE is high, the outputs are put in the tri-state
condition. OE will not cause transients to appear on the data 6utputs.
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j PB8282/8283

8282
F————— -1 r
l > :
I : I
! |
l ! i
7N L _____ 'i_ 17 N\ 7N L'__——— VN
@ :"1 g @ @ ;-' L @
7N —— o — < ) ——— e —— Ve
c2) 1ﬁk _,l: D=t hg©
————— 7N [7 b= — - — [ZN]
Sx=| ;: Qg H1%)
< _—— e — 7 [7 —— e —
Q= g OO = S
[l __J__—__'_| 7Y 7 —— e
gl=—18 a8
N —_——— - — [N N b - —— [Z=N
Oggem H O gy &)
@——1L_____r- o) [ov) =~ 55)
>—L _____ J_< Y D) '—_—L____...__I" Nae?)

>

)
D]

)
D]

()
D]

Operating TEMPerature . ... ... .. .cuuvr v iiiinnennn 0°C to 70°C
Storage Temperature -65°C to +150°C
All Output and Supply Voltages . . .............. .0 cuvuvun. -0.5V to +7V
All InputVoltages . ... ........ .0t -1.0V to 5.5V

COMMENT: Stress above those listed under “Absolute Maximum Ratings” may'"'cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*Ta=25C

5%, Ta = 0°C to 70°C

670

Conditions: Ve = 5V
PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS

input Clamp Voltage Ve -1 v Ic =~6 mA

Power Supply Current icc 160 mA

Forward Input Current Ig -0.2 mA Vg =045V

Reverse Input Current IR 50 uA VR =5.25V

Output Low Voltage VoL 0.50 v ioL=32mA

Output High Voltage VOH 24 v IgH =-5mA

Output Off Current lOFF +50 BA VOFF =045 to 5.25V

Input Low Voltage ViL 08 v Vcc=5.0v®

Input High Voltage ViH 20 v Vcc=5.0v@
F=1 MHz

Input Capacitance CiN 12 pF VBIAS=2.5V, Vgc=5V
Ta=25°C

Notes:(D) Output Loading loL =32 mA, Igy =-5 mA, C_ =300 pF

BLOCK DIAGRAMS

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS



AC CHARACTERISTICS

TIMING WAVEFORMS

Conditions: VCC = 5V * 5%, T = 0°C to 70°C
Loading: Outputs — I = 32 mA, IQH =-5 mA, C| = 300 pF

. PB8282/8283

OUTPUTS

PARAMETER SYMBOL MIN MAX UNITS

Input to Output Delay TIvOov
—Inverting 25 ns
—Non-Inverting 35 ns

STB to Output Delay TSHOV
—Inverting 45 ns
—Non-Inverting 55 ns
Output Disable Time TEHOZ 25 ns
Output Enable Time TELOV 10 50 ns
Input to STB Setup Time TIVSL 0 ns
Input to STB Hold Time TSLIX 25 ns
STB High Time TSHSL 15 ns

INPUTS ){
le— TIVSL TSLIX
sTB -P
- TSHSL
cs
— je— TIVOV TEHOZ TELOV
VoL 0.1V VoH - 0.5V
voroavf T T T T T T
le— TSHOV ..,I SEE NOTE 1
1.5V 1.5V 2.14V
330 1800 - 52.7Q
ouT ouT ouT
1300 pF Isoo pF I 300 pF
3-STATE TO VoL 3-STATE TO VoH SWITCHING
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PACKAGE OUTLINES

uPB8282C
uPB8283C

uPB8282D
uPB8283D

672

4 PB8282/8283

=

\
f :
i | M
)
c 0-15°
F|
| E |
Plastic
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055%
C 2.54 0.1
D 0.45 0.02
E 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MiIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
L 6.7 0.26
M 0.25 0.01
K
A

B = = = €= =5~ -JFLF

Cerdip

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
8 1.44 0.055
C 2.54 0.
0 0.45 0.02
E 20.32 0.8
F 1. 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0,02 MIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
L 6. 0.26
M 0.25 0.01

8284DS-10-80-CAT



NEC

NEC Microcomputers, Inc. . PB8284

CLOCK GENERATOR AND DRIVER FOR
8086/8088 MICROPROCESSORS

DESCRIPTION The uPB8284 is a clock generator and driver for the 8086 and 8088 microprocessors
This bipolar driver provides the microprocessor with a reset signal and also provides
properly synchronized READY timing. A TTL clock is also provided for peripheral

devices.
FEATURES « Generate System Clock for the 8086 and 8088
e Frequency Source can be a Crystal or a TTL Signal
e MOS Level Output for the Processor
e TTL Level Qutput for Peripheral Devices
e Power-Up Reset for the Processor
e READY Synchronization
e +b5V Supply
e 18 Pin Package

PIN NAMES
PIN CONFIGURATION

X1, X2 Crystal Connections
P TANK For Overtone Crystal
CcYSNe d 1 18[dvee F/C Clock Source Select
PCLK E 2 173 X1 EFI External Clock Input
AENT 3 16 X2 CSYNC | Clock Synchronization Input
rov1 s 153 T RDY1 } Ready SignaLfrom
) uPB RDY2 MultibusTM™ Systems
reaov[s Loon P EF AENT | | Address Enable Qualifiers
RDY2 C 6 13[J F/C AEN2 } for the two RDY Signals
KE—"EE 7 12[J osc RES Reset Input
CLKE 8 11 j RES RESET Synchronized Reset Output
GND[J9 10 : RESET osc Oscillator Output
CLK MOS Clock for the Processor
PCLK TTL Clock for Peripherals
READY Synchronized Ready Output

*TM - Multibus is a trademark of Intel Corporation.
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PIN IDENTIFICATION

NO.

SYMBOL

NAME

FUNCTION

CSYNC

Clock Synchronization

An active high signal which allows
multiple 8284s to be synchronized.
When CYSNC is low, the internal
counters count and when high the
counters are reset. CYSNC should
be grounded when the internal
oscillator is used.

PCLK

Peripheral Clock

A TTL level clock for use with per-
ipheral devices. This clock is one-
half the frequency of CLK.

3,7

AEN1, AEN2

Address Enable

This active low signal is used to
qualify its respective RDY inputs.
If there is only one bus to interface
to, AEN inputs are to be grounded.

4,6

RDY1, RDY2

Bus Ready

This signal is sent to the 8284 from
a peripheral device on the bus to
indicate that data has been received
or data is available to be read.

READY

Ready

The READY signal to the micro-
processor is synchronized by the
RDY inputs to the processor CLK.
READY is cleared after the guaran-
teed hold time to the processor has
been met.

CLK

Processor Clock

This is the MOS level clock output
of 33% duty cycle to drive the
microprocessor and bipolar support
devices (8288) connected to the
processor. The frequency of CLK is
one third of the crystal or EFI
frequency.

RESET

Reset

This is used to initialize the proces-
sor. Its input is derived from an RC
connection to a Schmitt trigger
input for power up operation.

n

Reset In

This Schmitt trigger input is used to
determine the timing of RESET out
via an RC circuit.

12

Oscillator Qutput

This TTL level clock is the output |
of the oscillator circuit running at
the crystal frequency.

13

F/C

Frequency Crystal Select

F/C is a strapping option used to
determine where CLK is generated.
A low is for the EFl input, and a
high is for the crystal.

14

EF1

External Frequency In

A square wave in at three times the
CLK output. A TTL level clock to
generate CLK.

16, 17

X1, X2

Crystal In

A crystal is connected to these
inputs to generate the processor
clock. The crystal chosen is three
times the desired CLK output.

TNK

Tank

This is used for overtone type
crystals. (See diagram below.)

vcc

vceC

+5V

674
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BLOCK DIAGRAM

RESET

X1
XTAL

X oSCIL- * osc
2 LATOR VvV
TANK e}

—— LK

SYNC

+2 PCLK
SYNC
CSYNC
RDY1 CcK
g l\_‘ D Q 3~ READY
Lﬂ”
RDY2
ABSOLUTE MAXIMUM  Operating TEMPErature . . .. ... ......oueenueeeneennennenns 0°C to 70°C
RATINGS*  Storage TEMPerature . . . .. .....oveeeeneeenennenenenns -65°C to +150°C
All Output and Supply Voltages. . .. ......... .o nenn.. -0.5V to +7V
Al INput Voltages. . . .. oo vt ittt e it e e -1.0V to +5.5V

COMMENT: Stress above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*Ta=25°C

DC CHARACTERISTICS  Conditions: Ta=0°C t0 70°C; Vcc =5V + 10%

PARAMETER SYMBOL | MIN | MAX | UNIT CONT;:-II-ONS
Forward Input Current IF -0.5 mA | VF =0.45V
Reverse input Current IR 50 MA VR =5.25V
Input Forward Clamp Voltage | V¢ -1.0 v Ic=-5mA
Power Supply Current Ice 140 mA
Input Low Voltage Vio 0.8 \ Vce = 5.0V
Input High Voltage ViH 2.0 \ Vce =5.0v
Reset Input High Voltage ViHR 26 \ Vee =5.0v
Output Low Voltage VoL 045 V 5 mA =lg_
Output High Voltage CLK VOH 4 Vv -1 mA} |
Other Outputs 24 \ -1mAf OH
RES Input Hysteresis VIHR'VILR | 0.25 \ vVee =5.0v
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4 PB8284

TTL source. There is an internal divide by three counter which receives its input from
either the crystal or TTL source (EFI Pin) depending on the state of the F/C input
strapping. There is also a clear input (C SYNC) which is used for either inhibiting the
clock, or synchronizing it with an external event (or perhaps another clock generator
chip). Note that if the TTL input is used, the crystal oscillator section can still be used
for an independent clock source, using the OSC output.

The clock generator can provide the system clock from either a crystal or an external FUNCTIONAL DESCRIPTION

For driving the MOS output level, there is a 33% duty cycle MOS output (CLK) for the
microprocessor, and a TTL output (PCLK) with a 50% duty cycle for use as a peripheral
clock signal. This clock is at one half of the processor clock speed.

Reset timing is provided by a Schmitt Trigger input (RES) and a flip-flop to synchronize
the reset timin_g_t_o the falling edge of CLK. Power-on reset is provided by a simple RC
circuit on the RES input.

There are two READY inputs, each with its own qualifier (AEN1, AEN2). The unused
AEN signal should be tied low.

The READY logic in the 8284 synchronizes the RDY1 and RDY2 asynchronous inputs
to the processor clock to insure proper set up time, and to guarantee proper hold time
before clearing the ready signal.

TANK INSERT
I p— [ o%¢ CIRCUIT DIAGRAM
— ——— CLK
X2 P PCLK
3TO 10 pF
8284
Vee
L e
RES RESET
-=L_° TANK

r— /77T
| . l
| 1 l USED WITH OVERTONE
| = iy I CRYSTALS ONLY
Cgp cr - |
I < I |
e e J

The tank input to the oscillator allows the use of overtone mode crystals.
The tank circuit shunts the crystal’s fundamental and high overtone fre-
quencies and allows the third harmonic to oscillate. The external LC net-
work is connected to the TANK input and is AC coupled to ground.
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AC CHARACTE R |ST|CS Conditions: T, =0°C to 70°C; Vgc = 5V + 10%

TIMING REQUIREMENTS

PARAMETER SYMBOL MIN MAX | UNITS CON;?‘?I:)NS
External Frequency High Time TEHEL 20 ns 90%-90% Vin
External Frequency Low Time TELEH 20 ns 10%-10% Vin
EF| Period TELEL TEHEL + TELEH + 6 ns @
XTAL Frequency 12 25 MHz
RDY1, RDY2 Set-Up to CLK TR1VCL 35 ns
RDY1, RDY2 Hold to CLK TCLR1X Y] ns
AEN1, AEN2 Set-Up to RDY1, RDY2 TAIVR1V 15 ns
AEN1, AEN2 Hold to CLK TCLAIX 0 ns
CSYNC Set-Up to EFI| TYHEH 20 ns
CSYNC Hold to EF| TEHYL 20 ns
CSYNC Width TYHYL 2 TELEL ns
RES Set-Up to CLK TITHCL 65 ns ®
RES Hold to CLK TCLITH 20 ns @
TIMING RESPONSES
TEST
PARAMETER SYMBOL MIN MAX | UNITS CONDITIONS
CLK Cycle Period TCLCL 125 ns
CLK High Time TCHCL (1/3 TCLCL) +2.0 ns Figure 3 and Figure 4
CLK Low Time TCLCH (2/3 TCLCL) -15.0 ns Figure 3 and Figure 4
CLK Rise and Fall Time 123;((::}:12 10 ns 1.0V to 3.5V
PCLK High Time TPHPL TCLCL -20 ns
PCLK Low Time TPLPH TCLCL -20 ns
Ready Inactive to CLK @ TRYLCL -8 ns Figure 5 and Figure 6
Ready Active to CLK @ TRYHCH |[(2/3 TCLCL) -15.0 ns Figure 5 and Figure 6
CLK To Reset Delay TCLIL 40 ns
CLK to PCLK High Delay TCLPH 22 ns
CLK to PCLK Low Delay TCLPL 22 ns
OSC to CLK High Delay TOLCH -5 12 ns
OSC to CLK Low Delay TOLCL 2 20 ns
Notes: (D) & = EF rise (5 ns max) + EF| fall (5 ns max).

(D Set up and hold only necessary to guarantee recognition at next clock.

(@) Applies only to T3 and TW states.

(@) Applies only to T2 states.

TIMING WAVEFORMS* -
NAME 1/
“ R v
gy

osc o . -~ e e o

TeHICH2 ToLct —] TeLeL

TRIVCL —e-f

N
WAWA
? ==

X

[N gy S

READY O

)
] Tvici—]
( /

TYHEH—=] - e—TRYHCH——]
—=]  le—TEHYL

csyne ! )-__—... »‘—Tcum—*.nml:l.u
R

.
\ e
o — T

*ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.

-
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Vee

5 pF
o

2aMK:C3

x2

I— [

FIGURE 1
CLOCK HIGH AND LOW TIME

vee

e o0
AW ax
€]
soF
20 mm: 3 READY Loa0
T @
x2 osc
PULSE
GENERATOR ROY2
TRIGGER Fic
AEN2

FIGURE 3
READY TO CLK

Vee

L

PULSE I LoaD
GENERATOR EF oLk o)

CSYNC

FIGURE 2
CLOCK HIGH AND LOW TIME

.
cenenaron oo _&_‘

Fic
[AENT

TRIGGER
PULSE RDY2
GENERATOR AEN2
LoD
csYNC  ReaDY )

FIGURE 4
READY TO CLK

TEST

POINT
Vee

FROM OUTPUT_ |
UNDER TEST

1o
Io

LOAD

ALL DIODES 1N3064
OR EQUIVALENT

OUTPUT

NOTES: (D Cy = 100 pF
@cCL=30pF

@CL INCLUDES PROBE AND JIG CAPACITANCE
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PACKAGE OUTLINES
uPB8284C

uPB8284D

1
U

Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2.54 0.1
D 0.45 0.02
E 20.32 0.8
F 1.2 0.06
G 2.5 MIN, 0.1 MIN,
H 0.5 MIN. 0.02 MIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
L 6.7 0.26
M 0.25 0.01

K ——

M
0-15°
Cerdip

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B8 1.44 0.055
c 254 0.1
D 0.45 0.02
E 20.32 0.8
F 1. 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
1 4.6 MAX. 0.18 MAX,
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
L 6. 0.26
M 0.25 0.01

8284DS-10-80-CAT
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NEC

NEC Microcomputers, Inc. J.PB8286
uPB8287

8-BIT BUS TRANSCEIVER

DESCRIPTION The 8286 and 8287 are octal bus transceivers used for buffering microprocessor
bus lines. Being bi-directional, they are ideal for buffering the data bus lines on
8 or 16 bit microprocessors. Each B output is capable of driving 32 mA low or 5 mA
high.

FEATURES e Data Bus Buffer Driver for uCOM-8 (8080, 8085A, 780) and uCOM-16 (8086)
families

Low Input Load Current - 0.2 mA max.

High Output Drive Capability for Driving System Data Bus

Tri-State Outputs

20 Pin Package with Fully Parallel 8-Bit Transceivers

PIN CONFIGURATIONS

Ao 1 e 20 vee Ao 11 20[QVce
A1 -2 19980 A1 Q2 19780
A2 3 18 B4 A2 []3 18F]B_1_
A3 4 17182 A3 )4 17[) B2
A s 8‘12;36 160 B3 A455 8“2';'3; 1818
As Qe 15[ B4 As (e 158784
as 17 14[] 85 as 7 14[]8s
A7 Qs 13 B6 A7 s 13 86
e nfe seds  pg
ano [ho T ano 1o nPr
PIN NAMES

Ag-A7 Local Bus Data
Bp-B7 System Bus Data
OE QOutput Enable
T Transmit
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7 P~ | P ————— 4| N
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<] r‘ ——————— "
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M J7
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o
o

OE | T RESULT
V] (4] B—A
0 1 A-B
1 0 Aand B
1 1 } HIGH
IMPEDANCE
Operating TEMPerature . ... ..........oueuur e 0°C to 70°C
Storage Temperature . . . .. ........ovuviuenn ., -65°C to +150°C
All Output and Supply Voltages. . .. .. .......vvveeennnnn.. -0.5V to +7V
AllInput Voltages. . . . .o v e it e e e e e -1.0V to +5.5V
Power Dissipation . ... ... e 1w

COMMENT: Stress above those listed under “’Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*T,=25°C

682

BLOCK DIAGRAMS

ABSOLUTE MAXIMUM
RATINGS*



DC CHARACTERISTICS

Ta=0°Cto 70°C, Vg =5V £ 5%
a cc

/4 PB8286/8287

PARAMETER symeoL | mIN [MAX JunITS | TEST CONDITIONS
Input Clamp Voltage Ve -1 A\ Ic=-56mA
Poner Suppy Curen (=228 —— GG 130} ma
Forward Input Current Ig -0.2 mA VE =0.45V
Reverse Input Current IR 50 KA VR =56.25V
— B Outputs 0.5 Vv loL =32mA
Output Low Voltage _ 5 o 1puts | VOL 05 | vV |i1oL=10mA
. — B Outputs 24 \% IoH = -5 mA
Output High Voltage — A Outputs VoH 24 \% loH =-1 mA
Output Off Current I0FF 13 VOFF =0.45V
Output Off Current l0FF IR VOFF =5.25V
— A Side ViL 0.8 \% vec=50v (D
Input Low Voltage I —f5ie ViL 08| vV |vec=s0v
Input High Voltage ViH 2.0 v vec=sov @
F=1MHz
' ) —ASi 16 =25V, =
!lnput Capacitance A Silg: Cin 2 oF ¥aBI=A285002 5V, Vcc =5V
Note: (1) B Outputs — Ig_ = 32 mA, IgH = =5 mA, C_ = 300 pF
A Outputs — Ig_ = 10 mA, Igy ==1 mA, C_ =100 pF
CAPACITANCE T, = 25°C;f = 1 MHz
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Input Capacitance C 5 8 pF V=0V
Output Capacitance Co 8 12 pF Vo =0V
AC CHARACTERISTICS T,=0°Cto 70°C, VcCc =5V * 5%
SYMBOL PARAMETER MIN MAX UNITS
TIVOV Input to Output Delay
Inverting 25 ns
Non-Inverting 35 ns
TEHTV Transmit/Receive Hold Time | TEHOZ ns
TTVEL Transmit/Receive Setup 30 ns
TEHOZ Qutput Disable Time 25 ns
TELOV Output Enable Time 10 50 ns

Notes: See waveforms and test load circuit.
B Outputs — IQL =32 mA, IgH =-5mA, C =300 pF
A Outputs — gL =10 mA, IoH =-1mA, C_= 100 pF
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4 PB8286/8287

WAVEFORMS
s
OF
ooy Aoz mo |-
—_— Yoo
ey

TEST LOAD CIRCUITS

15v 1.5V 2.4y
30 [_]°] s27Q
our our our
Im oF I 100 pF Im oF
uuvs- fo voL un'r:vo VoL smr:nmo
B8 OUTPUT A OUTPUT B OUTPUT
15v 1.8v 2.28v
1800 900Q 1140
our out our
I 300 pF I 100 pF I 100 pF
NYAT; 70 Vou uur:vo Vou svmzmna
B OUTPUT A OUTPUT A OUTPUT
MOS microprocessors like the 8080/8085A/8086 are generally capable of driving a FUNCTIONAL
DISCRIPTION

single TTL load. This also applies to MOS memory devices. While sufficient for min-
imum type small systems on a single PC board, it is usually necessary to buffer the
microprocessor and memory signals when a system is expanded or signals go to other

PC boards. )
These octal bus transceivers are designed to do the necessary buffering.

Bi-Directional Driver

Each buffered line of the octal driver consists of two separate tri-state buffers. The B
side of the driver is designed to drive 32 mA and interface the system side of the
bus to 1/0, memory, etc. The A side is connected to the microprocessor.

Control Gating, OE, T

The OE (output enable) input is an active low signal used to enable the drivers selected
by T on to the respective bus. -

T is an input control signal used to select the direction of data through the trans-

ceivers. When T is high, data is transferred from the Ag-A7 inputs to the Bg-B7 out-
puts, and when low, data is transferred from BQ-B7 to the Ag-A7 outputs.



PACKAGE OUTLINE
uPD8286C
uPD8287C

uPD8286D
uPD8287D

M PB8286/8287

Plastic
1ITEM MILLIMETERS INCHES
A 232 MAX 0.91 MAX.
B8 144 0055
T 01
[5) 045 1 002
E 20.32 08
F 1.2 006
G 2.5 MIN 0.7 MIN
_H 0.5 MIN 002 MIN
1 4.6 MAX 0.18 MAX
J 5.1 MAX 0.2 MAX
LS 762 03
L 6.7 026
M 0.25 0.01

D

B»Jr‘— ~—-(C$<——-~<-.4FI——

—E

o, b \
s N
' .
G M
0-15" =4
Cerdip
ITEM MILLIMETERS INCHES

A 23.2 MAX. 0.91 MAX.
8 1.44 0.055
C 2.54 0.1
D 0.45 0.02
3 20.32 0.8
F 1.2 0.06
G 2.5 MIN, 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
I 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
L 6.7 0.26
M 0.25 0.01

8286/8287-DS-10-80-CAT
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NEC

NEC Microcomputers, Inc. 4 PB8288

PRENINAEY

A1 PD8086/8088 CPU SYSTEM BUS CONTROLLER

DESCRIPTION The uPB8288 bus controller is for use in medium to large uPD8086/8088 systems. This
20-pin bipolar component provides command and control timing generation, plus
bipolar drive capability and optimal system performance. It provides both
MultibusTM command signals and control outputs for the microprocessor system.
There is an option to use the controller with a multi-master system bus and separate
1/0 bus.

FEATURES e System Controller for nPD8086/8088 Systems
o Bipolar Drive Capability
e Provides Advanced Commands
e Tri-State Output Drivers
e Can be used with an |/O Bus
e Enables Interface to One or Two Multi-Master Buses
e 20-Pin Package
PIN NAMES
PIN CONFIGURATION \0B 1 ~ 20 : Vee S0-S2 Status Input Pins
— CLK Clock
C_lf_ d 2 19 g ?2 ALE Address Latch Enable
s1 gs: sglls2 DEN Data Enable
oT/R O}4 170 MCE/PDEN DT/R Data Transmit/Receive
ALE [Js wPB 16[] DEN AEN Address Enable
AEN Os 8288 5 ] CEN CEN Command Enable
WrRDC []7 14 INTA 108 1/0 Bus Mode
AMWC []8 13 I0RC AIOWC Advanced /O Write
MWTC e 127 AIOWC IE_VL_(S 1/0 Write Command
. G 10 1" p owe ;EON;;C 1/0 Read Command :
Advanced Memory Write
MWT Memory Write Command
MRDC Memory Read Command
INTA Interrupt Acknowledge
MCE/PDEN | Master Cascade/Peripheral
Data Enable

T™ — Multibus is a trademark of Intel Corp.
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J.PB8288

PIN

NO. |SYMBOL

NAME

FUNCTION

1/0 Bus Mode

Sets mode of uPB8288, high for the 1/0|

bus mode and low for the system
bus mode.

Clock

The clock signal from the uPB8284
clock generator synchronizes the
generation of command and control
signals.

3,19,18/50, 51,52

Status Input Pins

The uPB8288 decodes these status
lines from the uPB8086 to generate
command and control signals.When
not in use,these pins are high.

Data Transmit/Receive

This signal is used to control the
bus transceivers in a system. A high
for writing to 1/0 or memory and
a low for reading data.

5 ALE

Address Latch Enable

This signal is used for controlling
transparent D type latches (uPB8282/
8283). It will strobe in the address

on a high to low transition.

Address Enable

In the 1/0 system bus mode, AEN
enables the command outputs of

the uPB8288 105 ns after it becomes
active. |If AEN is inactive, the
command outputs are tri-stated.

Memory Read
Command

This active low signal is for switch-
ing the data from memory to the
data bus.

Advanced Memory
Write Command

This is an advanced write command
which occurs early in the machine
cycle, with timing the same as the
read command.

Memory Write
Command

This is the memory write command
to transfer data bus to memory, but
not as early as AMWC. (See timing
waveforms.)

11 1o0wWC

1/0 Write Command

This command is for transferring
information to 1/0 devices.

12 AIOWC

Advanced 1/0 Write
Command

This write command occurs earlier
in the machine cycle than TOWC.

13 I0RC

1/0 Read Command

This signal enables the CPU to
read data from an 1/0 device.

14 INTA

Interrupt Acknowledge

This is to signal an interupt-
ing device to put the vector
information on the data bus

15 CEN

Command Enable

This signal enables all command
and control outputs. If CEN is low,
these outputs are inactive.

Data Enable

This signal enables the data trans-
ceivers onto the bus.

17 MCE/

Master Cascade Enable
Peripheral Data Enable

Dual function pin system.
MC/E — In the bus mode, this
signal is active during an inter-
rupt sequence to read the cascade
address from the master interrupt
controller onto the data bus.

— In the 1/O bus mode,
it enables the transceivers for the
1/0 bus just as DEN enables bus
transceivers in the system bus
mode.
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1 PB8288

So MRDOC
8086 ) — STATUS
sTaTus ) S1 DECODER com- MWTC
S2 MAND AMWC { MULTIBUSTM
SIGNAL TORC  COMMAND
[ GETN(E:A- owe [ s'oNALs
ATOWC
l.— INTA
S CONTROL OT/R ADDRESS LATCH, DATA
CONTROL ) AEN CONTROL SIGNAL DEN TRANSCEIVER, AND
INPUT ) CEN LOGIC GENERA- MCE/FBEN ( 'NTERRUPT CONTROL
TOR SIGNALS
108 ALE

[

+5V GND
CONNECTING THE BUS CONTROLLER TO THE CPU

CLK So
uPB8284 READY 2 _ZL X
B a & uPDB086/ ’ DEZEN uPB8288 SS?MAND
8088 DT/R
cPu ALE
MN/MX
L3
- TO STB OF .PB8282/8283 LATCH
TO T OF uPBB286/8287 TRANSCEIVER
TO OE OF uPB8286/8287 TRANSCEIVER

ABSOLUTE MAXIMUM  QpERATING TEMPERATURE . ... ....o@voeenenann. . 0°C to 70°C
RATINGS™  Storage Temperature . . . . . ..., -65°C to +150°C

All Output and Supply Voltages®. ......................... -0.5V to +7V

Al Input Voltages@ .. ... ... -1.0V to +5.5V

Power Dissipation . . . .............. P s oo 1BW

Note:@With Respect to Ground.

COMMENT: .Stress above those listed under " Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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1. PB8288
The three status lines (50, §1, §2) from the uPD8086 CPU are decoded by the command FUNCTIONAL

logic to determine which command is to be issued. The following chart shows the DESCRIPTION
decoding: ?2 'S: —53 uPD8086 State uPB8288 Command

0 0 0 Interrupt Acknowledge INTA

0 O 1 Readl/OPort TORC

0 1 0 Write /O Port TOWC, ATOWC

0 1 1  Halt None

1 0 O Code Access MRDC

1 0 1 ReadMemory MRDC

1 1 0  Write Memory MWTC, AMWC

1 1 1  Passive None

There are two ways the command is issued depending on the mode of the uPB8288,

The 1/O bus mode is enabled if the 0B pin is pulled high. In this mode, all /0 com-
mand lines are always enabled and not dependent upon AEN. When the processor
sends out an 1/0 command, the uPB8288 activates the command lines using PDEN
and DT/R to control any bus transceivers.

This mode is advantageous if 1/0 or peripherals dedicated to one microprocessor

are in a multiprocessor system, allowing the uPB8288 to control two external buses.
No waiting is required when the CPU needs access to the 1/O bus, as an AEN low
signal is needed to gain normal memory access.

If the 10B pin is tied to ground, the uPB8288 is in the system bus mode. In this mode,
commana signals are dependent upon the AEN line. Thus the command lines are
activated 105 ns after the AEN line goes low. In this mode, there must be some

bus arbitration logic to toggle the AEN line when the bus is free for use. Here,

both memory and 1/O are shared by more than one processor, over one bus, with

both memory and 1/0 commands waiting for bus arbitration,

Among the command outputs are some advanced write commands which are initiated
early in the machine cycle and can be used to prevent the CPU from entering
unnecessary wait states.

The INTA signal acts as an 1/O read during an interrupt cycle. This is to signal the
interrupting device that its interrupt is being acknowledged, and to place the interrupt
vector on the data bus.

The control outputs of the uPB8288 are used to control the bus transceivers in a system.
DT/R determines the direction of the data transfer, and DEN is used to enable the
outputs of the transceiver. In the OB mode the MCE/PDEN pin acts as a dedicated
data enable signal for the 1/0O bus.

The MCE signal is used in conjunction with an interrupt acknowledge cycle to control
the cascade address when more than one interrupt controller (such as a uPD8259A) is
used. If there is only one interrupt controller in a system, MCE is not used as the

INTA signal gates the interrupt vector onto the processor bus. In multiple interrupt
controller systems, MCE is used to gate the uPD8259 A’s cascade address onto the
processors local bus, where ALE strobes it into the address latches. This occurs during
the first INTA cycle. During the second TNTA cycle the addressed slave uPD8259A gates
its interrupt vector onto the processor bus.

The ALE signal occurs during each machine cyclg_gnd is used to strobe data into
the address latches and to strobe the status (S0, S7, 52) into the uPB8288. ALE also
occurs during a halt state to accomplish this.

The CEN (Command Enable) is used to control the command lines. |f pulled high the
©PB8288 functions normally and if grounded all command lines are inactive.

690



1.PB8288

DC CHARACTERISTICS ~ Yec=oV: 10K Ty=C"Cro70%c

PARAMETER SYMBOL | MIN MAX | UNIT | TEST CONDITIONS
Input Clamp Voltage Ve -1 \Y ic=-5mA
Power Supply Current Icc 230 mA
Forward Input Current g -0.7 mA Vg =0.45V
Reverse Input Current IR 50 BA VR =Vce
Output Low Voltage — Command Outputs v 0.5 v loL=32mA
Control Outputs oL 0.5 v loL=16mA
Output High Voltage — Command Outputs v 24 \" lIoH =-5mA
Control Outputs OH 2.4 \ IoH =-1mA
Input Low Voltage ViL 0.8 v
Input High Voltage ViH | 2.0 \"
Output Off Current 10FF 100 HA VOFF = 0.4 t0 56.25V
AC CHARACTERISTICS Vce=5V:10% To=dCro70°C
TIMING REQUIREMENTS
PARAMETER SYMBOL MIN MAX UNIT LOADING
CLK Cycle Period TCLCL 125 ns
CLK Low Time TCLCH 66 ns
CLK High Time TCHCL 40 ns
Status Active Setup Time TSVCH 65 ns
Status Active Hold Time TCHSV 10 ns
Status Inactive Setup Time TSHCL 55 ns
Status Inactive Hold Time TCLSH 10 ns
TIMING RESPONSES
PARAMETER SYMBOL MIN MAX UNIT LOADING
Control Active Delay TCVNV 5 a5 ns
Control Inactive Delay TCVNX 10 45 ns
ALE MCE Active Delay (from CLK) TCLLH, TCLMCH 15 ns
ALE MCE Active Delay (from Status) [ TSVLH, TSVMCH 15 ns WEoT
ALE Inactive Delay TCHLL 15 ns oFE
Command Active Del TCLML 10 35
” d | wwre { oL=32ma
Command Inactive Delay TCLMH 10 35 ns —
—— - fowe IoH = -5mA
Direction Control Active Delay TCHDTL 50 ns
- - INTA CL =300 pF
Direction Control Inactive Delay TCHDTH 30 ns ATWE
Command Enable Time TAELCH 40 ns
ATOWC
Command Disable Time TAEHCZ 40 ns
Enable Delay Time TAELCV 05 | 275 s ‘ loL =16 mA
AEN 1o DEN TAEVNV 20 ms ] Other ] loH=-TmA
CEN to DEN, PDEN TCEVNV 20 ns CL=80pF
CEN to Command TCELRH TCLML ns
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[

i

STATE+——T4 T 4 T2 T: T4 Il
f——TCLCL
TCLCH
k ) 3 3
o 7N / N/ T
TCHSV-» k =y [« TSVCH TCHCL [ —F‘ [*=TSHCL
TCLSH™
e RN £
ADDRESS/DATA ADDR ) WRITE
ALID| DATA VALID @
1
- = ~-TCHLL
TCLLH %] |"TSVLH
T
TCLMH >
MADC, TORC, INTA-
AMWC, ATOW TCLML ™ ~> TCLML
MWTC, TOWC
—> TCVNV
(READ)
PEN (inTA)
TCVNX -
s5e% (READ)
POEN (N7
- TCVNV
DEN (WRITE)
TCVNX >
PDEN (WRITE)
TCHDTH—»|
OT/R(READ) _ _ _ | j
— TCHDTL
.
@ TCHDTH
MCE
TCLMCH | > TCVNX
TSVMCH
NOTES:

@ ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES.

2.) LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING
EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST.

ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED

OTHERWISE.

CEN )(
AEN
TAEVNV: .
DEN k
—TCEVNV
PDEN
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1PB8288 ADDRESS ENABLE
(AEN) TIMING
(3-STATE ENABLE/DISABLE)

TEST LOAD CIRCUITS

1LPB8288

AEN

OuUTPUT

TAELCV —
1.5V 1.5V
TAELCH TAEHCZ-hl [ 0-'5V
VoH

VoH
0.5V *::::

COMMAND

CEN

) e
~

TCELRH

1.8V \

1.5
18082 33Q
ouT ouT

I 300 pF 300 pF

3-STATE TO HIGH 3-STATE TO LOW

3-STATE COMMAND OUTPUT
TEST LOAD

2.14v 2.28V

52.7Q 1149

ouT ouT

300 pF 80 pF

N
N -

CONTROL OUTPUT
TEST LOAD

COMMAND OUTPUT
TEST LOAD
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Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
8 1.44 0.065
C 2.54 0.1
[5) 0.45 0.02
€ 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
[ 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
X 6.7 0.26
™M 0.25 0.01

K ——=
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J :
"
i
M
0-15° >
Cerdip
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
8 1.44 0.055
[ 2.54 0.1
D 0.45 0.02
E 20.32 08
F 1. 0.06
G 2.5 MIN. .1 MIN.
H 0.5 MIN. .02 MIN.
1 4.6 MAX. .18 MAX.
J 5.1 MAX. .2 MAX.
K .62 .3
L 6.7 .26
M 0.25 0.01

PACKAGE OUTLINES
1PB8288C

uPB8288D

8288DS-9-80-CAT



NEC Microcomputers, Inc. NEC
41PD8355
11 PD8755A

16,384 BIT ROM WITH I/O PORTS
16,384 BIT EPROM WITH I/O PORTS*

DESCRIPTION The uPD8355 and the uPD8755A are uPD8085A Family components. The uPD8355
contains 2048 x 8 bits of mask ROM and the uPD8755A contains 2048 x 8 bits of
mask EPROM for program development. Both components also contain two general
purpose 8-bit 1/0 ports. They are housed in 40 pin packages, are designed to directly
interface to the uPD8085A, and are pin-for-pin compatible with each other.

FEATURES 2048 X 8 Bits Mask ROM (uPD8355)

2048 X 8 Bits Mask EPROM (uPD8755A)

2 Programmable 1/0 Ports

Single Power Supplies: +5V

Directly Interfaces to the uPD8085A

Pin for Pin Compatible

uPD8755A: UV Erasable and Electrically Programmable
uPD8335 Available in Plastic Package

MPD8755A Available in Ceramic Package

® 6 o & o o o o o

PIN CONFIGURATIONS CE 1 " 0B Vee ced 1 \ 2013 Vee
CE 2 39 [ PB7 ced 2 39 [ P8y
ckd 3 38 [ PBg ckd 3 38 [ PBg
RESET 4 37 [J PBs RESET (] 4 37 [JPBg
NC 5 36 [ PBa vpp O 5 36 [ PBy
READY [] 6 35 [ PB3 READY (] 6 35 [J PB3
oM 7 34 [ PBy iomd 7 34 [ PBy
orR[ 8 33 [ PBy OR[] 8 33 [Q pB4
RDO 9 32 [ PBg RDO 9 32 ey
oW1 wpD 31 [3PAy jow[]10 uPD 31 [ ray
ALEC]"  g3s5 30 [J PAg ALEC]11 8755A 30 [JPAg
ADg O 12 29 [ PAg ADg 12 29 [ PAg
ADq 13 28 [ PAg ADq 13 28 [ PA4
ADp [ 14 27 [ PA3 ADy ] 14 27 [ A3
AD3 [ 15 26 [ Ay ap3 15 26 [d PAj
AD4 16 25 [ PAq AD4 ] 16 25 [ PA4
ADs O 17 24 [ pag Aps 4 17 24 S PAQ
ADg [} 18 23 3 A0 ADg [} 18 23 [ A10
ADy 19 22 3 Ag AD; ]9 22 [ Ag
vss 20 21 O Ag vgs 20 21 O Ag

NC: Not Connected
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pPD8355/8755A

The uPD8355 and uPD8755A contain 16,384 bits of mask ROM and EPROM FUNCTIONAL DESCRIPTION
respectively, organized as 2048 X 8. The 2048 word memory location may be

selected anywhere within the 64K memory space by using the upper 5 bits of

address from the uPD8085A as a chip select.

The two general purpose |/O ports may be programmed input or output at any
time. Upon power up, they will be reset to the input mode.

VD?® Vee (I+5w BLOCK DIAGRAM

AD7 - ADg <—§b
A10- Ag ——-é—
READY ~a—
CE ——»{ PA -¢-,8L— PA7 - PAQ
CE ——»
ALE —= 2048 X 8

ROM

RD ——»]

IOW ——=

IOR —= PB |~a—/PB7 - PBg
8

CLK ~——

10/M ——

RESET ——#
VSSI(OV)
Note: @ VpD applies to uPD8755A only.
Operating Temperature (MPD8355). . .. .. ..vovvvn . 0°Cto+70°C ABSOLUTE MAXIMUM
(UPD8755A) . .........cuiuinnn.. -10°Ct0 +70°C RATINGS*
Storage Temperature (Ceramic Package). . ................ -65°C to +150°C
(Plastic Package) . . . ... oo -40°C to +125°C
Voltage on Any Pin (UPD8355). . . .. .o v veeee e -0.3 to +7 Volts @
(UPDB755A) . . v\ o vt -0.5t0 +7 Volts @
Power Dissipation . .. ..o v ittt it e e e e e 1.6W

Note: @D With Respect to Ground

COMMENT: Stress above those listed under “Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.

*Ta=25°C

Ta=0°Cto+70°C; Ve = 5V 5% DC CHARACTERISTICS

LIMITS TEST
PARAMETER SYMBOL | MIN § TYP |} MAX UNIT CONDITIONS

Input Low Voltage viL |-05 038 v |vee=50v@®
Input High Voltage ViH 2.0 Veet0s | v [vee=5.0vD
Output Low Voltage VoL 0.45" \ loL=2mA
Output High Voltage VoH 24 \2 IoH = —-400 A
Input Leakage LITH 10 MA VN = Vg to OV
Output Leakage Current ILo 10 MA 1045V <VouT <V(cC
Ve Supply Current Icc 180 mA

Note: @ These conditions apply to uPD8355 only.
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PIN IDENTIFICATION

I/0 PORTS

pPD8355/8755A

PIN
NO. SYMBOL NAME FUNCTION
1,2 CE, CE Chip Enables Enable Chip activity for
memory or 1/0
3 CLK Clock Input Used to Synchronize Ready
4 Reset Reset Input Resets PA and PB to all inputs
5D NC Not Connected
5@ VDD Programming Used as a programming voltage,
Voltage tied to +5V normally
6 Ready Ready Qutput A tri-state output which is
active during data direction
register loading
7 10/M 1/0 or Memory An input signal which is used
Indicator to indicate 1/O or memory
activity
8 IOR 1/0 Read 1/0 Read Strobe In
9 RD Memory Read Memory Read Strobe In
10 10W 1/0 Write 1/0 Write Strobe In
" ALE Address Low Indicates information on
Enable Address/Data lines is valid
12-19 ADQ-AD7 Low Address/Data Multiplexed Low Address and
Bus Data Bus
20 Vss Ground . Ground Reference
21-23 Ag-A10 High Address High Address inputs for ROM
reading
24-31 " PAQ-PA7 Port A General Purpose 1/O Port
32-39 PBo-PB7 Port B General Purpose |/O Port
40 Vee 5V Input Power Supply
Notes: @ uPD8355
@ uPD8755A

1/0 port activity is controlled by performing 1/O reads and writes to selected 1/0 port
numbers. Any activity to and from the uPD8355 requires the chip enables to be active.
This can be accomplished with no external decoding for multiple devices by utilizing
the upper address lines for chip selects. Port activity is controlled by the following
1/0 addresses:

AD1q ADg PORT SELECTED FUNCTION
0 0 A Read or Write PA
0 1 B Read or Write PB
1 0 A Write PA Data Direction
1 1 B Write PB Data Direction

Since the data direction registers for PA and PB are each 8-bits, any pin on PA or PB
may be programmed as input os output (0 = in, 1 = out).

Note: @ During ALE time the data/address lines are duplicated on A15-Ag.
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pPD8355/8755A

Ty = 0°C to +70°C; Vg = 5V + 5%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP MAX UNIT CONDITIONS

Clock Cycle Time tcve 320 ns

CLK Pulse Width T 80 ns CLOAD = 150 pF
CLK Pulse Width T2 120 ns

CLK Rise and Fall Time t, 1 30 ns

Address to Latch Set Up Time tAL 50 ns

Address Hold Time After Latch LA 80 ns

Latch to READ/WRITE Control tLe 100 ns

Valid Data Out Delay from READ Control tRD :;g% ns

Address Stable to Data Out Valid tAD 400 ns 150 pF Load
Latch Enable Width tL 100 ns

Data Bus Float After READ ROF 0 100 ns

READ/WRITE Control to Latch Enable oL 20 ns

READ/WRITE Contro) Width tce 250 ns

Data In to WRITE Set Up Time tow 150 ns

Data In Hold Time After WRITE WD 10Q)| ns

WRITE to Port Output wep 400 ns

Port Input Set Up Time tPR 50 ns

Port Input Hold Time tRP 50 ns

READY HOLD TIME tRYH 0 :gg% ns

ADDRESS (CE) to READY tARY 160 ns

Recovery Time Between Controls tRY 300 ns

Data Out Delay from READ Control tRDE 10 ns

Notes. (D uPDB3SS
uPD8755A

@) 30 ns for uPD87EEA

ROM READ, I/0 READ ANDWRITE @D

tCVC———*———>1

S

CLK
Ag.
Ny ADDRESS X
TAD
ADg7 X ADDRESS X DATA E__C
(CE=1)e
CE=01___/ x
I<‘ L L] pet—— T A ]
ALE ’ taL l
tRDE| tRDF
— [«—tRD— )
_RD \ ;[ I
IOR pt—— 1) C. LtRV
s tow twD
. C
)
"‘—ICL-—-—
PROM READ, 1/0 READ AND WRITE @
Ag-10 ADDRESS K X ADDRESS
taD
ADg.7 X Aooress ) - DATA }-—-
IGF‘LL——
ALE ; t \
tAL
ot L A ]
(PROG)/CE ® \ /
a__ X \
tnog—-—‘ [-— tRDF e
TOR RD
L‘—'LC [tRD—> tDW—=] twp
o \ / K
tee
Notes: (O uPD8355 ¢ e toL-a]
by
RV
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CE must remain low for the entire cycle

AC CHARACTERISTICS

TIMING WAVEFORMS



pPD8355/8755A

TIMING WAVEFORMS CcLOCK
(CONT.)

2.0v

o.8v

T 1

tcye

WAIT STATE TIMING (READY = 0)

_/\/”\1(‘\/—\/_\/—\_

hes— tpy ]

et o ,7
ALE ’ \

READY w e’} [ T N e ———

L —- RYH
tARY
INPUT MODE: /0 PORT
RD OR
iOR

tPR lt— tpp
PORT
INPUT
l

OUTPUT MODE:
ow
" GLITCH FREE
we \ oUTPUT
poRy == = — = ————
UTPUT e e - ——

oata” T T~ v
BUS

EPROM PROGRAMMING  Erasure of the uPD8765A occurs when exposed to ultraviolet light sources of wave-
uPD8755A  lengths less than 4000 A. It is recommended, if the device is exposed to room
fluorescent lighting or direct sunlight, that opaque labels be placed over the window to
prevent exposure. To erase, expose the device to ultraviolet light at 2637 A at a
minimum of 15 W-sec/cm? (intensity X expose time). After erasure, all bits are in the
logic 1 state. Logic 0’s must be selectively programmed into the desired locations. It
is recommended that NEC's PROM programmer be used for this application.
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M4 PD8355/8755A

PACKAGE OUTLINE -
uPD8355C

(PLASTIC)
ITEM MILLIMETERS INCHES
A 51.6 MAX 2.028 MAX
B 1.62 0.064
C 2.54 + 0.1 0.10 £ 0.004
D 0.5%0.1 0.019 + 0.004
E 48.26 1.9
F 1.2 MIN 0.047 MIN
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
1 5.22 MAX 0.206 MAX
J 5.72 MAX 0,225 MAX
K 15.24 0.600
L 13.2 0.520
+0.1 , +0.004
M 0.25 0.05 0.010 _ 0.002

K uPD8755AD
poa—— | ————J
N e—————
M
0-10°
(CERAMIC)
ITEM MILLIMETERS INCHES
A 51.5 MAX. 2.03 MAX.
B 1.62 MAX. 0.06 MAX.
C 2.54 £ 0.1 0.1 + 0,004
D 05+0.1 0.02 + 0.004
E -48.26 £ 0.1 1.9 + 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
1 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 15.24 TYP, 0.6 TYP.
L 1493 TYP. . 0.59 TYP.
M 0.25+ 0.0 0.01 + 0.0019
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NEC Microcomputers, Inc.

16K CMOS RAM Board

BP-0200

STANDARD FEATURES

e 16K Bytes of Read/Write Memory
Utilizing the NEC uPD444/6514
CMOS RAM for Both 8-Bit Byte
and 16-Bit Data Words

e Test Points Provided for Battery

e Minimum of 7 Days (168 Hrs.) of Status

Continuous Battery Back-Up .

DESCRIPTION

The BP-0200 interfaces directly to any Multibus™ system,
The board contains 16K bytes of read/write memory
utilizing NEC Microcomputers, Inc.’s uPD444/6514 CMOS
RAM memory components.

The BP-0200 contains jumpers to allow the user to locate
memory anywhere in a one megabyte field along any 16K
boundary starting at 00000y, (i.e., 04000y, 08000},
0C000y, etc.). The board contains a memory inhibit func-
tion which allows 2 or more of the CMOS RAM boards to
be used in a paging technique. Memory, for systems flexi-
bility, can be deselected by jumpers in 2K byte blocks.
The BP-0200 operates as a slave to the processor but con-
tains its own power source in case of power failure. The
BP-0200 NiCd batteries supply a minimum of 7 days of
battery back-up, when the batteries are fully charged. The

e On-Board Batteries and Battery
Charger with Short Circuit and
Overcharge Protection

Provision for A/C Low Line Input

e Memory Inhibit Allows Paging of 2
or More Boards to the Same Address
Block

e Memory Deselect in 2K Byte Blocks

e Supports Both 16-Bit and 20-Bit
Addressing

on-board batteries can be disconnected and power fail sense
circuits disabled for battery changing or for storage.

The BP-0200 has an input port which can test the status of
Memory Inhibit, Battery Level, Power Fail Sense, and
Power Fail Memory Inhibit. The BP-0200 Output port can
control Memory Inhibit of the 16K RAM and can reset
Power Fail Sense.

I1f AC power fails or drops below 103/203 VAC, the system
power supply should raise AC Power Low (ACLO) to initiate
an orderly power-down sequence. The processor is imme-
diately interrupted so that it may store machine status.
Approximately 3.8 milliseconds after the Power Fail Inter-
rupt, all further access is denied to the BP-0200 RAM until
system power is restored,

The BP-0200 is a powerful memory expansion module that
allows the user the highest degree of confidence in main-
taining critical data during power outages or shortages.

TM: Multibus is a registered trademark of Intel Corp.
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BP-0200

SPECIFICATIONS

Word Size .
e 8 or 16 bit data bus Software
controlled

Memory Size
e 16K bytes (8K words)
e NEC uPD444/6514

Memory Addressing
e 20 bit addressing capability

Address Selection

e Jumper selectable along 16K bound-
aries starting at 00000 (00000,
04000, 08000 . . . FC000)

Memory Response Time
e Read Access: 450 ns Max.
e Read Cycle: 600 ns Max.

BLOCK DIAGRAM

Bus Compatibility

e Interface: TTL compatible

. P1: 86 pin, double-sided, 0.156 inch
centers.

. P2: 60 pin, double-sided, 0.100 inch
centers.

Physical Characteristics

e Width: 12.00 in. (30.48 cm)
e Height: 6.75in. (17.15 cm)
e Thickness:  0.50 in. (1.27 cm)
o Weight: 376.00 grams

Power Requirements (Operational)
e Voo =15V £5%
e lcc=0.9A Typ, 1.2A Max.

Battery Power Requirements

® VgaT =36V (Nominal)
. 'BAT = 200 uA Max.

Battery Characteristics

e Type: AAA-size NiCd (3 pcs.)
e Capacity: 180 mA hours
e \oltage: 3.6V nominal

Battery Charge Time

e 14 hours for full charge (180 mA
hours), full overcharge and short
circuit protection.

Data Retention

e 168 hours following removal of +5V bus

power.
Environmental Requirements
o Operating Temp.: 32° to 131°F
(0° to 55°C)
e Relative Humidity: to 90% without
condensation.

Applicable Literature
e BP-0200 User’s Manual

muLTIBUST™

I

T
|
16 OR X
20 BIT !
ADDRESS 16K 8 RAM ARRAY
DECODERS ] '
1l
1
T___ h
R/W
CONTROL
LOGIC BATTERY
CONTROL
CIRCUITRY
) AC
STATUS POWER
& FAIL
CONTROL y ™ CIRCUITS
PORTS f -
A EVEN ADDRESS BUS
(v
8/16 BIT
DATA c—
BUS
BUFFERS
" 0ODD ADDRESS BUS
(‘
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NEC Microcomputers, Inc.
CMOS RAM/EPROM Board

BP-0220

STANDARD FEATURES

O 16K Bytes of Read/Write Memory
utilizing NEC uPD444/6514
CMOS RAM for Both 8-Bit Byte
and 16-Bit Data Words.

O EPROM address decoding via Bi-
polar fusable link PROMs.

0 Memory inhibit allows paging of
2 or more boards to the same
address block.

O Provision for A/C low line input
and 5 volt power fail detect.

[0 Supports 16 bit and 20 bit
addressing.

[0 On Board batteries and battery
charger with short circuit and

[0 Sockets (8) for either industry

standard 2716's or 2732's. and back-up.

DESCRIPTION

The BP-0220 is a member of the NEC Microcomputers
family of MultibusTM boards. The BP-0220 interfaces
directly to any Multibus system to expand RAM/ROM
memory capacity.

The BP-0220 contains 16K bytes of static Read/Write
memory utilizing NEC Microcomputers uPD444/6514
CMOS RAM memory devices, and in addition, contains
sockets for either 8-2716 or 8-2732 industry standard
EPROMS (user supplied). The BP-0220 memory may be
located, through jumper selection, anywhere in a one-
megabyte field beginning on any 16K address boundary.
Memory address decoding is accomplished by 2-uPB403/
745287 Fuseable Link PROMs. The user has the option of
selecting from NEC's four choices of preprogrammed
PROMS or creating address decoding patterns on a pair of
supplied blank PROMS. The EPROM may be addressed at
the same memory location as the CMOS RAM, allowing
shadowing techniques to be used. Shadowing allows the
user to utilize the EPROM:s for initial program start without
committing valuable memory space.

overcharge protection for CMOS

The BP-0220 operates as a slave to the processor, but con-
tains its own power source for the CMOS RAM in case of
power failure. The power source is provided by three NiCd
batteries mounted on the board, which provide a minimum
of seven days of battery back-up at full charge. The on-
board batteries can be disconnected and power fail sense
circuits disabled for battery changing or storage.

The BP-0220 has an on-board status port which the CPU
may read for the condition of Memory Inhibit, Battery
Voltage Level, Power Fail Sense, and Power Fail Memory
Inhibit. The CPU may also write into a status port to
control Memory Inhibit of the RAM/EPROM or reset the
power fail sense latch, Test points are provided at the edge
of the BP-0220 to allow easy monitoring of battery voltage
levels. )

The BP-0220 16K CMOS RAM/EPROM board provides the
maximum in systems memory flexibility and capability by
providing both RAM and EPROM on one board. This con-
figuration enables the user to have the highest degree of
confidence in maintaining critical data during power
outages or shortages.

TM: Multibus is a registered trademark of Intel Corp.
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BP-0220
SPECIFICATIONS

Word Size
e 8 or 16 bit data bus Software
controlled

Memory Capacity

¢ RAM — 16K Bytes (8K words)

e ROM — Usingeight uPD2716 or
uPD2316E 16K Bytes
(8K words)

o ROM — Using eight uPD2732 or
uPD2332 32K Bytes
(16K words)

Memory Addressing

* 16 and 20 bit addressing capability

Address Selection
e Via 2 uPB403 Fusable Link PROMs
(256 x 4) or 2 SN745287

BLOCK DIAGRAM

Memory Response Time
e RAM Response Time

Read Access: 450 ns Max.
Read Cycle: 600 ns Max.

ROM Response Time:
uPD2716

Read Access: 700 ns Max.
Read Cycle: 850 ns Max.

uPD2316E

Read Access: 700 ns Max.
Read Cycle: 850 ns Max.

uPD2732

Read Access: 700 ns Max.
Read Cycle: 850 ns Max.

uPD2332

Read Access: 700 ns Max.
Read Cycle: 850 ns Max.

Note: The 150 ns difference between
Read Access and Read Cycle
times are due to bus timing
requirements for command set
up and hold times. Memory
Access is defined from Address
True to Data Valid. Memory
Response is defined as Memory
Read/Write to Data Valid.

Bus Compatibility

e Interface: Multibus compatible

o P4: 86 pin, double-sided, 0.166 inch
centers.

e Py: 60 pin, double-sided, 0.100 inch
centers.

Physical Characteristics

o Width: 12.00 in. (30.48 cm)

o Height: 6.75in. (17.15 cm)

e Thickness: 0.50in. (1.27 cm)

e Weight: 376.00 grams

Power Requi (Operational)

Battery Characteristics

o Type: AAA-size NiCd (3 pcs.)
e Capacity: 180 mA hours

e Voltage: 3.6V nominal

Battery Charge Time

® 14 hours for full charge (180 mA
hours), full overcharge and short
circuit protection.

Data Retention

* 168 hours following removal of
+5V bus power.

e Vpg=+5V £5%

e lcc=1.0ATyp, 1.3A Max.
Battery Power Requirements

* VgaT= 3.6V (Nominal)

® igaT = 200 uA Max.

o Operating Temp.: 32° to 131°F
(0° t0 55°C)

¢ Relative Humidity: to 90% without
condensation.

Applicable Literature

® BP-0220 User’s Manual

MULTIBUSTM
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= ARRAY
“
- K
S

'— BaTTERY
&
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&
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FAIL

CONTROL
PORTS
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NEC Microcomputers, Inc.

BP-0575

Five-Channel Serial
Communication Controller

STANDARD FEATURES

e Five Individually Configurable,
Asynchronous Communication
Channels

e Full MultibusTM Compatibility

INTRODUCTION

The BP-0575, another member of the NEC Microcomputer
family of MultibusTM-compatible board products, is a ver-
satile 5-channel asynchronous serial communications con-
troller with both EIA RS232 and optically isolated current
loop interface.capabilities. The board is designed to be
plugged into any standard MultibusTM backplane and to
operate with 8 or 16-bit microprocessors.

The board accepts data from the host processor in parallel
data format and transmits serially to terminals, modems,
or printers. The BP-0575 accepts serial data over its duplex
channels and transfers it to the host processor in parallel
format. Also processor-to-processor, bi-directional, serial
communication can be implemented between systems
equipped with BP-0575's.

The major functional element in the BP-0575 is the NEC
uPD8251A Programmable Communications Interface Chip.
NEC manufactures and is the leading world-wide supplier of
this industry standard component. One NEC uPD8251A

e RS232C or Optically Isolated
20 mA Current Loop Capability

e Jumper-Selectable Baud Rate

e Jumper-Selectable 1/0 Address
e EIA Modem Control Support

o Field-Proven NEC uPD8251A
USART:s

per channel and associated circuitry provide support for
the EIA standard modem control signals request to send
(RTS), data terminal ready (DTR), clear to send (CTS), and
data set ready (DSR). Each channel has jumper-selectable
receive/transmit baud rates from 75-19,2000 on the EIA
interface and up to 2400 baud on the currentloop interface.

A jumper-selectable on-board interrupt scheme gives the
user the option of logically ORing together any or all trans-
mit and receive interrupt lines for the five ports to decrease
the number of bus interrupts used by the BP-0575.

The BP-0575 can be addressed in any 16-byte block begin-
ning on any 16-byte boundary within the 256 byte /O
page. The board may be accessed through 12 jumper-
selectable 1/0 ports within the 16-byte I/0 block, and the
user may address the five serial 1/0 channels and the two
interrupt status registers in any order or priority within the
addressed block.

This unique combination of features and flexibility makes
the BP-0575 the logical choice in a wide range of
MultibusT™™ applications.

TM: Multibus is a registered trademark of the Intel Corp.
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BP-0575

SPECIFICATIONS

Bus Compatibility

centers,
o P2: Not Used

Interface: TTL-compatible.
e P1:86 pin, double-sided, 0.156 inch

Physical Characteristics

Width:
Height:
Thickness:
Weight:

12.00 in. (30.48 cm)
6.75in. (17.15 cm)
0.50 in. (1.27 cm)

398.00 grams

BLOCK DIAGRAM

Power Requirements (Operational)

(]

Vcec =+5V £ 5%

e Icc=0.9A Typ, 1.2A Max.

Voltage

e Vcc = t5V
e Vpp =+12V
e VAA =-12V
e |IT=1.9A Max.

Environmental Requirements
e Operating Temp.: 0° to 55°C

e Relative Humidity:

Interfaces — RS232C
EIA standard RS232C signals provided
and supported

— Carrier Detect

Clear to Send
Data Set Ready
Data Terminal Ready
Request to Send
Receive Data
Transmit Data

Applicable Literature

to 90% without
condensation.

e BP-0575 User’s Manual
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NEC Microcomputers, Inc.

BP-2190

Floppy Disk Controller/RAM

STANDARD FEATURES

The BP-2190 is a complete floppy disk controller
with on-board RAM and the following features:

® Occupies a single card slot

e Handles up to four double-sided standard 8'’
or three mini 5% "’ floppy disk drives

e Drives may be a mixture of single- or double-
density types (software programmable)

e IBM compatible soft-sector recording format
in both single- and double-density modes

e Performs fifteen different READ, SCAN,
WRITE, FORMAT, SEEK, SENSE and
SPECIFY commands with minimal processor
overhead

e 48K x 8 of on-board, automatically refreshed
dynamic RAM

e Dual-ported memory allows direct DMA data
transfers to/from disk without processor
intervention

e On-board priority logic arbitrates simultaneous
memory accesses by disk, system bus or
refresh logic

DESCRIPTION

The NEC Microcomputers BP-2190 Floppy Disk
Controller/RAM is a dual-purpose board. It com-
bines a floppy disk controller (FDC) capable of
controlling up to four 8" standard or three 5%
mini-floppy disk drives with up to 48 kilobytes of
dual-ported RAM. Dual-porting makes the RAM
available both to the disk for DMA data transfers
and to the host processor for data storage and pro-
gram execution. The BP-2190 can be paired with
any compatible single-board computer to make a
very powerful two-board, floppy disk based
computer system.
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BP-2190

With on-board RAM and all necessary Direct Mem-
ory Access Control (DMAC) logic, the BP-2190 is a
complete interface between the drives and any
Multibus™ single-board computer system. |t pro-
vides a powerful facility for the control of disk
data transfers, and many of its features have been
included specifically to minimize processor over-
head. All disk data transfers are under control of
the FDC (uPD765) and DMAC (uPD8257) and are
independent of the processor. Once a disk transfer
has been requested by the processor, the FDC and
DMAC work together to obtain the proper data
and transfer it to/from the on-board memory
through one of its dual ports. When the transfer is
complete, the FDC notifies the processor by gener-
ating an interrupt.

A single READ or WRITE command allows the
transfer of a single sector, multiple sectors, an
entire track or even an entire cylinder’s worth of
data (one track on both sides of the diskette).
READ and WRITE operations may be performed
on normal and/or deleted data fields.

Execution of a FORMAT A TRACK command
allows an entire track to be formatted in one disk-
ette revolution. The FDC supplies all information
for formatting in either single- or double-density,
except for 4 bytes in each ID field. The DMA con-
troller fetches these 4 bytes/sector, thus allowing
the user to have non-sequential numbered sectors.
SEEK and RECALIBRATE operations can occur
on up to four drives simultaneously.

Between FDC commands trom the processor, the
BP-2190 automatically polls all drive Ready lines;
if one changes state (usually due to a door opening
or closing), the BP-2190 notifies the processor via
an interrupt. This allows the processor to keep
track of which drives are on-line or off-line.

In addition to programmable selection of operating
mode, key time intervals are selectable under soft-
ware control. Head load time (2 to 254 ms), head
unload time (16 to 240 ms) and stepping rate (1 to
16 ms) are programmable. For mini-floppies these
times are automatically doubled. Either single-
density (FM) or double-density (MFM), single-
sided or double-sided reading/writing can be selected
under software control.

An on-board crystal-controlled oscillator is the
master clock for all board timing requirements,

The data recovery circuit, which separates raw data
into Data Window and RD Data signals, is capable
of handling wide peak shift variations. Precompen-
sation circuitry is also employed during double-
density recording in order to improve performance.
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OPTIONS

The BP-2190's powerful jumper option structure
accommodates most floppy disk drives on the
market. Along with the standard features, the BP-
2190’s on-board jumpers allow selection of:

e Standard or Mini-Floppy Drives
Internal or External Clock
Generate/Receive/lgnore Bus Clock
Memory Bank Base Addresses
FDC 1/O Port Base Address
Memory Protect/Disable
Interrupt Line (1 of 9)

Reset at Power-Up, by Software Command or
External Switch Closure

e XACK/ and/or AACK/ Acknowledgements

In addition, four radial HEAD LOAD signals are
provided, as are four general-purpose software con-
trolled output lines useful for controlling mini-
floppy motors, Drive-In-Use lights, door locks, etc.

ON-BOARD MEMORY

The on-board memory is implemented with NEC
uPD416 dynamic RAM:s. Its dual-port architecture
allows either disk data transfers to take place under
DMA control, or for the host processor to have
access to the memory. All disk data transfers occur
between the drive and the on-board RAM.

Each of the three memory banks of 16K are base
address selectable at 0000H, 4000H, 8000H or
COOOH. Facilities are provided to deselect the
entire memory either under hardware or software
control. This feature is especially useful when
system initialization ROMs are required to have the
same base address as used by RAM.

RAM refresh logic is provided, as well as priority
circuits which arbitrate simultaneous disk, bus and/
or refresh memory access requests.

SOFTWARE DISK DRIVERS

A complete set of 1/O Driver routines is supplied
with the BP-2190 board. A complete, heavily com-
mented source listing is provided in 8080 assembly
language so that the user can easily understand and
modify, if necessary, the software to fit his partic-
ular application.

TM: Multibus is a trademark of Intel Corporation



BP-2190
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I
DATA DATA BUS
1 YN 7S % —
N2 s R— 8 > sus  [&—— Firie
F | BUFFER
D T ]
ol |
| FOD |3 |
] e !
N
<",_:|‘> C—;‘> 4uPD765 ADDRESS
E | :‘.“,&'2 FDC ° BUFFER |
R | DRIVERS ADDRESS BUS ADDRESS 1 AR
; | f r BUFFER @;Bus EsS
c
E' -I T = |
J ADD. | "
DATA ) Iy
RECOVERY 8257 BUF. aoDR 1T
DMAC LN
DECODE 8
g R | u
|
|1
N
f I \Z IT
E
MEMORY I'n
RAM ENABLE | F
REFRESH  p——— RAM A
LOGIC | c
E
|
“
|
PRIORITY |
LoGic |
CONTROL
BUS CONTROL
CONTROL BUS BUFFER BUS
|
HOST CONTROL BUS :
Included in the software routines are READ, OPERATION

WRITE, FORMAT, SEEK, RECALIBRATE and
DRIVE STATUS commands. These commands
allow multiple sector READs and WRITEs to occur
under DMA control. Drive-related parameters such
as head load time, head unload time, stepping rate,
drive number, etc., are set up or controlled via a
convenient I/O parameter block.

These software driver programs allow a first-time
user of floppy disk systems to get his BP-2190
board ‘“‘on the air’’ in minimum time. The serious
OEM may wish to modify or to totally revamp the
supplied software, and the accompanying docu-
mentation makes this task easy to do.

PROGRAMMING

Eight 1/O Ports (relocatable via jumpers) are
required to program the BP-2190. While most of
the instructions are very simple single-byte trans-
fers, the DMA controller (uPD8257) and the FDC
Controller (uPD765) require multi-byte transfers
from the processor. These bytes may be supplied
in an asynchronous manner. However, once the
request for the disk transfer has been made, the
operations of loading the head, finding the proper
sector and transferring it to the on-board RAM
occur automatically with no processor interven-
tion, After the disk transfer has been completed,
an interrupt is generated and the processor must
read out the results of the disk transfer. This
read-out is typically a multi-byte transfer.

Most floppy disk controller operations are per-
formed in three stages: the Command Phase, the
Execution Phase and the Result Phase. Each com-
mand is initiated by a multi-byte transfer from the
processor, after which the BP-2190 executes the
command in true asynchronous fashion. It signals
completion of the command via an interrupt to
the processor, which then reads the information
presented in the FDC's Result Status registers,

As an example, the reading of a sector on one of
four drives into a specific block of on-board RAM
would involve the following:

PROCESSOR FUNCTION OF

PHASE | READ/WRITE INSTRUCTION(S)

w Specify memory starting address
and block length to DMA.

Specify a Sector Read, select
drive

Command Specify (current) track, head,

sector number and bytes/sector

w

w

w Declare track’s final sector
number and gap length

Head is loaded, specified sector
is located, data is recovered,
reassembled and written into
specified memory block — all
with no further intervention by
processor.-Completion is sig-
naled by an interrupt.

Execution -

Read status registers to deter-

R mine success of execution phase,
source of error if execution

failed.

R Read post-execution track, head
and sector numbers.

Result

AN
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FDC STATUS REGISTERS

The FDC on the BP-2190 contains five status registers
which supply the processor with extensive information
about disk transfers, One of these, the Main Status Regis-
ter, may be read by the processor at any time. It indicates
whether any of the FDDs are in Seek Mode (FDDO, 1, 2
or 3 Busy), whether the FDC has a Read/Write operation
in process (FDC Busy), and whether the FDC is ready to
transfer commands from or results to the processor.

The other four status registers are only available after an
FDC operation has been completed. Three of these are
presented after each Read or Write operation and supply
detailed information on how the data transfer progressed.
The fourth indicates the condition of the FDD itself.

COMMAND SUMMARY

Memory

SPECIFICATIONS

Media )

e Flexible diskette, 8’ standard or 5%'’ mini

e One or two surfaces per diskette

e 77 tracks per surface (8'’), 35 tracks per surface (5%")
[ ]

128/256/512/1024/2048/4096 bytes per sector single-
density

e 256/512/1024/2048/4096/8192 bytes per sector
double-density

Transfer Rate: Rates are in kilobits per second

DIAMETER
DENSITY 5% P
Single 125 250
Double 250 500

e Memory Read (processor reads a single byte of data
from memory)

o Memory Write (processor writes a single byte of data
into memory)

Disk
Read Data o Write Data
Read Deleted Data e Write Deleted Data
Read Track e Format Track
Read ID e Scan Equal
Seek e Scan High or Equal
Recalibrate e Scan Low or Equal

Sense Interrupt Status

Sense Drive Status

Specify (Head Load and Unload Times, Step Rates)
Set/Reset Auxiliary Outputs (e.g., Motor On/Off)

1/0

o DMA Data Channel

o DMA RAM Refresh
Channel

e DMA Mode

e External Control
e FDC Status
e FDC Data

MULTIBUS™ COMPATIBILITY

The BP-2190 is fully compatible with all mechanical and
electrical requirements of Intel iSBC™ and National
BLC Multibus™ systems. It will also operate as a low-
order 8-bit slave on the expanded Multibus™ (such as
required by the 16-bit Intel iISBC™™ 86/12). The BP-2190
conforms to all Multibus™ voltage level, current level
and timing requirements, and is ready to plug in and run
as supplied.

TM: iSBC is a trademark of Intel Corporation
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Physical Characteristics

o Mounting — occupies one chassis or card cage slot
e Height — 6.75in (171.5 mm)

e Width — 12,00 (304.8 mm)

e Depth —0.5in (12.7 mm)

DC Power Requirements

e +12V £+ 5%; 150 mA

o +5V +5%; 1.3 Amps

e -5V +5%;6 mA

Environment

e Operating: 0°C to 50°C

o Non-operating: -565°C to +85°C

e Humidity — up to 90% RH, non-condensing
Documentation Supplied

o UM-2190 Users’ Manual

DRIVES

The BP-2190 directly interfaces with the following drives.
Other types may require modification or additional inter-
face circuitry and/or software.

MANU- 8" FLOPPY 5.25" MINI-
FACTURER DRIVES FLOPPY DRIVES
BASF - 6106,6108
Caldisk 143M -
Memorex 550/552 -

MFE 500/700 Series -
Micropolis - 1015-1,2,4;,1016-2,4;
Persci 70,270,288 -

Pertec FD5x4,FD650 FD200,FD250
Qume Datatrak-8

Siemens FDD 200-8,100-8 FD200-5, FD100-5
Shugart Assoc. SA800,850 SA400,8A450




NEC

NEC Quality Assurance

Procedures Manufacturing
Operation

One of the important factors
contributing to the final quality of

our memory and microcomputer
components is the attention n
given to the parts during the Wafer Process
manufacturing process. All Fabrication ac
Production Operations in NEC
follow the procedures of MIL "
Standard 883A. Of particular
importance to the reliability In| Visual
program are three areas that Assembly Process| Inspection
demonstrate NEC’s commitment ac| Method
to the production of components 20170.2 Cond. B

of the highest quality.

|. Burn-In — All memory and
microcomputer products are
dynamically burned in at an
ambient temperature sufficient to
bring the junction to a temperature
of 160°C. The duration of the
burn-in is periodically adjusted

to reflect the production history
and experience of NEC with each
product. 100% of all NEC memory
and microcomputer products
receive an operational burn-in
stress.

I1. Electrical Test — Memory and
microcomputer testing at NEC is
not considered a statistical game
where the device is subjected to a
series of pseudo random address
and data patterns. Not only is this
unnecessarily time consuming,
but it does not effectively
eliminate weak or defective parts.
NEC'’s test procedures are based
on the internal physical and
electrical organization of each
device and are designed to
provide the maximum electrical
margin for solid board operation.
For further information on

NEC's testing procedures see your
local NEC representative.

111. After completion of all

100% test operations, production

lots are held in storage

until completion of two groups

of extended sample testing: an

operating life test and a series

of environmental tests. Upon

successful completion of

these tests, the parts are released

from storage and sent to final —— - g — — -
Q.A. testing. Fail

R

[———— == —

NEC Microcomputers, Inc.
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NEC Microcomputers, inc.

NEC

NEC REGIONAL SALES OFFICES:

EASTERN REGION

275 Broadhollow Road, Route 110
Melville, NY 11747

TEL: 516-293-5660

TWX: 510-224-6090

MIDWESTERN REGION
5105 Tollview Drive, Suite 190
Rolling Meadows, IL 60008
TEL: 312-577-9090

TWX: 910-233-4332

NORTHEASTERN REGION
21-G Olympia Avenue
Woburn, MA 01801

TEL: 617-935-6339

TWX: 710-348-6515

NORTHWESTERN REGION
20480 Pacifica Drive, Suite E
Cupertino, CA 95014

TEL: 408-446-0650

OHIO VALLEY REGICN
19675 West Ten Mile Road
Southfield, MI 48075

TEL: 313-352-3770

SOUTHWESTERN REGION

1940 West Orangewood Avenue, Suite 205
Orange, CA 92668

TEL: 714-937-5244

TWX: 910-593-1629

FAX: 714-639-1100

SOUTH CENTRAL REGION
16475 Dallas Parkway, Suite 290
Dallas. TX 75248

TEL: 214-931-0641

SOUTHEASTERN REGION
Vantage Point Office Center. Suite 209
4699 North Federal Highway
Pompano Beach, FL. 33064

TEL: 205-785-8250

173 Worcester Street
Wellesley, Massachusetts 02181
Tel: 617-237-1910 TWX 710-383-1745

Price $3.00




