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THE COMPANY Since formation in 1969, MOSTEK has
grown dramatically in product development, geographic
scope and technological capability. Sales have
advanced from $1 million in 1970 to an excess of $40
million in 1973.

Geographic expansion has been just as rapid. Sales
representation is virtually worldwide and manufacturing
plants are now operating in Carrollton, Texas; Worcester,
Massachusetts; and Penang, Malaysia. A complete
MOSTEK circuit design facility is located in Stuttgart,
West Germany.

Engineering strengths have been particularly
important to this growth pattern. The superior
engineering design capabilities at MOSTEK have
regularly increased the state-of-the-art of the entire
industry.

MOSTEK “firsts” include...

v First production of low threshold PMOS by ion-
implantation

» First single-chip calculator

¥ First production of MOS/LSI having both
enhancement and depletion transistors on the
same chip

v First TTL compatible 1024-bit RAM
V¥ First single 5-volt supply PMOS

¥ First MOS/LSI circuit combining N-channel,
silicon-gate and ion-implanted depletion
load processes

¥ First 4096-bit Random Access Memory

FACILITIES

MOSTEK's continued growth is evidenced by the
recent addition of 40,000 square feet to the Dallas
facility and the purchase of a 273,000 square foot plant
in Lowell, Massachusetts. This will bring MOSTEK's total
facilities to approximately 449,000 square feet.

Dallas area MOSTEK 136,000
Worcester 8,000
GMBH Stuttgart, West Germany 5,000
Penang, Malaysia 27,000
Lowell, Massachusetts 273,000

449,000



MANUFACTURING

OPERATIONS PLANNING, PURCHASING AND
INVENTORY CONTROL To organize MOSTEK's
explosive product output, a complex system of
computerized information has been developed for
planning and control purposes. These systems include a
long-range linear programming model for forecasting
manufacturing capacity constraints in relation to
anticipated sales; a complex system of scheduling
production and inventory control reports; and product
yield and costing reports. This information is routed to
company locations in Worcester, Massachusetts;
Penang, Malaysia; and three subcontract offshore
assembly facilities as well as all sales offices.

PROCESSING TECHNOLOGY

With the incorporation in 1969 of ion-implantation into
standard PMOS processing, MOSTEK pioneered a
technique enabling the use of both depletion and
enhancement transistors on the same device. This
technique gave improved performance and allowed
process optimization for lowering device costs. MOSTEK
has recently expanded its production processing
capabilities to offer ion-implanted N-channel MOS and
CMOS devices having improved electrical character-
istics over non-implanted versions.

MOSTEK currently operates two separate wafer
fabrication facilities devoted to high volume production
of MOS devices. The original facility located in
Worcester, Massachusetts has approximately 8,000
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MANUFACTURING ENGINEERING

The two major operations within MOSTEK
manufacturing engineering are test equipment
engineering and product engineering. Both efforts begin
early in the product design state and continue
throughout the product life. At MOSTEK, new product
designs are quickly evaluated using a sophisticated
computer system including Fairchild 500 and 600 units
and an STS Venture |l. In addition, MOSTEK developed
unique parametric measuring and timing units to
complement the computer evaluation network.

In order to offer the most thorough testing of MOS/LSI
circuits, MOSTEK designed and built the “Bluebird”
series of IC testers. MOSTEK now operates eleven of
these sophisticated systems, testing 100% of all
units shipped.

. g,

square feet primarily utilized for processing two-inch
and three-inch silicon slices. The second facility,
located at MOSTEK headquarters in Carrollton, has
approximately 28,000 square feet primarily utilized for
processing of three-inch slices. An additional 63,000
square feet is being prepared for occupancy in 1975 in
Lowell, Massachusetts as a third process area.

At MOSTEK’s Worcester facility, more than one million
wafer implants have been performed, making this facility
the world’s largest supplier of ion-implanted MOS wafers.

All photomask shipments are sampled by Quality
Control for geometry control, etch accuracy and physical
damage. Each set of newly shipped masks is checked
for proper registration. MOSTEK has found that well-
defined and tightly controlled mask specifications have
a high impact on circuit yield.



Each assembly piece part shipment (packages, gold
wire, preforms, lids, etc.) is checked for physical
dimensions, plating thickness, bondability, tensile
strength, wetability and hermetic seal before release to
the manufacturing department.

WORKMANSHIP QUALITY CONTROL

MOSTEK's wafer processing is performed in class
100 environments having humidity and temperature
control. These operations are performed by highly skilled
manufacturing personnel and are continuously
monitored by quality control operators to insure con-
formance to all specifications.

Each die receives a manufacturing 100% visual
inspection and a QC Lot Acceptance prior to its
submission to the Assembly process. The assembled

Uses include:

(1) Real time process control for the wafer fabrication

areas

(2) Design and prototype analysis of new products

(3) Wafer processing research and development

(4) Wafer/lot analysis

(5) Failure analysis
QUALITY ASSURANCE

MOSTEK places unusual emphasis on product quality
evidenced by the ratio of manufacturing to QC personnel
of 10:1. The common industry ratio is 20-30:1. And at
MOSTEK 30% of the QC staff are high technology
professionals.
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unit is then subjected to another manufacturing 100%
inspection and a QC Lot Acceptance immediately prior
to the sealing (encapsulation) process. MOS is a surface
oriented technology and most defects can be detected
by well-trained assembly and QC operators.

Each completed device receives an electrical test by
the manufacturing department; additionally all material
is submitted to sample electrical testing by Quality
Assurance personnel. All lots rejected are
rescreened 100%.

The MOSTEK Quality Department uses one of the most
powerful analytical tools available today. This
instrument, the Scanning Electron Microscope (SEM),
allows an order of magnitude improvement in resolving
power over standard light microscope equipment.

INCOMING MATERIAL QUALITY CONTROL

Polished silicon wafers are purchased under
specifications including wafer thickness, resistivity,
diameter, crystal orientation and dislocation distribution.
Each shipment is sampled by Quality Control prior to
release to production.

Electronic grade chemicals are used exclusively.
Proprietary solutions, such as oxide and metal etch
solutions, are checked with respect to etch rate and
discoloration prior to release to the manufacturing line.
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Shift

Registers

MK 1002 P
MK 1002 N

DUAL 128-BIT

MOS Static Shift Register

MOSTEK

FEATURES:

O lon-implanted for full TTL/DTL compatibility — no interface

circuitry required

[0 Single-phase, TTL/DTL compatible clocks
[0 Dual 128-bit static shift registers — 256 bits total
[0 Dual sections have independent clocks

O Recirculate logic built in
[0 DC to 1 MHz clock rates

O Low power dissipation — 130 mW

O 16-pin dual-in-line package

APPLICATIONS
[ Delay lines
[0 Buffer data storage

O Recycling test data sequencer

[ Digital filtering

DESCRIPTION

The MK 1002 is a P-channel
MOS static shift register utiliz-
ing low threshold-voltage proc-
essing and ion-implantation to
achieve full TTL/DTL compat-
ibility. Each of the two inde-
pendent 128 bit sections has
a built-in clock generator to
generate three internal clock
phases from a single-phase
TTL-level external input. In
addition, each section has
input logic for loading or re-
circulating data within the
register. (See Functional Dia-
gram.) The positive-logic
Boolean expression for this
action is:

OUT (delayed 128 bits) =
(Re) (Din) + (Re) (Rin)

The Data, Recirculate Control,
and Clock inputs are provided

with internal pull-up resistors
to Vg (+5V) for use when driv-
ing from TTL. These resistors
can be disabled when driving
from circuitry with larger out-
put-voltage swings, such as
DTL. Enabling of pull-up re-
sistors is accomplished by
connecting the appropriate
terminal to Vgg; disabling by
connecting to Vg. The Recir-
culate inputs are not provided
with pull-up resistors since
they are generally driven from
MOS.

Shifting data into the register
is accomplished while the
Clock input is low. Output data
appears following the positive-
going Clock edge. Data in each
register can be held indefi-
nitely by maintaining the Clock
input high.

FUNCTIONAL DIAGRAM

Output Logic: See Description.

9? CLOCK 5
14 M Vss
RmAO— —_
12
ron0" St ren [T 0
DinACzds ] A %.
Vss
RinBO'a—‘
SHIFT 5
RCBO4 ; SEGISTER -Dm— Sora
DingO: %
ol_té |§ vt
VRg y ss.
ss
R 100
VSS VDD VGG CLOCKB \/Rﬂ
OPERATING NOTES
DATA
Rc R, D, | ENTERED
1 X 1 1
1 X 0 0
0 1 X 1
0 0 X 0
“1” = VSS = +5V
“0” = Vpp = Grd
X = No Effect




ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vpp Vg — 100 V
Supply Voltage, Vge - . Vg — 200V
Voltage at any Input or Output . Vss + 0 3 V to Vi — 100V
Operating Free-air Temperature Range . . 0°Cto +75°C

Storage Temperature Range .

RECOMMENDED OPERATING CONDITIONS

(0°C < T, < 75°C)

. _55°C to +150°C

PARAMETER MIN TYP MAX UNITS COMMENTS

E Vs Supply Voltage 4.75 5.0 5.25 \ Vop =0V
e Vee Supply Voltage!! —12.6 —12.0 —11.4 \"
,g V. Input Voltage, Logic 012 0 Vgs—4 \%
= Vi Input Voltage, Logic 1 Vgs—1 5.0 Vss v

f Clock Repetition Rate DC 1 MHz

tep Clock Pulse Width 0.35 10 us
© toa Clock Pulse Delay 0.4 us See
E to, Clock Pulse Risetime .010 0.2 us Timing
E tys Clock Pulse Falltime .010 0.2 us Diagram
; taig Data Leadtime 50 ns
- tag Data Lagtime 200 ns

g Recirculate Control Leadtime 100 ns

tig Recirculate Control Lagtime 300 ns

ELECTRICAL CHARACTERISTICS

(Vgs =-+5 =0.25V, Vg =

—12 +0.6V,Vpp =0V, T, = 0°C to 475°C, using test circuit shown, unless otherwise noted.)

PARAMETER MIN TYP3 MAX | UNITS CONDITIONS
Iss Power Supply Current, Vg 14 25 mA | fs=1MHz
E Inputs & Outputs open
(=]
& lee Power Supply Current, Ve 5 10 mA
C Input Capacitance, any Input 3 10 pF V)= Vg f =1MHz
T, = 25°C
M Input Current, Logic 0:
Resistors Disabled? —40 A V, = Vg —5V
g Resistors Enabled? -0.3 -1.6 mA = +4-0.4V
a.
= iy Input Current, Logic 1, Any Input 40 wA VR,, VRg, VR¢ = Vg
V) = Vg
liR(on) Input Current at Recirculate Inputs? —40 A VR,, VR;, VR = Vg
V| = Vss —_ 5V
g Vo | Output Voltage, Logic 0 (3) 0.4 V | I,=—-16mA
2 | Vou | Output Voltage, Logic 1 (3) Vg — 1 Vol = 4100 zA
. torm Output Delay, Low to High (3) 450 S | See Timing
= tomL Output Delay, High to Low (3) 450 ns | Diagram and
£5| tvr Output Voltage Rise Time (3) 100 | 150 ns | Test
. Circuit
tyor Output Voltage Fall Time (3) 100 | 150 ns
NOTES:
1. Other supply voltages are permlssmle providing that supply and input voltages are adjusted to maintain the same potential relative to Vss, e.g., Vss = OV,
Vop = —5 =+ 0.25V, Ve = —17 =+ 0.85V.

2. MOS pull-up resistors to 4 5V are provided internally. These MOS resistors are enabled by connecting VRa, VRs and VR¢ to Ves, and disabled by connect,
ing VRa, VRs and VR¢ to Vss. Pull-up resistors not provided at recirculate inputs.

3. At Ta = 25°C. 7
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Shift CLOCK Vss QOOF‘QY_‘E- —_—\ — _r_—:éf:X:;_/ —\— — g—_L
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tdig
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The timing diagram applies to either section of the dual shift register. The test conditions for these wave-
forms are illustrated below. A logic 1" is defined as +5V and a logic 0" is defined as Qv

As long as Rcis at a “'1”, Ri. is disabled and Di, is enabled. The data that is present at Di. while the clock
is at "0" is shifted in and will be stored as the clock goes to a “1"" This data must have been present taq
time prior to the clock 1" edge. The data must also remain in that same state for ta time after that edge.
These times are necessary to insure proper data storage in the first register-cell.

On the clock 1" edge, data is shifted through the register causing bit 127 to be shifted to position 128.
This cell's output is buffered and appears at the output in the same logic polarity that appeared at the
input 128 clocks prior. This data appears within t.s time of the clock “1" edge.

Ri» may be hardwired to the data output. When Rc is at a 0", Ri, is enabled and Di, is disabled. Therefore,
the output data will appear at the input of the first cell. When R, is tied to the data output, the
output delay will insure taiq and tas times. Rc 0" time must lead the clock “1"" edge by t.4 time and must
lag that edge by t.y time to insure proper data storage when recirculate storage is desired.

TEST CIRCUIT GRD Vss
(o} Q
I e e 1
! I
| Vss VDD VGG | 29K 1%
| RlN | )
) : ouT $——o TP
wor | I
o <_[>o_ Din MK1002P
patiem | VR Rc CLK circuit | # 20pF
-2V - | ] under test ' | *
_____ B S | d

VDD O——X -
{>c VoD
Vss 0——o0

clock jl>c ' * Includes scope and
pulse Inverters are 74 seriesTTL test jig capacitance




APPLICATIONS 9 This shows the MK 1002 P
connected to operate as
V.
a %_C,J—' > a single, 256-bit, static [
shift register. Pull-up Reqi
. gisters
Recirculate s 128-bit STATIC % 12 resistors are enabled at
Control " — SHIFT RAEG'STER TTL driven inputs and dis-
abled at MOS or DTL
12v <] H driven inputs. Af‘y simi-
1 lar TTL/DTL device may
Vss be used in place of the
Data . h
Input — T 7 s inverters shown.
*5
© +5V 128-bit STATIC | | | > |5  Data
4 SHIFT REGISTER Y Output
2 ] : oL
Clock ML Vss
Input s +5V 1] A - 4
oJL Ve ,
Inverters are 74-series TTL
8 79 64 !y 0y
+5V GRD -12V -2V

PACKAGE 16-pin plastic dual-in-line PACKAGE 16-pin ceramic dual-in-line PIN CONNECTIONS
. SYMBOLIZATION ‘ 310
ﬁ:;;o IDENTIFICATION ‘ 2°§-°°3"° o TOP VIEW
OF PIN ONE __L 16 PIN CDIP
Ve VRg | []e j 16 VRa
. :ozs_‘l .800 * 010 ——————#
.ouo—-t—_'325 Ding 2 [: :l 15 Dina
____L
ogonom '0|65 095* 010 Ring 3 E :] 14 Ripa
_T_ | __{_ 035 010
.o?;gu_“ J 130 B Rcs 4 E :I 13 Rca
——L_-.lr—manp -]Loeorw 10’-— ““‘()5(,)82 T°Y5: 3% Outg 5 D j 12 Outp
7 EQUAL SPACES .100 90_/.
F 105° Vgs 7 E :] 10 VRrg
T e L ‘J\'—m % | Clockg 8 ] 9 Clocka
SuffixN 880 Suffix P 3aTvR
TYPICAL PERFORMANCE
140 fg=1MHz
Vgs=5.0V 380 —
135 Vop= 00V 2 360
130 oo™ g
125 Vgg==-12.0V é 340 —
= 120 e 320
3 ] —
o £ 300
& 0 - 3 Voo = 0V
280 —
105 — N Voo = —12.0V
100 — 260 ,
95 04
U F T T 17 1° 1 1 1
Ta(°C) 0 10 20 30 40 50 60 70 80 TA(C) 0 10 20 30 40 50 60 70 80
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MK 1002 L

DUAL 128 BIT

MOS Static Shift Register

MOSTEK

DESCRIPTION

The MK 1002 is a P-channel MOS static shift register
utilizing ion implant, low-threshold voltage processing
to achieve full TTL/DTL compatibility. Each of the two
independent 128-bit sections has a built-in clock gen-
erator to generate three internal clock phases from a
single-phase TTL level external input.

Shifting data into the register is accomplished while
the clock input is low. Output data appears following
the positive-going clock edge. Data in each register can
be held indefinitely by maintaining the clock input high.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS

VSS 9o —jm—=F—— _
Din 0% o/ — _|— ._“_\_

LOGIC “1”
OUTPUT 50% — — — —
LOGIC “0”
° . ° £~
§5 5s 28
» E » E -5
: O - O 3=
:— : ;0 : ZO;Z—
75

0" out from
Din(dly-128)

W Vas N.C.
| S — Din Ding
N } > ' 2
| 2
DINy O SHIFT REGISTER BUFFE| F—O 0UT,
l/ A Outp Outg
2 8
A B
3 T
Voo
8 Ve
DINg 0—9—__{\ SHIFT REGISTER @——o 0UT, o6
B 4 A
cLOCK s v
l_/\/\/\,__r. Vss 'Ss
Vss
| I G TOP VIEW
5 6 3 7 4 N.C.= no connection
s &5L 4
Vss VsS VoD VGG CLOCK
TIMING PACKAGE
t
¢f"'
ss Lo
CLOCK 90%™ ~
10%~ —
tdlad

BOTTOM
VIEW

NOTES
A ALL DIMENSIONS IN INCHES UNLESS
OTHERWISE SPECIFIED
B ALL LEADS WELDABLE AND SOLDERABLE




ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vpp Vgg — 100 V .
Supply Voltage, Ve . . . Vg — 200V Shift
Voltage at any Input or Output . Vss + 0 3Vito Vg— 100V Registers
Operating Free-air Temperature Range . . 0°Cto +75°C

Storage Temperature Range . .——55 °C to +150°C

RECOMMENDED OPERATING CONDITIONS (0°C < T, < 75°C)

PARAMETER MIN TYP MAX UNITS CONDITIONS
E Vg Supply Voltage 475 5.0 5.25 \Y
I~ Vee Supply Voltage!! —12.6 —12.0 —11.4 \"
.'!’5 Vu Input Voltage, Logic 02 0 Vgs—4 Vv
= Viu Input Voltage, Logic 1 Vgs—1 5.0 Ves v
fo Clock Repetition Rate DC 1 MHz
P typ Clock Pulse Width 0.35 10 us
E toq Clock Pulse Delay 0.4 us See
. t, Clock Pulse Risetime .010 0.2 us Timing
E tos Clock Pulse Falltime .010 0.2 us Diagram
tag Data Leadtime 50 ns
taig Data Lagtime 200 ns
ELECTRICAL CHARACTERISTICS
(Vgg =—+5 =0.25V,Vg o = —12 £0.6Y, Vpp = 0V, T, = 0°C to 475°C, unless otherwise noted.)
PARAMETER MIN TYP3 | MAX | UNITS CONDITIONS
- Iss Power Supply Current, Vg 14 25 mA | fo=1MHz
S Inputs & Outputs open
(=]
= lee Power Supply Current, Vg 5 10 mA
(o} Input Capacitance, any Input 6 10 pF V, =V, f =1MHz
Clock 12 20 pF | T, =25°C
Iy Input Current, Logic 0,
;5_ Clock -0.6 -3.2 mA | V, = +0.4V
=
- Iu input Current, Logic 1, Any Input 40 uA Y
| SS
E Vou Output Voltage, Logic 0® 04 v L= —1.6mA
'é Vou Output Voltage, Logic 1@ Vg — 1 \" I, = +100 uA
ton Output Delay, Low to High® 450 | ns
(=] .
= E tomL Output Delay, High to Low(® 450 NS | see Timing
§ S | tyor Output Voltage Rise Time® 100 150 ns Diagram
tvor Output Voltage Fall Time® 100 150 ns
NOTES:
1. Other supply voltages are permissible providing that supply and input voltages are adjusted to maintain the same potential relative to Vg, e.g., V¢g = OV,
Vpp = —5:+£0.25V, Vgg = —170.85V.

2. Pull-up resistances to 45V are provided internally at Clock Input.
3. At TA:25°C. 11
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MK 1007P
MK 1007N

320 Bits (4x80)

MOS Dynamic Shift Register

MOSTEK

FEATURES:

O lon-implanted for full TTL/DTL compatibility
O Single-phase, TTL/DTL-compatible clock

1 Internal pull-up resistors

O Clock frequency 10 kHz to 2.5 MHz

[0 Built-in recirculate logic for each register

[0 Power Supplies: +5V and —12V

APPLICATIONS:

[0 CRT display systems

1 Buffer data storage
[0 Delay lines
[ Digital filtering

DESCRIPTION

The MK 1007 P contains four
separate 80-bit MOS dynamic
shift registers on a single chip,
using ion-implantation in con-
junction with P-channel proc-
essing to achieve low threshold
voltage and direct TTL/DTL
compatibility. All logic inputs,
including the single-phase
Clock, can be driven directly
from DTL or TTL logic. Pull-up
resistors to +5V are provided
for worst-case TTL inputs.

Each 80-bit register has inde-
pendent inputs and outputs and
a control input (RE) which al-
lows external data to be shifted
into the register (at logical 0) or
data at the output to be recir-
culated into the register (at
logical 1).

All four registers use a com-
mon (external) Clock input. With
the Clock high (1), data is
shifted into the registers. Fol-
lowing the negative-going edge
of the Clock, data shifting is
inhibited and output data ap-
pears. Output data is True,
delayed 80 bits.

Since the MK 1007 P has zero
lag-time requirements for data
inputs, devices may be cas-
caded, i.e., the output of one
device may be fed directly to
the input of another device. All
inputs are protected to prevent
damage due to static charge
accumulation.

FUNCTIONAL DIAGRAM

OUTa OUTo
17113

REg =

80 BIT D Q 80 BIT
REGISTER REGISTER
4
GENERATOR
80 BIT 80 BIT
REGISTER REGISTER

+oDinc

1618l 12l I8V
Vss Voo Veg 0UTs OUTe

OPERATING NOTES:
1.

Recirculate Enable (RE) =
Logic 1 = output data recir-
culated.

Output data (delayed 80 bits)
maintains same logic state
when RE = 1.

Recirculate Enable (RE) =
Logic 0 = Data In (D) en-
abled.

Output data (delayed 80 bits)
attains same logic state as D;,
when RE = 0.

Output data follows the clock
negative edge.




ABSOLUTE MAXIMUM RATINGS
Supply Voltage Vpp .

Supply Voltage Vg¢ .

Voltage at any Input or Output
Operating Free-air Temperature Range .
Storage Temperature Range

. Vgs+03VtoV—20V
. VSS+03Vt°VSS_20V
) Vss+03VtoVss—20V
. . . 0°Cto75°C
—-55°C to +150°C

Shift

Registers

RECOMMENDED OPERATING CONDITIONS
(0°C < T, < 75°C)

PARAMETER MIN TYP MAX | UNITS | COMMENTS
; Vss  Supply Voltage 4,75 5.0 5.25 Y Vep =0V
© | Vee Supply Voltagel! —-12.6 -12.0 -11.4 Vv
g V. Logic ‘0" Voltage, any input 0.0 0.8 Vv
g Viy Logic “1” Voltage, any input @ |V — 15| +5.0 Ves "
f¢  Clock Repetition Rate .01 25 MHz
tp, Clock Pulse Width 150 100 us’ || NOTE: Total
permitted clock
g t¢qa Clock Pulse D.ela\.( 150 100 us times will be
z t¢. Clock Pulse Risetime .010 5 23 determined by
= | t¢¢ Clock Pulse Falltime .010 5 ps__ | clock frequency, fg.
Z | tas Data Leadtime 150 ns
tag Data Lagtime 0 ns
t.a Recirculate Control Leadtime 200 ns
tig Recirculate Control Lagtime 50 ns
ELECTRICAL CHARACTERISTICS
(Vss = 45 +0.25V, Ve = —12 0.6V, Vp, = 0V, Ta = 0°C to +75°C, unless otherwise specified.)
PARAMETER MIN TYP®) MAX UNITS CONDITIONS
; lss Vgs Power Supply Current®) 22.0 40.0 mA fo = 2.5 MHz;
2 |[lee Veg Power Supply Current®) 9.0 16.0 mA outputs open
Cwn Capacitance at Data, V, = Vg5, f¢ = 1 MHz
RE, and Clock Inputs®) 3 pF
g I,  Logic “0” Current, any input(® 0.6 1.1 1.6 mA V,=04V
B iy Leakage Current, any input 1 rA V,=Vg—5.5V: Vss=Vpp=Vee
R,y Input Pullup Resistance(®) 30 8.4 ke V,=04V
s-g Vo Logic “0” Output Voltage® 0.4 v L= -1.6mA
=1 Vou Logic “1” Output Voltage® Vg — 1 \'} I, = 4100 A
;e |ty Output Delay, Low to High 75 200 ns - .
==
&3 |ty Output Delay, High to Low 75 200 ns See Timing Diagrams
& Pp;;) Power Dissipation) 220 mw fo = 2.5 MHz
;g Ppaz) Power Dissipationtl 195 mwW fo = 1 MHz
Pp;) Power Dissipationt 170 mw = 10 kHz
NOTES:

(1) Other supply voltages are permissible providing that supply and input voltages are adjusted to maintain the same

potential relative to Vss, e.g.,Vss=0V,

Vo= —5V,

66—

(2) Pull-up resistances to +5V are provided mternally

(3) Typical values at TA=25°C, Vss=+5.0 V
(4) lss will increase a maximum of 1.6 mA for each input at logic

(5) At: Ta=

25°C.

Von= —-12.0 V.

llo.’Y
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Registers

14

TIMING

CONDITIONS:

1. All timing relationships apply to any of the four registers.
2. Logic 0 is defined as Vy, or ground; logic 1 as Vs or +5V.

1 2
/s

top— p—ted—
90%-—;——— - - -
cLock 10%— /. — __S___

80 1 2

RE 10%— — — 2\ \

trig~

DATA OU

bV e e - -

1 2

0%- - /===
cLock 10%— -/~ — - — | Ly AN VNN /A -—--_/——\_

DATA IN (0) F —\

toLH~ —- toHL

SHIFT: Fig. 1 illustrates shifting a logic 1 bit from
the Data Input (D,) through one of the 80-bit
registers. RE (Recirculate Enable) at logic 0 en-
ables D;,. RE must go to logic 0 for t,, time (Re-
circulate Control Leadtime) prior to the Clock’s
negative edge, and must maintain that state at
least until the Clock’s negative edge (t,,) to
insure proper data shifting. This data bit entered
will appear 80 clock pulses later within Output
Delay Time (tp) of that Clock’s negative edge.

RECIRCULATE: Fig. 2 illustrates recirculating a
bit present at the output back through the reg-
ister. RE must attain a logic 1 for t, 4 time (Recir-
culate Control Leadtime) prior to the Clock’s
negative edge, and must maintain that state at
least until the Clock’s negative edge (t,4) to
insure proper data recirculation. The bit entered
will appear 80 clocks later as shown.




APPLICATIONS

Shift
ROM Registers
CLOCK « cc?ufrAR%L p—* PRE
CYCLE CLOCK cLOCK
—_— . -
MKIOO7P |CLK '| 1 wsrase
"IR',I:‘ A ouT READ READ pg €. CLOCK
B8 ) Eour
| 87 c tPRE
] RE B our A7 86 B
PAGE A6 BS A~ PpRE SER
MEMORY m R ouT) A5 MK2408P PREe—t =+
e — A4 84 £. PRE
83
B3 ¢! pre Eour |
Bl B\
A0 Al BO A~ cLocK SER
1 %(US"QDG)
| = CLOCK L,&
END OF LINE 1 |
CONTROL —Din ¢ END OF
LOGIC TJ: RE °UTH" LINE CLOCK
l_»—_—_—l
CURSOR —{0r o ourH 7 U
MEMORY |Mk1007P JCLK | 5B T D CURSOR ON="I"sDATA OUT INVERTED
I - CURSOR OFF ="0"=DATA OUT TRUE U
US 7490
CYCLE CLOCK SERIAL
\_G_______ END OF LINE CLOCK DATA OUuT
“I"=DOT ON
"0"=DOT OFF

LINE REFRESH MEMORY FOR CRT DISPLAY

This application shows the MK 1007 P used as the
Line Refresh Memory, driving MOSTEK's MK
2408 P TTL-compatible character generator. The
MK 1007 P receives new data from the Page

rows of the addressed character at one time (see
MK 2408 P data sheet), and also controls the multi-
plexed output of the character generator so that
only one row of the addressed characters is dis-

played on any CRT horizontal sweep.

One stage of the MK 1007 P may be used to shift
a single data bit, which may be used to determine
the end of the horizontal sweep. Another stage
may be used as a cursor control and, as shown
above, may blank the cursored character dots
while surrounding dots are on, to give a reverse
image of that particular character.

Memory (which may also consist of MK 1007 P’s)
on the tenth row of any character line, this being
the third vertical space between rows of charac-
ters. The MK 1007 P recirculates the character-
address data as these characters are scanned
and displayed on a CRT screen.

The decade counter selects the appropriate rows
from the character generator which outputs two

o aore PACKAGE TEST CIRCUIT
16-pin ceramic dual-in-line 16-pin plastic dual-in-line
TOP VIEW
16 PIN CDIP
snaougarin ‘E%o - N .
T aTioN 208 _4:|—t:u:n.n:\..t:n.t:n.t:u:n_1
OUTa | 6 V. S e )

’ E ) ] N > Any output of +5V
Rea 2 [ ;I 15 Dinp L oo zo0——— TS unit under test
Dina 3 [] [] 14 rep —

e S i
OuTs 4 E ] 13 OUTD 130 _—__T olzonou
'°L— ‘“‘Ena vc'?:'_r— m:rr‘ :]E_{w
REg 5 [ ] 12 vee e ot J 2
—
Ding 6 E :] Il CLOCK 7EQUAL SPACES 100 = oieTve 060 TYP
OuTc¢ 7 l: ] 10 Ding 300 “::::’*]
Voo 8 [] [1 9 Rec 7 _
L J\._a.o:ao. —
0l0 .
Suffix P e Suffix N
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MK 2000 P

SERIES

MK 2002 P

MOSTEK

MOS Read-Only Memory
Character Generators

FEATURES:

output

access time

oooo O

APPLICATIONS

[0 64 dot-matrix (5X7) characters with column-by-column
High speed character access time and column select

Completely static operation—no clocks required
MK 2002 P is pre-programmed with ASCIl encoding
Easy interfacing to TTL/DTL

Single mask custom programming

O CRT alphanumeric displays
O Light-Emitting Diode (LED) array driver
O Billboard and stock market displays

DESCRlpTlON '\? I‘Vé |:<L (LEFT}‘?‘??‘:‘E? (RIGHT)
This MK 2000 P Series MOS  Memory operation is static and e e
Read-Only Memories (ROMs) no refresh clocks are required

is designed specifically fordot-  to maintain output information.

matrix character generation  Character selection is achieved

where column-by-column data by presenting a seven-bit bi-

output is desired. Each ROM  nary word at the address in- OPERATING NOTES

contains 2240 bits of program-  puts. The most significant bit

mable storage, organized as64  (A,) is generally used as a Chip — —

characters, each having 5 col- Enable. (See Operating Notes.) 1" = Voo 0" = Vss

umns of 7 bits. P-channel, en-  Column select lines, C, through amlelealalele Column
hancement-mode, MOS tech- C;, select the column informa- ? ! : : * * | Selected
nology is employed in this tion that appears at the seven ol x I x I'x x| x | None*
series. All inputs are protected  data outputs. (See Operating

to prevent damage due to stat-  Notes.) By sequentially strob- 1 0|0 |0 |0 ]| O | None*
ic charge accumulation. ing C, through C;, the font for

Programming is accomplished  the addressed character would 1 1[0 ]0 0 0 |10efy
during the manufacturing proc-  be displayed. The output buf- 1 o | 1 olo o |2

ess by modification of a single  fers are open-ended current

mask in accordance with cus-  sources, sourcing current from 1({o0joj1j0jo |3
tomer specifications. The MK  the Vg supply only in the “dot- 1 ololol1]o|a
2002 P is pre-programmed with ~ on” condition.

ASCli-encoded characters with 110100 0|1 |5(right)

the font shown on the back
page.

FUNCTIONAL DIAGRAM

MEMORY MATRIX
(2240 BITS)

CHARACTER ADDRESS
»

2
CHARACTER
ADDRESS DECODE
COLUMN
SELECT SWITCHES

ENABLE Ar

OQUTPUT

BUFFERS

(Top)

Sebdeded-

§

©o0o0o0000
BRI Y °

DATA OUTPUTS

‘La

i
(80T TOM)

X=No effect on columns
* Outputs open-circuited




MK 2000 P Series
MK 2002 P

mOSTEK MOS 2240-Bit Character Generators

ABSOLUTE MAXIMUM RATINGS

Voltage on any terminal relative to Vss ........... ... .. i, +0.3V to —30V
Operating temperature range ................oiueeiieaneenieeaineannnn. —25°C to +85°C Read Only
Storage temperature range .................iii —55°C to +150°C

Memories

RECOMMENDED OPERATING CONDITIONS (—0°C<T,<70°C)

PARAMETER MIN | TYP MAX |UNITS COMMENTS
i" Vss Supply voltage 0.0 \%
22| Voo | Supply voltage —12.00 —14.0| —16.0| V | See note 1
| Ves | Supply voltage —240| —28.0| —29.0| V
(/]
5 | Vina | Input voltage, logic “0” Vss—3  Vss \
2 | Vi) | Input voltage, logic “1” Voo [Vss—11] V
(Vss=0.0V; Vo= —14.0V; Vee= —28.0V, TA=25°C
ELECTRICAL CHARACTERISTICS unless noted otherwise)
PARAMETER MIN TYP MAX |UNITS CONDITIONS
0
u oo Supply current (Voo) 13 25 | mA | Outputs unconnected
Q| lee Supply current (Vee) 1.5 3.0 | mA | See note 2
g Ci Input capacitance 10 pF | Vin=Vss, fress=1MHz
:E_ lin Input leakage current 10 pA | Vin=Vss— 14V
@ | Vou Output voltage Vss—2] V fost=2.0 MA See
2 Vss—5| V [ lat=4.0mA Figure
'é loutoy | Output current, “dot-on"” 6 12 mA Vo=V 1aV #3
lostory | Output current, ‘‘dot-off” +10 | pA ot = VS8
tA(on) Character access time, lof to lon 320 700 ns | Voo=—14V, Vee = —28V See
380 | 700 | ns | Voo=—12, Vee=—24V  Figures
#1, #2
S taor | Character access time, lon to loss 190 700 ns | Voo=—14V, Veec = —28V '?‘?rgin
g 220 | 700 | ns [ Voo=—12V, Vo= —24V 9
K ‘ See
Q | teen Column select delay time, 1o to lon 90 250 ns | Voo=—14V, Ve = —28V Figure
E 95 300 ns | Voo=—12V, Ve = —24V #1 and
3 ' ‘ Timing
© | tcpor Column select delay time, lo to los 180 250 ns Vop= — 14V, Vee = — 28V
g 205 | 300 | ns [Voo=—12V, Vee= —24V
>
o
toe Output enable/disable delay time 320 700 ns | Voo=—14V, Vee = —28V
tav Character access time (Vou) 500 ns \S/:,S: FTgtt'Z' %/ZD;%VT%?[? ; — v

NOTES: 1. Other supply voltages may be used if Voo and Vee maintain the same relationship to Vss,
e.g., Vss= +14.0V, Voo = 0.0V, Ves = —14.0V.
2. Iss=loo+lee

19



TIMING

The A; input on The MK 2000 P Series may be programmed COLUMN
as a seventh address bit or as a chip enable, in which case
either logic level may be chosen to enable the circuit. CHANGE

When the A; input on The MK 2002 P is at a logical “O" (Vss),
the output buffers are turned off (l.#). When re-enabled, the

(waveforms not to scale)

chip will respond to the address and column selected at OUTPUT fon
that time. -
CURRENT 20ouA 20uA -
Columns are selected by applying a logical "“1" (Vm) to the loff u
appropriate select line while the other four select lines are
Read Only at “0". Column selection may change while the address is
Memories held constant or addresses may be changed while any column o
is selected, or both may be changed simultaneously. rCHlP - = disable

A
The MK 2000 P Series output buffers source current from the ENABL(E 7

Vss supply as indicated in Figure 3. Figure 4 is a suggested T e e e
TTL/DTL interface. Delay time, tav, is measured to the output
of the TTL shown in Figure 4. ]
9 outPUT ' /&
200uA- -~
TEST CIRCUIT cuRE 1 |CURRENT 200
Current
Probe / 0
Vss Voo Vee ADDRESS 90% - -~
l l l 300pF CHANGE %/t | e
— '
A-Ag | tatom tatotn
— On ’ lon
OUTPUT ’
Ar 6.8KA CURRENT ! TR0 20pA—-
| ' 22K.A IN9I4 ¥ I oft
Enable —'I tav tav
input . TTL +Sv
OUTPUT A N
Voo ov .
( (see Figure *4)
wo_l Ficure 22  TYPICAL PERFORMANCE PIN CONNECTIONS
FIGURE #3 Top View, 28 Pin CDIP |
350 — 14 (A7)
o, 1 |7 26 cuie enasLE
I 2] e =B
2 | < 10 N 4 [ 25 Ay
» 207 g 2 Vss = OV 0s 8 D) 24 a0
€ 5 8 — | Voo = -14V NC 6 [ 23 as
5; 200 — - | Vee = -28V 0e 7 g 22 Cs
gz & out Ta =25°C N8 21 ¢4
sg 150 See Figure | . —° 7 05 9 [ 20 c,
5« For Test Circuit 4 /fM NC 10 M osc,
100 — Voo = -14V - Gt 06 11 [ e c
Vo6 = ~28V 27 M NC 12 17 vss
I [ T T T T 0713 [ 16 A¢
-20 0 20 40 60 80 Ves N O A S R S Voo 14 3 1e Ve
Ta(°C) voltage across output (Vout) NC = NO CONNECTION
INTERFACE DIAGRAM/TEST CIRCUIT FIGURE #4 PHYSICAL DESCRIPTION
(28 lead ceramic dual-in-line hermetic package)
Vss +14V GRD -14V *ois— mjﬂr,—_m
|
US 7426/€eqQuiv Vss Voo VGG US 7400 /€equiv ] [
820~ B ke HBER B
: ?
C*T_D An 0T, ; | |
1 oo Les <%0
l
RfOI = 5% character osvvm—l 13€Q SPC,S. m:moo«mvp |‘_ ‘1"213 1 o0
Ll
Input rise = 20ns ’ rritoas
Input fall =20ns [¢—————— delay measurements L

20



An example demonstrating the correspondence of device
outputs and sequence to the 5 x 7 dot matrix fonts is

shown below:

CODING AND CHARACTER FONTS

, C. Cs = Column
Selected

C.
1
1
1
1
1

5-Beno

input

represents an
or an output los.

The MK 2002 P is a pre-programmed member of the
MK 2000 P Series with ASCIl encoding and the character

fonts shown below. A logic “0"”
voltage equal to Vss, or an output lon, and a logic *'1”

represents a voltage equal to Voo,

>~
=
(@]
o
o
o
[+ 4

As
CcoL
W

6

Memories

B R R

-EeEsE - \é,-‘o Ho - -BY § . . o T - &8 Be-

R etk B 8-

s68E- -8 p--!:

ﬁx.imﬁ !-.?m ||||||||||||||||||||||| - S— &
e - HEE - B Brre cmmcmee e E S

}k&! R - T ¥-- B
e B o gEag S - B8 wm-- B
:mﬁw.‘ PTe SRR S

B BB B B -G B BB
e e e ﬁy:ﬁ% R R - R B8 B - BB

[ it SRR

RO

10

1

12

13

14

15

MK 2002 P

A; A, A

A,
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MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2000 P

Cols. Information Field

First Card

1-30 Customer

31-50 Customer Part Number
60-72 Mostek Part Number!

Read Only

Second Card

1-30 Engineer at Customer Site
31-50 Direct Phone Number for Engineer

Memories

Third Card

1-5 Mostek Part Number!
10-15 Organization?

Fourth Card

0-6 Data Format®*— ““MOSTEK”’
15-28 Logic—‘‘Negative Logic” only
35-57 Verification Code*

Data Cards

1-6 Binary Address

8-12 First row of character
14-18 Second row of character
20-24 Third row of character
26-30 Fourth row of character
32-36  Fifth row of character
38-42  Sixth row of character
44-48 Seventh row of character

Notes: 1. Assigned by Mostek Marketing Department; may be left blank.

- Punched as 64x5x07 or 32x5x14.
- “MOSTEK” format only is accepted on this part.

. Punched as: (a) VERIFICATION HOLD —i.e. the customer verification of the data as reproduced by MOSTEK
is required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of
its Customer Verification Data Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.

(c) VERIFICATION NOT NEEDED —i.e. the customer will not receive a CVDS and production will
begin immediately.

AW N =
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MK 2300 P

SERIES

MK 2302 P

2240 BIT

MOS Read-Only Memory
Character Generators

MOSTEK

FEATURES

O lon-implantation processing for full TTL/DTL compatibility

[0 2240 bits of storage organized as 64 5x7 dot matrix char-
acters with column-by-column output

O MK 2302 P is pre-programmed with ASCIl encoding

O Internal counter provides clocked column selection

O Counter output for updating external character
address registers

O Internal provision for one- or two-column intercharacter
spacing

O Output enable and blanking capability

O Operates from +5V and —12V supplies

APPLICATIONS

O CRT alphanumeric displays

O Light-Emitting Diode (LED) array driver
O Billboard and stock market displays

DESCRIPTION

The MK 2300 P Series MOS,
TTL / DTL-compatible read-only
memories (ROMs) are designed
specifically for dot-matrix char-
acter generation. Each ROM
provides 2240 bits of program-
mable storage, organized as 64
characters each having 5 col-
umns of 7 bits. A row output
capability for 64 7x10 charac-
ters is possible, as illustrated
on the back page.

Low threshold-volitage pro-
cessing, utilizing ion-implan-
tation, is used with P-channel,
enhancement-mode MOS tech-
nology to provide direct input/
output interface with TTL and
DTL logic families. All in-
puts are protected to prevent
damage from static charge
accumulation.

The MK 2302 P is prepro-
grammed with ASCll-encoded
characters (font shown on back
page). Other ROMs in the series
are programmed during manu-
facture to customer specifi-
cations by modification of a
single mask.

Characters are selected by a
six-bit binary word at the Char-
acter Address inputs. Each
character consists of five col-
umns, the columns selected by
aninternal counter whichis

clocked by the Counter Clock
input. Column information ap-
pears sequentially beginning
with the left-most column. Two
additional intercharacter spac-
ing columns are available, se-
lectable for one or two spaces
by the Count Control Input.
During spacing, the Data Out-
puts are high (45V), or the
‘“‘dot-off’” condition. After the
last space, the modulo counter
automatically increments to the
leftmost column.

Synchronizing other system
components with the ROM is
possible using the Counter Reset
Input to reset the counter to the
last intercharacter spacing col-
umn, or using the Counter Out-
put which occurs only on the
last spacing column.

The Blanking Input allows all
Data Outputs to be driven high
(+5V) without affecting any oth-
er ROM functions. The Output
Enable input allows the out-
puts to be open-circuited for
wire-ORing.

Memory operation is static; re-
fresh clocks are not required to
maintain output information. The
Counter Clock input is used only
to select columns and need not
be pulsed continuously.

B Read Only

Memories

FUNCTIONAL DIAGRAM

(LsB)

>

=

> > » >
< s

CHARACTER ADDRESSES

COUNTER
CLOCK o=

I CHARACTER ADDRESS DECODER |
!

_1 1o 0uT,
g —-L ouT,
£ g

H g oty 2
MEMORY @ £l 2
MATRIX g 2o, B
euo Bt | A 3 R =
= £ H2org

E 3 5

2 L o outg

Lu 13 o our
— | (BOTTOM ROW)

QUTPUT
ENABLE |21
19 (TOP ROW)

COLUMN
DECODER

{ifi;
COUNTER

SELECT

COUNTER
QUTPUT

11

24<[ 231 10l
Vs Ve COUNT COUNTER
CONTROL RESET  INPUT

sl 2 12
LANKING Voo

PIN CONNECTIONS

Al

A2

A3

A4

As

As

COUNTER CLOCK
COUNTER REST
NC

COUNTER CONTROL
COUNTER OUTPUT

Voo

NC = NO CONNECTION

O oo

1
2
3
4
5
6
7
8
9

10
11 [

12 [

[ 24 Vss

123 Ve

'] 22 BLANKING INPUT
[] 21 OUTPUT ENABLE
720 NC

719 outy

{018 our,

117 0UT3

116 0UTy

715 0UTs

714 0UTs

113 ouy

N
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ABSOLUTE MAXIMUM RATINGS

Voltage on any terminal relative to Vss......... ... ... ... .. ........... +0.3V to —20V
Operating temperature range. .. ................ . .. 0°C to +75°C
Storage temperature range. .. .................. i —55°C to +150°C

RECOMMENDED OPERATING CONDITIONS (0°C < Ta < 75°C)

PARAMETER MIN TYP MAX |UNITS COMMENTS
= Vss Supply voltage +4.75| +50{ +525| V
g Voo Supply voltage — 0.0 — V |See note 1
(NI 2 | Vce | Supply voltage —126 | —120|—-114 | V
Memories @ |Vre | Input voltage, logic “0” +06 | V |See note 2
§ Viay | Input voltage, logic *I” Vss—1.5 V | Count control input should be
Z | Vi | Count Control input voltage, = 6 —120(—114 V |returned to Vec for = 6 oper-
-7 +475 | +5.0 vV |ation, or Vss for — 7 operation
o fene Counter Clock input frequency 0 200 kHz
S |teo | Clock time at logic 0" 2 ns
F lt.,, | Clock time at logic “I" 2 1S See timing
E" tey | Clock rise time 0.1 ns diagrams
S |ty | Clock fall time 0.1 ©S
8 |te Reset pulse width 1.0 us
terd Clock-to-reset pulse delay 0.4 rs | See note 4
(Vss= +5.0V *=0.25V, Vee= —12.0V =0.6V, 0°C <Ta < +75°C,
ELECTRICAL CHARACTERISTICS unless noted otherwise)
PARAMETER MIN TYP* | MAX |UNITS CONDITIONS
g Iss Supply current (Vss) 20 40 mA Outputs unconnected
a |lee Supply current (Vee) 20 40 mA fae=200 kHz
(/2]
5 (Ca Input capacitance 10 pF | Vin=Vss, fneas= 1MHz '?;i
z |l Input leakage current 10 pA [ Vie=Vss —6V, TAa=25°C
° Ve | Output voltage, logical “0” 0.2 0.4 V |lowt=2.0 mA (into output) See
= . Gy lot=0.6 mA note
g Vo | Output voltage, logical “| 2.4 \Y (out of output) 3
=2
o Vss —6V < Vour < Vss
lout Data Output leakage current —-10 +10 | #A [T, —25°C (outp::ts disabled)
g tac Address-to-output delay time 1 us
@ |tco | Clock-to-output delay time 1 us | o
T |t Clock-t ter output delay ti 1 Rise and fall See timi
i cco c o-counter F)u put de gy ime #S | times included e?e timing
Q |to Blanking/unblanking delay time 1 #$ | in delay times diagrams
Z |toeo | Output enable/disable delay time 1 us
S |tceo | Counter reset delay time 1 us R.=4 kQ to Vss
© | tcreco | Reset-to-counter output delay time 1 ns C.=15 pF to Vm
E te Output fall time 0.3 1S Ta=25°C
> |t Output rise time 0.3 us

*Typical values apply at Vss= +5.0V, Vee= —12.0V, Ta=25°C

NOTES: 1. Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if Voo and Ves maintain
the same relationship to Vss, e.g., Vss=OV, Voo= —5V, Ves —17V. Input voltages would also need to be adjusted
accordingly.

2. These parameters apply to the character address, counter clock, counter reset, blanking, and output enable inputs.

. These parameters apply to both the data outputs and counter output.

4. The counter clock must not make a negative transition within the period tcrd, before or after a positive counter reset

transition. The counter reset negative edge may occur any time.

w
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TIMING (waveforms not to scale)

Timing diagram (1) shows the time L N
relationships between character new address 1 A row address g N i
address, data output, counter clock, .. '

and counter output during typical oper-  address
ation of an MK 2300 P Series char-

acter generator. An output sequence ‘o=l [~ ‘o= =
from the MK 2302 P is shown to help pata +5 oo \ s
clarify operation. This sequence can  Output o 0% \, ],
be seen from the top rows (OUT)) of . Al
the characters "I and "N"". e e
—r— ——N— Logical value of output 1 [} o o 1 1 1 [} 1 1
our, I g 0 O 1 1 1 ¢ & 4 1
' . P P BT Internal counter state 1 2 3 4 5 6 7 1 2 3
[ T S S R T T S B | {=column selected) ‘um»"lh'm'
o e 1ty e Counter Clock Y gon—Y I\ /\ L\ —\ )\ £\ £\ £\ —\ Read Only
(T T T R T T R R ) Input ° 10% L\_r/ \‘_Jf [ \\_.r/ \ / \\—r/ \u/ \H/ : Memories
[ T T T T T T S T B 1 1
cIk(0) ™| - = ek
out, 1 o o0 o0 I & & o 1 1 b=
S COUNT OF 7 J—] —| ~—tcco _.~ f=—tcco
All timing relationships shown in dia-  counter 5 oo —
gram (1) apply to any other output or  Output o _ton ,/ ¥ '
combination of characters as well. TSN SR o
Relevant input conditions assumed
but not shown in timing diagram (1)
are as follows: m
Count Control, +5V
Counter Reset, +5V
Blanking Input, +5V ~ ~
Output Enable, +5V rew new s —
Had the Count Control input been at choracter | e .j Counter -
—12V, the counter sequence would Address l—».w’ i-.m o 0% 1 —
have been six positions instead of (2) (4) AND
seven and the Counter Output would (LI, Counter ** T —_—
thave been high during the sixth posi- ot ok
ion. o—"z:—, L N— N——
New character addresses are shown
coinciding with the rising edge of ] g | —~{ g0 |
the Counter Output waveform in dia- I p— — 1
gram (1). This condition was selected Blanking 0%
to demonstrate use of the Counter Input 10
Output to advance an external input (5) °
register to a new character address. o 5
Character addresses can be changed RP— i J— Data o
at any other time as well. Timing Counter 0% Output 10%
diagram (2) depicts output response Reset 1% °
to a character address change when, ° . L
for example, the counter is stationary -~ cro - T lor0 77 ‘oeo
in one of the five character column 3) g:::m Output SN —
positions. o 0% Enable .
Timing diagrams (3) through (6) - (6) ° —
show timing relationships for the AL cuc‘o’L___.

Counter Reset, Blanking Input, and 8?,‘:;‘;‘:' / pata V2
Output Enable. The “‘open’ condition PRl Output //°7" //

in (6) implies that both the pull-up ° -
and pull-down devices in each data

output push-pull buffer are turned off.

OPERATING NOTES PHYSICAL DESCRIPTION(24 tead ceramic dual-in-line hermetic package)

The following table summarizes the MK
2300 P Series input control states and . ) o,
corresponding drive levels: o nes LS

Count Control e L

g —12V Tk

+ 5V o25RAP__|

506~ 600t + 028

Counter Reset "

operate +5V o — 1

reset ov Sy zamion smca T
Blanking Input o erowoee )

unblank +5V 05Ty 11EQ. §P.100: 1100 ~———~——-‘ o025

blank* ov Bl o] &
Output Enable %;I

enable +5V T

disable** ov —Jl—oe 006 rvp

*All data outputs high (45V) !
**All data outputs open-circuited
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APPLICATION:
7x10 CHARACTER GENERATOR

ROM CODING

7x10 Non-Interlace Configuration: (As illustrated) For row-out
(7-bit) horizontal raster-scan application, code ROM #1 for
Rows 1 through 5; and ROM #2 for Rows 6 through 10.

7x10 Interlace (525-line): Code ROM #1 for Rows 1, 3, 5,7, 9;
Code ROM #2 for Rows 2, 4, 6, 8, 10. The Enable Flip-flop
should be changed to clock only at vertical retrace time,
thus allowing ROM #1 to be enabled for the 1st page sweep
(262 V2 lines) and then allowing ROM #2 to be enabled for
the interlaced 2nd page sweep of 262 V2 lines.

ADDRESS INPUT

SN 7473 (HORIZONTAL RETRACE)
ENABLE  ENABLE s:w OFLINE
} 6 BITS EoF
0 1 ROM #1 (MK 2300 P) )
CLR ALA6 CLK
Kt J ENABLE = JvTEuT RST = RESET
RE?ET
+5V
POWER ON (IR our
AND/OR < >0l
VERTICAL END-OF-LINE
RETRACE CLOICK
ALAG CLK
ENABLE =~— QUTPUT
ENABLE
ROM #2 RST | RESET
(MK 2300 P) | 076———01

BCDEFGH
SN74165
SN74166 L CLK = CLOCK
PARALLEL LOAD 8-BIT
SHIFT REGISTER R
STROBE~—{LOAD
ouT

!
TO VERTICAL AMPLIFIER

S 1'BIT 0L ———

Combining two 5x7
column-output
ROMs provides a
7x10 row output.

/—5 BIT ROW—, /—5 BI ROW—

MK 2302 P SSSEEKEE-H 2345

Logic 1 = input @ +5V
Logic 0 = input @ 0OV

Output dot “on” = OV
Output dot “off” = 45V

I

o
o
o
-
il

HH

W o 0 O

B
i
2
5
i
3
=
T
=
£

H
B
B
E
E
F
G
H
I
J
K
E
I
H
B

1 ) )

i i
£ i G T R

le
O

F
B
i
5
T
L
]
Il
&
i
£
£
&
J
i
¥

-

-

-t

-
m a1
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APPLICATION: MK 2302 P UTPUT
. SEQUENCE—> 1 2 3 4 5
7x10 CHARACTER GENERATOR our
l
Logic 1 = input @ 45V ouT,
Logic 0 = input ov ouT
ROM CODING 9 put @ o'
4
. . ) Output dot “on” = 0V ouT,
7x10 Non-interlace Configuration: (As illustrated) For row-out Output dot “off” = +5V ouT,
(7-bit) horizontal raster-scan application, code ROM #1 for our’
Rows 1 through 5; and ROM #2 for Rows 6 through 10. >
7x10 Interlace (525-line): Code ROM #1 for Rows 1, 3, 5,7, 9; Read Only
Code ROM #2 for Rows 2, 4, 6, 8, 10. The Enable Flip-flop A | B 1 1.0 0 Memories
should be changed to clock only at vertical retrace time, A, A A 1 A, 0 1 0 1
thus allowing ROM #1 to be enabled for the 1st page sweep
(262 V2 lines) and then allowing ROM #2 to be enabled for
the interlaced 2nd page sweep of 262 V2 lines. 0 0 0 0 E E %

ADDRESS INPUT

VAN
SN 7473 (HORIZONTAL RETRACE) c 0o 0 1
ENABLE  ENABLE t
\ y 6 BTS END-OFLINE
0 ] ROM #1 GOk
(MK 2300 P) ) c o 1 o0 s
CLR ATA6 CLK HH
K Cp ) ENABLE = ES;T\EEE RST = RESET
0 0 1 1
REfET
+5V
POWER ON TR our
OheR 0701 o 1 0 O
VERTICAL END-OF-LINE
CLOCK

RETRACE

t
Al-A6 CLK 0 1 0 1
ENABLE <— 0UTPUT

ENABLE

(MK 2300 P)

07¢6e———01

SN74165

SN74166
PARALLEL LOAD 8-BIT
SHIFT REGISTER

AB(, DEFGH

SER

out 18
i
T te ot ﬁ % % E

— 1'BIT (0L ———

o

Combining two 5x7
column-output
ROMs provides a
7x10 row output.

!/,—5 BIT ROW—,/—>5 BIT ROW—
4
2
2
=

N 10 Bit Col

=~ -t

-t -—h

ey o

-t -t
ny s R
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MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2300 P Fourth Card
COIS. |l'lf0l'mati0n Field 1‘6 Data Formata—“ “MOSTEK”
oWl First Card 15-28  Logic*— ““Positive Logic” or
ea n y

Memories 1-30 Customer 35-57 Verification Code®

81-50 Customer Part Number

4
60-72  Mostek Part Number? Data Cards

1-6 Binary Address
Second Card 8-12 First row of character
14-18  Second row of character
20-24  Third row of character
26-30  Fourth row of character
3 32-36  Fifth row of character
Third Card 38-42  Sixth row of character

1-5 Mostek Part Number? 44-48  Seventh row of character
10-15  Organization?

1-30 Engineer at Customer Site
31-50 Direct Phone Number for Engineer

Notes: 1. Assigned by Mostek Marketing Department; may be left blank.
2. Punched as 64x5x7.
3. "MOSTEK"” format only is accepted on this part.
4. A dot “ON” should be coded as a “1"".
5.

Punched as: (a) VERIFICATION HOLD —i.e. the customer verification of the data as reproduced by MOSTEK
is required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of
its Customer Verification Data Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.

(c) VERIFICATION NOT NEEDED —i.e. the customer will not receive a CVDS and production will
begin immediately.
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MK 2400 P SERIES

2560 BITS (256x10)

MOS Read Only Memory

MOSTEK

FEATURES

O lon-implanted for full TTL/DTL compatibility

O Chip enable permits wire-ORing

O Custom-programmed memory requires single mask modification
[0 550 ns cycle time (0° < T, <75°C)

O Static output storage latches

[0 Optional 3-bit, chip-select decoder available

[0 2560 bits of storage, organized as 256 10-bit words

O Operates from +5V and —12V supplies

APPLICATIONS

[0 Look-up table

[0 Code converter

[0 Stroke character generator

O Dot-matrix character generator

DESCRIPTION

The MK 2400 P Series TTL/
DTL-compatible MOS Read-
Only Memories (ROM’s) are
designed for a wide range of
general-purpose memory ap-
plications where large quantity
bit storage is required. Each
ROM provides 2560 bits of
programmable storage, organ-
ized as 256 words of 10 bits
each. Low threshold-voltage
processing, utilizing ion im-
plantation with P-channel
enhancement-mode MOS
technology, provides direct
input/output interface with
TTL and DTL logic.

Programming is accomplished
during manufacture by modifi-
cation of a single mask, ac-
cording to customer specifica-
tions. The MK 2400 P Series
is available in either 24-lead
or 28-lead ceramic dual-in-line
packages. On the 28-pin ROM,
an optional Chip Select De-
coder may also be pro-
grammed according to cus-
tomer specifications to provide
a 3-bit Chip Select Code.

For additional information regarding custom programming and coding

Operation involves transferring
addressed information from
the memory matrix into the
storage latches using the
READ and READ inputs (see
Timing). Information stored in
the latches will remain despite
address changes or chip dis-
abling until the READ and
READ inputs are again cycled.

. READ and READ input signals

may be generated from sepa-
rate timing circuits if desired,
or either may be the inverse
of the other.

The Chip Enable input forces
the normally push-pull output
buffer stages to an open-cir-
cuit condition when disabling
the chip. If desired, new data
can be stored in the storage
latches while the chip is dis-
abled. When the chip is re-
enabled, this data would be
present at the outputs.

All inputs are protected against
static charge accumulation.
Pull-up resistors on all inputs
are available as a program-
mable option.

sheets, contact your nearest Mostek representative.

Read Only

Memories

FUNCTIONAL DIAGRAM

CHIP SELECT
INPUTS

i Ag
IoAg DECODER
. 0—3 _E
““““““““ Lo s
» Ao O— x —o B1 2
'5 A1 O— E B2 2
2 Az o—m O & a 9 we Ee By
> A3 o—euio f_: 2z 20 B« 3
e e} g8 g5 185 Tos &
a As O—f w o B7 ©
2 A7 o—f = L0 Bs
+—O Bs
|
S S Y S S
Vss Voo Ves READ READ CHIP
(RD) (RM) ENABLE
OPERATING NOTES
CHIP —_—
ENABLE | READ READ | OUTPUT
0 X X A
1 0 1 B
1 1 0 C
“17 = Vg5 (+5V): “0” - Voo (V)
X = No effect on output
A = Output open-circuited
B = Output retains data last stored in
latches
C = Output assumes state of ad-

dressed cells
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MOSTEK MOS 2560-Bit ROM MK 2400 P Series
- ABSOLUTE MAXIMUM RATINGS
Voltage on any terminal relative to Vss. ......... ... ... . ... ... ... +0.3V to —10V
Operating temperature range. .................oioiiieaeiaaaan s 0°C to +75°C
Storage temperature range................. ..o —55°C to +150°C

RECOMMENDED OPERATING CONDITIONS (0°C < Ta < 75°C)

Read Only PARAMETER MIN TYP MAX [UNITS COMMENTS
R | - | Vi [Supply voltage +475| +50 | +525| V
2 | Voo |Supply voltage — 0.0 — V | See note 1
* | Vee |Supply voltage —126 | =120 [—114 | V
) Vine) |Input voltage, logic 0" 0 +0.8 V |Pull-up resistors (=5K--) to
g Vi) |Input voltage, logic 1" Vss— 1.5 Vss V [Vss available as programmable
= option.
tee |Address change cycle time 550 ns
ts  [Address to Read lead time 250 ns
¢ ty, |Read lag time 1 -.05 .05 ns See
£ |ty |Read lag time 2 -.05 .05 | us o
- P Timing
2 | tm |Read pulse width 300 ns
£ . Section
t« |Read pulse width 0.3 100 1S
tr Rise time, any input 100 ns
ts Fall time, any input 100 ns

ELECTRICAL CHARACTERISTICS (Vss= +5.0V %=0.25V, Vee= —12.0V *=0.6V, 0°C <Ta < +75°C,
unless noted otherwise. Pull-up resistors not programmed.)

PARAMETER MIN TYP* MAX [UNITS| CONDITIONS
§ Iss  |Supply current (Vss) 12 25 mA Outputs unconnected
Q | lee [Supply current (Ves) —-12 —25 | mA |See Note 2 and Note 3
g Cin |Input capacitance 5 10 pF |Vin=Vss, freas= 1MHz
2 |1, Input leakage current 10 A |[Vin=Vss —6V  To=25°C
Vauo|Output voltage, logical “0” 04 V |lowt=1.6 mA (into output) nS:tZ
E | Voun|Output voltage, logical “1” 2.4 V' [lotx=0.4 mA 3
£ (out of output) F?"d
s Vss —6V < Vo < Vs 3y
lat  |Output leakage current —-10 +10 | pA |Ta=25°C (outputs disabled)
:.f_; tacc |Address-to-output access time 600 | ns | ta=250ns
02| too |Output delay time 350 | ns f['g' ':'g See timing
;g toro |Output enable/disable time 125 300 ns Slgefe note 4 Section
>< ; and Figure #1
sz tcs | Chip Select to Output Delay 600 ns
S | teo | Chip Deselect to Output Delay , 600 ns

*Typical values apply at Vss= +5.0V, Vee= —12.0V, Ta=25°C
NOTES: 1. Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if Voo and Ves maintain
the same relationship to Vss, e.g., Vss=0V, Voo= —5V, Ves=—17V. Input voltages would also need to be adjusted
accordingly.
2. Max measurements at 0°C. (MOS supply currents increase as temperature decreases.) Iss will increase 1.6mA (max) for
each input at logic 0 when pull-up resistors are programmed.
3. Unit operated at minimum specified cycle time.
4. The outputs become open circuited when disabled or deselected. As shown in Fig. 1, an output with a “1”

30 expected out does not transition through the 1.5V point when enabled (selected) or disabled (deselected); this
is true because the TTL equivalent load pulls the open-circuited output to approximately 2 volts.



TIMING

Notes:
1. All times are referenced to the 1.5V point
relative to Voo (ground) except rise and fall
time measurements.
2. Chip enable = Vss for all measurements except
when measuring Toco.
3. Logic 0 is defined as Vo or ground; logic 1 as
Vss or +5V. NEW ADDRESS NEW ADDRESS
INTERNAL FUNCTION OF

READ/ READ SIGNALS P ter Read Only

e
Ry ADDRESS |
eod sV
lotches set, memory oddress disabled / latches set I
memory address enabled latches open with new data
CHANGE (o]

/ memory enobled \
Read to lotches READ |
Set up time, ta, allows the input address to 0 -—/

Memories

—— to tRG

propagate through the address decoder and
memory matrix prior to READ logic 0 time. As !

indicated above, READ at a logic 0 internally READ

disables the input address so that an external 0

address change may occur without affecting the ]

location previously selected. The latches are also \

readied to receive new data which is enabled oATA

from the matrix when READ is at a logic 1. Data

is set in the latches when READ is allowed to ouTPuT °

rise back to its logic 1 state. In actual use, the OR tace

READ rising and falling edges can precede the DATA !

falling and rising edges of READ, respectively, OUTPUT

as implied by the specification of negative read °

lag times. This allows a very flexible timing

relation between the two pulses, in that either

input can be the inversion of the other or both - .

may be generated from separate timing circuits. cHie L8V

Output data appears following the rise of the ENRBLE o = = -, DISASLE LeveL
READ pulse but correct output data will not togo |@— toeo [@—
appear_untii READ has gone low. For this rea- - .
son, READ is shown preceding READ even DATA £isv ¥
though other relationships are allowed. If READ UTPUT mmmmmmmm == ! e e e
is made to precede READ, delay time, too, should

be referenced to the fall of READ rather than
as shown.

The chip is disabled by applying a logical 0 to
the chip enable input, forcing the outputs to an
open-circuit condition. The output data present
at the time of disable will again be present upon
re-enabling unless a new read cycle was initiated
for a different address while the chip was dis-
abled, in which case the new data would be
present at the outputs.

The programmable 3-bit chip select timing would
be the same as the address inputs.

NOTE: Wave forms are not to scale.

FIGURE #1 t,.c and t,, test circuit

+5V
VSSVDDVGG
? L & ax
__~De >IN, OUT, > J' +——p—P

IN3064 (4) L

UNIT UNDER I 15pf
TEST =
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APPLICATIONS

ADDRESS Ao 8o ’:D_Q
INPUT -1 = gl
A _UAS | -l 3 — |z DATA OUTPUT
O MMON -l = rROMY [ |Z : 512X 10
ro sor A SiE | % a8 rows
1, S
ROM's E_Read Reoc69 L
CHIP o———-l>t>——J
ENABLE
READ O {>°-4 teve
CLOCK
Address /
Change
| — | Chip
| ! L_ AOR""d Read g, I ¥ Enable
A —| . " tacc
— A Rom'2 " tace ", f toro
———
7 J DATA
CE By OUTPUT [a[‘v;/AlL;n%m|n%{ZZg;[vALvoI

ROM*|

ROM*2

Application shows wire-Or’ing for expansion to a 512 X 10 memory. Further expansion is possible by 1 of N decoding to
the Chip Enable input (or with the optional 3-bit decoder) while maintaining the time relationships shown. t.,. should include
the desired data-valid time. Interface devices may be TTL or DTL.

PIN CONNECTIONS PHYSICAL DESCRIPTION
(24 lead ceramic dual-in-line hermetic package)
top view, 24 pin CDIP
1200 * 018 sl :1050". 040
Vss ' C : 24 Bg -—M |——o«1
VGG 2 O . 23 Ba T '
A 3C h22 B, o Tal
AO 4 E 3 2| BG SQUARE olo 625 *.025
Az 50 0 20 Bs Lo J_ .
Ay 60 N 19 Bs e _L-_r
Ag 70 0 18 Bs coe)
A5 8 : 1 17 Bz o5TYe ieo suoo,non—o—;m—w? o ”
As 90 0 16 B ‘H-__ R —lrolwm,_I
RM/READIO 4 D 15 Bo r T
A3 I g B 14 Voo —J—oeto0e Tve
RI/READ 12 O 13 CE ’
PIN CONNECTIONS PHYSICAL DESCRIPTION
top view, 28pin CDIP (28 lead ceramic dual-in-line hermetic package)
Ves | O n28 B, .
VGG 2 0 27 BB B - o|-—°‘°
(NC)A, 3 d b 26 B, | s
(NC)Ag 4 O 025 B |
(A))A, 50 0 24 B, I
(AolA7 6 G P 23 NC R i BRI b
(Ax)Ag 7 d 022 B
(A7)A5 8 O D 21 Bs o
(A )A 9 : :] 20 BZ SYMBOLIZATION AREA o
(AS)RM/RGEAB IO C D 19 Bl FOR !DSNLHFISAYION _I%
(Ag)As 1) O 018 Bo . "
(NC)RI/mD |2 C 3 '7 v 05 TYP: I3EQ SPC,S |00-|50(7°-—“°T‘VP geg o0
(READ) Ag 13 d D |6 c?g " e 1 d—
(Az)Ag 14 O 015 Ao(READ) R A
N.C.= no connection ~{ft002 | ’
( YOPTIONAL PIN ARRANGEMENT ' -
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MOSTEK ROM PUNCHED-CARD CODING FORMAT!

MK 2400 P v
Cols. Information Field “Negative Logic”
First Card 35-57  Verification Code’
1-30 Customer 60-74 Package Choice?
31-50  Customer Part Number
60-72  Mostek Part Number? Data Cards
1-3 Decimal Address
Second Card 5 Output B9
1-30 Engineer at Customer Site 6 Output B8
31-50 Direct Phone Number for Engineer 7 Output B7
8 Output B6
Third Card 9 Output B5
1-5 Mostek Part Number? 10 Output B4
10-16  Organization: 11 Output B3
29 A8+ 12 Output B2
30 AQ* 13 Output B1
31 A104 14 Output BO
32 Pull-up Resistors 16 Octal Equivalent of: B9?
17 Octal Equivalent of: B8, B7, B6?
Fourth Card 18 Octal Equivalent of: B5, B4, B3°
0-6 Data Format‘ — “MOSTEK” 19 Octal Equivalent of: B2, B1, B0?
15-28  Logic — “Positive Logic”” or
Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card.
2. Assigned by Mostek Marketing Department; may be left blank.
3. Punched as 0256x10.
4. A “0” indicates the chip is enabled by a logic 0, a “1” indicates it is enabled by a logic 1, and a “2” indicates

a “Don’t Care” condition.

5. A “1” indicates pull-ups; a ‘“0” indicates no pull-ups.

6. “MOSTEK” format only is accepted on this part.
7. Punched as: (a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is

required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its
Customer Verification Data Sheet (CVDS) to the customer.

(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.

(c) VERIFICATION NOT NEEDED —i.e. the customer will not receive a CVDS and production
will begin immediately.

8. “24 PIN”, “28 PIN STANDARD”, or ““28 PIN OPTIONAL" (left justified to column 60).

. The octal parity check is created by breaking up the output word into groups of three from right to left and

creating a base 8 (octal) number in place of these groups. For example the output word 1010011110 would be
separated into groups 1/010/011/110 and the resulting octal equivalent number is 1236.

Read Only

Memories
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MK 2408 P

MOS Read-Only Memo
Character Gengrator M m 0 ST E K

FUNCTIONAL DIAGRAM
Read Only
Memories
.'ﬂ_ Ao O— x —O :? 2
§:'zg: oe gg wol e 3::5
2 o o HESE ;o2 [EEHEEH < i 2
W As ouw ~ [ 2 6 &
DESCRIPTION £ 0 %8| | 2 e
S A7 o 2 —O Be
—O B
The MK 2408 P is a pre-programmed member of the MK 2400 P
Series. It is programmed as a dot-matrix character generator
(64 characters) with ASCIl encoded inputs and row (5-bit) : ) ) o) ) $
outputs. The MK 2408 P outputs two rows at the same time. Vss Voo Ve READ READ CHIP
Row 1 is available at outputs B9 (left), B8, B7, B6, and B5 (RO (RM) ENABLE
(right) while row 2 is available at outputs B4 (left), B3, B2, B1,
and BO (right). Row 3 is available at B9 through B5 while row PIN CONNECTIONS
4 is available at B4 through B0. Row 5 and row 6 are available
at B9 through B5 and B4 through BO. Row 5 and row 6 are ' 1 % o
available at B9 through B5 and B4 through B0. Row selection 5 ¢
is determined by the address combination of bits A0 and A1. vee 2[J 27 88
Ne o3[ [] 26 87
The MK 2408 P meets and operates by the specifications out- NC 4[] ] 25 86
lined in the MK 2400 P Series data sheet (DS-24001270-2) Moo 20 s
The example in Figure 1 demonstrates the correspondence of e R
the device outputs and row select sequence to the 7 x5 dot- Az 7 [0 122 B4
matrix font. The complete character font patterns (truth table) A7 8 [] 121 83
are illustrated on the back. A logic 1 or a DOT represents an A6 9 [ [J20 B2
input or output voltage equal to Vss (+5V) and a logic 0 or a w10 [ -
blank represents a voltage equal to Vo (OV). The eighth row H
outputs (B4 through BO when inputs A1 and AO equal logic 1) A [ Qs 8o
are not illustrated since in each case they are equal to all 0’s. Ne 12 [ 017 vy
READ 13[___ 316 C.E.
A3 14 [ []15 Read
NC= NO CONNECTION
B9 B8 B7 B6 BS
Al A0 B4 B3 B2 Bl BO
o 0 — B9-B5
— B4-BO 22 = g
o 1 __ B9-B5 A5 - 1
— B4-BO -
l1 O __ B9-B5 A = 1
—_ B4-BO A3 =0
1 1 — B9-B5 A2 =1
— B4-BO
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MK2408P

MOS Read-Only Memory Character Generator

Read Only

Memories

A7l o 0 0 0 1 1 [
As 0 0 1 1 0 0 1
As 0 o 1 0 1 0 1 0
A4 A3 Az A Ao
oo [0
01l :
VLt [
10
-
1
vo D [
o O ||
001 C ]
Lol H
L
L : E #
o1 +
010 r
1o :H::
V-
|
ool -
- +—
o1t o1 [0 i
- BEW
Lol
: I
1
oo T
— -
o1 n .
100 —
1o — ]{5_‘
11 1T - T
oo[C
oo
Lo1 r
Lol
E
11
oo
01
110 E
1 u[: [
i [ 11 -
o1l H
L L M
1o
i 1
(FLIP FLOPS: US T473/EQUIV)
oK
VALID (ROM: MK2408P) (SHIFT REG: US 7496/EQUIV)
LK "1"= DOT ON
"0"= BLANK
€Y CLOCK SER
O I
A PRE _CLR
wur Lo e —
LEAR oaTA
L D € PRE  CLR ouT
| [eme Eout {
(TTL/DTL INPUTS) A/ _CLOCK SER
CONTROL - CLx
ROW (L)NE)
NG [ —
(:Nzl:r'uu: COUNTER VERTICAL SPACE
=]100ns jes- )
ek || L ipipligEpipipginigiy!
[ |
aooress Y L] X = X *3 X
— T
CLEAR A\ [T ! \J \J Av) Valid 2 presets address #1 data in
VALID _{N 2\ 1\ AR shift registers. Valid 3 presets
q : address #2, etc.
READ T\ / \ J Y e W,
SERIAL DATA --===-===-===-—o=c-—uo

Y2 Y34 s\ \em /1 Y2 (34X 5 \oum
[

ADD#2 DISPLAYED

ADD * DISPLAYED
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MK 2500 P
MK 2600 P

4096-BIT

MOS Read-Only Memory m 0ST E K

FEATURES

Read Only

' O High-speed, static operation — 400 nsec. typical access
Memories time

O Active input pull-ups provide worst-case TTL compatibility

Push-pull outputs provide three output states: one, zero,
and open

lon-implantation for constant current loads and lower -
power

O
O
O Standard power supplies: -5V, —12V
.

MK 2500 P is pin-for-pin replacement for National 5232
MK 2600 P is pin-for-pin replacement for Fairchild 3514

DESCRIPTION FUNCTIONAL DIAGRAMS
The MK 2500 P and MK 2600 P eral ROMS in parallel with no
series of TTL/DTL compatible  external components. Since B
MOS read-only memories the ROM is a static device, no we ooz seER
(ROMs) are designed to store  clocks are required, making = e~ ®ong o
4096 bits of information by the MK 2500/2600 P series of T RREERER
programming one mask pat- ROMS very versatile and easy i T T T Lo
tern. The word and bit organi-  to use. ggf g:: CHIP | | oureuT SENSE o
zation of these ROM series is Low threshold-voltage proc- cs3/A10 4o SECT AMPLIFIERS & DRVERS | T 23 veo
either 512W X 8B or 1024W X essing, utilizing ion-implanta- Al 5 iBEEEE
4B. tion, is used with P-channel, N 6—
The MK 2500/2600 P series enhancement-mode MOS tech- R 7—HOR0, :> i
has push-pull outputs that can  nology to provide direct input/ A 8—= DECODER MATRIX
be in one of three states: output interfacing with TTL T
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative to Vg (except Vgg)......oooooooioiienn, +0.3V to —10V

Voltage on V¢ Terminal Relative to Vs ... +0.3V to —20V

Operating Temperature Range (Ambient).................................. 0°C to +70°C

Storage Temperature Range (Ambient)..................................... -55°C to +150°C

RECOMMENDED OPERATING CONDITIONS

(0°C<T,<70°C)

PARAMETER MIN TYP MAX UNITS NOTES

Vs Supply Voltage +4.75 +5.0 +5.25 Vv Read Only
Voo Supply Voltage —_ 0.0 O v Note 1 Memories
Ve Supply Voltage -11.4 -12.0 -12.6 \Y
Vi Input Voltage, Logic “0” +0.8 "
Viu Input Voltage, Logic “1” Vss—1.5 \' Note 2
Viu Input Voltage, Logic “1” 2.4 \Y Note 3

ELECTRICAL CHARACTERISTICS
(Vgs = +5.0V = 5%; Vpp = 0V; Vgg = —12V =+ 5%; 0°C < T, < 70°C fnless noted otherwise)

PARAMETER MIN TYP MAX UNITS NOTES
Iss Supply Current, Vg 19.0 28.0 mA Note 4
lee Supply Current, Vgg 19.0 28.0 mA Note 4
L Input Leakage Current, Any Input 10.0 wA V, = V4—6.0V. Note 2
I Input Current, Logic 0, Any Input -100.0 A V,=.4V. Note 3
Iy Input Current, Logic 1, Any Input —-600.0 A V,=24V. Note 3
VoL Output Voltage, Logic “0” 0.4 \' lo,=1.6mA
Vou Output Voltage, Logic “1” 2.4 Vv lon=—40rA
low Output Leakage Current +10 A Outputs disabled

(Vo=V—6V)

Cin Input Capacitance 10 pF Note 5
Co Output Capacitance 10 pF Note 5
taccess|] Address to Output Access Time 100 400 700 nsec Refer to
tes Chip Select to Output Delay 100 250 500 nsec Test
teo Chip Deselect to Output Delay 100 250 800 nsec Note 6 Circuit

Notes: 1. This is V,, on MK 2500P.

2. This parameter is for inputs without active pull-ups (programmable).

3. This parameter is for inputs with active pull-ups (programmable) for TTL interfaces. As the TTL driver goes to a logic 1 it
must only provide 2.4V (this voltage must not be clamped) and the circuit pulls the input to V. Refer to the Input pull-up
figure for a graphical description of the active pull-up’s operation.

4. Inputs at Vs, outputs unloaded.

5. Vgias — Vss = OV; f = 1 MH_.

6. tcp is primarily dependent on the RC time constant of the load (i.e. the outputs become open circuited upon being disabled).

As noted in the Timing Diagram, disabling or enabling an output with a “1” expected out does not yield a transition through
the 1.5V point; this is true because the TTL equivalent load pulls the open-circuited output to approximately 2 volts.
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PROGRAMMING OPTIONS
MK 2500 P MK 2600 P
OPTIONS OPTIONS
Function 512 X 8 1024 X 4 Function 512 X 8 1024 X 4
Mode Control 1 0 Chip Select 0/A10 1or0 A10
Chip Select 1 for0 1or0 Chip Select 1 1or0 1or0
MRS | Chip Select 2 10r0 1or0 Chip Select 2 Toro Tor0
Chip Select 3/A10| 1 or0 address A10 Chip Select 3 1or0 1or0
1 = Most Positive = High Level Voltage 1 = Most Positive = High Level Voltage

Pin 1 in the MK 2500 P is used as a Mode Control, The MK 2600 P is programmed either as a 512x8
setting the circuit in the 1024x4 or 512x8 mode. array or a 1024x4 array. In the 1024x4 arrays, Pin
In the 1024x4 mode a tenth address bit is re- 22 provides the tenth address bit. When A10 is
quired, which is provided at Pin 4. If the circuit low the four bits are present at the even outputs
is in the 512x8 mode, then Pin 4 may be used for (B2, B4, B6, and B8); when A10 is high, the bits
a third chip select. are at the odd outputs (B1, B3, B5, and B7).

Additional Options: The MK 2500 P can have the In 512x8 arrays, Pin 22 may be used to provide a
address and control inputs set by the user so fourth chip select. Thus, with four programmable

that: chip selects, sixteen MK 2600 P ROMS in the
. . 512x8 configuration can be arranged in an 8192x8
512x8: m%de_clf)on‘:/rol — High array requiring no external decoding.

1024x4: Mode Control — Low
A10 aid as an address
See Note 9, following page

TIMING INPUT PACKAGE 24-lead ceramic

dual-in-line hermatic
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AN SOLID CURVE IS TYPICAL sauare | oo
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P N FOR 4K PULL-UP SBoLZATION ARER
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U osTve 1EQ, 5P 1001 100 ———— 028

R et ~ ororve— | G 1

R N ; g |

N —¥ 080 | | _]

¥ D .

(pa w0t AN T =
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MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2500 P
First Card

Cols. Information Field

1-30 Customer
31-50 Customer Part Number

MK 2600 P
First Card

Cols. Information Field

1-30 Customer
31-50 Customer Part Number

60-72 Mostek Part Number? 60-72 Mostek Part Number?
Second Card Second Card
1-30 Engineer at Customer Site 1-30 Engineer at Customer Site
31-50 Direct Phone Number for Engineer 31-50 Direct Phone Number for Engineer
Third Card Third Card
1-5 Mostek Part Number? 1-5 Mostek Part Number?
10-16  Organization? 10-16  Organization?
29 Cs310 . 29 CS3+
30 cs2+ 30 Cs2+
31 Ccs1+4 31 CS1+4
32 Active Pull-ups® 32 Ccso0

33 Active Pull-ups’

Fourth Card

1-9
15-28

35-57
60-67

Data Cards/512x08 Organization

Decimal Address 1-4
Output B8- B1 (MSB thru LSB)
Octal Equivalent of output data®

Data Cards/1024x04 Organization

1-4
6-13
15-17

1-4

6-9
11-12
50-53

55-58
60-61

Notes:

Fourth Card

Data Format® 1-9 Data Format®

Logic — “Positive Logic” or 15-28 Logic — “Positive Logic” or
“Negative Logic” “Negative Logic”

Verification Code’ Verification Code’

“A10 EVEN" or«A10 ODD”

35-57

(left justified)’

A OO N =~

10.

Data Cards/512x08 Organization

Decimal Address
6-13 Output B8- B1 (MSB thru LSB)
15-17  Octal Equivalent of output data®

Data Cards/1024x04 Organization

Decimal Address (0-1022), 1-4 Decimal Address (0-1022), even addresses
even addresses 6-9 Output (MSB-LSB)
Output (MSB-LSB) 11-12  Octal Equivalent of output data®
Octal Equivalent of output data® 50-53 Decimal Address (1-1023), odd addresses
Decimal Address (1-1023), 55-58 Output (MSB-LSB)
odd addresses 60-61 Octal Equivalent of output data®

Output (MSB-LSB)
Octal Equivalent of output data®

. Positive or negative logic formats are accepted as noted in the fourtn card.

. Assigned by Mostek Marketing Department; may be left blank.

. Punched as ‘“0512x08” or “1024x04".

. A “0” indicates the chip is enabled by a logic 0, a “1” indicates it is enabled by a logic 1, and a “2” indicates

a “Don’t Care” condition.

. A “1” indicates active pull-ups; a “0” indicates no pull-ups.
. MOSTEK, Fairchild, or National Punched-Card Coding Format may be used. Specify which punched card format

used by punching either “MOSTEK", “Fairchild”’, or “National”. Start name at column one.

. Punched as: (a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is
required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its
Customer Verification Data Sheet (CVDS) to the customer.
(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.
(c) VERIFICATION NOT NEEDED —i.e. the customer will not receive a CVDS and production will
begin immediately.

. The octal parity check is created by breaking up the output word into groups of three from right to left and
creating a base 8 (octal) number in place of these groups. For example the output word 10011110 would be
separated into groups 10/011/110 and the resulting octal equivalent number is 236.

. “A10 EVEN” and “A10 ODD” applies to the 1024 x 4 mode. “A10 EVEN" means the even outputs are enabled

when A10 is high. “A10 ODD”’ means the odd outputs are enabled when A10 is high.
Punched as 2" for 1024 x 4 organization.

Read Only

Memories
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MK 2503 P MK 2601 P
ASCII-TO-EBCDIC CODE CONVERTER Function 512X 8 Function 512X 8
) EBCDIC-TO-ASCIlI CODE CONVERTER | Mode Control 1 Chip Select 0/A10 0
A=LSB B:=LSB Chip Select 1 0 Chip Select 1 0
Ay=MSB Bs=MSB Chip Select 2 0 Chip Select 2 0
Chip Select 3/A10 0 Chip Select 3 0
ASCIlI (ADDRESS) TO EBCDIC (DATA)

Read Only

0 00000000 1 00000001 2 00000010 3 00000011 | 128 00100000 129 00100001 130 00100010 131 00100011
Memories 4 00110111 5 00101101 6 00101110 7 00101111 | 132 00100100 133 00010101 134 00000110 135 00010111
8 00010110 9 00000101 10 00100101 11 00001011 | 136 00101000 137 00101001 138 00101010 139 00101011
12 00001100 13 00001101 14 00001110 15 00001111 | 140 00101100 141 00001007 142 00001010 143 00011011
16 00010000 17 00010001 18 00010010 19 00010011 | 144 00110000 145 00110001 146 00011010 147 00110011
20 00111100 21 00111101 22 00110010 23 00100110 | 148 00110100 149 00110101 150 00110110 151 00001000
24 00011000 25 00011001 26 00111111 27 00100111 | 152 00111000 153 00111001 154 00111010 155 00111011
28 00011100 29 00011101 30 00011110 31 00011111 | 156 00000100 157 00010100 158 00111110 159 11100001
32 01000000 33 01001111 34 01111111 35 01111011 | 160 01000001 161 01000010 162 01000011 163 01000100
36 01011011 37 01101100 38 01010000 39 01111101 | 164 01000101 165 01000110 166 01000111 167 01001000
40 01001101 41 01011101 42 01011100 43 01001110 | 168 01001001 169 01010001 170 01010010 171 01010011
44 01101011 45 01100000 46 01001011 47 01100001 | 172 01010100 173 01010101 174 01010110 175 01010111
48 11110000 49 11110001 50 11110010 51 11110011 | 176 01011000 177 01011001 178 01100010 179 01100011
52 11110100 53 11110101 54 11110110 55 11110111 | 180 01100100 181 01100101 182 01100110 183 01100111
56 11111000 57 11111001 58 01111010 59 01011110 | 184 01101000 185 01101001 186 01110000 187 01110001
60 01001100 61 01111110 62 01101110 63 011071111 | 188 01110010 189 01110011 190 01110100 191 01110101
64 01111100 65 11000001 66 11000010 67 11000011 | 192 01110110 193 01110111 194 01111000 195 10000000
68 11000100 69 11000101 70 11000110 71 11000111 | 196 10001010 197 10001011 198 10001100 199 10001101
72 11001000 73 11001001 74 11010001 75 11010010 | 200 10001110 201 10001111 202 10010000 203 10011010
76 11010011 77 11010100 78 11010101 79 11010110 | 204 10011011 205 10011100 206 10011101 207 10011110
80 11010111 81 11011000 82 11011001 83 11100010 | 208 10011111 209 10100000 210 10101010 211 10101011
84 11100011 85 11100100 86 11100101 87 11100110 | 212 10101100 213 10101101 214 10101110 215 10101111
88 11100111 89 11101000 90 11101001 91 01001010 | 216 10110000 217 10110001 218 10110010 219 10110011
92 11100000 93 01011010 94 01011111 95 01101101 | 220 10110100 221 10110101 222 10110110 223 10110111
96 01111001 97 10000001 98 10000010 99 10000011 | 224 10111000 225 10111001 226 10111010 227 10111011
100 10000100 101 10000101 102 10000110 103 10000111 | 228 10111100 229 10111101 230 10111110 231 10111111
104 10001000 105 10001001 106 10010001 107 10010010 | 232 11001010 233 11001011 234 11001100 235 11001101
108 10010011 109 10010100 110 10010101 111 10010110 | 236 11001110 237 11001111 238 11011010 239 11011011
112 10010111 113 10011000 114 10011001 115 10100010 | 240 11011100 241 11011101 242 11011110 243 11011111
116 10100011 117 10100100 118 10100101 119 10100110 | 244 11101010 245 11101011 246 11101100 247 11101101
120 10100111 121 10101000 122 10101001 123 11000000 | 248 11101110 249 11101111 250 11111010 251 11111011
124 01101010 125 11010000 126 10100001 127 00000111 | 252 11111100 253 11111101 254 11111110 255 11111111

EBCDIC (ADDRESS) TO ASCII (DATA)

266 00000000 257 00000001 258 00000010 259 00000011 | 384 11000011 385 01100001 386 01100010 387 01100011
260 10011100 261 00001001 262 10000110 263 071111111 (388 01100100 389 01100101 390 01100110 391 01100111
264 10010111 265 10001101 266 10001110 267 00001011 | 392 01101000 393 01101001 394 11000100 395 11000101
268 00001100 269 00001101 270 00001110 271 00001111 |396 11000110 397 11000111 398 11001000 399 11001001
272 00010000 273 00010001 274 00010010 275 00010011 | 400 11001010 401 01101010 402 01101011 403 01101100
276 10011101 277 10000101 278 00001000 279 10000111 [404 01101101 405 01101110 406 01101111 407 01110000
280 00011000 281 00011001 282 10010010 283 10001111 /408 01110001 409 01110010 410 11001011 411 11001100
284 00011100 285 00011101 286 00011110 287 00011111 |412 11001101 413 11001110 414 11001111 415 11010000
288 10000000 289 10000001 290 10000010 291 10000011 | 416 11010007 417 01111110 418 01110011 419 01110100
292 10000100 293 00001010 294 00010111 295 00011011 | 420 01110107 421 01110110 422 01110111 423 01111000
296 10001000 297 10001001 298 10001010 299 10001011 | 424 01111001 425 01111010 426 11010010 427 11010011
300 10001100 301 00000101 302 00000110 303 00000111 | 428 11010100 429 11010101 430 11010110 431 11010111
304 10010000 305 10010001 306 00010110 307 10010011 | 432 11011000 433 110110017 434 11011010 435 11011011
308 10010100 309 10010101 310 10010110 311 00000100 |436 11011100 437 11011101 438 11011110 439 11011111
312 10011000 313 10011001 314 10011010 315 10011011 | 440 11100000 441 11100001 442 11100010 443 11100011
316 00010100 317 00010101 318 10011110 319 00011010 [ 444 11100100 445 11100101 446 11100110 447 11100111
320 00100000 321 10100000 322 10100001 323 10100010 | 448 01111011 449 01000001 450 01000010 451 01000011
324 10100011 325 10100100 326 10100101 327 10100110 | 452 01000100 453 01000101 454 01000110 455 01000111
328 10100111 329 10101000 330 01011011 331 00101110 | 456 01001000 457 01001001 458 11101000 459 11101001
332 00111100 333 00101000 334 00101011 335 00100001 | 460 11101010 461 11101011 462 11101100 463 11101101
336 00100110 337 101010017 338 10101010 339 10101011 | 464 01111101 465 01001010 466 01001011 467 01001100
340 10101100 341 10101101 342 10101110 343 10101111 {468 01001101 469 01001110 470 01001111 471 01010000
344 10110000 345 10110001 346 01011101 347 00100100 | 472 01010001 473 01010010 474 11101110 475 11101111
348 00101010 349 00101001 350 00111011 351 01011110476 11110000 477 11110001 478 11110010 479 11110011
352 00101101 353 00101111 354 10110010 355 10110011 (480 01011100 481 10011111 482 01010011 483 01010100
356 10110100 357 10110101 358 10110110 359 10110111 | 484 01010101 485 01010110 486 01010111 487 01011000
360 10111000 361 10111001 362 01111100 363 00101100 [ 488 01011001 489 01011010 490 11110100 491 11110101
364 00100101 365 01011111 366 00111110 367 00111111 {492 11110110 493 11110111 494 11111000 495 11111001
368 10111010 369 10111011 370 10111100 371 10111101 [ 496 00110000 497 00110001 498 00110010 499 00110011
372 10111110 373 10111111 374 11000000 375 11000001 | 500 00110100 501 00110101 502 00110110 503 00110111
376 11000010 377 01100000 378 00111010 379 00100011 | 504 00111000 505 001110017 ‘506 11111010 507 11111011
380 01000000 381 00100111 382 00111101 383 00100010 [ 508 11111100 509 11111101 510 11111110 511 11111111
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PRELIINVARY MK 28000 P

16K-BIT

MOS Read — ONLY Memory MOSTEK

FEATURES:

0 850 ns Maximum Access Time

O 1.1 us Maximum Cycle Time A : )

O  Low Power Dissipation —.02 mW/bit Typ. 5 Read Only
O  EA 4800/4900 Pin-for-Pin Replacement S T Memories
O  Options Include 2Kx8 Organization with

Three-State TTL Output Capability

O  2Kx8 or 4Kx4 Organization with Open Drain Outputs
O  Standard Supplies +5 Volts, — 12 Volts
O lon-Implanted for Full TTL/DTL Compatibility
DESCRIPT'ON FUNCTIONAL BLOCK DIAGRAM OPEN DRAIN OUTPUT
The MK 28000 is a mask program- DIAGRAMS N oF,
mable read only memory utilizing ? ?
low-threshold lon-Implant , Pchannel ar O3 L) 24
technology. The 28000 is a pin-for- o2 .y
pin replacement for the EA 4800/4900. ' . 23 oo
Theorganizationmay be either 2Kx8 420 . SUTPUT s7—002
or 4Kx4 with open drain outputs. A3 O DRIVERS Qo3
. . s 21
The 2Kx8 organization may have Aq O- _Oos
TTL three-state outputs with only aso—H— 2 a ®
one output enable. aso—13 3 T m™ru 20488
12 ER r_‘/ osAnltlm MEMORY MATRIX
Output data is stored indefinitely A7 O— | x £
after each memory access. |f the Ag O 008
output enables are held low during g O—2 L B
access, the outputs will be in a high AjgO—2 ORIVERS|—1-—Oo7
impedance state. Ay o—22 e —Oos
All inputs are protected against sta-
tic charge accumulation. Pullup re- én 34
sistors on all inputs are available as Vss OE,
a programmable option.
BLOCK DIAGRAM TTL OUTPUTS
Ve VoD
PIN CONNECTIONS ?9 ?24
— 13
MK 28000 P mo—"f——p
280¢ C
e Ay s s5—0o!
orey _onun ‘22 . 77 002
Vss . 20 OF, A
A zE M es oun ASC S 21 003
— iz oomy A40 . 2 70004
m_
- e o A 7 @ i > T,f,,'u :> 2048 X8 OUTPUT
a5 [0 oot 6O 2 ng Al MEMORY MATRIX DRIVERS
A 6] s oums A1G . DECODE R
2 7] 18 ouTg An O ) 05
“o En aurr N 0 Qo6
wo s [] Mis oty Ag O 18
A 0[] [is An Alo o L 17 Oo7
a1 [] [T of, Alio L] 6 Oos
ar 12 [ (Jis A
n g éu
v,: i E . gza (‘:: VSS OE
4 3] [ 22 ouTe
soa( Mz o
4 s (] [ 20 outq
A s [ s ouTs
s 7[] Me oure
40 8] Q7 ours
vee 5[] Mie ourg
% 0[] Fis a0
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ABSOLUTE MAXIMUM RATINGS

Voltage on any terminal relative to Vgg - . ..o oo +0.3V to —20V
Operating temperature range (Ambient). . ... ... 0°C to 70°C
Storage tempefature range (Ambient). .. ... it e e —55°C to 150°C
RECOMMENDED OPERATING CONDITIONS
(0°C<TA < 70°C)
Read Only
Memories
PARAMETER MIN TYP MAX COMMENTS

Vg |Supply Voltage | +4.75V +5V +5.25V

Vpp | Supply Voltage — 0 —

Vg |Supply Voltage —-12.6V —-12v —-11.4V

ViL |Input Voltage, Logic ‘0" +.8V

] Pullup resistors to \{s (&25K)

Vi |Input Voltage, Logic "1” Vss — 1.5V available as an option

ELECTRICAL CHARACTERISTICS
(Vgg=+5.0V £5%; Vo5 OV; V5= —12V 1£6%; 0°C< T , <70°C)
PARAMETER MIN TYP MAX COMMENTS

| ss |Supply Current 12 mA 20 mA |Outputs unconnected

I 5 | Supply Current 12 mA 20 mA |Inputs at Vgg

Cin |Input Capacitance 10 pF  |See Note 1

I \n {Input Leakage 10 LA See Note 2

Ry |Input Pullup Resistors 3KQ 9KQ Optional

VoL |Output Voltage, Logic 0" 0.4V | o= 1.6 mA See Note 3

Vou | Output Voltage, Logic ‘1" 2.5V See Note 4

| oL [Output Leakage Current -10 LA + 10 A &SprtSssd—isaGtXéJ) =25°C

PACKAGE 28-pin ceramic dual-in-line

i n il e
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PARAMETER MIN TYP MAX COMMENTS
tew AR Pulse Width 400 ns See timing and test circuit
tLp Address Lead Time 200 ns
tHLD Address Hold Time 200 ns
tep AR to Output Delay 650 ns
tAcc Access Time 850 ns {tacc =tid +tpd
Read Only
! tcycLE CVC|e Time 1.1 us tcyc|e =1 pw +t pd Memories
NOTES: 1. Vgias— Vss=0v; f=1MHz
2. This parameter is for inputs without pullups (optional)
3. This parameter is for outputs with TTL compatible outputs.
4. For open drain outputs, a 6.8K Q load to Vg is assumed.

(See test circuits)

TIMING

TEST CIRCUIT
TTL COMPATIBLE OUTPUTS

_ Vm tpw ———> ouTPUT Vss
AR 4K

vk - 25pf

ViH £ q
ADDRESS
INPUTS Vie X ]

OUTPUTS ENABLED

LeveLe

outpur ™ / \
ENABLE T I
ViL
fe——— | ——— tacc — OPEN DRAIN OUTPUTS
- tro — 6.8K

Vee @ ——wW—

N s
Vi 4K
DATA 'H INVALID
OUTPUT OLD DATA oata ¥ NEW DATA GUTPUT Vs
Vie /J K

OUTPUTS DISABLED

outpuT VM
ENABLE | K

25 pf

L

oara Viw OUTPUTS DISABLED
LD DATA INVALID DATA% N|— === —=—— —
OUTPUT oLo L *
Vi y K

9% INVALID DATA  HIGH IMPEDANCE =
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MOSTEK 28000 ROM Punched Card Coding Format]

First Card

Cols Information Field

1-30 Customer

31-60 Customer Part Number2
60-72 MOSTEK Part Number

Second Card

1-30 Engineer at Customer Site
Read Only 31-50 Direct Phone Number for Engineer
Memories Third Card

15 MOSTEK Part Number2

10-16 Organization (2048X8 or 4096 X4)

29 Outputs (1=Open Drain, ¢=Push Pull TTL)

31 Number of Output Enable Pins (1 or 2)

33 Input Pullups (1=yes, $=no)
Fourth Card
1-9 Data Format3
15-28 Logic — (”Positive Logic’’ or ‘’Negative Logic")
35-57 Verification Code#
Data Cards
MOSTEK Format or EA Format

(for EA Pin-for-Pin
1-4 Decimal Address Replacement only)
6-13 Output B8-B1 (MSB Thru LSB)
15-17 Octal Equivalent of Output Data
NOTES: 1. Positive or negative logic formats are accepted as noted in the fourth card.
2. Assigned by MOSTEK; may be left blank
3. MOSTEK or Electronic Arrays Punched card coding format may be used.

Specify which card format used by punching either “MOSTEK"' or ““EA".
Start at column one.

4. Punched as: (a) VERIFICATION HOLD — i.e. customer verification of the
data as reproduced by MOSTEK is required prior to production
of the ROM. To accomplish this MOSTEK supplies a copy of
its Customer Verification Data Sheet (CVDS) to the customer.
(b) VERIFICATION PROCESS — i.e. the customer will receive
a CVDS but production will begin prior to receipt of customer
verification.

(c) VERIFICATION NOT NEEDED - i.e. the customer will
not receive a CVDS and production will begin immediately.
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emories
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Random

Access

Memories

MK 4006 P-6
MK 4008 P -6

1024x1 BIT DYNAMIC

MOS Random Access Memory

FEATURES:

O TTL/DTL compatible inputs

O No clocks required

O Access time:

DESCRIPTION

This is a family of MOS dy-
namic 1024x1 random-access
memories having identical func-
tional characteristics, differing
only in speed. Access time in
the MK 4006 P-6 is less than
400 ns; in the MK 4008P-6 less
than 500.

Full address decoding is pro-
vided internally. Information is
read out non-destructively
(NDRO) and has the same po-

- larity as the input data.

46

TTL/DTL compatibility at all in-
puts allows economical use in
small systems by eliminating
the need for special interface
circuitry. Large main-memory

applications also benefit from’

the low drive-voltage swings as
well as the packing density af-
forded by the standard 16-pin
dual-in-line packaging and low
standby power.

The internal memory element
of this RAM is a capacitance,
and refreshing must be period-
ically initiated (see TIMING).
However, all internal decoding
and sensing is static, so that
precharging or clocking nor-
mally associated with dynamic
memories is not required. From
the user’s viewpoint, memory
control and addressing are es-
sentially those of a static de-
vice.

MK 4006 P—6 under 400 ns
- MK 4008 P—6 under 500 ns

lj Standby power: under 50 mW
O 16-pin standard CDIP
-0 Supply voltage: +5V and —12V

Noise suppression measures
normally employed in DTL or
TTL systems are sufficient. High
voltage input swings and high
peak-current line drivers are
unnecessary for driving mem-
ory inputs, and the memory itself
does not exhibit large supply
current transients.

Data output is single-ended to
minimize propagation delay.
Output current is sourced from
Vs (+5V), and easily sensed
using readily available compo-
nents. A logic 1 at the output
terminal appears as a 5,000
Ohm resistor (MK 4006) to +5V;
a logic 0 as an open circuit.

The performance of this RAM
is made possible by Mostek’s
ion-implantation process. In ad-
dition to offering low threshold
voltages for TTL/DTL compati-
bility and utilizing conventional
P-channel processing, ion-
implantation allows both en-
hancement (normally OFF) and
depletion (normally ON) MOS
transistors to be fabricated on
the same chip. By replacing
conventional MOS load resis-
tors with constant-current de-
pletion transistors, operational
speeds and functional density
are increased.

MOSTEK

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
Voltage on any pin relative to Vg
Operating Temperature
Storage Temperature Range

RECOMMENDED DC OPERATING CONDITIONS
(0° ¢ <T, < 70°C)

MK 4006P-6 MK 4008P-6
PARAMETER MIN | MAX MIN | MAX UNITS NOTES
Vs Supply Voltage +4.75 +5.25 \"
Voo Supply Voltage -11.4 -12.6 Vv
V. Input Voltage, Logic 0 +0.8 \",
Viu Input Voltage, Logi¢ 1 Vgs—1 Vs \"
Vg Standby Supply Voltage (Fig. 4) Ves—4 V¢s—6 v Note 1
RECOMMENDED AC OPERATING CONDITIONS®
(0° C <T, < 70°C)
MK 4006P-6 MK 4008P-6
PARAMETER MIN | MAX MIN MAX UNITS NOTES B
tre Read Cycle Time (Fig. 1) 400 500 ns
twe Write Cycle Time (Fig. 2) 650 ns twp=250 ns
900 ns twp=400 ns
twe Write Pulse Width (Fig. 2) 250 ns taw=400 ns
400 ns taw=500 ns
taw Address-to-Write Delay (Fig. 2) 400 ns twp=250 ns
500 ns twp=400 ns
too Data-to-Write Lead Time (Fig. 2) 300 ns twp=250 ns
400 ns twp=400 ns
oy | Refresh Time (Fig. 3) 2 2 ms See Note 3.
tecorp | Chip-Disable-to-Power-Down See Note 1
Delay (Fig.4) 200 200 ns See Note 4
DC ELECTRICAL CHARACTERISTICS
(Vsg = +5V = 59%; Vpp = —12V * 5%,; 0°C < T, < 70°C unless otherwise noted)
MK 4006P-6 MK 4008P-6
PARAMETER MIN | MAX MIN MAX UNITS NOTES
Is, o | Supply Current: At T,=0°C 32 32 mA | Output
At T,=70°C 27 27 mA Open
Psosy | Power Dissipation, Standby 50 50 mwW Vss—Vpp = 5V; Note 1
I Input Current, Logic 1. Any Input -5 +5 -5 +5 uA V,=Vg—1V
Iy Input Current, Logic 0, Any Input -5 +5 -5 +5 A V,=0.8V
low Output Current, Logic 1 1.0 0.8 mA
. Note 5
lo Output Current, Logic 0 5 5 uA




AC ELECTRICAL CHARACTERISTICS
(Vgg = +5V = 5%; Vpp = —12V £ 5%; 0°C < T, < 70°C unless otherwise noted)

T I
PARAMETER MK 4006P-6 MK 4008P-6 UNITS NOTES
_MIN MAX MIN MAX
taccess | Read Access Time (Fig. 1 & 1-A) 400 500 ns Note 2
tee Chip Enable Time (Fig. 1A & 5) 350 450 ns Note 2
) ote
tep Chip Disable Time (Fig. 1A & 5) 350 450 ns
C Input Capacitance, Any Input 5.0 5.0 pF Ta=25°C; V,=Vg;
f=1MHz
Co Output Capacitance 10 10 pF Ta=25°C; Vo=V, —5V,
f=1MHz
Vpp Capacitance 75 75 pF TA = 25°C; Note 6
Random NOTES:
A““‘”A (1) Applies to MK 4006-6 and MK 4008-6 only.
Memories (2) Measurement Criteria: Input voltage swing, all inputs: 0.8V to Vi —1

Input rise and fall times: 20 ns

Measurement point on input signals: 4 1.5V above ground

Measurement point on output signal: 460 mV above ground, using a load circuit of a 200 ohm resistor in parallel
with a 100 pF capacitance connected to ground.

(3

teory IS the time between refresh cycles for a given row address.

(4

The rise time of V,,, must not be faster than 20 ns.

(5) Steady-state values. (Refer to Fig. 1A for clarification)

(6) Average capacitance of the Vy, terminal relative to the V¢ terminal. Measured by switching the Voo terminal from OV to —12V with an
applied Vg = 5V. Peak I, is observed and the circuit replaced by a capacitance which yields the same peak current a% the circuit

under test.

TIMING (Note 2)

— <50ns Yo}
GHP  ~—~— 7T N 200X 1oy
NBLE ___\ N
MK4006P 180mV
S — MK4008P  144mV
R/W /
4
FIG. 1 ¢ |
READ R
CYCLE -- --=
ADDRESS > MK4006,8P 80mV
- T MKA006,8P 60mV
_~__"—tAcczss MK4006,8P 40mV
DATA
OUTRUT MK4006,8P 20mV
. 200X Iy, ,
0 1 i
READING (Fig. 1) N D t —~ -t TIME——=
Reading is accomplished with the Read/ ADDRESS ACCESS btz
Write input held high. Data output di- t 1=20nanosec(Max)

rectly follows the application of an
address. As long as the address is un- ]
changed and the chip enabled, data out- ACCESS TIME (Fig. 1-A)
put will remain valid until the next refresh Fi :

gure 1-A illustrates the measurement
cycle. Input addresses can be changed of access time after application of new

as soon as output data is accessed. Any
address can be applied repetitively with- 2835623 for the MK 4006 P and the MK

out degrading stored data, providing that
the refresh period of 2 ms is observed.

t =200nanosec(Max), 100nanosec(Typ)
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TIMING

(Note 2)
WRITING (Fig. 2) . l‘sSOns
Writing is accomplished by bringing the T2 N
Read/Write input low with valid data ENABLE  -——- A -—
present at the data input and the Chip- =0ns
Enable input low (chip enabled). Follow- twe
ing the return of the Read/Write line to a ‘><

high state, new address and input data ADDRESS
can be applied. lf a read-after-write oper-
ation is desired, valid data will appear at WRITE
the output within one read access time CYCLE “'—uw——‘——pr—-
following the rising edge of the Write RW ———F —
Pulse. Read-modify-write operation is ___/”__——\__

easily achieved by delaying the Write r

Pulse until data has been read and modi- tow —"—30“5
fication is complete. OATA

INPUT Random
REFRESHING (Figs.2&3) S N

ccess

The dynamic memory cell employed in Memories
the MK 4006 P and MK 4008 P will not
store data indefinitely. Stored data must
be written back into the cell at least once
every 2 ms. Rewriting is accomplished in-
ternally without the need to reapply ex-

ternal data. This rewriting operation is
called refreshing. — psSOns
/

Refreshing of the MK 4006 P and MK CHIP__
4008 P is accomplished during both write
cycles and refresh cycles. During a write twe |
cycle the state of the Row Address - —_—
(R,-Rs) determines which of the 32 mem- FIG. 3 ADDRESS

ory matrix rows will be internally re- gsEEESH

freshed. An entire row (32 bits) is re- -

freshed during one write cycle. Since it
is difficult in practice to assure that each RW ____“—tnw—Ttwp o
of the 32 possible R addresses is asso- _/

ciated with a write cycle in every 2 ms -
period, a separate refresh cycle is nor-
mally employed.

The refresh cycle is identical to the write
cycle except that the chip is disabled
while the Read/Write line is pulsed. Dis-
abling the chip removes the data output
and prevents data at the data input from
being written into the memory. An entire —Ilcom

o

refresh cycle consists of 32 address <troy 20 ns
changes and associated write pulses, in- P -}-T if
X 15

volving a total time of approximately 20 ENABLE
microseconds.

Vs (+5V) —
STANDBY MODE (Fig. 4) ) \;ss

Power dissipation of the MK 4006-6 P and . / \

MK 4008-6 P can be reduced below 50 MODE

mW without loss of stored data by low- Voo ‘“-4"74 Voo(-12V) c'“"w
ering the Vpp, supply voltage to system pomel
ground (V¢-5V). Figure 4 illustrates the k—ZZOns
proper input conditions that should be s fa
observed when reducing Vpp. If the Rw LSV
standby mode is maintained as long as

2 milliseconds, the Vg, supply should be

returned to —12V and a refresh cycle

initiated. Read or write cycles can com-

mence _immediately following the return

of Vpp to —12V.

POWER DOWN PERIOD ———
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TIMING - ot ———
IP_ —\
(Note 2) ENABLE \ -
CHIP ENABLING (Fig. 5)) DATA —--
— o Y,
The negative-going CE enables the chip, Fig. 5 OUTPUT
and output data becomes valid within Emunc
tee time. Return of the CE input to logic teo
1 disables the chip; data out remains for __ y— -
tep time. g_—_m"%w —
DATA O\
OUTPUT _ _ | o oo N

Random

Access
WS TESTING CONSIDERATIONS TABLE 1: FUNCTIONAL TESTS (SIMPLIFIED)

For a complete discussion of testing this memory, see Mostek’s

Applications Note AN-103. TEST IEST|  oper CHIP |  DATA |COMPARE
. : . - . DESC. . * |ENABLE| INPUT DATA
The functional diagram (Fig. 6) indicates signal flow for se- Esc SEQ
lected row and column. , _ Bit& First | Write E | Parity
A simplified listing of functional tests is shown in Table 1. Decoder Test! )
(high = Logic 1; low = Logic 0) Next | Read E Parity
Tests are performed in an address sequence which requires ) ) £
the maximum number of changes in the row and column de- Cotumn Shorts | First | Write V-Bar
coders between addresses. Addressing Rows 0 through 31 is During Next | Write D | V-Bar
accomplished by using the binary equivalent of the row Disable
address. The internal organization of the memory matrix re- Next | Read E V-Bar
quires the logic shown in Fig. 7 for column addresses; this - -
logic provides the necessary conversion from inary equiva- zzwniggﬁs- First | Write E | H-Bar
lent to column address. During Disable,| Next | Read D 1 0
& Max. Power
Fig. 6 2 1161514 Next | Read E 0 H-Bar
Cll fiz 33 Cf Cf ARot;esshTime, First | Write, Write E | V-Bar, V-Bar
3 13 erresh,
READ/WRITE | COLUMN DECODER CE AND COL Write Cycle, Next | Delay D 0
READ/WRITE= poea'™ [ (NOR GATE) ADD BUFFER [ CF & Standby! —
Next | Read E V-Bar
12
[ Toour SeLECT Dout Disturb Test | First | Write Row E 1
of l's
11
t——{ Dw SELECT | }e—{ D BUFFER Dy Next | Write Adj. E 0
l Row with 0's
COLUMN SENSE Next | Continue E 0
AMPLIFIERS Writing Same
Row for Max.
IH../I.HI Refresh Delay
T
o § 3| Ra %I: :gg Next grei;glal Row ;
4R = 8l 1= | reap 8%./@ of I's 1
oRs ; 2 = R - —--'::-‘,- _ _ ] SELECTED ROwW 1. Test performed as shown and r d with pl ary data.
[~ - %
Sk 3| |5 wie Lo — SELECTED PATH
= F : : :
7Rs N SIGNAL FLOW PACKAGE (16-lead ceramic dual-in-line
SELECTED COLUMN hermetic package) — 00
Fig. 7
SYMBOLIZATION 310 °;
20 >C C ) ﬁ;}%‘;ﬂrﬁ%iﬂou ] 23? 'oosewl e L}"z;
L J 010+ o0l
21 >C () —— 800 * 010 sl e
FROM TO RAM 4
TESTER 92 cs UNDER I 10
23 c 4. 130 _r
4 —
>< '°l’— "“’6«9 10\?;
002
24 Cs
7 EQUAL SPACES 100

ORDERING INFORMATION

MK 4006 P-6 1024x1 RAM/w/400 ns access time with power down
MK 4008 P-6 1024x1 RAM/w/500 ns access time with power down
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APPLICATION

SENSE AMPLIFIERS FOR MK 4006/4008 RAM's
Since the interface circuitry used to convert memory
signals to system logic levels strongly influences sys-
tem access times, this circuitry should always be de-
signed to meet the speed and cost requirements of the
particular application.

Fig. 1-A (See “Timing’’) is shown to assist in the design
of such amplifiers. This figure shows output voltage
(across a specified load) vs. time from application of
new address with several points indicated where speci-
fied voltage levels are referenced to specific times. Al-
though all the various access times vs. output current
levels cannot be shown, a few guidelines are given for
interpolation between the specified points.

In Fig. 1-A, the two points at t,_.... + 20 nsec give the
minimum “1” level and the maximum “0” level for this
partlcular time (80 mV and 40 mV respectively). At
t,ecess + 200 nsec, voltage levels are specified for the
90% and 10% points of the minimum “1” and maxi-
mum “0” levels.

INTERPOLATION

These interpolation guidelines are selected to give the
designer a high level of confidence in his sense ampli-
fier design.

From O to 1: This portion of the access curve can be
estimated by two linear portions: (1) from the 60 mV to
the 80 mV level; and (2) from the 80 mV level to 180/
144 mV level.

From 1 to O: This portion of the access curve can be
estimated by a semi-logarithmic plot decreasing 20 mV
for each decade or 10 nsec of time added to t,_,,, With
the end points being 60 mV at 2 nsec and 20 mV at 200
nsec.

EXAMPLE: Let us consider how this data can be used
in a sense amplifier design utilizing the 75107/108
Dual-Line-Receiver-and-Driver.

The manufacturer’s data sheet for this circuit shows us
that at strobe time, three conditions of the line receiver
can exist: (1) the input voltage differential can be more
positive than 25 mV, resuilting in a logic 1 at the output
(Input differential voltage is referenced to the inverting
terminal); (2) the input differential can be more negative
than 25 mV, resulting in a logic O at the output; (3) the
input differential is less than 25 mV (absolute value),
which will result in an output of an undetermined state.
In other words, the line receiver has a 50 mV ‘“‘window”

centered around zero, and a signal must fall outside
this window to provide reliable information at the output.

The standard configuration for using the 75107/108 as
a sense amp is shown in Fig. 8 with the voltage and
current conventions used in this analysis.

FIG. 8: lllustrating use of 75107/108 Line Receivers
as sense amplifiers for the MK 4006/4008 P.

From the worst-case access at the chip level, one can
use the interpolation technique described above to de-
termine maximum “O” current level [l, -(MAX)] and
the minimum “1” current level [l5,(MIN)].

However, to use a worst-case approach to this design,
in addition to the chip’s characteristics, one must in-
clude in the “O” level current the effect of leakage
from all outputs that are wired together. Also the input
currents required by the 75107/108 (75 mA and 10 mA)
must be included. Let us call this 15, ;(MAX):

lotf(MAX) = lg c(MAX) + (N-1) (5 uA) [1]
where N = number of outputs wired together
Using the maximum zero level at the line receiver input
(Vip £ —25mV = V), the following equation is de-
rived:

louf(MAX) = 1, — 1, + I, (MIN)
and [, (MIN) = O A [2]
therefore: v v
- 4V 4V-
ID D
lour(MAX) = e (3]

Using the minimum “1” level at the line receiver input

(Vp > +25mV = .T;), the equation becomes
lou(MIN) = 1, — I, + 1,,(MAX) [4]
and I,,(MAX) = 75 pA
Vi 4+ V4V
lon(MIN) = Yo __R2 + 75 pA (5]

Solving these equations ([3] and [5]) simultaneously
yields R1 and R2.

As an example, assume a memory system with 4 out-
puts wired-ORed to a sense amplifier, requiring a chip
access time of 460 nsec. Then the associated current
and resistor values are:

loir(MAX) = 152.3 yA + 3 (5 uA) = 167.3 A
lon(MIN) = 511.12 4A

Therefore:
R1 =190 Q
R2 = 16.5 KQ

Sense amplifiers vary from the very fast, low-threshold
types to the slower, high-threshold kind. The ideal
choice will depend on the application. Fig. 1-A and the
guidelines in this note are intended to help the designer
tailor his sense amplifier design to meet the speed and
cost requirements of his particular application.

It should also be noted that a portion of the output
current from the memory chip is used to charge the
capacitance on the data output. If the output impedance
differs greatly from the specified load, this current must
also be calculated.

Random

Access

Memories
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SUPPLEMENT MK 4008P-9

1024 x 1 BIT DYNAMIC

MOS Random Access Memory

MOSTEK

FEATURES

[0 1024x1 RAM in 16-pin package
O Functionally equivalent to Mostek MK4006/4008 RAM’s

DESCRIPTION

Random

FUNCTIONAL DIAGRAM

C; C2 C3 Ca Cs

Fe o P e

DECODER ORIVER

Voo
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Vss
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Access

Memories

This 1024x1 Bit Dynamic Ram is selected from Mostek’s MK4006 | ..

and MK4008 RAMs. See the MK4006/4008 data sheet for addi-
D dl_—.l a“"E’LH Coamerireag " I——O{ BUFFER }—-»—5:; Dour

tional information, including timing diagrams.

CELL
MATRIX
1024 bits

R - DECODER

«
w
2
«
o
&
8
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o
w
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin (except Vgg) relative to Vg
Voltage on Vgg pin relative to Vg
Operating Temperature

+0.3 to —10V
.......................... +0.3 to —-20V
...................................................................................................................... 0°C to +70°C
-55°C to +150°C

Storage Temperature Range

RECOMMENDED DC OPERATING CONDITIONS
(0° C <T, < 70°C)

MK 4008 P-9
PARAMETER MIN MAX UNITS NOTES
Vs Supply Voltage +4.75 +5.25 \
Voo Supply Voltage -11.4 -12.6 \Y
Vi Input Voltage, Logic 0 +0.8 A
Vig Input Voltage, Logic 1 Vg1 Vs \';
RECOMMENDED AC OPERATING CONDITIONS!"
(0° C <T, < 70°C)
MK 4008P-9
PARAMETER MIN MAX UNITS NOTES
tre Read Cycle Time (Fig. 1) 800 ns
twe Write Cycle Time (Fig. 2) 1 us twp= 450 ns
twe Write Pulse Width (Fig. 2) 450 ns taw="550 ns
taw Address-to-Write Delay (Fig. 2) 550 ns twr=450 ns
oo Data-to-Write Lead Time (Fig. 2) 500 ns twp=450 ns
troLy Refresh Time (Fig. 3) 1 ms See Note 2
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DC ELECTRICAL CHARACTERISTICS
(Vss = +5V = 5%; Vpp = =12V * 5%; 0°C < T, < 70° C unless otherwise noted)

MK 4008 P-9
PARAMETER MIN MAX UNITS NOTES
Iss, Ipp Supply Current: At T,=0°C 32 mA | Output
At T,=70°C 27 mA Open
I Input Current, Logic 1, Any Input -5 +5 pA | Vi=Ve—1V
I Input Current, Logic 0, Any Input -5 +5 A V,=0.8V
lon Output Current, Logic 1 0.6 mA Note 3
low Output Current, Logic 0 5 uA

AC ELECTRICAL CHARACTERISTICS
(Vss = +5V = 59%; Vpp = —12V %= 5%; 0°C < T, < 70° C unless otherwise noted)

MK 4008 P-9
PARAMETER MIN MAX | UNITS NOTES Random
taccess Read Access Time 800 ns Note 1 Access
Hee Chip Enable Time 450 ns Note 1 Memories
teo Chip Disable Time 450 ns
C Input Capacitance, Any Input 5.0 pF TA=25°C; V|=Vs;s;
f=1MHz
Co Output Capacitance 10 pF TA=25°C; Vo=V¢—5V;
f=1MHz
NOTES:
(1) Measurement Criteria: Input voltage swing, all inputs: 0.8V to Vis— 1

Input rise and fall times: 20 ns

Measurement point on input signals: +1.5V above ground

Measurement point on output signal: +60 mV above
ground, using a load circuit of a 200 ohm resistor
in parallel with.a 100 pF capacitance connected to
ground.

(2) tzoLy is the time between refresh cycles for a given row address.
(3) Steady-state values. (Refer to Fig. 1A for clarification)

TIMING
Vod

120m 1y,

ACCESS TIME (Fig. 1-A)

Figure 1-A illustrates the measurement
of access time after application of new
address for the MK 4008 P-9.

MK4008-9P 108mV

MK4008-9P 60mV

MK4008-9P 20mV

200X lo,
0

L :
NEW TIME ——==
ADDRESS = taccess .

t,=200nanosec (Typ)
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DESIGNING AN
ASYNCHRONOUS
MEMORY SYSTEM
USING THE MOSTEK
MK 4008-9 RAM

by ERNIE FINK*

INTRODUCTION

The asynchronousmemory system
ispopular with memory users since
it generates its own internal tim-
ing signals and interfaces at the
system level via handshaking or
demand techniques. The user
simply makes a request for a mem-
ory cycle and applies address and
data to the interface. The mem-
ory system performstherequested
cycle and provides an acknow-
ledge signal to the user indicat-
ing that the cycle is complete and
data is available. The memory
does not require external clock
signals or specific cycle request
rates from the user. This allows
both high and low cycle rate users
such as a CPU and its peripherals
to share the same memorywithout
complicated control logic.

This note describes the design of
as asynchronous memory system
using the MOSTEK MK 4008-9 dy-
namic RAM. The system is organ-
ized as 4K-words by 8-bits and
has a cyle time of 1.155 micro-
seconds. The block diagram of
the memory system is shown in
Figure 1. The controller and other
functional blocks of the diagram
will be discussed after a review of
the characteristics of the MK
4008-9.

{}ADDRESS

SELECT

RIVERS] 4 CHIP
5)

MREQ ADLOG ADDRESS LATCHES (12)
—
CoNTROLLER K Ron
RFCY
READ ROW ADD
MULTIPLEXER
BDRIVERS (5)
REFRESS

DECODE
COLUMN|  DRIVERS
ADD. al

CE MACK

ljuoo.
apLoc \/

\VARAV/

R/IW

DATA
| INPUT |
DATA IN LATCHES :>

)
DRIVERS
(8)

MEMORY
MATRIX 4KX8

SENSE
AMPS(8)

DATA
m—
LATCHES]
®)

barA
out

FIGURE 1 - Block Diagram of an Asychronous MK 4008-9 Dynamic Memory System.

The memory configuration shown is 4K x 8.

MK 4008-9 CHARACTERISTICS

The MK 4008-9 is a 1024 X 1
random access memory.- The stor-
age matrix is arranged as 32 rows
of 32 bits. The matrix is dynamic
and required that each bit be re-
freshed every millisecond. The
refreshing is accomplished by dis-
abling the chip(s) and performing
a write cycle at each of the 32
row addresses. All 32 bits in a row
are refreshed during the refresh
cycle.

The inputs on the MK 4008-9 are
all TTL compatible with the aid
of a pull-up resistor. The inputs
look like 5 pf capacitors. A 4K
X 8 bit memory would have the
address lines running to each of
the 32 chips. This would look
like 160 pf without considering
the wiring capacitance. For this
reason high current input drivers
are used on the address lines to
provide the speed that is requir-
ed of the memory system. The
memory system shown in Figure
1 uses Signetics 8T09 Quad Bus
Drivers for the address and read/
write inputs. The 160 pf from
the 32 chips plus approximately
40 pf from the wiring presents

*Mostek Corp. 1215 West Crosby Road, Carroliton, Tex.

200 pf to the input drivers. The
input“1” level to the MK 4008-9
must be 4 volts. The 8T09 will
drive 300 pf with a propagation
delay of 20 nsec. A pullup resis-
tor must be used to insure the
4 volt level on the input. The
pullup resistor also serves to term-
inate the driven signal line mini-
mizing signal distortion due to re-
flections. Theresistorvalueshould
be chosen with the trade-off of
power dissipation versus termina-
tionefficiencyinmind. Care must
be taken to prevent overshoot of
the signal above the Vss level.

A write cycle for the MK 4008-9
consists of a 450 nsec (min) neg-
ative-going pulse on the R/W line
following a 500 nsec (min) time
during which the address is stable
and the chip isenabled. The input
data must be true at the time the
R/W line goes low. A refresh cycle
is the same without the chip being
enabled. In this case, data on the
inputs will not be written into
the memory.

For a read cycle, the data will
appear at the output 800 nsec
(max) after the address is stable



REFRESH TIMING AND CONTROL LOGIC
__________________________________ -
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FIGURE 2 - Complete Diagram of an Asynchronous Memory Controller. The controller has three main blocks: refresh timing and control logic, system

timing logic, and read/ write control logic.

if the chip is enabled. If the chip
is not enabled, the output will
appear as an open circuit. This
feature allows several MK 4008-9
to be wire-ORed together with
only one chip being enabled at a
time. " The use of a sense amp to
detect the current output will be
discussed later.

CONTROLLER

A detaileddrawingofan asynchro-
nous memory controller for an
MK 4008-9 is shown in Figure 2.
The controller has three basic
parts: refresh timing and control
logic, cycle timing logic and read
control logic.

The refresh timing and control
logic must be able to time the
period between refreshes, incre-
ment a five bit binary counter (re-
fresh row address) and gain prio-
rity control over the cycle timing
logic to perform a refresh cycle
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ure 3. When a refresh cycle is
begun, the refresh timing and
control logic must multiplex the
rowaddressfromthebinary count-
er to the memory (figure 4), tell
the read control logic that the
cycle requires a write pulse, in-
hibit the Memory Acknowledge
signal and disable all MK 4008-9’s.
Uponcompletingtherefreshcycle,
the one-shot is retriggered to start
the time-out until the next refresh

REFRESH /

REQUEST

The refresh timing and control log-
| 1 |
reo Il WRITE CYCLE : REFRESH CYCLE : READ CYCLE | giC uses a One-ShOt tO time'out
__./: \ - l/ \ the period between refresh cycles.
READ | | ¥ : When the time has expired, a Re-
————7owm T ! fresh Request (RFREQ) is issued
- AX | | . . .
Aooressts . | | | to the cycle timing logic. If the
™ = o . ! | cycle timing logic is timing out
AbLoc | ; REFRESH | ! acycle when the Refresh Request
ADDRESSES T 125 Ns wax | §__ AboRess | i is recejved, it will wait until the
aND DATA' | X r X D¢ ! cycle in progress has ended and
=9 ! "“5°°“5”'!;.‘5?.7.§..g' ' ' then begin the refresh cycle. If
o o ! ! \ /’I | a Memory Request (MREQ) is
o | ! h ! issued while a refresh cycle is in
MACK : \ (: : progress, the refresh cycle will fin-
| , 30NS MAX = - ish and then the memory request
DATA OUT ! ! : will be accepted. This is illustra-
| | ted in the timing diagram in Fig-
| |
|
|

Random !

|

1155 us J
CYCLE TIME !

Memories

— X

|
|
Access RFCY !
)
1

NOTES! ALL MK 4008-9 ARE DISABLED AND THE REFESH
ADDRESS IS MULTIPLEXED TO THE MEMORY BY RFCY
THE TIMING WAS CALCULATED USING 74175's FOR INPUT8 OUTPUT
LATCHES, 741575 FOR MULTIPLEXERS, AND 8TO9
BUS DRIVERS

FIGURE 3 - Timing Diagram showing a write cycle, refresh cycle and read cycle.

(RECY). The refresh of the 32
rows every millisecond is separat-
ed into the refresh of a different
row every 31.2 usec (distributed

refresh technique). The refresh
could be accomplished on all rows
at one interrupt if desired (burst
refresh technique).

RA, RA,RA; RA, RAg

SIGNETICS
| 74157 8T09

RFA | >° > R
RFA , >c » Ry
RFA 3 > > R3
RFA 4 STR SEL > > Ra

L

74157

- {>c > Ry

RFA s

STR SEY

RFCY

FIGURE 4 - Complete diagram of row address multiplexers and line drivers.
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cycle and increment the refresh
address counter.

The cycle timing logic generates
all the timing signals that are need-
ed foracycle whether it is a write,
read or refresh cycle. When a
memory request is issued to the
memory system, the cycle timing
logic generates a signal, ADLOC,
that latches addresses, input data
and Read. For each cycle, a write
pulse is generated and is routed
to the read control logic. The
read control gates the write pulse
to the memory matrix. For a read
cycle the write pulse is not gated
to the memory matrix. For awrite
cycle or a refresh cycle, a mem-
ory acknowledge (MACK) is gene-
rated. Memory acknowledge goes
low to indicate the memory re-
quest is being performed and goes
high to indicate the cycle is com-
pleted. Data will be true on the
output 30 ns after memory ac-
knowledge goes high.

Figure 3isatiming diagram show-
ing three cycles for the MK 4008-9
memory system. The first cycle
is a write cycle, the second is a
refreshand the thirdisaread cycle.
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FIGURE 5 - 75107 sense amplifier application diagram.

When a read cycle is completed,
the output data is latched at the
memory system output. Note the
output data remains true for a
minimum of one cycle. For some
applications, the input and output
latcheswould notbeneeded. Seven
74175 latcheswouldbeeliminated
in this caseand approximately 100
ns subtracted from the overall
system cycle time.

SENSE AMP

The MK 4008-9 output is an open
drain configuration and is speci-
fied to produce < 60 mV for a
“0"and > 60 mV for a 1" across
a 200 Qresistor and 100 pf capa-
citor in parallel to GND at the
800 ns access time. This small
signal must be convertedto a TTL
level. The system shown in Fig-
ure 1 uses a sense amp (T1 75107
Dual Line Receiver) to perform
this function. The 75107 has the
sensitivity, easeofuseand theavail-
ability to be selected to convert
the output to a TTL level and
maintain the economy of this sys-
tem. The 75107 is used in the cir-
cuit as shown in Figure 4. When

the 75107 non-inverting (+) input
becomesmorepositive, by 256 mW,
than the inverting (—) input, the
output will switch toa TTL “1”
level. The opposite occurs when
the non-inverting becomes more
negative than the inverting input
by 26 mV. The 75107 has a 50
mV window where the output is in
an indeterminate state. Figure 4
shows the inverting input of the
75107 to be at GND. The non-
inverting input, when the MK
4008-9 output is off, is biased to
—60 mV. As the MK 4008-9
output turns on, the non-invert-
ing input will change from a nega-
tive to a positive potential. Upon
reaching +25 mV the 75107 out-
put will begin switchingtoa TTL
“1" level. At this point, the MK
4008-9 will be sourcing 475uA
and will have produced an 85 mV
change across the 220Q resistor.
When the MK 4008-9 outputisfall-
ing from a “1" to a “0”, the
75107 will switch when the out-
put reaches —25 mV. Using the
method described in the applica-
tions note on the MK 4006/8 data
sheet, the access time is 940 ns
using this set of resistors. This

gives an access with sufficient time
forpropagationthrough the 75107
and 74175 data output latch.

CONCLUSION

The design presented in this note
is typical of asynchronous mem-
ory systems and the design princi-
ples discussed are applicable to
memory systems of other sizes.
The MK 4008-9 was chosen for
this design because it is readily
available and priced at only $3.50
in quantities over one thousand.
This low pricing coupled with the
ease of use and competitive per-
formance of the device make it
an excellent choice for new and
replacement memory system de-
signs. The total system cost in-
cluding the refresh control logic
and sense amplifiers will generally
be significantly lower than the
equivalent system using the avail-
able 1K static RAM devices.
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256 BIT

MOS Random Access Memory

FEATURES:

O Versatile RAM can replace any existing 1101-type 256x1

MOS RAM pin for pin.
O lon-implanted for superior performance.

0 Lower power dissipation: TOTAL 370 mW max over entire
temperature range.

7 Faster access time: Typically 525 ns with V, and Vpp at —9V.

1 Less temperature-sensitive: specified over entire AMBIENT
temperature range 0° to 75°C.

7 Tight control of output sink current capabilities: made:

possible by use of depletion-mode transistors.

1 No restrictions on address input sequence, skew, or rise
and fall times.

MK 4007P
MK4007N

MOSTEK

0O Full DTL/TTL compatibility.

O Wide power supply range: +5V; —6.5 to —15V.

APPLICATIONS:

ldeal for small buffer storage requiring low cost, superior
performance, and bipolar compatibility, such as:

O Scratchpad memories
O Data link buffers

O Key-to-tape buffers

O Tape-to-printer buffers
O Editing memories.

DESCRIPTION
lon-implantation processes
used in manufacturing the Mos-
tek MK 4007 P Random Access
MOS Memory result in a low-
cost device with performance
exceeding other industry types
over the entire temperature and
voltage supply ranges. It may
be used to replace any existing
1101 type RAM pin for pin.
The depletion-load ion-im-
plantation technique allows the
fabrication of both depletion
and enhancement mode transis-
tors on the same chip. The re-
sult is not only superior operat-
ing characteristics within the
region usually specified for de-
vices of this type, but also wider
operational areas without severe
performance degradation. For
example, while specifications
for this device are given for Vj
and Vpp from -7 to —13.2V, Vp
and Vpp may actually range from
-6.5to —15 V (see DC Operat-
ing Conditions and Fig. 1). Ac-
cess times are improved (see

Fig. 2); power dissipation is re-
duced (see Fig. 3) and output
sink current capabilities are
improved (see Fig. 4). The
device is less temperature-
dependent (see Figures 5 and 6)
and is specified over the entire
ambient temperature range of
0° to 75°C.

The ion-implantation process
also makes the MK 4007 P RAM
fully TTL/DTL compatible at all
inputs and outputs.

The 4007 P is a static mem-
ory, requiring no clocks or re-
freshing. Data is written into
the address location by applying
a logic “1” to the R/W input.
Addressing the desired location,
with the chip enabled and R/W
at logic “0”, provides a non-
destructive read-out (NDRO) of
true and complement data. A
“Chip Select” allows output buf-
fers to be open-circuited during
disable time for wire ORing. All
inputs are protected against
static charge accumulation.

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relativeto Vee . . . . . . . . . . . . . . +083Vto-25V
Operating Temperature Range (Ambient) . . . . . . . . . . . . . . . .0°Cto+75°C
Storage Temperature Range (Ambient) . . . . . . . . . . . . . . . .-55°t+150°C

DC OPERATING CONDITIONS
(Ambient Temperature Range: 0°C to 475°C)

PARAMETER MIN TYP | MAX | UNITS COMMENTS
- Vee | Supply Voltage 4.75 5.0 5.25 Vv
= Voo | Supply Voltage -6.5 -9.0 |-15.0 \" See Fig. 1 for
€ | v, | supply Voltage -65 | -90 |-150 | V | Vp, Voo differential -
andom
g V. | Logic “0” Voltage, any input 0 +0.8 Vv Access
£ | Viw | Logic ‘1" Voltage, any input Vee 20| Vee |[Veet03| v Memories

ELECTRICAL CHARACTERISTICS

(Ambient Temperature Range: 0°C to +75°C. Ve = +5V £5%;
Vp = Vpp = —7Vto —13.2V, unless otherwise specified.)

PARAMETER MIN TYPM | MAX JUNITS CONDITIONS

POWER

Dis :
o | Supply Current. V, 19 mA | v, =V, =-132V
Ibp | Supply Current, Vpp 10 mA Vee = +5.25V

P, | Power Dissipation, Total 535 | mw | Outputs open-circuited.

INPUTS

lyy | Input Leakage Current 1.0 A V=0V, T, =25°C
Cin Inpu{ Capacitance, Any Logic Input 7 10 pF T, = 25°C, F. meas. =

OUTPUTS

Cvmy| Capacitance, V, Power Supply 35 pF | 1 MHz; Tested input = Vec

lowy | Output Leakage Current 1.0 2A Vo = Ve —5V; CS = Logic 1;
T, = 25°C.

Cour| Output Capacitance 7 10 pF T, = 25°C; F meas. =
1'MHz; Vo = Vee

NOTES:
(1) Typical values at Ve =+5V, Vp=Vp,=-9.0 V¥, T, =25°C.
(*Except Standby Power)
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TIMING
(Ambient Temperature Range: 0°C to 75°C; Voo = +5 V £5%; V, = Vp, = —7V to —13.2 V, unless otherwise specified. See Notes 1 and 2.)

PARAMETER MIN TYP |MAX |UNITS
toe Write Cycle Time 700 ns
o2 | ta Write Set-up Delay 300 ns
E2| tw | Write Pulse Width 400 ns
2 S | tae | DataLead Time 300 ns
58| tug | DatalLag Time 0 ns
tew Chip Select Pulse Width 400 ns
tacc | Access Time 525 900 ns Vp = Vpp = =9V +5%.
o« tre Read Cycle Time 800 ns (See Note 3.)
S [ tuec | Access Time 1.0 1S Vp = Vpp = -7V to —13.2V.
§ tre Read Cycle Time 900 ns (See Note 3.)
S | tonw | Data Output Hold Time 100 ns
ISR = |t | Chip-Select-to-Output Enable 300 | ns
Access tesp | Chip-Select-to-Output Disable 300 ns

Memories NOTES:
(1) All measurements to the 1.5 V level; inputs for test are 0 to 5 V and <10 ns rise and fall times; output is loaded with 1 TTL and
approx. 20 pF.

(2) R/W should be brought to logical “0”” whenever address bits are changed; however, there are no restrictions on rise and fall
times of address bits, nor on the sequence (or skew) of address bit changes.

(3) Read Cycle may be “pipe-lined,” i.e., the minimum hold time (t,;) may be subtracted from the maximum access time (t,c¢).

TIMING . READ CYCLE
. ADDRESS ) Reading is accomplished with R/W (Read/Write) and
le—See Note—-l CS (Chip Select) at logical “0.”
B - NOTE: CS logical “1” overlap time shown must be 300
=J o ns (max t.s) less than the desired access time; e
CSE time; e.g.,
W I if desired access time t = 1.2 us, then CS should
ﬁ—tncc——-] OH f— ACC
------------- X X go to logical “0” no later than 900 ns following ad-
OUTPUTS o e dress change.
twe WRITE CYCLE
P —2‘& <50 ns - Writing is accomplished with R/W at logical “1” and
E——\l”‘ CS at logical “0.” CS at logical “1” may overlap the
""""" — o - address change as much as 50 ns. R/W may be taken
I 2 F" to logical “0” coincidentally with an address change,
W - T but should not overlap an address change while in the
MM T X X logical “1” state.
CHIP SELECT
o Chip Select at logical “1” causes the normal push-pull
[+ L : output buffers to_be open-circuited for purposes of
csn—’| T OE wire-ORing. The Chip Select may be used to access the
OUTPUTS :\\\\\9’?":“\\\\\_\\:’[__—__ memory at a faster rate by maintaining a constant

address and selecting individual chips with the Chip
Select input.

x POWER SWITCHING

ADDRESS X . . .
" )__TI >0 ns "‘20 ns During standby operation the MK 4007 P will dissipate
€ f 0% only 30 mW of power (typically) if the peripheral power
Vo “:{-:z‘d&;s- 10% 7T | e supply, Vp, is reduced to V... The R/W input may be
r = f =

maintained at logical “0” or “1”’; however, if R/W is at
logical “1,” Chip Select should also be logical “1” (to
disable chip during standby operation). With the return
of power, either read or write cycles may commence as
described above.
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FIG. 1: POWER SUPPLY OPERATING REGION & DIFFERENTIAL

FIG. 2: ACCESS TIME VS SUPPLY VOLTAGE, (Vp )
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PACKAGE PACKAGE
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MK 4007P -4
SUPPLEMENT MK 4007N -4

256-BIT

MOS Random Access Memory m 0 ST E K

. . FUNCTIONAL DIAGRAM
D Low-cost 256x1 RAM in 16-pin package. enmn onun &
. . N 0, O, [}
O Identical with Mostek’s MK 4007 P in all v Tefifsts 17 Tis Tie
specifications except output current V“cig
i(: ndom :g-g Y BUFFERS
ccess D
Memories DESCF“PT‘ON OT I1 1 l
This economical version of Mostek’s 256x1 bit DECODER/ WU é
RAM is identical with the MK 4007 P in all elec- DRIVERS BUFFERS [~ | s
trical characteristics except output current. Per- 1,[ ]
formance, operating conditions, timing character- l ¥
istics, package, and all other specifications are AL 2 <] (oo
identical with the MK 4007 P. See the MK 4007 P Ay T g £ MEMORY " E
Data Sheet for additional information. SR 2 TR creur [ 2
Ay 9 > § E Dot
I 8 ML

ELECTRICAL CHARACTERISTICS
(Am*ient Temperature Range: 0°C to +75°C. Voo = +5V £5%; Vo = Vpp = —7 Vto —13.2 V, unless otherwise specified.)

PARAMETER MIN TYP | MAX | UNITS | CONDITIONS
Ip Supply Current, V, 8.0 16 mA | Vo= Vpp= -9V £5%
Iop Supply Current, Vpp 4.0 9 mA | Outputs open-circuited.
« Pp Power Dissipation, Total 170 370 mwW
w
= |l Supply Current, V,, 19 mA | Vp= Vpp=—-132V
® | 1o | Supply Current, Vi 10| mA | Vec = +525V
Pp Power Dissipation, Total 535 mW | Outputs open-circuited.
Psosy] Power Dissipation, Standby 30 75 mW | Vp = Vcc; Vpp = —9V £5%
» hw Input Leakage Current 1.0 A | V=0V, T, =25C
g Cin Input Capacitance, Any Logic Input 7 10 pF T, = 25°C, F. Meas. =
= | Cvp| Capacitance, V, Power Supply 35 pF 1 MHz; Tested input =V
lou Output Current, Logic “0”: @ T, = 25°C 3.0 5.6 mA | Vo= +040V [Vec =5.0V £5%
Output Current, Logic “0”: @ T, = 70°C 2.0 mA | Vo= +040V )V, =Vpp=-9.0V
lon Output Current, Logic “1” -1.0 | —-4.2 mA | Vo= +26V )=10%
g lorc | Output Clamp Current, Logic “0” 8.0 mA | Vo= -10V
a ; —
'5 loy | Output Leakage Current 1.0 pA | Vo = Vge —5V; CS = Logic 1;
o T, = 25°C.
Cour| Output Capacitance 7 10 pF T, = 25°C; F meas. =
1 MHz; Vo = VCC
NOTES:

(1) Typical values atVec = +5V, Vp = Vpp = —9.0 V*, T, = 25°C.
(*Except Standby Power)
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PRELIMINARY MK 4096 P

4096x 1 BIT DYNAMIC

MOS Random Access Memory m 0 ST E K

FEATURES
O Standard 16-pin DJP
O All inputs TTL compatible, including the strobes
O On-chip latches for addresses, chip select, and data in
O Three-state TTL compatible output
O Chip select decode does not add to access time
O Output data latched and valid into next cycle Ramdom
O Random read or write cycles under 500 nsec Aecess
random access under 350 nsec Memories
O Low power: active power under 400 mW
standby power under 12 mW
DESCRIPTION
The MK 4096 is a 4096x1 bit dynamic random a:csces];s
memory circuit fabricated with MOSTEK's special Self-
aligned, Poly-Interconnect, N-channel (SPIN) process to FUNCTIONAL DIAGRAM
minimize cell area and optimize circuit performance. The
single transistor cell uses a dynamic storage technique R o evror STROBE
and each of the 64 row addresses requires refreshing o L‘:.“T.i: SN
every 2 milliseconds. S STROBE O
— CLOCK GENERATOR NO. 2
A unique multiplexing and latching technique for the 2 EvanLe DB | ENABLE
address inputs permits the MK 4096 to be packaged in o] § s or e+ coLumn koo
a standard 16-pin DIP on 0.3-inch centers. This package A1 sooress Minttanbutut oUTFUT
size provides high system bit densities and is compati- Ao OATA IN/DATA OUT GATING| ] BUFFER |
ble with widely available automated testing and inser- A TTTeToo oo
tion equipment. * o - ':"5"
System oriented features of the MK 4096 include direct o STORMGE ARRAY | e
interfacing capability with TTL, 6 instead of 12 address
lines to drive, on-chip registers which can eliminate the
need for interface registers, input logic levels selected to 8 S TROBE o] LK CENERATOR M. 1
optimize noise immunity, and two chip select methods 9
to allow the user to determine the speed/power charac-
teristics of his memory system.
PIN CONNECTIONS
ADDRESSING Vgs 10e 116 Vss
;I'he 12 address t:its required to decgde 1 of 4096 cell Din 20 115 CAS
ocations are multiplexed onto the 6 address pins and
latched into the on-chip row and column address latches. @TE 35 H 14 Dour
The Row Address Strobe (RAS) latches the 6 row add- RAS 4[] [113 CS
ress bits into the chip. The Column Address Strobe {CAS) A
. . 0 50 112 A,
latches the 6 column address bits plus Chip Select (CS)
into the chip. Since the Chip Select signal is not requir- Az 60 111 A,
ed until well into the cycle, its decoding time does not A 70 710 A 5
add to the system access or cycle time.
Vaa 8: 1 9 Ve
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pinrelative to Vgg ..o e e —0.5Vvto +30.0V

Operating Temperature (Ambient). . ... ... i e e
Storage Temperature (Ambient). ... ... .. i e e

RECOMMENDED DC OPERATING CONDITIONS

(0°C< Tp <70°C)

0°Cto 70°C

—55°C to 150 C

PARAMETER MIN TYP MAX | UNITS | NOTES
Vae Supply Voltage 11.4 12.0 12.6 volts 1
Vee Supply Voltage Vss 5.0 Ve volts 1, 1
Vss Supply Voltage 0 0 0 volts 1
Vgg Supply Voltage -9.9 -9.0 -8.1 volts 1
) Vig Logic 1 Voltage, all inputs 2.4 5.0 volts 1,13
j VL Logic 0 Voltage, all inputs -1.0 0 .8 volts 1,13
RECOMMENDED AC OPERATING CONDITIONS
(°C< Ta <70°CHVge=12.0V £5%; Vcc =5.0V £10%, Vg =0V, V,; = —9.0V + 10%)
PARAMETER MIN TYP MAX UNITS | NOTES
t oo Random Read or Write Cycle Time 500 nsec 2
t Rrp Row Address Strobe Precharge Time 150 nsec
t RreL Row to Column Strobe Lead Time 150 nsec 2
t cpw Column Address Strobe Pulse Width 200 nsec
t s Address Set-Up Time 0 nsec 2,3
t AH Address Hold Time 100 nsec 2,3
t Rres Read Command Set-Up Time 0 nsec 3
t qeu Read Command Hold Time 0 nsec 4
t rRPw Read Command Pulse Width 200 nsec
t wen Write Command Hold Time 150 nsec 3,5
twe Write Command Pulse Width 200 nsec
t cRL Column to Row Strobe Lead Time -50 +50 nsec 6
t owL Write Command to Column Strobe Lead Time 200 nsec 12
t bs Data In Set-Up Time 0 nsec 12
t py Data In Hold Time 150 nsec 12
t REsH Refresh Period 2 msec
t o Modify Time 0 10 usec 7
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DC ELECTRICAL CHARACTERISTICS

(0°C< Ta < 70°C) (Vga= 12.0V +5%; Vcc=5.0V + 10%, Vg =0V, V,, = —9.0V + 10%)

PARAMETER MIN TYP MAX | UNITS | NOTES
| gg1 | Average Vgg Power Supply Current (Random Cycle) 10 30 mA 15
lee | Vec Power Supply Current mA 8
lgg [Average V gg Power Supply Current (Random Cycle) 100 LA
| gg2 | Standby Vgg Power Supply Current 1 mA
Iy () |Input Leakage Current (any input) 10 vA 9
l o) | Output Leakage Current 10 nA 1
Von | Output Logic 1 Voltage @ lgyt= —5 mA 2.4 volts i((':j:m
VoL | Output Logic 0 Voltage @ | gyt = 2 mA 0.4 volts Memories
AC ELECTRICAL CHARACTERISTICS
(0°C < T, < 70°C)(Vgg = 12.0V + 5%, Vcc = 5.0 +10%, Vs =0V, V_ =-9.0V £ 10%)
PARAMETER MIN TYP MAX | UNITS | NOTES
trac | Access Time from Row Address Strobe 350 nsec 2, 14
tcac | Access Time from Column Address Strobe 200 nsec 3
torr | Output Buffer Turn-Off Delay 0 100 nsec 3
Ch Input Capacitance (Ag— As) 10 pF
Ci2 |Input Capacitance (RAS, CAS, D\n, WRITE, CS) 7 pF
Co Output Capacitance (D oyt) 8 pF

NOTES

All voltages referenced to Vss-

Referenced to RAS leading edge.
Referenced to CAS leading edge.
Referenced to CAS trailing edge.

Referenced to the RAS trailing edge.
Referenced to access time.

ONo opwN =

10. Output disabled by chip select input.

Depends upon output loading. The ch supply is connected only to the output buffer.
9. All device pins at 0 volts except Vgg at —9 volts and pin under test which is at +10 volts,

. Write Command Hold Time is important only when performing normal random write cycles.
During read-write or read-modify write cycles, the Write Command Pulse Width is the limiting parameter.

11. Output voltage will swing from Vss to V.. independent of differential between V. and V...
12. These parameters are referenced to the &S leading edge in random write cycle operation and to the WRITE leading edge

in read-write or read-modify-write cycles.

13. Input voltages greater than TTL levels (0 to 5V) require device operation at reduced speed.

14. Assumes trer = 150 nsec.

15. Typical Vg current at 1.0 MHz cycle rate. Current is proportional to speed with maximum current measured at 2.0 MHz cycle rate.
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DATA INPUT/OUTPUT INPUT/OUTPUT LEVELS

Data to be written into a selected cell is latched into an All inputs, including the two address strobes, will inter-
on-chip register. The data is strobed into the register by face directly with TTL. The high impedance, low capa-
a combination of WRITE and CAS. The last of these citance (<10pF) input characteristics simplify input dri-
signals making its negative transition is the strobe for the  ver selection by allowing use of standard logic elements
Data In register. This flexibility in timing permits several rather than specially designed driver elements. The three-
optionsinthe write timing. Inawrite cycle,if the WRITE state output buffer is a low impedance to Vcc for a logic
input is activated at the beginning of a cycle, then the 1 and alow impedance to Vgg for a logic 0. The separate
Data In'is strobed by CAS and the set-up and hold time V. pin allows the output buffer to be powered from the
are referenced to this signal. In this instance the output  supply voltage of the logic to which the chip is interfaced.
will unconditionally go to a logic 1 at access time. |f the ‘
cycle was to be a read-write cycle or read-modify-write
cycle, then the WRITE input would not go to a logic O POWER DISSIPATION/STANDBY MODE

until after access time. But now, because is already Most of the circuitry used in the MK. 4096 is dynamic
at a logic O, the Data In is strobed in by WRITE and the and draws power only as the result of an address strobe
set-up and hold time are referenced to it. The only other edge. Because the power is not drawn during the whole
timing constraint in write-type cycles besides Data In time the strobe is active, the dynamic power is a function
Random set-up and hold time is that both WRITE and CAS be at of operating frequency. Typically, the power is 120mW
Access a logic O for a sufficient time to accomplish the write. at a 1 psec cycle time; with a worst case power of less
Memories than 400 mW at a 500 nsec cycle time. To reduce the
At the beginning of a memory cycle the state of the Data overall system power the Row AddressStrobe (RAS) must
Out latch and buffer depend on the previous memory be decoded and supplied to only the selected chips. The

cycle. Ifduring the previous cycle the chip was unselect- CAS must be supplied to all chips (to turn off the un-
ed, the output buffer will be in its open-circuit condi- selected o_utputs). But those chips that didnot receive
tion. If the previouscycle was a read, read-write, or read- a RAS will not dissipate any power on the CAS edges,

modify-write cycle and the chip was selected, then the except for that required to turn off the output. If the

output latch and buffer will contain the data read from RAS is decoded and supplied to the selected chips, then

the selected cell. This output data is the same polarity ~ the Chip Select input of all chips can be at a logic 0. The

(not inverted) as the input data. If the previous cycle chips that receive a CAS but no RAS will be unselected

was a write cycle (WRITE active low before access time) (output open-circuited) regardless of the Chip Select in-

and the chip was selected, then the output latch and buf- put.

fer will contain a logic 1. Regardless of the state of the

output it will remain valid until CAS goes negative. At REFRESH

that time the output will unconditionally go to its open-

circuit state. Itwill remain open circuit until access time. Refresh of the cell matrix is accomplished by perform-

At access time the output will assume the proper state ing a memory cycle at each of the 64 row addresses

for the type of cycle performed. If the chip is unselect-  every 2 milliseconds or less. Any read cycle refreshes

ed, it will not accept a WRITE command and the output 'QZe selected row, regardless of the state of the Chip

will remainin the open-circuit state. elect. A write, read-write, or read-modify-write cycle
also refreshes the selected row but the chip should be
unselected to prevent writing data into theselected cell.

PACKAGE DESCRIPTION
16-lead side-brazed ceramic dual-in-line hermetic package

—~ %
16 15 14 13 12 11 10 9
288 30 90
1.‘006 l [ 105
1 2 3 4 65 6 7 8 r\.—mo:nm
34
800 +.010 TYp

7 Equal Spaces @ .100
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MK 4102 P
MK 4102 P -1

1024x 1 BIT STATIC

Random

Access
Memories

70

MOS Random Access Memory

FEATURES

[0 Direct TTL compatibility — all inputs and output

O Three-State Output
O Single supply: +5V

DESCRIPTION

The MOSTEK MK 4102 is
a completely static 1024x1 bit

[0 Fast access and cycle time:
MK 4102P 1 xs; MK 4102P-1 450 ns

[0 Standard 16-pin DIP
O Completely static: no clocks or refreshing required

4102 ideally suited to small
and medium size memory

MOSTEK

FUNCTIONAL DIAGRAM

random access memory cir- applications. Ao
cuit. It is constructed with . .
N-channel silicon gate deple- 0% R SRReetons S Bes N
tion mode technology. MOSTEK’s popular 1024x1 bit Ay ) oF 32 1024 &I
All inputs are directly com- dynamic random access mem- A DECODER ARRAY
patible with TTL circuitry. The ory chips, the MK 4006 and 3
output of the memory is a  the MK 4008. By eliminating Ao ]
three-state buffer. The high the dynamic storage the re-
impedance “OFF” state cou- freshing is not required. This
pled with the Chip Select (CS) point, in conjunction with the o —— whime
input permits the construction direct TTL compatibility in creur [ p—
of large memory arrays with  and out of the memory chip, R/w oEcooe
a minimum of additional cir- makes memory system design
cuitry. The static operation with the MK 4102 less com- I
requires very little system plicated.
overhead and makes the MK
SENSE
Pour

As Ag Ay A, A,

PIN CONNECTIONS

Ag | (e 16 Ap
Ag 2 115 Ag
Rw 30 014 Ag
A, 4 113 €S
Ay, 5 112 Dgyr
Ay 6] I DN
Ay 71 ] 10 Vpp
A, 81 ]9 vgg




ABSOLUTE MAXIMUM RATINGS

Voltage on any pinrelative to Vsg. .. ... .o i -0.5V to 7V
Operating Temperature (Ambient). . ...................................... 0°C to 70°C
Storage Temperature (Ambient). . ...... ... ... .. ... . ... -55°C to +150°C

RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C)

MK 4102 P — MK 4102 P-1
PARAMETER MIN MAX UNITS NOTES
Voo Supply Voltage 4.75 5.25 volts
Vs Supply Voltage 0 0 volts
Vi Input Voltage, Logic 1 2.2 5.25 volts
Vi Input Voltage, Logic 0 0 .65 volts
RECOMMENDED AC OPERATING CONDITIONS!"! (0°C < T, < 70°C) Random
MK 4102 P-1 MK 4102 P Access
PARAMETER MIN MAX MIN MAX UNITS NOTES Memories
tre Read Cycle 450 1000 nsec
twe Write Cycle 450 1000 nsec
twe Write Pulse Width 300 750 nsec
taw Address to Write Pulse Delay 100 200 nsec
tos Data Set-Up Time 330 800 nsec
ton Data Hold Time 50 100 nsec
tew Chip Select Pulse Width 200 300 nsec
tacw Address To Chip Select Delay 50 50 nsec Write Cycle
tacr Address To Chip Select Delay 250 700 nsec Read Cycle
twa Write Pulse to Address Delay 50 50 nsec

DC ELECTRICAL CHARACTERISTICS (Voo = +5V + 5%, Vs = OV, 0°C < T, < 70°C)

MK 4102 P — MK 4102 P-1

PARAMETER MIN MAX UNITS NOTES

output

Iop Supply Current 70 mA open
Vin = OV

I Input Leakage Current 10 uA toIN5.25V(2)
Vo = 0.4V

o Output Leakage Current 10 uA too5.25V(3l

Vou Output Voltage, Logic 1 2.2 volts loy = —100.A

Voo Output Voltage, Logic 0 .40 volts loo = +3.2mA

AC ELECTRICAL CHARACTERISTICS!" (Vpp = +5V +=5%, Vs = OV, 0°C < T, < 70°C)

MK 4102 P-1 MK 4102 P
PARAMETER MIN MAX MIN MAX UNITS NOTES
tace Access Time 450 1000 nsec
tes Chip Select Time 200 300 nsec
tep Chip Deselect Time 200 300 nsec
o] Input Capacitance (Any Input) 6 6 pF f=1MHz
! V, = OV@25°C
. f = 1MHz
Co Output Capacitance 10 10 pF V, = OV@25°C

Notes: (1) AC Test Conditions: input voltage swings = .4V to 2.4V, input rise
and fall times = 20 nsec; measurement point on signals = 1.5V; and
output load = 1 standard TTL load 4100pF.
(2) Vss = Vop = OV
(3) Chip disabled
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PACKAGE (16-lead ceramic dual-in-line hermetic package)

SYMBOLIZATION
AREA FOR
IDENTIFICATION
OF PIN ONE

T, 3101006
282 1006

.800 * 0i0

7 EQUAL SPACES .100

300
YR

902
L~ 105°

=

ooy -
095 010
— . 010001
J L 130 e I».em TYP-J
10 l"‘ "H‘Ble A I

002

TYP

READ CYCLE

ADDRESS

CHIP SELECT

READ/ WRITE /

DATA OUT

WRITE CYCLE

ADDRESS

N
7 N

CHIP SELECT

READ /WRITE /r

"Ds

1w*'.

'DM’

DATA IN

A

CHIP SELECT AND DESELECT

CHIP SELECT

tew

tcs‘l/

teo “

DATA OUT

< D

This timing assumes that the addresses for at least tACR prior to Chip Select.




MK 4102P-6

MOSTEK

PRELIVIINARY

1024x1 BIT STATIC
MOS Random Access Memory

FEATURES:

Direct TTL compatibility — all inputs and output
Three-State Output

Single supply: +bV

Random

Fast access and cycle time: 275 ns

Access

Memories

Standard 16-pin DIP

O 0o oo o g

Completely static: no clocks or refreshing required

DESCRIPTION: FUNCTIONAL DIAGRAM

The MOSTEK MK 4102-6 is a overhead and makesthe MK 4102-6 A —Qt:
completely static 1024x1 bit ran- ideally suited to small and med-
dom access memory circuit. It ium size memory applications. Ay —Q"_—:
is constructed with N-channel sili-
con gate depletion mode techno- The pin connections and func- A2 L\(f : toF 32 1024 BIT
logy. tional operation are similar to A DECODER ARRAY
MOSTEK’s popular 1024x1 bit 3 L\< ::
All inputs are directly compat- dynamic random access memory A, —{k:
ible with TTL circuitry. The chips, the MK 4006 and the MK
output of the memory is a three- 4008. By eliminating the dyna-
state buffer. The high impedance mic storage the refreshing is not Din WRITE
"OFF” state coupled with the  required. This point, in conjunc- R/W CIRCUIT | OF 32
Chip Select (CS) input permits tion with the direct TTL com- DECODER
the construction of large memory ~ patibility in and out of the mem- t
arrays with a minimum of addi-  ory chip, makes memory system s orrer
tional circuitry. The static opera- design with the MK 4102-6 less ‘
tion requires very little system complicated.
A

s Ag A7 Ag Ay

PIN CONNECTIONS

As | ] ]lG A
Ag 2 ] 15 Ag
R/W 3 114 Ag
A, 4 113 CS
A, 5 12 Doyt
Ay 6 Il DN
Ag 7 10 Vpp
A, 8 9 Vgs
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vgge toeenttnetianieriieeinnsnetninainanans —0.5V to 7V
Operating Temperature (Ambient). . ... .ottt ittt ettt et e e 0°Cto 70°C
Storage Temperature (AmbIent). . ...ttt e e e —55°C to +150°C

RECOMMENDED DC OPERATING CONDITIONS (0°C< T,< 70°C)

PARAMETER MIN MAX UNITS NOTES
Supply Voltage 4.75 5.25 volts
Supply Voltage 0 0 volts
ic:::s:m Input Voltage, Logic 1 2.2 5.25 volts
emente Input Voltage, Logic O 0 .65 volts

RECOMMENDED AC OPERATING CONDITIONS (0°C< T, < 70°C)

PARAMETER MIN , MAX UNITS NOTES
tre Read Cycle 275 nsec
twe Write Cycle 275 nsec
twe Write Pulse Width 200 nsec
taw Address to Write Pulse Delay 0 nsec
tos Data Set-Up Time 175 nsec
ton Data Hold Time 50 nsec
tow Chip Select Pulse Width 175 nsec
twa ‘Write Pulse To Address Delay 50 50 nsec Write Cycle
tacg | Address to Chip Select Delay 125 nsec Read Cycle
to, Output Hold Time 50 nsec %Qir‘r)\ali\ﬂlugglected
tacw | Address to Chip Select Delay 50 nsec Write Cycle

DC ELECTRICAL CHARACTERISTICS (V= +5V + 5%, Vgg=0V,0°C< T , < 70°C)

PARAMETER MIN MAX UNITS NOTES
lop Supply Current 80 mA output open
I Input Leakage Current 10 HA X)I%Q:S?/V
.o | Output Leakage Current 10 HA :go5_2=53'4v
Vou Output Voltage, Logic 1 2.2 volts loy=-100 pA
VoL Output Voltage, Logic 0 .40 volts IOL= +3.2 mA|




AC ELECTRICAL CHARACTERISTICS (Vpp=+5V + 5%, Vgg =0V, 0°C< T, < 70°C)

PARAMETER MIN - MAX UNITS NOTES

tace Access Time 275 nsec

tes | Chip Select Time 150 nsec feldyess stable

tep Chip Deselect Time 100 nsec

. f=1MHz
C, Input Capacitance (Any Input) 5 pF V, =0V@25°C
. f=1MHz |
Co Output Capacitance 10 pF Vi =0V@25°C
TIMlNG Random
Access
Memories
—. o

|
| |
22 22
ADDRESS X3 |
) 0.65 0.65

| 1
] :‘—tAcw :
_ — |
CE | | 1
1 0.65% 0.65
| 1
WRITE : = taw twa —»
T 2.2 twe 22 |
R/W : | I
o 0.65 0.65 4 ton ll
| L |
| | tDS | !
o 22 22 '
DATA IN | I [
, ! 0.65 0.65 7 )
I (8 | i
L = | ) t:ACR | :
a— | | | |
CE |
E Lo
WA—’: ."_L 0.65 1
Lo ™ ] |
I | |
| | [} '
221 1 [ 1
R/IW : [ | I
READ | Lo [
! : tes =I"‘ ton
i I ; 2.2
DATA OUT — — — i — — — — — — — — !
| | 0.65
! |
o |
> T tace Aa!
| I

CHIP SELECT AND DESELECT

CHIP SELECT

DATA OUT

This timing assumes that the addresses for at least tacRr Prior to Chip Select.
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PACKAGE (16-1ead ceramic dual-in-line hermetic package)

SVMBOLIZATION ‘ l
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PRELIMINARY MK 5065P

8-BIT Microprocessor MOSTE

FEATURES:

O  8-bit parallel microprocessor on a single chip
L 51 basic instructions/81 instructions with
modifications

TTL compatible inputs and outputs
Directly addresses 32Kx8 bit memory
Triple level architecture for rapid interrupt
servicing

Single 40-pin package

DMA capability

Requires standard power supply voltages
Indirect addressing capability

DESCRIPTION

Instructions and data are transmitted to the CPU on.a bidirec-
tional 8-bit bus. An 8-bit outbut bus is used along with the bi-
directional bus to provide simultaneous memory addresses for
addressing up to 32K X8 bits of memory.

oooo 000

Six ‘control input signals provide control of the CPU and seven
- status output signals indicate the current statas of the CPU.

Up to 32KX8 bits of memory may be addressed either directly

or indirectly by the CPU. The memory is addressed _in a page PIN CONNECTION
mode. Each page of memory consists of 256 locations, and
there are 128 pages of memory. | f subroutine call and return v — 1] ] 40 +— Flac
instructions are to be used, the first page of memory must Hsoseus -— o[ ) 0 NG
be implemented with RAM because page zero is used as a sub- e
routine return address stack. Thus up to 128 subroutine levels HIBUS =— 3 [] 38 = Voo
may be nested. :z_;ji: : 4 E %37 <“—— DATASTROBE
5 36 =—% | 0BUS
The MK 5065 is capable of executing 51 basic instructions. HABUS «— g [] [] 35 «—> Lisus
These basic instructions may be modified by instruction mod- H58US «— ; [] ]34 «—> L28Us
ification fields in the instruction format to expand the total HE6BUS «— g [] ] 33 «—» 38US
number of executable instructions to 81. These instructions H7BUS «— g [] [ 32 «—» LssuUs
are divided into ten functional instruction categories: Voo  — 10[] VK 5065 ) 31 «—= LsBUS
1. Accumulator Instructions 6. Exchange Instructions EE - nQ [ J 30 <— Lesus
2. Immediate Instructions 7. Skip Instructions PE_SY - 12[] [ 120 «— L78us
3. Memory Instrqctions 8. Status Change Ipstructions_ DMA  <— 13 [] ] 28 «— Clock
N . T on MAC e
& mpinetions 8 pommuletor/link setions | i <— w 0 +— srestoon
Seven instruction formats provide direct or indirect, page or en- WA — 15 ] [ 125 —— o
tire memory addressing capability. Additionally operations in- BUSY  =— 16 [ [J2s — ne
volving immediate data may be performed. A 4-bit “‘free field"” ne o —— v [ %24 e
in the 1/0 instruction allows the user to define a program con- step — 18 [] 23 < pegeT
trolled peripheral communication language set. Lev2  a— 19 ] | J22 «— InT2
. . . . . LEV1  a— 20 [] . 21— N1
Two independent interrupt lines which are selectively enabled
under program control select one of three operating levels for
the CPU. NC = NO CONNECTION

DMA capability is provided by a wait input signal and a DMA
output signal which indicates when the CPU has completed the
last memory cycle in the current instruction execution.
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BLOCK DIAGRAM DESCRIPTION

As shown in the CPU Block Diagram above, the MK
5065 is organized as a triple level parallel central pro-
gessing unit. Each of the three operating levels con-
tains a program counter, accumulator, and main link.
In addition to these elements, level 3 also has an auxi-
liary link for storage of carrys and borrows beyond
the fourth bit.

Since each level has a program counter, accumulator,
and main link for that level there is no need to store
in memory the contents of the program counter, accu-
mulator, and machine status information when servic-
ing interrupts. Thus interrupt response is very rapid,
the only delay'being the time required for the CPU to
complete the execution of the current instruction.

The CPU uses two 8-bit buses to communicate with
the external devices that comprise the remainder of
the system. The HBUS (High Bus) is an 8-bit parallel
output bus that transmits the most significant byte
of the memory address register contents to the pro-
gram memory during memory read or write cycles.
The LBUS (Low Bus) is a parallel 8-bit bidirectional
bus that is used to transmit the least significant byte
of the memory address register contents to the pro-
gram memory during memory read or write cycles.
Accumulator data is transmitted to the program mem-
ory during a memory write cycle over the LBUS too.
This same bidirectional bus is also used to load mem-
ory instructions into the instruction register and im-
mediate memory data into the accumulator.

A parallel arithmetic logic unit provides the capability
of performing arithmetic or logical operations on two
operands selected by the two operand multiplexers.

Instruction execution is controlled by the control logic
and state counter.

The 32Kx8 bit memory is organized as eight 4K blocks.
Each block consists of 16 pages. Each page consists
of 256 words of 8 bits. The memory may be composed
of a mix of ROM and RAM although page zero must
be implemented with RAM if subroutine instructions
are to be used. Page zero of the memory is used as sub-
routine return address stack. Each adjacent pair of
bytes stores the absolute subroutine return address.
Thus, up to a maximum of 128 subroutines may be
nested. An 8-bit pointer register is used to store the
address of the next free position in the stack.

Both direct and indirect memory addressing modes are

available. In the direct addressing mode, an absolute
memory address on either the current page or on page

zero is specified by the second byte of the instruction.

In the indirect mode of addressing, the second byte of

the instruction specifys the absolute address on either
the current page or page zero of the first of two adja-

cent bytes that contain the address of the operand.

The most significant bit of this 16 bit address specifys
whether the address is a direct or an indirect address.

Since any memory location may contain either an
operand or another indirect address, a chain of add-
resses in memory may specify the actual location of
the operand referenced by an instruction.
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Multiple interrupt handling capability is provided by
two interrupt input signals. Level 3 is the lowest prior-
ity operating level. If the CPU is operating on level
3 and an interrupt two (INT2) signal is received,
the CPU begins operating on level 2 at the completion
of the execution of the instruction currently being ex-
ecuted on level 3 if the interrupt two input has been
Qreviouslyenabled byanInterrupt On or (ION) instruc-
tion.

Since the program counter, accumulator, and main
links exist in triplicate it is not necessary to go through
the usual procedure of saving the contents of these
elementswhenservicinganinterruptor executing a sub-
routine call instruction. Similarly when executing a
return from a subroutine it is not necessary to restore
the contents of these units since their previous con-
tents have been preserved in the hardware dedicated to
that particular level.

Interrupt one (INT 1) has the highest priority level.
Two Level signals (LEV 1 and LEV 2) define the level
on which the CPU is operating. If the LEV 1 output
signal is a logical one, the CPU is operating on level one.
If the LEV 2 signal is a logical one, then the CPU is
operating on Level two. If neither the LEV 1 nor the
LEV 2 signal is a logical one, then the CPU is operat-
ing on Level 3.

I/0 operations use the HBUS and the LBUS for trans-
mitting data and commands to the peripherals and for
transmitting data and status from the peripherals to
the CPU. During the first state strobe pulse the least
significant six bit byte of the input or output instruc-
tion and the contents of the accumulator are trans-
mitted to theperipheral. Duringthe second state strobe
pulse peripheral data is clocked into the peripheral out-
putregisterifaninputinstructionisbeingexecuted. Dur-
ing the third-state strobe pulse data in the peripheral
output register is clocked into the CPU. Finally the
fourth state strobe pulse defines the end of the trans-
fer and may be used to reset the peripheral.

Instructions are grouped into ten classifications:

1. Accumulator Instructions — Instructions
involving the accumulator.

2. Immediate Instructions — Instructions in
which the operand is immediate data.

3. Memory Instructions — Instructions that
modify memory contents.

4. Jump I nstructions — Jump instructions and
subroutine call and return instructions.

5. Shift Instructions — Instructions which
rotate accumulator contents.

6. Exchange Instructions — Instructions
which cause internal register and byte
transfers.

7. Skip Instructions — Conditional instructions
which cause the next instruction to be skip-
ped.

8. Status Change Instructions — Instructions
which modify machine status.

9. Accumulator/Link Instructions — Instruc-
tions which modify the accumulator and/or
link contents.

10. Input/Output Instructions — Instructions that
input and output data to and from the CPU.
Seven instruction formats are used in the instruction
set. There are three two byte instruction formats and
four single byte instruction formats.

In the first instruction format, the most significant six
bits of the first byte of the instruction contain the in-
struction code. The two least significant bits of the
first byte of the instruction are instruction modifica-
tion bits. The least significant bit of the first byte of
the instruction specifies that the operand address con-
tained in the second byte of the instruction is on the
current page when this bit is a logical one. When the
LSB of the first byte isa logical zero, the address speci- -
fied by the second byte is on page zero of the memory.
The next MSB of the first byte of the instruction spec-
ifies direct addressing mode when this bit is a logical
zero. Alogical one specifies indirect addressing mode.
The second byte of the instruction is an eight bit add-
ress field that contains the address of the operand or
jump location on the specified page.

The second instruction format is also a two byte for-
mat. The four most significant bits of the first byte of
the instruction contain the instruction code. The four
least significant bits of the first byte of the instruction
and the entire eight bit field of the second byte of the
instruction form a 12-bit address field. This format is
used for jump immediate and call subroutineimmediate
instructions. Thelocationspecified by the address field
is located in the same 4K X8 block of memory as the
instruction. That is, the four most significant bits of
the address are the same as the four most significant
bits of the memory address of the instruction.

The first byte of the third instruction format con-
tains the instruction code. The second byte contains
the immediate operand.

Jump shift, exchange, skip and status change instruc-
tions use the fourth instruction format. The entire
eight bit field of this single byte instruction contains
the instruction code.

/O instructions use the fifth instruction format. The
most significant four bits of the instruction contains
the instruction code. The second four bit byte
of the instruction is a free field. The CPU does not
make use of this field of the instruction. Thus, this free
field may be used to define an 1/0 peripheral communi-
cation code.

The accumulator/link instruction makesuse of the sixth
instruction format. The three most significant bits of
the instruction contain the instruction code. The five
least significant bits of the instruction specify one of
28 possible instruction modifications.

Interrupts may be selectively enabled or disabled using
the seventh instruction format. The six most signifi-
cantbitsofthisinstructioncontain the instruction code.
The two least significant bits define the interrupt that
is to be enabled or disabled by the instruction. The

leastsignificantbitspecifysinterruptoneand the second
modifier bit specifies interrupt two.
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MK 5002/5/7pP
MK 5002/7 N

MOS 4-Digit Counter/Display Decoder 0 S T E

TRUTH TABLES
FUNCTIONAL DIAGRAM
INPUT TRUTH TABLE
7.secmenT ourpurs * 8o ureyrs ** Input Logic Condition to Activate
GFEDCBA MSB 22 21 LSB
?????T‘T TTTT Count Negative Edge
True/ * INNEREN T Reset 0
COMPLEMENT O— BUFFERS & GATING BUFFERS & GATING
CONTROL INPUT Transfer 0
[ 7 SEGNENT & B0D ROW___|-—{ LERONG _~1—O BUAWAG IPuT Scan 1 (Negative Edge increments
ZERO) Z€RO TR AT Digit Select Counter)
SENSE| BLANKING f—+—O DECIMAL POINT INPUT 191t select Lou
» CONTROL *
OSCILLATOR WULTIPLEXER DECIMAL POINT True/Complement 1 = True Data
{\ v {\ {\ CIRCUTS 11— |EFT 0R RIGHT INPUT 0 = Complementary Data
et { 1L 100 DIGIT SELECT OUTPUT (LSD) Decimal Point 0
U 0 101 DIGIT SELECT QUTPUT AR
SCAN INPUT O COUNTER BUFFERS | | 5102 DIGIT SELECT OUTPUT Blanking 0
o ER |0 108 DIGIT SELECT OUTPUT (MSD)
TRANSFER L LaTcH T waTeH T LATCH [ LaTcH Decimal Pqint 1= Lgft
INPUT E)(()TUE'\:WTD/ _T___Om * Left or Right 0 = Right
— OVERFLOW
COUNT CIRCUITS
INPUT O~ O COUNT EXTEND OUTPUT 7-SEGMENT & BCD OUTPUTS
— ¥ TRUTH TABLE
RESET O
INPUT A J) J> £ DISPLAY SEGMENT —— BCD —
Fl g Is Vi Voo Vs Digit|Scan| a b ¢ d e f g|MsB 22 2 Lss
el_le *% ot available on MK 5005 P o |1l oo0oo0o0o0o0 1|1 1 1 7
D * not available on MK 5007 P
SEGMENT IDENTIFICATION 1 1 1001 1 11 1 1 1 0
2 1 001001101 1 0 1
Special 3 1 00001 10{1 1 0 0
Products GENERAL DESCRIPTION ¢ |1 {1001 1001 0 1 1
The MK 5002/5/7 P is an ion-implanted, P-channel MOS four- S prpoeroeoroopr oo 10
decade synchronous counter with latches, multiplexing circuits, 6 1 01000001 0 0 1
and a read-only memory programmed for seven-segment outputs
and BCD outputs. In addition, many on-chip control circuits pro- 7 ! oo T T Tpr o0 0 0
vide flexibility of use with a minimum of external components. 8 1 000O0OOO|fO0O 1 1 1
The MK.5002/5/7 P Qrovides a means of counting up to 9999, 9 1 00001000 1 1 0
transferring the count into latches without interrupting the count- vy lol v vy 1l 1 10
ing operation, and supplying the latched information to the out- .
puts one decade at a time. Scanning is controlled by the Scan True/Complement = Logic 1
Input which increments a one-of-four counter on its negative
edge, thereby scanning the latches from MSD (Most Significant TRUTH TABLE, OTHER OUTPUTS
Digit) to LSD (Least Significant Digit). True
Low threshold voltages for input DTL/TTL compatibility are Logic|
achieved through Mostek’s ion-implantation process. Enhance- Output [State | Time of Occurrence
ment rpode, as_wel! as depletion-mode, qevices are fabricated on Digit One-of-four, following Scan Input
the chip, allowing it to operate from a single +5V power supply. Select 1 rising edge; all off when Scan In-
Depletion-mode technology also allows the entire circuit to Outputs put is Tow.
operate on less than 25 mW of power. Overflow| 0  fOccurs on the 10,000t" Count Input
The functional diagram shows all options available on the Latch Sgg‘]"";:ge:te:ﬁ:ft,;ese?e"‘ai:":cg;f
MK 5002 P MOS/LSI. Other members of this family which are plished.
different pin-outs of this same chip are the MK 5005 P and .
MK 5007 P. The MK 5005 P is supplied in a 24 pin package and ggggg ; L gggggi;ﬁcgg;‘ggu;ge Cg;;gg;gf;ﬁg
does not include the BCD outputs. The MK 5007 P is supplied only until the next Count Input or
in a 16 pin package. (See the pin diagrams for these members Reset occurs (when the counter re-
of the counter/display decoder family.) ‘ turns to 0,000).
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RECOMMENDED OPERATING CONDITIONS
PARAMETER MIN TYP MAX UNITS NOTES
Ta Operating Temperature Range 0 75 °C
Vss Supply Voltage 4.5 7.5 ) 1, 2
V66 Supply Voltage VoD -13.2 v 1, 2
ELECTRICAL CHARACTERISTICS
(Vss = 45V £ 5%; Vee = Voo = 0 V; 0° C < Ta < 70° C unless otherwise noted)
PARAMETER MIN TYP MAX UNITS NOTES
VIL Input Voltage, Logic O (Low) VDD Vpp*0-8 v
Vi Input Voltage, Logic 1 (High) Vgs-1 Vsg Vggt0.3 v 3
ISS Supply Current, Vgg 2.5 5.0 mA 4,Inputs open
Igg Supply Current, Vgo 0.2 0.5 mA Veg=-12V
§ Cin Input Capacitance 3 10 pF Tp=25°C; = 1MHz;
o VIn=Vss
o
= IIL Input Current, Logic 0, Count Input 1.6 mA 5
g Scan Input 1.6 mA 5
= Decimal Point Input 1.0 LA
S Other Logic Inputs 1.0 mA
S {1, | Output Current, Logic 0 0.5 mA 6,Vgg=-12V
a
Ton Output Current, Logic 1 0.5 mA 6,Vgg=-12V
VoL Cutput Voltage, Logic O Vpp*0-2 v 4
VOH Qutput Voltage, Logic 1 Vgg-0.2 v 4
fCI Count Input Frequency DC 250 KHz
fSI Scan Input Frequency DC 50 KHz
tRD Reset to Any Output Delay 15 us Special
9 | tpy Logic 0 Pulse Width, Reset Input 1.0 us Products
= Count Input 1.0 us
G Scan Input 10.0 us
E Transfer Input 2.5 us
e
2 tPH Logic 1 Time Count Input 3.0 us
% Scan Input 10.0 us
(&)
o tSD Scan to Output Disable Time
= Digit Select Outputs 15 us 7
g A11 Data Outputs 15 us 7
(=]
tSE Scan to Output Enable Time
Digit Select Outputs 15 us 8
A1l Data Outputs 15 us 8
tee Count Input to Count Extend Delay to 1 or 0 15 us 9
tor Count Input to Overflow Delay (On) 15 us 9
troF Reset Input to Overflow Delay (Off) 5 us
1. Vpp=0V i ;
notes 2. Vg[s)/VG(; differential no more than 25 V. Eﬁer?ﬁﬁiﬁgﬁ 251??};}»«3@ nold offor override
3. Internal pull-up resistors (approx 10 K Ohm) are ¢ Il measured at ¥y = Vss - 0.75 V.
provided at all inputs other than Count Input, IoH measured at VQ = Vpp + 0.75 V. (See MK 5002
Scan Input, & Decimal Point Input. P Application Note for output characteristics.)
4. Vgg = -12V + 10%.  OQutputs open. . 7. Delay measured from the negative edge of the
5. Measurement made at Vi = Vpp + 0.4 V. Th1§ Scan Input.
condition is sufficient to represent a 10911: 0 8. Delay measured from the rising edge of the Scan
and hold off or override the internal oscilla- Input.
tors. Maximum current at Vi = +0.4V is 1.6 mA. g pelay measured from the negative edge of the
400 pA source current at Vss-1.0 is sufficient Count Input.
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DESCRIPTION OF OPERATION

(Further information on the operation of Mostek's family of 4-
digit Counter/Decoders may be found in the MK 5002 P
Application Report.)

COUNTER LOGIC & TIMING

The Decade counters are synchronously incremented on the
negative edge of the Count Input. The internal oscillator on this
input may be overridden by an external signal source or may be
allowed to oscillate at a frequency set by a single capacitor tied
to thisinput from the Vggor Vpp supply. In systems with consid-
erable noise, better oscillator stability exists when the capacitor
is tied to Vss.

SCAN CONTROL LOGIC & TIMING

The Digit Select Counter is incremented by a negative edge on
the Scan Input. During the time the Scan Input is at O, the
7-segment and Digit Select outputs are forced off and the com-
plement BCD outputs are forced to logic 1. (See Truth Tables.)
This remains until the Scan Input returns to logic 1.

The Digit Select Counter is a one-of-four counter, scanning from
MSD (Most Significant Digit) to LSD (Least Significant Digit),
enabling one quad latch output at a time, and presenting a logic
1 to the corresponding Digit Select output.

The internal oscillator on this input may be overridden by an
external signal source or may be allowed to oscillate at a fre-
quency set by a single capacitor tied to this input from the Vss
or VDD supply. In systems with considerable noise, better oscil-
lator stability exists when the capacitor is tied to Vsg.

TRANSFER LOGIC & TIMING

While the Transfer input is a logic 0, data in the decade counters
is transferred to the static storage latches. This input may be
left at 0 for a continuous transfer-and-display mode, or may be
pulsed periodically to store only on command.

Termination of a transfer command occurs internally when the
input is taken to a logic 1 and the next Count Input negative
edge occurs. This allows asynchronous Count and Transfer
operation since the transfer is terminated prior to incrementing
the counters. This means that a Count Input negative edge must
follow a Transfer command before a Reset is applied to prevent
transfer of invalid data. An external Reset Command must be
delayed at least one Count Input negative edge following a
Transfer. External transfer should terminate at least 1 s prior
to this Count negative edge and Reset should occur no sooner
than 1 s following that edge.

RESET CONTROL
The decade counters are reset to 0,000 when the Reset Input is

at logic 0. The Reset Input at logic O also forces the Scan to
the MSD output and resets the Overflow Latch output to a
logic 1 (if previously latched to a logic 0). It maintains this con-
dition as long as the logic 0 is present at the Reset Input and
overrides all other associated inputs. As indicated previously,
the decade counters should not be reset until a transfer has

been terminated.

Since the Reset Input resets the Scan Counter to MSD the scan
rate must be much faster than the reset rate to allow the lesser
significant digits to be enabled. Therefore, Fgcan, must be much
greater than four times FReget.

Ideally, the Reset pulse should also be made narrow, to prevent
its duration from causing the MSD to be ON much longer than
the other digits and thus appear to be brighter.

LEADING ZERO BLANKING

At the start of each MSD to LSD scan, blanking of leading zeros
occurs until the first non-zero number occurs in the display or
the Decimal Point Input is clocked. Any number following will
be displayed. Leading zero blanking does not affect the BCD
outputs or the LSD in the display which is displayed even if
zero. The LSD output resets the blanking circuitry to begin
blanking zeros in the next scan cycle.

The Decimal Point Input pin should be brought to logic 0 at the
time the character is enabled that contains the decimal point.
The first non-zero number or the Decimal Point Input signal in
the scan cycle puts the blanking circuitry in the unblanking
mode. If the Reset In (forces the Scan Counter to the MSD)
occurs when the circuit is in the unblanked mode the first com-
plete MSD to LSD scan will be done in the unblanked mode.
This could result in a dimly displayed leading zero. A simple
solution to this problem would be to force the Blanking Input low
during a reset and release it only after an LSD has occurred.

Leading zero blanking may be inhibited by wiring the Decimal
Point Input to ground. The MK 5007 P does not have a pin for
Decimal Point Input and therefore does not have leading zero
blanking.

OTHER INPUTS

The Blanking Input at logic 0 forces the 7-segment outputs to the
off-state and the BCD to the equivalent of the number zero. This
condition is maintained on a DC basis as long as the B—Ei—rﬁ(_in_g
Input is 0. The Digit Select outputs continue to operate at the
scan rate as described.

A True/Complement control inverts both BCD and 7-segment
outputs when at logic 0. Depending upon the display used, com-
binations of the Blanking Input and True/Complement Control
can be chosen to give a lamp test.

The Decimal Point Left or Right control allows the use of dis-
plays with the decimal point physically located on the left or
right of the numeral. Logic 1 is decimal-point-right. In the right
mode, even though the Decimal point input is clocked, unblank-
ing is delayed until the following digit is enabled.

OUTPUTS

All output buffers on the MK 5002 family are push-pull. A nega-
tive power supply terminal, VGG, is provided to increase the drive
capabilities of these output buffers. Since the VGG supply is con-
nected only to these output buffers, it has no effect on any other
device characteristics.

Output characteristics are covered in the MK 5002 Application
Report which illustrates the effects of VGG with current to be
expected at various output voitages.

The outputs are designed to drive directly to the base of
common-emitter transistors, so that output voltage is clamped
or maintained at a potential where the MK 5002 P is able to sink
or source its greater amount of current.




PIN CONNECTIONS

The MK 5002/5/7P is available in a 28-pin dual-in-line package,
a 24-pin dual-in-line package, and a 16-pin dual-in-line package. MK 5005 P
Only the 28-pin package contains all available functions.

Voo 1] @ (124 Vs
TRANSFER INPUT  2(] 7123 100 DIGIT SELECT OUTPUT (LSD)
RESET N 3[] (722 101 DIGIT SELECT QUTPUT
COUNT INPUT 4[] []21 102 DIGIT SELECT QUTPUT
103 DIGIT SELECT OUTPUT (MSD
MK 5002 P COUNT EXTEND 51 [J20 (M3D)
OVERFLOW LATCH 6] 719 “A" SEG.
Ve 1[J®@ 1] 28 Vs DECIMAL POINT IN - 7] [ ]18 “B" SEG.
TRANSFER INPUT 2 [ ] 27 100 DIGIT SELECT OUTPUT (LSD) EEEF(E;M&% E%m -8 17 "¢ SEG.
RESET IN 3 [] ] 26 101 DIGIT SELECT OUTPUT BLANKING NPUT 9 [] 16 0" St6. | [ SEOHENT
COUNT INPUT 4 [ [] 25 102 DIGIT SELECT OUTPUT SCAN INPUT 10 715 “E" SEG.
COUNT EXTEND 5 [] ] 24 103 DIGIT SELECT OUTPUT (MSD) TRUE/COMPLEMENT>11[ 114 “F" SEG.
OVERFLOW CATCH 6 ] 23 “A" SEG. | fr 12(] 713 6" SEG.
DECIMAL POINT IN 7 [] ] 22 “B" SEG.
DECIMAL POINT o
LEFT o RigT 8 O D ¢ SE
stame meor 9 [ [ 20 D" SEG.| ] SEGMENT MK 5007 P
SCAN INPUT 10 [] (119 “E" SEG.
3
TRUE/COM&L)%NI 10 718 st 10 DIG;T SELECT (MsD) 1[]e 16 Vss
B0 ouT, M8 12 [ 17 6 sE6, 107 DIGIT SELECT 2 . 015 Ve
e 1] 516 o . 10" DIGIT SELECT 3 [] 114 v_DD (Ground)
——— —— 10 4] ™R
BCD 0UT 2! 14[_‘4 p 15 BCD OUT, LS8 DIGIM ‘0 H 13 22 BCD ouT 158
TRANSFER INPUT 5[] 12 2! S5 oo —
RESET INPUT 6 O nn 22 BCO ouT Products
COUNT INPUT 7(] 10 23 BCO OUT MSB
COUNT EXTEND 8 ]9 SCAN INPUT
PHYSICAL DESCRIPTIONS
(16-lead ceramic dual-in-line (24 lead ceramic dual-in-line (28 lead ceramic dual-in-line
hermetic package)+ herme’uc package)+ hermetic package)*
1200 * 018 1 — 1400 ¢ 0I5 — - -
i;rgio%:nou 1 zas OOSGIO 006 !V I S TF - —— e
o o 1 ‘_“ i i ﬁ T
— SEERF R T | | EREYS
: o I
—— 800 * 010 —————= /L \\:-JT_ f‘g_ | le Qi e
095 o'o 035 oio ‘FM’M'I;LL;I]TM i o0 esrmem i s wes oo e 1 N
~ r—\ = oao _t 2:; ‘ .,
’ |-— "H'-J LOE’“ UV ZTL u u Uuow } i ‘\fgfﬁm{ﬁm]ﬂﬁwtmﬁywoﬂzﬁﬁ
i o o8 TYR | o6t o0s rve \ \J but h i :
ooz L - 200REF - T J
7 EQUAL SPACES 100 :jowrtg:g j?i' »
—~ % I e
50/
105°
L ‘J\'-omtoon —
*Suffix P 34 TYP o) o
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PACKAGE 16-pin plastic dual-in-line «

16 9
s O o T e N o Y s U s Y s Y s |

D
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|
F .850

.?io NOM -085
T ¥
130
I B
130w 065
4
—*[—o18TYP 060 TYP

~300

lo—,zso
\‘_5° NOM
. Jtszs’ =2

PACKAGE 28-pin plastic dual-in-line «

[L* 1450

100
ininlininliaiulininininialalnl =) ‘

Ea
q

LI e gy

Special
Products i i
“l 075
4 “¥ors
J L 125 MIN
020 MIN
- 060% 002
-l L—PIN SPACING _.”'T)'ewp
(SEE NOTE)

- 540NOM —

5°TYP

625% 025
010

NOTES |
I. THE TRUE—POSITION .PIN SPACING IS QI00 BETWEEN
CENTERLINES EACH PIN CENTERLINE IS LOCATED
WITIN £0.100 OF ITS TRUE LONGITUDINAL POSITION
RELATIVE TO PINS | AND 28,

*Suffix N
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MK 5009 P
MK 5009 N

MOS Counter Time-Base Circuit m 0 STE K

D Jon-implanted for full TTL/DTL compatibility
D Internal clock operates from:

External signal

External RC network

External crystal

D Operates DC to above 1 MHz
U Binary-encoded for frequency selection

DESCRIPTION

The MK 5009 P is a highly ver-
satile MOS oscillator and di-
vider chain manufactured by
Mostek using its depletion-
load, ion-implantation process
and P.-channel technology.
The 16-pin DIP package pro-

MHz, the MK 5009 P provides
the basic time periods neces-
sary for most frequency meas-
uring instruments, i.e., 1 us
through 100 seconds. One-
minute, ten-minute, and one-
hour periods are also avail-

FUNCTIONAL DIAGRAM

INPUT

&

cd|

M ose.our
/T

vides frequency division able using a 1 MHz input. — W
ranges from 1 to 36x10%. The Using a 1/1.2 MHz input, the FEEDBAGK 2-2{— OSCILLATOR [~] CONTROL BT
circuit will operate from any MK 5009 P can also provide a TLAWP 1 +100 2
of three frequency sources: 50/60 Hz output for accurate 6 100
the internal oscillator with an generation of line frequencies RESET MAK—1 e 5
external RC combination; the in portable instruments or RESET 0—1—=_CONTROL o +108 £
internal oscillator with an ex- clocks. 240 ] el = |
ternal crystal; or with an ex- The time-base output (TIME —D-D; St M
ternally-applied TTL signal. OUT) is a square wave, its 212 g
Control inputs pfovide addi- frequency determined by the m & S d+10
tional versatility and allow the Selected counter division, and Z’E‘D"LE:: S S [{+6x107
circuit to be used in a variety by the oscillator frequency or I ! = 2 |—=1+108
of applications including in- &xternal input. The falling 20*‘9'];: H*-g(:(mss
struments, timers, and clocks. €dge of the output square — +§l0
wave should be used to con- Lt
With an input frequency of 1 trol external gating circuitry.
TIME OUT
ADDRESS INPUTS | WITHOUT RESET RESET BYPASS MODES (see page 3)
Reset Max. Reset Min. Mode 1 Mode 2 Mode 3
Ruax =0 Ruax =1 Ruax =0 Rwax = Vee Ruax =0 Rvax = Vee
23 22 21 20 Ro =0 Ro =0 Ro =1 Ro =0 Ro = Vee Ro = Vee
0O 0 0 O -+ 100 -+ 100 -+ 100 -+ 100 -+ 100 =+ 100
0 0 0 1 = 10! - 10! -+ 10! - 10!
0 0 1 0 + 102 Resets Resets + 102 +10? + 102
0 0 1 1 =103 =103 =103 =103
0o 1 0 0 =+ 104 Counters Counters =+ 104 -+ 104 -+ 104
0 1 0 1 -+ 105 =102 -+ 105 - 10?2
0o 1 1 0 = 108 to their to their =+ 103 =+ 106 =103
0 1 1 1 =107 = 104 =107 +— 104
1 0 0 O -+ 108 Highest Lowest -+ 108 =+ 105 =+ 102
1 C 0 1 -~ 6 X107 = 6 X 104 = 6 X 104 - 6 X 10!
i 0 1 0 =+ 36 X 108 States States -+ 36 X 108 =36 X 108 =+ 36 X 102
1 0 1 1 = 6 X 108 - 6 X 108 =~ 6 X 108 = 6 X 10?2
1 1 1 0 - 2% 104 = 2 X 10! = 2 X 10! = 2 X 10
1 1 1 1 Ext. In. Ext. In. Ext. In. Ext. Int. Ext. Int. Ext. Int.

*Addresses 1100 and 1101 result in Logic 0 at the output regardiess of the state of the Reset Max. and Reset 0 inputs.

Logic 1 = High = Vs;s
Logic 0 = Low = Vip

Special

Products
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative to Vg .
Operating Temperature Range (Ambient)
Storage Temperature Range (Ambient)

RECOMMENDED OPERATING CONDITIONS
(0°C <T, <70°C)

. +0.3V to - 20V
0°C to +70°C

.- 55°C to + 150°C

PARAMETER MIN TYP MAX UNITS NOTES
Vs Supply Voltage + 4.5 + 55 Vv
Voo | Supply Voltage 0.0 0.0 \
Vee | Supply Voltage - 9.6 - 144 \Y
fyrau| Crystal Frequency 0.1 2.0 MHz
fre RC Frequency DC 200 kHz
fexr External Frequency DC 2.0 MHz
to Logic 0 Pulse Width, CLAMP — Note 5
Ext. Input 200 nsec
ton Logic 1 Pulse Width, Ext. Input 200 nsec
Reset Max 10.0 usec
Reset 0 10.0 nsec
R Feedback Resistance .01 2.5 Ma Fig. 1
V. Input Voltage, Logic 0, Reset Inputs 0.0 0.8 Vv
Reset (Bypass Mode) Voo Vee + 1.0 \Y Note 2
All Other Logic Inputs 0.8 \
Input Voltage, Logic 1, All Logic Inputs V-1.0 Vs Vss + 0.3 \Y
ELECTRICAL CHARACTERISTICS
(Vgg == 45V £10%; Vpp == 0V; Vgg = —12.0V +20%;0°C < T, < 70 C)
PARAMETER _ MIN TYP? MAX UNITS NOTES
Isg Supply Current, Vg 6.0 11.0 mA Note 1
leo Supply Current, Vgg 6.0 11.0 mA )
Iy Input Current, Logic 0 - 1.6 mA Note 2;
V, = 0.4V
Voo | Output Voltage, Logic 0 0.4 \Y loo = 1.6mA*
Von | Output Voltage, Logic 1 24 \ low = —40uA™
fsia Frequency Stability w/ Volt. Change, RC Mode +=3.0 % IV Note 3
/ Temp. Change, RC Mode -0.2 %/°C
Crystal Mode — Note 4
tee Jitter, Edge-to-Edge Variation <15 nsec Temp. & Sup-
ply Voltage
Constant

*Typical values at Vss = 45V, Vop == OV, Vee = — 12V, and Ta — 25°C

. Logic Inputs are: Reset Max; Reset 0; Address Inputs; Ext. Input; Ext/Int Select; and Clamp.
. Frequency variations due to power supply changes only.

. Crystal mode stability is dependent upon crystal.

. Minimum logic 0 time at clamp input is 50% of oscillator period.

g AW o

*Vou, VoL apply only to Time Out.

. Logic inputs at Vss, output open circuited. Each logic input (see Note 2) contributes an additional 1.6 mA (max.) to Iss when at logic 0.




DESCRIPTION OF OPERATION

The MK 5009 P consists basically of a series of
counters, selectable via an internal multiplexer.
The — 10' counter output is used to generate an
internal clock signal for the 10? through 36 X 108
counter stages, which are fully synchronous with
each other.

OSCILLATOR CONTROLS

Operation in the RC oscillator mode is achieved
as shown in Figure 1. Frequency, f, is approxi-
mately 0.8/RC. The clamp circuit can be used
in the RC mode to provide_one-shot or accurate
start-up operations. When Clamp goes to a logic
0, the internal circuitry is held at a reference level
so that upon release of the Clamp (return to
logic 1), the oscillator's first cycle will be a full
cycle.

The crystal oscillator mode is shown in Figure 2.
Values for the resistors are chosen to bias the
internal circuitry for optimum performance. The
two capacitors are chosen to provide the loading
capacitance (C,) specified for the selected crys-
tal. It is recommended that C1 = C2 == 2 C,.

RESET/BYPASS CONTROLS

The MK 5009 P provides two different reset con-
ditions. A positive-going pulse of 10 us or longer
on Reset 0 will reset counters to their lowest
state, while a positive-going pulse at Reset Max
will reset counters to their highest state. The
Reset Max control enables the user to set up the
counters to provide a falling edge at the next
oscillator cycle or negative-going external input,
regardless of which divider chain is selected.

In addition, taking one or both Reset Inputs to
the most negative voltage, Vg¢, allows bypassing
portions of the divider chain for testing or other
purposes (see table on page 1).

EXTERNAL/INTERNAL FREQUENCY SOURCE

When using an external signal source to operate
the MK 5009 P, that signal should be applied at
the External Input (Pin 3), and the External/Inter-
nal Select (Pin 5) should be brought to logic 1.

For operation with an internal signal, the Ex-
ternal/Internal Select should be at logic 0.

OSCILLATOR OUTPUT

The oscillator output, provided at Pin 10, is not
a true logic output, but may be used to drive a
high impedance device such as a junction FET
or other MOS circuitry.

VGG
({0) 0sC. ouT
R210Ke @ 25Kq
(9) FEEDBACK 2 Vo FEEDBACK 2
C225pF Vs
(®) FEEDBACK 1 ol 18
O Voo 0 (®) FEEDBACK 1
Vs ilZMu
FIG. 1
VDD
FIG. 2
PIN CONNECTIONS
TIME OUT 1 [Je 116 Ves
VDD 2 E :] 15 Vss
EXT INPUT 3 [] 114 2
RESET 0 4 [] 113 2
EXT/INT 5 O 012 2
RESET MAX 6 [] 11 2
CLAMP 7 [] 110 0SC. ouT
FEEDBACK 1 8 19 FEEDBACK 2

PACKAGE
16-pin ceramic dual-in-line

‘ M.

e
23

G

teo

r—— 800 * 010 ———————f

4

e
ok kg o
002
o st o

— 300
v

==l

Suffix P

PACKAGE
16-pin plastic dual-in-line

=TT ===

R R AR

=

mal T 30
100, Y

Ay

§ _J L 065
Y g
—{p—oeTve 060 TYP

=

.525:0‘1“
w L Suffix N

Special

Products
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APPLICATION — 10 MHz Frequency Counter

The circuit shown below is a frequency counter capa-
ble of counting input rates up to 10 MHz, selected in
four ranges. The MK 5009 P provides the time base
intervals while the Mostek MK 5002 P counter circuit
provides counting, storage, and display functions. Two
decades of prescaling using TTL are employed. TTL
one-shots provide proper timing for the 5002.

To replace the functions of the MK 5009 P, an active
device and Schmitt trigger for the crystal oscillator
would be needed, plus six 7490’s to achieve the cor-
rect time out. Replacing the functions of the MK 5002
would require four 7490’s, four 7475’s, and four BCD-
to-seven-segment decoders.

e
_____ 7400
CINPUT ) @ 7404
I CIRCUITRY : 7490
: BF“:F' . : 7413 7400 7404 7490 7400(3)
| . RU — ¢
R —E}scmwm TRIGGER
INPUT
+5V0 +5V +5V +5v 9
o e i _
. "l @ "I 7400 ]_
B L 1 O W LR DS UM 2400
7R Q|8 CLR QH—{B CIR T J7UR [T
T T ¥
Special +Vh +5V4 DT lzgg MK 5002 P
Product
roducts —D__ — 1350 =
MSD ol
ABCDETFGIS
piDs
2K2 (3)
7404 (3)
1113_
w5 | || s
[‘5‘&) ksvf : DISPLAY
7474 Hp S QF |4p S Q 5y I (FOR INTERFACE j—
@ |rpoddt v " REQUIREMENTS, REFER ————
, T0 MK 5002 P |
I [ i APPLICATIONS NoTE) | |
1
7400 400 1| [\-----No----- o !
- - 1.10,000. Hz
RESET 2 2 2.100.00 kHz
+5v 18M2 12Me MAX - TIANP 3.1,000.00 kHz
S RESET 0 4.10.000 MHz
EXT/INT
23
FB1
MK 5009 P
Sy =1 MHz 2
25k L, 82 7404 2K2
T 2| @ @
= +5V +5V
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PRELINMINARY MK 50070 N

CMOS Oscillator and Divider m ﬂ ST E K

FEATURES:
Low Power Dissipation
4-18 Volt Operating Range
Internal Zener Regulation
Internal Oscillator
DESCRIPTION:
The MOSTEK 50070 circuit is an oscillator
and divider circuit for specialized applications.
An external quartz crystal determines the os-
cillator frequency and the chip divides this

frequency by 49152. The output is buffered
by a 4 transistor bridge.

MOTOR VOLTAGE WAVEFORM PIN CONNECTIONS
Qe IGD
MOTOR VOLTAGE WAVEFORM OSC IN [J2 |5D 0SC OUT
(PIN 6 RELATIVE TO PIN 8)
ZENER [J3 140 Special
Products
o]
° Os 12
OUTPUT | [Os6 ng
TOSC + 49,152 av 00
OUTPUT 2 []8 9]

FUNCTIONAL DIAGRAM

/— OSCILLATOR - AMPLIFIER

200 n
+ oA 4 ¢ / -
3 S S3
Q > |6
2V 4 FREQUENCY [
T DIVIDER Q N LY
S S
2 19| clock
Motor
Coil
13
- O L —& L
2 15
22M ) \—— INTEGRATED CIRCUIT
QUARTZ “AAA-Q@
CRYSTAL
== —é =
‘ 7
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ABSOLUTE MAXIMUM RATINGS OVER FREE-AIR TEMPERATURE RANGE

Voltage on Any Pin Relative to Vg v e +22V
Operating Free-Air Temperature Range . . .. .. ... oiiiii .. 0°Cto70°C
Storage Temperature Range. . .. ..o v ittt ittt et e e it e —-40°C to +100°C

RECOMMENDED OPERATING CONDITIONS (0°C< T,< 70°C)

PARAMETER MIN MAX UNITS NOTES
Operating Voltage with 200 resistor +4 +18 Volts 1
Maximum non-recurring Transient —75 +110 Volts 2

ELECTRICAL CHARACTERISTICS (0°C< T, < 70°C)

PARAMETER MIN MAX UNITS NOTES

Zener Voltage at I, = 100 uA 10 14 Volts
Power Drain 30 mW 3
Total driver Voltage Drop Sq and
S4 or Sy and S3 1 Volt 4
Maximum Frequency 3.145728 MHz

Special NOTES:

Products 1. Pin 3 tied to Pin 4.

2. Time Constant Equals 45 milliseconds
3. With no load and VPD — VRS =10 volts
4, VDD - VSS = 4V, L =2m

PACKAGE DESCRIPTION 16 S
16 pin plastic e e I e e e Y e e O s

D
.300

r—zso-——' LI_J I S g S - — - LaJ

j—— .850

.020 NOM -065
\'5" NOM % 7/ , )
e 30502 100" j;fo
010 —-L— ;;M:x 065
—t
—*jf—o8TYP 060 TYP
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MK 5020 Series

MOS Calculator Series m 0 ST E K

FEATURES:

O Direct Segment Drive for LED’s

O Low Power Consumption

O Single Power Supply Voltage

O Internal Encoding of Keyboard Inputs
O Internal Debouncing of Keyboard Inputs
O Single 28-pin, Dual-in-line Package

0O ROM controlled

PACKAGE 28-pin dual-in-line plastic

e 1450
STANDARD PRODUCTS: |
| nmn_mnnr\nmnnr—\n:__:_ _EONOM
0O MK 5020 A 8-digit, six-function ) Al
(+, —, X, +, %, /) with constant eas* oz
Consumer . H H |15 gy I‘— o°
O MK 5021 C 10-digit, six-function

(+, = X, +, %, +/) with constant
0O MK 5022 A 8-digit, five-function (+, —, X, +, %)

r

with constant fully independent o :o
memory, and store/recall memory. ——#——-— ,] L_ Tﬁs_r

O MK 50203  8-digit, five-function (+, —, X, +, %) e, e T
with constant, fully independent (58 e

memory, reciprocal, and constant
register exchange

NOTES .

I. THE TRUE—POSITION PIN SPACING IS QIO0 BETWEEN
CENTERLINES EACH PIN CENTERLINE IS LOCATED
WITIN £0.100 OF ITS TRUE LONGITUDINAL POSITION
RELATIVE TO PINS | AND 28.
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ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE

(All voltages relative to V)
Supply Voltage Range Ve
Input Voltage Range

Operating Free-Air Temperature Range
Storage Temperature Range

+0.3V to —-17V
0°C to +55°C

RECOMMENDED OPERATING CONDITIONS (0°C < T, <55°C)

+0.3V to —20V
+0.3V to -20V
+0.3V to -7V

PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage -12 -145 -17 volts 1
Viu Input Voltage, Logic 1 Vog—1-2 volts 2,8
Vi Input Voltage, Logic 0 Voo V¢s =5 volts 2
¢ Clock Period 55 1 nsec 3

ELECTRICAL CHARACTERISTICS (12 < V < 17;0°C < T, €55°C)

PARAMETER MIN TYP MAX UNITS NOTES
les Supply Current 6 mA
I Input Current @ Vy, Vg 150 300 nA 2
Ronses) Segment Output “On’’ Resistance 300 750 Q 4,7
Ronipie) Digit Output “On’’ Resistance 250 600 Q 4,8
lovises) Segment Output Leakage Current A 10 A 5,9
loupie) Digit Output Leakage Current A 10 nA 6,9

Notes:

(1) This parameter is relative to Vss.
(2) This parameter applies to the KN, KO, KP, and KQ inputs.

(3) The maximum clock period is related to the worst-case keyboard
entry time. 11 usec corresponds to approximately 44 msec
“key down’ time. Any increases in the clock period will affect
this entry time proportionately.

(4) Voltage across the output (relative to Vss) is 0 volts to 1.5 volts.

INTERNAL CLOCK OSCILLATOR

28
Vss
.
R =239 K 10% CH
C = 22 pF 5% Clock Input
1
i 3
for nominal <
RS Ve
140 KHz clock 15
—_——d
The oscillator waveforms appears as a ‘‘'sawtooth *’
voltage variation swinging between VSS and vGG /2.

(5) Voltage across the output (relative to Vss) is 0 volts to 7 volts.
(6) Voltage across the output (relative to Vss) is 0 volts to 17 volts.

(7) Segment output current must be limited to less than 7 mA per output.
(8) Because digit output voltages are used in scanning keyboard inputs,

external circuitry (e.g., a display driver) must require less than
2 mA from each digit output in order that the minimum value of
Vi can be satisfied in all applications.

(9) Segment and digit outputs are open drain transistors.

SEGMENT AND DIGIT TIMING AND POLARITY
Vsst

Segment
Output

V.,

SS+

Digit
Output

Note:

3 clock periods

j@———— 39 clock periodgs———#¢
(one digit time)

Consume

Segment and digit outputs are turned on to

Vgs for a

displayed segment.
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MK 5020AN

DESCRIPTION
PIN CONNECTION
The MK 5020 A is a six-function (+, —, X, =, %, V/)
8-digit calculator, featuring selectable constant, float- cLock | [e ] 28 vgg
ing or fixed decimal point (selectable to eight posi- ke 2 [ ] 27 ke
tions), selectable roundoff, algebraic or business entry,
credit balance, chain calculations, leading zero supp- o 3 O ] 26 KN
ression, and internal debouncing and encodingcf kay- p2 4 [] ] 25 ko
board inputs. 03 5 [ ] 24 op
Low power dissipation, broad supply voltage range, a 04 6 [] [J23 H
single power supply, and an internal clo¢k oscillator os 7 [ J 22 6
makes the MK 5020 A ideal forbattery-operated, hand- - :]
held calculators with lower system costs. o6 8 2l F
07 9 [] ] 20 E
08 10 [] [Ji9 D
D9 1l [] ]88 ¢
D10 12 [] 7 8
on 13 [ 116 A
NC 14 [] (115 Vgg
NC = NO CONNECTION
KEY MATRIX
DIGIT
KEYS o 0 9 . 8 7 6 5 4 3 T I KN
OPERATION ! " ¥ _** n l T
KEYS c CE ’ : /- = = - +  x + —> Ko
Y i i e | [T
POINT NN Kl N\ \ 7 6 5 4 3 2 I o—> KP
SWITCHES b n ¥*
MODE R = l\ - XX I\ ]\ I\
SWITCHES \\ K T—{own & R \\ k\ \\\ \\\F—i> KQ
(CONSTANT) A L A L L L
Consumer
: DIl DIO D9 D8 D7 D6 D5 D4 D3 D2 DI
REPRESENTS SWITCH - D‘;F % — OPEN # FLOATING POINT
K
D REPRESENTS SWITCH - o *¥% — V3 KO(7), KO(6), KQ(4)
(WITH DIODE) ] DIODES REQUIRED
K

;SS] NO SWITCHES AT THESE NODES OF THE MATRIX

DISPLAY FONT
CONNECTIONS FOR SQUARE ROOT KEY

entry . result
error minus overflow KQ D4 D6 D7 KO

0023456 7189E- o o

output time
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SCHEMATIC DISPLAY HP5082
A B C D E F G P DIl D8 D7 D6 D5 D4 D3 D2 DI
QO -v
‘» J KEYBOARD
ITT 500 ITT 500 i
CRa CR3
DIl
DP SELECT Di0
D2 D9
03 D8
(13_6—035 oe
34 sec_ D6 D5
—0O2 ,0— o7 E;
O, O— D2
lis_ Oo— 3 iz |0 o |9 8 7 3 5 a [3 ot
D?Io :: ZDH D0 D9 D8 D7 D6 DS D4 D3 D2 I'J(; or czﬂ‘Jf
el L L |,
NOTES: o] f MK 5020 A KN 128 KN
UNLESS OTHERWISE SPECIFIED ',3 c KO 25 CRE KO
| ALL RESISTORS ARE 1/74W, 5% 618 '——— RND UP
2 ALL DIODES ARE (N4I48 A KPP Vss 4 Vas L+ RND DN
—[ 28c| | RIS 15 CR7
'_2{2 PF 390K v
O—l—— vss Y2 J— cz2 *
V66 -
-V
o ' —O -
FIXED POINT KEY
PROBLEM OR FLOATING|CONSTANT| ENTRIES REMARKS DISPLAY
PERCENT KEY
Find 15% of 200 Floating * C 0.
15 15.
% 0.15
X 0.15
200 200.
= 30.
Find 15% of 200 Floating * C 0.
200 200.
X 200
15 15. Consumer
% 30.
Find 15% mark up Floating * C G.
on $200 and total 200 200.
+ 200.
15 15.
% | This gives the mark up 30.
= This gives the total v 230.
Find 22% discount Floating * C 0.
and selling price 526 526.
on $526 - 526.
22 22.
% This is the discount 115.72
= This is the selling price 410.28
CONSTANT PERCENT
Find 15% of: Floating on C 0.
200, 450, 372 15 15.
% 0.15
X 0.15
200 200.
= 30.
450 450.
= 67.5
372 372.
= 55.8 97




MK 5021CN

o . PIN CONNECTION

The MK 5021 Cisasix-function &, —, X, +, %, /) 10-

digit calculator featuring selectable constant, floating cLock 1 [Je [ 28 vgg

decimal point (selectable to ten positions), floating kP 2 [ 27 Ka

negative sign, algebraic or business entry, creditbalance, s

chain calculations, display blankingduringclaculations, o O L] 26 KN

leading zero suppression, and internal debouncing and D2 4 [] ;] 25 KO

encoding of keyboard inputs. 03 5 [ ™) 24 DP

Low power dissipation, broad supply voltage range, a 04 6 [] ] 23 H

single power supply, and an internal clock oscillator o5 7 [ 226

make the MK 5021 C ideal for battery-operated, hand-

. pe 8 [] 21 F

held calculators with lower system costs.
o7 9 [] b 20 E
08 10 [] b 19 D
D9 1 [} Jis ¢
oo 12 ] 17 B
o 13 ] ]ie A
NC 14 [ 115 Veg

NC = NO CONNECTION

KEY MATRIX
2:56‘:; % 0 9 8 7 6 5 4 3 2 | > KN
C | ] |
P |
2E$:AT°N C MCE . z T M i X + —= Ko
AL Lo [ ] [ T ] [ ]
POINT \\ 0 9r— 87 6 5 4 3 2 | —{> KP
SWITCHES ] ] l l »*
¥* ¢
SWITCHES NERENENENENEWN R ke
(CONSTANT) L A A A ™ ™ A A
Consumer
ol DI0O D9 08 D7 D6 DS D4 D3 D2 DI
REPRESENTS SWITCH — D‘;l- ¥ — OPEN > FLOATING POINT
@‘ NO SWITCHES AT THESE ¥¥ — ¥ > KO(7), KO(6), KQ(4)
] NODES OF THE MATRIX DIODES REQUIRED
D REPRESENTS SWITCH-
(WITH DIODE) @
DISPLAY FONT CONNECTIONS FOR SQUARE ROOT KEY

entry  result
FLOATING error overflow KQ D4 D6 D7 KO

=0il23y SE‘TBBEX?:W L
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SCHEMATIC
DISPLAY HP5082
A ] [ o) E F G P DIl DI0O D9 D8 D7 D6 D5 D4 D3 D2 DI
O —v
J KEYBOARD
ITT 500 ITT 500 Vi
CR4 CR3
L DIt
DP SELECT DIO
R — D9
03 [bX:]
D4 D7
D5 06
45 O—os DS
_023 670_ o7 0a
@] 03
—O lo 93(}— D8 D2
l—ioi O—po 3 iz | fio |9 fs |7 |s |5 |a [3 D!
D?’O _::_ ZD” DIO D9 DB D7 D6 D5 D4 D3 D2 :(; . CR2 St )
2! F K
z,: E MK 5021C NE “
'|97 c ko |22 Ko
16 2 KP  Vgg 2 Voo
| 28¢ "'RiI5 15
22PF 390K
O————J— vss Y2 l c2 O ves
ol
Voo
-v
G- l —O-v
FIXED POINT KEY
PROBLEM OR FLOATING |CONSTANT|ENTRIES REMARKS DISPLAY
PERCENT KEY
Find 15% of 527 Floating * C 0.
15 15.
% 0.15
X 0.15
527 527.
E 79.05
Find 15% of 527 Floating x C 0.
527 527.
X 527.
15 15.
% 79.05 Consumer
Find 12.5% mark Floating * C 0.
up and selling 450 450.
price on $450 X 450.
item 12.5 12.5
% This is the mark up 56.25
x This is the selling price 506.25
Find 8.3% discount Floating * C 0.
and selling price 200 200.
on $200 item X 200.
8.3 8.3
% This is the discount 16.6
= This is the selling price 183.4
CONSTANT PERCENT
Find 15% of: Floating on C 0.
200, 450, 372 15 15.
% 0.15
X 0.15
200 200.
= 30.
450 450
= 67.5
372 372.
= 55.8 99




MK 5022AN

DESCRIPTION
The MK 5022 A is a five-function (+, —, X, +, %), 8- PIN CONNECTION
digit calculator with fully independent memory. Only
20 keys are required to implement the five functions cLock 1 []e [ 28 vss
with memory, resulting in a unit which is compact, kP 2 [ [] 27 ka
economical, and simple to operate. Additional fea- o1 3 ] ) 26 kN
tures are automatic constant, floating negative sign,
algebraic entry, floating decimal point, chain calcula- o2 4 [ ] 25 Ko
tions, credit balance, leading zero suppression, dis- 03 5 [ [] 24 oP
play’ t_)lanking during calculations, ancj internal de- 04 6 [ ] 23 H
bouncing and encoding of keyboard inputs. os 7 OJ 22 6
Low power dissipation, broad supply voltage range, D6 8 (j (a1 F
a single power supply, and an internal clock oscillator 07 9 [] ] 20 €
make the MK 5022 A ideal for battery-operated hand- o O] s o
held calculators with lower system costs. o8
ps I [ 118 ¢C
DIO 12 [] Ji7 B
o 13 ] 6 A
NC 14 ] [ 15 Vge
NC = NO CONNECTION
KEY MATRIX
2:-:67;; \\\ o ) 8 7 6 5 'y 3 2 | —> KN
OPERATION S [c R ,,] -I ] I I l j_ . X0
KEYS NN 2 K e T e 0 R e il e g
oeemas- L0 L L L L L L L L L L
EWITCHES RN N N NN\ N N ] \[ N\ N N kP
MODE w

/A

/]
#
%

/)
74
.

%
%

N

SWITCHES NN\ KQ

NEENEWN
_— (CONSTANT) A A l L DA L
6

o] DiO D9 (] -] b7

o

o

o

re

o

o >

= 7.

3 D2

REPRESENTS SWITCH- °[%}

g
K
X NO SWITCHES AT THESE
A\\Y NODES OF THE MATRIX
DISPLAY FONT
FLOATING ME'N:‘ORV :\EI::;IW

= 0fZ23d4se 190 ™

STROBED AT DIGIT
It OUTPUT TIME
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SCHEMATIC

F

DISPLAY HP5082
G P DIl__DIO D9 D8 DO7

D6 D5 D4 D3

l\ ITT 500

KEYBOARD

DIl

D0

DS

D8

D7

D6

D5

04

D3

D2

I TT 500
13 12 1] 10 9 8 7 6 5 4 3
L24) on DO D9 D8 D7 D6 D5 D4 D3 D2 DI
22
21 N
20 K
MK 5022 A

19

8

17

16

D!

KN

.
J_ 22 PF 330K

QO vss

KO

QO -v
KEY
PROBLEM ENTRIES REMARKS DISPLAY
MEMORY ADD M} { Clears
C Memory
+27.84 C Clears display 0.
+56.352 27.84 27.84
M 27.84
+ Memory in use indicator L 27.84
56.352 L 56.352
M} { adds display L 56.352
+ - to memory L 56.352
R/S recals total L 84.192
MEMORY SUBTRACT M} { clears
C memory 84.192
+27.20 ) C clears display ) 28.
-56.35 7.20 7.
M } adds display 27.20
+ { to memory L 27.20
56.35 L 56.35
M subtracts display L 56.35
- { from memory L 56.35
R/S recalls difference L -29.15
memory has credit
balance
MEMORY
STORE M Scratchpad
c! 29.15
C 0.
9/4, 9/5, 9/6, 9X4 9 constant dividend 9.
M ¢ stores 9.
R/S in memory L 9.
= L 9.
4 division # 1 L 4,
= quotient # 1 L 225
MEMORY RECALL R/S recalls memory L 9.
- L 9.
5 divisor  # 2 L 5.
= quotient # 2 L 1.8
R/S recalls memory L 9.
- L 9.
6 divisor # 3 L 6.
= quotient # 3 L 1.5
R/S L 9.
X L 9.
4 multiplier L 4.
= product L 36.

Consumer
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DESCRIPTION
The MK 50203 is a six-function (+, —, X, +, %, 1/X),

MK 50203 N

PIN CONNECTION

8-digitcalculatorwith fully independentmemory. Addi- cLock | [Je ] 28 Vg
tional features are automatic constant, repeat add, ex- w2 O 27 &
change, floating negative sign, algebraic entry, float- e
ing decimal point, chain calculations, credit balance, or 3 Ej [ 26 kN
leading zero suppression, display blanking during cal- p2. 4 [ 25 ko
culations, and internal debouncingand encoding of key- b3 5 M 24 NC
board inputs.
04 6 [ [le3 C
Low power dissipation, broad supply voltage range, a o5 7 ] 22 p
single power supply, and an internal clock oscillator - T2 oA
make the MK 50203 ideal for battery-operated hand- be 8 2i
held calculators with lower system costs. o7 9 [] (120 E
ps 10 [ e D
0 I [ 118 G
pIo 12 [ J17 B
DIl 13 [ 116 F
NC 14 ] (115 Vg
NC = NO CONNECTION
KEY MATRIX
DIGIT N
KEYS N ‘l’ 9 T 'lf 6 -'l> 4 Ts ? | > kN
OPERATION KNI 3 ] - _ _
KEYS N « % EIx—-{x .—1°/[° + = — xo
MEMORY I
KEYS M N—M+ N RM RN ¢ M NN &P
MODE N N N N T\ N N
o SWITCHES R\ N\ \\ \\ \\ N \Q—D KQ
DIl DIO D9 D8 D7 Dé DS D4 D3 D2 DI
REPRESENTS SWITCH- P}
K

102

NO SWITCHES AT THESE
NODES OF THE MATRIX

N

EXTERNALLY CONNECT KQ AND KO

DISPLAY FONT

FLOATING

— 0023456189

MEMORY  RESULT MEMORY
IN OVERFLOW OVERFLOW

sials
\_—.V_—J

STROBED AT DIGIT "
OUTPUT TIME




SCHEMATIC

DISPLAY HP 5082

D E G P DIl DIO D9 DB D7 D6 D5 D4 D3
O -v
ITT 500 ITT 500
13 12 | 10 9 8 7 6 5 4

22101 DO DS D8 D7 D6 D5 D4 D3 D2 DI
18

2 26
16 )¢ KN
20 |¢
o MK 50203
23]° 25
> KO

B 27
2L Vss ] Voo *Q

28,550 |390K 15
J— C)Vss
Vss Ol uf
ue T
Ve
-V
‘ O -v

KEYBOARD

KN

KO

Consumer
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Consumer

104

KEY
ENTRIES

REMARKS REMARKS DISPLAY
MEMORY ADD " ol 10
ears .
+27.84 C } { Memory 0.
M . 851: Clears display g;gz
Y L 27.84
+ Memory in use indicator L 56.352
56.352 L 56.352
M} { adds display L 56.352
+ to memory L 84.192
R/S recals total
Exchange Operands
26.3+2.18= C 0.
26.3 26.3
+ 26.3
2.18 2.18
= 12.06422
2.18+26.3= C 0.
26.3 26.3
+ 26.3
2.18 2.18
EX 1st entry will be stored as constant 26.3
= 0.0828897
39.7 + 26.3= 39.7 39.7
= 1.5095057
2X3 = C 0.
4X2 = 2 2.
5X2 = X 2.
3 3.
EX 1st entry will be stored as constant 2.
= 6.
4 4,
= 8.
5 5.
= 10.




PRELIMINARY MK 50280 N Series

8-Digit Calculator Series m 0 ST E K

FEATURES

O Direct Segment Drive for LED’s

O Low Power Consumption

O Single Power Supply Voltage

O Internal Clock Requiring No External Components
O Single 28-pin, Dual-in-line Package

O Internal Encoding of Keyboard Inputs

O Internal Debouncing of Keyboard Inputs
O Regulated Segment Outputs

0O ROM Controlled

STANDARD PRODUCTS

O MK 50281 8-digit, five-function (+, —, X, +, %) PIN CONNECTION
with automatic constant and store/recall memory

0O MK 50282 8-digit, five-function (+, —, X, +, %)
with automatic constant, average function and item

V. | 28] sF
counter. s []e 28]
. . s [2 7] sB
O MK 50283 8-digit, six-function (+, —, X, +, %, \/) 2] 27
with automatic constant s [3] 26] sa
8-DIGIT CALCULATOR SE [4] 25 sc
sP [_5: 24 TSET
NC E @ Vbo Consumer
wreaeace [ DISPLAY NC [7] wmksozson  [23 KN
/T Ne [8] 2] D,
¥ .. ko [3] 2d D2
KEYBOARD L_':> NG @j E D3
MK 50280 0
rower |- SERIES p,, [i] i8] D4
SUPPLY
Do [12] 7] os
SYSTEM DIAGRAM Dy [13] 6] D6
Dg [14] is] D

105



ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE

(All voltages relative to V)
Supply Voltage Range V ... ...ttt +0.3V to —20V
INPUt Voltage Range . . vuve e einie ittt e i eecaeeeaeaeeanns +0.3V to —20V
Output Voltage Breakdown SA—SG .....coviiiiiiiiiiii i ieeannns +0.3V to —17V
DI=DI oo +0.3V to —17V
Operating Free-Air Temperature Range..........cooveviiiiieeneennsen. 0°C to +65°C
Storage Temperature Range .....evuvreieeiieireiieriiiiieeraeenneenn. —40°C to +100°C
RECOMMENDED OPERATING CONDITIONS (0°C < T, < 55°C)
PARAMETERS MIN TYP MAX UNITS
Vae Supply Voltage —-12 —14.5 -17 volts
Viu Input Voltage, Logic 1 Vss—1.2 volts
ViL Input Voltage, Logic O volts
0 Clock Period Internal U sec
ELECTRICAL CHARACTERISTICS (12< V< 17;0°C< T, < 55°C)
PARAMETERS MIN TYP MAX UNITS
lga Supply Current 6 mA
I Input Current @ V; =V _ 150 HA
Ron (seg) | Segment Output “On" Resistance Programmable Q
Ron (pig) | Digit Output “On’’ Resistance 0
loL (sEG) Segment Output Leakage Current 1 10 uA
loL (D1G) Digit Output Leakage Current A 10 HA
senies

DISPLAY FONT

FLOATING

— Q0fl23dHse 189

NOTE. DISPLAY FLASHES FOR OVERFLOW

Vss
SEGMENT ——

5 F—— 31 CLOCK PERIODS —

Vss
DIGIT

5 j———— (9 ——»

12—
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| MK 50281 N

The MK 50281 is a five-function (+, —, X, +, %), 8-digit calculator featuring automatic constant, floating
negative sign, algebraic entry, floating decimal point, chain calculations, credit balance, leading zero supp-
ression, display blanking during calculations and internal clock oscillator. A floating negative sign elimi-
nates the need for a ninth digit. A store/recall memory allows the contents of the display register to be
placed in memory for subsequent recall on demand..

OUTPUTS
The digit outputs, D]—D1 1. are selected (conduct to V__) sequentially. Note that there is inter-digit
blanking. The digit lines are also fed back to the chip (min. level = ) as keyboard inputs.

The segment outputs (SA—SG, Sdp) select the appropriate seven-segment code (with decimal point) for
each digit as thatdigit is selected. ** A segmentoutput conducts to V¢ when selected. When not selected,
asegment outputisin an open-drain state. The resultant display font is shown. * Segment output current
is controlled by the I¢et input (see direct drive).

*|leading zeros are blanked
**The floating negative sign is always selected during the digit position to the immediate left of the most
significant digit

DIRECT DRIVE

The regulated segment outputs of the MK 50281 are capable of sourcing up to mA for the purpose
of driving the segments of common cathode LED displays. lget (pin 24) regulates the segment output
current. Placing a resistor between pin 24 and V,, determines the peak segment current in the following
manner

\ % VDE

Peak current= 10 X -—gl

Pin 24
OVERFLOW

Attempting an entry of more than 8 digits exceeds the capacity of the MK 50281 and results in an entry
overflow condition. This causes the display to blink repetitively as an overflow indication. All keys ex-
cept C/CE will be inoperative. These, however, may be used to clear the overflow condition in the course
of their usual function.

A calculated result in excess of 8 digits exceeds the capacity of the MK 50281 and produces a result over-
flow condition. This causes the disgﬁay to blink repetitively as an overflow condition. The display will

contain the correct answer (+ by 10° to 8 significant decimal places). All keys except C/CE will be inop=
erative. This may be used to clear the overflow condition in the course of its usual function.

KEY MATRIX Consumer
MK 5028l
%u %m %9 Ds q7 ﬁs ﬁs ﬂ4 ﬂs ﬂ? ﬂn
Ko— ¢ t— % FsMiee R = H X FH » (= + M -
KN — 0O 94 8 7rHH6MHMH5MHM4FMH43FMH2 I
% - Computes and displays a percentage of a number which may be added to (tax) or sub-

tracted from (discount) the original value.
SM -  Store the display to the memory register.

RM - Recalls the memory register to the display.
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MK 50282 N

The MK 50282 is a five-function (+, —, X, +, %), -8-digit calculator with an average value function, an item
counter function and automatic constant. Additional features are floating negative sign, algebraic entry,
floating decimal point, chain calculations, credit balance, leading zero suppression, display blanking dur-
ing calculations, and internal clock oscillator. A floating negative sign eliminates the need for a ninth digit.

DESCRIPTION:

OUTPUTS

The digit outputs, D]—D“, are selected (conduct to V..) sequentially. Note that there is inter-digit
blanking. The digit lines are also fed back to the chip (min. level = ) as keyboard inputs.

The segment outputs (SA—SG, Sdp) select the appropriate seven-segment code (with decimal point) for
each digit as that digit is selected. ** A segment output conducts to Vg when selected. When not selected,
asegment outputisin an open-drain state. The resultant display font is shown.* Segment output current

is controlled by the lgg¢ input (see direct drive).

*leading zeros are blanked

**The floating negative sign is always selected during the digit position to the immediate left of the most
significant digit

DIRECT DRIVE

The regulated segment outputs of the MK 50282 are capable of sourcing up to mA for the purpose
of driving the segments of common cathode LED displays. lgg¢ (pin 24) regulates the segment output

current. Placing a resistor between pin 24 and V determines the peak segment current in the following
manner
Vp

D \Y
Peak current = 10 X7 % bb

Pin 24
OVERFLOW

Attempting an entry of more than 8 digits exceeds the capacity of the MK 50282 and results in an entry
overflow condition. This causes the display to blink repetitively as an overflow indication. All keys ex-

cept C/CE will be inoperative. These, however, may be used to clear the overflow condition in the course
of their usual function.

A calculated result in excess of 8 digits exceeds the capacity of the MK 50282 and produces a result over-
flow condition. This causes the display to blink repetitively as an overflow indication. The display will
contain the correct answer (= by 10° to 8 significant decimal places). All keys except C/CE will be inop-
erative. This may be used to clear the overflow condition in the course of its usual function.

KEY MATRIX

MK 50282
Dl“ Dlno D|9 Ds Dl7 Dls Dls 014 Dla Dlz Ejn
KO— C FHHCEr % %I NH THXH*H=H+MH-
KN— 1 o9 8 7 6 5 4 32 |
% - Computes and displays a percentage of a number which may be added to (tax) or sub-
tracted from (discount) the original value.
N - Recalls the number of entries in a 'Iist. This may be divided into the total to compute

the average value.

l- Permits the calculator to be used as a counter. Each depression of the key increments
the display by one.




MK 50283 N

The MK 50283 is a six-function (+, —, X, +, %, /), 8-digit calculator featuring automatic constant, float-
img negative sign, algebraic entry, floating decimal point, chain calculations, credit balance, leading zero
suppression, display blanking during calculations, and completely internal clock oscillator. A floating neg-
ative sign eliminates the need for a ninth digit.

DESCRIPTION

OUTPUTS

The digit outputs, D] D11, are selected (conduct to V s) sequentlally Note that there is inter-digit
blanking. The digit lines are also fed back to the chip (mm level = ) as keyboard inputs

The segment outputs (SA—SG, Sdp) select the appropriate seven-segment code (with decimal point) for
each digit as that digit is selected. ** A segment output conducts to Vg when selected. When not selected,
asegment outputisin an open-drain state. The resultant display font is shown.* Segment output current

is controlled by the Iggt input (see direct drive).

*leading zeros are blanked
**The floating negative sign is always selected during the digit position to the immediate left of the most
significant digit

DIRECT DRIVE

The regulated segment outputs of the MK 50283 are capable of sourcing up to mA for the purpose

of driving the segments of common cathode LED displays. lget (pin 24) regulates the segment output

current. Placing a resistor between pin 24 and V determines the peak segment current in the follow-
ing manner

Voo Voo
Peak current = 10 XT R
Pin 24

OVERFLOW

Attempting an entry of more than 8 digits exceeds the capacity of the MK 50283 and results in an entry
overflow condition. This causes the display to blink repetitively as an overflow condition. All keys ex-
cept C/CE will be inoperative. These, however, may be used to clear the overflow condition in the course
of their usual function.

A calculated result in excess of 8 digits exceeds the capacity of the MK 50283 and produces a result over-
flow condition. This causes the dis, glay to blink repetitively as an overflow indication. The display will
contain the correct answer (+ by 10° to 8 significant decimal places). All keys except C/CE will be inop-
erative. This may be used to clear the overflow condition inthe course of its usual function. Consumer

KEY MATRIX

MK50283
Oun Dw Do Dle Dr DOe Ds Da D3 D2 Dln

[

KO— C FqCE ®

KN— %I O0rH—95H8H7 6r45rq44rHq43r12mMH1I

% - Computes and displays a percentage of a number which may be added to (tax) or sub-
tracted from (discount) the original value.

v Computes the square root of the display.
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RECOMMENDED INTERFACE CIRCUIT Yss:ov

CIRCUIT
MK 50280N FAMILY GROUND
1450
‘IOO
i O O O O O O O O O e O B W

T
C S TYP

|0 J IS [ D [ Dy G g Dy S [ N N N NS N

625 025
010

)
b ] ok

125MIN NOTES.
020 MIN .l L by —f— I. THE TRUE—POSITION PIN SPACING IS OI00 BETWEEN
_-J L_oso_ooz -"H~7,.ewp CENTERLINES EACH PIN CENTERLINE IS LOCATED
PIN SPACING WITIN *0.100 OF ITS TRUE LONGITUDINAL POSITION
(SEE NOTE) RELATIVE TO PINS | AND 28.
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MK 50040F-1
MK 50040F-2

CMOS Oscillator/Divider

FEATURES:

Low power dissipation
Direct replacement for SCL 5437

Inverter for crystal controlled oscillator
with external frequency determination

DESCRIPTION:

The MK 50040 is a CMOS nine stage binary ripple divi-
der useful in timekeeping applications. The chip has
two output frequencies of 64 Hz and 1024 Hz with an
input frequency of 32768 Hz determined by a crystal.
The 64Hz provides the main timekeeping pulses and the
1024Hz is used to operate a dc-dc converter.

The 64 Hz output device is an open-drain P-channel de-
vice which will deliver 50 uA with -1 volt drop when on
and less than 50 na at -15 volts (for MK 50040F-1) or
-10 volts (for MK 50040F-2) when off. The 1024 Hz
output is a CMOS inverter.

FUNCTIONAL DIAGRAM

— 1024 Hz
'_c’___%?vss o—{el 478> ——-{>o—4

=Voo
64 Hz
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——‘2 >o—<>—-l>c 23 {45 —l 3
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature Range —40° to +100°C

Operating Temperature Range —10° to +60°C

DYNAMIC OPERATING CHARACTERISTICS at T, = 25°C, Vpp = —1.55V

LIMITS
CHARACTERISTICS SYMBOL UNITS
TEST CONDITIONS VIN T TYP. | MAX,
Oscillator Frequency
Operating Current I 32768 Hz 3 5 uA
No Load
Minimum Starting Voltage Vg —1.35 Volt
64 Hz |ON Vg = —1volt| 50 75 - A
] output - H
Output Current MK 50040F-1 I, Pinp3 OFF Vour=—16volt] _ [g o1 0.05
64 Hz |ON Vv = —1 volt _
Output Current MK 50040F-2 I, output OUT_ 20 75 uA
Pin3 |OFF Vour=-10volt | _ 1901 0<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>