PRELIMINARY
: MAY 1975
9400 SERIES MACROLOGIC*

COMPOSITE DATA SHEET

GENERAL DESCRIPTION - Fairchild 9400 Series TTL Macrologic utilizes advanced
Schottky technology to provide high performance peripheral and processor
oriented LSI. The design of 9400 ensures maximum design flexibility with no
loss of performance. The Macrologic elements may be used with any bit
length, instruction set or organization. Devices may be expanded with little
or no extra components. Where applicable, bus oriented, three state outputs
are provided. A new slim 24 pin package reduces PC board real estate by a
third.

FEATURES
® 150-250 GATE COMPLEXITY
o COMPATIBLE WITH ALL TTL FAMILIES
¢ PERFORMANCE EQUIVALENT TO SCHOTTKY IMPLEMENTATION
o 14, 16, 18, and SLIM 24 PIN PACKAGES
e INPUTS ABOUT 1/4 NORMAL TTL LOAD, i.e., 360-400 pA
e OUTPUTS DRIVE 16 MA (10 U.L.) OR 8 MA (5 U.L.) DEPENDING

ON APPLICATION
DESIGNED FOR MAXIMUM FLEXIBILITY
e OPERATE OVER COMMERCIAL OR MILITARY TEMPERATURE RANGE

ADVANCED SCHOTTKY PROCESS ‘

The 9400 family uses an advanced Schottky TTL process to obtain the best speed/
power product of any commercially available digital bipolar circuitry. Key
characteristics are as follows:

@ SHALLOW, LOW CAPACITANCE DIFFUSION TO PROVIDE TRANSISTOR FT or
2 GHz
e SCHOTTKY DIODES TO ELIMINATE STORAGE TIME
o INTERNAL EATES )
- 30 MILS (50 GATES PER MM )
- 3.5 NS DELAY
- 6 pJd DELAY POWER PRODUCT
e OUTPUT BUFFERS
- 70 MILS2
- 5 NS DELAY
- 10 pd DELAY POWER PRODUCT

* A Trademark of Fairchild Camera ana instrument Corporation.
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET

CURRENTS - Positive current is defined as conventional current flow into a
device. Negative current is defined as conventional current flow out of a
device.

1 High-level input current.

TH
The current flowing into an input when a specified high-level voltage
is applied to that input.

11L Low-Tevel input current.

The current flowing into an input when a specified low-level voltage

is applied to that input.
High-level output current.

OH The current flowing into the output with a specified high-level output
voltage VOH applied.
]OL Low-Tevel output current.

The current flowing into the output with specified Tow level output
voltage VOL applied.

105 Short-circuit output current.

The current flowing into an output when that output is short-circuited to
ground (or other specified potential) with input conditions applied to
establish the output logic level farthest from ground potential (or
other specified potential).

1OZH Output off current high.

The current flowing into a disabled three state output with a specified
high level output voltage VOH applied.
]OZL Output off current low.

The current flowing into a disabled three state output with a specified
Tow level output voltage V0L applied.
cC Supply current.

The current flowing into the VCC supply terminal of a circuit when the
inputs are open.

VOLTAGES - A11 voltages are referenced to Ground.
V]H Input high voltage.

The range of input voltages that represents a logic HIGH level in the
system.
ViL  Input Tow voltage.

The range of input voltages that represents a logic LOW Tevel in the system.
=



V1H(m1n)

V,, (max)

1L

OH

oL

CD

Vee

Minimum input high voltage.

The minimum allowed input HIGH level in a logic system.
Maximum input Tow voltage.

The maximum allowed input LOW Tevel in a system.
Output high voltage.

The range of voltages at an output terminal for specified output
current IOH‘ Device inputs are conditioned to establish a HIGH Tevel
at the output.

Output Tow voltage.

The range of voltages at an output terminal for specified output
current IOL‘ Device inputs are conditioned to establish a LOW level
at the output.

Input clamp diode voltage.

The range of negative voltage applied to an input which will cause
-18 ma to flow into the device.

Supply voltage.

Typically 5 volts.

AC SWITCHING PARAMETERS.

fuax

toLy

tonL

Toggle frequency/operating frequency.

The maximum rate at which clock pulses may be applied to a sequential
circuit. Above this frequency the device may cease to function.
Propagation delay time.

The time between the specified reference points, normally 1.3 volts on
the input and output voltage waveforms, with the output changing from the
defined LOW Tevel to the defined HIGH Tlevel.

Propagation delay time.

The time between the specified reference, normally 1.3 volts on the
input and output voltage waveforms, with the output changing from the
defined HIGH level to the defined LOW Tevel.

Pulse Width.

The time between 1.3 volt amplitude points on the leading and tirailing
edges of pulse.
Hold time.

The interval immediately following the active transition of the timing
pulse (usually the clock pulse) or following the transition of the control



PHZ

tpz

PZH

tozL

REC

input to its latching Tevel, during which interval the data to be
recognized must be maintained at the input to ensure its continued
recognition. A negative hold time indicates that the correct logic
level may be released prior to the active transition of the timing
pulse and still be recognized.

Set-up time.

The interval immediately preceding the active transition of the timing
pulse (usually the clock pulse) or preceding the transition of the
control input to its latching level, during which interval the data

to be recognized must be maintained at the input to ensure its
recognition. A negative set-up time indicates that the correct logic
level may be initiated sometime after the active transition of the
timing pulse and still be recognized.

Output disable time (of a three-state output) from high level.

The time between the 1.3 volt levels on the input and output voltage.
waveforms with the three-state output changing from the defined high
Tevel to a high-impedence (off) state.

Output disable time (of a three-state output) from Tow level.

The time between the 1.3 volt levels on the input and output voltage
waveforms with the three-state output changing from the defined low
level to a high-impedance (off) state.

Output enable time (of a three-state output) to a high level.

The time between the 1.3 volt levels of the input and output voltage
waveforms with the three-state output changing from a high impedance
(off) state to a high Tevel.

Output enable time (of a three state output) to a high level.

The time between the 1.3 volt levels of the input and output voltage
waveforms with the three-state output changing from a high impedance
(off) state to a Tow Tlevel.

Recovery time.

The time between the 1.3 volt levels of inputs which will allow the
device to operate correctly.



RECOMMENDED OPERATING CONDITIONS

PARAMETER XM xc. UNITS
MIN TYP MAX MIN TYP MAX
Supply Voltage Voo 4.5 5.0 5.5 4.75 5.0 5.26 \Y%
Operating Free Air Temperature Range —565 25 125 0 25 75 °C

D for Ceramic Dip, P for Plastic Dip.

ABSOLUTE MAXIMUM RATINGS (above which the useful life- may be impaired)

Storage Temperature

Temperature {Ambient) Under Bias

Ve Lead Potential to Ground Lead
*Input Voltage {(dc)
*Input Current (dc)

Voltage Applied to Outputs (Output HIGH)
Output Current (dc) (Output LOW)

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

—65°C to +150°C
—55°C to +125°C
—0.5Vto+7.0V
—05Vto+|B vV
—30 mA to +5.0 mA
—0.5V to +V¢e
+30 mA



FAIRCHILD MACROLOGIC* e 9401
CRC GENERATOR/CHECKER

Description: The 9401 Cyclic Redundancy Check (CRC) Generator/Checker
provides an advanced tool for the implementation of the most widely used
error detection scheme in serial digital data handling systems. A 3-

bit control input selects one of eight generator polynomials. The list of
polynominals includes CRC-16 and CRC-CCITT as well as their reciprocals
(reverse polynomials). Automatic right justification is incorporated for
polynomials of degree less than 16. Individual clear and preset inputs

are provided for floppy disc and other applications. The ERROR output
indicates whether or not a transmission error has occured. Another control
input inhibits feedback during check word transmission. The 9401 is a member
of Fairchild's Macrologic family and is fully compatible with all TTL families.

- Typical Applications

o Floppy and other disc storage systems.
¢ Digital cassette & cartridge systems.
o Data communication systems.

Features

Guaranteed 12 MHz data rate.

8 selectable polynomials.

Error indicator.

Separate Preset & Clear controls.

Automatic right justification.

Fully compatible with all TTL logic families.

14-pin package.

* A Trademark of Fairchild Camera and Instrument Corporation.



9401

LEAD NAMES : Loading (note a)
HIGH (U.L.) LOW (u.L.)
SO’ S], S2 Polynomial Select Inputs 0.5 .23
D Data Input 0.5 23
cP Clock (operates on HIGH to LOW transition) 0.5 .23
Input
CWE Check Word Enable (active LOW ) input 0.5 .23
P Preset (active LOW) input 0.5 .23
MR Master Reset (active HIGH) input 0.5 .23
Q Data Output 10 5 (note b)
ER Error (active HIGH) output 10 5 (note b)
NOTES:

8. 1TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is25U.L. for Military (XM) and 5 U.L. for Commercial {XC)
temperature Ranges.
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9401

Functional Description - The 9401 Cyclic Redundancy Check (CRC) Generator/Checker

is a 16-Bit programmable device which operates on serial data streams and pro-

vides a means of detecting transmission errors. Cyclic encoding and decoding

schemes for error detection are based on polynomial manipulation in modulo

arithmetic. For encoding, the data stream (message polynomial) is divided by a
selected polynomial. This division results in a remainder which is appended to

the message as check bits. For error checking, the bit stream containing both

data and check bits is divided by the same selected polynomial. If there are no
detectable errors, this division results in a zero remainder. Although it is
possible to choose many generating polynomials of a given degree, standards exist that
specify a small number of useful polynomials. The 9401 implements the polynomials Tisted
in Table I by applying the appropriate logic levels to the select pins SO, S] & 52.

The 9401 consists of a 16-bit register, a Read-Only-Memory (ROM) and associated
control circuitry as shown in the Block Diagram. The polynomial control code
presented at inputs SO’ S], and 52 is decoded by the ROM, selecting the desired
polynomial by establishing shift mode operation on the register with Exclusive OR
gates at appropriate inputs. To generate the check bits, the data stream is
entered via the Data (D) input, using the HIGH to LOW transition of the Clock (CP)
input. This data is gated with the most significant output (Q) of the register,
and controls the Exclusive OR gates (Figure 1). The Check Word Enable (CWE) must
be held HIGH while the data is being entered. After the last data bit is entered,
the CWE is brought LOW and the check bits are shifted out of the register and
appended to the data bits using external gating (Figure 2).

To check an incoming message for errors, both the data and check bits are
entered through the D input with the CWE input held High. The 9401 is not

in the data path, but only monitors the message. The Error output becomes
valid after the last check bit has been entered into the 9401 by a HIGH to
LOW transition of CP. If no detectable errors have occured during the data
transmission, the resultant internal register bits are all LOW and the Error
output (ER) is LOW. If a detectable error has occured, ER is HIGH. ER
remains valid until the next HIGH to LOW transition of CP or until the device
has been Preset or Reset,

‘A HIGH Tevel on the Master Reset (MR) input asynchronously clears the register.
A LOW level on the Preset (P) input asynchronously sets the entire register if
the control code inputs specify a 16-bit polynomial; in the case of 12 or 8-bit
check polynomials only the most significant 12 or 8 register bits are set and
the remaining bits are cleared.

=]



9401

9401
TABLE I
SELECT CQDE POLYNOMIAL REMARKS

> [31 ]

Lo | o | x"6ex5n CRC-16

Lote Ia | x10ex exa CRC-16 REVERSE

L H L X10+x104x 1 3ex7axBax2ex 141

Lote L 0203 CRC-12

HotL [ L ] 8axex®xexm

HojL |4 |8 LRC-8

Holn | | xeex124x0m CRC-CCITT

Hotn || xPEex Texte CRC-CCITT REVERSE
RECOMMENbED OPERATING CONDITIONS

’ D401 XM 9404 xC UNITS
PARAMETER MIN TYP MAX MIN TYP MAX

Supply Voltage Ve 4.5 5.0 55 4.75 5.0 5.25 0V
Operating Free Air Temperature Range -55 25 125 0 25 75 C

X = package type;

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

D for Ceramic Dip, P for Plastic Dip.

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIO Note 1
MIN [ TyP | max ° ONS (Note 1)
ViH Input HIGH Voltage 20 - \ Guaranteed Input HIGH Voltage
. XM 0.7
ViL Input LOW Voltage XC 08 \" Guaranteed Input LOW Voltage
Veb Input Clamp Diode Voltage - 0.85 -15 v Vee = MIN, Iy = —18 mA
XM 25 3.4
\ Output HIGH Volt: \ Vee=M =—
OH utpu oltage XC 27 34 cc IN, IoH = —400 A
XM&XC 0.4 v Vee =MIN, igL =4.0 mA
VoL Output LOW Voltage 03% cc IN, 1oL =4.0m
Xc 0.45 05 A Vce =MIN, 1o =8.0 mA
: 1.0 20 A Voo =MAX, Viny =27V
K Input HIGH Current ad CC-MAX, Vin =27
0.1 mA Vee =MAX, VN =55V
he Input LOW Current —0.36 mA Vce = MAX, VN =04V
los Output Short Circuit Current ;. —-lo —42 mA Vee = MAX, VoyTt =0 V (Note 3)
lce Supply Current 70 mA Vee = MAX inpuTs OPEN

tO



DATA

CHECK Woep - DATA PLUS
ENABLE. CHECK B\TS
(NSTE L) |
NoTeE 2
Cweg
%401
clock  Jepcre GENERATOR.[
_ TR __ CHeckER
NOoTE 2 |

NOTES.
4, CHECK woep ENABLE 1S HiGH (WHILE DATA IS BEMNG CLXKED

LOW  DULERING  TRANS MISSION OF CHECK. TR¢TS
7. S40l ‘ST T QRESET O PRESET BEFORE EACH
COMPOTATION

FIGURE Z

('..QL CHECK BITs AIZ& G ENERATED AND
APPENDED “TO . DATA 'BiTS‘

L_c?&\c., 'S:Ym%o\_

@ @

IH

I

_Px

—0fce

1D

Sosl- S
o40f |

CWE

CJZC GEN&&;AW/
; cﬂecKeiq .

Eg v .

Vcc.

NoMeeé.
S S

,%f & CR‘("\TALENE nw .;U DE LH\’"

&S NON-REFRUOU

BLE

I

kEJf'FEL & ESSER !
HADE IN VXA,



9401

Switching Characteristics (Ty = 25°C, Vee = 5.0V)

LIMITS
SYMBOL PARAMETER MIN (nglg 2 MAX UNITS CONDITIONS
fmax Maximum Clock Frequency 12 20 MHz
. Propagation delay, Clock,MR -
(L to Data Output 2 | CL = 15 pF
PLH % | ns Fig.s3,
pHL Propagation delay, Preset to 40 60 4,5
tory Data Output
oL " Propagation delay,Clock,MR 40 60 ns
tPLH or Preset to Error Output
Switching Set-up Requirements (TA = 25°C, Vee = 5.0V)
SYMBO LIMITS
BOL PARAMETER MIN TYP MAX UNITS CONDITIONS
thP (L) Clock pulse width (LOW) 35 ns Fig.2
tSD Set-up time, Data to Clock 35 55 ns
E - ime, .
tst Set-up time, CWE to Clock 35 55 ns Fig. 6
th Hold time, Data and CWE to 0 ns CL = 15 pF
Clock
tP (L) Preset pulse width (LOW) 35 25 ns Fig.4
t MR (H) Master Reset pulse width 35 25 ns Fig.6
(HIGH)
trec Recovery time, MR and Preset 25 35 ns Fig.4,5
to Clock
Notes:
1. For conditions shown as MIN or MAX, use appropriate value specified under
recommended operating conditions for the applicable device type.
2. Typical limits are at V C=5.0 V, T, = 25°C.
3. Not more than one outpu% should be 'shorted at a time.

v



~ V¢ Vax ' \
- (L)-.yj Lé- tw(L)
cp W 1.3V 4 ) 1.3V
L t\r‘ec“—"'ﬂ
t . >
QORER 7 t:’ PLH oy, 1 Q OR ER Cp1 H
/ \} 1.3V 1.3Y
cP /// —c 1.3
Fig. 3 Fig. 4
PROPAGATION DELAYS, CLOCK PROPAGATION DELAYS, P TO
TO Q AND CLOCK TO ER Q AND ER, PLUS RECOVERY
TIME P T0O CP
N3y porR N OBTABLEY N XA 1,3y
W7 N~ W ACINT AN X
t ‘-tS -
Q OR ER 1.3V cP 1,3V
' tec ™
cP ‘
/111111 At
Fig. 5 Fig. 6
PROPAGATION DELAYS, MR SET-UP AND HOLD TIMES,
TO Q AND ER PLUS DATA TO CLOCK AND CHWE
RECOVERY TIME, MR TO CP TO CLOCK

{3



FAIRCHILD TTL MACROLOGIC* 9403

DESCRIPTION - The 9403 is an expandable fall-through type high speed First In-
First Out (FIFO) buffer memory optimized for high speed disc or tape controllers
and communication buffer applications. It is organized as 16 words by 4 bits

and may be expanded to any number of words (in multiples of 16) and/or any number
of bits (in multiples of 4). Data may be entered or extracted asynchronously in
serial or parallel, allowing economical implementation of buffer memories.

Three state outputs are provided for added versatility. The 9403 is a member
of Fairchild's TTL Macrologic family and is fully compatible with all TTL families.

FEATURES O b (1o v A
® 14 MHz serial or parallel data rate w1
o Serial or parallel input EE;: o gz
e Serial or parallel output o % [
e Expandable without external logic :E:: . g:
e Three state outputs Oos o [T
® Fully compatible with all TTL families ZE;;' Zﬁgz
® 24 pin package 0[] 7 os [ s

“E MR 705 :Im
12 Vs ToP I3
LO& e =Y ROL
NOTE: .
2 2 b T ‘,4 :!? gi"ni,'ulfs'_"(:é’:ﬁ;:f{f;‘;"o?;LI:? o the
PL DS Dg Dz D, DD
10— TTS
S —qIES \RF jo— |
& —JcpPst
0]
32— Top 9403
15— 0ES
lo — CcPSo
\7T—0
7 ED ore. b— 13
MR Q2 2 QO Qo Qs

ol

¥ & 1S 20 171 11

\/CC..:‘ P 24

*A Trademark of Fairchild Camera and Instrument Corporation.
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Loading (note a)

(15

LEAD NAMES
HIGH (U.L.) LOW (U.L.)
DO - D3 Parallel Data Inputs 0.5 0.23
DS Serial Data Input 0.5 0.23
PL Parallel Load Input 0.5 0.23
CPST Serial Input Clock (operates on 0.5 0.23
negative going transition)
TES Serial Input Enable (active LOW) 0.5 0.23
TS Transfer to Stack Input (active LOW) 0.5 0.23
0ES Serial Output Enable Input (active 0.5 0.25
LOW)
T0S Transfer Out Serial Input (active 0.5 0.23
LOW)
TOP Transfer Out Parallel Input 0.5 0.23
MR Master Reset (active LOW) 0.5 0.23
\ EO Output Enable (active LOW) 0.5 0.23
' CPSO Serial Output Clock Input (operates 0.5 0.23
on negative going transition)
Q0 - Q3 Parallel Data Outputs 130 10 (note b)
Qs Serial Data Output 10 10 (note b)
TRF Input Register Full Output (active 10 5 (note b)
LOW)
ORE Output Register Empty Output (active 10 5 (note b)
LOW)
NOTES:
a) 1 unit load (U.L.) = 40 pA HIGH, 1.6 ma LOW.
b) Output fanout with VOL= 0.5 volts.




FUNCTIONAL DESCRIPTION - As shown in the block diagram the 9403 consists of
three parts:

1. an input register with parallel and serial data inputs as well as control
inputs and outputs for input handshaking and expansion.

2. a four bit wide, 14 word deep fall-through stack with self-contained
control Togic.

3. an output register with parallel and serial data outputs as well as control
inputs and outputs for output handshaking and expansion.

Since these three sections operate asynchronously and almost independently,
they will be described separately below:

INPUT REGISTER (DATA ENTRY):

The input register can receive data in either bit-serial or in 4-bit parallel
form, store it until it is sent to the fall-through stack, and generate and
accept the necessary status and control signals.

Figure 1 is a conceptual logic diagram of the input section. As described later,
this five bit register is initialized by setting the F3 flip-flop and resetting the
other flip-flops. The Q output of the last flip-flop (FG) is brought out as the
"input Register Full" output (IRF). After initialization this output is High.

PARALLEL ENTRY:

A High level on the PL input loads the DO - D3 data inputs into the FO - F3 flip-
flops and sets the FC flip-flop, which forces IRF LOW, indicating "input register
full". The D inputs must be stable while PL is HIGH. During parallel entry, the
TES input should be LOW; the CPSI input may be either HIGH or LOW.

SERIAL ENTRY:
Data on the DS input is serially entered into the F3,F2,F],F0,FC shift register
on each HIGH-to-LOW transition of the CPSI clock input, provided TES and PL are LOW.

After the fourth clock transition the four serial data bits are aligned in the
four data flip-flops and the FC flip-flop is set, forcing TRF LOW (input register
full) and internally inhibiting further CPST clock pulses. Figure 2 illustrates
the final positions in a 9403 resulting from a 64-bit serial bit train. BO is the
first bit, B63 the last bit.
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TRANSFER TO THE FALL-THROUGH STACK:

The outputs of flip-flops FO - F3 feed the Stack. A LOW level on the TTS input
attempts to initiate a "fall-through" action. If the top location of the Stack

is empty, data is loaded into the Stack and the input register is re-initialized.
Note that this initialization is postponed until PL is LOW again. Thus, automatic
FIFO action is achieved by connecting the IRF output to the TTS input.

Data falls through the Stack automatically, pausing only when it is necessary to wait
for an empty next location. In the 9403 like in most modern FIFO designs the MR
input initializes the Stack control section only and does not clear the data.

OUTPUT REGISTER (DATA EXTRACTION):

The output register receives four-bit data words from the bottom Stack location,
stores it and outputs data on a 3-state four-bit parallel data bus or on a 3-state
serial data bus. The output section generates and receives the necessary-status
and control signals. Figure 3 is a conceptual logic diagram of the output section.

PARALLEL DATA EXTRACTION:

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register
Empty (ORE) output is LOW. After data has been entered into the FIFO and has
fallen through to the bottom Stack location, it is transferred into the output
register, provided the "Transfer Out Parallel" (TOP) input is HIGH, and the OES
input is LOW. As a result of the data transfer ORE goes HIGH, indicating valid
data on the data outputs (provided the 3-state buffer is enabled). TOP can now

be used to clock out the next word. When TOP goes LOW, ORE will go LOW indicating
that the output data has been extracted, but the data itself remains on the output
bus until the next LOW-to-HIGH transition of TOP transfers the next word (if
available) into the output register as explained above. During parallel data
extraction, TOS, CPSO, and OES should be LOW.

SERIAL DATA EXTRACTION:

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty
(ORE) output is LOW. After data has been entered into the FIFO and has fallen
through to the bottom Stack location, it is transferred into the output shift
register provided the "Transfer Out Serial" (T0S) is LOW. TOP must be HIGH, and

OES and CPSO must be LOW. As a result of the data transfer ORE goes HIGH indicating
valid data in the shift register. The 3-state serial data output Qs is automatically
enabled and puts the first data bit on the output bus. Data is serially shifted

out on the HIGH-to-LOW transition of CPSO. The fourth transition empties the shift
register, forces ORE LOW and disables the serial output Qs. For serial operation

\ O



the ORE output may be tied to the TOS input, requesting a new word from the
Stack as soon as the previous one has been shifted out.

EXPANSION;
Vertical Expansion - The 9403 may be vertically expanded to store more words

without external parts. The interconnections necessary to form a 48-word by
4-bit FIFO are shown in Figure 4. Using the same technique, any FIFO of 15N + 1
words by 4 bits can be constructed. Note that expansion does not sacrifice any
of the FIFQ's flexibility for Serial/Parallel input and output.

Horizontal Expansion - The 9403 may also be horizontally expanded to store

Tong words (in multiples of 4 bits) without external logic. The interconnections
necessary to form a 16-word by 12-bit FIFO are shown in Figure 5. Using the

same technique, any FIFO of 16 words by 4 X N bits can be constructed. When
expanding in the horizontal direction, it is usual to connect the IRF and ORE
outputs of the right most device (most significant device) to the TTS and TOS
inputs respectively of all devices to the left (less significant devices) to

guarantee that no operation is initiated before all devices are ready.

As in the vertical expansion scheme, horizontal expansion does not sacrifice
any of the FIFO's flexibility for Serial/Parallel input and output.

Horizontal and Vertical Expansion - The 9403 can be expanded in both the horizontal
and vertical direction without any external parts and without sacrificing any

of the FIFQ's flexibility for Serial/Parallel input and output. The interconnections
necessary to form a 32-word by 16-bit FIFO are shown in Figure 6. Using the same
technique, any FIFO of 15N] + 1 words by 4 X N2 bits can be constructed.

Figures 7 and 8 show the timing diagrams for serial data entry and extraction for
the 32-word by 16-bit FIFO shown in Figure 6. The final position of data after
serial insertion of 496 bits into the FIFO array of Figure 6 is shown in Figure 9.

INTERLOCKING CIRCUITRY:

Most conventional FIFO deéigns provide status signals analogous to IRF and ORE;
however, when these devices are operated in arrays, variations in unit to unit
operating speed require external gating to assure all devices have completed an
operation. The 9403 incorporates simple but effective "Master-Slave" interlocking
circuitry to eliminate the need for external gating.

In the 9403 array of Figure 6 Devices 1 and 5 are defined as "Row Masters" and the
other devices are slaves to the Master in their row. No slave in a given row will
initialize its input register until it has received LOW on its IES input from a

20
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Row Master ar a Slave of higher priarity.

In a similar fashion, the ORE outputs of slaves will not go HIGH until their
OES input has gone HIGH. This interlocking scheme ensures that new input data
may be accepted by the array when the IRF output of the final slave goes LOW
and that output data for the array may be extracted when the ORE of the final
slave in the output row goes HIGH.

The Row Master is established by connecting its TES input to ground while a
slave receives its IES input from the TRF output of the next higher priority
device. When an array of 9403 FIFOs is initialized with a LOW on the MR inputs
of all devices, the IRF outputs of all devices will be HIGH. Thus, only the
Row Master receives a LOW on the TES input during initialization. Figure 10 is
a conceptual logic diagram of the internal circuitry which determines Master-
Slave operation. Whenever MR and TES are low, the Master latch is set. When-
ever TTS goes LOW the Request Initialization flip-flop will be set. If the
Master latch is HIGH, the input register will be immediately initialized and
the Request Initialization flip-flop reset. If the Master latch is reset, the
input register is not initialized until TES goes LOW. In array operation,
activating the TIS initiates a ripple input register initialization from the
Row Master to the last Slave.

A similar operation takes place for the output register. Either a T0S or TOP
input initiates a load-from-stack operation and sets the ORE Request flip-flop.
If the Master latch is set, the last output register flip-flop is set, and ORE
goes HIGH. If the Master latch is reset, the ORE output will be LOW until an
OES input is received.
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Table 1 summarizes Master-Slave status outputs.

TeeLeE L
INTERNAL STATE
OUTPUT CONDITION - -

Master Operation - Slave Operation -

IES LOW when initialized IES HIGH when initialized
IRF LOW Input Register Full Egﬁut Register Full and IES
ORE LOW Output Register not full Qutput Register not full &

| OES LOW
Fleuee 10

QONGEPTUAL  DIAGRAM |

T AP TLOoP
INTERLOCKING CIRCOITRY

(SEE TIGURE )

Fo —

™ ,
o E07 Lk
_ INTIALRE

MpsTER
__OM}L

LT

REGUEST
PN TIA L ZATION
FLIP-FLOP
INPUT REG > STARCK

(RRIVED FROMTTS)

=

R
LOAD DUTRUT '
BECSTER s
ToP V'—‘l S
Fos L R
- Ex FuP-FuoP

O€s (SEE FIGURE 3)

ORF REAVEST

FLiP- FLOP
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

2403

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS (Note 1)
v Input HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage
H
XM 0.7
ViL Input LOW Voltage %G OB Vv Guaranteed Input LOW Voltage
Ve Input Clamp Diode Voltage —0.65 -1.5 \ Vce =MIN, I|IN =—18 mA
XM 25 34
VOH Output HIGH Voltage Vv . Vee =MIN, IoH = -400 kA,
W5, ope , 0ES Xc 2.7 34 : ;
VoH Output HIGH Voltage XM /‘,4 "24 v low=-— {_.O A VEC: M
do, & . P2 Dy Xc £24 | 3.4, Topm—5.2.mA |..7CCm 7
T -
0.25 0.4 v Vee = MIN, IgL =8.0mA.
VoL Output LOW Voltage v VCC ZMIN oL _ﬁ; mA =
QO (D) 3—1 Q? 2 s __0‘35 05 . CcC = MIN, IOIL e m
' 0.25 0.4 v loL =4.0 mA | Vce =MIN,
VoL Output LOW Voltage — 1
oee_) O&j 1 0.35 0.5 »V I0|_-80mA | )
) O out Off Current HIGH 09 @, 0 o _ 50 | WA Ve T MAX, Yoyt - 24V, Ve 93V
f) it QFF C Current LOW 4)0150‘)@4_/_}3/475 l —50 MA | Vee = MAX. VOL)T o5V, V- 0.8V
IH Input HIGH Current (e 1.0 20 KA | Veo=MAX,vNy=27V
XQEPT J€3
7 ¢ oeg) 0.1 mA Vce = MAX, VN =55V
I Weor HIGH Cuarvent, 523 Lol o | anh | Veer Max, ¥in= 2Y
, 0. LomA ' Vee= MAXy VW =5.5Y
he Input LOW Current mA Vee = MAX, ViN =04V
ALLL ENCEPT OFS -0.36
WS ~0.80
los Output Short Circuit Current - . — — *
Out -0 -42 [ mA Vee =MAX, VouT =0.0 V
Qcn ORE, TS , ce our
los Output Short Circuit Current &2, Ao | =30 | -100 mA Voe =MAX, VoyT =0 V (Note 37
Icc Supply Current I S5 =) mA Ve = MAX  ipPuTs  open
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.

2,
3.

Typical limits are at Vo =5.0V, Ta = 25°C.
Not more than one output should be shorted at a time.
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SWITCL&NG CHARACTERISTICS

Le

. 940,
Voo = ov, TA = 25°C, OL = 15 pF
SYMBOL PARAMETER LIMITS ONITS COMMENTS
MIN TYP MAX
t Propagation Delay, negative going
PHL CP to IRF Output 16 ns Stack not full
PL LOW
tPLH Propagation Delay, negative going ns Figure 11 & 12
TTS to IRF
tpLH Propagation Delay, negative going Serial Output
tPHL CPSO to Qs Output 25 ns OES LOW, TOP HIGH
Figure 13 & 14
tpLH Propagation Delay, positive going _
ns EO, CPSO LOW
tPHL TOP to Outputs Q0-Q3 Figure 15
t Propagation Delay, negative going Serial Output Ok
Figure 13 & 14
toLH Propagation Delay, positive going ns
TOS to ORE
tPHL zgo%%%ption Delay, negative going TOP ns Parallel Output,
EO, CPSO LOW
‘ Figure 15
t Propagation Delay, positive going
PLH TOP to ORE ns
TTS connected to IRF
. TOS connected to ORE
tFT Fall Through Time 300 ns TES, OES, EO, CPSO LOW
TOP HIGH - Figure 16
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FAIRCHILD TTL MACROLOGIC* 9404
DATA PATH SWITCH

DESCRIPTION - The 9404 Data Path Switch (DPS) is a combinatorial array for
closing data path loops around arithmetic/logic networks such as the 9405
(Arithmetic Logic Register Stack). A total of 30 instructions (see Table 1)
facilitate logic shifting, masking, sign extension, introduction of common
constants and other operations.

The 5-bit Instruction Word (10—14) selects one of the thirty instructions

operating on two sets of 4-bit Data Inputs (D 3, K0 K3) Left Input (LI) and
Left Output (LO) and Right Input (RT) and R1ght Output (RO) are available for
expansion in 4-bit increments. An active LOW Output Enable Input (EO) provides

3-state control of the Data OQutputs (0y-03) for bus oriented applications,

The 9404 is a member of Fairchild's Macrologic family and is fully compatible
with a1l TTL families.

FEATURES

CONNECTION DIAGRAM
DIP (TOP VIEW)

Expandable in multiples of four bits

30 ns delay over 16-bit word

Two 4-bit data input buses

4-Bit data output bus with 3-state output buffers
Useful for byte masking and swapping

Provides arithmetic or logic shift

Provides for sign extension A

The Flatpak version has the same
pinouts (Connection Diagram) as the

Generates commonly used constants Dual In-Line Package.

Purely combinatorial - no clocks required

Packaged in slim 24 pin package

—

fﬂf 173
¥ ¥ KK RI Voo = PN 24
e GND= PINIT

L,O 0-——-6\

by
b,
22—, 2404

oUW

-

27 —|BO s 0,0:0,0

Trademark of Fairchild Camera and Instrument Corporation. ‘5 14 ‘G ‘8 20 lo



LOADING (note a)
PIN NAMES HIGH (U.L.) LOW (U.L.)
Dp - Dg D-Bus Inputs (active LOW) 0.5 0.23
KO - K3 K-Bus Inputs (active LOW) 0.5 0.23
Iy - 1, Instruction Word Input 0.5 0.23
LT Shift Left Input (active LOW) 0.5 0.23
0 Shift Left Output (active LOW) 10 5 (note b)
RT Shift Right Input (active LOW) 0.5 0.23
RO Shift Right Output (active LOW) 10 5 (note b)
I0) Output Enable Input (active LOW) 0.5 0.23
56- 53 Data OQutput (active LOW) 130 10 (note b)
NOTES:
a) 1 unit load (U.L.) = 40 ©A HIGH, 1.6 ma LOW
b) Output current measured at Vout = 0.5V
TABLE 1
INSTRUCTION SET FOR THE 9404
INPUTS OUTPUTS INPUTS OUTPUTS
la 13 12 17 g 63 62 61 60 FUNCTION Ia 13 12 17 19| LO 63 62‘ 61 60 RO FUNCTION 1
L L L L LfL L L L|ByteMask H L L L LR Rl Rl Rl Al K-Bus Sign Extend
L L L L HIH H H H]|ByteMask H L L L H/K; K3z Ky Ky Kp K-Bus Sign Extend
L'L L HLIL L L H|Minus"“2 in2sCompll) H L L H LR Rl R Rl RI |D-Bus Sign Extend
L L LHHIL L L L|Minus”1in2sCompll H L L H H|D3 D3 Dy Dy g D-Bus Sign Extend
L L H L L|D3 Dy Dy Dp|Byte Mask D-Bus H L H L L|D3 Dy Dy Dg R D-Bus Shift Left
L L HL HH H H H|ByteMaskDBus H L H L H|Kz Ky Ky Kg &I K-Bus Shift Left
L L H H LiD3 Dy Dy Dg|Byte Mask D-Bus HLHHL Ui D3 Dy Dy Dg|D-Bus Shift Right
L L HHHIL L L L|ByteMaskD-Bus HLHHH D3 D3 Dy Dy Dg|D-Bus Shift Right Arith(2)
L HL L L|L H H H|NegatveByte Sign Mask HHLLL LI K3 Kz Ky Kog|K-Bus Shift Right
L H L L H|H H H H|Positive Byte Sign Mask HHLLH K3 K3 K K¢ Kg|K-Bus Shift Right Arith(2)
L H L H L|Kg Kp K1 Ko | Byte Mask K-Bus H H L H L K3 Ko K1 Ko Byte Mask K-Bus
L HL HH|L L L L Byte Mask K-Bus H H L HH H H H H Byte Mask K-Bus
L H H L L D3 Dy Dy Dg|Load Byte H HHL L D3 Dz Dq Dg Complement D-Bus
L H H L HIKs Kz Kq KglLoad Byte HHHLH K3 K2 Kq Ko Complement K-Bus
L HHHLH H H L|[Pus™“" HHHHL Undefined
L HHHHIH H H H|zZero HHHHH Undefined

H = HIGH Level
L = LOW Level

=2

(1) Comp = Complement
(2) Arith = Arithmetic
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Description

The 9404 Data Path Switch combines the functions of a dual four-input multiplexer,
a true/complement one/zero generatbr, and a shift left/shift right array.

As shown in Table 1, there are two shift right modes. The arithmetic right shift
preserves the sign bit in the most significant position while the logic shift
moves all positions. Right shift is defined as a one-bit shift teward the least
significant position.

For half word arithmetic the 9404 provides instructions which extend the sign bit
Teft through the more significant slices. Shift linkages are available as individual
inputs and outputs for complete flexibility.

The 9404 may be used to generate constants +1, 0, -1 and -2 in two's complement
notation.

9404 ARRAYS

Arrays of larger than 4-bit word lengths are easily obtained. Figure 1 illustrates
a 16-bit array constructed using 4 devices; device 1 is the least significant

and device 4 is the most significant slice. Within each slice, inputs and outputs
with '0' subscript are the least significant bits.

The I] through I4 inputs of all devices are bussed. These four bus lines to-
gether with the I0 inputs of the devices form an 8-bit instruction bus to control
the array. In some applications, it may be possible to connect the I0 inputs of
devices 1 & 2 together and the I0 inputs of devices 3 & 4 together, so that only

6 bits are needed to control the arrays. Connecting the LO of device 1 to RI of
device 2, LO of device 2 to RI of device 3, etc. provides left shift (i.e., shift
towards most significant bit) and sign extension. From Table 1 it can be seen that
"sign extend" consists of two adjacent instructions differing only in Io; one of
these instructions connects the most significant bit of the selected input bus (i.e.,
Dy or Kj) to the L0 output while the other instruction forces the output bus and LO
to the RI input. In a similar fashion right shift operation is accomplished by
connecting the ET‘input of a device to the RO of the next more significant device.
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9404

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMBOL PARAMETER N P TIAX BNITS TEST CONDITIONS (Note 1}
ViH Input HIGH Voltage 2.0 \% Guaranteed Input HIGH Voltage
. v XM 1 0.7
ViL Input LOW Voltage r XC 08 \ Guaranteed Input LOW Voltage
Veb Input Clamp Diode Voltage ~-0.9 -1.5 \% Vee = MIN, Iy = =18 mA
XM ' 25 3.4
\Y Output HIGH Voltage - v Vee = =—
7 OH | qu ) g XC 27 34 cc =MIN, IoH 400 uA,
v 4 - . = s
VOH | O_Lgput_t“GH Voltage K[ ')\‘ .\( 2" 4' J 34" \V .‘Q.H;_tzl 9.’1\,./..‘. VCC = MIN
— Nt E
" b N W S B ot =S A "
IoH [ output HIGH Current ! | | 100 | wA | Vcc= MIN. Vop = 5.5V, _
L 03 04 | Vv vee = MIN, loL = 40mA,
VoL Qutpyt LOW Voltage |G, 1O 0.4 05 v Voc = MIN, 1oL = 8.0 mA,
' ' D o2 | 04| Vv |VeotMiNioLZEUmA -
VoL Outout LOW Voitage O, ~Ca o 05 v Ve =MIN, loL = | o mA, :
‘F\ TH B Ouu ut ()"‘ C‘um ul—— SH ‘k -_-—-, ij_ﬁ__l “7\ l SO ,i\ "’,\_L:j A N i
e Y ; — 50 | \ Ve o M1 YO - -
- — g 10 20 RA Vee = MAX, Vi =27 V
HH Input HIGH Current 01 mA VCC MAX, VIN 5.6 V

e — e , - — )
| Input LOW Current ,‘,, . | #1—036 mA l vee = “MAX, VIN 0.4

. —

N ’ Ry N VCC = MAX, VOUT_ =0V (Note 3)

NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
2. Typical limits are at Vcc = 5.0V, Ta= 25°C.
3. Not more than one output should be shorted at a time.
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SWITCHING CHARACTERISTICS

9404

Vcc = 5V, TA = 25°C, CL = 15 pF
LIMITS UNITS COMMENTS

SYMBOL PARAMETER MIN | TYP | MAX

tPLH Erppfgafj02.0e1ay, Data Inputs 20 ns
tPLH PfgpfgaffoE.Delay, ?ata Inputs L 18 ns
tPHL (DO—D3,K0-K3) to Shift Outputs LO, RO
EpLH . . ns EO LOW
¢ Propagation Delay, RI to LO

PHL
tPLH Propagation Delay, Instruction word ns
ton (10-15) to Data Outputs (00—03) 22

tPLH { Propagation Delay, Instruction word

. " (1g-Ig) to shift Outputs RO, L0 20 ns
PHL
tpzy Enable Delay, EO to Outputs

- — ns

t 0g-0 10

PZL -

Yz | I o
t + Disable Delay, EO to 00-03 5

PHZ

gc




FAIRCHILD TTL MACROLOGIC* 9405
Arithmetic Logic Regisfer Stack

DESCRIPTION

The Arithmetic Logic Register Stack (ALRS) is designed to implement general
registers in high performance programmable digital systems. The device contains
a 4-bit arithmetic logic unit (ALU), an 8 word by 4-bit RAM, and associated
control logic. The ALU implements 8 arithmetic and logic functions where one
4-bit operand is supplied from an external source (input data bus) and the
second 4-bit operand is supplied internally from one of the 8 RAM words selected
by the Address Inputs (AO—AZ). The result of the operation is loaded into the
same RAM location and simultaneously, is loaded into the output register making
it available at the 3-state output data bus.

The 9405 operates on four bits of data but features are provided for expansion

to longer word lengths. Carry Propagate & Carry Generate outputs are provided
for an external carry lookahead where maximum operating speed is required. In
applications where high speed arithmetic is not needed, ripple expansion may also
be implemented. The 9405 provides three status signals Zero, Negative and Over-
flow to qualify the result of an operation. The 9405 is a member of Fairchild's
Macrologic family and is fully compatible with all TTL families.

FEATURES

Eight general registers/accumulators in a single package
High speed - 10 MHz Microinstruction rate

Expandable in multiples of 4 bits

Provides for ripple or Tookahead carry

Implements 64 microinstructions

Provides status - zero, negative, and overflow

Three state outputs

24 pin package

* A Trademark of Fairchild Camera and Instrument Corporation.
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9405

LOADING (note a)

LEAD NAMES HIGH(U.L.) | LOW(U.L.)

56 - ﬁé Data Inputs (active LOW) 0.5 0.23

A0 - A2 Address Instruction Inputs 0.5 0.23

I0 - 12 ALU Instruction Inputs (note b) 0.5 0.23

MSS Most Significant Slice Input (active HIGH) 0.5 0.23

CP Clock Input 0.5 0.23

EO Output Enable Input (active LOW) 0.5 0.23

EX Execute Input (active LOW) 0.5 0.23

56 - 65 Data Outputs (active LOW) 130 10

W Ripple Carry Output (active LOW) (note c) 10 5

X Carry Propagate Output (note d) 10 5

Y Carry Generate Output (note e) 10 10

VA Zero Status Output (active HIGH, Open (note f) 5
Collector)

NOTES :

a) 1 unit load (U.L.) = 40 pa HIGH, 1.6 ma LOW (0.5V).

b) IO used also for Carry Input on lesser significant slices.

c) W Output also carries instruction information.

d) X Output provides Negative Status (active LOW) on most significant slice.

e) Y Output provides Overflow Status (active LOW) on most significant slice.

f) An external pull-up resistor is required to supply HIGH Tevel drive
capability.
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FUNCTIONAL DESCRIPTION - As shown in the Block Diagram the 9405 Arithmetic Logic
Register Stack (ALRS) consists of a 4-bit ALU, an 8-word by 4-bit RAM with out-
put latches, an instruction decode network, control logic, and a 4-bit Output
Register.

The ALU receives the active LOW input data (ﬁb - 53) as one operand while the
RAM provides the second operand through latches. The ALU output is stored in
both the RAM and output register. The active LOW output data bus (5b - ﬁé) is
obtained from the output register through 3-state buffers. An active LOW Qut-
put Enable (EO) input controls these buffers; a HIGH level on EO disables them
(high impedance state).

The instruction bus for the 9405 consists of two fields, A and I; A0 - A2 specify
the desired location of the RAM and I0 - 12 specify the desired function to be
performed. Table 1 1ists Instruction Field Code assignments. Thus, the 9405
provides eight registers (R0 - R7) and eight different operations may be performed
on any of these registers. The I0 - I2 inputs are decoded by the instruction
decode network to generate necessary control signals for the ALU. The ALU also
generates and transmits to the control logic the following signals: Carry Out,
Carry Propagate, Carry Generate, Negative Status and Overflow Status. The

control Tlogic manipulates the status signals as a function of I0 - 12 and a

control input MSS. A HIGH Tlevel on the MSS input declares the most significant
slice in a 9405 array (the diode-input on MSS allows it to be tied directly to

Vee). ATl devices, except the most significant 9405 should have a LOW level
(ground) on the MSS input. The control logic generates three device outputs, W,
X and Y for arrayed operation. An all zero result from the ALU is decoded and
presented at the open collector Zero Status (Z) Output.

The I0 input serves a dual purpose: for arithmetic instructions, it is used as
the carry input and for non-arithmetic instructions it serves as an instruction
input. This is possible because only two arithmetic instructions require carry.
The dual purpose use of I0 plays an important role in 9405 expansion schemes.

OPERATION - The 9405 operates on a single clock. CP and EX are inputs to a
2-input active LOW AND gate. A microcycle starts as the clock goes HIGH. For
normal operation the Execute (EX) is LOW. Data is read from the RAM through
enabled latches and applied as one operand to the ALU. Data inputs (ﬁb - 53)

are applied to the ALU as the other operand and the operation as determined by in-
struction lines I0 - I2 is executed. When CP is LOW, the Tlatches are-disabled
and the result of the operation is written back into the RAM provided that EX
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is LOW. The A Tines must obviously be held stable during this time. On the
LOW-to-HIGH CP transition, the result of the operation is loaded into the
output register and a new microcycle can start. If EX is held HIGH, the
operation selected by the I and A inputs is performed, but the result is not
written back into the RAM and is not clocked into the output register.

9405 ARRAYS - The 9405 is organized to operate on a 4-bit wide data bus but
can easily be expanded for Tonger words. Expansion requires that carries from
lesser significant slices be propagated towards the most significant slice.

The 9405 provides full Tlookahead capability for high speed arithmetic. Approp-
riate Carry Generate (Y) and Carry Propagate (X) outputs are provided so that
only one external carry lookahead generator is needed for every four 9405's.
When speed is not a prime consideration, it is possible to implement ripple
carry expansion.

In arrayed operation, it is common to bus the EX, CP and EO inputs of all devices.
The Z output is open collector and is normally OR-tied with the other devices and
to an external Tload resistor so that a HIGH level indicates a zero result from

an operation in the array.

Figure 2 shows a ripple carry 16-bit wide array using four 9405's. The MSS input

is tied to VCC on the most significant slice (ALRS 4); the MSS input of the other
devices are tied to ground. The instruction bus of this array consists of A-Field
and I-Field. A-Field is obtained by connecting corresponding A inputs of all 4
devices. The IO input of device 1 (i.e., least significant slice) in conjunction
with the bussed I], 12 inputs forms the I-Field for the array. The IO inputs of
devices 2, 3 and 4 are connected to the W outputs of devices 1, 2 and 3 respectively.
The ALU network generates the carry propagate output. The control logic operates on
this signal as a function of 11 and I2 to generate the W output. If both I] and 12
are LOW (i.e., an arithmetic instruction), the W output is the carry output of that
slice. In case of non-arithmetic instructions, it assumes the State of the Iy input.
Thus, in Figure 1, if an arithmetic instruction is specified, carry propagates
through the W output to I0 input of the next higher significant slice. On the other
hand , non-arithmetic instructions effectively connect all Ip inputs together to
form the I-Field for the array. The W output of device 4 is the carry output from
the array. The control logic also generates X and Y outputs which participate in
expansion when full Tlookahead carry is required. These outputs are normally ignored
in ripple expansion except for the most significant slice. In the most significant
slice, X and Y correspond to Negative and Overflow status signals.
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Thus, X output of Device 4 is LOW, if the result of an operation has its

most significant bit as "1" (i.e., negative result). Similarly a LOW level on

Y output of device 4 indicates that arithmetic overflow has occured. If the

two operands have the same sign and the result has opposite sign, then it is

assumed that an overflow has occured. It should be noted that W, X and Y are

not controlled by EX or CP. Figure 2 shows a 16-bit array with full carry look-
ahead expansion. Implementation of the lookahead scheme requires the use of

an external 93542/745182 in addition to the four 9405's in the array. Since

Device 1 is the least significant and device 4 is the most significant slice, the
MSS inputs of the first three devices are connected to ground while device 4 has

a HIGH Tevel at this input. The A-Field for the array instruction bus is obtained
by connecting corresponding A inputs of all four devices. Bussed I] and 12 inputs
together with the I0 input of device 1 form the I-Field for the array. The I0
inputs for devices 2, 3 and 4 are obtained from the 93542/745182 Carry Outputs
(Cn+x, Cn+y, and Cn+z respectively). Also the P and G inputs of 93542/745182

are connected to X and Y outputs of the 9405's as shown. The control logic in

the 9405 (see Block Diagram) generates X and Y outputs as a function of I], 12

and MSS inputs as well as the Carry Generate and Carry Propagate outputs of the

ALU. If the MSS input of a slice is LOW and an arithmetic instruction is specified,
its X output reflects Carry Propagate and Y reflects Carry Generate outputs

from that slice. For an arithmetic instruction the IO input is treated as

carry-in into a slice irrespective of MSS. Thus, whenever I1 and 12 are LOW,

the array behaves as an adder with full carry lookahead. The W outputs still re-
flect carry output, which is ignored for devices 1, 2 and 3. The W output of device
4 is the carry output from the array. Also, note that the Ip input of device 1 is not
only an instruction input but also provides the carry input to the array so the

I0 input of device 1 must be connected to the appropriate 93542/745182 input as
shown. '

When a non-arithmetic instruction is specified to the array, the control logic of
the 9405 forces a LOW Tevel on X and a HIGH Tevel on V outputs on all except the
most significant slice. An examination of the 93542/745182 Tlogic reveals that
whenever P is LOW and G is HIGH the associated carry output is the same as the

carry input. Thus, in Figure 2, devices 2, 3, and 4 will assume the logic level

as that presented to the I0 input of device 1 during non-arithmetic instructions
effectively bussing I0 through all four devices. As in the case of ripple expansion
X and Y outputs of device 4 represent Negative and Overflow from the array.
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19405

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMBOL PARAMETER VIN TYP MAX UNITS TEST CONDITIONS (Note 1)
VIH Input HIGH Voltage 2.0 \% Guaranteed Input HIGH Voltage
. XM 0.7
ViL Input LOW Voltage XC o8 Vv Guaranteed Input LOW Voltage
Veb Input Clamp Diode Voltage -0.9 -1.6 v Vce = MIN, Iy = —18 mA
XM 25 3.4
VOH Output HIGH Voltage \ Vee = = —
W, X ouTPUIS XC 2.7 34 Ge = MIN, lon = —400 A,
VOH Qutut HIGH Voltage X 2.4 34 v lop==2.0mA | yooomin
< 2,.02 XC 2.4 3.1 ’oH"S.amA —
10H [ Output HIGH Current 2 cuTPuT” | | 100 | A Voo =MIN, Vol =55V,
VoL Outpus LOW Voltags 03 04 | Vv Ve =MIN, 1o = 4.0 mA,
W X R 0,4 05 | v Ve =MIN, 1o = 8.0 mA,
I i T 0.3 0.4 v Vce = MIN, IoL = 8.0mA,
VoL 2 OiputtOY Vigltase 4 [ 0.4 05 | Vee =MIN, oL = [ ™A,
“Qutput OFf Current HIGH I 50 | wA | Vo SNAX, Yoyt LYY Vv, Vg 08
Pey I Output O Current LOW i -50 ! MA I Vees MA\( YOU )'ri\i'-—v;—-,—i‘
S S ’ b [* 10 20 uA vee = MAX, VIN=27V o
WH Input HIGH Current J . oA mA 'VCC MAX VIN 55\,
L4 o T A' N + V
he Input LOW Current R ) - I —0.36 | ‘mA | Vee = MAX ViN = 04
- : ~ - : A Z =0V (Note 3)
108 Output Short Circuit Current ~B0 - /00 mA Vcc = MAX, VouT 0 ‘:GQ -
. = o
IcCH Supply Current 95 mA Vee =MAX, nfuTs
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
2. Typical limits are at Vec=5.0V, Ta = 25°C.
3. Not more than one output should be shorted at a time.



SWITCHING CHARACTERISTICS (see Figure 1)

)

= 5V, TA = 25°C, C_ =15 pF

9405

ccC
SYMBOL
PARAMETER LIMITS UNITS COMMENTS
MIN | TYP | MAX

toH Propagation Delay, Positive -
tPHL Going CP to 00,01,02,03 25 ns EO, EX LOW
tPLH Propagiﬁion Delay, "
S I o herRES
tPLH Propagation Delay
tonL Data (00’01’02’03) to W 30 ns I], 12 LOW B
tPLH Propagation Delay

0 D.D..D Y.V 55
touL Data (DO’D]’DZ’D3) to X, Y > - 3
tPLH Propagation Delay, Data 1K ohm External Load

= ns
oy (DO, ], D ) to Z 55 Resistor to VCQ._“WMWWw_«WWU__M“mm.
t Enable_Delay, EO to Outputs 12
PZH
t % 01’02’03
PZL B

tPLZ Disable Delay,E0 to 00,0],02 03 10
tphz




SWITCHING SET-UP REQUIREMENTS (see Figure 1) 9405

= = o -
o LIMITS
SYMBOL PARAMETER MIN | TYP | MAX |  UNITS CONDITIONS
t Clock Period 75 ns
CW
touH Clock pg]se w1dthufﬁ;fﬁ) 40
toyL Clock pulse width (LOW) " 20
t EX Set up time, EX to CP 0
thER Hold Time, EX to CP 0
tSA Set up time, AO,A],A2 to 15 ns
- - negative going CP
A Hold time, Aj»Aj.A, to 0 ns
N positive going cp
tSD Set up time, DO’D1’D2’DS to 55 ns ER LOMW
- n positive going CP 1
tHﬁ Hold time, ﬁ',ﬁa,ﬁ',ﬁg to -20 ns
positive going Clock
tSI Se'F up time, IO’I‘]’IZ to positive 50 ns
going clock
thI Hold time, IO,I],I2 to positive 0 ns
going Clock




FAIRCHILD TTL MACROLOGIC* 9406
PROGRAM STACK

DESCRIPTION - The 9406 is a 16 word by 4-bit "Push Down-Pop Up" Program Stack.

It is designed to implement Program Counter (PC) and return address storage for
nested subroutines in programmable digital systems. The 9406 executes 4 in-
structions: Return, Branch, Call, and Fetch as specified by a 2-bit instruction.
When the device is initialized, the program counter (PC) is in the top location

of the Stack. As a new PC value is "pushed" into the Stack (Call Operation), all
previous PC values effectively move down one level. The top location of the Stack
is the current PC. Up to 16 PC values can be stored, which gives the 9406 a 15
level nesting capability. "Popping" the Stack (Return Operation) brings the most
recent PC to the top of the Stack. The remaining two instructions affect only -
the top location of the Stack. In the Branch operation a new PC value is loaded
into the top location of the Stack from the 56'- ﬁg'inputs. In the Fetch operation,
the contents of the top Stack Tocation (current PC value) are put on the Xg - X3
bus and the current PC value is incremented.

The 9406 may be expanded to any word length without additional logic. Three-State
output drivers are provided on the 4-bit Address Outputs (X0 - X3) and Data Out-
puts, (56'— ﬁg); the X-bus outputs are enabled internally during the Fetch in-
struction while the 0-bus outputs are controlled by an Output Enable (Eﬁb). Two
status outputs, Stack Full (SF) and Stack Empty (SE) are provided. The 9406 is a

member of Fairchild's 9400 Macrologic family, and is fully compatible with all
TTL families.

FEATURES
16 word by 4-bit LIFO

15 level nesting capability

Relative addressing capability

10 MHz Microinstruction Rate

Program Counter loadable from data bus

Optional automatic increment of program counter
Stack Timit status indicators

24 pin package

Three State Outputs

*A Trademark of Fairchild Camera and Instrument Corporation.



LOADING (note a)

LEAD NAMES HIGH (U.L.) LOW (U.L.)
55‘—'5; Data Inputs (Active LOW) 0.5 0.23
qu I] Instruction Inputs ] 0.5 0.23
EX Execute Input (Active LOW) 0.5 0.23
CP Clock Input 0.5 0.23
MR Master Reset Input (Active LOW) 0.5 0.23
[31 Carry Input (Active LOW) 0.5 0.23
Eﬁb Output Enable Input (Active LOW) 0.5 0.23
55'- 55' Output Data Outputs (Active LOW) 130 10 (note b)
X0 - X3 Address Outputs 130 10 (note b)
co Carry Output (Active LOW) 10 5 (note b)
SF Stack Full Output (Active LOW) 10 5 (note b)
SE Stack Empty Output (Active LOW) 10 5 (note b)
NOTES:
a. 1 unit Toad (U.L.) = 40 ua HIGH, 1.6 ma LOW.
b. Output current measured at VOUT = 0.5V
CONNECTION DIAGRAM
DIP (TOP VIEW)
LOGIC SYMBOL
[ Ex Ay vpp ] 24
2[to tif ]2
2 3 21191715 3E h %0 322
1o 11 _Dg D7 D2D: ‘ ‘g Kl
23—02:’ 0 11 Yo L1203 ;g::;a 5Es°p 63320
2,2::%% 2406 XSE')—‘ s[] ¥R o[ Jre -
MR 00010203 XoX1X2X3 | e 5[
6 20181614 8 9 1011 QEXO 52317
9|: X3 5, 1.
Vpp = Pin 24 0[] % Baf]1s
Vgg =Pin12 ”E X3 oy 314
12[] Vss cof]

Bl
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INSTRUCTION SET FOR THE 9406

I Ip

Instruction

Internal Operation

X-Bus

0-Bus (with EOp LOW)

Return (Pop)

Decrement Stack Pointer

Disabled

Depending on the relative timing

of EX and CP, the outputs will
reflect the current program counter
or the new value while CP is Low.
When CP goes High again, the output
will reflect the new value.

Branch (Load PC)

Load D-Bus into current
Program Counter location

Disabled

Current Program Counter until CP
goes High again, then updated with
newly entered PC value.

Call (Push)

Increment Stack Pointer &
Load D-Bus into new Program

Counter location.

Disabled

Depending on the relative timing

of EX and CP, the outputs will
reflect the current program counter
or the previous contents of the
incremented SP location. When CP
goes HIGH again, the outputs will
reflect the newly ‘entered PC value.
See Figure 9 for details.

Fetch
(Increment PC)

Increment current Program
Counter if CI is LOW

Current Program
Counter while both
CP & EX are LOW,
disabled while CP
or EX is HIGH

Current Program Counter until CP
goes HIGH again, then updated with
incremented PC value.

HIGH Level
LOW Level




FUNCTIQNAL DESCRIPTION - As shown in the Block Diagram, the 9406 consists of an
input multiplexer, a 16 X 4 RAM with output latches addressed by the Stack Pointer
(SP), an incrementor, control logic, and output buffers. The 9406 is organized
around three 4-bit buses; the Input Data Bus (ﬁa - —g), Output Data Bus (56'- 55)
and the Address Bus (X0 - X3). The 9406 implements 4 instructions as determined
by inputs I0 and 11. (see Table I). The 0-Bus is derived from the RAM output
latches and enabled by the active LOW Output Enable (Eﬁb) input. The X-Bus is

also derived from the output latches; it is enabled internally during the Fetch
instruction. Execution of instructions is controlled by the Execute (EX) and clock
(CP) 1inputs.

FETCH OPERATION - The Fetch Operation places the content of the current Program
Counter (PC) on the X-Bus. If the Carry In (CI) is LOW, the current PC is incre-
mented in preparation for the next Fetch. If CI is HIGH, the value of the current
program is unchanged, (Iterative Fetch).

The instruction code is set up on the I 1lines when CP is HIGH. The active level
LOW Execute (EX) is normally set up at this time as well. The control logic inter-
prets I0 and I] and selects the incrementor output as the data source to the RAM
via the input multiplexer. The current PC value is Toaded into the latches and

is available on the 0-Bus if EQ, is LOW. When CP is LOW the output Tatches are
disabled from following the RAM output, when both CP and EX are low, buffers are

enabled, applying the current PC to the X-Bus. The output of the incrementor is
written into the RAM during the period when CP and EX are LOW. If CI is LOW, the

value stored in the current PC, plus one, is written into the RAM. If CI is HIGH,
the current PC is not incremented. Carry Out (Eﬁ) is LOW when the contents of the
current PC is at its maximum, i.e., all ones and the carry in (CI) is LON. When
CP or EX goes HIGH, writing into the RAM is inhibited and the Address Buffers

(Xg - X3) are disabled.

BRANCH OPERATION - During a Branch Operation, the Data Inputs (ﬁg - 5;) are loaded
into the current program counter.

The instruction code and the EX input are set up when CP is HIGH. The Stack Pointer
remains unchanged. When CP goes LOW (assuming EX is LOW) the D-Bus inputs are written
into the current PC. The X-Bus drivers are not enabled during a Branch Operation.

CALL OPERATION - During a Call Operation the content of the data bus is loaded into
the top location of the stack and all previous PC values are effectively moved down
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one level.

The Instruction code and the EX input are set up when CP is HIGH. When EX is
LOW, a "one" is added to the Stack Pointer value thus incrementing the RAM
address. Since the output latches go to the nontransparent or store mode when

CP is LOW, the 0-Bus outputs while CP is LOW will reflect the RAM output at the
CP negative going transition. If EX goes Tow considerably before CP goes LOW,
the 0-bus will correspond to the previous contents of the incremented RAM address
after CP goes LOW. If CP goes LOW a very short time after EX, the O-bus will
remain unchanged until the LOW to HIGH transition of CP.

When CP is LOW (assuming EX is LOW) the D-Bus inputs are written into this new
RAM location. On the LOW-to-HIGH CP transition, the incremented Stack Pointer
value is loaded into the Stack Pointer Register and the 0-bus outputs reflect
the newly entered data. When the RAM address is "1111" the Stack Full output
(SF) is LOW, indicating that no further Call operations should be initiated.
If an additional Call Operation is performed SP is incremented to (0000), the
contents of that location will be written over, SF will go HIGH and the Stack
Empty (SE) will go LOW.

The X-Bus drivers are not enabled during a Call Operation.

RETURN OPERATION - During the Return Operation the previous PC is "popped" to
become the current PC.

The instruction is set up when CP is HIGH. When EX is LOW, a "one" is subtracted
from the Stack Pointer value, thus decrementing the RAM address. If EX goes LOW
considerably before CP goes LOW, the O-bus will correspond to the new value after
EX goes LOW. If CP goes LOW a short time after EX, the 0-bus will remain unchanged
until the LOW to HIGH transition of CP.

On the LOW-to-HIGH CP transition the decremented Stack Pointer value is loaded into
the Stack Pointer Register and the 0-bus outputs correspond to the new "popped"
value,

The X-Bus drivers are not enabled during a return operation.

When the RAM address is "0000", the Stack Empty output (SE) is LOW, indicating

that no further return operations should be initiated. If an additional Return
operation is performed, SP is decremented to "1111", the SE will go HIGH and the
Stack Full output (SF) will go LOW. Operation of the active LOW Master Reset (MR)
causes the SP to be reset and the contents of that RAM location (0000) to be cleared.
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The Stack Empty (SE) output goes LOW. This operation overrides all other inputs.

MULTIPLE 9406 OPERATION - The 9406 may be expanded to any word length in multiples
of 4 without external logic. The Connection for expanded operation is shown in
Figure 1. Carry In (CI) and Carry Out (CO) are connected to provide automatic
increment of the current program counter during the Fetch Operation. The Ef'input
of the least significant 9406 is tied LOW to ground,

If automatic increment during Fetch is not desired,

| the CT input of the Teast
significant 9406 is held HIGH.

DATA INPUT
LsB mss
o B B3 O3 By by Bg D7 Dg g D100,
h
° { I ]
& | ) | Q0
2 Dy Dy Dy D3
o h Do Dy Dy D3 Ip 1 Dg D) Dy O3 0t
r- x ¢ co ¢ co ¢ o’ co CARRY OUT
e 1 ce S4 O SF fom— e 9 4‘0 & sF fo— CP 9 4{/@ sF Jo—STACK FuLL
= Ldofex e . ~~Ofex sefo 0 ex SE JO—=STACK EMPTY
D, —O} EO £0g
&0 503‘“ Og 01 02 03 Xg Xy X2 X3 rgn Op 01 02 03 Xg X1 X3 X3 M Og 01 02 03 Xg X X X3
‘—g 3099 0 900909 Ty
MR
LsB L ms8
Oo 51 02 03 Xp X1 X2 X3 04 05 Og O7 X4 X5 Xg X7 Cg 09810011 xg XgX1gX11
C ] I
DATA‘ 8US ADDRESS 8US
FIGURE 1. 2406 EXPANSION A 16 BY 12 PROGRAM STACK
*Tie to V.. to disable automatic increment.
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9404

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMB PARAMETER UNIT. TEST CONDITIONS (Note 1
oL ARAMET YT P MAX S (Note 1)
ViH Input HIGH Voltage 2.0 v Guaranteed Input HIGH Voitage

. XM 0.7 i
ViL Input LOW Voltage XC 08 \ Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voitage ~0.65 -1.5 \" Vee = MIN, Ijy = =18 mA
v Output HIGH Voit M 28 34 Y \% MIN, | 400 uA

u oltage = , = ,

OH -t XC 2.7 34 ce OH s

N o VAT 2 -
VoH | Output HIGH Voltage - X4 2.4 3.4 B— \' loy==2.0mA Vee = MIN
%M},)c’z)/\ji “J_C’Ct’zi 'XC qu' 3-' ’DH:-S'Z’”'Q___.,A _
N | o2 4. v Vee =<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>