




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































@UMO UM82C01

Absolute Maximum Ratings *Comments

0° to 70°C Stress above those listed under ‘“‘Absolute Maximum

Operating Temperature . . ... ........... " .
Ratings’’ may cause permanent damage to the device,

J o
Storage Temperature . . . ............ —55" 10 160°C These are stress ratings only. Functional operation of
Power Supply . ... .. ... .. Max. 7V this device at these or any other conditions above those
Voltage on Any Pin . . ... ... Vss —0.7V 1o Vg +0.7V indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating
conditions .for extended periods may effect device

reliability.
Block Diagram
- X0
P20 .
- - INSTRUCTION MULTIPEXER
. DECODER 4 AND :
P23 AND SCAN LINE :
LATCH ‘ DRIVER X10
X11(*)
e X15(%)
PROG
TIMING ANTISCAN X3
ALE CONTROL
-
LOWER
DATA NIBBLE |/ ~ 1o
SELECTOR 4 LATCH N2 .
AND :
DRIVER SENSE :
— AMPLIFIER :
V_ HIGHER
4 |NiBBLE 4 :
N— Caton [————— 17
Y
®
g
(*) Only in UM82C01-1 a
&
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UM82Co1
D.C. Characteristics
(Operating Voltage 5V +10%)
Item Parameter Symbol Min. Typ. Max. Units Conditions
Input Low Voltage ViL -0.5 0.8 \
Input High Voltage ViH 20 Vece \
| Output Low Voltage, I/0 Port ~ Vore 0.45 \% loL=5mA
Digital
Output High Voltage, /0 Port Veup Vee-045 Vee v loH = —400uA
Output Low Voltage, Scan Line Vois 0.45 \ loL =5 mA
Output High Voltage, Scan Line VoHs Vee-045 Vee \% loq =—5mA
Input High to Reference Avy 0.1 1.8 \Y Lying on Voltage
Analog
Input Low to Reference Av -0.1 -1.8 \ Reference VRer
Operating Current lcc 15 mA
Stand by Power Supply Current lsg 200 MA No senf.sing and
Scanning
A.C. Characteristics
(TA =0°C 1o 70°C, Vce =5V + 10%, Vs =0V)
UMB8048/UM82C01 . .
Characteristics Symbol Units’| Conditions
4 MHz 11 MHz
Min, Typ. Max. Min. Typ. Max.
Address Latch Width tLL 700 . 150 ns
Cycle Time tcy 3.75 1.36 Ms
Port Control Setup to PROG tep 420 100 ns
Port Control Hold to PROG tpc 800 160 ns
Port Qutput Data Setup top 1350 400 ns
Port Data Hold from PROG tpD 320 90 ns
PROG Strobe to ALE teal 210 50 ns
PROG Pulse Width tpp 2370 700 ns
PROG to Port 2 Input Valid tPR 2130 700 ns
Input Data Hold from PROG | tpr 380 140 ns
ALE to SCAN Setup tas, 200 100 ns
~ ALE to SCAN Ended tas, 200 100 | ns
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Timing Diagram

END OF WRITE DEFINED ALE LATCH

INSTRUCTION /

Top /! ! /_l\ /~ \

ALE —/
- |‘—'CA1

t
W .
PORT le— tOP 1
EXPANDED CONTROL it
» PORT J
x OUTPUT DATA )K

OUTPUT
PORT
CONTROL tPF
|—— tpg —
SN ' D
INPUT
| — INPUT DATA
tcp | tc
o le—— tpp
PRO .._—.\ .

scan J[ N

LINE
f-—— —— ——— — ZEROING TIME _

< \
SENSE ____J N | W

LINE

Pin Description

Pin Names 10 Functions

P20-P23 | 1/O Port 1/0 This four-bit bidirectional port contains the address and control bits from
UMB048 uC on a high to low transition of PROG. During a low to high
transition of the PROG signal, the port contains the selected scan data for
UMB2CO1 if the last command is a write operation. The sense nibble data from
UMB2CO01 is tatched during the low to high transition if the last command is a
read operation. There exists a state flow in two continuous read operations
which is called “read cycle’. Upper nibble coming from sense inputs 14 to 17
are transferred in P20 to P23 from UM82CO1 during low to high transition
of PROG of MOVD A, P5 instruction, and lower nibble coming from 10 to I3
are transferred in P20 to P23 during low to high transition of PROG of MOVD
A, P4 instruction.

ALE Address Latch This pin comes direct from UM8048 ALE. It is used as the time base as well
Enable Strobe as address latch strobe. Our target is to let UM8048 work between 1MHz to
11MHz, so ALE varies from 66.6KHz to 733.3KHz. General PC key boards
use 4 to 5MHz UMB8048, hence, ALE is typically a 266.6KHz strobe signal
for a 4MHz UM8048, When ALE first goes from low to high in a write cycle,
the PROG is activated and goes to low and at this time, Port 2 containing port
address and write instruction code is valid and should be latched by UM82C01
to initiate the scan mode.

3
T
o
v

<

G

=

L

o
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UM82CO01

Pin Description (Continued)

Functions

UMB2C01 begins Zeroing stage of its sense amplifier at this instant. PROG will
go to high before second ALE of this write instruction. The Zeroing stage ends
If you see Timing Diagram on P, 11,
you will find that this edge triggers ‘the selected scan line to be active. The
second ALE, which is next to end write instruction, is used to control scan |jne
to inactive and its active transient is the high to low edge. In read cycle, when
first ALE goes from high to low, PROG is activated to go to low, port 2
containing port address and read instruction code is valid and should be latched

An active low strobe comes direct from UM8048 PROG. In the view point of
UMB048, PROG is a control strobe to expanded 1/O. UM82CO01 is designed to

Every time PROG is activated, UM82CO1 is initiated to enter write or read
mode. When PROG goes inactive in a write cycle, selected scan data is valid in
port 2 and is latched by UM82C01 to encode the scan line. In a read cycle,
latched upper nibble and lower nibble are valid circularly in port 2 at every

One of the lines is activated in a
Selected scan data is latched and used to decode these sixteen
scan lines so the scanning is fully programmable by UM8048. The selected
scan line is activated in the defined ALE rising edge and ended in the next
(Reference to Timing Diagram on P. 11) The defined ALE
is the first ALE after the write instruction is finished. There are eleven scan
lines for 28 pin UMB2C01-2 X11 to X15 and are included in scan line driver
for 40 pin UM82C01-1. .

This output is activated whenever no scanning
occurs, and is deactivated when any one of X0 to X15 is activated. Antiscan
is used to reduce the voltage. in sense input when there is no scanning that

These eight lines are inputs from capacitance keyboard matrix. The small
current pulses caused by the scan lines and pressed keyswitches are detected

Pin Names /o
ALE Address Latch l
Enable Strobe
at the next ALE low to high transient.
by UM82CO01 to initiate the read mode.
PROG Control Strobe |
locate expanded port 4 and port 5 in UM8048.
PROG low to high transition.
X0-X15| Scan Line Out 0] These are the 16 full range drive outputs.
write cycle.
ALE falling edge.
Xz Antiscan Out o} This is the.antiscan output.
prevents logic error,
10-17 Sense Line Input |
here,
Vee Power Supply | Connected to +5V power supply.
Vss Ground | Normally connected to +0V ground.

Application Description
The Microprocessor

The capacitance keyboard encoder (CKE) UMB82CO1 is
designed to serve as an interface to UM8048 series 8-bit
microprocessor. The user can control the keyboard
function easily through programming of microprocessor,
which includes scanning reading and serve as an interface
to host computer.

The Keyboard

A keyboard is an array of switches. The array consists of
two dimensional matrix. One side of the matrix (X-lines) is
used to drive the array with a microprocessor chosen
signal, while the other side (1-lines) is connected to sense
circuits. In traditional configuration, users make use of
mechanical contact switches. With a new sensing
mechanism, capacitive switches present a good solution.
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The Capacitive Switch
X X X X
C +C
cp ON+Cp
1 I — I I
(a) (b) (a) (b)

Figure 1. Mechanical Switch (a) Key off (b) Key on Figure 2. Capacitive Switch (a) Key off (b) key on
Fig. 1 shows the traditional mechanical switch, (a) The off; only a small parasitic capacitance exists between
key switch is off, X-line and [-line are open to each other, X-line and I-line, (b) The key switch is on, a Con + Cp
(b) The key switch is on, X-line and i-line short together. appears between X-line and I-line.

Fig. 2, shows the capacitive switch, {a) The key switch is
1
c L.
v o—I———| AV Cs o
D c l I O SENSE1 AV gensE = VD 1 ; =Vp- s
D Cs —— S
l :_]; Cg C
Figure 3a. Equivalent circuit for Capacitive Key
Vb —l_ Ca
ANTISCAN ¢ O
Vb Cp Ca
f o—— AVSENSE2 AVSENSE2= VD -Vp
SCAN ¢ Cp Cs Cg+Cp+Ca Cgt+Cp+Cp
Figure 3b. Equivalent circuit for Capacitive Key with Antiscan Consideration
In Fig. 3a, an equivalent circuit for capacitive key is shown. The scanning trigger edge is taking place with the inverse

The voltage AVggnsgq is decided by the scanning voltage

voltage ““antiscan’’. After this edge, the voltage AVsensE2
Vp, capacitance C and Cg.

is decided by the voltage devided by Cp minus the voltage
In Fig. 3b, an antiscanning consideration is presented. divided by Ca.

Writing

PORT 2 <:/ XX
OF UM8048

16{11)

SCAN LINE
(11 Lines for UM82C01-2)

K g SENSE LINE

Figure 4. Logic Symbol of the CKE

Y
[
i
[
<
-
=
L
[

ALE —— o] CKE

PROG ————»
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In system configuration, the CKE is designed to stand in expanded PORT 4. When UMB8048 reads the sensing code
the expanded 1/O port of 8048 microcomputer. The from- the CKE, the CKE must be accessed through the
CKE uses the PORT 2, ALE and PROG to serve as an expanded PORT 4 and 5. The PORT 6 and 7 are reserved
interface to the microprocessor. When 8048 writes a for the user.

scan code to CKE, the CKE must be accessed through the

ALE —‘—I J_—I

PROG ____\—-—/___—.
P20-P23 _{ A X B,—>_—

A:  Address and Instruction
B: Data

Figure 5. PROG Timing of UM8048 1/0 PORT Expansion

Address P21 P20 PORT Definitions
0 0 PORT 4 Writing Port
0 1 PORTS (Same as PORT 4)
1 0 PORT6
1 1 PORT 7
Instruction P23 P22 Instruction Definitions
0 0 READ
0 1 WRITE Writing Instruction
1 0 OR
1 1 AND

Figure 6. Expanded Port Definition in Writing Cycle

By using PORT 4 (PORT 5 the same) of UM8048 series The timing diagram is shown in Fig. 7.
microcomputer, the user can write his scanning data to

the CKE chip. After the writing, two NOP instructions For example, if the user wants to scan X;-line, the recom-
should be used to permit correct decoding and scanning. mended Assembly is as listed:
Label Command Arguments Comments
SCAN1: MOV A, #H1H ; #$1H Can Vary From
 #HPPH To #PFH
MOVD P4, A
NOP : ; Wait Until CKE Starts

NOP ; Scanning.
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ALE

® O L @
I‘Lﬂﬂ@fle_l
\

|

|

PROG —
-

X1

|
|
|
|
|
|
|
|
|
|

fe———— Zeroing Cycle —_—

@G

First ALE of MOVD instruction
Second ALE of MOVD instruction
ALE of first NOP instruction

ALE of second NOP instruction
Edge of latch sense data

Figure 7. Timing Diagram of Writing and Scanning

Scanning

The CKE latches port address and instruction at the PROG
high to low edge in Fig. 7, then enters the writing mode.
At the PROG low to high edge, the CKE latches the data in
P20—P23 which is now defined as the expanded PORT 4,
and decodes the data to select the programmed scan line.
Although the decoding and selection does not take much
time, the scan line does not activate immediately.

From the PROG falling edge to the rising edge of the ALE,
to the MOV D instruction in Fig. 7, the Sense Amplifier of
CKE is “Zeroing”'. After the zeroing cycle, all the sense
input are balanced at the reference voltage, and the selected
scan line is activated at the falling edge of this ALE.

The scanning line Xo to X5 can each be decoded from the
hexadecimal data programmed in the PORT 4 at the
writing cycle. ,
The 'scanning cycle equals to an ALE cycle, so the scanning
closes at the ALE falling edge of second NOP instruction as
shown in Fig. 7. Before the end of scanning, Sense
Amplifier will latch the sense data; these will be discussed
in the Sensing section.

Antiscan

Antiscan line Xy is low whenever any scanning is activated,
and is high when all scan line X, to X5 are low.

If no key is pressed, the antiscan will generate a —AV to
the reference voltage, so that the Sense Ampilifier will sense
a voltage lower than reference voltage and latch a denoted
fow after amplification. if any key is pressed and the key
is scanned, the voltage divided by the on capacitance will
be a +AV, so that the Sense Amplifier will sense a voltage
higher than reference and latch a logic high after
amplification,

The effect on whether antiscanning is larger than
scanning depends on whether the key is pressed or not
A new CMOS sense technology called ‘“‘Sense Amplifier”
is built in the CKE. In Fig.-8, we show the zeroing and
sensing of this technology. In zeroing cycle, the switch
between the input and output of the inverter is closed,
so the sense input pad equals the reference voltage. After
zeroing cycle, the shorting switch at the inverting stage is
opened and sensing circuit is activated. In Fig. 7, we can
see scanning also starts after zeroing. In fact, sensing is
there writing for scanning. During the scanning cycle,
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UmM82CO01

Sensing

Vanm O——0" ¢
VSCAN Oh—%F~*3//'

VREF

-

{a) Zeroing

VANT1CF;4F‘<};’

Vscan O— —0—

!

{b) Sensing

Fig. 8. Zeroing and Sensing

the CKE will latch the sensing input at'the edge in Fig. 7.

The CKE uses byte-wide sensing, and has 8-bit latches.
After latching, the data is separated into two nibbles,
called Higher Nibble and Lower Nibble, and stored.

Reading

Because the CKE serves as- an interface to UM8048
microcomputer by expanded PORT, the data must be
4-bit wide. Whenever there is data in the latches, the user
can read the sensing data in nibble form. The CKE is
designed to stand at the PORT 4 and PORT & in reading
cycle.

Address P21 P20 PORT Definitions
0 0 PORT 4 Reading Lower Nibble
0 1 PORT5 Reading Higher Nibbie
1 0 PORT 6 Not used
1 1 PORT 7 Not Used
Instruction P23 P22 Instruction Definitions
0 0 Read Reading Instruction
0 1 Write
1 0 Or
1 1 And

The latched data can be read by -UMB048 in two read
instructions, these two instructions need not but can be
continuous, and higher nibble is defined to be read from
PORT 5, lower nibble from PORT 4. Users must. pay
attention for if no reading is instructed before the next

writing, 82C01 will reject the writing instruction until the
reading instruction have been excuited.

The recommended reading Assembly is as listed and the
timing diagram is shown in Fig. 10.

7-104



@UMG UM82co1

Label Command Arguments Comments

Read 1: MOVD A, P5 ; Read Higher Nibble
SWAP A
MOV Rn, A

Read 2: MOVD A, P4 ; Read Lower Nibble and

ORL A, Rn ; Combine Nibbles to be Byte

| |
20023 _WM
] ! -

© © © ©

Port address and instruction of READ 1
High nibble output from CKE

Port address and instruction of READ 2

@00

Lower nibble output from CKE

Figure 10. Port Timing of Reading

After the reading cycle, the microcomputer can use the The application there for differs from the present
read data to generate scan code or key code easily. capacitance Con and P.C. Board parasitic capacitance Cp of
general capacitance keyboard and consideration should be
Application Note given to design take them into. Con and Cp are listed in
Table 1. Cs, Ca and Cgg are listed in Table 2. Table 3 (a)
UMB82CO01 is a new solution for capacitance keyboard. and (b) are recommendations of the capacitance selection. o
®
g
Table 1. Definition of Con and Cp £
@
Name Symbol Min. Typ. Max. Unit
Key on Capacitance Con 8 20 pf
P.C.B. Parasitic Capacitance Cp 1 3 pf
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UM82CO01
Table 2. Definition of Cg, Cp and Cgg
Name Symbol Min. Typ. Max. Unit
Shunt Capacitance - Cs 80 150 pf
Antiscan Capacitance Ca 4 8 pf
Capacitance between two sense Cgs 5 pf
Table 3. Recommended Application of Cp for various Copn
Range Range
Symbol Unit Symbol i Unit
Lower Upper Lower Upper
Con 10 25 pf Con 25 35 pf
Ca : 4 8 pf Ca 15 pf
Cp 0 3 pf Cp 3 pf
(a) (b)
Typical Application
P20 P20 Xz B
& o}
‘_:' P23 P23 1
L J_ UM8048 =
L ALE ALE .
TT PROG PROG
c u cke
X156 pHo—
TRKEFRRA° ezt |2
I.O al I \(( \(( e
£= S = N X Ca
‘ Con Con
. 16x8 MATRIX
2T r R
¢
Loz Xon X [ea
_]__ This means shield by ground
Ordering Information
Part Number Package
UM82C01-1 40 DIP
umg2c0o1 -2 28 DIP
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Features

W Generates system clock for 80286 processors
W Uses crystal or TTL signal for frequency source
local READY and Multibus*

B Provides READY

synchronization

General Description

UM82C284 is a clock genera_tor/driver which provides clock
signals for 80286 processors and support components.
It also contains logic to supply READY to the CPU from

*Multibus is a patented bus of INTEL

UM82C284

@i Clock Generator And
%l  Ready Interface

B 18-pin package
B Single +5V power supply
B Genrates system. reset output from schmitt trigger

input

either sources and
synchronous RESET from an asynchronous input with

hysteresis. It is fabricated in Si-Gate CMOS process.

asynchronous or synchronous

Pin Configuration Block Diagram
RES FESET RESET
RE -
S
ARDY [ 18] JVee SYNCHRONIZER
SRDY [ ]2 17 [ ] ARDYEN
— X1
SRDYEN [ |3 16 ST XTAL
o X2 osc MUX CLK
READY [ }4 15 D S0
ERo— [ ]
EFI [j 5 1a]INC. _ T
_ uM82C284 F/C
Fic []se 13| ] pcLK
ARDYEN ——
x; [}7 12 ] RESET ARDY _:D—J SYNCHRONIZER [«
X, []8 11 ] RES )
aND [)e 6] ]cLk SRDYEN —:D___ READY
' SRDY — LOGIC READY
4
ST ) S BT
SO — GENERATOR PCLK

S
I
T
3
<
a
=
3
o




“flexible timing options.

UMS82C288

Features

B Provides commands and control for local and system
bus '
W Offers wide flexibility in system configurations

General Description

The UM82C288 Bus Controller is a 20-pin Si-Gate CMOS
The bus
controller provides command and control outputs with

component for use in 80286 microsystems.

Separate command outputs are

used for memory and 1/O devices. The data bus -is

*Multibus is a patented bus of Intel

B Flexible command timing
B Optional Multibus* compatible timing
W Single +5V supply

controlled with separate data enable and direction control
signals.

Two modes of operation are possible via a strapping option:
Multibus compatible bus cycles, and high speed bus cycles.

Pin Configuration

READY [ ~ 20 [ Jvee

cLk ]2 ] BEY
ST s - 1l dwio
MCE [ |4 17 [ JoT/R
ALE []5 16 | | DEN

v o UMB2C288, [ o\ e

cmpLy []7 14 [ ] ceEnL
MRDC [ |8 13 [JINTA
MWTC [ ]9 12 [T]TORC
GND [}10 11 [ ]1owc

Block Diagram

‘ COMMAND
STATUS OUTPUTS
SO o > INTA
81 1| STATUS L | . TORC
© 2 T T"|oecobER |+ — commanp [T
MAO —Lu] OUTPUT |-f»TOWC
Losic || weme
> MWTC
CLK MACHINE CONTROL
CONTROL OUTPUTS
INPUTS B
CEN/AEN —»] —=DT/R
CENL ——lo] CONTROL CONTROL |Ll. DEN
INPUT | ] ouTpuT
cvoLY —| Loaic LOGIC  |+H=ALE
READY — -} | » MCE
; _
|
MB
)
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resistors

UM82C55A

- CMOS Programmable
. Peripheral Interface

2.5mA drive capability on all 1/0 port outputs

Features
B Pin compatible with NMOS 8255A 80C86
B 24 programmable /0O pins B Direct bit set/reset capability »
B Fully TTL compatible B Enhanced control word read capability
B Bys-hold circuitry on all 1/0 ports eliminates pull-up B Single 5V power supply

]

[ ]

High speed, no '‘wait state’”” operation with 8MHz

General Description

The UMB2CBH5A is a high performance CMOS version of the
industry standard 8255A and is manufactured using a
selfaligned silicon gate CMOS process. It is a general
purpose programmable /O device which may be used with
many different microprocessors. There are 24 /O pins
which may be individually programmed in 2 groups of 12

Low standby power _ICCSB =10pA

performance of the UM82C55A make it compatible with
microprocessors such as the 8086, 8048, 8051.

Static CMOS circuit design insures low operating power.
TTL compatibility of V,,=2.0 volts over the industrial
temperature range and bus hold circuitry eliminate the

and used in 3 major modes of operation. The high need for pull-up resistors.

Pin Configuration Block Diagram
Pa3[ ]t a0 | PA4 :
PA2[ ]2 39 [ ] PAB ronen . l 1
pa1[]3 - 381 Pas SUPPUES{__.GND R Vo
arour | 4 PORT C,:>PA7-PA0
PAD 1- 37§ ] pPa7 "'#ON%OL\:—— @®
RD E: 5 36 j Wﬁ PIN NAMES
— [}
=1 [ 35 [ ] RESET } Ords  DATABISIRN
GND [}7 341 Do GROUP o RESET _ RESET INPUT
a1 {8 33 ] Dy C:)vomc 7.pca  [CS | CHIPSELECT
B81-DIRECTIONAL UReER 0] READ INPUT
Aol ]o 32 1p, onases N oama |4 E— [WH Wamemeut |
PC7 ]: 1% £1 :] D3 o700 @ BitreR \1‘1&;1,—{> AO,A1 _ FORT ADDRESS
M82C55 : INTERNAL W PA7-PAD PORT A (BIT).
Pce [ 11 30 bs BATAB0Y S
f /;D FoRTC o . [Fe7Pe0 PORTEEIT)
PC5 12 29 :l Ds S pes. FC7PCO PORT C (BIT) v
Peel {13 2110 i N
PCO [: 14 27 [:] D4 RO—=0| READ K %_
pct [ 15 26 | 1 vee B e I 5
pc2 []16 25 [ eB7 A1} Loaie . — #dve0 *
24 : PB6 AQ ] 8)
pe3[]17 RESET — [
PO []18 23] PB5 [}
pe1 [ ] 19 22 PB4
P2 [ 20 21{"]re3 ?
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Absolute Maximum Ratings *

*Comments

Supply Voltage . ................... +8.0 VOLTS Stresses above those listed in the "ABSOLUTE MAXIMUM
Operating Voltage Range . . ............ +4V to +7V RATINGS" may cause permanent damage to the device.
Input Voltage Applied . . . ... .. ... GND-2.0V t0 6.5V This is a stress only rating and operation of the device at
1/0 Pin Voltage Applied . . . . .. GND-0.5V to VCCH+0.5V these or any other conditions above those indicated in the
Storage Temperature Range . ....... —65°C to +150°C operational sections of this specification is not implied.
Operating Temperature Range . . . . ... ... 0°C to +70°C
Maximum Power Dissipation . . .. ............ 1 Watt
D.C. Electrical Characteristics
(VCC =5.0V+/-5%; T, =0°C to +70°C)
Symbol Parameter Min, Max. Units Test Conditions
VIH Logical One Input Voltage 2.0 \
ViL Logical Zero Input Voltage 0.8 \
VoH Logical One Output Voltage 3.0 \ lon = —2.5mA
VCC-0.4 \ lon = =100 pA
VoL Logical Zero Output Voltage 0.4 \% loL =+2.5mA
L Input Leakage Current -1.0 1.0 MA Ov ViNK Vee
lo 1/0 Pin Leakage Current —-10.0 10.0 A Ov< Vo< Vee
IBHH Bus Hold High Leakage Current —50 —-300 LA Vo =3.0V
Ports A, B, C
IBHL Bus Hold Low Leakage Current +50 +300 UA Vo = 1.0V
Port A only
IpAR Darlington Drive Current —-2.0 mA Ports A, B, C
Test Condition 3
lce Power Supply Current 10 MA Vee =565V
ViN = Ve or Gnp
QOutputs Open
Capacitance
(TA=25°C; Vge =GND=0V; V\y =+5V or GND)
Symbol Parameter Min. Max. Units Test Conditions
Cin» Input Capacitance 5 pF FREQ =1 MHZ
’ Unmeasured Pins
Returned to GND
Cio* I/0 Pin Capacitance 20 pF

*Guaranteed and sampled, but not 100% tested
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Characteristics
(Ve = +6V +5%, GND = 0V; T, = 0°C to +70°C)

READ
Symbol Parameter Min. Max. Unit Test Conditions
AR Address Stable Before READ 0 ns
tRA Address Stable After READ 0 ns
tRR READ Pulse Width 150 ns
tRD Data Valid From READ 100 ns 1
tor Data Float After READ 10 75 ns 2
tRy Time Between READs and/or 300 ns
WRITEs
WRITE
Symbol Parameter Min. Max. Unit Test Conditions
tAw Address Stable Before WRITE 0 ns .
twa Address Stable After WRITE 20 ns Ports A& B -
: 60 ns Port C
tww WRITE Pulse Width 100 ns
tow Data Valid to WRITE High 100 ns
twp Data Valid After WRITE High 30 ns Ports A & B
60 ns Port C
OTHER TIMINGS
Symbol Parameter Min. Max. Unit Test Conditions
twe WR =1 to Output 350 ns 1
tiR Peripheral Data Before RD o - ns
tHR Peripheral Data After RD 0 ns
tak ACK Pulse Width 100 = ns
taT STB Pulse Width 100 ns
tpg Per. Data Before STB High 20 ns
tpy Per. Data After STB High 50 ns
tAD ACK =0 to Output 175 ns 1
tkp ACK =1 to Output Float 20 260 ns 2
twos WR =1 to OBF =0 . 150 ns 1
tAOB ACK=0toOBF=1 . 150 ns 1
tg1g STB=01o IBF =1 150 ns 1 2
tRiB RD=11t0IBF=0 150 ns 1 g
tRiT RD=01t0INTR=0 200 ns 1 &
tsiT STB=1t0 INTR=1 150 ns 1 &
taT ACK =110 INTR=1 150 ns 1
twit WR=0t INTR=0 200 ns 1
tRes Reset Pulse Width 500 ns see note 1

Note: Period of initial Reset pulse after power-on must be at least 50usec. Subsequent Reset pulses may be 500 ns
minimum.
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UMS82C55A
A.C. Test Circuits
V1
%R1
gt _—
J’ * *Includes stray and jig
%RZ I ct ) capacitance
Test Condition VAl R1 R2 C1
1 1.7V 52382 Open 150 pf
2 5.0V 2k $2 1.7k82 50 pf
3 1.5V 75082 Open Open
TEST CONDITION DEFINITION TABLE
Waveforms

MODE 0 (BASIC INPUT)

[e———tRR ————
RD \\ )/
' R HR
INPUT
AR — l«—— (RA —»
—_— N
CS,A1,A0 *
{
DrDpm m e =

) ‘RD | bF 1
MODE 0 (BASIC OUTPUT)
tww
WR )
\P //
| ow typ >
XC X
e AW WA -
CS,A1,A0 * X
OUTPUT

MODE 1 (STROBED INPUT)

STB

I1BF °

tSi8

INTR

e g7

ST

RD

INPUTFROM  _ _
PERIPHERAL =

<

>.--'.._-....-..--_-..-...-.._-_-__--
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MODE 1 (Strobe Output)

e——1tAQ

O
3]
A

wos
Wit = = ] : Vc/
ACK O\
[+— A Kt TA  T—n]
twe

MODE 2 (BIDIRECTIONAL)

zZ
3
By
N

DATA FROM
8080 TO 8255

(@]
@
B

z
5
o

oo
S —itie
-

|

>
0
~

tST-——>
STB
SiB i

IBF

tAD

| _tp —_— |4——>tKD
PERIPHERAL )
BUS  se=mmememe=a e e e - wenmnf{ | Deegmenf] 0 Peemmmacmataa
/]
PH t—

_— 7
RD DATA FROM DATA FROM

PERIPHERAL TO 8255 8265 TO PERIPHERAL

DATA FROM
8255 TO 8080

Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (INTR = IBF *MASK *STB *
RD + OBF -MASK *ACK « WR) )

V)
WRITE TIMING READ TIMING T
&
L
a
v @
Ag.1CS )(' Ap.1CS ) E< e

——taw—s!  — twa e— AR —I—¥HA l—

T T
DATA BUS )i i : ) ) \ trr
- ‘
e— TDW —==-tWD-+] tRp—>|  t=->[DF fe—
WR DATA BUS HIGH IMPEDANCE | VALID | HIGH IMPEDANCE
ww
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Pin Describtion

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the UMB2CBBA to the system data bus. Data is transmitted
or received by the buffer upon execution of input or
output instructions by the CPU, Control words and status

information are also transferred through the data bus -

buffer.

Read/Write and Control Logic .

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. |t accepts inputs from the CPU Address and
Control busses and in turn, issues commands to both
of the Control Groups.

Cs)
Chip Select. A "low” on this input pin enables the
communication between the UM82C55A and the CPU.

(RD)
Read. A “low” on this input pin enables the UMB2CH5A
to send the data or status information to the CPU on the

data bus. In essence, it allows the CPU to “read from”
the UMB2C55A.
(WR)

Write. A “low’ on this input pin enables the CPU to write
data or control words into the UM82C55A,

(Agand A))

Port Select O and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Aj and A, ).

UMB2C55A BASIC OPERATION

A A, RD WR CS InputOperation (Read)

0 O 0 1 0 Port A~ DataBus

0 1 0 1 0 PortB~ DataBus

1 0 0 1 0 PortC — DataBus

1 1 0 1 0  Control Word > Data Bus
Qutput Operation (Write)

0 O 1 0 O DataBus— Port A

o 1 1 0 O DataBus— PortB

10 1 0 O DataBus- PortC’

1 1 0 O DataBus= Control
Disable Function

X X X x 1 Data Bus - 3-State

X X 1 1 0 Data Bus - 3-State

POWER - 46V
SUPPLIES GND

GROUP
A 110
GROUP PORT PAT-PAD
A A
[coNTROY (8)

GROUP

A
PORTC \[0
<ﬁ> Ureir PC7-FCa

BI-DIRECTIONAL
DATA BUS
A | OR—
oroo () B Ke—————
BUFFER
: . seIT v
' i | Kt 5
D
* LOWER Fco
{4)
— [
A0 —> eap -
- WR ——=0f WRITE GROUP <: Gngup
PONTROL, 8 PORT 110
Al Logic [FONTROL e PB7-PBO
A0 — ]
RESET ——»] ‘ U ?

s 1

Figure 1. UMB82C55A »Block Diagram Data Bus Buffer and
Read/Write Control Logic Functions

(Reset)

Reset. A "high” on this input clears the control register

and all ports (A, B, C) are set to the input mode. ""Bus
hold” devices internal to the UM82C55A will hold the
I/0 port inputs to a logic "'1' state with a maximum
hold current of 300 uA. :

Group A and Group B Controls

* The functional configuration of each port is programmed
by the systems software. In essence, the CPU “"outputs”
a control word to the UM82C55A. The control word
contains information such as “mode’”’, “‘bit set”, "bit
reset’’, etc., that initializes the functional. configuration of
the UM8B2C5E5A.

" Each of the Control blocks (Group A and Group B) accepts

“commands’” from the Read/Write Control Logic, receives
“‘control words” from the internal data bus and issues the
proper commands to its associated ports.

Control Group A— Port A and Port C upper (C7-C4}
Control Group B—Port B and Port C lower (C3-CO)

The control word register can be both written and read
as shown in the ""Basic Operation” table. Figure 4 shows
the control word format for both Read and Write
operations. When the control word is read, bit D7 will
always be a logic ""1", as this implies control word mode
information.

Ports A, Band C

The UM82C55A contains three 8-bit -ports (A, B, and C).
All can be configured to a wide variety of functional
characteristics by the system software but each has its
own special features or "‘personality’” to further enhance
the power and flexibility of the UM82C55A.

Port A One 8-bit data output latch/buffer and one 8-bit
data input latch. Both “pull-up’” and “pull-down”
bus-hold devices are present on Port A.
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Port B One 8-bit data input/output latch/buffer and one ¢ . ADDRESS BUS —\

8-bit data input buffer. —1 |

. . CONTROL BUS )

PortC One 8-bit data output fatch/buffer and one 8-bit ] 1 T

data input buffer {no latch for input)x This port Q DATA BUS )

can be divided into two 4-bit ports under the

moc:‘e ccantrol. Egch 4-gitf porthcontains Ia 4-bi} i} @ i}

latch and it can be used for the control signa — "

outputs and status signal inputs in conjunction 1RDWR b7-00 A_g;SA‘

with ports A and B.

UM82C55A
c
MODE o«»[ B i A I
| L Lo Fho
SUPPLIES GROUP

POWER e 45V
——=an0 | groue C:D oy <[':_1—‘>,A'/79m PB7-PBO  PC3-PCO PC1-PC4 ~ PAI1-PAQ
"’ conTRoL &
T mope 1—»1_B l——?—x
e W 1T T 35
. . :
— (}:j> e eoleca PB7FB0 CONTROL CONTROL PE7.PBO
DATA
oroo{ ] o, Ko »
INFEANAL TROUF MODE 2 —s{ B l__lﬁ[ AT
f DATA BUS <:> poRTC Pé:/s?vco
L 0 I I l 1 ? l I i—DIRECTIONAL
’ ] ) PA7PAQ  1/O - PA7-PAO
5 CONTROL
. READ
WR WRITE GROuP | 4 3
A|§ CONTROL —J' contro f\e— <:“> G:ogﬁf eiee0
ao—] 0% . & Figure 3. Basic Mode Definitions and Bus Interface
RESET ——{
L 5
—lE
= el CONTROL WORD
lmloeios ID4 [Ds loz |D1 Ioo]
Figure 2. UM82C55A Block Diagram Showing Group A
and Group B Control Functions
. .. GROUP B
Operational Description
PORT C (LOWER)
Mode Selection . 2, - IONL'I)TPUT
There are three basic modes of operation that can be
selected by the system software: ':?‘F:;F?UT
Mode 0 — Basic Input/OL/Jtput 0=0UTPUT
Mode 1 — Strobed Input/Qutput
Mode 2 — Bi-Directional Bus Yo pe g CTIoN
When the reset input goes "‘high”’, all ports will be set to 1 =MODE1
the input mode with all 24 port lines held ata logic “‘one"’
level by internal bus hold devices. After the reset is
removed, the UM82CBBA can remain in the input mode  GROUPA
with no additional initialization required. This eliminates
the need for pullup or pulidown resistors in all-CMOS ;’CjﬁlLC‘UPPER)
designs.  During the execution of .the system program, 0=0UTPUT
any of the other modes may be selected using a single
output instruction. This allows a single UM82C5bA to PORT A- v
service a variety of peripheral devices with a simple J)ZIC;\‘LT'IL"JUT =
software maintenance routine. g
The modes for Port A and Port B can be separately MODE SELECTION <
defined, while Port C is divided into two portions as g‘,’:mggg? T
required by the Port A and Port B definitions. All of the 1X = MODE 2 o
output registers, including the status flip-flops, will be
reset whenever the mode is changed. Modes may be
combined so that their functional definition can be : MODE SET FLAG
“tailored’”” to almost any 1I/O structure. For instance: 1=ACTIVE
Group B can be programmed in Mode O to monitor simple
switch closings or display computational results, Group A
could be programmed in Mode 1 to menitor a keyboard or
tape reader on an interrupt-driven basis. Figure 4. Mode Definition Format
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The mode definitions and possible mode combjnations
may seem confusing at first but after a cursory review of
the complete device ‘operation a simple, logical 1/0
approach will surface. The design of the UM82C55A has
taken into account things such as efficient PC board layout,

CONTROL-WORD

D7 ‘D6 D5 D4 D3 D2 D1 DO

control signal definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents the
maximum use of the available pins.

BIT SET/RESET

1=SET
J 0= RESET

X x X
BIT SELECT

DONT CARE S P P30 A P g
oft|0j1 |01 {01 ([BO
olol1]1]ofof1]1 B
olojolol1]1]1}1]B2

BIT SET/RESET FLAG

0=ACTIVE

Figure 5. Bit Set/Reset Format

Single Bit Set/ Reset Feature

Any of the eight bits of Port C can be Set or Reset using
a single OUT put instruction. This feature reduces software
requirements in control-based applications.

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset
operation just as if they were data output ports.

Interrupt Control Functions

When the UMB2CGE5A is programmed to operate in mode 1
or mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt request
signals, generated from port C, can be inhibited or enabled
by setting or resetting the associated INTE flip-flop, using
the bit set/reset function of port C.

This function allows the programmer to enable or disable
a CPU interrupt by a specific I/0O device without affecting
any other device in the interrupt structure.

INTE Flip-flop Definition
(BIT-SET) — INTE is SET — Interrupt enable.
(BIT-RESET) — INTE is RESET — Interrupt disable.

Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Modes

Mode O (Basic Input/Qutput). This functional configura-
tion provides simple input and output operations for each
of the three ports. No handshaking is required, data is
simply written to or read from a specific port.

Mode O Basic Functional Definitions:

Two 8-bit ports and two 4-bit ports *

Any port can be input or output

Outputs are latched

Inputs are not latched

16 different Input/Qutput configurations possible.
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MODE 0 (BASIC INPUT)

RR

Y

R —= la— THR —o=
INPUT )E )
, tag ~— 'RA
CS, A1,A0 .

D7-D0 == === === === == --------{ --- .

R tDF —

‘rD

MODE O (BASIC OUTPUT)

D7-DO >¢
r wa e faw
CS,A1,A0 *

OUTPUT

4—-; twg ——»|

Mode 0 Port Definition

A B Group A Group B

Ds D; D Do Port A '()S:p:r) # Port B :’l?t::v:r)

0 0 Y U Qutput Output 0 Output Output

0 0 0 1 Output Output 1 Output Input

0 0 1 0 Output Output 2 Input Output

0 0 1 1 Output Output 3 Input Input

0 1 0 0 Output Input 4 Qutput Output

0 1 0 1 Output Input 5 Qutput Input

0 ] 1 Y Output fnput - 6 Input Output o
0 1 1 1 Output Input 7 Input Input s
1 0 0 0 Input Output 8 Output Output E
1 0 0 1 Input Output 9 Output Input %
1 0 1 0 Input Output 10 Input Output =
1 0 1 1 Input Output 11 Input Input

1 1 0 0 Input Input 12 Output Output

1 1 0 1 Input Input 13 Output Input

1 1 1 0 Input Input 14 Input Output

1 1 1 1 Input Input 15 Input input
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Mode 0 Configurations

CONTROL WORD #0
D7 D6 D5 D4 D3 D2 D1 DO

nnnnnnan

8
Al— /= PA7-PAO
UM8B2C55A 4
%= PC7-PC4

{[
| »pPC3.PCO

8
B |——— PB7-PBO

D7-D0 +———]

CONTROL WORD #1
D7 D6 D5 D4 D3 D2 D1 DO

~Ldofoloefofo]o] 1]

8
A ——+—=PA7-PAO
UM82CS55A

a4
L+ »pPC7-PCA

c { .
/A _pcapco

B —3—pB7.PBO

D7-D0 «—

CONTROL WORD #2
D7 D6 D5 D4 D3 D2 D1 DO

nopEanng
AL—f§—>PA7-PAO

UM82C55A 4
= pPC7.PC4
|

D7-D0 +——»|

4

|+ » PC3-PCO
8

B j=—+——pB7-PBO

CONTROL WORD #3
D7 D6 D5 D4 D3 D2 D1 DO

nopononn

al—2&. razrao
UMB2C55A 4
L4 pey.pca
°{
b peseco

g f—r rB7.PBRO

D7-D0 w«-————»

UM82CS55A

CONTROL WORD #4
D7 D6 D5 D4 D3 D2 D1 DO

T[T

8
A b—+—=PA7-PAD

UM82C55A 4
{ le—F——PC7-PC4
c

4
—+——»-PC3-PCO

D7-D0 ]

8
B |—/—»PB7-PBO

CONTROL WORD #5
D7 D6 D5 D4 D3 D2 D1 DO

[T lol[ [l

8
A f—+—= PA7-PAO
UMB2C55A 4
e+ PC7-PC4
e

D7-D0 «———

4

e—/——PC3-PCO
8 .

B f—7—*PB7-PBO

CONTROL WORD #6

D7 D6 D5 D4 D3 D2 D1 DO

L lofofo i o] o]

A L—/L8—>PA7-PAO

UMB82C55A

4
|«—7——PcC7.PC4

o4
|—+~—»-PC3-PCO
8

8 f+~—#——PrB7-PBO

D7-D0 w———>

CONTROL WORD #7
D7 D6 D5 D4 D3 D2 D1 DO

[T

A b2 wpazpao
UMB82C55A 2

- —PC7.PC4
¢

D7-D0 «———4]

4
l«————PC3-PCO

8
8 J+—+—-PB7-PBO
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CONTROL WORD #8

D7 D6 D5 D4 D3 D2 D1 DO

L Lolof+[ofo]o]of

D7-DO+—

A
UM82C55A

1

B

«8__PA7-PAD

|4 o pc7-PCA

4 o pcapco

<8 . PB7-PBO

CONTROL WORD #9

D7 D6 D5 D4 D3 D2 D1 DO

[ fofef[ofofo]]

D7-D0 -—

A
UMB82C55A

al

B

. /8 PA7PAO
<4 o pC7-PCA
| .4 _pcapco

L8 o pg7pRO

CONTROL WORD #10

D7 D6 D5 D4 D3 D2 Di1. DO

L ofof ]e

|0l1 0

D7-D0 -——»f

A
UMB82C55A

al

B

4—;L—-PA7-PAO

4
"= pC7-PCA
|4 . pca.pco

<——/i—-PB7-PBO

CONTROL WORD #11

D7 D6 D5 D4 D3 D2 D1 DO

nnononng

D7-DO+—*

A
UMB82C55A

al

B

<——/8—PA7-PA0

% PC7-PC4
4
le«—rx——PC3-PCO

.« 8 _PB7.PBO

CONTROL WORD #12

D7 Dé D5 D4 D3 D2 D1 DO

[ fefof1[]olo o]

D7-D0 «-—]

A
UM82C55A

il

B

L 8 pa7pa0
« 4 pc7pca
|4 .+ pcapco

8 , PB7-PBO

CONTROL WORD #13

D7 D6 D5 D4 D3 D2 D1 DO

Llofofrfrfofol ]

D7-D0 «—]

UMB82C55A

{

8

A le—r—o PA7-P.A0

. 2 pcrrca
. 2 pcapco
|~ 2 o ea7pB0

CONTROL WORD #14

D7 D6 D5 D4 D3 D2 D1 DO

Llefelr [ ]e[ ]o]

D7-DO0e— o

A
UMB2C55A

o

B

8
l«—r—— PA7-PAO

|4 . pcarco

. 2 pe7PRO

CONTROL WORD #15

D7 D6 D5 D4 D3 D2 D1 DO

[efe il ]

D7-DO+—»]

UMB82C55A

2

B

N P PA7-PAQ

2 pc7.PCA

4 __ Pc3Pco

.8 PB7-PBO

4 )
|+—r—— PC7-PC4 )
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Operating Modes

Mode 1 (Strobed Input/Output). This functional MODE 1 (PORT A)
configuration provides a means for transferring /O data to
or from a specified port in conjunction with strobes or

“handshaking’’ signals. In mode 1, port A and port B PA7-PAO<I’
use the lines on port C to generate or accept these CONTROL WORD
“handshaking'’ signals. 07 D6 D5 D4 D3 D2 1. DO ] — -
. . ‘ Vo [ XXX | LA L 1 STB,
Mode 1 Basic Functlonal Definitions . I | | I | b
— IBF
® Two Groups {(Group A and Group B) [.;’QGiLPUT Pes A
® Fach group contains one 8-bit port and one 0=0UTPUT
4-bit control/data port. INTR
® The 8-bit data port can be either input or output. Fcs > A
Both inputs and outputs are latched. RD—=O)
® The 4-bit port is used for control and status of .
X PCE.7 fa—r—1/0
the 8-bit port. ’

Input Control Signal Definition
STB (Strobe Input)
A "low" on this input loads data into the input latch.
MODE 1 (PORT B)
IBF (Input Buffer Full F/F)

A “high” on this output indicates that the data has been .

loaded into the input latch; in essence, an acknowledge- PB7-PEO
ment.  IBF is set by _STB input being low and is reset by CONTROL WORD

the rising edge of the RD input. D7 D6 D5 D4 D3 D2 D1 DO INTE ]

[ DX | L8 |
INTR (Interrupt Request) pC1 |—=18Fg
A high” on this output can be used to interrupt the
CPU when an input device is requesting service. INTR
is set by the condition; STB is a “one’”, IBF is a “one” pco —=inTRg
and INTE is a “one”. It is reset by the falling edge of

RD. This procedure allows an input device to request RD—=Q)

service from the CPU by simply strobing its data into

the port.

INTE A

Controlled by bit set/reset of PC4* Figure 6. MODE 1 Input
INTE B

Controlled by bit set/reset of PC,-

=5 . \ (

S| [*—

IBF

‘——tRIB_"

SiT
INTR

RD

INPUT FROM y
PERIPHERAL = = = = = ~{ R e R - -

Figure 7. MODE 1 {Strobed Input)
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Output Control Signal Definition

OBF (Output Buffer Full F/F). The OBF output will
go “low” to indicate that the CPU has written data out
to the specified port. The OBF F/F will be set by the
rising edge of the WR input and reset by ACK Input being
low.

ACK (Acknowledge Input). A “low” on this input
informs the UM82CH5A that the data from port A or port
B has been accepted. In essence, a response from the
peripheral device indicating that it has received the data
output by the CPU.

INTR {Interrupt Request). A "‘high’" on this output can
be used to interrupt the CPU when an output device
has accepted data transmitted by the CPU. INTR is set
when ACK is a “one”, OBF is a "one” and INTE is a
“one’. It isreset by the falling edge of WR.

INTE A

Controlled by Bit Set/Reset of PCg*

INTE B

Controlled by Bit Set/Reset of PC,*

MODE 1 (PORT A)

PA7-PAO | 8 >

CONTROL WORD
D7 D6 D5 D4 D3 D2 D1 DO

[ T[T [XIXIX]

PC4,5
1= INPUT
0= QUTPUT
WR ———(} 2
PC4,5 [y
MODE 1 (PORT B)
PB7PBO | 8
CONTROL WORD :>
D7 D6-D5 D4 D3 D2 D1 DO
1 1]0 PC1 OBFg
PC2 fe—— A KB
PCO jo— INTRB
Wﬁ——rﬁo

Figure 8. MODE 1 Output

\ — tAOleG T
OBF .
TWOB |«—
INTR \.C
twiT S .
\ I
ACK :
le— tAK—s{e— AT
OUTPUT
twa

Figure 9. MODE 1 (Strobed Output)
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Combinations of MODE 1; Port A and Port B can be individually defined as input or output in Mode 1 to suppoft a wide

variety of strobed 1/0 applications:

PA7-PAO

RD——=0O) PC4 j«——3TB

CONTROL WORD PCS 1BF

D7 D6 D5 D4 D3 D2 D1 DO
PC3 }+— INTR

PA7-PAO[ 8 >

WR ———mO) PC7 |—= OBF,
CONTROL WORD PC6 fu—— ACK

D7 D6 D5 D4 D3 D2 D1 DO
PC3 |— INTR

1[0]1|0 111

s

PC4-5 |e— |/0
PC4,5
INPUT

1 Pe7-PBO K 8
0= OUTPUT

RD———=0 PC2 ja— STBB

X

PC1 —= IBF

PCO f INTRB'

PORT B — (STROBED INPUT)
PORT A — (STROBED OUTPUT)

Figure 10. Combinations of MODE 1

A
I1lo|1 |1’1/ol1‘lo 2
PCB,7 j+—> 1/0
e -
1= INPUT PB7-PBO [ 8
0=OUTPUT
WE ————Ol PCT |—» OBFg
PC2 f+— ACKy.
Pco |— INTRg
PORT A — (STROBED INPUT)
PORT B — (STROBED OUTPUT)
Operating Modes

MODE 2 (Strobed Bidirectional Bus 1/0)

The functional configuration provides a means for
communicating with a peripheral device or structure on a
single 8-bit bus for both transmitting and receiving data
{bidirectional bus 1/0). *‘Handshaking'’ signals are provided
to maintain proper bus flow discipline similar to MODE 1.
Interrupt generation and enable/disable functions are also
available.

MODE 2 Basic Function Definitions:

® Used in Group A only.

® One 8-bit, bi-directional bus Port (Port A) and a
5-bit control Port (Port C). '

® Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port
(Port A). ‘

Bidirectional Bus 1/0 Control Signal Definition

INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU for both input or output
- operations.

Output Operations
OBF (Output Buffer Full). The OBF output will go "“low’’
to indicate that the CPU has written data out to port A.

ACK (Acknowledge). A “Low’ on this input enables the
tristate output buffer of port A to send out the data.
Otherwise, the output buffer will be in the high impedance
state.

INTE 1 (The INTE Flip-Flop Associated with OBF).
Controlled by bit set/reset of PCg -

Input Operations
STB (Strobe Input). A “low’” on this input loads data into
the input latch, ’

IBF (Input Buffer Full F/F). A "high” on this output
indicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with |BF).
Controlled by bit set/reset of PCq* i
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CONTROL WORD
D7 D6 D5 D4 D3 D2 D1 DO

pc3a— |N'I'RA

I 1l ) WUO]I/OIT/O PAT7-PAO

PC7 - OBFA

PC6 |e— ACK,

L, PC20C :
1= INPUT
0=0UTPUT

PC4 |o—— STBA

L, PORTB
1= INPUT
0= OUTPUT

PC5 }—r IBFA

L+« GROUPBMODE RD—=0 PC2-0 Ja—f—1/0
0=MODE 0 :
1= MODE 1

Figure 11. MODE Control Word Figure 12. MODE 2

DATA FROM
CPU TO UMB2C55A

‘WR

INTR

e —— tST ——_—
__ O\
STB /
i5ig A
IBF .
- tpS ———» —- ——ltKD
PERIPHERAL - tAD
BUS e e m e - e
Y
/. tpH = = T
! LY
RD DATA'FROM DATA FROM ) a
PERIPHERAL TO UM82C55A UMB2C55A TO PERIPHERAL S
DATA FROM &

UM82C55A TO CPU

Figure 13. MODE 2 (Bidirectional)

e ACK and STB occurs before RD is permissible. (INTR=IBF - MASK -

Note: Any sequence where WR occurs befor
STB - RD +OBF - MASK - ACK -WR)
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (QUTPUT)
PC3 |—— INTR, PC3[—= INTR,
CONTROL WORD PA7-PAO CONTROL WORD PA7-PAC @
D7 D6 D5 D4 D3 D2 D1 DO PC7 [—=OBFA b7 D6 DS D4 D3 D2 D1 DO PC7 [ OBF,
11 Y o1 1o PCO [+—— ACKa 11 ololi/o Pee ﬁ—ff/*
PCA |«—— STB, PC4 Ja—— STB,
PC2-PCO PC2-0
1= INPUT POS = 1BFA 12 INPUT PeS I 'BFa
0= F%JTPUT PC2-0 featm 1/0 e gUTPUT pc2.0l+— 1/0
PB7-PBOK 8 | PB7-PBO{ 8
WR WR ———=Q) :>
MODE 2 AND MODE 1 {OUTPUT) MODE 2 AND MODE 1 (INPUT)
PC3 [—= INTR, PC3}— INTR,
PA7-PAO PA7-PAOK 8 >
CONTROL WORD oc7 OBF,, CONTROL WORD be7 oBF
D7 D6 D5 D4 D3 D2 D1 DO . AR, D7 D6 D5 D4 D3 D2 D1 DO oCs ACK,
L 1o PC4 J+—-STB, 1(1D<I><N1‘1 PC4 fo—— STB,
PC5 |— IBF , ) PCE |— IBF
PB7-PBO |78 ) pa7-pBO | 8
PC1 6B_lfB PC2L— §TT3’B
RD ——O PC2 |[«——ACK, RD ———=O) PC1 fe—— 1BF
W PCO |— INTR, wh PCO— INTRg
Figure 14. MODE 2 Combinations
Mode Definition Summary
MODE 0 MODE 1 MODE 2
IN ouT IN ouT Group A Only
PAo IN ouT IN ouT -
PA; IN ouT IN ouT
PA, IN ouT IN ouT -—
PAs IN ouUT IN ouT -~
PA4 IN ouT IN ouT -~
PAs IN ouT IN ouT -—
PAg IN ouT IN ouT -——
PA, IN ouT IN ouUT -—
PBo IN ouT IN ouT
PB; IN ouT IN ouT
=N e || R8s
N . ;
PB. IN ouT IN ouT oR yoPE
PBs IN ouT IN ouT
PBs IN ouT IN ouT
PB4 IN ouT IN ouT
PCo IN ouT INTRp INTRg 1/0
PC, IN ouT 1BF OBFg 110
PC, IN ouT STBg ACKg 1/0
PCs IN ouT INTRA INTRA INTRA
PCa IN ouT STBa 1/0 STBa
PCs IN ouT IBF 1/0 IBFA
PCq IN ouT 1) ACKA ACKp
PC, IN QuUT 1/0 BFa OBFA
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Special Mode Combination Considerations:

There are several combinations of modes possible. For
any- combination, some or all of Port Clines are used for
control or status. The remaining bits are either inputs or
outputs as defined by a "Set Mode’’ command.

During a read of Port C, the state of all the Port Clines,
except the ACK and STB lines, will be placed on the
data bus. In place of the ACK and STB tine states, flag
status will appear on the data bus in the PC2, PC4, and
PC6 bit positions as illustrated by Figure 17.

Through a "“Write Port C" command, only the Port C
pins programmed as outputs in a Mode O group can be
written. No other pins can be affected by a "Write Port
C” command, nor can the interrupt enable flags be
accessed. To write to any Port C output programmed
as an output in a Mode 1 group or to change an interrupt
enable flag, the "Set/Reset Port C Bit'" command must
be used.

With a "‘Set/Reset Port C Bit” command, any Port C
line programmed as an output (including INTR, IBF and
OBF) can be written, or an interrupt enable flag can be
either set or reset. Port C lines programmed as inputs,
including ACK and STB lines, associated with Port C are
not affected by a ‘‘Set/Reset Port C Bit"”" command.
Writing to the corresponding Port C bit positions of the
ACK and STB lines with the “Set/Reset Port C Bit”
command will affect the Group A and Group B interrupt
enable flags, as illustrated in Figure 17.

INPUT CONFIGURATION
D7 D6 D5 D4 D3 D2 DI DO

170 ' 170 J IBFAIINTEAlINTRA INTEBI 1BFg |INTRB

T T
GROUP A GROUP B

OUTPUT CONFIGURATION
D7 D6 D5 D4 D3 D2 DI DO

OBF4 IINTEAI 1/0 ] 10 l!NTRAINTEB‘OBFB|INTHB

T T
GROUP A GROUP B

Figure 15. MODE 1 Status Word Format

D7 D6 D5 D4 D3 D2 D1 DO

OBF llNTE1 f IBF 5 ]lNTE2 IINTRA

T I
GROUP A GROUP B

(DEFINED BY MODE 0 OR MODE 1 SELECTION}

Figure 16. MODE 2 Status Word Format

Interrupt Enable Flag* Position Alternate Port C Pin Signal (Mode)
INTE B PC2 ACKg (Output Mode 1) or STBg (Input Mode 1)
INTE A2 PC4 STBa (InputMode 1 or Mode 2)
INTE A1 PC6 ACKp (Qutput Mode 1 or Mode 2)
Figure 17. Interrupt Enable Flags in Modes 1 and 2

Current Drive Capability:

Any output on Port A, B or C can sink or source 2.6mA.
This feature allows the UM82CH5A to directly drive
Darlington type drivers and high-voltage displays that
require such sink-or source current.

Reading Port C Status
In Mode O, Port C transfers data to or from the peripheral
device. When the UMB2C55A is programmed to function

in Modes 1 or 2, Port C generates or accepts ‘‘hand-shaking”
signals with the peripheral device. Reading the contents of
Port C allows that programmer to test or verify the “’status’’
of each peripheral device and change the program flow
accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.
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Applications of the UM82C55A

The UMB82C55A is a very powerful tool for interfacing
peripheral equipment to the microcomputer system,
It represents the optimum use of available pins and is
flexible enough to interface almost any 1/0 device without
the need for additional external logic.

Each peripheral device in a microcomputer system usually
has a “service routine’” associated with it. The routine
manages the software interface between the device and the
CPU. The functional definition of the UM82C55A is
pragrammed by the 1/O service routine and becomes an
extension of the system software. By examining the 1/0
devices interface characteristics for both data transfer and
timing, and matching this information to the examples and
tables in the detailed operational description, a control
word can easily be developed to initialize the UM82C55A
to exactly ““fit'"" the application. Figures 10 through 24
present a few examples of typical applications of the
UMB2C55A.

INTERRUPT
REQUEST=——
pc3 | PAO RO
PA1 R1T FuLLY
PA2 R2 DECODED
PA3 R3 KEYBOARD
PA4 R4
MODE 1 | PAS R5
(INPUT) | PAG |« SHIFT
PA7 CONTROL
PC4 STROBE
| PC5 ACK
UM82C55A
["PBO BO
PB1 B1 BURROUGHS
PB2 B2 SELF-SCAN
PB3 B3 DISPLAY
" | rBa B4
MODE 1 | P85 BS
(ouTPUT) | PBE BACKSPACE
PB7 CLEAR .
PC1 DATA READY
PC2 |- ACK
PC6 BLANKING
pco | PC7 CANCEL WORD
INTERRUPT I
REQUEST

"Figure 19. Keyboard and Display [nterface

NTERRUP
: ;EOUES'{"_‘
[ Pao 7
PC3 PA1
P2 HIGH-SPEED
PA3 PRINTER
PA4
PAS
MODE 1 _| pag
(OUTPUT)
PA7 | HAMMER
RELAYS
pC7 DATA READY
PC6 ACK
PS5 PAPER FEED
| pca FORWARD/RE
UMB2CESA
B0
PB1 I
PB2
PB3 DATA READY
PB4 ACK
MODET | oo PAPER FEED
UTPUTY 1 g FORWARD/REV
P87 RIBBON
CARRIAGE SEN
pC1 DATA READY
LEZ ACK
PCO
INTERRUPT
REQUEST CONTROL LOGIC AND DRIVERS
Figure 18. Printer Interface
INTERRUPT
REQUEST <—]
PC3 [ PAO RO
PA1 R1  FuLLy
PA2j-= F2 DECODED
PAS = R3 KEYBOARD
PA4 R4
. PAS |- R5
MODE 1 PAB SHIFT
(INPUT) PA7 CONTROL
rcal= STROBE
PCS ACKNOWLEDGE
UMB2C55A | pog gUsy LT
o PC7F———™ TEST LT
PBO 6 ___o— TERMINAL
PB1 o) s O ADDRESS
PB2 s o
MODE O PB3 6’——\G
luneum) | PB4 < °
" | PB5 o e
PB6 ¢ _.0
PB7

Figure 20. Keyboard and Terminal Address Interface
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PAO

(OUTPUT) ~| PA6

UM82C55A ———

BIT —
SET/RESET

MODE 0 PB3
(INPUT) ]

LSB

MODE 0 PAS |-

12-BIT

D-A ANALOG

CONVERTER

>
(DAC) OUTPUT

MSB

STB DATA

OUTPUT EN

SAMPLE EN

STB

LSB

ANALOG

—
8.BIT INPUT

A-D
CONVERTER

(ADC)
MSB

Figure 21. Digital to Analog, Analog to Digital

INTERRUPT
REQUEST

PC3 PAO
PA1
PA2
PA3
PA4
PAS

MODE 2 - PA6
PA7

PC4
PC5
PC7

PC6

INTERRUPT
REQUEST
PC3 PA
PA1
PA2
PA3
PA4
MODE 0 22:
(OUTPUT)
PA7
PC7
PC6
PC5

UMB82C55A | PC4

PC2
PC1
PCO

PBO

MODE 0 | PB1
(OUTPUT) PB2
PB3
PB4
PB5
PB6
PB7

Y ©

R1  CRT CONTROLLER
R2  +« CHARACTER GEN
R3 . REFRESH BUFFER

gg * CURSOR CONTROL

SHIFT
CONTROL

DATA READY
ACK
BLANKED
BLACK/WHITE

ROW STB
COLUMN STB
CURSOR H/V STB

CURSOR/ROW/COLUMN
ADDRESS
H&V

Figure 22. Basic CRT Controller Interface

UM82C55A  PC2
. P

PCO

MODE 0

(QUTPUT)

INTERRUPT
REOUESI_»Iz

DO PC3 [ PAD RO
D1 FLOPPY DISK PA1 R1
D2 CONTROLLER PA2 R2

PA3 R3
b2 AND DRIVE 8 LEVEL
D4 PA4 R4 PAPER
D5 MODE 1 PAS R5 TAPE
D6 (INPUT) | PAB Re READER
D7 PA7 R7
DATA STB PC4 STB
ACK (IN) PC5 ACK
DATA READY PC6 STOP/GO
ACK (OUT) —

UM82C55A MACHINE TOOL

TRACK “0" SENSOR PCO START/STOP
SYNC READY MODEO_| pc1 LIMIT SENSOR (H/V)
INDEX INPUT) | peole 1 OUT OF FLUID
ENGAGE HEAD PBO CHANGE TOOL
FORWARD/REV PB1 | LEFT/RIGHT
READ ENABLE PB2 UP/DOWN
WRITE ENABLE MODE 0 PB3 HOR. STEP STROBE
DISC SELECT (OUTPUT)I—| PB4 VERT. STEP STROBE
ENABLE CRC PB5 SLEW/STEP
TEST PB6 FLUID ENABLE
BUSY LT PB7 EMERGENCY STOP

Figure 23. Basic Floppy Disk Interface

Figure 24. Machine Tool Controlier Interface
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Features

B Generates the system clock for CMOS or NMOS
Microprocessors

Up to 25 MHz operation

Uses a parallel mode crystal circuit or external frequency
source

Provides ready synchronization

General Description

The UMB2C84A is a high performance CMOS clock
generator-driver which is designed to service the require-
ments of both CMOS and NMOS microprocessors such as
the 80C86, 80C88, 8086 and the 8088. The chip contains
a crystal controlled oscillator, a divide-by-three counter
and complete ‘"Ready’’ synchronization and reset logic.

Static CMOS circuit design permits operation with an
external frequency source from DC to 25MHz.  Crystal
controlled operation to 256MHz is guaranteed with the

CMOS Clock Generator Driver;

UM82C84A

B Generates system reset output from schmitt trigger
input

Capable of clock synchronization with other 8284A
TTL compatible inputs/outputs

Very low pewer consumption

18 Pin package

Single +5V power supply

use of a parallel, fundamental mode crystal and two small
|oad capacitors.

All inputs (except X1, X2 and RES) are TTL compatible
with a V) of 2.0 volts over the industrial temperature
and voltage ranges.

Power consumption is a fraction of that of the equivalent
bipolar circuits. This speed-power characteristic of CMOS
permits the designer to custom tailor his system design
with respect to power and/or speed requirements.

Pin Configuration
csyne [ ~ 18 [ Jvee
pcLk ]2 v 17 ]x
AENT []3 16 [ 1x2
ROY1 []a 15 | JASYNC
READY |5 14 [ Jer
RDY2 [|MB2C84A ;I pie
AENZ [ |7 12 Josc
ck []8 11 [ JRES
GND [0 10 bRESET
Control Logical 1 Logical 0
in
FIC External Crystal
Clock Drive
RES Normal Reset
ROY1 Bus Ready Bus not
RDY2 Ready
AENT Address Address
AENZ Disabled Enabled
ASYNC 2 Stage Ready 1 Stage Ready
Synchronization Synchronization

Block Diagram

RES
RES o 1
@ 5 2 Reser
—{4cK
x11Z
XTAL
x216__JosciLiaTor |} Do—'z. osc
=1
FE 2 +3 . 2
: = 2 14 pcLk
SYNC SYNC
eFid
csyne . !
RDY1
o S
AENT
RDY2
ckt EK
AENZ L b0 o b o> reaoy
FF1 FF2
ASYNC1S
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Absolute Maximum Ratings*

Supply Voltage .. ................... +8.0 Voits
Operating VoltageRange . .. ........... +4V to +7V
Applied Voltage on Any Pin

VIN o GND —0.3V to V¢ 0.3V
Ambient Temperature Under Bias Ta . . . . . 0°C to +70°C
Storage Temperature Range

TSTG oo eeee e —65°C to +150°C
Maximum Power Dissipation . . .. ............ 1 Watt

D.C. Electrical Characteristics
Vee =5.0V+10%  Ta =0°Cto+70°C

*Comments

Stresses above those listed under "“Absolute Maximum
Ratings’’ may cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or-any other conditions above those in-
dicated in the operational sections of this specification is
not implied and exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

Symbol Parameter Min. Max. Units Test Conditions
v Logical One . 2.0 \Y
IH Input Voltage
v Logical Zero 0.8 v
I Input Voltage ’
Reset Input
0.7V \%
Vr+ High Voltage ce
Vi+-V- Reset Input 02 Vee
Hysteresis
lon = -4.0mA for
Logical One CLK ouiput
Vonx s Vee-0.4 \%
° Output Voltage ce loH = -2.5mA for
" all others
loL = +4.0mA for
VOE Logical Zero 0.4 v CLK output
Qutput Voltage ’ loL = +2.5mA for
for others
leL Input Leakage 10 10 A OVLV N Ve except
Current ' ’ ASYNC, X1-see note 1
Crystal
Power S
lcc- 40 mA -
ce Supply Current gret?yuetn%/pe 25MHz
utputs n
Notes:

ASYNC pin includes an internal 17.5K£2 nominal pull-up resistor. For ASYNC input at GND, ASYNC input leakage current=

130 A nominal.
X1-crystal feedback input.

Capacitance
(Ta =25°C. Vee=GND=0V; VN =+5V or GND)
Symbol Parameter Min. Max. Units Test Conditions
Cin Input 5 pf Freq. =1 MHz
Capacitance |

*Guaranteed and sampled, but not 100% *cstca
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Wume - UM82CS4A

A.C. Characteristics
{(Ta =0°Cto+70°C, V¢ =5V +10%)

TIMING REQUIREMENTS

Symbol ! ) Parameter Min. Max. Units Test Conditions
tEHEL External Frequency HIGH Time 13 ns 90%—90% VN
tELEH External Frequency LOW Time 13 ns 10%—10% VIN
tELEL EF| Period . 36 ns
. XTAL Frequency 2.4 25 HNz

tR1VCL RDY 1, RDY2 Active Setup to CLK 35 ns ASYNC = HIGH
tR1VCH RDY1, RDY2 Inactive Setup to CLK 35 ns ASYNC=LOW
tR1VCL RDY1, RDY2 Inactive Setup to CLK 35 ns
tCLR1X RDY1, RDY2 Hold to CLK 0 ns
tAYVCL ASYNC Setup to CLK 50 ns
tCLAYX ASYNC Hold to CLK 0 ' ns
tATVR1V © AEN1, AEN2 Setup to RDY1, RDY2 15 ns
tCLATX AENT, AEN2 Hold to CLK 0 ns
tYHEN . CSYNC Setup to EFI ) 20 ns

“tEHYL CSYNp Hold to EF! 20 ns
tYHYL CSYNC Width 2.tELEL ns
YMHCL RES Setup to CLK 65 ns {Note 2)
tCLITH RES Hold to CLK 20 ns (Note 2)

TIMING RESPONSES

Symbol . Parameter Min. Max. Units Test Conditions

tCLCL CL.K Cycle Period 125 ns
tCHCL CLK HIGH Time (1/3 tCLCL)+2.0 ns Fig. 7 & Fig. 8
tCLCH CLK LOW Time (2/31CLCL)215.0 ns Fig. 7 & Fig. 8
tCH1CH2 CLK Rise or Fall Time 10 ns 1.0V to 3.5V
tCL2CL1 )
tPHPL PCLK HIGH Time tCLCL-20 ns

. tPLPH PCLK LOW Time tCLCL~-20 ns
tRYLCL Ready Inactive to CLK (See note 4) -8 ' ns Fig. 8 & Fig. 10
tRYHCH Ready Active to CLK (See note 3) | (2/3tCLCL)-15.0 ns Fig. 9 & Fig. 10
iCLIL CLK to Reset Delay 40 ns
tCLPH | CLK to PCLK HIGH Delay 22 ‘ns
tCLPL CLK to PCLK LOW Delay 22 ns
tOLCH 0OSC to CLK HIGH Delay -5 22 ns
tOLCL 0SC to CLK LOW Delay 2 35 ns

Notes:

Output signals switch between Vg and Vg unless otherWi§e specified.
Setup and hold necessary only to guarantee recognition at next clock.
Applies only to T3 TW states.

Applies only to T2 states.

All timing delays are measured at 1.5 volts unless otherwise noted.

Input signals must switch between V|| max—.4 VpoH and V| min +.4 volts
in 15ns unless otherwise specified.

Do, ON~

Figure 1. 1llustrates test load measurement condition.
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Waveforms
tEHEL
NAME - tE 1 EL tELEH —_— -— - -
EFl J"\J'\ I'\_I'\J‘\..I'\J'\J'\_F\_r"'\J'\J'\J'\_F\J'\J'\_I'
osc o J'\J'\I'\J"\_I'\_F\J'\_I'\J'\_I'\J'\_HJ'\J'\J'LF\_I'
LeH — "" = toLacLi—y et = oreL
oLK I i .« r - 1o c| —
Llewichz U= =lolcL ICLPH —> =— - ~—fcueL
PCLK O _J_- - .
< Tppy —*=*+TpHpL — ™
tEHYL e - YYHEH
CSYNC | e . ‘cLitH  tiHeL
- YHY L -
RES | .au_w ﬁ
tCLIL —» -—
RESET O ____.’ \_.
Note: All timing measurements are made at 1.5 volts. Unless otherwise noted.

Figure 2. Waveforms for Clocks and Reset Signals

A f 7 VY A W
CLK = / . X
CLR1X ™™ _.1t e
RIVCL
'R1vcH - -
RYD1.2 —
l‘—‘ fCLR1X
AEN’[,Z——% AIR v Z——
t t ™
AYVCL —»] la— CLR1X
ASYNC
) 777777777 /|
feLayx —™ "‘
|
—
—™RYHCH [* RyLcl
Figure 3. Waveforms for Ready Signals (For Asynchronous Devices)
ek [ X F\_. [ /X
; -
CLR1X —
le—ta1veL ~~  riveL
RYD1.2 £ C
TATRTV ~ ™ CLR1X v
]
— t — {— &
tavvel ™ CLA1TX T
o.
ASYNC__JF / @
ICLAYX ™™
o0 J
READY }
'RyHCH ™ _4 tRyLCL ==

Figure 4. Waveforms for Ready Signals (For Synchronous Devices)
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——] X1 LOAD
cLK -
15 (SEE NOTE 1)

= ——x2
Ic2 _
= F/C
CSYNC

Figure 5. Clock High and Low Time (Using X1, X2)

A

cc
L lzeni LOAD
AENT CLK (SEE NOTE 1)
1
READY LOAD
MMHz 01 = | (SEE NOTE 2)

[] .
PULSE
GENERATOR RDY2 0sC

TRIGGER F/C
AEN2
ICSYNC

iH

Figure 7. Ready to Clock (Using X1, X2)

Notes:
1. Cp = 100pF
2. C|_=30pF

I PULSE |
GENERATOR EFI CLK
v
cc
e
ese

LOAD
(SEE NOTE 1)

Figure 6. Clock High and Low Time (Using EFI)

PULSE
GENERATOR

t F/C
IRENT
TRIGGER
PULSE DY2
GENERATOR [AENZ
csyne
READY

LOAD
(SEE NOTE 1)

LOAD
(SEE NOTE 2)

Figure 8. Ready to Clock (Using EFI)

2.25V

R= 7400 FOR ALL OUTPU:I'?S EXCEPT CLK

4631 FOR CLK OUTPUT
FROM QUTPUT A
UNDER TEST
CL

I(SEE NOTE 3)

3. C|. INCLUDES PROBE ANb JIG CAPACITANCE

Figure 9. Test Load Measurement Conditions

Table 1. Crystal Specifications

Parameter Typical Crystal
Frequency 2.4-25MHz, Fundamental, AT’ cut
Type of Operation Parallel
Unwanted Modes —6db (Min)
Load Capacitance 18— 32pf
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Pin Description

Pin 1/0 Definitions
AENT, | ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus Ready
AEN2 Signal (RYD1 or RDY2). AENT validates RDY1 while AENZ validates RDY2. Two AEN signal

inputs are useful in system configurations which permit the processor to access two Multi-Master
System Busses. In non Multi-Master configurations, the AEN signal inputs are tied true (LOW).

RDY1, | BUS READY (Transfer Complete). RDY is an active HIGH signal which is an indication from a
RDY2 device located on the system data bus that data has been received, or is available. RDY 1 is qualified
by AEN1 while RDY2 is qualified by AEN2.

ASYNC | READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization
mode of the READY logic. When ASYNC is low, two stages of READY synchronization are
provided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided.

READY O | READY: READY is an active HIGH signal which is the synchronized RDY signal input. READY is
cleared after the guaranteed hold time to the processor has been met.

X1, X2 I 1 CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The crystal frequency is 3
times the desired processor clock freguency. '

‘Fre | | FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When strapped LOW, F/C permits
the processor’s clock to be generated by the crystal, When F/C is strapped HIGH, CLK is generated
from the EFI input.

EFI [ EXTERNAL FREQUENCY IN: When F/C is. strapped HIGH, CLK is genefated from the
; input frequency appearing on this pin. The input signal is a square wave 3 times the frequency of the
desired CLK output.

CLK O | PROCESSOR CLOCK: CLK is the clock output used by the processor and all devices which directly
connect to the processor’s local bus. CLK has an output frequency which is 1/3 of the crystal of EFI
input frequency and a 1/3 duty cycle.

PCLK O | PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is 1/2 that of
CLK and has a 50% duty cycle.

0scC O | OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuity. Its frequency is
equal to that of the crystal.

)
m
w

RESET IN: RES is an active LOW signal which is used generate RESET. The UM82C84A provides a
Schmitt trigger input so that an RC connection can be used to establish the power-up reset of proper
duration.

RESET O | RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its
timing characteristics are determinded by RES.

CSYNC I | CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple UM82C84As
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal counters
are reset. When CSYNC goes LOW the internal counters are allowed to resume counting. CSYNC
needs to be externally synchronized to EFl. When using the internal oscillator CSYNC should be
hardwired to-ground.

Y
T
T
£
<
-3
=
9
o

GND Ground

Vee +5V supply
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Functional Description
Oscillator '

The oscillator circuit of the UM82C84A is designed
primarily for wuse with an external parallel resonant,
fundamental mode crystal from which the basic operating
frequency is derived.

The crystal frequency should be selected at three times
the required CPU clock, X1 and X2 are the two crystal
input crystal connections. For the most stable operation
of the oscillator (OSC) output circuit, two capacitors
{C1 = C2) as shown in the waveform figures are recom-
mended. The output of the oscillator is buffered and
brought out on OSC so that other system timing signals
can be derived from this stable, crystal-controlled source,
Capacitors C1, C2 are chosen such that their combined
capacitance:

Ci.C2

M=t

(Including stray capacitance)

matches the load capacitance as specified by the crystal
manufacturer, This insures operation within the frequency
tolerance specified by the crystal manufacturer.

Clock Generator

The clock generator consists of a synchronous divide-by-
three counter with a special clear input that inhibits the
counting. This clear input (CSYNC) allows the output
clock to be synchronized with an external event (such as
another UM82C84 clock). It is necessary to synchronize
the CSYNC input to the EF! clock external to the
UMB2CB4A. This is accomplished with two flip-flops.
The counter output is a 33% duty cycle clock at one-third
the input frequency.

The F/C input is a strapping pin that selects either the
crystal oscillator or the EF! input as the clock for the —3
counter. |f the EF| input is selected as the clock source,
the oscillator section can be used independently for another
clock source®. Output is taken from OSC.

Clock Outputs

The CLK output is a 33% duty cycle clock driver designed
to drive the 80C86, 80C88 processors directly. PCLK
is a peripheral clock signal whose output frequency is
1/2 that of CLK. PCLK has a 50% duty cycle.

Reset Logic

The reset logic provides a Schmitt trigger input (RES) and
a synchronizing flip-flop to generate the reset timing.

The reset signal si synchronized to the falling edge of
CLK. A simple RC network can be used to provide power-
on reset by utilizing this function of the UM82CB84A.
Wave-forms for clocks and reset signals are illustrated in
Figure 1.

Ready Synchronization

Two READY inputs (RDY1, RDY2) are provided to
accommodate two system busses. Each input has a
qualifier (AENT and AEN2, respectively). The AEN
signals validate their respective RDY signals. If a Multi-
Master system is not being used the AEN pin should be
tied LOW.

Synchronization is required for all asynchronous active-
going edges of either RDY input to guarantee that the
RDY setup and hold times are met. Inactive-going edges
of RDY in normally ready systems do not require
synchronization but must satisfy RDY setup and hold as a
matter of proper system design.

The ASYNC input defines two modes of READY
synchronization operation.

When ASYNC is LOW, two stages of synchronization are
provided for active READY input signals. Positive-going
asynchronous READY inputs will first be synchronized
to flip-flop one at the rising edge of CLK (requiring a
setup time tR1VCH) and then synchronized to flip-flop
two at the next falling edge of CLK, after which time the
READY output will go active (HIGH). Negative-going
asynchronous READY inputs will be synchronized directly
to flip-flop two at the falling edge of CLK, after which
time the READY. output will go inactive. This mode of
operation is intended for use by asynchronous (normally
not ready) devices in the system which cannot be
guaranteed by design to meet the required RDY setup
timing, tR1VCL, on each bus cycle,

When ASYNC is high or left open, the first READY flip-
flop is bypassed in the READY synchronization logic.
READY inputs are synchronized by flip-flop two on the
falling edge of CLK before they are presented to the
processor. This mode is available for synchronous devices
that can be guaranteed to meet the required RDY setup
time.

ASYNC can be changed on every bus cycle to select the
appropriate mode of synchronization for each device in
the system.

CLOCK
SYNCHRONIZE D

EFI >—%Dc >T

Figure 10. CSYNC Synchronization

(TO OTHER 82C84As)

*Note: If EFI input is used, then crystal input X1 must be tied to Vcc or GND and X2 should be left open. If the crystal
inputs are used, then EF| should be tied to Ve or GND.
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Features

B Pin compatible with bipolar 8288

MW Provides advanced commands for multimaster busses

B 3.state command outputs

General Description

The UMB2C88 is a high performanqe CMOS Bus Controller
manufactured using a self-aligned silicon gate CMOS
process. The UM82C88 provides the control and command
timing signals for 80C86 and 8086/88 systems. The high

Bipolar drive capability

Fully TTL compatible

UmM82Cs8s8

B High performance HCMOS process
B Single 5V power supply
B | ow power operation

Iccsg — 10MA

Iccop — TmMA/MHz

need for additional bus drivers. High speed and industry
standard configuration make the UMB2C88 compatible
with microprocessors such as the 80C86, 8086, 8088,

8089, 80186, and 80188.

output drive capability of the UMB82C88 eliminates the

Pin Configuration
\/
108 If 1 20 [ Jvee
ck [ ]2 19150
S [ ]s 18]S,
DT/R []4 17 [ ] McE/PBEN
ALE []s 16 | ] pEN
REN [ 6U|V|82(388 15 [ cen
wroe [ 14 [ TR
AVWE [ |8 13 [ ] 10RC
wwrc []o T ] ATowe
GND []10 11 [ ] owc

Block Diagram

Eg MRDC
5 STATUS MWTC
5 DECODER COMMAND AMWC ‘muLTIBUS™
' SIGNAL TORC COMMAND
GENERATOR TOWC v
ATOWE
INTA
cLk DT/R
AEN || controL DEN ADDRESS LATCH
CONTROL conTRoL ONTRO
DATA TRANSCEIVER
INPUT {GEN LoGic GENERATOR MCE PDEN f AND INTERRUPT
108 ALE CONTROL SIGNALS
Vee GND

*T™ Multibus is an INTE L Corp trademark
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‘Absolute Maximum Ratings*

*Comments

Supplyv Voltage ................0..... +8.0 Volts Stresses above those listed under “Absolute Maximum
Operating Voltage Range . . ... ......... +4V to +7V Ratings’’ may cause permanent damage to the device.
Input Voltage Applied . . .. ...... GND —2.0V to +6.5V These are stress ratings only. Functional operation of
OQutput Voltage Applied . . . . . GND —0.5V to V¢ +0.5V this device at these or any other conditions above those in-
Storage Temperature Range . ....... —65°C to +150°C dicated in the operational sections of this specification is
Operating Temperature Range . . .. ...... 0°C to_+70°C not implied and exposure to absolute maximum rating con-
Maximum Power Disipation .. . ... .......... 1 Watt ditions for extended periods may affect device reliability.
'D.C. Electrical Characteristics
(Vee = 5.0V +10%; T = 0°C to +70°C)
" Symbol Parameter Min. Max. Units Conditions
T Logic One 2.0 \%
Input Voltage \
ViL LLogic Zero 0.8 \
Input Voltage
ViHe LCK Logical One 0.7 Vce \%
Input Voltage
ViLe CLK Logical Zero 0.2vcC \Y
Input Voltage .
VoH Output High Voltage 3.0 Y lop = —8.0mA
Command Outputs VCC-0.4 \Y loH = —2.5mA
Output High Voltage 3.0 \ lon = —4.0mA
Control Outputs VCC-0.4 \Y loH = —2.5mA
VoL Output Low Voltage 0.5 \ loL = +20.0mA
Command Qutputs
Output Low Voltage 0.4 \ oL = +8.0mA
Control Outputs
i Input Leakage —-1.0 1.0 MA OVSV)nS Ve
Current except Sy, S1. S,
IBHH Input Leakage -50 -300 MA Vin = 2.0V
Current-Status Bus So.51.S2
(see Note 1)
lo Qutput Leakage —-10.0 10.0 MA ovVLVo<Vee
Current
lcess Standby Power Supply 10 HA Vee = 5.5V
ViN = Vcc or GND
Outputs Open
lccop Operating Power 1 mA/MHz Vce = 5.5V
Supply Current Qutputs Open
Capacitance
(Ta =25°C; Ve = GND=0V; V|y =+5V or GND)
Symbol Parameter Min. Max. Unit Conditions
CIN* Input Capacitance 5 pf oFREQ = 1MHz
: Unmeasured pins
returned to GND
Cout™ Output Capacitance 16 ‘ pf

*Guaranteed and sampled, but not 100% tested
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A.C. Characteristics
(Vee = +5V +10%, GND = 0V; Ta =0°C to 70°C)
TIMING REQUIREMENTS
Symbol Parameter Min. Max. Unit Conditions
TeLew CLK Cyv/cle’Period 125 ns
TcLeH CLK Low Time 66 ns
TcHeL CLK High Time 40 ns
TsveH Status Active Setup Time 35 ns
TcHsy Status Active Hold Time 10 ns
TsHeL Status Inactive Setup Time 35 ns
TeLsH Status Inactive Hold Time 10 ns
TIMING RESPONSES
Symbol Parameter Min. Max. Unit Conditions
TcvNv Control Active Delay 5 45 ns 1
TCcVNX Control Inactive Delay 10 45 ns 1
TeLtH ALE Active Delay (from CLK) 20 ns 1
TeLmcH MCE Active Delay (from CLK) 25 ns 1
TsvLH ALE Active Delay (from Status) 20 ns 1
TsvMCH MCE Active Delay (from Status) 30 ns 1
TeHLL ALE Inactive Delay 4 22 ns 1
TecLmL Command Active Delay 5 35 ns 2
TcLMH Command [nactive Delay 5 35 ns 2
TcHDTL Direction Control Active Delay 50 ns 1
TcHDTH Direction Control Inactive Delay 30 ns 1
TAELCH Command Enable Time! 40 ns 3
TAEHCZ Command Disable Time? 40 ns 4
TAELCY Enable Delay Time 110 250 ns 2
TAEVNV AEN to DEN 25 ns 1
TCEVNV CEN to DEN, PDEN 25 ns 1
TCELRH CEN to Command TC|1_I6AL ns 2
+
TLHLL ALE High Time TCL1C0H ns 1
Note: 1. TagLcH measurement is between 1.5V and 2.5V,
2. TagHcz measured at 0.5V change in VO.
A.C. Test Circuits i
Test
Conditions I0H 1oL Vil Ry ¢
R1 <
1 —4.0mA |+ 8.0mA | 2.13V |22082| 80pf ®
[
£
OQUTPUT FROM =%
TEST 2 —~8.0mA |+20.0mA | 2.29V | 9182|300pf I~
DEVICE POINT Om p 5
UNDER TEST ] B
c1 3 —8.0mA - 1.50V | 18782 | 300pf
I 4 ~8.0mA - 1.50V | 18782 | 50pf

*Includes stray and jig capacitance Test Condition Definition Table
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A.C. Testing Input, Output Waveform

INPUT

OUTPUT

VIH + 0.4V
ViL — 0.4V

15V Y

VOH
vOoL

A.C. Testing: All input signals (other than CLK) must switch between VIL —0.4V and ViH +0.4V. CLK must switch between
0.4V and 3.9V. Ty and T must be less than or equal to 15ns,

Waveforms
STATE T4 T1 T2 T3 Ty
«—— TCLCL —|
/\ /— TCHCL —\
CcLK / \ / ~___/ K / X y, X
TCHSV .J ot e e TSVOH  —fTOLCL fe- HEL -
S2.51.50 )‘ TCLSH)k )Il \
TADDR. |
ADDRESS/DATA VALID JX ‘S’E'FLEVALID
TCLLH» 1o | 2ol «TCHLL
ALE
I TCLMH —»]
MRDC, IORC, INTA
“AMWC, ATOWC
—o| | TCLML —] TCLML
MWTC, TOWC
—»] TCVNV
DEN {READ)
(INTA)
TCVNX—»| |e—
PDEN (READ)
(INTA)
—] TCVNV
DEN (WRITE)
e TCVNX
PDEN (WRITE) \t\
TCHDTH—»]
DT/R(READ) "7 °~° ="
INTA --mwwow -
— e
TCHOTL
MCE }( > \1 TCHDTH -+
"CLMCH-] —
T [ TCVNX
TSVMCH

Notes:

1 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
3 All timing me asurements are made at 15V unless specified otherwise :
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Waveforms (Continued)

DEN, PDEN QUALIFICATION TIMING

S X

AEN
=—TAEVNV —s
DEN
le—— TECVNV —
PDEN

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE)

~—TAELCV——>
AEN 15v o
TAELCH —>! -~ TAEHCZ e« 0.5V
VoH v
OUTPUT N ——— O
COMMAND l
e
TCELRH
Y
<
CEN 2
: a
— e—— TCELRH §
Note:

CEN must be low or valid prior to T, to prevent the command from being generated.
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Pin Description

Pii .
Symbol Nul::;:er Type| . Functions
Vee 20 o] +5V power supply
GND 10 Ground

o Status input pins. These pins are the input pins from the 80C86, 8086/88/8089
So-S1-S; - 19,3,18 | processors. The UM82C88 decodes these inputs to generate command and control
signals at the appropriate time. When Status pins are not in use {passive), command
outputs are held HIGH (See Table 1.)

- Clock: This is a CMOS compatible input which receives a clock signal from the
CLK 2 I UMB2CB4A clock generator and serves to establish when command/control signals
are generated.

Address Latch Enable: This signal serves to strobe an address into the address

ALE 5 0 latches. This signal is active HIGH and latching occurs on the falling: (HIGH to
LOW) transition. ALE is intended for use with transparent D type latches, such as
the 82C82.

DEN 16 1) Data Enable: This signal serves to enable data transceivers onto either the local or

system data bus. This signal is active HIGH.

- Data Transmit/Receive:  This signal establishes the direction of data flow
DT/R 4 0 through the transceivers. A HIGH on this line indicates Transmit (write to /O or
memory) and a LOW indicates Transmit (write to !/O or memory) and a LOW
indicates Receive (Read).

Address Enable: AEN enables command outputs of the UM82C88 Bus Controller a
minimum of 110ns (250ns maximum) after it becomes active (LOW). AEN going
inactive immediately 3-states the command output drivers, AEN does not affect
the 1/O command lines if the UM82C88 is in the |/O Bus mode (IOB tied HIGH).

>
m
Z|
[}

Command Enable;.-When this signal LOW all UM82C88 command outputs and the
CEN 15 | DEN and PDEN control outputs are forced to their inactive state. When this signal
is HIGH, these same outputs are enabled.

Input/Output Bus Mode: When the OB is strapped HIGH the UM82C88 functions
10B 1 | in the 1/0 Bus mode. When it is strapped LOW, the UM82C88 functions in the
System Bus mode (See 1/0 Bus and System Bus sections).

Advanced I/0 Write Command: The ATOWC issues an 1/O Write Command earlier
AIOWC 12 (e} in the machine cycle to give 1/0O devices an early _indication of a write instruction.
Its timing is the same as a read command signal. ATOWC is active LOW.

OWe 1 o 1/0 Write Command: This command line instructs an 1/O device to read the data
on the data bus. The signal is active LOW.
iGRE 13 0 I/0 Read Command: This command line instructs an 1/0 device to drive its data

onto the data bus. This signal is active LOW.

. Advanced Memory Write Command: The AMWC issues a memory write command
AMWC 8 ¢} earlier in the machine cycle to give memory devices an early indication of a write
instruction. Its timing is the same as a read command signal. AMWC is active LOW.

'MWT—C_ 9 0 Memory Write Command: This command line instructs the memory to record the
: ~ data present on the data bus. This signal is active LOW. ’

MEDC 7 0 Memory. Read Command:_This command line instructs the memory to drive its
data onto the data bus. MRDC is active LOW.

Interrupt Acknowledge: This command line tells an interrupting device that its
INTA 14 6] interrupt has been acknowledged and that it should drive vectoring information
onto the data bus. This signal is active LOW.

This is a dual function pin. MCE (IOB is tied LOW): Master Cascade Enable occurs
— during an interrupt sequence and serves to read a Cascade Address from a master
MCE/PDEN 17 0] UMB82CH9A Priority Interrupt Controller onto the data bus. The MCE signal is

R active HIGH. PDEN (10B is tied HIGH): Peripheral Data Enable enables the data
bus transceiver for the 1/O bus that DEN performs for the system bus. PDEN is
active LOW,
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Functional Description

Commiand and Control Logic

The command logic decodes the three 80C86, 8086, 8088 or 8089 status lines (So Sy , 52 ) to determine what command is to

be issued (see Table 1).
Table 1. Command Decode Definition

5, s, So Processor State u'gfnsl‘z‘g‘sg
0 0 0 Interrupt Acknowledge INTA
0 0 1 Read |/0O Port [ORC
0 1 0 Write 1/0 Port IOWC, ALOWC
0 1 1 Halt None
1 0 0 Code Access MRDC
1 0 1 Read Memory MRDC
1 1 0 Write Memory MWTC, AMWC
1 1 1 Passive None
1/0 BUS Mode Control Qutputs

The UMB82C88 is in the I/O Bus mode if the I10B pin is
strapped HIGH. In the 1/O Bus mode, all 1/O command
lines (IORC, ILWC, AIOWC, INTA) are always enabled
(i.e., not dependent on AEN). When an /O command is
initiated by the processor, the UMB2C88 immediately
activates the command lines using PDEN and DT/R to
control the /O bus transceiver. The 1/O command lines
should not be used to control the system bus in this
configuration because no arbitration is present. This mode
allows one UM82C88 Bus Controller to handle two extérnal
busses. No waiting is involved when the CPU wants to gain
access to the |/O bus. Normal mermory access requires a
“Bus Ready’ signal (AEN LOW) before it will proceed.
It is advantageous to use the |OB mode if 1/0 or peripherals
dedicated to one processor exist in a multi-processor
system.

System BUS Mode

The UM82C88 is in the System Bus Mode if the {OB pinis
strapped LOW. In this mode, no command is issued until a
specified time period after the AEN line is activated (LOW).
This mode assumes bus arbitration logic will inform the bus
controller (on the AEN line) when the bus is free for use.
Both memory and 1/0 commands wait for bus arbitration.
This mode is used when only one bus exists. Here, both
I/0 and memory are shared by more than one processor.

Command Outputs

The advanced writer commands are made available to
initiate write procedures early in the machine cycle. This
signal can be used to prevent the processor from entering an
unnecessary wait state.

The command outputs are:
MRDC — Memory Read Command
MWTC — Memory Write Command
IORC — 1/O Read Command
IOWC — 1/0 Write Command
AMWC — Advanced Memory Write Command
AIOWC— Advanced /O Write Command
INTA — Interrupt Acknowledge

INTA (Interrupt Acknowledge) acts as an /O read during
an interrupt cycle. Its purpose is to inform an interrupting
device that its interrupt is being acknowledged and that it
should place vectoring information onto the data bus.

=

The control outputs of the UM82C88 are Data Enable
(DEN), Data Transmit/Receive (DT/R) and Master Cascade
Enable/Peripheral Data Enable (MCE/PDEN). The Den
signal determines when the external bus should be enabled
onto the local bus and the DT/R determines the direction
of data transfer. These two signals usually go to the chip
select and direction pins of a transceiver.

The MCE/PDEN pin changes function with the two modes
of the UMB2C88. .When the UMB2C88 is in the 10B mode
(OB HIGH), the PDEN signal serves as a dedicated data
enable signal for the 1/0 ar Peripheraf System bus.

Interrupt Acknowledge and MCE

The MCE signal is used during an interrupt acknowledge
cycle if the UM82C88 is in the System Bus mode (10B
LOW). During any interrupt sequence, there are two
interrupt acknowledge cycles that occur back to back.
During the first interrupt cycle no data or address transfers
take place. Logic should be provided to mask off MCE
during this cycle. Just before the second cycie begins the
MCE signal gates a master Priority Interrupt Controller’s
(PIC) cascade address onto the processor’s local bus where
ALE (Address Latch Enable) strobes it into the address
latches, On the leading edge of the second interrupt cycle,
the addressed slave PIC gates an interrupt vector onto the
system data bus where it is ready by the processor.

If the system contains only one PIC, the MCE signal is not
used. In this case, the second Interrupt Acknowledge signal
gates the interrupt vector onto the processor bus,

Address Latch Enable and Halt

Address Latch Enable (ALE) occurs during each machine
cycle and serves to strobe the current address into the
82CB2 address latches. ALE also.serves to strobe .the
status (Sg, Sy, S;) into a latch for halt state decoding.

Command Enable

The Command Enable (CEN) input acts as a command
qualifier for the UMB2C88. |f the CEN pin is high, the
UM82C88 functions normally. If the CEN pin is pulled
LOW, all command lines are held in their inactive state
(not 3-state). This feature can be used to implement
memory partitioning and to eliminate address conflicts
between system bus devices and resident -bus devices.
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Features

Enable/Disable control of individual
Four independent DMA channels
Independent autoinitialization of all channels
Memory-to-memory transfers

Memory block initialization

Single 5V power supply

High performance: transfers up to 1.6M bytes/second
with 5SMHz 8237A-5

DMA requests

General Description

The UM8237A Direct Memory Access Controller (DMAC)
is a peripheral interface circuit for microprocessor systems.
It is designed to improve system performance by allowing
external devices to directly transfer information from the
system memory. Memory-to-memory’ transfer capability
is also provided. The UM8237A offers a wide variety of
programmable control features to enhance data throughput

UM8237A/8237A-4/8237A-5

& Programmable DMA
Controller (DMAC)

B Directly expandable to any number of channels

® End of process input for terminating transfers

B Software DMA requests

W [ndependent Polarity control for DREQ and DACK
signals

B Available in EXPRESS

— Standard Temperature Range

and system optimization and to allow dynamic reconfi-
guration under program control,

UMB8237A is fébricated in Si-Gate NMCS process with each
channel has a fuil 64K address and word count capability.

The 8237A-4 and 8237A-5 are 4 MHz and b MHz selected
versions of the standard 3 MHz 8237A respectively.

Pin Configuration Block Diagram
Rt ™~ EA7
10 E 2 39 A6 DECREMENTOR INC/DECREMENTOR
o o S osurren
MEMR E 3 8 D P TEMP WORD TEMP ADDRESS /o BUFFER
MEMW % 4 37 j A4 RESET“’O COUNT REG {16) REG (16)
MARK [I5 36 %EOP EADEV 16BIT BUS
R R 16 BIT BUS
READY []6 35 ]A3 ook
HLDA 7 34[J A2 AEN TIMING READ BUFFER READ/MWRITE BUFFER BUFFER
AND o T
soste L]e 5o =i s R ) S f R R
AEN %9 ums23zas 32 |1 Ao e ey 1 OPUNT DRESS 1 COUNT 3
Hra [} 10 823744/ 31 [ vpp, o8 <=0} * COMMAND
[ 11 8237A5 30 DBO TOW —e-O) CONTROL
ck 12 29[ pB1
ReseT []13 28 1 b2
CK 14 REQQ-
.bAck2 [ 27| ] pB3 BReas 24w erioniry 1/0 BUFFER
DACK3 []15 26 [ ] DB4 MLDA ——am] ENCODER
DREQ3 [} 16 26 [] DACKO HRQ ROTATING
DACKO- 4 PRIORITY READ WRITE
DREQ2 E 17 2417 pack1 DACK3 LOGIC MODE
preat []18 <] M Lol
DREQO [ 19 22§71 pBe
(GND) vgs [] 20 210 pB7
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Features

B MCS-85TM compatible UM8253-5
B 3 independent 16-bit counters
® DCt02.6 MHz

General Description

The UMB253 is a programmable counter timer device
designed for use as an microcomputer peripheral. It uses
NMOS technology with a single +5V supply and is packaged
in a 24-pin plastic DIP.

*MCS-85TM is the trademark of Intel microsystem.

Q;ZﬁProgrammable Interval Timer

UM8253/UM8253-5

B Programmable counter modes
B Count binary or BCD
B Single +5V supply

It is organized as 3 independent 16-bit counters, each with
a count rate of up to 2.6 MHz. All modes of operation
are software programmable,

Pin Configuration Block Diagram
F f*——cCLKO
DATA
DsDo ﬁ B \ @cc"%"“ e GATEO
o/ l——=-ouTo
D, L1 24 [ 1 vee
D []2 23 | JWR
os []3 22 [ JRD
& R’RD —(Q cLK1
D 4 s -—
= = WR ———=Q ReAD/ COUNTER
;[ ]s 20 I Aq Ao — o] LoGIC 4 fe——o0ATE"
D2 [} 6 ums253/ 19 |1 Ag Ay ———»] ——-0ouT1
D, []78%35 3 cuke T
Do [ |18 17 Fj ouT.2 Ts.
cLko o 16 ] 6ATE 2
ja——CLK 2
outo[}10 15 [ cLK CONTROL :
WORD COUNTER |, GATE2
GATE O [ 11 14 [ ] GATE 1 REGISTER #
f—»0uUT2
GND [f12 13 JouTH
INTERNAL BUS /-f‘

v
<
T
T

c
a

=
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UM8253/UM8253-5
Absolute Maximum Ratings* *Comments
Ambient Temperature Under Bias Ta . . . . . . 0°C to 70°C Stress above those listed under “Absolute Maximum
o o o Ratings”” may cause permanent damage to the device.
Storage Temperature Tsyg . . . ... ... . —65"Cto +150°C These -are stress ratings only. Functional operation of
Voltage on Any Piri with Respect to this device at these or any other conditions above those
T —05V to +7V indicatgd ir? the operational sections of this §pecificati.on
o is not implied and exposure to absolute maximum rating
Power Dissipation . . ......... T Watt conditions for extended periods may affect device
reliability.
D.C. Characteristics
{Ta =0°Cto 70°C, Ve =5V + 10%)
Symbol Parameter Min Max. Units Conditions
ViL Input Low Voltage -05 0.8 \
Viy Input High Voltage 22 Vee+0.5v \%
VoL Qutput Low Voltage 0.45 \ Note 1
Vou Output High Voltage 2.4 v v Note 2
he Input Load Current +10 MA VN = Ve to OV
lofFL Output Float Leakage +10 MA VouT = Ve to 0.45V
lec Ve Supply Current 140 mA
Capacitance
(Ta =25°C, Vce =GND =0V)
Symbol | Parameter Min. Typ. Max. Units Conditions
CiNn Input Capacitance 10 pF fc=1MHz
. Unmeasured pins
Ci/o 1/0 Capacitance 20 pF returned to Vss
A.C. Characteristics
(Ta =0°Ct0 70°C, Vce = 5.0V + 10%, GND =0V)
Bus Parameters (Note 3)
READ .CYCLE
UM8253 UM8253-5 .
Symbol Parameter Units
Min. Max. , Min. Max.
tAR Address Stable Before READ 50 30 ns
tRA Address Hold Time for READ 5 ns
tRR READ Pulse Width 400 300 : ns
tRD Data Delay From READ{4) 300 200 ns
tDF READ to Data Floating 25 125 25 100 .ns
try Recovery Time Between BEAD 1 s
and Any Other Control Singnal
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A.C. Characteristics (Continued)

WRITE CYCLE
UM8253 UM8253-5 )
Symbol Parameter Units
Min. Max. Min. Max.
tAwW Address Stable Before WRITE 50 30 ns
twa Address Hold Time for WRITE 30 30 ns
tww WRITE Pulse Width 400 300 ns
tpw Data Set Up Time for WRITE 300 250 ns
twp Data Hold Time for WRITE 40 30 ns
tRY Recovery time Between WRITE 1
and Any Other Contro! Signal 1 ks
Clock and Gate Timing
: UM8253 UM8253-5
Symbol Parameter Unit
Min. Max. Min. Max.
tcLk Clock Period 380 dc ‘380 dc ns
tPWH High Pulse Width 230 230 ns
tPwL Low Pulse Width 150 150 ns
tow Gate Width High 150 150 ns
toL Gate Width Low 100 100 ns
tgs Gate Set Up Time to CLK* 100 100 v o ns
tgH Gate Hold Time After CLK?® 50 50 ns
top Output Delay From CLKJ{ (4] 400 400 ns
tobg Output Delay From Gatel [4] 300 300 ns
Notes:
1. loL=22mA.
2. loy = —400 pA.
3. AC timings measured at Vo 2.2, Vg =0.8.
4, Cp = 150pF.
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit
=4
®
24 2.2V 2.2V E
:>TEST POINTS< [l)JEl\l\gglER —1 %
0.8 0.8 TEST CL =150 pF o
0.45
A.C. TESTING: INPUTS ARE DRIVEN'AT 2.4V FOR A LOGIC 1" =
AND 045V FOR A LOGIC "0” TIMING MEASUREMENTS -ARE
MADE AT 2.2V FOR A LGOIC *1" AND 0.8V FOR A LOGIC 0 C,_ INCLUDES JIG CAPACITANCE
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Waveforms
WRITE TIMING
Ag-1.CS X - | K
tAw — le—— twA
DATA BUS x 5<
A - o
- IDW —ale— WD —»
[
WR *ﬁ
wWw
READ TIMING

le—— tAR —— —»‘ LftRA
RD
e
DATA BUS /HIGHIMPEDANCE VAUYD HIGH IMPEDANCE

CLOCK AND GATE TIMING

tPwH WL~ le———tCLKk ———=]  'GS—+|

CLK / x t g F \
tas |-— I“"’ tGH
GATE G _z ]
Gw

tGH — tGL —4 ) oD
r a
OUTPUT 0 g )§
o
tope
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Functional Description

General

The UMB8253 is a programmable interval timer/counter =

specifically designed for use with microcomputer systems.
Its function is that of a general purpose, multiming element
that can be treated as an array of |/O ports in the system
software,

The UMB8253 solves one of the most common problems
in any microcomputer system the generation of accurate
time delays under software control. Instead of setting up
timing loops in systems software, the programmer
configures the UM8B253 to match hisrequirements, initializes
one of the counters of the UM8253 with the desired
quantity, then upon command the UM8253 will count out
the delay and interrupt the UPU when it has completed its
tasks. It is easy to see that the software overhead is
minimal and that multiple delays can easily be maintained
by assignment of priority levels.

Other counter/timer functions that are non-delay in nature
but also common to most microcomputers can be
implemented with the UM8253.

® Programmable Rate Generator
® Event Counter

® Binary Rate Multiplier

® Real Time Clock

® Digital One-Shot

® Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the UM8253 to the system data bus. Data is transmitted
or received by the buffer upon execution of input or OUT
put CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the UM8253.

2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enable or disabled by CS so that no
operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)

A “low’ on this input informs the UMB253 that the
CPU is inputting data in the form of a counters value.

WR (Write)

A “low" on this input informs the UM8253 that the CPU
is outputting data in the form of mode information or
loading counters.

Ao . A

These inputs are normally connected to the address bus.
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection,

D DATA
7 BUS
Do BUFFER

CLK O

iC

CObJNTER le——— GATEO
0

|—— OUT 0

| ————CLK 1

|
ol
£
B
3
m
= |“

WR——0 READ/ COUNTER
1 j+— GATE 1

|—— OUT 1

f—CLK2
CONTROL

WORD COU;ITER
[REGISTER

INTERNAL sus/f‘

j—— GATE 2

f—— OUT 2

Figure 1. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

CS |RD | WR | A,

0 1 010 0 Load Counter No. O
0 1 0|0 1 Load Counter No. 1
0 1 0 {1 0 Load Counter No. 2
0 1 0 |1 1 Write Mode Word

0 0 110 0 Read Counter No. O
0 0 110 1 Read Counter No. 1
0 0 1 1 0 Read Counter Nb. 2
0 0 1 1 1 No-Operation 3-State
1 X X | X X Disable 3-State

0 1 1 X X No-Operation 3-State
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CS (Chip Select)

A “low’ on this input enables the UMB253. No reading
or writing will occur unless the device is selected. The
CS input has no effect upon the actual operation of the
counters.

Control Word Register

.The Control Word Register is selected when Aq, A; are
11 It then accepts information from the data bus buffer
and stares it in a register. The information stored in this
register controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register.

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation
so only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent and each can have
separate  Mode configuration and counting operation,
binary or BCD. Also, there are special features in the
control word that handle the loading of the count value
so that software overhead can be minimized for these
functions.

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands and logic are
included in the UM8253 so that the contents of each
counter can be read "‘on the fly”” without having to inhibit
the clock input.

UM8253 System Interface

The UM8253 is a component of the UMC Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the family. It is treated by the systems
software as an array of. peripheral 1/O ports; three are
counters and the fourth is a control register for MODE
programming.

-Basically, the select inputs Ag , Ay connect to the Aq, Ay
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an 8205 for larger systems,

Operational Description

General

The complete functional definit on of the UM8253 is
programmed by the systems software. A set of control
words must be sent out by the CPU to initialize each
counter of the UM8253 with the desired MODE and

j<¢—CLK 0

D4- ) DATA
Do 8 8US
BUFFER

COUNTER fa——caTE 0
0

if
A

| 0UT 0

.

l«——CLK 1

[COUNTER
#

L1

j+—-—— GATE 1

=
~Z

|- OUT 1

[e——CLK 2
CONTROL
WORD

COUNTER l¢—— GATE 2
REGISTER #2

WRITE
Ay b LOGIC
—]
S
]
N

Zas
35

A ——0uT2

-

I
U

INTERNAL BUS

Figure 2. Block Diagram Showing Control Word
Register aiid Counter Functions

N ADDRESS BUS (16) 3
[ ]|
CONTROL BUS }
| l L T7OR |i7OW
DATA BUS (8) 5
B i i
Al Ay G Do-Dq RD WR
UM8253
COUgTER COUNTER COU?TER
1
OUT GATECLK ' ' OUTGATECLK ' ' OUT GATE CLK

Figure 3. UM8253 System Interface
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quantity information, prior to initialization, the MODE,
count, and output of all counters is undefined. These
control words program the MODE, Loading sequence
and selection of binary or BCD counting.

Once programmed, the UMB8253 is ready to perform
whatever timing tasks it is assigned to accomplish,

The actual counting operation of each counter is
completely independeht and additional logic is provided
on-chip so that the usual problems associated with efficient
monitoring and management of external, asynchronous
events or rates to the microcomputer system have been
eliminated.

Programming the UM8253

All of the MODES for each counter are programmed by
the systems software by simple 1/0 operations.

Each counter of the UM8253 is individually programmed
by writing a control word into the Control Word Register.
(A, Ay =11)

Control Word Format

D, D¢ Ds D, D; D, D; D,
bm ' SCO] RL1 ] RLO l M2 l MlLMO ] BCD ]
Definition of Control
SC — Select Counter:

sc1 SCO
0 0 Select Counter O
0 1 Select Counter 1
1 0 Select Counter 2
1 1 I1legal

RL — Read/Load:

RL1 RLO
0 0 Counter Latching operation (see
READ/WRITE procedure Section)
1 0 Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/Load least significant byte first,
then most significant byte.
M — MODE:
m2 M1 MO
0 0 0 Mode O
0 0 1 Mode 1
X 1 0 Mode 2
X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5

BCD:
0 Binary Counter 16-bits
1 Binary Coded Decimal (BCD) Counter
(4 Decades)

Counter Loading

The count register is not loaded until the count value is
written (one or two bytes, depending on the mode selected
by the RL bits), followed by a rising edge and a falling
edge of the clock. Any read of the counter prior to that
falling clock edge may yield invalid data.

L

MODE Definition

MODE 0O: Interrupt on Terminal Count. The output will
be initially low after the mode set operation. After the
count is loaded into the selected count register, the output
will remain low and the counter will count. When terminal
count is reached the output will go high and remain high
until the selected.count register is reloaded with the mode
or a new count is loaded. The counter continues to

decrement after terminal count has been reached.

Rewriting a counter register during counting results in the
following: ’

(1) Write 1st byte stops the current counting.

(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate input.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not
affect the duration of the one-shot pulse until the
succeeding trigger. The current count can be read at any
time without affecting the oneshot pulse. '

The one-shot is retriggerable, hence the output will remain
low for the full count after any rising edge of the gate
input.

MODE 2: Rate -Generator. Divide by N counter. The
output will be low for one period of the input clock. The
period from one output pulse to the next equals the
number of input counts in the count register. If the count
register is reloaded between output pulses the present
period will not be affected, but the subsequent period
will reflect the new value.

The gate input, when low, will force the output high.

-When the gate input goes high, the counter will start

from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high until
after the count register is loaded. The output then can
also be synchronized by software.
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MODE 3: Square Wave Rate Generator. Similar to MODE
2 except that the output will remain high until one half
the count has been completed (for even numbers) and go
low for the other half of the count. This is accomplished

by decrementing the counter by two on the falling edge of )

each clock puise. When the counter reaches terminal
count, the state of the output is changed and the counter
is reloaded with the full count and the whole process is
repeated.

If the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count by 1.
Subsequent clock pulses decrement the clock by 2. After
timeout, the output goes low and the full count is reloaded.
The first clock pulse (following the reload) decrements the
counter by 3. Subsequent clock pulses decrement the
count by 2 until timeout. Then the whole process is
repeated. In this way, if the count is odd, the output will
be high for (N+1)/2 counts and low for (N—1)/2 counts.

In Modes 2 and 3, if a CLK source other than the system
clock is used, GATE should be pulsed immediately
following WR of a new count value.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the
output will go low for one input clock period, then will
go high again.

If the count register is reloaded during counting, the new
count will be loaded on the nest CLK pulse. The count
will be inhibited while the GATE input is low.

MODE 5: Hardware Triggered Strobe. The counter will
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter isretriggerable. The output
will not go low until the full count after the rising edge
of any trigger.

Signal Status Low or Going Low Rising High
Modes
0 Disables counting — Enables counting
1 —_— 1) Initiates counting —
2) Resets output after next clock
2 1) Disables counting 1) Reloads counter Enables counting
2) Sets output immediately high 2) Initiates counting
3 1) Disables counting 1) Reloads counter Enables counting-
2) . Sets output immediately high 2) {initiates counting
4 Disables counting — Enables counting
5 —— Initiates counting —

Figure 4. Gate Pin Operations Summary

UM8253 Read/Write Procedure

Write Operations

The systems software must program each counter of the
UMB253 with the mode and quantity desired. The
programmer must write out to the UM8253 a MODE
control word and the programmed number of count register
bytes (1 or 2) prior.to actually using the selected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, eg., counter #0 does not
have to be first or counter #2 last. Each counter’'s MODE
‘control word register has a separate address so that its
loading is completely sequence independent. (SCO, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence

programmed in the MODE control word (RLO, RL1). This
loading of the counter’s count register is still sequence
independent like the MODE control word . loading, but
when a selected count register is to be loaded it must be
loaded with the number of bytes programmed in the MODE
control word (RLO, RL1). The one or two bytes to be
loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2 for Binary or 10 for BCD). In
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MODE 0: INTERRUPT ON TERMINAL COUNT

OUTPUT I
(INTERRUPT) neal R
|
I
1
WRm | | | 1
1 '
" I
GATE 1l [
5 4 3 2 10
ouTPUT = —
(INTERRUPT} _v_,' -
(m=5) R S
A A+B=m 8

MODE 1: PROGRAMMABLE ONE-HOT

crock S LML UL

WRn | |
TRIGGER I s
OUTPUT 4 3 2 1 0
(n=4) L
TRIGGER |
4 3 4.3 2 10
ouTPUT 1 |

MODE 2: RATE GENERATOR

ctock S MLUUIIULL

WRn n=4 n=3
OUTPUT 4 3 2 1 04) 32 103 21 0
| .
0(3) 3 2 1 03 _2 1003 2 1
OUTPUT (n=3) —__[ 1_J LT

RESET | I

MODE 3: SQUARE WAVE GENERATOR

croex _MMMLMMLUML LU
4 2

ST T 4d 78z 4 34
OUTPUT m=a) __ [~ 1 1 B
5 4 2 5 2 5 4 T 5 2 5 4 2

LT

QUTPUT (n=5) |

MODE 4: SOFTWARE TRIGGERED STROBE

" n=4

WR

) 4 3 2 1 0
QUTPUT v
LOADT] n-a [T
OATE 1
4 4 3 2 1 [0}

QUTPUT

MODE 5: HARDWARE TRIGGERED STROBE

ccock T UMMM
GATE —._—I

4 3 2 1 0

OUTPUT (n=4)

GATE -——'I I—J
OUTPUT {n=4) 1 |

Figure 5. UM8253 Timing Diagrams

MODE O the new count will not restart until the load has
been completed. It will accept one of two bytes depending
on how the MODE control words (RLO, RL1) are
programmed. Then proceed with the restart operation.

Read Operations

In most counter applications it becomes necessary to read
the value of the count in progress and make a.computa-
tional decision based on this quantity. Event counters

are probably the most common application that uses this
function. The UMB253 contains logic that will allow the

programmer to easily read the contents of any of the three .

counters without disturbing the actual count in progress.

There are two methods that the programmer can use to
read the value of the counters. The first method involves
the use of simple 1/O read operations of the selected
counter, By controlling the A0, A1 inputs to the UM8253
the programmer can select the counter to be read
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(remember that no read operation of the mode register is
allowed AOQ, A1-11). The only requirement with this
method is that in order to assure a stable count reading
the actual operation of the selected counter must be
inhibited either by controlling the Gate input or by
external logic that inhibits the clock input. The contents
of the counter selected will be available as follows:

first 1/0 Read contains the least significant byte (LSB).

second
(MSB).

I/O Read contains the most significant byte

Due to the internal logic of the UM8253 it is absolutely
necessary to complete the entire reading procedure. If two
bytes are programmed to be read then two bytes must be
read before any loading WR command can be sent to the

same counter.

Read Operation Chart
Al AQ RD
0 0 0 Read Counter No. 0
0 1 0 Read Counter No. 1
1 0 0 Read Counter No. 2
1 1 0 Illegal

Reading While Counting

In order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the UMB8253 has special internal logic that can
be accessed using simple WR commands to the MODE
register. Basically, when the programmer wishes t6 read
the contents of a selected counter '‘on the fly’’ he loads

the MODE register with a special code which latches the
present count value into a storage register so that its
contents ' contain an accurate, stable quantity. The
programmer then issues a normal read command to the
selected counter and the contents of the latched register
is available.

MODE Control Word

Counter n

LSB Count Register byte
Counter n

MSB Count Register byte

Counter n

that it is the only for

Note: Format shown is a simple example of loading the UM8253 and does not imply

Figure 6. Programming Format

MODE Register for Latching Count

A0, A1=11
D; | De Ds | Dy {D;s | D { D, [ D
scifsco | oo} x| x| x X

SC1, SCO — specify counter to be latched.
D5, D4
X

— 00 designates counter latching operation,

—don't care,

The same limitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory
to complete the entire read operation as programmed.

This command has no effect on the counter’s mode.
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A Ao
No. 1 MODE Contro! Word
Counter O L L
No. 2 MODE Control Word
Counter 1 1 1
No. 3 MODE Control Word 1 1
Counter 2
No. 4 LSB Count Register Byte
Counter 1 0 1
No. 5 MSB Count Register Byte 1
Counter 1 0
No. 6 LSB Count Register Byte 1 0
Counter 2
No. 7 MSB Count Register Byte 0
Counter 2 1
No. 8 LS8 Count Register Byte 0 0
Counter O
No. 9 MSB Count Register Byte
Counter 0 0 0
Note: The exclusive addresses of each counter’s count register make the task of programming the UM8253 a very
simple matter, and maximum effective use of the device will result if this feature is fully utilized.

Figure 7. Alternate Programming Formats

3MHz . 1.5MHz
CLK +2 CLK

UM8so8s UM8253-5

If an UMB8085 clock output is to drive an UM8253-5 clock input, it must be reduced to 2MHz or less.

Figure 8. MCS-85TM Clock Interface®

Ordering Information

Part Number CLK
UM8253 2.6MHz
UM8253-5 5MHz
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Features

L] Compatible with most microprocessor inciuding 8080A,
8085A, iIAPX88 and iAPX86*

B Handles inputs from DC to 8 MHz

B Six programmable counter modes

General Description

The UM8254 is a counter/timer device designed to solve
the common timing control problems in microcomputer
system design. It provides three independent 16-bit

counters, each capable of handling clock inputs up to

*IAPX88 and iAPX86 are all trademarks of Intel microsystem.

. Programmable Interval Timer

UM8254

Status read-back command

Three independent 16-bit counters
Binary or BCD counting

Singte +5V supply

8 MHz. All modes are software programmable. The
UMB8254 is a superset of the UM8253,

The UM8254 uses HMOS technology and comes in a
24-pin plastic package.

Pin Configuration

Block Diagram

"\“
e——CLK O
pata | /N
07-00¢ ) BYS } ( }COUQTER |« GATEO
p7 |1 24 Vee ——— OUT 0
pe [ ]2 23 ’___]\_N—ﬁ ’
ps [ |3 22 RO B
pa[]4 21 Dﬁ B - ’ § |l «——CLK 1
R———»0] READ/ 2 _I\ COUNTER
p3[]s 20 LA WRITE < ) e GATE1
A0 ——— ] LOGIC & —1/
A L > ouTt
D246 \mgo5q 19 T4 Al—— £
o1 [}~ 18 [ Jeike
po[ }8 17 [JouT2 = )
CLK O 9 16 JGATEZ
outo[}10 15 L:]C'-K1 CONTROL /] /]_J\J counter [T K2
GATEO [ J11 14 |_]GATE1 REGISTER N 2 [+ GATE2
GND []12 13 [_JOUTH —— out2
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Absolute Maximum Ratings*

*Comments

Ambient Temperature Under Bias Ta . .. ... 0°C 10 70°C Stress above those listed under ‘'Absolute Maximum
St TompeaicsTsra ... ... ofcuonsre DAy case sermarart e o e s
Voltage on Any Pin with Respect to this device at these or any other conditions above those
GrOUN « oo o —05V to +7V indicated in the operational sections of this specification
is not implied and exposure to absolute maximum rating
Power Dissipation . . ..................... 1 Watt conditions for extended periods may affect device
reliability.
D.C. Characteristics
(Ta =0°Cto 70°C, Vce =5V + 10%)
Symbol Parameter Min. Max. Units Conditions
ViL Input Low Voltage —-0.5 0.8 \%
m Input High Voltage 2.0 Vee +0.5V \Y
VoL Output Low Voltage 0.45 \% loL=2.0mA
VoH Qutput High Voltage 2.4 \ loH = —400 A
hio Input Load Current +10 MA Vin = Ve to OV
lorFL Output Float Leakage +10 MHA VouT = Ve 10 0.45V
lec Vee Supply Current 140 » mA
Capacitance
(Ta =25°C, Vee = GND =0V)
Symbol Parameter ’ Min. Max. Unit Conditions
CiNn Input Capacitance 10 pF fec =1MHz
Cio 1/0 Capacitance 20 pF i?gizzuizdv‘:?
A.C. Characteristics ‘
(Ta =0°Cto 70°C, Vce =5V + 10%, GND =0V)
Bus Parameters (Note 1)
READ CYCLE
Symbol Parameter UMs254 Unit
Min. Max.
tAR Address Stable Before RDY 45 ns
SR CS Stable Before RD¢ 0 ns
tRA Address Hold Time After RD?1 0 ns
tRR RD Pulse Width 150 ns
tRD Data Delay from RDY 120 ns
tAD . Data Delay from Address 220 ns
top RD* to Data Floating 5 90 ns
tRv Command Recovery Time 200 ns

Note: AC timings measured at VoH = 2.0V, VoL =0.8V

7-155

v
™
T
U
£
a
r
3
o




Wume | ___ums2s4

A.C. Characteristics (Continued)

WRITE CYCLE
Symbol Parameter UM8254 Units
Min. Max.

AW Address Stable Before WR{ 0 ns
tsw CS Stable Before WRY . 0 ns
twa Address Hold Time WR 1 0 ns
tww WR Pulse Width 150 ns
tDW Data Setup Time Befoee WR? 120 ns
WD Data Hold Time After WR*T 0 ns
tRv Command Recovery Time 200 ns

Clock and Gate

{TA =0°Ct0 70°C, Ve =5V + 10%, GND =0V)

Symbol ’ Parameter UM8254 Units
Min. Max.

teLk Clock Period 125 DC ns
tewH High Pulse Width 60" , ns
thwL Low Pulse Width 60" ns
tR . Clock Rise Time 25 ns
tE Clock Fall Time 25 ns
tow Gate Width High 50 ns
tgL Gate Width Low 50 ns
tGgs Gate Setup Time to CLK? 50 ns
tGH Gate Hold Time After CLK® 50'? ' ns
top Output Delay from CLK{ 150 ns
toba ~ Output Delay from Gated 120 . ns
twe ' CLK Delay for Loading .O 55 ns
twe Gate Delay for Sampling -5 50 ns
two OUT Delay from Mode Write 260 ns
tcL CLK Set Up for Count Latch —40 45 ns

Note 2:  In modes 1 and 5 triggers are sampled on each risi'ng clock edge. A second trigger within 120 ns of the rising clock
edge may not be detected.

Note 3:  Low-going glitches that violate tPWH, tPWL may cause errors requirring counter reprogramming.

A.C. Testing Input, WTPUT Waveform A.C. Testing Load Circuit
INPUT/OUTPUT

24 2.0 2.0 DEVICE
. UNDER
TEST .
> TEST POINTS < A C_ =150 oF
0, X ’
045 8 0.8

AC TESTING INPUTS ARE DRIVEN AT 24V

]

FOR A LOGIC 1. AND 045V FOR A LOGIC. Q . . C, =150 pF
TIMING MEASUREMENTS ARE MADE AT 2,0V INI |
FOR A LOGIC 1 AND 0.8V FOR A LOGIC 0. €y INCLUDES JIG CAPACITANCE
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Waveforms
WRITE
j’-
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IAW | t‘NA e
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-
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READ
Ao ' —: X
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‘A0
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,
RECOVERY
v
RO, WA
CLOCK AND GATE
— MODE COUNT*
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Table 1. Pin Description

|8vrnbol Pin No.|Type| - Name and Function

ISymboI Pin No.| Type Name and Function

D4-Dg 1-8 | 1/0 |Data: Bi-directiona! three state data bus
lines, connected to system data bus,

CLK O 9 | Clock 0: Clock Input of Counter 0.
ouT o 10 O | Output 0: Output of Counter O.
GATEO| 11 | 1 |Gate0O: Gate Input of Counter 0.
GND 12 Ground: Power supply connection.

Vee 24 Power +5V power supply connection.

WR | 23 | | Write Control: This Input is low during
CPU write operations.

RD 22 | | Read Control: This input is low during
CPU read operations,

cs 21 I | Chip Select: A low on this input enables

the 8254 to respond to RD and WR
signals, RD and WR are ignored
otherwise.

Address: Used to select one of the three
Counters or the Control Word Register
for read or write operations. Normally
connected to the system address bus.

ALAg | 20119 | 1

Ay Ag Selects

0 0 Counter 0 .

0 1 Counter 1

1 0 Counter 2

1 1 Control Word Register
CLK2 18 | Clock 2: Clock Input of Counter 2,
ouUT 2 17 O | Out 2: Output of Counter 2.
GATE2 16 | Gate 2: Gate Input of Counter 2.
CLK1 15 | Clock 1: Clock Input of Counter 1.
GATE1 14 | Gate 1: Gate Input of Counter 1.
ouUT 1 13 (o] Out 1: Output of Counter 1.

Functional Description
General

The UMB8254 is a programmable interval timer/counter
designed for use with microcomputer systems. It is a
general purpose, multi-timing element that can be treated
as an array of 1/O ports in the system software.

The UM8254 solves one of the most common problems in
any microcomputer systéem, the generation of accurate
time delays under software control. Instead of setting
up timing loops in software, the programmer configUres
the UM8254 to match his requirements and programs
one of the counters for the desired delay. After the desired
delay, the UM8254 will interrupt the CPU. . Software
overhead is minimal and variable length delays can easily
be accommodated.

Some of the other counter/timer functions common to
microcomputers which can be implemented with the
UM8254 are:

® Real time clock

@ Event counter

® Digital one-shot

® Programmable rate generator
® Square wave generator

® Binary rate multiplier

® Complex waveform generator
@® Complex motor controller

Block Diagram
Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the UM8254 to the system bus (see Figure 1).

DATA
D7-D0 8uUs
BUFFER

N

[—CLKO .

}( [COUNTER fe#———— GATE 0
0

[ 0uTo

1L

— 1%
RD—=Q 2 L——CLK 1
WR ———-O READ/ o COUNTER
WRITE 3 1 |e——GATE 1
A0 LOGIC &
I L > 0UT1
A1 z
= _j ‘»——T
|« —cLk2
coNTROL | / J\
oS COL;NTER GATE 2
ReGISTER [\[™] m/
|— 0UT 2

-

Figure 1. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions
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Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and generates control signals for the other functional
blocks of the UM8254. A; and A, select. one of the
three counters or the Control Word Register to be read
from/written into. A “low” on the RD input tells the
Um8254 that the CPU is reading one of the counters.
A “low" on the WR input tells the UM8254 that the CPU
is writing either a Control Word or an initial count. Both
RD and WR are qualified by CS; RD and WR are ignored
unless the UM8254 has been selected by holding CS low.

Control Word Register

The Control Word Register (see Figure 2) is selected by the
Read/Write Logic when A;, Ay = 11. |If the CPU then
does a write operation to the UM8254, the data is stored
in the Control Word Register and is interpreted as a Control
Word used to define the operation of the Counters.

The Control Word Register can only be written to; status
information is available with the Read-Back Command.

P 4———CLK O
DATA COUNTER
D7-D0 8 BUS OUO TR e GATEO
BUFFER
——=0uT o0

1

RD——Q) @ T
WR——(| READ/ ] COUNTER
WRITE :(' #1 [--———GATE 1
AQ—————] LOGIC z
JU— é |——w0uT1
4
.1
CLK 2
CONTROL COUNTER
WORD #2 ——cATE 2
REGISTER \l—
|—-ouT2

A

Figure 2. Block Diagram Showing Control Word
Register and Counter Functions

Counter 0, Counter 1, Counter 2

These three functional blocks are identical in operation, so
only a single Counter will be described. The internal
block diagram of a single counter is shown in Figure 3.

The Counters are fully independent. Each Counter may
operate in a different Mode. ,

The Control Word Register is shown in the figure; it is
not part of the Counter itself, but its contents determine
how the Counter operates.

REGISTER

CRyy
STATUS

CONTROL CE
LoGic

< INTERNAL BUS \>
STATUS
sqmee | [ | lﬂ
REGISTER
R|.
L

Ci

GATEn

CLKn ouTn

Figure 3. Internal Block Diagram of a Counter

The status register, shown in the Figure, when latched,
contains the current contents of the Control Word
Register and status of the output and null count flag.
(See detailed explanation of the Read-Back command.)

The actual counter is labelled CE (for “’Counting Element’’).
It is a 16-bit presettabie synchronous down counter,

OLm and OL are two 8-bit latches. OL stands for
“’Output Latch’’; the subscripts M and L stand for ‘‘Most
significant byte” and “’Least significant byte’’ respectively.
Both are normally referred to as one unit and called just
OL. These latches normally “follow’” the CE, but if a
suitable Counter Latch Command is sent to the UM8254,
the latches “latch’’ the present count until read by the CPU
and then return to “following’”’ the CE. One latch at a
time is enabled by the counter’s Control Logic to drive the
internal bus. This is how the 16-bit Counter communicates
over the 8-bit internal bus, Note that the CE itself cannot
be read; whenever you read the count, it is the OL that is
being read.

S’imilarly, there are two 8-bit registers called CRpm and CRL
(for ""Count Register’’). Both are normally referred to as
one until and called just CR. When a new count is written
to the Counter, the count is stored in the CR and later
transferred to the CE. The Control Logic allows one
register at a time to be loaded from the internal bus.
Both bytes are transferred to the CE simultaneously. CRpm
and CR( are cleared when the Counter is programmed.
In this way, if the Counter-has been programmed for one
byte counts (either most significant byte only or least
significant byte -only) the other byte will be zero. Note
that the CE cannot be written into; whenever a count is
written, it is written into the CR.

The Control Logic is also shown in the diagram. CLK n,
GATE n, and OUT n are all connected. to the outside
world through the Control Logic.
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Write Operations

The programming procedure for the UMB8254 is very
flexible. Only two conventions need to be remembered:

1) For each Counter, the Control Word must be written
before the initial count is written.

2) The initial count must follow the count format
specified in the Control Word (least significant byte
onty, most significant” byte only, or least significant
byte and then most significant byte).

Since the Control Word Register and the three Counters
have separate addresses (selected by the A;, Ag inputs),
and each Control Word specifies the Counter it applies
to (SCO, SC1 bits), no special instruction sequence is

required. Any programming sequence that follows the
conventions above is acceptable.

A new initial count may be written to a Counter at any
time without affecting the Counter’s programmed Mode
in any way. Counting will be affected as described in
the Mode definitions. The new count must follow the
programmed count format.

If a Counter is programmed to read/wrfte two-byte counts,
the following precaution applies: A program must not
transfer control between writing the first and second byte
to another routine which also writes into that same
Counter. Otherwise, the Counter will be loaded with an
incorrect count.

A Ao
Control Word — Counter O 1 1
LSB of count — Counter 0 0 0
MSB of count — Counter O 0 0
Contro! Word — Counter 1 1 1
LSB of count — Counter 1 0 1
MSB of count — Counter 1 0 1
Control Word — Counter 2 1 1
LSB of count — Counter 2 1 0
MSB of count — Counter 2 1 0

A, A,
Control Word — Counter 0 1 1
Control Word: — Counter 1 1 1
Control Word — Counter 2 1 1
LSB of count — Counter 2 1 0
LSB of count — Counter 1 0 1
LSB of count — Counter O 0 0
MSB of count — Counter O 0 0
MSB of count — Counter 1 0 1
MSB of count — Counter 2 1 0

many possible programming sequences.

Note: Inall four examples, all counters are programmed to Read/Write two-byte counts. These are only four of

A, Ay
Control Word — Counter 2 1 1
Control Word — Counter 1 1 1
Control Word — Counter 0 1 1
LSB of count — Counter 2 1 0
MSB of count — Counter 2 1 0
LSB of count — Counter 1 0 1
MSB of count — Counter 1 0 1
LSB of count — Counter 0 0 0
MSB of count — Counter O 0 0

A, Ao
Control Word — Counter 1 1 1
Control Word — Counter O 1 1
LSB of count — Counter 1 0 1
Control Word — Counter 2 1 1
LSB of count — Counter O 0 0
MSB of count — Counter 1 0 1
LSB of count — Counter 2 1 1
MSB of count — Counter 0 0 0
MSB of count — Counter 2 1 0

Figure 4. A Few Possible Programming Sequences

Read Operations

It is often desirable to read the value of a Counter without
disturbing the count in progress. This is easily done in the
UM8254.

There are three possible methods for reading the Counters.
The first is through the Read-Back command. The second

is a simple read operation of the Counter, which is selected
with the Ay, Ao inputs. The only requirement is that
1) the CLK input of the selected Counter must be inhibited
by using either the GATE input or external logic; or 2) the
count must first be latched. Otherwise, the count ‘may be
in process of changing when it is read, giving an undefined
result.
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UM8254 System Interface

The UMB254 is a component of Microcomputer Systems
and interfaces in the same manner as all other peripherals
of the family. It is treated by the systems software as an
array of peripheral |/O ports; three are counters and the
fourth is'a control register for MODE programming.

Basically, the select inputs Ag, A; connect to the Ag, A
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an UM8205 for larger systems.

ADDRESS BUS (16] )
CONTROL BUS )
IA1 le l ||70RI 17oW
q DATA BUS (8) N
Ay Ay TS DO-D7
COUNTER COUNTER COUNTER
9 ! :
1
r
OUT GATE CLK| | OUT GATE CLK | ' OUT GATE CLK

Figure 5. UM8254 System Interface

Operational Description
General

After power-up, the state of the UM8254 is undefined.
The Mode, count value, and output of all Counters are
undefined.

How each Counter operates is determined when it is
programmed. Each Counter must be programmed before
it can be used. Unused counters need not be prograrmmed.

Programming the UM8254

Counters are programmed by writing a Controf Word and
then an initial count.

All Control Words are written into the Control Word
Register, which is selected when Ay, Ag = 11. The Control
Word itself specifies which Counter is being programmed.

By contrast, initial counts are written into the Counters,
not the Control Word Register. The A;, Ao inputs are
used to select the Counter to be written into. The format
of the initial count is determined by the Control Word
used.

Control Word Format

A;,A;=11,CS=0,RD=1,WR=0

Dy Ds Ds Da Ds D, Dy Do
sct | sco | Rw RWO m2 | wm | wmo [ Bop ]
SC—Select Counter: M—-MODE:

SC1__sco M2 M1 Mo
0 0 Select Counter O
0 1 Select Counter 1 0 0 0 Mode O
1 0 Select Counter 2 0 0 L Mode 1
1 1 Read-Back Command (See Read X 1 0 Mode 2
Operations) "X 1 1 Mode 3
1 0 0 Mode 4
" RW—Read/Write: 1 0 1 ~Mode &
RW1 RWO
0 0 gglépgfiror%wh Command (see Read BCD: ,
0 1 Read/Write least significant byte only. 0 Binary Counter 16-bits
1 0 Read/Write most significant byte only. 1 Binary Coded Decimat (BCD) Counter
1 1| Read/Write least significant byte first, (4 Decades)
then most significant byte,

Note: Don’t care bits (X) should be 0 to insure compatibility with future UMC products.

Figure 6. Control Word Format
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Counter Latch Command

The other method involves a special software command
called the “Counter Latch Command’’ Like a Control
Word, this command is written to the Control Word
Register, which is selected when A;, Ag = 11. Also like
a Control Word, the SCO, SC1 bits select one of the three
Counters, but two other bits, D5 and D4, distinguish this
command from a Control Word,

Ay, Ao =11; CS=0; RD=1: WR=0
D7 D5 D5 D4 D3 Drz D] DO
Lsc1,|sc0{_oloLx|x|x|x|

SC1, SCO - specify counter to be latched =

SC1 SCO Counter
0 0 0
0 1 1
1 0 2
1 1 Read-Back Command

D5, D4—-00 designates Counter Latch Command
X —don't care

Note:  Don’t care bits (X) should be Q to insure

compatibility with future UMC products.

Figure 7. Counter Latching Command Format

The selected Counter’s output latch (OL) latches the
count at the time the Counter Latch Command is received.
This count is held in the latch until it is read by the CPU
{or until the Counter is reprogrammed). The count is'
then wunlatched automatically and thg OL returns to
“following’’ the counting element (CE). This allows
reading the contents of the Counters “'on the fly"" without
affecting counting in progress. Multiple Counter Latch
Commands may be used to latch more than one Counter.
Each latched Counter’s OL holds its count until it is read.
Counter Latch Commands do not affect the programmed
Mode of the Counter in any way. ’ '

If a Counter is latched and then, some time later, latched
again before the count is read, the second Counter Latch
Command is ignored. The count read will be the count at
the time the first Counter Latch Command was issued.

With either method, the count must be read according to
the programmed format; specifically, if the Counter is
programmed for two byte counts, two bytes must be read.
The two bytes do not have to be read one right after the

other; read or write or programming operations of other .

Counters may be inserted between them.

Another feature of the UM8254 is that reads and writes
of the same Counter may be interleaved; for example, if
the Counter  is programmed for two byte counts, the
following sequence is valid.

1. Read least significant byte.
2. Write new least significant byte.
3. Read most significant byte.
4. Write new most significant byte.

If a Counter is programmed to read/write two-byte counts,
the following precaution applies: A program must not
transfer control between reading the first and second byte
to another routine which also reads from' that same
Counter. Otherwise, an incorrect count will be read.

Read-Back Command

The read-back command allows the user to check the
count value, programmed Mode, and current state of the
OUT pin and Null Count flag of the selected counter(s).

The command is written into the Control Word Register
and has the format shown in Figure 8. The command
applies to the counters selected by setting their correspond-
ing bits D3, S2,D1 =1.

Ag,A; =11, TCS=0, RD=1, WR=0

D, D¢ Ds Ds D3 D2 D; Do

, 1 l 1 | COUNT]STATUSI CNT21CNT1'CNTOI 0]

Ds: 0 = Latch count of selected counter (s)
D4 : 0 = Latch status of selected counter(s)
Dj3: 1 = Select counter 2

D, : 1 = Select counter 1

Dy : 1 = Select counter 0

Do : Reserved for future expansion; must be O

Figure 8. Read-Back Command Format

The read-back command may be used to latch multiple
counter output latches (OL) by setting the COUNT bit
D5 = 0 and selecting the desired counter(s). This single
command is functionally equivalent to several counter
latch commands, one for each counter latched. Each
counter’s latched count is held until it is read (or the
counter is reprogrammed). That counter is automatically
unlatched when read, but other counters remain latched
until they are read. If multiple count read-back commands
are issued to the same counter without reading the count,
all but the first are ignored; i.e., the count which will be
read is the count at the time the first read-back command
was issued.

The read-back command may also be used to latch status
information of selected counter(s) by setting STATUS bit
D4=0,.- Status must be latched to be read; status of a
counter is accessed by a read from that counter.
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The counter status format is shown in Figure 9. Bits Db

.through DO contain the counter’'s programmed Mode
exactly as written in the last Mode Control Word.
OUTPUT bit D7 contains the current state of the QUT pin.
This allows the user to monitor the counter’s output via
software, possibly eliminating some hardware from a
system.

D7 1 = Outpinis 1

Ds-Dg = Counter programmed mode
(See Figure 7)

Figure 9. Status Byte

NULL COUNT bit D6 indicates when the last count
written to the counter register (CR) has been loaded into
the counting element (CE). The exact time this happens
depends on the Mode of the counter and is described in
the Mode Definitions, but until the count is loaded into
the counting element (CE), it can’t be read from the
counter. If the count is latched or read before this time,
the count value will not reflect the new count just written.
The operation of Nuli Count is shown in Figure 10.

5 Ds Ds D; D3 D; Dy Do are unaffected.
NULL y
OUTPUT | o jiir | RW1 | RWO | M2 | M1 | MO | BCD )
If the counter is programmed for two byte counts (least

This Action:
A. Write to the control word ‘register.“) Nuli count = 1
B. Write to the count register (CR):(2) Null count = 1
C. New count is loaded into CE (CR—>CE): Null count =0

Causes:

(1)
Only the counter specified by the control word will have
its null count set to 1. Null count bits of other counters

significant byte then most significant byte) null count
goes to 1 when the second byte is written.

0 = OutpinisO
D 1 = Null count
0 = Count available for reading Figure 10. Null Count Operation

If multiple status latch operations of the counter(s) are
performed without reading the status, all but the first
are ignored; i.e., the status that will be read is the status
of the counter at the time the first status read-back
command was issued,

Both count and status of the selected counter(s) may be
latched simultaneously by setting both COUNT and
STATUS bits D5, D4 = 0. This is functionally the same
as issuing two separate read-back commands at once, and
the above discussions apply here also. Specifically, if
multiple count and/or status read-back commands are
issued to the same counter(s) without any intervening
reads, all but the first are ignored. This is illustrated in
Figure 11.

Command
- Descriptions Results
D; | Dg | Ds [ Ds| D3| Dy{Dy| Dy
1 1 0 o'lof{.0 110 Read back count and status of Count and status latched for
Counter O Counter O
1 1 1 0 0 1 0 0 Read back status of Counter 1 Status latched for Counter 1
1 1 1 0 1 1 0 0 Read back status of Counters 2, 1 Status latched for Counter 2,
but not Counter 1
v
Tt 1lof1r]1]of0]oO Read back count of Counter 2 Count latched for Counter 2 =
b}
1 1 0 0 0 1 0 0 Read back count and status of Count latched for Counter 1, fg
Counter 1 but not status g?
1 1 1 0 0 0 1 (] Read back status of Counter 1 Command ignored, status
already latched for Counter 1

Figure 11.‘ Read-Back Command Example
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If both count and status of a counter are latched, the
first read operation of that counter will return latched
status, regardless of which was latched first. The next
one or two reads (depending on whether the counter is
programmed for one or two ty ..« ~ounts) return latched
count. Subsequent reads return unla*ched count.

CS{RD|WR (A, | A,

0(11]0 0 | Write into Counter 0
o111]0 1 Write into Counter 1
0{1 10 |1 |0 | Writeinto Counter 2
01110 1111 Write Control Word
0o{0 1|1 |O0|O Read from Counter O
oOl0 {1 0|1 Read from Counter 1
ojo 11110 Read from Counter 2
010 (|1 111 No-Operation (3-State)
11X | X | X]|X | No-Operation (3-State)
0|1 |1 |X]|X | No-Operation (3-State)

Figure 12. Read/Write Operations Summary

Mode Definitions

The following are defined for use in describing the
operation of the UM8254.

CLK pulse: a rising edge, then a falling edge, in that
order, of a Counter’s CLK input.

trigger: a rising edge of a Counter's GATE input.

Counter loading: the transfer of a count from the CR
to the CE (refer to the “"Functional
Description’)

MODE 0: Interrupt on Terminal Count

Mode O is typically used for event counting. After the
Control Word is written, QUT is initially low, and will
remain low until the Counter reaches zero. QOUT then
goes high and remains high until a new count or a new
Mode 0 Control Word is written into the Counter.

GATE = 1 enables counting; GATE = 0 disables counting.
GATE has no effect on QuUT.”

After the Control Word and initial count are written to a
Counter, the initial count will be loaded on the next CLK
pulse. This CLK pulse does not decrement the count, so
for an initial count of N, OUT does not go high untill
N + 1 CLK pulses after the initial count is written.

1f a new count is written to the Counter, it will be loaded
on the next CLK pulse and counting will continue from
the new count. If a two-byte count is written, the
following happens:

1) Writing the first byte disables counting. OUT is set
low immediately (no clock pulse required). .

2) Writing the second byte allows the new count to be
loaded on the next CLK pulse.

This allows the counting sequence to by syhchronized
by software. Again, OUT does not go high until N + 1
CLK pulses after the new count of N is written.

If an initial count is written while GATE =0, it will still be
loaded on the next CLK pulse. When GATE goes high,
QUT will go high N CLK pulses later; no CLK puise is
needed to load the Counter as this has already been done.

CW=10 sB=4

CLK l \ ‘ ‘ ' ‘ ’ \ ' ‘ ‘\ ' ‘ l \ ' ‘ l "

GATE.

our:—\ I
RN R R I EA TR e
CwW=10 LSB=3
w L
GATE——-—_\_____I_—_
our __ _\_ —
REEN RN B P A B R b e
CW=10 1LSB=3 LsB=2

e U I

ouT \

In s Pl g ig a2l 1 15l

Note:  THE FOLLOWING CONVENTIONS APPLY TO ALL MODE TIMING DIAGRAMS:

. COUNTERS ARE PROGRAMMED FOR BINARY (NOT BCD) COUNTING AND FOR

READING/WRITING LEAST SIGNIFICANT BYTE(LSB) ONLY.

THE COUNTER IS ALWAYS SELECTED (CS ALWAYS LOWI.

CW STANDS FOR “CONTROL WORD", Cw=10 MEANS A CONTROL WORD OF 10, HEX

ISWRITTEN TO THE COUNTER.

LSB STANDS FOR “LEAST SIGNIFICANT BYTE" OF COUNT.

NUMBERS BELOW DIAGRAMS ARE COUNT VALUES,

THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE.

THE UPPER NUMBER 1S THE MOST SIGNIFICANT BYTE. SINCE THE COUNTER IS

;:OG RAMMED TO READ/WRITE LSB ONLY, THE MOST SIGNJFICANT BYTE CANNOT
READ.

N STANDS FOR AN UNDEFINED COUNT.

VERTICAL LINES SHOW TRANSITIONS BETWEEN COUNT VALUES.

or wN

Figure 13. Mode 0
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MODE 1: Hardware Retriggerable One-Shot

Out will be initially high. OUT will go low on the CLK
pulse following a trigger to begin the oneshot pulse,
and will remain low until the Counter reaches zero. OUT
will then go high and remain high until the CLK pulse
after the next trigger.

After writing the Control Word and initial count, the
Counter is armed, A trigger results in loading the Counter
and setting OUT low on the next CLK pulse, thus starting

the one-shot pulse. An initial count of N will result ina

one-shot pulse N CLK cycles in duration. The one-shot
is retriggerable, hence OUT will remain low for N CLK
pulses after any trigger. The one-shot pulse can be repeated
without rewriting the same count into the counter. GATE
has no effect on OUT.

If a new count is written to the Counter during a one-shot
pulse, the current one-shot is not affected unless the
Counter is retriggered, In that case, the Counter is loaded
with the new count and the one-shot pulse continues until
the new count expires.

MODE 2: Rate Generator

This Mode functions like a divide-by-N counter. It is
typically used to generate a Real Time Clock interrupt.
Out will initially be high, When the initial count has
decremented to 1, OUT goes low for one CLK pulse.
OUT then goes high again, the Counter reloads the initial
count and the process is repeated. Mode 2 is periodic;
the same sequence is repeated indefinitely. For an initial
count of N, the sequence repeats every N CLK cycles,

GATE = 1 enables counting; GATE = 0O disables counting.
If GATE goes low during an output pulse, OUT is set high
immediately. A trigger reloads the Counter with the
initial count on the next CLK pulse; OUT goes low N 'CLK
pulses after the trigger. Thus the GATE input can be used
to synchronize the Counter,

After writing a Control Word and initial count, the Counter
will be loaded on the next CLK pulse. OUT goes low N
CLK Pulses after the initial count is written. This allows
the Counter to be synchronized by software also.

CW=12 LSB=3

RN LRE R EAER R A LR EY

CW=12 LSB=3
WR

GATE _---'---.\n-----‘\n-—--— -----

OUT___ .
-_— —
R CA RN B FR R ER A R Y

CW=12 LSB=2 LSB=4

wl L U

our | | — \_
InIndwls g9 IS IEIEIS TS

CW=14 LSB=3

ATE

S L R O
REANHMHHIHENE
CW=14 LSB=3

WR

GATE U

olo]o olololol
]N|N|N|N|3|2l2|3 21113
CW=14 LSB=4 Ls8=5

O I T I |

v
=
ao
s
oo

Note: A GATE transition should not occur one clock
prior to terminal count,

Figure 14. Mode 1

Figure 15. Mode 2
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Writing a new count while counting does not affect the
current counting sequence. If a trigger is received after
writing a new -count but before the end of the current
period, the Counter will be loaded with the new count
on the next CLK pulse and counting will continue from
the new count. Otherwise, the new count will be loaded
at the end of the current counting cycle. In mode 2, a
COUNT of 1isillegal.

MODE 3: Square Wave Mode

Mode 3 is typically used for Baud rate generation. Mode 3
is similar to Mode 2 except for the duty cycle of QUT.
QUT will initially be high. When half the initial count
has expired, OUT goes low for the remainder of the count.
Mode 3 is periodic; the sequence above is repeated
indefinitely. An initial count of N results in a square wave
with a period of N CLK cycles.

GATE = 1 enables counting; GATE =0 disables counting.
If GATE goes low while OUT is low, OUT is set high
immediately; no CLK pulse is required. A trigger reloads
the Counter with the initial count on the next CLK pulse.
Thus the GATE mput can be used to synchronize the
Counter.

After writing a Control Word and initial count, the Counter
will be loaded on the next CLK pulse. This allows the
Counter to be synchronized by software also.

~ Writing a new count while counting does not affect the
current counting sequence. If a trigger is received after
writing a new count but before the end of the current
half-cycle of the square wave, the Counter will be loaded
with the new count on the next CLK pulse and counting
will continue from the new count. Otherwise, the new
count will be loaded at the end of the current half-cycle.

Mode 3 is implemented as follows:

Even counts: OUT is initially high. The initial count is
loaded on one CLK pulse and then is decremented by
two on succeeding CLK pulses. When the count expires
QUT changes value and the Counter js reloaded with the
initial count. The above process is repeated indefinitely.

0Odd counts: OUT s initially high. The initial count
minus one (an even number) is loaded on one CLK puise
and then is decremented by two on succeeding CLK pulses.
One CLK pulse after: the count expires, OUT goes low
and the Counter is reloaded with the initial count minus
one. Succeeding CLK pulses decrement the count by two.
When the count expires, OUT goes high again and the
Counter is reloaded with the-initial count minus one. The
above process is repeated indefinitely. So for odd counts,
QUT will be high for {(N+1)/2 counts and low for (N—1)/2
counts.

CW=16 LSB=4

WR

GATE

ouT ,
[wInpnlnig Ig12lg121gle |
CW=16 LSB=5

Catipiiy

GATE

out___J I

INInIw s (G [ Ielels e 121818181

CW=16 LSB=4

E

L
12151

0
4

N O

J —
L

GATE

our_ u

Innln NS 1218181813 191813181

Note: A GATE transition should not occur one clock
prior to terminal count.

Figure 16. Mode 3

MODE 4: Software Triggered Strobe

OUT will be initially high. When the initial count expires,
OUT will go low for one CLK pulse and then go high again.
The counting sequence is 'triggered”” by writing the initial
count.

GATE = 1 enables counting; GATE =0 disables counting.
GATE has no effect on QUT.

After writing a Control Word and initial count, the Counter
will be loaded on the next CLK pulse. This CLK pulse
does not decrement the count, so for an initial count of N,
OUT does not strobe low until N+1 CLK pulses after the
initial count is written.

If a new count is written during counting, it will be loaded
on the next CLK pulse and counting will continue from the
new count., If a two-byte count is written, the following
happens: .

1) Writing the first byte has no effect on counting. ‘
2) Writing the second byte allows the new count to be ~
loaded on the next CLK puise.

This allows the sequence to be ““retriggered’’ by software.
OUT strobes low N+1 CLK pulses after the new count of
N is written.
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CW=18 LSB=3 CW=1A LSB=3

WR\ '\ , WR

_______ A —————y -
care T GATE 1N
OUT___I J OUT--—' L]
!N |N|N|N |g |2|?| SVERIRE| FE Infnln]wlnlglglolg]e]e
Cw=18 LSB=3 cw=1A LsB=3

w LT |

[ [nfwin 81918191818l InIn N In D] STe 181219 18 15
CW=1A LSB=3 LSB =5

CW=18 LSB=3 1SB=2
nligl; LT w U |

WR

eate ‘,n ------ TTTA\VT T T
GATE _
out | our _ 7] J
Infolwinlglslolglslslel InIn v SIS IS IEEIREIR 21
Figure 17. Mode 4 Figure 18. Mode 5

MODE 5: Hardware Triggered Strobe (Retriggerable)

OUT will initially be high. Counting is triggered by a rising initial count on the next CLK pulse. The counting
edge of GATE. When the initial count has expired, OUT sequence is retriggerable. OUT will not strobe low for
will go low for one CLK pulse and then go high again. N+1 CLK pulses after any trigger. GATE has no effect _H_
on OUT. 3
After writing the Control Word and initial count, the f;
counter will not be loaded until the CLK pulse after a If a new count is written during counting, the current §’_
trigger. This CLK pulse does not decrement the count, counting sequence will not be affected. [f a trigger occurs
so for an initial count of N, OUT does not strobe low after the new count is written but before the current
until N+1 CLK pulses after a trigger. count expires, the Counter will be loaded with the new
count on the next CLK pulse and counting will continue
A trigger results in the Counter being loaded with the from there.
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Signal Status Modes Low or Going Low'

Rising High

2) Sets output immediately high

0 Disables counting Enables counting
1 — 1) Initiates counting i —

2) Reséts output after next clock
2 1)} Disables counting Initiates counting Enables counting

3 1) Disables counting
2) Sets output immediately high

Initiates counting Enables counting

4 Disables counting

—— Enables counting

Initiates counting J—

Figure 19. Gate Pin Operations Summary

Min Max
Mode Count Count
0 1 0
1 1 0
2 2 0
3 2 0
4 1 0
5 1 0

Note: O is equivalent to 2% for binary counting and
104 for BCD counting.

Figure 20. Minimum and Maximum Initial Counts

Operation Common to All Modes
Programming
When a Control Word is written to a Counter, all Control

Logic is immediately reset and OUT goes to a known
initial state; no CLK pulses are required for this,

Gate

The GATE input is always sampied on the rising edge of
CLK: In Modes 0, 2, 3, and 4 the GATE input is level
sensitive, and the logic level is sampled on the rising edge
of CLK. In Modes 1, 2, 3, and b the GATE input is rising-
edge sensitive. In these Modes, a rising edge of GATE
(trigger) sets an edge-sensitive flip-flop in the Counter.
This flip-flop is then sampled on the next rising edge of
CLK; the flip-flop is reset immediately after it is sampled.
In this way, a trigger will be detected no matter when it
occurs — a high logic level does not have to be maintained
until the next rising edge of CLK. Note that in Modes 2
and 3, the GATE input is both edge- and level- sensitive.
In Modes 2 and 3, if a CLK source other than the system
clock is used, GATE should be pulsed immediately
following WR of a new count value.

Counter

New counts are loaded and Counters are decremented on
the falling edge of CLK.

The largest possible initial count is O; this is equivalent to
2% for binary counting and 104 for BCD counting.

The Counter does not stop when it reaches zero. In Modes
0, 1, 4, and 5 the Counter “‘wraps around’” to the highest
count, either FFFF hex for binary counting or 9999 for
BCD counting, and continues counting. Modes 2 and 3
are periodic; the Counter reloads itself with the initial
count and continues counting from there.
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Features

General Description

iAPX86, iAPX88 compatible
MCS-80®, MCS-85® compatible
Eight-level priority controller
Expandable to 64 levels
Programmable interrupt modes

The UMB259A Programmable Interrupt Controller handles
up to eight vectored priority interrupts for the CPU. It
is cascadable for up to 64 vectored priority interrupts
without additional circuitry. Packaged in a 28-pin DIP, it
uses NMOS technology and requires a single +5V supply.
Circuitry is static, requiring no clock input.

The UMB8259A is designed to minimize the software and

. Programmable Interrupt Controller

UMB8259A

Individual request mask capability
Single +5V supply (no clocks)
28-pin dual-in-line package
Available in EXPRESS

— Standard temperature range

— Extended temperature range

real time overhead in handiing multi-level priority
interrupts. It has several modes, permitting optimization
for a variety of system requirements.

The UMB8259A is fully compatible with the Intel 8259A,
Software originally written for the 8259A will operate
the UM8259A in all 8259A equivalent modes.

*IAPX86, iAPX88, MCS-80 and MCS-85 are all trademarks of Intel microsystem.

Pin Configuration Block Diagram
INTA INT
S - 28 1vee oo oATA <:r> CONTROL LOGIC
— 7-00 < J
WR [: 2 27 :]AO BUFFER
7o s 26 [ ATNTA | T t
py C}4 25 11R7
W 24 11R6 T lﬁ
ps 46 23] 1Rs o
7 221 1 1Ra RD «—r
D4 E , UmB259A g wd o |, DA
: WRITE N
D3 24 1IR3 LoGIC SE::‘S/ICE ® PERSIORI.I-E‘R <: '?ESEE&JTPT ‘—:22
S 20 1R2 Ag IS FEsoLY i) e
D1 [: 10 19 IR1 ? |«— IR6
DO,:” 18%“40 s e 1R7
caso []12 17 3 INT 1
cas1 []13 16 SP/EN CAS O VN |NTERRU(II>'A|;";A)ASKREG
oD [ 14 15[ cas2 s gemes || M
[COMPARATOR
CAS
[0 F\
SP/EN = \J INTERNAL BUS
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UMS8259A
Absolute Maximum Ratings* *Comments
Ambient Temperature Under Bias ... ... .. 0°C t0 70°C Stress above those listed under ““Absolute Maximum
Storage Temperature . . ... ........ —65°C to +150°C Ratings™ may cause permanent damgge to the cviewce‘
o These are stress ratings only. Functional operation of
Voltage on Any Pin with this device at these or any other conditions above those
Respectto Ground . ............. . —0.5V to +7V indicated in the operational sections of this specification
Power Dissipation 1 Watt is not implied and exposure to absolute maximum rating
T e conditions for extended periods may affect device
reliability.
D.C. Characteristics
(TA =0°C to 70°C, Ve = BV £ 10%)
Symbol Parameter Min. _Max. Units Canditions
ViL Input Low Voltage -0.5 0.8 \%
ViH Input High Voltage 2.0* Vee+ 0.5V \
VoL Output Low Voltage 0.45 \% loL =2.2mA
VoH Qutput High Voltage 2.4 \ lon = —400uA
) Interrupt Output High 3.5 \ loy = —100uA
VOH(INT) Voltage 24 Y ToH = —400 A
I Input Load Current -10 +10 MA 0V VN Vce
loL Output Leakage Current -10 +10 - MA 0.45V  Vout Vce
lec Ve Supply Current 85 mA
ILIR IR Input Load Current —300 BA Vin =0
10 MA VIN = Vce
*Note: For Extended Temperature EXPRESS V| = 2.3V.
Capacitance
(Ta =25°C; Voo = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit Conditions
CiNn Input Capacitance 10 pF fc=1MHZ
Cijo 1/0 Capacitance 20 pF Unmeasured pins returned to Vss
A.C. Characteristics
(Ta =0°C to 70°C, Vcg = 5V + 10%)
TIMING REQUIREMENTS
Symbol Parameter Min Max. Units Conditions
TAHRL AOQ/CS Setup to RD/INTA{ 0 ns
THRAX AO/CS Hold after RD/INTA?T 0 ns
TRLRH RD Pulse Width 235 ns
TAHWL AOQ/CS Setup to WR{ 0 ns
TWHAX AO/CS Hold after WRT 0 ns
TWLWH WR Pulse Width 290 ns
TDVWH Data Setup to WRT 240 ns
TWHDX Data Hold after WRT 0 ns
TJLJH Interrupt Request Width (Low) 100 ns See Note 1
Cascade Setup to Second or Third
. TCVIAL INTA! (Slave only) 55 i ns
: End of RD to next RD
TRHRL End of INTA to next INTA within 160 ns
an INTA sequence only
TWHWL End of WR to next WR 190 ns
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A.C. Characteristics (Continued)
Symbol Parameter Min. Max. Unit Conditions|

*TCHCL End of Command to next Command 500 ns
{Not same command type)

End of INTA sequence to next
INTA sequence.

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6 s,
8085A-2=1 us, 8086 = 1 us, 8086-2 =625 ns)
Note: This is the low time required to clear the input latch in the edge triggered mode.

Timing Responses

Symbol Parameter Min. Max. Units Conditions
TRLDV Data Valid from RD/INTA{ 200 ns C of Data Bus = 100 pF
TRHDZ Data Float after RD/INTA® 10 100 ns C of Data Bus

Max text C = 100 pF
TJHIH (I:nterr;JpIVOIL.J;pfut Dell:a.y s 350 ns Min. test C = 15 pF

ascade Valid from First _
TIALCV (Master Only) 565 ns CINT = 100 pF
TRLEL Enable Active from RDY or INTA} 125 ns Ccascape= 100 pF
TRHEH Enable Inactive from RD? or INTA? 1560 ns
TAHDV Data Valid from Stable Address 200 ns
TCVDV Cascade Valid to Valid Data 300 ns
A.C. Testing Input, Output Waveform A.C. Testing Load Circuit
INPUT/OUTPUT

24
g DEVICE
2.0 20 RoEr
>TEST POINTS< b ]-cL= 100pF
0.8 0.8
0.46

A. C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND
0.46V FOR A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT CL = 100pF
2.0V FOR A LOGIC “1” AND 0.8V FOR A LOGIC “0.” L

CL INCLUDES JIG CAPACITANCE

Waveforms
WRITE
WR e TWLWH  ——
\ j[
- 7 y
_ TAHWL [=— TWHAX ®
cs H]
ADDRESS BUS g
Ag o
TDVWH | TWHDX
DATA BUS
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Waveforms (Continued)

READ/INTA

RD/INTA ___.__.\<— TRLRH _jF

EN . ‘
S l«——TRLEL —] [£TRHEH

—| [——TAHRL. — l——TRHAx
Ts
ADDRESS BUS X
A X
0
[e—TRLDV—— —{ TRHDZ |=—
TAHDV

DATABUS ™™ = = = = = = = = = = == == === - - -

OTHER TIMING

R
INT

O

>

TRHRL —™
WR
-— TWHWL —»

TILIH j=—
—
INT
TNTA \ o
DB= = == ===
co-2
TIALCY

Notes: {nterrupt output must remain HIGH at least until leading edge of first INTA.
1. Cycle 1iniAPX86, iIAPX88 systems, the Data Bus is not active.
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Pin Description

UMS8259A

Symbol Pin No. Type Name and Functions

Vee . 28 | Supply: +5V Supply.

GND 14 | Ground.

cS 1 | Chip Select: A low on this pin enables RD and WR communication between the
CPU and the UM8259A. INTA functions are independent of CS.

WR 2 | Write: A low on this pin when CS is low enables the UM8259A to accept command
words from the CPU.

RD 3 | Read: A low on this pin when CS is low enables the Um8259A to release status
onto the data bus for the CPU.

D7-DO 4-11 1/0 | Bidirectional Data Bus: Control, status and interruptvector information is
transferred via this bus.

CASy—CAS, [ 12,13,15 | 1/O | Cascade Lines: The CAS lines form a private UM8259A bus to control a multiple
UMB259A structure. These pins are outputs for a master UM8259A and inputs for
a slave UMB259A.

SF/EN 16 1/O | Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered
Mode it can be used as an output to control buffer transceivers (EN). When not in
the buffered mode it is used as an input to designate a master (SP = 1) of slave
(SP=0).

INT 17 0 Interrupt: This pin goes high whenever a valid interrupt request is asserted. [t'is
used to interrupt the CPU, thus it is connected to the CPU’s interrupt pin.

IRo—IR4 18-25 | Interrupt Requests: Asynchronous inputs. An interrupt request is executed by
raising an IR input (low to high), and holding it high until it is acknowledged
(Edge Triggered Mode), or just by a high level on an IR input (Level Triggered
Mode). .

INTA 26 | Interrupt Acknowledge: " This pin is used to enable UM8259A interrupt-vector data
onto the data bus by a sequence of interrupt acknowledge pulses issued by the
CPU. .

Ao 27 I | AOQ Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It
is used by the UM8259A to decipher various Command Words the CPU writes and
status the CPU wishes to read. It is typically connected to the CPU AQ address. line -
(A1 for iAPX 86, 88).

Functional Description

Interrupts in Microcomputer Systems

Microcomputer system design requires that 1/0 devices such
as keyboards, displays, sensors and other components
receive servicing in an efficient manner so that large
amounts of the total system tasks can be assumed by the
microcomputer with little or no effect on throughput.

The most common method of servicing such devices is the
Polied approach. This is where the processor must test each
device in sequence and in effect “‘ask’’ each one if it needs
servicing. It is easy to see that a large portion of the main
program is looping through this continuous polling cycle
and that such a method would have a serious, detrimental
effect on system throughput, thus limiting the tasks that
could be assumed by the microcomputer and reducing the
cost effectiveness of using such devices.

A more desirable method would be one that would allow
the microprocessor to be executing its main program and
only stop to service peripheral devices when it is told
to do so by the device itself. In effect, the method would
provide an external asynchronous input that would inform

the processor that it should complete whatever instruction
that is currently being executed and fetch a new routine
that .will service the requesting device. Once this servicing
is complete, however, the processor would resume exactly
where it left off.

This method is called Interrupt. It is easy to see that
system . throughput would drastically increase, and thus
more task could be assumed by the mxcrooomputer to
further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functicns as
an overall manager in an |Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest importance (priority), ascertains whether
the incoming request has a higher priority value than the
level currently being serviced, and issues an interrupt to
the CPU based on this determination.
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Each peripheral device or structure usually has a special
program or ‘‘routine’’ that is associated with its specific
functional or -operational requirements; this is referred
to as a “service routine’’. The PIC, after issuing an
interrupt to the CPU, must somehow input information
into the CPU that can “’point’* the Program Counter to the
Service routine associated with the requesting device.
This “pointer’ is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

The UM8259A

The UMB8289A is a devicespecifically designed for use in
real time, interrupt driven microcomputer systems. |t
manages eight levels or requests and has built-in features
for expandability to other UM8259A’'s (up to 64 levels).
It is programmed by the system’s software as an /O
peripheral. A selection of priority modes is available to
the programmer so that the manner in which the requests
are processed by the UM8259A can be configured to match
his system requirements. The priority modes can be
changed or reconfigured dynamically at any time during
the main program, This means that the complete interrupt
structure .can be defined as required, based on the total
system environment.

Interrupt Request Register (IRR) and In-Service Register
(ISR) -

The Interrupts at the IR input lines are handled by two
registers in cascade, the Interrupt Request Register (IRR)
and the In-Service Register {ISR). The IRR is used to store
all the interrupt levels which are requesting service; and the
ISR is used to store all the interrupt levels which are being
serviced.

Priority Resolver

This logic block determines the priorities of the bits set in
the IRR. The highest priority is selected and strobed into
the corresponding bit of the ISR during INTA puise.

Interrupt Mask Register (IMR)

The IMR stores the bits which mask the interrupt lines to
be masked. . The IMR operates on the IRR. Masking of
a higher priority input will not affect the interrupt request
lines of lower priority.

INT (Interrupt)

This output goes directly to the CPU interrupt input. The
Von level on this line is designed to be fully compatible
with the 8080A, 8085A and 8086 input levels.

INTA (Interrupt Acknowledge)

INTA pulses will cause the UMB259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode (uPM) of the UM8259A.,

CPU-DRIVEN
MULTIPLEXQOR

F———~

T —N

RAM <::> <::‘/J\ 1o m

CPU [

\

ROM N <::>uom)

r=-=
<;ZiXWO(N)?————
\} Lend

Figure 1a. Polled Method

CPU INT '
/’\_, v}

RAM <:><:: PIC oo

ROM :> <::>|/o(1)

K)o @ f—

r===q

H 1
(o o4

A4 benad

Figure 1b. Interrupt Method

7-174



@UMB

UM8259A

Data Bus Buffer

This 3-state, bidirectional 8-bit buffer is used to interface
the UM8B259A to the system Data Bus. Control words
and status information are transferred through the Data
Bus Buffer,

Read/Write Control Logic

The function of this block is to accept OUT put commands
from the CPU. It contains the Initialization Command
Word (ICW) registers and Operation Command Word
(OCW) registers which store the various control formats
for device operation. This function block also allows
the status of the UM8259A to be transferred onto the Data
Bus.

'CS (Chip Select)

A LOW on this input enables the UM8259A. No reading
or writing of the chip will occur unless the device is
selected.

WR (Write)

A LOW on this input enables the CPU to write control
words (ICWs and OCWs) to the UM8259A.

RD (Read)

A LOW on this input enables the UMB259A to send the
status of the interrupt Request Register (IRR). In Service
Register (ISR), the Interrupt Mask Register {IMR}, or the
Interrupt level onto the Data Bus.

Ao

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers
of the chip. This line can be tied directly to one of the
address lines.

The Cascade Buffer/Comparator

This function block stores and compares the IDs of all
UMB8259A’'s used in the system. The associated three
1/0 pins (CASO—2} are outputs when the UMB259A is used
as a master and are inputs when the UMB259A is used as
a slave. As a master, the UM8259A sends the ID of the
interrupting slave device onto the CASO-2 lines. The
slave 'thus selected will send its preprogrammed subroutine

address onto the Data Bus during the next one or two
consecutive INTA pulses. (See section ‘‘Cascading the
UMB259A" )

CONTROL LOGIC

I

DBAJSA
07+00< > BUFFER C:>

_ l=—1r0
—=O) e 1R
wWR—=( AEAD/ —1R2
WRITE - ™ INTERRUPT Ry 13
service QAN PRIORITY REQUEST

REG KN /REsOLVER REG  Re—iRa

A+ (IsR) (IRR)
[ 1rs
_ ? =6
= jo—1r7

[ T 1

INTERRUPT MASK AEG
OMR)

;
|
C

CASCADE
CAS 14—  BUFFER/
COMPARATOR

5!%‘4 \J \NTEENAL BUS

Figure 2a. UMB8269A Block Diagram

NI INT
CONTROL LOGIC

1 T

. oATA
- BUS
0700 BUFFER

U

- R0
RB ~——( IR
Wi —=O) READ/ |
WRITE g N INTERRUPT 2

spee ket rmsninn (] e I

4o (1SR} GRR)  TIR4
. [+ IRs.

? [=— IR6.

(=3 ) [ 177

I

INTERRUPT MASK REG
UMA)

CAS 0 -]
CASCAI

DE
] surrer B, |
cas1 COMPARATOR

cAS 2 =

e

INTERNAL BUS

Figure 2b. UM8259A Block Diagram
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Interrupt Sequence

" The powerful features of the UM8259A in a microcom-
puter system are its programmability and the interrupt
routine addressing capability. The latter allows direct or
indirect jumping to the specific interrupt routine requested
without any polling of the interrupting devices., The
normal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows.in an MCS-80/85 system:

1. . One of more of the INTERRUPT REQUEST lines
(IR7-0) are raised -high, setting the corresponding
IRR bit(s).

2. The UMB8259A evaluates these requests, and sends an
INT to the CPU, if appropriate,

3. The CPU acknowledges the INT-and responds with an
INTA pulse.

4, Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The UMB8259A will also release a
CALL instruction code (11001101) onto the 8-bit
Data Bus through its D7—0 pins.

5. This CALL Instruction will initiate two more INTA
pulses to be sent to the UM8259A from the CPU"
group.

‘6. These two INTA pulses allow the UM8259A to release
its preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA pulse and the higher 8-bit address is released
at the second INTA pulse.

7. This completes.the 3-byte CALL instruction released
by the UM8259A. In the AEQI mode the ISR bit is
reset at the end of the third INTA pulse.” Otherwise,
the ISR bit remains set until an appropriate EOI
command is issued at the end of the interrupt
sequence.

The events dccurring in an iAPX 86 system are the same
until step 4.

4. Upon receiving an INTA [from the CPU group, the
highest priority ISR bit is set and the corresponding
IRR bit is reset. The UM8259A does not drive the
Data Bus during this cycle,

5. The iAPX 86/10 will initiate a second INTA pulse.
During this pufse, the UM8259A releases an 8-bit
pointer onto the Data Bus where it is read by the CPU.

6. This completes the interrupt cycle. In the AEOI
mode the ISR bit is reset at the end of the second
INTA pulse. -Otherwise, the ISR bit remains set until
an appropriate EOl command is issued at the-end of
the interrupt subroutine.

If no interrupt request is present at step 4 of either
sequence (i.e:, the request was too short in duration) the
UMB259A " will issue an interrupt level 7. Both the

. UM8259A

vectoring bytes and the CAS lines will look like an interrupt
level 7 was requested.

2
B

INT

CONTROL LOGIE

TA
ey
BUFFER

_ 1RO
RO fe—11
WR: READ/ fa—1R2
wRITE 4 N hnteRRUPT IR3

LoGtc SERVICE <:"> PRICRITY REQUEST IR
Ag——n] REG RESOLVER REG 4
1SR (RR)  fa—IRS
188
= i ity

T 1

INTERRUPT MASK REG
(IMR)

CAS 0-at——]

CASCADE
CAS 1 —]

BUFFER/
COMPARATOR

CAS 2-t——n]

INTERNAL BUS

Figure 2c. UM8259A Block Diagram

i ADDRESS BUS {IG)

L

CONTROL BUS

|

T7OR I/OWT INT |INTA

{ DATA BUS (8)
ms? Ag Dy-Dg AD  WR INT INTA
CASCADE
LINES ~4——»J CAST UMB259A
4_5] CASZ_ IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
SF/EN 7 6 5 4 3 2 1 0

P

SLAVE PROGRESS/
ENABLE BUFFER

INTERRUPT
REQUESTS

Figure 3. UMB8259A Interface to Standard
System Bus
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Interrupt Sequence Outputs
MCS-80®, MCS-85®
This sequence is timed by three INTA pulses, During the

first INTA pulse the CALL opcode is enabled onto the
data bus.

Content of First Interrupt
Vector Byte

D7 D6 D5 D4 D3 D2 D1 DO
CALLCODE[L1 o 0 1 1 0 1—|

During the second TNTA pulse the lower address of the
appropriate service routine is enabled onto the data bus.
When Interval =4 bits As -A, are programmed, while Ag-Ag
are automatically inserted by the UM8259A, When
Interval=8 only Ag and A4 are programmed, while Ag-As
are automatically inserted.

iAPX 86, iAPX 88

IAPX 86 mode is similar to MCS-80 mode except that only
two interrupt Acknowledge cycles are issued by the
processor and no CALL opcode is sent to the processor.
The first interrupt acknowledge cycle is similar to that
of MCS-80, 85 systems in that the UM8259A uses it to
internally freeze the state of the interrupts for priority
resolution and as a master it issues the interrupt code on
the cascade lines at the end of the INTA pulse. On this
first cycle it does not issue any data to the processor and
leaves its data bus buffers disabled. On the second
interrupt acknowledge cycle in iAPX 86 mode the master
(or slave if so programmed) will send a byte of data to the
processor with the acknowledged interrupt code composed
as follows (note the state of the ADI| mode control is
ignored and As-Ay; are unused in iAPX 86 mode) :

Content of Interrupt Vector Byte
for iAPX 86 System Mode -

Content of Second Interrupt D7 (D6 |D5 | D4 (D3 | D2 | D1 | DO
Vector Byte IR7 |T7 | T6 | T5 | T4 | T3 | 1 1T 11
IR6 [T7 | T6 |T5 | T4 [ T3 | 1 1 0
IR Interval = 4 TR [T7 |16 |15 | T4 [ T3 1 |0 | 1
D7 D6 D5 D4 D3 D2 D1 DO R4 | T7 |16 |16 |14 [13[1.]0 [0
7 A7 A6 A5 1T 1 17 0 O IR |17 |16 |15 |14 | T3 0 | 1 | 1
6 |A7 A6 A5 1 1 0 0 0 IR2 [T7 | T6 | TH | T4 [ T3 [ O 1 0
5 A7 A6 Ab 1 0 1 0 0 IR1 T7 | T6 | T6 (T4 | T3 | O 0 1
4 |A7 A6 A5 1 0 0 0 0 IRO [T7 |16 |15 |T4fT3[ 0 [ O [ O
3 A7 A6 A5 0 1 1 0 O
2 |A7 A6 A5 O 1 0 0 0
1 |JA7 A6 A5 O 0 1 0 O Programming the UM8259A
0 |[A7 A6 A5 O 0 0 0 0
The UmB8259A accepts two types of command words
IR Interval = 8 generated by the CPU:
D7 D6 D5 D4 D3 D2 D1 DO 1. Initialization Command Words (ICWs): Before normal
7 |A7 A6 1 1 1 0 0 0 operation can begin, each UM8259A in the system
6 |A7 A8 1 1 0 0 0 0 must be brought to a starting point — by a sequence
5 |A7 A6 1 0 1 ) 0 0 of 2 to 4 bytes timed by WR pulses.
4 |A7 A6 1 0 0 0 0 0 2. Operation Command Words (OCWs): These are the
3 |A7 A6 O 1 1 0 0 0 command words which command the UM8259A to
2 |A7 A6 O 1 0 0 0 0 operate in various interrupt modes. These modes are:
1 |[A7 A6 0 O 1 0 0 O a. Fully nested mode
0 |A7 A6 O 0 0 0 0 0 b. Rotating priority mode
T c. Special mask mode
d. Polled mode

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed as
byte 2 of the initialization sequence (Ag-Ass), is enabled
onto the bus.

Content of Third Interrupt
Vector Byte

DI D6 D5 D4 D3 D2. D1 DO
[ A15|A14|A13]A12|A11|A10LA9|A8 |

The OCWs can be written into the UM8259A anytime
after initialization.
Initialization Command Words (ICWs)

General

Whenever a command is issued with AO=0 and D4=1, this
is interpreted as Initialization Command Word 1 (ICW1).
ICW1 starts the initialization sequence during which the
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following automatically occur.

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request {IR)
input must make a low-to-high transition to generate
an interrupt.

The Inteérrupt Mask Register is cleared.

IR7 input is assigned priority 7.

Theslave mode address is set to 7.

Special Mask Mode is cleared and Status Read is set
to IRR. :

If 1C4=0, then all functions selected in ICW4 are set
to zero. (Non-Buffered mode*, no Auto-EO!, MCS-80,
85 system).

coooT

)

*Note: Master/Slave in ICW4 is only used in the buffered
mode.

Initialization Command Words 1 and 2 (ICW1, ICW2)

As-As: Page starting address of service routines. In an
MCS 80/85 system, the 8 request levels will generate
CALLs to 8 locations equally spaced in memory. These
can be programmed to be spaced at intervals of 4 or 8
memory locations, thus the 8 routines will occupy a page
of 32 or 64 bytes, respectively.

The address, format is 2 bytes long (Ag-Ays). When the
routine ‘interval is 4, Ag-A4 are automatically inserted
by the UMB8259A. While As-Ay;s are programmed

externally. When the routine interval is 8, Ag-A; are
automatically inserted by the UMB259A, while Ag -A 5 are
programmed externally.

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

In an iAPX 86 system Ay -Ay; are inserted in the five most
significant bits of the vectoring byte and the ' UM8259A
sets the three least significant bits according to the
interrupt level. Aj-As are ignored and ADI (Address
interval) has no effect.

If LTIM=1, then the UM8259A will operate in
the level interrupt mode. Edge detect logic on the
interrupt inputs will be disabled.

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

SNGL: Single. Means that this is the only UM8259A in
the system. If SNGL=1 no ICW3 will be issued.

IC4: If this bit is set — ICW4 has to be read. |f ICW4
is not needed, set 1C4=0.

LTIM:

Initialization Command Word 3 (ICW3)

This word is read only when there is more than one
UMB8259A in the system and cascading is used, in which
case SNGL=0. It will load the 8-bit slave register. The
functions of this register are:

1CW1 ]

Y

icw2 ]

NO (SINGL = 1)

CASCADE

IN

MODE

YES (SNGL =0)

NO (IC4 = 0)

IS ICW4
NEEDED

ES(IC4a=1)

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 4,

Initialization Sequence
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AD| [SNGL| IC4

1 ILTIM
1 1ICW4 NEEDED
0 =NO ICW4 NEEDED

1=SINGLE
0= CASCADE MODE

CALL ADDRESS INTERVAL
1=INTERVAL OF 4
0=INTERVAL OF 8

1= LEVEL TRIGGERED MODE
0 = EDGE TRIGGERED MODE

Aq-As OF INTERRUPT
VECTOR ADDRESS
(MCS-80/85 MODE ONLY)

1cw2
Ao D7 Dg Dg Dy D3 Dy Dy Do
Ass /| A, y A1z A1
1 / / / / A A A
l T2| £ 76|~ Ts] /Ta| /Ta] TP ° 8
| ] I [ [ Ajs-Ag OF INTERRUPT
VECTOR ADDRESS
(MCS80/85 MODE)
T4-T3 OF INTERRUPT
ICW3 (MASTER DEVICE) VECTOR ADDRESS

(8086/8088 MODE)
Ao D7 Dg Ds Dy D3 Dy Dy Do

oo o [ ]n ] = ]+]

|

1= IR INPUT MAS A SLAVE
0= IR INPUT DOES NOT HAVE
A SLAVE
ICW3 (SLAVE DEVICE)
Ag D7 D¢ Ds Ds D3 Dy D1 Do
|1 |ololo olo .Dzl.n.lmol
1{1]2]3[als]6|7
oftjofr]o]1fa]1
{ojof1{1]ofofa]1
ofofofo[s "1

Icw4

Ag Dy Dg Ds Dy D3 DO D Do

e o]

|__. 1 =8086/8088 MODE

0 = MCS-80/86 MODE

0 |SFNM|BUF | M/S

1 AUTO EOI
0=NORMAL EOIl

[0 ] —NON BUFFERED MODE
1 | O |-BUFFERED MODE/SLAVE
(1 |1 ]-BUFFERED MODE/MASTER

1=SPECIAL FULLY NESTED
MODE

v
I
4
b}
£
a
=
<
o

Note,:" SLAVE 1D IS EQUAL TO THE CORRESPONDING o= mggTSEPS%SEEFULLY
MASTER IR INPUT.

Figure 5. Initialization Command Word Format
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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 will release byte 1 of the
call sequence (for MCS-80/85 system) and will enable
the-corresponding slave to release bytes 2 and 3 (for
iAPX 86 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 iAPX 886 are released by it on the Data Bus.

Initialization Command Word 4 (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
UMB259A is programmed to be a master, M/S=0
means the UM8259A is programmed to be a slave.
If BUF=0, M/S has no function.

If AEOI=1 the automatic end of interrupt mode
is programmed .
MPM:  Microprocessor mode: MPM=0 sets the UM8259A

for MCS-80, 85 system operation, uPM=1 sets the
UMB269A for iIAPX 86 system operation.

AEOI:

Operation Command Words (OCWs)

After the Initialization Command Words (ICWs) are
programmed into the UMB259A, the chip is ready to
accept interrupt requests at its input lines. However, during

the .UMB259A operation, a selection of algorithms can

command the UMB8259A to operate in various modes
through the Operation Command Words (OCWs).

ocwi

A0 D7 D6 D5 D4 D3 D2 D1 DO

1 M7 M6 M5 M4 M3 M2 M1 MO

0 R SL EQI O 0 L2 L1 Lo

ocws

0 0 ESMM SMM O 1 p RR RIS

Operation Control Word 1 (OCW1)

OCW?1 sets and clears the mask bits in the interrupt Mask
Register {IMR). M;—M, represent the eight mask bits.
M=1 indicates the channel is masked (ihhibited), M=0
indicates the channel is enabled.

Operation Control Word 2 (OCW2)

R, SL, EOI — These three bits control the Rotate and End
of Interrupt modes and combinations of the two, A chart
of these- combinations can be found on the Operation
Command Word Format.

Ly, Ly, Lo — These bits determine the interrupt level acted
upon when the SL bit is active,

Operation Control Word 3 (OCW3)

ESMM — Enable Special Mask Mode, When this bit is set
to 1 it enables the SMM bit to set or reset the Special
Mask Mode. When ESMM=0 the SMM bit becomes a
""don‘t care”.

SMM — Special Mask Mode. |f ESMM=1 and SMM=1 the
UMB259A will enter Special Mask Mode. If ESMM=1
and SMM=0 the UMB8259A will revert to normal mask
mode, When ESMM=0, SMM has no effect.

Fully Nested Mode

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are ordered
in priority form O through 7 (O highest). When an interrupt
is acknowledged the highest priority request is determined
and its vector placed on the bus. Additionally, a bit of the
Interrupt Service register (ISO-7) is set. This bit remains
set until the microprocessor issues an End of Interrupt
(EO1) command immediately before returning from the
service routine, or if AEOIl (Automatic End of [nterrupt)
bit is set, until the trailing edge of the last INTA. While
the IS bit is set, all further interrupts of the same or lower
priority are inhibited, while higher levels will generate an
interrupt {which will be acknowledged only if the micro-
processor internal interrupt enable flip-flop has been
re-enabled through software).

After the initialization sequence, 1RO has the highest
priority and |R7 the lowest. Priorities can be changed,
as will be explained, in the rotating priority mode.

End of Interrupt (EO1)

The In Service (IS) bit can be reset either automatically
following the trailing edge of the last in sequence INTA
pulse (when AEOI bit in ICW? is set) or by a command
word that must be issued to the UM8259A before returning
from a service routine (EQ} command). An EQI command
must be issued twice if in the Cascade mode, once for
the master and once for the corresponding slave.

There are two forms of EOl command: Specific and
Non-Specific. When the UM8259A is operated in modes
which preserve the fully nested structure, it can determine
which IS bit to reset on EOI. When a Non-Specific EOI
command is issued the UMB259A will automatically reset
the highest IS bit of those that are set, since in the fully
nested mode the highest IS leve! was necessarily the last
level acknowledged and service. A non-specific EOl can
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acwit
Ag D; Dg Ds Dy Dy Dz Dy Dy

M7 (%3 M5 M4 M3 M2 M1 MO

INTERRUPT MASK
1=MASK SET
0 =MASK RESET

ocw2
Ap. D Dg Ds Ds D3 Dy D Dy

IR LEVEL TO BE
ACTED UPON

1 213]|4 5 6|7

of1]ol1]o]1

o1 [1jofofr]

ojoflo|e

[V ) 1 NON-SPECIFIC EO) COMMAND

ENO OF INTERRUPT
0] 1] 1 ] SPECIFIC EOI COMMAND
17| 0 | 1 | ROTATE ON NON-SPECIFIC EOl COMMAND
1 0 | O | ROTATE IN AUTOMATIC EOl MODE {SET) AUTOMATIC ROTATION
0| 0| O | ROTATE IN AUTOMATIC EOI MODE (CLEAR)
1 1 1 *ROTATE ON SPECIFIC ECI COMMAND

SPECIFIC ROTATION
1| 1 { 0} *SETPRIORITY COMMAND
] 1 0 | NO OPERATION

*L0-L2 ARE USED

ocws
Ag  Dg Dg Ds Ds O3 D2 Oy Do

] C |ESMM| SMM 0 1 P RR RIS

READ REGISTER COMMAND

o 1 0 1
0 0 1 1
READ READ
: 1R REG IS REG
NO ACTION ON NEXT | ON NEXT
RD PULSE | RD PULSE

1=POLL COMMAND
0=NO POLL COMMAND

Y
®
SPECIAL MASK MODE 5
<
0 1 0 1 &
&
0 0 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Figure 6. Operation Command Word Format
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be issued with OCW2 (EOI=1,SL=0, R=0).

When a mode is used which may disturb the fully nested
structure, the UM8259A may no longer be able to
determine the last level acknowledged. In this case a
Specific End of Interrupt must be issued which includes
as part of the command the IS level to be reset. A specific
EOI can be issued with OCW2 (EOI=1, SL=1, R=0, and
LO-L2 is the binary level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EOIl if the
UMB82539A is in the Special Mask Mode.

Automatic End of Interrupt (AEOI) Mode

If AEOI=1 in ICW4, then the UM8259A will operate in
AEOQI mode continuously until reprogrammed by ICW4, In
this mode the UMB8259A will automatically perform a
non-specific EQ| operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,
second in iAPX 86). Note that from a system standpoint,
this mode should be used only when a nested multilevel
interrupt structure is not required within a single
UMS8259A.,

The AEQOI mode can only be used in a master UM8259A
and not a slave.

Automatic Rotation (Equal Priority Devices)

In some applications there are a number of interrupting
devices of equa\l prority. In this mode a device, after
being service, receives the lowest priority, so a device
requesting an interrupt will have to wait, in the worst case
until each of 7 other devices are serviced at most once.
For example, if the priority and "‘in service’’ status is:

Before Rotate (IR4 the highest priority requiring service)

IS7 1S6 IS5 1S4 1S3 I1S2 1S1 iSO
["lS"Staws o 1 0o 1 0 0 O o—|

Lowest Priority Highest Priority

ﬁriorityswus 7 6 5 4 3 2 1 o]

After Rotate (IR4 was servided, all other priorities rotated
correspondingly)

IS7 I1S6 IS5 1S4 IS3 IS2 IS1 ISOs

ﬁS“Status 0o 1 0 0 0 0 0 ﬂ

Highest Priority

Lowest Priority
fpriority&aws 2 1 0 7 6 5 4 3]

‘There are two ways to accomplish Automatic Rotation
using OCW2, the Rotation on Non-Specific EOl Command
(R=1, SL=0, EQOI=1) and the Rotate in Automatic EOI
Mode which is set by (R=1, SL=0, EOQI=0) and cleared by
(R=0, SL=0, EO!=0). i

Specific Rotation (Specific Priority)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IR5 is programmed as the bottom priority device,
then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R=1, SL=1; LO-L2 is the binary priority level code of
the bottom priority device.

Observe that in this mode internal status is updated by
software control during OCW2. However, it is independent
of the End of Interrupt (EO!) command (also executed by
OCW?2). Priority changes can be executed during an EOQI
command by using the Rotate on Specific EOI command
in OCW2 (R=1, SL=1, EOI=1 and LO-L2=|R level to
receive bottom priority).

Interrupt Masks

Each Interrupt Request input can be masked individually
by the Interrupt Mask Register (IMR) programmed through
OCW1. Each bit in the IMR masks one interrupt
channel if it is set (1). Bit O masks IRO, Bit 1 masks IR1
and so forth, Masking an IR channel does not affect the
other channels operation.

Special Mask Mode

Some applications may require an interrupt service routine
to dynamically alter the system priority structure during
its execution under software control. For example, the
routine may wish to inhibit lower priority requests for a
portion of its execution but enable some of them for
another portion.

The difficulty here is that if an Interrupt Reguest is
acknowledged and an End of Interrupt command did not
reset its IS bit (i.e., while executing a service routine}, the
UMB259A would have inhibited all lower priority requests
with no easy way for the routine to enable them.

That is where the Special Mask Mode comes in. In the
special Mask Mode, when a mask bit is set in OCW1, it
inhibits further interrupts at that level and enables
interrupts from all other levels (lower as well as higher)
that are not masked.

Thus, any interrupts may be selectively enabled by loading
the mask register.

The special Mask Mode is set by OCW3 where: SSMM=1,
SMM=1, and cleared where SSMM=1, SMM=0.

Poll Command

In this mode the INT output is not used or the micro-
processor internal Interrupt Enable flip-flop is reset,
disabling its interrupt input, -Service to devices is achieved

‘by software using a Poll command.
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The Poll command is issued by setting P=""1"" in OCW3.
The UMB8259A treats the next RD pulse to the UM8259A
(i.e., RD=0, TS=0 as an interrupt acknowledge, sets the
appropriate IS bit if there is a request, and reads the
priority level, Interrupt is frozen from WR to RD.

The word enabled onto the data bus during RD is:

D7 D6 D5 D4 D3 D2 D1 DO
[1 — ———W2W1WO]

WO-W2: Binary code of the highest priority level
requesting service,
I: Equaltoa 1" if there is an interrupt,

This mode is useful if there is a routine command common
to several levels so that the INTA sequence is not needed
(saves ROM space). Another application is to use the poll
mode to expand the number of priority levels to more
than 64,

Reading the 8269A Status

The input status of several internal registers can be read to
update the user information on the system. The following
registers can be read via OCW3 (IRR and ISR or OCW1
[IMR1).

Interrupt Request Register (IRR): 8-bit register which
contains the levels requesting an interrupt to be
acknowledged. The highest request level is reset from the
IRR when an interrupt is acknowledged. {Not affected
by IMR.). s

In-Service Register (ISR): 8-bit register which contains
the priority levels that are being serviced. The ISR is
updated when an End of Interrupt Command is issued.

Interrupt Mask Register: 8-bit register which contains the
interrupt request lines which are masked.

grmet TO OTHER PRIORITY CELLS —
1= LEVEL ~ )
CLR ISR BIT
EDGE
Saton 7 siT L PRIORITY
LATCH
£T ISR
— 44| | wservice RESOLVER
LATCH
CONTROL
I[ LOGIC
REQUEST 1
LATCH
— D) MASKED
MASK )
LATCH REQ
< D
NTA + ]
MCS-80, 85
MODE CcLR p
FREEZE L N . INTERNAL
¢ DATA BUS
TR N & § GHS
INTA « 293
iAPX 86 ﬁ a s =00
MODE £ < w wg<
. g = ng
FREEZE I
FREEZE g g
Notes: N
1. MASTER CLEAR ACTIVE ONLY DURING ICW1
2, FREEZE/IS ACTIVE DURING TNTA/AND POLL SEQUENCES ONLY
3. TRUTH TABLE FOR D-LATCH
C | D | O | OPERATION
1 D4 Dy FOLLOW
0 x| on HOLD

Figure 7. Priority Cell—Simplified Logic Diagram
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The IRR can be read when, prior to the RD pulse, a Read
Register Command is issued with OCW3 {(RR=1, R1S=0.).

The ISR can be read when, prior to the RD pulse, a Read
Register Command is issued with OCW3 (RR=1, RiS=1).

There is no need to write an OCW3 before every status
read operation, as long as the status read corresponds
with the previous one; i.e., the UMB259A '‘remembers’
whether the IRR or ISR has been previously selected by
the OCW3. This is not true when poll is used.

After initialization the UM8B259A is set to IRR. .

For reading the' IMR, no OCW3 is needed. The output
data bus will contain the IMR whenever RD is active and
AO=1 (OCW1).

Polling overrides status read when P=1, RR=1 in OCW3.

Edge and Level Triggered Modes
This mode is programmed using bit 3 in ICW1,

If LTIM="0, an interrupt request will be recognized by a
low to high transition on an IR input. The IR input can
remain high without generating another interrupt.

If LTIM="1", an interrupt request will be recognized by
a ‘high’ level on IR Input, and there is no need for an
edge detection. The interrupt request must be removed
before the EQI command is issued or the CPU interrupt
is enabled to prevent a second interrupt from occurring.

The priority cell diagram shows a conceptual circuit of the
level sensitive and edge sensitive input circuitry of the
UMB259A. Be sure to note that the request fatch is a
transparent D type latch.

In both the edge and level triggered modes the IR inputs
must remain high until after the falling edge of the first
INTA, If the IR input goes low before this time a
DEFAULT IR7 will occur when the CPU acknowledges
the interrupt. This can be a useful safeguard for detecting
interrupts caused by spurious noise glitches on the IR
inputs. To implement this feature the IR7 routine is used
for ‘‘clean up” simply executing a return instruction,
thus ignoring the interrupt. If IR7 is needed for other
purposes a default IR7 can still be detected by reading the
ISR. A normal IR7 interrupt will set the corresponding
ISR bit, a default IR7 won't. [f a default IR7 routine
occurs during a normal IR7 routine, however, the ISR will
remain set. In this case it is necessary to keep track of
whether or not the IR7 routine was previously entered. If
another IR7 occurs it is a default.

The Special Fully Nested Mode

This mode will be used in the case of a big system where
cascading is used, and the priority has to be conserved
within each slave. In this case the fully nested mode will
be programmed to the master (using ICW4). This mode is
similar to the normal nested mode with the following
exceptions:

T\ .

8086/8088 8080/8085
4 Vs
INT ___1_/ \ \ /
8086/8088 .
INTA L
\_ / \_/ \_/—8080/8085
LATCH EARLIEST IR LATCH*
ARMED CAN BE REMOVED *EDGE TRIGGERED MODE ONLY ~ ARMED

Figure 8. IR Triggering Timing Requirements
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a. When an interrupt request from a certain slave is in
service this slave is not locked out from the master’s
priority logic and further interrupt requests from higher
priority IR’s within the slave will be recognized by the
master and will initiate interrupts to the processor. (In
the normal nested mode a slave is masked out when its
request is in service and no higher requests from the
sameslave can be serviced.)

b. When exiting the Interrupt Service routine the software

has to check whether the interrupt serviced was the only
one from that slave. This is done by sending a non-
specific End of Interrupt {EOI) command to the slave
and then reading its In-Service register and checking for
zero. If it is empty, a non-specific EOl can be sent to
the master too. [f not, no EOI should be sent.

Buffered Mode

When the UM8259A is used in a large system where bus
driving buffers are required on the data bus and the
cascading mode is used, there exists the problem of
enabling buffers.

The buffered mode will structure the UMB259A to send an
enable signal on SP/EN to enable the buffers. In this mode,
whenever the UMB259A’'s data bus outputs are enabled,
the SP/EN output becomes active.

This modification forces the use of software programming
to determine whether the UM8259A is a master or a slave,
Bit 3 in ICW4 programs the buffered mode, and bit 2 in
ICW4 determines whether it is a master or a slave.

Cascade Mode

The UMB259A can be easily interconnected in a system of
one master with up to eight slaves to handle up to 64
priority levels,

The master controls the slaves through the 3 line cascade
bus, The cascade bus acts like chip selects to the slaves
during the INTA sequence,

In a cascade configuration, the slave interrupt outputs
are connected to the master interrupt request inputs.
When a slave request line is activated and afterwards
acknowledged, the master will enable the corresponding
slave to release the device routine address during bytes
2 and 3 of INTA, (Byte 2 only for 8086/8088).

The cascade bus lines are normally low and will contain
the slave address code from the trailing edge of the first
INTA pulse to the 4railing edge of the third pulse. Each
UMB259A in the system must follow a separate initializa-
tion sequence and can be programmed to work in a
different mode. An EQO! command must be issued twice:
once for the master and once for the corresponding slave.
An address decoder is required to activate the Chip Select
(CS) input of each UMB259A.. '

The cascade lines of the Master UMB259A are activated
only for slave inputs, non slave inputs leave the cascade
line inactive (low).

ADDRESS 8US (1B} g

]

CONTROL BUS

L ]

INT REQ

[ 1] [ [

DATA BUS (8) ‘S
D0-7  INTA INT TS Ag INTA INT TS Ap D07 INTA INT
CAS O CcAS O CASO U
UMB8259A UM8259A UMB259A ™
SLAVE A cast SLAVE B CAS 1 CAS MASTER S
£
CAS 2 - CAS 2 CAS 2 a
5 4 3 2 1 0 KPIEN 7 6 5 32 2 1 o isp/ET\I M7 M6 MB M4 M3 M2 M1 MO h
7 f 7 -
T GND Vee I
J 7 -6
3

2 1 0 5 4 3 2 1 0

J

INTERRUPT REQUESTS

Figure 9. Cascading the UM8259A
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Features

Internal time base and oscillator

Counts seconds, minutes, and hours of the day

Counts days of the week, date, month, and year

3V to 6V operation

Time base input options: 4.194304 MHz, 1.048576 MHz,
or 32.768kHz

Time base oscillator for parallel resonant crystals

Binary or BCD representation of time, calendar, and
alarm

12 or 24-hour clock with AM and PM in 12-hour mode
automatic end of month recognition

automatic leap year compensation

Multiplexed bus for pin efficiency

General Description

The UM82C6818 Real-Time Clock plus RAM is fabricated
in high performance CMOS process to interface with TMHz
processor buses. It combines three unique features: a

‘UM82C6818

' Real Time Clock '
i Plus RAM (RTC)

B |nterfaced with software as 64 RAM locations
— 14 bytes of clock and control registers
— B0 bytes of general purpose RAM
B Status bit indicates data integrity
® Bus compatible interrupt signals (IRQ)
B Three interrupts are separately software maskable and
testable
— Time-of-day alarm, once-per-second to once-per-day
— Periodic rates from 30.5 us to 500 ms
— End-of-clock update cycle
Programmable square-wave output signal
Clock output may be used as microprocessor clock input
— At time base frequency =1 or+4

complete time-of-day clock with alarm and one hundred
year calendar, a programmable periodic interrupt and
square-wave generator, and 50 bytes of static RAM.

Pin Configuration Block Diagram

1 lock CKOUT
[Output CKFS

\J/ osc1 Time Base 1Hz
ne ] 24 |1 voo g e | 0 H:I [ | o] ]2
0sC1 [j 2 23 [ saw ) 4 i
] ¥
0osc2 [: 3 22 j PS Periodic Interrupt/Square Wave Rare J
T Selection .
apo[ }4 21 | ckouT
ol o[ e e L[] e
- Vpp ——» ~
ap2[]se 19 [T TR
UM82C6818 o Vgg ———
apz[]7 18 |1 RESET [ "
p— RESET
AD4 E 8 17 :I DS CE ——»] Registers 4 Bytes PS
aps[]9 16 |_JNC 08— m -
_ RAW Bus Clock/ Clock, Alarm,
ADSE 10 15 :] R/W Interface \,T :> CL?:%::Z" ca(‘?Bd;\r/t:sA)M
AS ———p
ap7 [ 14 g AS
R ADO-AD7:
vssl]12 13{ 1 CE <& | goor
ncrement User RAM
{60 Bytes)
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Feature

B Microprocessor compatible (8-bit data bus)

B Milliseconds through month counters

W 56 bits of RAM with comparator to compare the real
time counter to the RAM data

W 2 INTERRUPT OUTPUTS with 8 possible interrupt
signals

B Single +5V power supply

General Description

The UM82C8167A is a Si-gate CMOS LS! used as a real
time clock in micro system. This product includes an
addressable real time counter, 56 bits of static RAM and
two interrupt outputs. User can disable the chip from the

““% peal Time Clock (RTC) e
WW

UM82C8167A

i

POWER DOWN input that disables all inputs and
outputs except for one of the interrupts

Status bit to indicate rollover during a read

32,768 Hz crystal oscillator

Four-year calendar (no leap year)

24-hour clock

24 pin dual-in-line package

rest of the system for standby low power operation by
using of a POWER DOWN input. With .an on chip
oscillation circuit, it can generate the 32,768 Hz time
base.

Pin Configuration Block Diagram

A0

fe— a1
ADDRESS

DECODER It
a3

fa— a4

— \J
[ 24 Jvpp
w6 []2 23 | ] FOWER DOWN
wr s 22 Jo7
Roy []a 21 EDS
Ao [s 2005 osct
osc2 0s¢
At [e 19 [J04
Jumszcsie7A
A2 )7 18|03 o p—
o —]
a3 []s 17{]o2 OV -
WR ———]
A4 o 16 f01 FOWER DOWN ——]
osct [h Do 00—+ guFFens
g ” :]STA Y INTERRUP o] a0
oscz2 [ 1a [ SIAROEY INT! T 02 e—s] LOGIC
D3 ~—1
Vss [} 12 13 [JINTERRUPT OUTPUT [T —
05 <]
D6 -t
o .

46 BITS —]
T
E
&
1 kHz @ T

1LINE
]

INTERRUPT
LOGIC

INTERRUPT
JouTPUT

INT, CONTROL "
REG & BITS.

8BIT BI-DIRECTIONAL 8US

RDCS ADDRESS
wh.cs INPUT

STANDBY
INTERRUPT
LOGIC  |STANDBY
INTERRUPT

oUTFUT
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UM82450/UM8250

Asynchronous Communication
Element (ACE)

Feature
W Adds or deletes standard asynchronous communication B Fully programmable serial-interface characteristics
bits (Start, Stop, and Parity) to or from serial data — b-, 6-, 7-, or 8-Bit characters
stream — Even, Odd, or No-Parity bit generation and detection
& Full double buffering eliminates need for precise = 1-, 1%-, or 2-Stop bit generation
synchronization — Baud rate generation (DC to 56K baud)
B Independently controlled transmit, receive, line status, B False start bit detection
and data set interrupts - | Complete status reporting capabilities
B Programmable baud rate generator allows division of B Easily interfaces to most popular microprocessors
any input clock by 1 to (2% — 1) and generates the ® | ine break generation and detection
internal 16x clock B Internal diagnostic capabilities
B |ndependent receiver clock input — Loopback controls for communications link fault
B Modem control functions {(CTS, RTS, DSR, DTR, R{, isolation
and carrier detect) — Break, parity, overrun, framing error simulation
B Single +5 volt power supply W Full prioritized interrupt system controls

General Description

UMB82450 and UM8250 are programmabie Asynchronous status of the ACE at any time during the functional

Communication Element (ACE) chips fabricated with operation. They also includes a programmable baud rate
sSplégi?‘?ga‘:\i‘ol\fwovSerg(r)%ciS:.theTS’l?AElié,\gg241§l?eslz t?/:/]og:‘())::louvgg generator that is capable of dividing the timing reference
perform serial-to-parallel conversion on data characters clock input by divisors of 1 to (26 — 1), and producing

received from the CPU. The CPU can read the complete a 16x clock for driving the internal transmitter logic.

Pin Configuration

ot ~ 40%1Vcc
p1[]2 39 [ Rr
p2 |3 38 [_] RLSD
D3 [ {4 37 [] OSR
Da[]s 3e§ﬁ
D56 35| ] MR
Y 34 (] outi
p7[]s 33%5‘?
reLk []o 32| ] ®TS

SIN [} 10 ymszas0, 31 | OUT2
souT[ 11 8250 30 ] INTRPT

cso[ 112 201 NC
cs1]13 28 1 A0
TS24 271 A1
BAUDOUT [ ] 15 261 A2
xTAL1 []16 26 ] ADS
xTAL2 [ 417 24§} csouT
postr (|18 23] pois
posTR{ 19 22|] DISTR
vss (20 21 {1 DISTR
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Block Diagram
INTERNAL
5 DATSA DATABUS ' geceiver RECEIVER
7-Do<::> Bus K BUFFER <: SHIFT
BUFFER REGISTER | REGISTER SIN
LINE RECEIVER
ﬂ CONTROL TIMING  le—RcLK
REGISTER &
— CONTROL
AD . DIVISOR
Al —— LATCH (LS)
A2 — BAUD BAUDOUT
oIvIsoR GENERATOR ,
€SO ———» LATCH (MS)
CS1 ———f
(oisy Ja—
ADS ~————»
e SELECT TRANSMITTER
" & LN LINE TIMING
DISTR —»] CONTROL STATUS &
DISTR LOGIC 14 REGISTER - CONTROL
DOSTR ——
DOSTR —»
'DDIS -———
CSOUT «— L_~JTRANSMITTER TRANSMITTER
XTALT — — /] HOLDING SHIFT  f——» SOUT
REGISTER ‘ REGISTER ‘
XTAL2 +——
N MODEM . L . ’TS
CONTROL ’ ﬂg
] ReGISTER : RO
| DIR
MODEM  fe—— DSR
. CONTROL RISB
WS S K ey
. [-——
REGISTER 50T
= 5UTZ
] INIERESPT —] inTERRUPT
| RrecisTErR [——v/] CONTROL INTRPT
LOGIC v
T
LN
L
INTERRUPT a
D 77}
REGISTER &
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We at UMC are continually looking for more effective

ways to provide protection for MOS devices. Present
configurations of protective devices are the result of years,
of research and review of field problems.

Even though the oxide breakdown may be far beyond the
voltage levels encountered in normal operation, excessive
voltages may cause permanent damage. We recognize
that it is not 100 percent effective despite our evolving
the best designed protective device possible.

A large number of failed returns have been due to misap-
plication of biases. In particular, forward bias conditions
cause excessive current through the protective devices,
which in turn will vaporizé metal lines to the inputs.
Careful inspection of the device data sheets and proper
pin designation should help reduce this failure mode.

Gate ruptures caused by static discharge .have also ac-
counted for a large percentage of device failures in cus-
tomers’ manufacturing areas. Precautions should be taken
to minimize the possibility of static charges which occur
during handling and assembly of MOS circuits.

The following guidelines for handling MOS are offered to

assist our customers in reducing the hazards which may

be detrimental to MOS circuits. Precautions listed herein
" are used at UMC.

A. Cover all benches’used for assembly or test of MOS cir-
cuits with conductive sheets. Warning: Never expose an
operator directly to a hard electrical ground. For safety
reasons, the operator must have a resistace of at least
100K Ohms between himself and hard electrical ground.

B. Have grounding plates on door andfor floor of all
entrances to work areas. This must be contacted by
people entering the area.

C. Wear conductive straps inside and outside of em-
ployees’ shoes so that body charges are grounded
when entering work area.

D. Wear Anti-static neutralized smocks to eliminate
the possibility of static charges being generated by
friction of normal wear. The two types available
are Dupont anti-static nylon and Dupont neutralized
65 percent polyester/35 percent cotton.

E. Wear cotton gloves while handling parts. Nylon gloves
and rubber finger cots are not allowed.

F. To help reduce generation of static voltageé, humidity
is controlied at a minimum of 35 percent.

GUIDE TO MOS HANDLING

G. Transport all parts in conductive trays. Do not use
plastic containers. Store axial leaded parts in conduc-
tive foam, e.g. Velofoam #7611,

H. All equipment used in the assembly area must be
thoroughly grounded. Attention should be given
to equipment that may be inductively coupled and
generate stray voltages. Soldering irons must have
grounded tips. Grounding must also be provided
for solder posts, reflow soldering equipment, etc.

I. It is advisable to place a grounding clip across the finger
of the board to ground all leads and line on the board
during assembly of ICs to printed circuit boards,

J.  Use of carpets is discouraged in work areas, but in
other areas, carpets may be treated with anti-static
solution to reduce static generation.

K. Handle MOS parts on conductive surfaces and the
handler must touch the conductive surface first before
touching the parts.

L. Furthermore, no power should be applied to the sockét
or board when the MOS device is being inserted. This

permits any. static ‘charge accumuiated on the MOS

device to be safely removed before power is applied.

M. Do not handle MOS leads by their leads unless ab-
solutely necessary. Handle MOS devices by their
packages as much as possible.

N. In general, materials prone to static charge accumula-
tion should not come in contact with MOS devices.

Observe these precautions even when an MOS device is
suspected of being defective. The real cause-of failure
cannot be accurately determined if the device is damaged:
because of static charge build-up.

IMPORTANT REMINDER: EVEN THE MOST ELAB-
ORATE PHYSICAL PREVENTION TECHNIQUES WiLL
NOT ELIMINATE DEVICE FAILURE IF PERSONNEL
ARE NOT FULLY TRAINED IN PROPER HANDLING
OF MOS DEVICES.

For further information, please contact Quality Assurance/
Reliability Department.
United Microelectronics Corp.
No. 3 Industrial East Third Road
Science-Based Industrial Park
Hsinchu City, Taiwan Republic of China
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Quality Assurance Operations:

It is the policy of UMC to design, manufacture, and deliver
products that not only meet our specified standards, but
also satisfy oyr customer standards. To this end, Quality
Assurance at UMC has the authority to exercise control
of quality over every phase of the design and manufacturing
process. )

Each step in the production process has clear lines of
responsibility allowing each employee to identify his task
in relation to the overall quality program. Customer
feedback is an important phase in the Quality Assurance
System: it serves as a barometer of our progress and makes
us strive to provide products with meet our customers’
requirements and needs.

Reliability Program:

The key to establishing a new product, process or package,
or to changing an existing one, is meeting the regid quali-
fication requirements.  Qualification must be run and
* approved by the appropriate reliability department before
any revenue shipment may be made. The reliability goals
which have been set during the concept stage must be

QUALITY/ RELIABILITY

demonstrated by the qualification. Controlling product
quality and reliability is a complex task requiring a high
degree of integration, organizational involvement and
use of specialized disciplines.

Design control through part selection and application,
design rules, circuit analysis, derating requirements and
environmenta| and reliability qualification testing.

Procured material quality through a rigorous supplier
selection, qualification and monitoring process. Our com-
puterized control system automatically assures procure-
ment only from selected and approved .sources. The
right for any supplier to be on the approved 'list must be
earned!

Product quality level monitoring and control through our
automated reporting and analysis systems, and improve-
ment through a corrective action system including imposi-
tions of extensive product failure free burn-in require-
ments. But the final measure of outgoing quality is our
continuous product sampling program, where a significant
percentage of finished products is subjected to a ““customer
audit”. Only products which meet the stipulated qulity
levels may ship.

Reliability qualification testing procedure shall be in accordance with Table 1, 2 and 3.

Table 1. Die Related Qualification Procedure

Mil-Std-883C Industrial Grade
Test UMC Spec. Conditions
Method | Cond. |- Ceramic PKG Plastic PKG
Subgroup 1 ‘ LTPD 5% LTPD 7%
A. Operating Life 1005 - 24-205-01 Ta=125°C 1000 HRS 1000HRS
! 1015 3 LOTS 3 LOTS
LTPD 5% LTPD 7%
B. Bias Life 1005 - 24-205-01 Ta=126°C 1000 HRS 1000 HRS
1015 3 LOTS 3 LOTS
Subgroup 2 -65°C-25°C-150°C LTPD 15% LTPD 15%
A. Temperature 1010 C 24-210-01 10Min. 5Max. 10Min.
Cycling 200 Cycles 1 LOT 1 LOT
B. Storage Life LTPD 5% LTPD 7%
1008 - 24-208-01 Ta =150°C 1000HRS 1000HRS
1 LOT 1 LOT
Subgroup 3 LTPD 15% LTPD 15%
ESD | 3015 - 24-415-01 Ta=25°C
1 LOT 1L0T
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Table 2. Package Related Qualification Procedure

Mil-Std-883C Industrial Grade
Test UMC Spec. Conditions
Method | Cond. Ceramic PKG Plastic PKG
Subgroup 1 3 Derices 3 Derices
Physical 2016 - 24-316-01 -
Dimension Accept 0 Accept O
Subgroup 2 6 Leads Each Beut LTPD 15% LTPD 15%
Lead Fatigue 2004 B2 24-304-01 Through 3 Cycles
with 8 oz Force Accept O Accept O
Subgroup 3 -65° to 150°C LTPD 15% LTPD 15%
A. Thermal Shock 1011 C 24-211-01 100 Cycles 100 Cycles
) 5Min. 5Min. 3 Lots 3 Lots
B. Moisture 85°C/85% R.H. LTPD 5% LTPD 7%
Resistance 1004 - 24-204-01 1000HRS 1000HRS
with Bias 1 Lot 1 Lot
C. Pressure Cooker 121°C LTPD 15%
- - 24-204-02 15 PSIG N/A 216HRS
100% R.H. 3 Lots
Subgroup 4 35°C LTPD 15% LTPD 15%
Salt Atmosphere 1009 A 24-209-01 5% NACL
24HRS 1 Lot 1 Lot
Subgroup 5 LTPD 15%
A. Seal 1014 - 24-214-01 As Applicable N/A
Fine, Gross Accept O
B. Constant Plane Y1 Only
Acceleration 2001 E 24-301-01 20,000 G LTPD 15% N/A
(196,000 M/Sec2)
Subgroup 6
Bond Strength 2011 [Clor)Df 24-311-01 - LTPD 10% LTPD 10%
Table 3. Lot Related Qualification Procedure
Mil-Std-883C ) Industrial Grade
Test UMC Spec. Conditions
Method | Cond. Ceramic PKG Plastic PKG
Subgroup 1 ¢
Physical 2016 - 24-316-01 — 3 Devices 3 Devices
Dimensions Accept 0 Accept O
Subgroup 2
A. Resistance to 5 Devices 5 Devices
Solvents (Marking 2015 — 24-315-01 Per Specification Accept 0 Accept 0
Durability) 1 Lot 1 Lot
B. Internal Failure Criteria
Visual and 2014 — 24-314-01 From Design and 2 Devices
Mechanical Construction Accept 0 N/A
Reguirements
C. Bond Strength
Thermocompression 2011 |Clor)D| 24-311-01 - LTPD 10% LTPD 10%
Ultrasonic Wedge Accept O Accept O
Subgroup 3 Soldering LTPD 15% LTPD 15%
Solderability 2003 — 24-303-01 Tegnperature Accept O Accept 0
245°C+(-)5°C 3 Lots 3 Lots

J
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Quality Conformance Inspection:

After initial product process evaluations are successfully

completed, regular testing of volume production is per-

formed on a 100% basis so that test specifications are
" met in all respects.  Additionally, production lots are
- sampled and life and stress tested periodically.

Date from. reliability tests is made avaliable to customers

Table 4. Quality Conformance Inspection

on request. This includes access to long term life and
reliability histories.

Quality conformace inspection shall be in accordance
with Table 4. Inspection lots failing to meet quality
conformance inspection for a given product assurance
level shall be rejected.

Mil-Std -883C . Industrial Grade
Test UMC Spec. Conditions
Method | Cond. Ceramic PKG | Plastic PKG
Production Sort 100% 100%
1. Die Inspection 2010 B 24-310-01
‘ Q.C. Audit AQL 0.65% AQL 0.65%
2: Wire Pull 2011 |Clor)D 24-311-01 Q. C. Audit LTPD 10% LTPD 10%
3. Stab Bake Screen 1008 C 24-208-01 48HRS 150°C 100% 100%
4. Temp. Cycle Screen 1010 C 24-210-01 10 Cycles As Required | As Requered
: 121°C 15 PSIG LTPD 15%
5. Pressure COOk?r - - 24-204-03 100% R.H. N/A 216HRS
6. Fine Leak 1014 A 24-214-01 — LTPD 7% ' N/A
7. Gross Leak 1014 2421402 — LTPD 7% N/A
8. Const Acceler 2001 E 24-301-01 Y1 Only LTPD 7% N/A
Per Test Procedure | Production Sort 100% 100%
9. Electrical Test - - Functional and
D. C. Parametric Q.C. Audit AQL 0.25% AQL 0.25%
10. Sampling 125°C LTPD 5% LTPD 7%
Burn-in 1015 - 2421501 48 Hrs by Lot by Lot
11. Delectrical Test . Per Test Procedure | Production Sort 100% “100%
(Post Burn-in) - - Functional and
D. C. Parametric Q.C. Audit AQL 0.25% AQL 0.25%
12. Electrical Test Per Test Procedure Production Sort 100% 100%
(Temp. Extremes) - — Functional and
D.C. Parametric Q. C. Audit . AQL 0.25% AQL 0.25%
13 Ext. Visual/ ;
Marking 2009 - 24-309-01 Q.C. Audit AQL 0.65% AQL0.65% -
14. Solderability 2003 - 24-303-01 Q.C. Audit LTPD 15% LTPD 15%
15. Operating Life 1006 - 24-205-01 ) 125°C LTPD 5% LTPD 7%
(or) HTRB 1015 - 24-205-02 1000 Hrs
16. .Burn-in 1015 - 24-215-01 1256°C 48 Hrs As Required | As Required




. PACKAGING INFORMATION

Plastic DIP
8 Lead
8 7 6 5 T
) 6.35 £ 0.26
(0.250 £ 0.010)
1 2 3 4
7.62 (0.300) max.
e~ 10.2(0.400) max.
5.08(0.200) max.
0.279 £ 0.076
0.51 (0.020) max. (0.011 £ 0.003)
2.54(0.100)
Plastic DIP
18 Lead

o Orrifr

18 17 16 15 14 13 12 11 10 T
6.6 (0.281)

) O Q 6.1(0.241)

12 3 o

] 23.37 (0.920) _] 8.33(0.328)
22.73 (0,895) 7.82 (0.308)

6.5 (0.216) max.

0.38 {0.015)

0.25 (0.010)
0.51 (0.020) min.

-

; i 9.35(0.368) __ = 8
_’i I‘_ 8.33(0.328) R
1.65 (0.065) 2.79 (0.110) 0.53 (0.021) g £
1.14 (0.045)  2.29 (0.090) 0.38 (0.015) 3 ‘2
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Plastic DIP
20 Lead

PACKAGING INFORMATION

20 19 18 17 16 15 14 13 12 1 T
6.6 (0.261)
6.1 (0.241)

4 5 6 7 8 9 10 l

mEISANARISAmI A

25.91 {1.020) l 8.33 (0.328)
25.27 (0.995) 7.82(0.308)

i 5.5 (0.216) max.

0.38 (0.015)
0.25 (0.010
0.51 (0.020) min. ( )

o 9.34 (0.368)
] F 8.33 (0.328) I
1.65(0.065) - 2.79(0.110) 0.53 (0.021)
114 (0.045) 22910000 - 0.38 (0.015)

Plastic DIP

24 |ead
iaialaialhikialaiaih
24 23 22 21 20 19 18 17 16 156 14 13 T
) Q Q 14.22 (0.560)
13.72 (0.640)
1 2 3 4 5 7 10 11 12 l
UUUUGUHUMMUW
32.00 (1.260) l "15.49 (0.610)‘1
31.50 (1.240] ) 14.99 (0.590)
}
. | §5:5(0.216) max. r
e T smoms
305001200 ¢ | 0.51 (0.216) max. o
- i M 534 0800

2.16 (0.085) 1.65(0.065) 2.79 (0.110)  0.53(0.021)
1.65{0.065) 1.14(0.045) 2.29 (0.090} 0.38{0.015)




6%9‘“”3 PACKAGING INFORMATION

Plastic DIP
28 Lead
il Ta Tkl ik
28 27 26 25 24 23 22 21 20 19 18 17 16 15 T
) O O 14.22 (0.560)
13.72 (0.540)
1 2 34 5 6 7 8 9 1011 1213 14 l
[P LSRR B R L LA
37.0 (1.480) }__ 15.49 (0.610) 4{
36.5 (1.460) 74:99 (0.590)
J‘?.S?(O.NS) max. ' 1
3430438 1| 0.38 (0.015)
3.05 (0.120) 220 WUT90
L 0.51 (0.020) min, ?'72:5:{:")0;2;
™ "_ ||~ "l - >} I“— 16.24 (0.600)

2.16 (0.085) 1.65 (0.065) 2.79 (0.110) 0.63 (0.021) =
1.65 (0.066) 1.14(0.045) 2.29 (0.090) 0.38 (0.015) B - 67

Plastic DIP
40 Lead

40 39 38 37 35 30 29 28 27 26 25 24 23 22 21 I
14.22 {0.560)
13.72 {0.540)

9 10 11 12 13 14 15 16 17 18 19 20 l

EC_.
o |~
g |
S S
q jo
g Jo
EE\I
{oo

[RLRITIR IR AR LRI

51.5 (2.080) |
51.0 (2.060)

15.49 (0.610)
14.99 (0.590}

t
] __Ls.s {0.216) max.
3.43 (0.135) _T -

3.05 (0.120) Tl “ L
- - b

2.16 {0.085) 1.65 (0.066) 2.79 (0.110) 0.53 (0.021)
1.65 (0.065) 1.14 (0.045) 2.29 (0.020) 0.38 (0.015)

0.38 (0.015}
0.25 (0.010}

0.51 (0.020) min.
. : 17.65 (0.695)
16.24 (0.600)

[
h2]
=
T
£
S
S
<o
£
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U.S.A. Headquarters

NMC Corporation

3054 Scott Bivd.,

Santa Clara, California 95054
Tel: 408-727-9239

TLX: 172730 NMC SNTA
-‘FAX: 408-9700548

U.S.A. Representatives

Colorado/Utah/Wyoming/lndiana

WESCOM Marketing

4891 Independence Street
Wheatridge, Colorado 80033
Tel: 303-422-8957

TWX: 6277-6659

WESCOM Marketing

2330 S. Main Street # 5
Salt Lake City, Utah 84115
Tel: 801-466-9594

Florida

CBC Electronics

3000 University Rd.

Coral Springs, Florida 33065
Tel: 305-755-1111

CBC Electronics

217 Wilma Street

Suite F.

Longwood, Florida 32750
Tel: 305-831-5380

CBC Electronics

1864 Oak Street
Clearwater, Florida 33520
Tel: 813-535-7057

Ilinois/Wisconsin

KMA Sales

5105 Tollview Road, Suite #275
Rolling Meadows, 1llinois 60008
Tel: 312-398-5300

TWX: 910 687-0263

Maine/New Hampshire/Vermont/Massachusetts/
Connecticut/Rhode Island

The Orion Group

607 North Avenue

Wakefield, Massachusetts 01880
Tel: 617-245-5220

TWX: 510 6010667

REPRESENTATIVES/ DISTRIBUTORS

The Orion.Group

27 Meriden Avenue
Southington, Connecticut 06489
Tel: 203-621-8371

Mississippi/ Tennessee/Georgia/Alabama

K&E Associates

3313 Memorial Pkwy
Huntsville, Alabama 35801
Tel: 205-883-9720

TWX: 6289-6665

K&E Associates

7796 Peachtree Ind Blvd.
Doraville, Georgia 30360
Tel: 404-448-7025
TWX: 910 380-6643

North California

GNH

1101 San Antonio Rd.

Suite 400

Mountain View, California 94043
Tel: 415-961-6740

Sacramento

Les McElwain

207 New York Branch Rd. #E
Jackson, California 95642

Tel: 209-223-3691

Pennsylvania/New Jersey/Delaware

CMS Marketing
70 Limekiln Pike

" Glenside, Pennsylvania 19038

Tel: 215-885-5106

South California

Plustronics, Inc.

5000 Birch Street

West Tower, Suite 3000
Newport Beach, California 92660
Tel: 714-476-3619

TLX: 910 596-1510

FAX: 714 752-2160

Plustronics, Inc.

15303 Ventura Bivd.

Suite 700

Sherman Oaks, California 91403
Tel: 818 995-8908

TWX: 910 596-1510

FAX: 714 752-2160

B-—-10
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REPRESENTATIVES /DISTRIBUTORS

Texas/Arizona/Oklahoma/Louisiana

Blackburn Associates
2077 N. Collins

Suite 201

Richardson, Texas 75080
Tel: 214- 783-2200°
TWX: 910-333-7487

U.S.A. Distributors

Arizona/New Mexico

Prime Industries (F)

4300 N. Miller

Suite 121

Scottsdale, Arizona 85251
Tel: 602-946-9977

TWX: 140258

Colorado/Utah/Indiana/Wyoming

Beta Wintronic (F)

4935 Allison Street
Arvada, Colorado 80002
Tel: 303-431-7161

Beta Wintronic (F)

2330 S. Main

Suite #8

Salt Lake City, Utah 84115
Tel: 801-483-1882

Florida

INTERTEC Components (F)
762 Big Tree Drive
_Longwood, Florida 32750
Tel: 305-834-7777

TWX: 6503793

Iinois/Wisconsin/Minnesota

GBL Goold (F)

610 Bonnie Street

Elk Grove Village, Hlinois 60007
Tel: 312-693-3220

GBL Goold (F)

3 Kunihoim Drive )
Holliston, Minnesota 01746
Tel: 617-429-8154

Advent Electronics (F)
7110-16 N. Lyndon Street
Rosemont, 1Hlinois 60018
Tel: 312-297-6200

TWX: 910-233-2477

Canada

COMPONETICS
3540 Ashby

St. Laurent, Quebec
Canada H4R 2C1
Tel: 514-334-1464
TWX: 05-824012

Maine/New Hampshire/Vermont/Massachusetts/
Connecticut/Rhode Island

AVED Electronics, Inc. (F)
200 Business Park Dr.
Andover, Massachusetts 01810
Tel: 617-657-8310

Michigan

LS! Marketing (NF)

37450 Enterprise Ct.

Farmington Hills, Michigan 48018
Tel: 313-553-7800

TLX: 4320041

North California

Cypress Electronics (F)
2586 Seaboard Avenue
San Jose, California 95131
Tel: 408-945-8400

Pacesetter Electronics, Inc. {NF)
543 Weddell Drive

Sunnyvale, California 94089
Tel: 408-734-5470

TWX: 910-339-9559

Ohio

TELEVOX (NF)
2593 Lance Drive
Dayton, Ohio 45409
Tel: 513-204-4499

Pennsylvania/New Jersey/Maryland

General Radio Supply Co. (F)
600 Penn Street

Camden, New Jersey 08102
Tel: 609-964-8560

B-11
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REPRESENTATIVES /DISTRIBUTORS

South California

Pacesetter Electronics, Inc. (F)
5417 E. La Palma Avenue
Anaheim, California 92807
Tel: 714-777-4711

TWX: 559175

Cypress Electronics (NF)
6230 Descanso Street

Buena Park, California 90620
Tel: 714-521-5230

European Area Representatives

Germany

Manhattan Skyline GmbH
Ferdinand-Abt-Strabe 3

6270 |dstein/Ts, W. Germany
Tel: 06126/2090 & 06126/2099
FAX: 06126/7526

TLX: 4182247 MSKL D

Schukat Electronic

Krischerstrabe 27, D-4019, Monheim
Tel: 02173-50005

TLX: 8516732 SELE D

FAX: 2173-56681

Endrich Bauelemente Vertriebs-GMBH
Motzinger Str. 43, P. O. Box 340
D-7270 Nagold, W. Germany

Tel: 07452-2868

TLX: 765946 ENDRI D

FAX: 7452-1470

England
Katakana Ltd.

Manhattan House, Bridge Rd., Maidenhead,

Berkshire, England
Tel: (0628) 75041
TLX: 847898 MANSKY G
FAX: 628-782812

Sweden

TOPCOMP Elektronik
S-163 81, Stockholm
Tel: (08) 7574175
TLX: 13691 TOPCMP S
FAX: 08-7526034

Holland

ELINCOM Elektronische Componenten
Costerkade 33, 9503 HP, Stadskanaal
Tel: 05990-14830 ’
TLX: 53378 ELIN NL

Canada

FERRO Technique (NF)
695 Montee de Liesse
Montreal, Quebec
Canada*H4T 1P9

Tel: 514-341-3450
TWX: 05-824853

Space Electronics (NF)
5651 Ferrier Street
Montreal, Quebec
Canada H4P 191

Switzerland

ICCM Electronics AG

Vulkanstrasse 120, CH-8048, Zurich
Tel: 01643744/01620500

TLX: 822101 ICM CH

FAX: 1-641070

italy

ESCO ltaliana S.P.A.

20099 Milano-Sesto Sam Giovanni (M)
Via Modena, 1, ltaly

Tel: (02) 2409241/2409251

TLX: 322383 ESCOM |

FAX: 2-2409255

France

ASIA MOS

29, Rue Ledru-Rollin 92150 Suresnes,
France

Tel: 1-42041213

TLX: OMT 613890F

FAX: 1-42046937

Spain

VENCO Electronica S.A.
Galileo 249, Barcelona 28
Tel: 3309751, 3309197
TLX: 98266 VNCE E

Denmark

Aeg-Telefunken

Roskildevej 8-10, 2620 Albertslund
Tel: (02) 648522

TLX: 33122 ELAEG DK

FAX: 2-648522

Others

. Austria

EKLAMA Schaltanlagenbau Ges M.B.H.
A-1170 Wien, Sautergasse 18

Tel: 0222/453546 -

TLX: 131849 EKLAM A

B—-12
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REPRESENTATIVES /DISTRIBUTORS

Belgium

INELCO Belgium SA/NV
Avenue Des Croix de Guerre, 94
1120 Bruxelles

Tel: (02) 2160160

TLX: 64475 INELCO B
FAX:2-2166150

South Africa

PROMILECT (Pty.) Ltid.

P. O. Box 56310 Pinegowrie 2123
Tel: (011) 7891400/5

TLX: 420452 SA

India

PERMEDIA Associates

14, Dream Land House, 1/18-B, Asaf Ali Rd.
New Delhi- 110002 India

Tel: 277747, 263939

TLX: 3162136 PASS IN

Australia

RIFA Pty. Ltd.

202 Bell Street, Preston, Vic. 3072
P. O. Box 95, Preston, Vic. 3072
Tel: 4801211

TLX: RIFMEL A31001

FAX: 3-4804052

Argentina

ELKO SRL

Av Belgrano 1661, 1093-Buenos Aires
Tel: 40-897152813607, 45-35591101
TLX: 17661 ELKO AR

Asian Area Representatives

Hong Kong

Component Supplies Limited

Rm. 507, Block A, 5/F, Hunghom Commercial
Centre, 37-39, Ma Tau Wai Rd., Hunghom
Kowloon, Hong Kong

Tel: 3-657171

TLX: 39933 CSLHK HX

FAX: 3-7243459

S.A.S. Enterprise Co.

Rm. 603, Tower B, Hunghom Comm. Centre

39, Ma Tau Wai Rd., Hunghom, Kowloon, Hong Kong
Tel: 3-620271-5

TLX: 40019 SASEC HX

ldealand Electronics Ltd.

702 Castle Peak Rd., Hop Hing Ind. Bldg.

9/F, Block D, Lai Chi Kok, Kowloon, Hong Kong
Tel: 3-7443516-9

TLX: 37185 IDEA HX

FAX: 3-7441354

Korea

Kortronics Enterprise

Rm. 307, 9-Dong, B-Block, #604-1
Guro-Dong, Guro-Gu, Seoul, Korea
Tel: 6345497/6351043

TLX: KORTRON K26759

Dongjin Trading Co., Ltd.

Suite 401, Kukje Bldg., 82-22 Nonhyun-Dong
Kangnam-Ku, Seoul 135, Korea

TLX: K27658 DOJICO

Japan

Rectronics Corp.
Usuda Bldg 3F 1-38-8
Yoyogi Shibuya-ku,
Tokyo 151

 Tel: (03) 3752601

FAX: 81-3-375-2639

Singapore & Malaysia

SINTRONIC Company

996 Bendemeer Rd., #06-03, Kallang Basin ind
Estate, Singapore 1233

Tel: 2943815

TLX: KUMARS RS24337

Taiwan

Golden Device Electronics Co., Ltd.
10/F, #120, Sec. 2, Chung-Hsiao E. Rd.
Taipei, Taiwan, R.O.C.

Tel: (02) 32161925

TLX: 13508 GDNDEV

Bright Up [ndustries Co., Ltd.

12/F-8, # 142, Sec. 4, Chung Hsiao E. Rd.
Taipei, Taiwan, R.O.C.

Tel: {02) 77321948

TLX: 24878 SALENTUP

Taitron Enterprise Co., Ltd.

Rm. 5, 7/F, #103, Chung Cheng 4th Rd.
Kaohsiung, Taiwan, R.O.C.

Tel: (07) 2812221, 2814204

TLX: 28085 TAITRON

Comright Enterprise Co., Ltd.

65/F, #8, Lane 80, Chung Cheng 3rd Rd.
Kaohsiung, Taiwan, R.O.C.

Tel: (07) 2828806

TLX: 19250 SONEX

MIC Supplies Corp.

3F, 135 Sec. 2, Chien Kuo N. Rd.,
Taipei, Taiwan, R.O.C.

Tel: {02) 501-0055

TLX: 23756 SERTEK

FAX:(02) 501-2521
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I'm interested in receiving more information on the following
products. Please put me on your mailing list.

[ 8-Bit Microprocessors [J Data Communication ICs
(O 4-Bit Single Chip Microcomputers [0 NMOS ROMs
[0 e-Bit Single Chip Microcomputers O NMOS/ICMOS RAMs
J CRT Controller Family J mos Telephone. Products
[0 Floppy Disk Controller/Data Separator [J CMOS Gate Arrays
Family [0 CMOS Standard Cell Customer
[J Keyboard Encoder Design
[J Peripheral ICs 1 MOS/CMOS Customer Design
Name Title
Company Mail/Stop
Street Phone
City State Zip

I'm interested in receiving more information on the following
products. Please put me on your mailing list.

[3 8-Bit Microprocessors (0 Data Communication ICs
[J 4-Bit Single Chip Microcomputers '[J NMOS ROMs
(] 8-Bit Single Chip Microcomputers [J NMOS/ICMOS RAMs
[J CRT Controller Family [J MOS Telephone Products
] Floppy Disk Controller/Data Separator [0 cMOS Gate Arrays
Family [J CMOS Standard Cell Customer
O Keyboard Encoder Design
[0 Peripheral ICs [ MOS/CMOS Customer Design
Name Title
Company Mail/Stop
Street _ ; Phone
City _ State Zip
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UNITED MICROELECTRONICS CORP.

CORPORATE HEADQUARTERS:
NO. 3, INDUSTRIAL EAST THIRD ROAD SCIENCE BASED INDUSTRIAL PARK,
HSINCHU CITY, TAIWAN, REPUBLIC OF CHINA

SALES OFFICE:

9TH FLOOR, NO. 201-26, TUNHUA NORTH ROAD TAIPEI, TAIWAN,
REPUBLIC OF CHINA

TEL:(02) 7152455 TLX:28560 UMCTPE FAX:(02)7166291

U.S.A. HEADQUARTERS :

NMC CORPORATION

3054 SCOTT BLVD, SANTA CLARA, CA 95054 USA
_TEL:408-727-9239 TLX:172730 NMC SNTA FAX:408-9700548
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