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MM57109 MOS/LSI Number-Oriented Processor

General Description

The MM57109is an MOS/LSI number-oriented processor
(actually, a pre-programmed single-chip microcomputer
member of National’s COP family) intended for use in
number processing applications. Scientific calculator
functions, test and branch capability, internal number
storage, and input/output instructions have been com-
bined in this single chip device. Programming is done in
calculator keyboard level language which simplifies
software development. Generated code is more reliable
because algorithms are preprogrammed in an on-chip
ROM. Data or instructions can be synchronous or asyn-
chronous; 1/0 digit count, 1/0 notation mode, and error
control are user programmable; a sense input and flag
outputs are available for single bit control.

The MM57109 can be used as a stand-alone processor
with external ROM/PROM and program counter (PC).
Alternatively it can be configured as a peripheral device
on the bus of a microprocessor or minicomputer.

Applications

B |nstruments

®  Microprocessor/minicomputer peripheral
® Test equipment

® Process controllers

Features

m Scientific calculator instructions (RPN)
® Up to 8-digit mantissa, 2-digit exponent
© Four-register stack, one memory register
® Trigonometric functions, logarithmic functions,
Y*, eX, 7, etc.
® Error flag generation and recovery
® Flexible input/output
® HOLD input allows asynchronous instructions or
single stepping
® Asynchronous digit input instruction (AIN) with
data ready (ADR) input
® Multidigit I/O instructions (IN, OUT) with floating
point or scientific notations
® Programmable mantissa digit count for IN, OUT
instructions
® Sense input and flag outputs
= Branch control
® Conditional and unconditional program branching
® Increment/decrement branch on non-zero for
program loops
® |nterface simplicity
® Single ¢ clock
® |ow power operation
® Generates all 1/0 control signals
® Separate digit input, output, and address buses

TABLE |I. FEATURE COMPARISON OF LSI NUMBER PROCESSING CHIPS

MICRO-
FUNCTION | CALCULATOR MM57109 PROCESSOR
Multidigit
1/0 Keyboard display asynchronous digit l?ata by'tes
. . single bit
single bit
Floating point Floating point .
Data format Scientific Notation | Scientific Notation Binary
Data length | Fixed V.aurnable (1. to8 Fixed
digit mantissa)
Program Key sequence External ROM/ External ROM
9 Y 5eq PC, uP or FIFO Internal PC
Speed {math
or 1/0 14—1500 ms 0.5—-1000 ms 0.5—-1000 ms
operations)
Minimum
number of 1 (external PC
chips for 1-3 nd"re e 2-6
CPU and : P ;’9 @
RAM ource

Note: This data sheet is complete. It contains all necessary programming information and electrical interconnect details. The user should -

read this document thoroughly before proceeding.
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MM57109

Absolute Maximum Ratings

Voltage at Any Pin Relative to Vgg
(Al Other Pins Connected to Vgg)
Ambient Operating Temperature
Ambient Storage Temperature
Lead Temperature (Soldering, 10 seconds)

DC Electrical Characteristics 0°c < Ta <+70°C, 7.9V < Vgs— Vpp < 9.5V unless otherwise stated

"Vgs + 0.3V to Vgg — 12V

0°C to +70°C
—55°C to +125°C
300°C

- PARAMETER CONDITIONS MIN TYP MAX UNITS
Opérating Voltage (Vss — VpD) 7.9 . 9.0 9.5 \
-Operating Supply Current (Ipp) Vss —Vpp=9.5V,Ta= 25°C 12 18 mA

(Excluding Outputs)
Osc. Input Voltage Levels Internal 6k Resistor to VSs
Input High Level (V|H) Vss — Vpp =7.9V Vss-1.0 : %
Input Low Level (VL) Vss — Vpp = 9.5V Vpp+1.5 2
HOLD, POR Input Voltage Levels No Internal Resistors )
Input High Level (V|H) Vss—3.0 v
Input Low Level (Vi) Vpp+1.5 \Z
I1—Ig Input Voltage Levels Internal Resistors to Vsg
(No Resistor for Ig), (Note 1)
Input High Level (V|H) Vgs—1.0 \%
Input Low Level (Vi) Vgs—4.0 v
INTERFACING WITH MOS OR CMOS
All Qutputs - External Resistor to Vpp =
: 10k—20k
Output High Voltage (VOH) ‘ Vgs—1 Vss \
Output Low Voltage (Vo) Vpbp Vpp+1 Vv
AC Electrical Characteristics 0°C<TaA <+70°C, 7.9V < Vgg - Vpp < 9.5V unless otherwise stated
PARAMETER CONDITIONS (Note 2) MIN TYP MAX UNITS
Osc. Input Frequency ) 320 400 400 kHz
Osc. Duty Cycle 46 56 66 %
Osc. Input
Rise Time (ty) CLOAD = 25 pF, RLoAD =6 k2 350 ns
Fall Time (tf) RC=0.15pus 50 ns
Sync. Output Timing CLoAD = 250 pF
tg (1 Microcycle) 10.0 12.5 us
tpdsL 0.1 1.65 us
- tpdsH 0.1 1.25 us
tHS 0.1 0.8 us
R/W, ISEL Output Timing
tpdf CLOAD = 100 pF 44 us
DAS Output Timing
tpdDAS CLOAD = 50 pF 44 us
tDAS CLOAD <20 pF 0.3 Hs
DA1-DA4, BR Output Timing CLOAD = 100 pF (DA1-DA4)
tpdg CLOAD = 250 pF (BR) 0.5 4.0 Hs
DO1-DO04, F1, F2, RDY, ERROR Output
Timing
tpdK 6.0 us

Note 1: An external resistor (5k—20k) can be tied at the |g input to Vgg to overcome internal load device to Vpp.

Note 2: See Figure 2 for timing diagrams of each of the following inputs/outputs.

5-286




Typical Performance Characteristics 2
DC Voltage-Current Curves for Chip Inputs and Outputs 3]
~
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DO1-DO4, F1, F2,
DA1-DA4 BR ERROR and RDY
25 5 25 | |
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2
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Note 1: Curves A" represent a maximum current device at 0°C. Curves “’B"’ represent a minimum current device at +70°C.
Note 2: Vp = Vgg—Vpp (volts)
V)N = Input voltage at pin relative to Vpp
Iy = Current into pin
VouT = Output voltage at pin relative to Vpp
louT = Current out of pin
Note 3: HOLD input current is essentially zero at all valid input voltages.
Note 4: OSC input loading consists of a resistor to Vgg whose minimum possible value is 4k and whose maximum possible value is 8k.
Note 5: Output currents (IgyT) are shown for logic **1”” output conditions only. Any output which is at logic ““0" is in a high-impedance state.
Equivalent circuit for each output is:
Vss
0
ouTPUT
warci 2
[ _outeur_|
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MM57109

Pinout and Block Diagrams

Dual-In-Line Package

1 2
wo—He () = oa1
2 2
1p/02 = L oAz
1303 ] 12 0as
4 25
14/08 — 1= oae
5 24
15/ATR —1 122 1500
2
syng— 12 o
. 0S¢~ 122 573
1 mwms7i00 [
1sEL— 12X vpp
HoLo —3 122 oo
- 1
A 2 003
poR -4 L 002
aov -2 LAY
13 15
eRROR - - LI
14 15
F2— I— Vss
TOP VIEW

Order Number MM57109N
See Package 23

Switching Time Waveforms

]t |

ViHMIN —=

0SC (INPUT)

ViL(max)

INTERNAL CLOCKS: o4 1

Vss =P 9v
le— HoLp
Vpp =0V > oY
L 1 conTROL [P BR
0sc=—p] @ . SIGNALS e |SEL
cLock ,' INTERNAL CLOCKS .
GEN b 43 —
SYNC 4—] “ |—> oAs
MICROPROGRAM o
I
STORAGE ROM FLAGS > F2
ERROR
 POR INITIALIZATION X
Y
. 2 STACK | g pigiT manTissa
ng REGISTER FILE:
T
P—
1/ADR ’ " MEMORY
14/04 >
13/03 DA1 (LEAST)
1p/02 DIGIT L pA2
ADDRESS
4/01 > COUNTER DA3
44 l DA4 (MoST)
- |—» 001 (LEAST)
ARITHMETIC 4.BIT DIGIT DATA e 002
uniT = DATA
\ | Y| o [P0
— p0a mosT)

FIGURE 1

LT R

tpdsH

VoH(MIN)
SYNC (QUTPUT)
' Voumax)

» tpdsL —

s

.~ Voumin
RAW, ISEL (OUTPUTS)
VoL(max)

|=—tpdDAs

— tpdt |

VoHmin
DAS (OUTPUT)
VoL(MAX)

f=— tpdg—|

VOH(MIN)

DA1-DA4,BR

(ouTPUTS) VoL(MAX)

DO1-DO4, F1, F.

b= tpaK

2, VOHMIN)
RDY, ERROR

(ouTeuTs) VoL(MAX)

Note 1: See discussion of timing diagrams on page 5.
Note 2: Osc. Duty Cycle = t1 (t] + tg) = t1/tp.
Note 3: The last four timing diagrams indicate
that, if the output changes, it will change within
the indicated time. This is -not meant to imply
that these signals will change every microcycle.
The conditions which will cause the various out-
puts to change are explained in detail in the *
functional description section of this manual.

FIGURE 2. Timing Diagrams for Oscillator Input and Chip Outputs
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Timing Diagram Conventions

This data sheet makes extensive use of timing diagrams
to. illustrate electrical and logical characteristics of signal
inputs and outputs. To avoid confusion concerning these
diagrams, the following conventions have been adopted:

1. Time axis is horizontal, increasing to the right.

2. Upper side of waveform represents logic 1" (Vgg).
) Lower side of waveform represents logic 0" (Vpp).

[ T S

LOGIC “0" LOGIC “1* INCREASING TIME

3. Lines appearing simultaneously at both logic ‘0"
and logic 1" indicate that the state of the input or
output is either 0" or ““1", and does not change
during this time. This is used when the logic state
depends on exactly what the user is doing with the
chip at the time, and thus is unknown to the person
drawing the timing waveform.

LOGIC “0" LOGIC “0” OR ELSE LOGIC “1”, LOGIC “1”
DEPENDING ON EXACTLY WHAT
THE CHIP IS DOING

4. Lines located at a level between logic ““1’* and logic
0" appear- on input signals only, and indicate that
the state of the input is a don’t care during this time.

———7 7 [

INPUT IS INPUT IS - INPUT IS
“0" 0R 1" DON'T CARE LOGIC “1"

5. An “X" in a waveform indicates that the input or
output may change state at this time.

}

SIGNALIS SIGNAL MAY SIGNAL IS
“0” OR “1” CHANGE HERE “0” 0R“1”

‘This representation is often used for a group of
inputs or outputs whose logic states are unknown,
but the time at which a signal may change must be
shown. Example:

lg=h X ) &
FIRST SECOND THIRD
INSTRUCTION INSTRUCTION INSTRUCTION

CHANGE THE INSTRUCTION HERE

6. Minimum and/or maximum time values are some-
times specified. The interpretation of these values
depends on whether the waveforms are inputs or
outputs. Example:

OUTPUT 1

INPUT X

"1'3"“_’1%‘—

OUTPUT 2

The following table shows three different ways in which
these timing diagrams can be interpreted, depending on
whether min, max or both are specified.

PARAMETER MIN  MAX COMMENT

(A) ta 3.7 us Input must be changed
later than 3.7 us after
point “A"’
th 1.9 ms Output 2 will go high
no later than 1.9 ms
after output 1 goes
low :
(B) ta 2.4 ns  Input must be changed
' before 2.4 ns after
point A"
Output 2 will not go
high until atleast0.7 s
after output 1 goes
low
(C) 13 0.6us 3.0us Inputmustbechanged
between 0.6 and 3.0
us after point A", no
sooner and no later
tp 0.01ps 0.9us Output 2 will go high
between 0.01 and 0.9
us after output 1 goes
low

th 0.7s

This illustrates the various meanings that must be
attached to time values, depending on whether they
refer to inputs or outputs and whether minimum,
maximum or min/max limits are placed on the value.

7. Rise and fall times are measured from maximum logic

low to minimum logic high. For example, if the maxi-
mum logic low (“0") level (Vi (maXx)) of a signal is
Vpp + 1V, and if the minimum logic high (**1") level
(VH(MIN)) is Vss — 1.5V, then the rise time would
be the time it takes the signal to go from Vpp + 1V
to Vgg — 1.5V.

Timing diagrams are seldom shown to scale because
of space limitations. However, they do show the pro-
per relationship between waveforms. Consequently,
the reader, when studying a timing diagram, should
exercise care in understanding what information the
timing diagram is meant to show, and ignore the time
scale distortions that are necessarily introduced.
Example:

Waveform relationships are maintained, so pulse A
does come before B, and C and D occur at the same
time. However, the time axis may be distorted, so
pulse width E may not be twice that of pulse A. It
may be 10 times, or even 1000 times wider.
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MM57109

Pinout Description

The MM57109 is intended for microprocessor number
processing applications, either as a microcomputer peri-
pheral chip or as a stand-alone processor. Figure 1 shows
a pinout diagram of the MM57109, giving the pin
numbers and names of the signal lines. It also shows a
functional block diagram illustrating the internal organi-

zation of the MM57109 and the origin of the signal

lines that are used to communicate with the external
world.

The MM57109 operates on a 9V power supply. In order
to make it TTL compatible, it can be operated from
supplies of 5V-and —4V. The signal inputs are designed
to respond properly to LPTTL logic levels (with the
exception of OSC, HOLD and POR) when the MM57109
is operated in this fashion. (See electrical specifications
and Figure 3 for details on LPTTL interface).

A 400 kHz oscillator operating between Vpp and Vgg
is required. The rise and fall times and frequency of this
oscillator are not critical, making it relatively easy to
generate. The MM57109 provides a SYNC output, which
is a signal that goes active low once every 4 oscillator
cycles. A single SYNC pulse corresponds to a single
“microcycle” (about 10 ws). The execution of a single
MM57109 instruction involves thousands of microcycles.
A later section of this manual will contain a tabulation
of instruction execution times listed in microcycles.

The processor is reset by applying a reset pulse to the
POR pin as shown in Figure 6. The chip will then set the
various outputs to their proper levels and generate three
ready pulses (RDY). These ready pulses are designed to
provide for automatic processing of an error in stand-

alone systems. (See section titled ERROR CONTROL.) .

A microcomputer system would ignore the first two
RDY pulses and use the third one as a ‘“Ready for
Instruction’” signal.

The MM57109 has 6 instruction inputs (lg—I1) which
are used to provide it with a 6-bit instruction code
(commonly referred to as an "‘op code’’). Each op code
corresponds to one of the MM57109 instructions. A list

of instructions, their op codes, and a description of the
operations they perform will be given later in this
manual. The 6 instruction lines are shared by 6 data
lines. The output ISEL identifies which function the 6
lines are performing. When ISEL = 1, the 6 lines are in-
struction lines (lg—11). When ISEL = 0, the 6 lines are
data lines (JC, ADR, D4—D1). In many cases the data
lines, which are associated with the IN, AIN, and TJC
instructions, will not be used. In these instances ISEL
can be ignored. If the data lines are used, ISEL is the
select input for six 2—1 multiplexers or an enable input to
buffers, latches or ROMs. Later in this manual sample
systems will be shown illustrating use of ISEL.

A ready output (RDY) goes high when the processor is
ready to read a 6-bit instruction code. This output
operates in conjunction with the HOLD input. When
RDY goes high, it will remain high if HOLD = 1. If
processor instructions are not always ready when RDY
goes high, some method must be provided to set HOLD
= 1. A microprocessor might have a flag output which
holds HOLD = 1 until it is ready to pass an instruction
to the processor. (If instructions are always ready when
RDY goes high, the HOLD input can be tied to ““0".)
After RDY goes high, it will wait for HOLD = 0 and then
go low again. At this time the 6-bit instruction code is
read and the instruction is performed.

The branch output (BR) is a 4-microcycle active low
pulse which signals that the result of a test instruction
(e.g. TEST X = 0) was true. This pulse starts prior to
RDY = 1 for the next instruction, and ends slightly
after RDY = 1. :

The four signals RDY, HOLD, ISEL and BR were care-
fuily chosen to allow the MM57109 to: be used as a
stand-alone processor or as a microcomputer peripheral.
In a stand-alone system, RDY would be a clock for an
external program counter (PC) whose outputs would
address a ROM containing the MM57109 instructions. -
BR would parallel load the PC, resulting in a program
branch. In a microcomputer system, RDY would inform

sV —av
| QUTPUTS:
INPUTS: Vs Voo o
TTL 15/ADR
woe 002 f—
. ] 003 f— FAN OUT =5 LPTTL LOADS
SAME Aslg | 1303 004 f—m
meut | — /02 il L samens
~ 101 DO1 QUTPUT
vo F2f—
RDY r
TIL - b 15/4C ERRORF—J
Vss !
a1k FAN OUT = 1 LPTTL LOAD
<
>
anverTinG inpuT) § %1% Vss B joMERS
ISEL OUTPU
L SYNCH— v
20k osc 1/6 MM74C304 OR EQUIV
DAS
20k
K oAl FAN DUT OF MM74C904
00 o2 saw s i 15 10 LPTTL LOADS
SAME AS0SC) —{POR A3 DAS DUT'UTLPTTL
INPUT| . HoLo DAY GROUND )

Note 1: I5—Iq have an internal resistor to Vgg. lg has an internal resistor to Vpp.
Note 2: All inputs must be driven by TTL or LPTTL outputs with no other loads on them.

FIGURE 3. Low Power TTL Interface
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Pinout Description (continued)

the microcomputer that the MM57109 is ready for a
new instruction. HOLD  would be used to inform the
MM57109 that the microcomputer is not ready to
respond to the MM571009.

‘Several instructions have conditions which will cause an
error to occur. Table VI enumerates these conditions.
When an error does occur, the MM57109 will set the
ERROR output high. This output can be tested with the
TERR instruction and cleared with the ECLR instruction.

The two outputs F1 and F2 are flags which are set by
the instructions SF1 and SF2. They can also be pulsed
active high with the instructions PF1 and PF2. These
flag outputs could be used as single bit outputs from the
MM57109.

The JC input is a general purpose single bit input. A
TJC instruction will branch (i.e., result in a true condi-
tion causing a BR pulse) if the input JC is high. Other-
wise the TJC instruction will do nothing.

Table [l summarizes this description of the MM57109
signal lines.

INPUTTING DATA

As shown in Figure 1, the MM57109 has an internal
register file. Each of the 5 registers (X, Y, Z, T and M)
has 8 mantissa digits, 2 exponent digits, a decimal point
position indicator, and mantissa and exponent sign bits.
Instructions operate on these registers. The instructions
IN and OUT input and output numbers to and from the
X register. There are two possible modes of operation for
IN and OUT instructions. Floating point mode transfers
mantissa digits, a mantissa sign digit, and a decimal point
position digit. Scientific notation mode transfers man-
tissa digits, 2 exponent digits, a digit containing mantissa
and exponent sign bits, and -a decimal point position
indicator. Initially the MM57109 is in the floating point
mode. The TOGM instruction toggles to the opposite
mode. The number of mantissa digits input or output
by an IN or OUT instruction is equal to the mantissa
-digit count (MDC). The MDC is initially 8 and can be set
to any value from 1 to 8 using the SMDC instruction.
When an IN or OUT instruction is executed, the four
DA outputs will sequence through values indicating
which digit is to be input or output. The section of this
manual entitled DATA FORMATS gives the values of the
DA lines for each of the digits input or output by an IN
or OUT instruction. During an OUT instruction, the four
DO outputs provide the digit outputs, coded in BCD.
The R/W output is pulsed active low once for each digit.
© This R/W pulse can be used to write the data into a

RAM or clock it into a latch. During an IN instruction,

the four | lines (1g—1q1), are data.input lines for the
digits to be input (and so are also named D4—D1). The
same data format is used for IN as is used for OUT. The
DAS output is pulsed active low prior to reading each
digit. This DAS pulse can be used as a data request signal
or to clock data into a latch.

The IN and OUT instructions have been designed to allow
easy expansion of the internal register file. A 256 x 4
RAM will add an additional 16 registers for data storage.
The DA lines are used to provide part of the RAM
address. The rest of the address, which would specify
one of the 16 registers, comes from the external instruc-
tion storage (ROM, microprocessor, etc). The DO lines
are the input to the RAM, while the RAM outputs are

multiplexed to the | lines, using ISEL_to select between
instructions or data. The processor R/W line is the RAM
R/W signal.

There are three ways to input data to the MM57109.
The first is the IN instruction which has already been
described. Second is the AIN instruction, which inputs
a single digit into the X register. Multiple AIN instruc-
tions will input more than one digit to the X register,
since the AIN instruction does not cause termination of
the number entry mode (number entry mode will be
fully described later in this manual). The DA lines pro-
vide a digit address from O to 7 for multiple AIN instruc-
tions. The ADR input (shared with lg) is a data hold
signal for AIN. If ADR is high during an AIN instruction,
the processor will wait till it goes low, and then read the
digit on D4—D1. Finally, the F2 output of the MM57109
will be pulsed active low as a read acknowledge signal.
Note that only mantissa digits, not exponents or signs,
can be entered with AIN.

For systems using a microcomputer with the MM57109
as a peripheral, it is likely that neither the IN nor the
AIN instruction would be used. Instead, the third method
of inputting data to the processor would be used. This
method involves entering numbers as instructions. Using
the instructions 0", 1, “2”, . .. “9"”, the decimal
point instruction, etc., a number can be entered directly
into the processor in the same manner as one presses
keys to enter numbers into a calculator. The decimal
point is to the right of the last digit entered unless it
was fixed by a DP instruction. The EE instruction
causes the next digits to be entered into the exponent.
The CS instruction changes the sign of the mantissa (or
exponent, if EE instruction was entered).

2-WORD INSTRUCTIONS

Several instructions are 2-word instructions, of which
there are 4 types. Each type generates two RDY pulses,
one for each word. The first type are the inverse instruc-
tions (inverse SIN, COS, TAN and inverse +, —, x, / for
memory operations). These instructions require that the
INV instruction first be executed, followed by the
desired instruction (SIN, COS, etc.). The second type
is the SMDC instruction. The second word of this in-
struction is the mantissa digit count, a BCD number
from 1 to 8. The third type is the IN and OUT instruc-
tions. The second word of these instructions is a high
order address for a RAM or a device select code. It is not
necessary to use the second word of IN or OUT instruc-
tions because the MM57109 ignores it, providing only a
RDY pulse that may or may not be used by external
hardware. The final type of 2-word instructions are the
branch instructions. The second word of these instruc-
tions is intended to be a branch address to be loaded
into an external program counter in stand-alone systems.
For a microprocessor system, the second RDY pulse can
be used to clock the BR output into a latch. The latch
can then- be-tested to discover if the branch condition
was true (BR = 0) or false (BR = 1). Many microcom-
puter applications will not use the branch instructions,
since testing and branching is often more easily done
within the external microprocessor itself.
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MM57109

Pinout Description (continued)

TABLE 11. MM57109 PIN DESCRIPTION

ABBREVIATED
NAME

PIN NUMBER

FUNCTIONAL NAME

DESCRIPTION

Vss, VbD

POR

osc

SYNC
RDY .

HOLD

ISEL

lg, JC
I5, ADR

I4—11, D4-D1

DA4-DA1

DAS

D0O4-DO1

F1
F2

ERROR

15, 21

1

23

24

4,321

25, 26, 27, 28

22

20, 19, 18,17

Vss. Vpp (Power Supply)

Power On Reset (Input)

Oscillator (Input)

Sync (Output)
Ready (Output)

Hold (Input)

Branch (Output)

Instruction Select (Output)

Read/Write (Output)

Input 6, Jump Condition
(Input)

Input 5, AIN Data Ready
(Input)

Inputs 4—1, Data 4—1
(Inputs)
[jigit’ Address 4—1 (Outputs)

Digit Address Strobe
(Output)

Digit Outputs 4—1 (Outputs)

Ftag 1 (Output)
Flag 2 (Output)

Error Flag (Output)

Vss = Vpp + 9V nominally (see electrical specifica-
tions) (Vgs = Logic “1”, Vpp = Logic “0").

An 8-microcycle or longer active high pulse at this
input will initialize the MM57109. It then sets R/W =
1, other outputs = 0, and generates three RDY pulses
before reading first instruction. HOLD must be 0 to
complete each RDY pulse.

Single ¢ clock with frequency 4X microcycle time.
Typical frequency is 400 kHz.

Active low output pulse once each microcycle.

Rising edge indicates processor is ready to execute
next instruction or get second word of 2-word in-
struction. If HOLD = 0, RDY goes low again and next
instruction is executed. If HOLD = 1, RDY stays
high until HOLD = 0. (See Figure 8). RDY can be
used to clock an external program counter or to
request an instruction from another CPU.

When set high prior to or at the rising edge of RDY,
RDY will be held high and lnstructlon execution
delayed until HOLD is set low.

A 4-microcycle active low pulse indicates a program
branch. RDY goes high during this pulse. BR may
be used as a load signal for an external PC or as a sense
input to a microprocessor.

Selects 6 bit instruction code (ISEL = 1) or JC, ADR,
D4-D1 (ISEL = 0).on lg—Iq (the 6 input lines).
Pulsed active low during OUT instruction to write
data digits into a RAM or register. Address and data
are valid at both edges. R/W is also pulsed during a
PRW1 or PRW2 instruction.

Most significant’ instruction bit when ISEL = 1. Jump
condition ‘for TJC instruction when ISEL=0. (JC=1
indicates jump condition true.) .

Instruction bit.5 when ISEL = 1. AIN Data Ready
(ADR) for AIN instruction when ISEL =0, (ADR 0
for data ready).

Instruction bits 4—1, or mantissadigit count on second
word of SMDC instruction, when ISEL = 1. Digit data
(AIN or IN instructions) when ISEL = 0. Bit 4 is the
most significant bit.

Digit address for AIN, IN, and OUT instructions.
Used as multiplex selector (AIN) or as low order ad-
dress (IN, OUT) for RAM or other 1/O device. Bit 4
is the most significant bit. Set to O after each IN,
OUT or AIN instruction,

Active low pulse indicates digit address is changing.
New address is valid on second. (positive-going) edge.

BCD digit output for OUT instruction. Set to O
after each OUT instruction. Bit 4 is the most signi-
ficant bit.

User controlled flag can be set or pulsed (reset if set).

User controlled flag can be set or pulsed (reset if set).
Active low pulse (set if reset) generated after each
AIN data read. This can be used as an acknowledge
signal to clear a flip-flop.

Set on an arithmetic or OUT error. Reset by ECLR
instruction. See  ERROR CONTROL for more
information.
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Functional Description
OSCILLATOR GENERATION

Figure 4 shows a simple circuit for generation of the
'MM57109 oscillator.

INITIALIZATION SEQUENCE

Figure 5 shows a flowchart and Figure 6 a timing diagram
of the MM57109 initialization sequence which occurs
when the POR input is set high for at least 8 clock
periods.

SETDAS=1,

A= 0, ISEL =0, DA4-1 =0,
PULSE DAS ACTIVE LOW
004-1=0,F1=0,F2=0, ERROR =0
ROY =0

i

SETRDY=1

Y
"HOLD =07

YES

SETRDY=0

!

SETRDY =1

SETROV=0

A4

SET RAT=1,
PULSE DAS
ACTIVE LOW

!

0-X.Y,ZTM
MDC =8, MODE =
FLOATING POINT

FIGURE 5. MM57109 Initialization Flowchart

20k

b—O 0sC
100 pF

T MM?4C14

Voo

fosc = 400 kHz
Tosc=25us

FIGURE 4. MM57109 Oscillator Circuit

v

Vg -V
ss— VoD o A

— L
swciouren | | LI LI L LI

POR (INPUT) :
BEGIN INITIALIZATION
[-———2>0 > 8 0SC PERIODS SEQUENCE SHOWN IN
FIGURE S

{a) POR Sequence for Initialization

0SC (INPUT)

POR (INPUT) I AI

RDY (OUTPUT) ' | |c| | o[ e
TIMES IN MICROCYCLES —— 17 |8 |8 8] >100 |8

DAS (0uTPUT) ] ]
RV (OUTPUT) |
ISEL, D04-DO1,

DA4-DA1, F1, F2, ERROR (OUTPUTS)

Note: Hold =0

POINTS DESCRIPTION (Assume External PC)

Error Recovery

Advance PC to location 1 .
Locations

Advance PC to location 2
Advance PC to location 3, MM57109 initialized
Begin execution of instruction at location 3

Initialize PC to O }

moow>»

(b) Output Timing During Initialization

FIGURE 6. MM57109 Initialization Timing Diagram
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MM57109

Functional Description (Continued)
INSTRUCTION FETCH AND EXECUTION

Figure 7 shows a flowchart and Figure 8 shows a timing
diagram of the instruction fetch and execution sequence.

After initialization (POR) or the completion of an
instruction, the processor raises RDY to signal the in-
struction store device that the processor is ready for the
next instruction word. The instruction store device could
be a semiconductor memory, host CPU, or an asyn-
chronous device of some kind. If the instruction store is
not ready to respond within the required access time
(8 microcycles), it must raise the HOLD input to delay

A 4
@
me
-
[

SET
ROY=1

INSTRUCTION
RESULTIN A
BRANCH?

READ AND

DECODE
INSTRUCTION ON HOLD = 07
Ig-1y
VES
EXECUTE
INSTRUCTION. RESET
IF AIN, ISEL = 0 RDY =0

ISEL=0
UNLESS SMDC
INSTRUCTION

!

SET
RDY=1

the instruction word fetch. HOLD may be set high any
time while RDY is low, or at the leading edge of RDY.
When HOLD goes low the processor will lower RDY and
begin instruction execution. The instruction word must
remain valid while RDY is low.

During program branches, skips, or fetching of the
second word of a 2-word instruction, the RDY/HOLD
sequence is the same as discussed above. (See flowchart
in Figure 7 and timing diagram in Figure 8(e).)

BRANCH

CONDITION

TRUE
U

BRANCH

NO (DON'T BRANCH)
INSTRUCTION g
?

YES (BRANCH)

RESETBR=0
EXECUTE (4 MICROCYCLES)
INSTRUCTION SETRDY =1

FIGURE 7. MM57109 Instruction Fetch and Execution Flowchart
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Functiona! Description (continued)

8MICRO- INSTRUCTION NEXT
CYCLES EXECUTION INSTRUCTION

RDY (OUTPUT) l |
A c A c
ISEL (OUTPUT) H 3™~ ISEL GOES T0 0 DURING
Lo 7 AN instRucTION
1g-14 (INPUTS) X X
B [}
POINTS DESCRIPTION
A RDY goes high
B Next instruction becomes available on | lines
C RDY goes low, instruction is read and executed
by MM57109
(a) 1-Word Instruction with HOLD = 0
RODY (QUTPUT) I l I | I |
] F
ISEL (OUTPUT) I I
BR=1 8 £
BR(0UTPUT)
Ig=1q (INPUTS) X X X
A c A
POINTS DESCRIPTION
A First word of next instruction becomes
available on | lines
B ISEL = O for second word
(o] Second word (branch address) becomes
available to external program counter
D Data becomes available on JC for TJC
instruction
E ISEL = 1 for next instruction
F RDY pulse for next instruction occurs

(c) 2-Word Branch Instruction that Doesr’t Branch (HOLD = 0)

READ AND
8MICRO- DECODE 8 MICRO- INSTRUCTION NEXT
CYCLES FIRSTWORD CYCLES EXECUTION INSTRUCTION

RDY (OUTPUT) I | I | I |
A c E G - A
ISEL (OUTPUT) ISEL = 1 DURING /"___( l
SMOC INSTRUCTION 7
15-11 (INPUTS) X X X -
. 8 F 8
POINTS DESCRIPTION
A RDY goes high for first instruction word
B First instruction word becomes available on
| lines .
C RDY goes low. Instruction is read and
decoded by MM57109
D ISEL goes low for second instruction word
E RDY goes high for second instruction word
F Second instruction word becomes available
on | lines
G Instruction is executed by MM57109
(b) 2-Word Instruction with HOLD =0
RDY (QUTPUT) | | I | l I

ISEL (QUTPUT) I
B

R (0UTPUT) ||
]
15-11 (INPUTS) X X X
A c E
POINTS DESCRIPTION
A First word of branch instruction becomes
available on | lines
B ISEL = 0 for second word
(o3 Second word (branch address) becomes
available to external program counter
D Branch condition is true so 4-microcycle
active low BR pulse occurs and RDY is
pulsed with leading edge occurring during
BR pulse. This clocks branch address into
program counter
E New instruction at branch address becomes
available to MM57109
F ISEL = 1 for next instruction. RDY pulse that

usually follows ISEL = 1 is suppressed

(d) 2-Word Branch Instruction that Does Branch (HOLD = 0)

" 1woRD 2WORD
INSTRUCTION INSTRUCTION
RDY (OUTPUT) ___l_n_l = 1 l__s__l_
[ D 0
HOLD (INPUT) l I I I I L_
A A T A
1g=1y (INPUTS) X X A
c [ c
POINTS DESCRIPTION
A HOLD =1 at or prior to RDY leading edge
(RDY leading edge may be used to set HOLD = 1)
B RDY stays high until HOLD =0
C When HOLD goes low, next instruction word
must be available on | lines
D RDY goes low after HOLD goes low

(e) RDY-HOLD Relationship for 1 and 2-Word Instructions

FIGURE 8. MM57109 Instruction Fetch and Execution Timing Diagrams
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MM57109

Functional Description (Continued)

MM57109 INSTRUCTION SET

The MM57109 has 70 instructions available to the user.
The 70 instructions are classed into digit entry, move,
math, clear, branch, input/output, and mode control
instructions. Table Il contains a detailed description of
these instructions. Figure 9 shows the instruction format.
Table IV contains a summary of the instructions. Note
that all arithmetic instructions operate on 8-digit man-
tissa/2-digit exponent numbers, regardless of mantissa
digit count or notation mode. Accuracy of all instruc-
tions is 7 digits. Computations are performed internally
with 9 digits, then rounded to 8: The eighth digit is
accurate to *5. ’

NUMBER ENTRY

When a digit, decimal point, or 7 is entered with an
AIN, 0-9, DP, or Pl instruction, the stack is first pushed
and the X register cleared: Z—>T,Y—~>Z, X—>Y,0~>X.
This process is referred to as “initiation of number entry.”
Following this, the entered digit and future digits are
loaded into the X mantissa. Subsequent entry of digits
or DP, EE, or CS instructions do not cause initiation of
number entry. Digits following the eighth mantissa digit
are ignored. (CAUTION: An internal error will occur
if more than 8 digits are entered with AIN instruction,
or if a non-BCD digit is entered. Note that the ERROR -

~ flag with not be set if this happens. A POR sequence

will be necessary to restart the processor.) This number
entry mode is terminated by any instruction except
0-9, DP, EE, CS, PI. AIN or HALT. Termination of
number entry means two things. First, the number is

normalized by adjusting the exponent and decimal
point position so that the decimal point is to the right of
the first mantissa digit. Second, the next digit, decimal
point, or 7 entered will again cause initiation of number
entry, as already described. There is one exception to
this number entry initiation rule: the stack is not pushed
if the instruction prior to the entered digit was an
ENTER. However, the X register is still cleared and the
entered digit put in X.

The IN instruction enters a// digits of a number. There-
fore, IN does not cause initiation. of number entry.
However, it does terminate number entry mode if the
processor is in this mode before the IN instruction is
executed. This means the user can mix 0—9, AIN and
IN instructions without performing an ENTER before
an IN.

The IN instruction 'will always push the stack prior to
inputting digits unless the previous instruction was
ENTER. This allows multiple IN instructions to be
executed without performing an ENTER between them.

INSTRUCTION TIMING

Table V shows execution times of each instruction.
These times are shown in microcycles, 1 microcycle
being equal to 1 SYNC period (approximately 10 us).
Figure 10 shows timing diagrams illustrating the dynamic
characteristics of execution of each type of instruction,
assuming HOLD = 0.

SINGLE WORD INSTRUCTIONS

2-WORD INSTRUCTIONS .

I_ULBJ'SI'4I'3I'2I'1|

|[EH]T .~ OPCODE

The “OP CODE'" is a 6-bit operation code (see Table I1l)
which specifies which instruction is to be performed.

The MM57109 requires only the OP CODE to function.
However,” memory devices with 8-bit word sizes are
often used. The extra two bits, here designated “EH"
“for “‘external hardware”, could be used for device
selection on AIN instructions, etc.

|2|1||6||5||4||3]|2 11
EH OP CODE ]

| 2]1]'el's]'al1s]12]19]

| EH] oOPCODE;
ADDRESS,
OR MDC

The first word has the same format as a 1-word instruc-
tion.

The function and format of the second word depends on
the OP CODE of the first word:

(a) First word = SMDC instruction. The second word
contains the MDC (1-8).

(b) First word = IN or OUT instruction. The second
word contains a high-order address for RAM or
1/0 device (low-order address from DA lines).

(c) First word = INV instruction. The second word
contains the second OP CODE for the instruction
(M+, M—, MX, M/, SIN—1, cos—1, TAN—T).

(d) First word = branch instruction. The second word
contains the branch address to be loaded into PC
on branch.

FIGURE 9. MM57109 Instruction Format
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Functional Description (Continued)

TABLE 11l. MM57109 INSTRUCTION DESCRIPTION TABLE (* INDICATES 2-WORD INSTRUCTION)

CLASS | SUBCLASS | MNEMONIC* OCJ(;"[';EQP FULL NAME _DESCRIPTION
Digit 0 00 0 Mantissa or exponent digits. On first digit (d)
Entry 1 01 1 the following occurs: Z - T

2 02 2 Y > 2Z

3 03 3 XY

4 04 4 d - X

5 05 5 See description of number entry on page 12.

6 06 6

7 07 7

8 10 8

9 1 9

DP 12 Decimal Point Digits that follow will be mantissa fraction.

EE 13 Enter Exponent Digits that follow will be exponent.

CS 14 Change Sign Change sign of exponent or mantissa.

Xm = X mantissa
Xe = X exponent
CS causes —Xm — Xm or —Xe — Xe depending
on whether or not an EE instruction was
executed after last number entry initiation.

Pl 15 Constant 3.1415927 — X, stack not pushed.

EN 41 Enter Terminates digit entry and pushes the stack.
The argument entered will be in X and Y.

Z->T
Y- 2Z
X=>Y
NOP 77 No Operation Do nothing instruction that will terminate digit
. entry.

HALT 17 Halt External hardware detects HALT op code and
generates HOLD = 1. Processor waits for HOLD
= 0 before continuing. HALT acts as a NOP and
may be inserted between digit entry instructions
since it does not terminate digit entry.

Move ROLL 43 Roll Roll Stack. N
7N
T Y
\,
POP ' 56 Pop Pop Stack.
Y->X
Z-Y
T->2
0->T
XEY 60 X exchange Y Exchange X and Y.
' XY
XEM 33 X exchange M Exchange X with memory.
XM
MS 34 Memory Store Store X in Memory.
X=->M
MR '35 Memory Recall Recall Memory into X. Stack is pushed.
: M—>X->Y->Z->T

LSH 36 Left Shift Xm X mantissa is left shifted while leaving decimal
point in same position. Former most significant
digit is saved in link digit. Least significant digit
is zero. Former link digit is lost.

RSH 37 Right Shift Xm X mantissa is right shifted while leaving decimal
point in same position. Link digit, which is
normally zero except after a left shift, is shifted
into the most significant digit. Least significant

| digit is lost.
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MM57109

Functional Description (Continued)

TABLE I11. MM57109 INSTRUCTION DESCRIPTION TABLE (CONTINUED) (*INDICATES 2-WORD INSTRUCTION)

CLASS | SUBCLASS | MNEMONIC* OCJ:EI)'EOP FULL NAME DESCRIPTION
Math F(X,Y) + 71 Plus Add XtoY.X+Y > X.0On+, —, x,/and YX
instructions, stack is popped as follows:
Z->Y
T->2
O->T
Former X, Y are lost.

- 72 Minus Subtract X from Y. Y —-X—> X

X 73 Times Multiply X times Y. Y x X > X

/ 74 Divide Divide Xinto Y. Y+ X > X

YX 70 Y to X Raise Y to X power. YX - x

F (X,M) INV +* 40,71 Memory Plus Add X to memory. M+ X—>M
: On INV +, —, x and / instructions, X, Y, Z,
and T are unchanged. Former M is lost.

INV =" 40,72 Memory Minus Subtract X from memory. M—X->M

INV x* 40,73 Memory Times Multiply X times memory. Mx X > M

INV /* 40, 74 Memory Divide Divide X into memory. M+ X—>M

F (X) Math 1/X 67 One Divided by X| 1+ X— X. On all F (X) math instructions Y, Z,
T and M are unchanged and previous X is lost.

SQRT 64 Square Root VX=X

sQ 63 Square X2 > X

10X 62 Ten to X 10X > X

EX 61 etoX eX > X

LN 65 Natural log of X In X—>X

LOG 66 Base 10 log of X log X > X

F (X) Trig SIN 44 Sine X SIN(X) = X. On all F(X) trig functions, Y, Z, T,
and M are unchanged and the previous X is lost.

CcOos 45 Cosine X COS(X) »> X

TAN 46 Tangent X TAN(X) »X

INV SIN* 40, 44 Inverse sine X SINTT(X) > X

INV COS* 40, 45 Inverse cosine X cos~1(x) = x

INV TAN* 40, 46 Inverse tan X TANTT(X) - X

DTR 55 Degrees to radians | Convert X from degrees to radians.

RTD . . b4 Radians to degrees| Convert X from radians to degrees.

Clear MCLR 57 Master Clear Clear all internal registers and memory; initialize

’ 1/0 control signals, MDC = 8, MODE = floating
point. (See INITIALIZATION.)

ECLR - B3 Error flag clear O — Error flag

Branch | Test JMP* 25 Jump Unconditional branch to address specified by
second instruction word. On all branch instruc-
tions, second word contains branch address to

. be loaded into external PC.
TJC* 20 Test jump Branch to address specified by second instruc-
condition tion word if JC (lg) is true (=1). Otherwise,
skip over second word.

TERR* 24 Test error flag Branch to address specified by second instruc-
tion word if error flag is true (=1). Otherwise,
skip over second word. May be used for
detecting specific errors as opposed to using the
automatic error recovery scheme dealt with in
the section on Error Control.

TX=0" 21 Test X=0 Branch to address specified by second instruc-
tion word if X = 0. Otherwise, skip over second
word.

- TXF* 23 Test IXI1< 1 Branch to address specified by second instruc-
. tion word if .[X| < 1. Gtherwise, skip over
) second ‘word. (i.e. branch if X is a fraction.)

TXLTO* 22 Test X <0 Branch to address specified by second instruc-
tion word if X < 0. Otherwise, skip over second
word.
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Functional Description (cContinued)

TABLE 111. MM57109 INSTRUCTION DESCRIPTION TABLE (CONTINUED) (* INDICATES 2-WORD INSTRUCTION)

OCTAL OP
CODE

FULL NAME

DESCRIPTION

CLASS | SUBCLASS | MNEMONIC*
Branch Count IBNZ 31
DBNZ 32
1/0 Multi-digit IN* ' 27
ouT* 26
1/0 Single-digit AIN 16
1/0 Flags SF1 47
PF1 50
SF2 51
PF2 : 52
PRW1 75
PRW2 76
Mode TOGM 42
Control
smDcC* 30
INV* 40

Increment memory
and branch if
M#0

Decrement
memory and
branch if M# 0
Multidigit

input to X

Multidigit output
from X

Asynchronous
Input

Set Flag 1
Pulse Flag 1

Set Flag 2
Pulse Flag 2

Pulse R/W 1

Pulse R/W 2

Toggle Mode

Set Mantissa
Digit Count
Inverse Mode

M+ 1> M. If M =0, skip second instruction
word. Otherwise, branch to address specified
by second instruction word.

M -1 - M. If M =0, skip second instruction
word. Otherwise, branch to address specified
by second instruction word. '
The processor supplies a 4-bit digit address
(DA4—DA1) accompanied by a digit- address
strobe (DAS) for each digit to be input. The
high order address for the number to be input
would typically come from the second instruc-
tion word. The digit is input on D4—D1, using
ISEL = 0 to select digit data instead of in-
structions. The number of digits to be input
depends on the calculation mode (scientific
notation or floating point) and the mantissa
digit count (See DATA FORMATS and IN-
STRUCTION TIMING). Data to be input is
stored in X and the stack is pushed (X—> Y —
Z — T). At the conclusion of the input, DA4—
DA1=0.

Addressing and number of digits is identical to
IN instruction. Each time a new digit address is
supplied, the processor places the digit_to be
output on DO4-DO1 and pulses the R/W line
active low. At the conclusion of output, DO4—
DO1=0and DA4-DA1=0.

A single digit is read into the processor on D4—
D1. ISEL = 0 is used by external hardware to
select the digit instead of instruction. It will not
read the digit until ADR = 0 (ISEL = 0 selects
ADR instead of I5), indicating data valid. F2 is
pulsed active low to acknowledge data just read.
Set F1 high, i.e. F1=1.

F1 is pulsed active high. If F1 is already high,
this results in it being set low.

Set F2 high, i.e. F2=1.

F2 is pulsed active high. If F2 is already high,
this results in it being set low.

Generates R/W active low pulse which may be
used as a strobe or to clock extra instruction
bits into a flip-flop or register. -

Identical to PRW1 instruction. Advantage may
be taken of the fact that the last 2 bits of the
PRW1 op code are 01 and the last 2 bits of the
PRW2op code are 10. Either of these bits can be
clocked into a flip-flop using the R/W pulse.
Change mode from floating .point to scientific
notation or vice-versa, depending on present
mode. The mode affects only the IN and OUT
instructions. Internal calculations are always in
8-digit scientific notation.

Mantissa digit count is set to the contents of the
second instruction word (=1 to 8). '

Set inverse 'mode for trig or memory function
instruction that will immediately follow: Inverse
mode is for next instruction only.
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MM57109

Functional Description (Continued) ,
TABLE IV. MM57109 INSTRUCTION SUMMARY TABLE (* INDICATES 2-WORD INSTRUCTION)

. lgls
la—h 00 01 10 1
0000 0 Tict INV* 1 xev
0001 1 TX=0* "EN EX
0010 2 TXLTO" TOGM 10X
oon 3 > RoLt s Note 1: HALT i NOP except it does not terminate
* —1= iote 1: Is same as exce I a’
0100 4 TER,H SIN (SIN 111 SQRT number entry. External hardware mgst generate HOLD = 1
0101 5 JmP cos(cos—!) | LN to halt.
0110 6 ouTt* TAN (TAN=1")| - LOG Note 2: ISEL = 0 for AIN, all 2-word instructions except
0111 7 IN® SF1 1/X SMDC.
1000 8 smpc* PF1 YXx Note 3: All instructions with lg I5 = 00, do not terminate
1001 9 IBNZ* SF2 +(M+%) number entry. Other instructions do terminate number entry.
1010 DP DBNZ" PF2 — (M=)
- 1011 EE XEM ECLR x (MX*)
1100 | -Cs Ms - RTD /(M7
1101 Pl MR DTR PRW1
1110 AIN LSH POP PRW2
111 HALT | RSH MCLR NOP
TABLE V. INSTRUCTION EXECUTION TIMES
EXECUTION _ EXECUTION EXECUTION EXECUTION
INSTRUCTION TIME TIME INSTRUCTION TIME TIME
MNEMONIC |(MICROCYCLES) | (MICROCYCLES)| MNEMONIC [(MICROCYCLES) | (MICROCYCLES)
(AVERAGE) | (WORST-CASE (AVERAGE) | (WORST-CASE
VALUES) VALUES)

0-9 238 ouT . 583

DP ) 152 IN 395

EE 151 SF1 163

cs ] . 166 PF1 185

Pl ) 1312 SF2 163

HALT | 134 PF2 185

AIN 284 -PRW1 130

TiC ' o . 208 PRW2 130

TX=0 s . 278 SIN 56200 95900

TXLTO 197 cos 56200 95900

TXF . 277 TAN 35000 97600

TERR 191 INV SIN 54000 93900

JMpP o . 186 INV COS 54000 93900

IBNZ 2314 INV TAN 30200 92900

DBNZ . . 2314 LN 24800 92000

SMDC 163 LOG 30700 92600

XEM ' 812 EX 30800 93900

MS . : 839 10X 27400 96500

MR ’ 1385 +, - 2200 6600

LSH 168 INV+, INV- 1700 5000

RSH . L ' 173 (M+, M-)

INV . E 166 X 3200 22700

EN ' : 552 INV x (MX) 2700 21400

TOGM -~ ) 157 / 7800 22300

ROLL T + 905 INV / (M/) 7300 21100

ECLR 163 1/X 4500 22800

POP . 448 YX 55400 95500

MCLR - ‘ 734 SQRT 7000 30200

XEY ' 652 sQ 3000. 21900

NOP 122 DTR, RTD 9600 41700

Note 1: “All times are measured-from leading edge of ready for first word of the instruction to leading edge of ready for first word of the next
instruction. (Hold = 0).

Note 2: Add 67 microcycles to the execution time of any instruction which initiates number entry and is preceded by an ENTER instruction.

Note 3: Add 282 microcycles to.the execution time of any instruction which initiates number entry and is not preceded by an ENTER
instruction. ' 5

Note 4: Add 1003 m_icrocyi:les to the execution time of any instruction which terminates number entry.

Note 5: The execution time of each instruction is a function of the internal state of the device and is not necessarily related to the number of
digits in the operand. It is not possible to predict precisely what the execution time will be for any given instruction. This table shows worst-case
values for basic instructions, and both average and worst-case values for mathematical instructions.
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Functional Description (Continued)

EXECUTION TIME

HOLD (INPUT) I I
RDY (OUTPUT) I I

C

1

RDY (OUTPUT) | 1 1
A A ISEL (QUTPUT) (HIGH FOR ENTIRE INSTRUCTION)
ISEL (QUTPUT) (HIGH FOR ENTIRE INSTRUCTION)
Ig-11 (INPUTS) x i X
Ig=1 (INPUTS) X Y A
8 8 POINTS DESCRIPTION
POINTS DESCRIPTION A Halt instruction is placed on | lines.
B External hardware decodes halt instruction and
A RDY pulsed to indicate ready for next puts HOLD high. (This is necessary only if
instruction. the user wishes to have a HALT instruction). '
B Instruction is placed on I lines before RDY c HOLD is released, RDY goes low, HALT in-
goes low. struction is executed as a do-nothing instruction.

{a) Timing Characteristics for All Instructions Except AIN,

HALT, TJC, TX = 0, TXLTO, TXF, TERR, JMP, OUT, IN, noviuteun 1 1 1
SMDC, IBNZ, DBNZ, PF1, PF2, SF1, SF2, PRW1, PRW2, and
ISEL (QUTPUT) (HIGH FOR ENTIRE INSTRUCTION)
ECLR
11y (INPUTS) X X X
RDY (OUTPUT) | | [ 1 [ 1 A 8 [
c . POINTS DESCRIPTION
ISEL (OUTPUT) !—.—!_—— : A SMDC instruction is placed on | lines.
. B At second RDY pulse second word of SMDC
Sriouteun) (HIGH FOR ENTIRE INSTRUCTION T onDTon” instruction is placed on I lines. This word is the
gty (NPUTS) X 3__-57— ( ) new MDC. (1-8).
a n_— c Next instruction is placed on | lines.
{e). Timing Characteristics for SMDC Instruction
POINTS DESCRIPTION

A Instruction is placed on 1 lines.

B ISEL goes low for second word.

[¢] Second instruction word (= branch address)
becomes available to external program counter.

D | lines at this time are don’t care, (exception:

for TJC instruction lg (= JC) must contain the A 0 "
. jump condition signal during this time). (uumﬁ: / \
E ISEL goes high prior to RDY pulse for next ¢ 4
instruction. F2(ouTeuT) 11
(b) Timing Characteristics for TIC, TX = 0, TXLTO, TXF, g qureun LI : LI
TERR, IBNZ, and DBNZ with Branch Condition False 3 3
POINTS DESCRIPTION
ROY (0UTPUT) _I1 L 1 A AIN instruction is placed on | lines. )
¢ f B ISEL goes low to select data digit on | lines.
ISEL (0UTPUT) L !’_— lg and lIg—Iq1 are don't care as long as ADR
BROUTPUT) Ig = “JUMP CONDITION" “Tc’)‘ - b ‘ i e ;
FOR TIC INSTRUCTION N~ 3 [} Digit address appears on DA hnes.vDAS provides
Ig-17 (INPUTS) X ) s e — 1 microcycle active low pulse which frames DA
A o G change. (Negative going edge occurs while DA
lines are still 0. Positive going edge occurs after
POINTS DESCRIPTION DA lines have changed to their new value). The
first AIN instruction will have a digit address of
A Instruction is placed on | lines. 0000. Consecutive AIN instructions have digit
B ISEL goes low for second word. addresses of 0001, 0010, etc., up to 0111. In-
C Second instruction word (= branch address) structions which terminate number entry reset
becomes available to external program counter. the internal digit address to 0000.
D I lines at this time are don’t-care, (exception: D Data digit is placed on D4—D1.ADR goes low
for TJC instruction lg (="JC) must contain the indicating valid data digit.
. jump condition signal during this time). E F2 is pulsed active low to indicate read of data
E 4-microeycle BR active low pulse provides load on D4—D1. ADR (_=__I§) must be low for this
signal for external program counter. pulse to occur. If ADR is high, the MM57109
F RDY leading edge occurs during BR pulse, thus will wait till it goes low before reading the 1
. loading program counter with branch-address. lines. ADR may go high again anytime after
G Next instruction appears on  lines prior to RDY negative going edge of F2. | lines are don't
going low. care after F2 is pulsed.
H ISEL goes high for first word of next instruc- F DA lines are reset to 0. DAS provides a 1 micro-
tion,A RDY pulse that usually occurs at this cycle pulse framing DA change.
time is suppressed. G ISEL goes high prior to RDY pulse for next
i e instruction.
(c) Timing Characteristics for TJC, TX = 0, TXLTO, TXF, " Next instruction appears on | fines.

TERR, IBNZ, and DBNZ with Branch Condition True. Also
for JMP Instruction.

(d) Timing Characteristics for HALT Instruction

RDY (QUTPUT)}

1

ISEL (OUTPUT) I

ADR (INPUT)

B G

117 UINPUTS) X ) —( — —(_

=
=
o
N
—
=)
o©

(f) Timing Characteristics for AIN Instruction

FIGURE 10. Instruction Timing Diagrams
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Functional Description (Continued)

rovourn . [T ] [ i 1 ' l_.l

ISEL (OUTPUT) l I
B

gy XA O—O—O—O—O0—0O—0 {
6 \ e -/ \ 4 7 vy / \ «—
: A E G G G G G G
DA4-DAT (OUTPUTS) / X X X X X X \
D F F F F F F H
o o U U U U U U U
POINTS DESCRIPTION
A IN instruction is placed on 1 lines. -
B ISEL goes low for second instruction word. Data digits multiplexed onto | lines when ISEL = 0. | lines are don’t care until DAS pulse
occurs. :
Cc Second word of instruction becomes available to external hardware as a high-order address for a RAM or other device.
D First digit address appears on DA lines. This digit address is O or 2 depending on whéthgmode is scientific notation or floating point,
: respectively. Each time a new digit address appears, a 1 microcycle active low puise on DAS frames this change so that at the negative
. going edge of DAS the old digit address is valid while at the positive going edge of DAS the new digit address is valid.
E Digit data becomes valid on D4—D1 within 1/2 microcycle after DAS negative edge. Digit data must remain valid for 1 microcycle.
During this time data-is read. .
F Digit address advances to next digit, i.e., 0, 1, 2, 3, . ..., N scientific notation or 2, 3, 4, . . ., N floating point
where N = MDC + 3 scientific notation '
N = MDC + 1 floating point
(See DATA FORMATS).
G Next digit is placed on D4—D1, again within 1/2 microcycle after DAS negative edge.
H All digits have been read in. Digit Address goes to 0000. DAS pulse occurs. ISEL goes high before RDY pulse for next instruction.

Number of digits read depends on-notation mode and mantissa digit count (see DATA FORMATS).
(g) Timing Characteristics for IN Instruction

RDY (OUTPUT) | 1 | 1 | I
c
ISEL (QUTPUT) ’ | . 2 |
: 8

15=11 (INPUTS) x \r —
. A . e
DAS-DAT (QUTPUTS) / X X X X X X \
D 3 G (3 G 4 [ !
oS v /s | e ¥ s | s | s | | |
008-D01 (OUTPUTS) A ) & X X X X X \
E H H H H H H
RV (OUTPUT) U U U U U U L
F
POINTS DESCRIPTION
A QOUT instruction is placed on | Iines.‘
B ISEL goes low for second instruction word.
(o} Second word of instruction becomes available to external hardware as a high order address for a RAM or other device.
D First digit address appears on DA lines, the same as for the IN instruction. DAS frames DA changes, as with [N instruction.
E First digit output appears on DO4—DO1 within 2 microcycles after the negative edge of DAS.
F R/W active low pulse occurs to write data into RAM or other device. This is a 2-microcycle pulse occurring within 3 microcycles after
the negative edge of DAS.
G Digit address advances to next digit. (See DATA FORMATS).
H Next digit output appears on DO4—-DO1, 14 microcycles after the last digit appeared. )
1 ~All digits have been output. Digit Address goes to 0000. ISEL goes high before RDY pulse for next instruction. Number of digits
read depends on notation mode and mantissa digit count (see DATA FORMATS).
(h) Timing Characteristics for OUT Instruction”
ROY (QUTPUT) I 1 1 RDY (OUTPUT) I 1 ) [ 1
ISEL (OUTPUT) (HIGH FOR ENTIRE INSTRUCTION) : ISEL (OUTPUT) (HIGH FOR ENTIRE INSTRUCTION)
Ig-1q (INPUTS) X ‘ X Ig-1y (INPUTS) X X
. A A
R (OUTPUT) | (oﬁ:‘rgsrrszx |
[R [}
POINTS DESCRIPTION POINTS . DESCRIPTION
A PRW1 or PRW2_instruction is placed on | lines A SF1 or SF2 instruction is placed on | lines
B 2-microcycle R/W active low pulse occurs. } B F1 or F2 s set high.
(i) Timing Characteristics for PRW1, PRW2 Instructions (j) Timing Characteristics for SF1, SF2 Instructions

FIGURE 10. Instruction Timing Diagrams (Continued)
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N
b
=)
©

RDY (QUTPUT) [ 1 | 1 RDY (QUTPUT) | | [ |
ISEL (OUTPUT) (HIGH FOR ENTIRE INSTRUCTION) ISEL(QUTPUT)  (HIGH FOR ENTIRE INSTRUCTION)
15-1y (INPUTS) X X 1g-17 INPUTS) X X
A B
10R F2 ERROR FLAG
(IJFUTPUTFS) J1 (ouTPUT) I |
8 A 3
POINTS DESCRIPTION POINTS DESCRIPTION
A PF1 or PF2 instruction is placed on | lines A If an error occurs, ERROR is set high (see
B F1 or F2 is pulsed active high for 2 microcycles. Table VI).
B ECLR instruction is placed on | lines.
Cc Error flag is set low.

(k) Timing Characteristics for PF1, PF2 Instructions

(1) Timing Characteristics for ECLR Instruction and Error

Occurrences

FIGURE 10. Instruction Timing Diagrams (Continued)

DATA FORMATS

IN/OUT Iinstructions

Mantissa digit count and notation mode determine data
format. Table VIl shows the contents of the D, DO and
DA lines for an IN or OUT instruction. Anywhere from
4 to 11 digits will be input or output by a single instruc-
tion.

AIN Instruction

One digit is input per AIN instruction. A maximum of 8
digits may be entered into the X mantissa by using
consecutive AIN instructions. Digit entry is terminated
by EN or any function instruction, (see NUMBER
ENTRY). Table VII shows the DA lines for consecutive
AIN instructions.

ERROR CONTROL

The error flag, which can drive an LED indicator, is set
high upon detection of an arithmetic or output error.
(See Table VI).

TABLE Vi. ERROR CONDITIONS

Error flag is set when:

1. LN X when X< 0
LOG X when X< 0

2. Any result < 10~99
Any result > 10100

TAN 90°, 270°, 450°, etc.

SIN X, COS X, TAN X when |X| > 9000°

SIN=1 X, cos=1 X when |X| >1 or |X] < 10—50
SQRT X when X< 0

/,INV/, 1/X when X =0

In floating point mode OUT instruction if number
of mantissa digits to left of decimal point is greater
than the mantissa digit count.

® N o msw

The error flag can be tested by the TERR instruction
{which branches if ERROR = 1) or it can be used to
clear the external program counter, resulting in a hard-
ware jump to location O, the error recovery location.
In either case, an ECLR instruction must be executed to
clear the error flag.

The occurrence of an error does not affect the operation
of the processor in any way. The OUT instruction will
not output digits if error condition 8 is true, but other-
wise will output digits, even if the error flag is set.

For automatic error recovery, ERROR is wired to the
asynchronous clear input of the external program counter
(PC). The instruction at location 0 is an ECLR to clear
ERROR so that the next RDY pulse will advance the
PC to location 1. A JMP instruction at location 1 with
the branch address at location 2 of an error routine is
then executed, which results in a transfer of program
control to the error routine. These first 3 error recovery
locations are skipped over upon reset (POR) as can be
seen in theinitialization and instruction fetch flowcharts.
The program shown in Table VIl shows typical error
recovery coding.

'SAMPLE SYSTEMS

Figures 11— 14 show sample systems using the MM57109.
Figure 11 shows a simple demonstrator system using
switches to enter instructions. An LED display is used to
demonstrate the OUT instruction, with a switch to force
an OUT instruction on the | lines and to hold the HOLD
input low for 1 second for repeated execution of the
OUT instruction, resulting in a multiplexed display. A
flip-flop latches the BR pulse which occurs when a test
and branch instruction is true. LED lamps provide
visual indication of the various flags. An enter button
allows single instruction words to be entered one at a
time in the ENTER mode and causes the display to
light for 1 second in the DISPLAY mode.

Figure 12 shows a stand-alone system with external
program counter and a RAM to expand memory.

Figure 13 shows the MM57109 used as a microprocessor
peripheral. Latches contain instructions for the MM57109
and digit data for the microprocessor.

Figure 14 shows a data acquisition system which obtains
data from a 3-digit A/D converter. Figure 14(b) shows a
program which reads data from the A/D converter.
This coding should be studied as a general example of an
MM57109 program.

Figure 15 shows a microprocessor to MM57109 interface
using 2 FIFQ’s for instruction and data buffering.

These sample systems are not intended to be detailed
drawings of a complete system (except Figure 11). Their
purpose is to provide the designer with some ideas as to
how to use the MM57109 in an actual system.
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Functional Description (Continued)

TABLE VIl. DATA FORMATS
IN/OUT INSTRUCTIONS (A) MODE = SCIENTIFIC NOTATION

DA4—DA1 IN: D4 D3 D2 . D1
OuT: DO4 DO3 D02 -DO1

0 Most significant exponent digit

1 Least significant exponent digit -

2 Sm 0 0 Se

3 Not used :

4 Most significant mantissa digit (Decimal point follows this digit)
This digit must be non-zero on the AIN instruction unless the
entire number is zero. Failure to do this will result in errors in
calculations. This digit will a/ways be non-zero on the OUT
instruction, for non zero numbers.

5 Second most significant mantissa digit,

MDC +3 Least significant mantissa digit

IN/OUT INSTRUCTIONS (B) MODE = FLOATING POINT

DA4—DA1 DPX IN: D4 D3 D2 D1
OouUT: D04 DO3 DO2 DO1
2 Sm 0 0 0
3 DP POS
4 1" Most significant mantissa digit = 0—9. On the OUT
instruction, this digit will be non-zero unless
[X| <1, in which case it will be zero and DP POS
will be 11. Leading zeroes are not blanked.
5 10 Second most significant mantissa digit
MDC +3 12-MDC Least significant mantissa digit = 0~9
Notes:
MDC = Mantissa digit count, set by SMDC instruction, initially = 8
Sm = Sign of mantissa, 0 = positive, 1 = negative
Se = Sign of exponent (Se = 0 in floating point mode)
DP POS = Decimal point position indicator is.a value in the range from 11 down to
12 — MDC, which indicates a digit, as given by the DPX column in the
table. The tjepimal point is located immediately following this digit.
Example: If DP POS = 10, then the decimal point follows the second most
significant mantissa digit (DPX = 10).
AIN INSTRUCTION
DA4-DA1
0 Most significant digit Xm (first AIN instruction)
7 Least significant digit Xm (eighth AIN instruction)

Note. Xy, = X register mantissa. Decimal point follows last digit entered. An irrecover-
able internal error will occur if more than 8 digits are entered in a row with AIN, or if

a non-BCD digit is entered.

TABLE VIIl. ERROR RECOVERY CODING

, OCTAL INSTRUCTION
OCTAL ADDRESS OP CODE LABEL MNEMONIC OPERAND COMMENT
00 53 ECLR Clear error flag
01 . 25 JMP ERROR Jump to error routine
02 75 Address of label ‘ERROR’
03 User Program
75 . ERROR - - User error recovery routine
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Functional Description (continued) < v
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TEST TRUE LED
T VW—OV0D yryacan
p—O Voo
14 f10 |13 1
j’ POR
Vop

60LZSININ

1
2 2 wowo
MMI4c221 6 o—a
e 0= DUAL ONESHOT 1, 1 -
e O ; READY LED
ol oD
! ERRORLED NV
13 h
- ERROR
Voo F1LED
“ENTER " oy L @
INSTRUCTIONS” 4#—0‘\0 g F2 LED u
Vss
1 @ Vss
«—O~ s mmsnoe \ZV
Vop O——0 < <
DISPLAY 1 S S S 5 8 1613 |4
(FORCE OUT ~——O¢—O- I W < p:
INSTRUCTION) 2 ]
003
3 19 2
] 003 = T 04511 7-SEGMENT
D02 ER
2 17 1
O¢—0— 12 0ot
Vgs — Vpp =9.0v
1
R1 +C1=0.1sec ——O0¢—O~ h
e 0oz . 6 INSTRUCTION SWITCHES
R2+ €2 =100 us SHOWN IN POSITION: - RAGT11082
R3 *C2 =1 sec 000000 ; -110¢;
(R2 = 20092, R3 =2M) oat-oas O5¢ 12 1z| Imls In
All resistors are 10k—20k 28 [27]26]25 19 |15
unless otherwise specified .
P Voo O AN NSA5140

14-DIGIT DISPLAY

Operation: vV 112 [ [s [& [0 iz [ia 16 [re 2]z
1. To display, put switch in “DISPLAY" position Wm ENER K 21 EJJL[LL"L"J"L‘ les L
S
—

and press “GO”. Display lights for 1 second. 15 A 5
2. To enter an instruction, set 6 instruction 2 AAA 2
switches f de of i i 1 Mm74ce3 § AN 3 Dsacee
s for op code of instruction. 2 ADDER AAA- DIGIT DRIVER

3. Make sure switch is in “ENTER INSTRUC- 16 2 ANN l
TIONS" position.

f " 5 ln Ju 23 2 12
4. Press “GO’’ button once. R s
5. If a 2-word instruction, set switches for second & 40k 100 pF
word and press ‘GO’ again. Vss Vpp

FIGURE 11. MM57109 Sample System with Switches for Instruction Entry

RADR
SOUNT ROY 0sc [4— osc
SRANCH BR SYNC f—p SYNC
ERRDR ERROR HOLD [ O
BRANCH ADDRESS (8)
| wwracisy
3 > QUAD 2-1
Yy Q O @ N Mux ls-1s
CLK LOAD CLR PROM 256X8 R
MM74C161 DIN Rkl ) : 7'y
n @ our ADDR  DATA ISEL

8BIT
COUNTER h J
(@)
»—’\‘ SEL
MM57109

1 4 ~
@ G| avaoz-r :> la=h
Mux
A4-A7

N
. A__@
‘AD-A3 (( DA4-DA1
256X4 @
Al
BAY 040
[0) )
4= D04-DO1
h _-_—
I Fil— FLAG 1
RV |« RAW F2}=P FLAG 2
-
INPUTS OUuTPUTS

FIGURE 12. MM57109 Stand-Alone System
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Functional Description (cContinued)

MICRO-
COMPUTER

HOLD FLAG

WRITE DATA SIGNAL

1 HOLD

1/0 SELECT SIGNAL

JD— CLK

WX INSTRUCTIONS
LATCH OUT
(6

TO LATCH)

SYSTEM DATA BUS N
A
A
1/0 SELECT - | 4
SIGNALS
QUAD DIGIT DATA (4)
LATCH g
@1 ristare ™ 004-001,
out MM57109
CLK |«
s
L SET| RIW
oS J a FF
ouT @) OUTRDY RESET [€—¢
TRISTATE” | GRODY oy
BUFFERS [
TRUE <—L RESET |~
a FF
SET |« R

FIGURE 13(a). MM57109 as a Microcomputer Peripheral

SUSPEND MM57109 AFTER INSTRUCTION
: > SET IS EXECUTED (ALTERNATIVE TO USING
HOLD=1 HOLD IS TO QUTPUT NOP INSTRUCTION

INSTRUCTION
?

READY TO PERFORM
TRANSFER AN OTHER
PROCESSING

QUTPUT
INSTRUCTION TO
6-BITLATCH -

{

" RESET
HOLD =0

SAME PROCEDURE IS FOLLOWED
FOR SECOND WORD OF 2WORD
INSTRUCTIONS

FIGURE 13(b). Microcomputer Software
for MM57109 Peripheral Interface

OUT INSTRUCTION:

OUTPUT OUT

INSTRUCTION
(BOTH WORDS)
(FIGURE 13b)

OUTRDY=1
7

READ DIGIT
QUAD LATCH

fiAVE
ALL DIGITS “ES

TEST INSTRUCTION:
(TX =0,DBNZ = 0, etc.)

OQUTPUT TEST
INSTRUCTION
(BOTH WORDS)
(FIGURE 13b)

RESULT OF TEST:

MM57109 R/W PULSE WILL SET OUTRDY.

DATA FROM | OUTRDY IS CLEARED WHEN DIGIT IS READ

NEXT INSTRUCTION IS SENT TO MM57109
A

READ
TRUE >

READ QUAD
LATCH TO
RESET TRUE

FIGURE 13(c). Microcomputer Software

for MM57109 OUT, Test Instructions
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S
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INSTRUCTION STORE INSTRUCTION STORE
—_— ———
START  P7 PG P5_PO
CONVERSION \ L
S F1 HOLD BR
(2)
A
QuAD 2)
END OF . 2-1 0UT]| 16-15
CONVERSION R MUX
E0C 8
SEL
38C0 :
DIGIT ‘— ISEL
Mo 164 3 @
CcONVERTER | DIGIT ! TS L@ N sEL
A A MM57109
QuAD —V|" awao [6)
-1 = -
DIGIT2 o (@) 2o out la=ly
) " )
DIGIT3 )
] DA4-DA1
" v c SEL <:.4
oUT _
oLkl e ik
Al ~—>]
SEL K u _ __|004-001
A2 —»] v
a1 04-01 |
B-INPUT Al@®
Aa—p| ANALOG as-a7
Mux 256x8 | ¥
(LATCHED AAM @
AS —>1 CHANNEL AIoA3 (1-
SELECT)
A8 =] R
4
A7 —»} (L 9
I4-14
a8 A J
cs fe-
‘VV 2 v'

ouTPUTS

FIGURE 14(a). MM57109 Analog Data Acquisition System Block Diagram

Acquisition System Instruction Format Acquisition System Coding

TYPE OF

INSTRUCTION P7 Pg P5P4P3P2P1Pg P5—Pg COMMENT

O
~

o
o

1 1 4 Number of channels to be input
Select Analog Channel 1 1 OUT instruction 1 1 MS Store in M
A/D Input 0 1 AIN instruction 1 1 SMDC  Mantissa Digit Count = 1
RAM 1/0 1 0 IN/OUT instructions 1 101
for second word. Second LOOP 1 1 MR Retrieve channel number
word Pg—P3 are high 1 1 OouT Select analog channel
order EAM adAdresses 110
Others 11 Other instructions 11 PR Start A/D converter
1 1 EN Push stack
0 1 AIN Read A/D converter digit 1 when EOC=0
0 1 AIN Read A/D converter digit 2
0 1 AIN Read A/D converter digit 3
1 1 DBNZ Update channel number and check if 0
1 1 LooP
11 X Channel 1 times channel 2 (C1 x C2)
1/ (C1xC2)+C3
1 1 COs COSINE ((C1 x C2) =C3)
LI C4 + COSINE ((C1 x C2) + C3)
1 1 SMDC Mantissa Digit Count= 3
1 1 3
1 0 OuT Resultto RAM (0)
1 0 0

FIGURE 14(b). MM57109 Analog Data Acquisition System Input Coding
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Functional Description (continued)

FIFO NCU
DATA DATA SYSTEM DATA BUS (INSTRUCTION) | insTRUCTIONS
<—_—-> rnurl:'osusn . o o
" .
NCU ~ | waite
DATA > cix
out
o FIFOFULL INPUT  READ RODY
—[reany  cik|[®
Jump OUTPUT READY
CONDITIONS
FIFO EMPTY
l¢ —& ${ HOLD
INTERRUPTS MMS57109
QUTPUT DATA READY
OUTPUT READY
ADDR FIFO
EsS READ -
STROBE READ  WRNEle AW ___t.&
— 7| ek ok [
" N DIGIT
/0
MICROCOMPUTER . CONTROL our w LT D04-D01
CONTROL Locic
FIFD WRITE STROBE FIFO
SR (oUTPUT)

FIGURE 15. MM57109 Microcom'puter Interface Using 2 FIFQO's

Getting Your MM57109 Going

After wiring up a system using an MM57109, the following steps should be followed to verify that the processor is operating properly:

. Check power supply for proper level, polantv, and absence of noise.

. Check oscillator frequency, levels, duty cycle and rise and fall times.

. Verify presence of SYNC output.

. Check POR reset pulse duration, levels and rise and fall times.

. Put HOLD input high and verify that RDY stays high.

. Put HOLD input low and verify that RDY is pulsing active high.

. Check that the system places the proper instructions on the | lines.

. Force an OUT instruction on the | lines, put HOLD low, apply a reset-pulse, and verify that DO4, DO2, DO1 DA-DA1, DAS and
R/W are changing.

0O NOUDH WN =
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