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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 ... 

Y' First production of low threshold PMOS by ion
implantation 

"1" First single-chip calculator 

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

Y' First TIL compatible 1024-bit RAM 

Y' First single 5-volt supply PMOS 

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

Y' 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 toot 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 



2 

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 I inear 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. 

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 I ife. At MOSTEK, new product 
designs are quickly evaluated using a sophisticated 
computer system including Fairchild 500 and 600 units 
and an STS Venture II. 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. 

PROCESSING TECHNOLOGY 
With the incorporation in 1969 of ion-implantation into 

standard PMOS processing, MOSTEK pioneered a 
technique enabling the us.e 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 

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, wetabi I ity 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 

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 Qua I ity 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. 

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. 

INCOMING MATERIAL QUALITY CONTROL 
Polished si I icon 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. 

3 
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DUAL 128-BIT 

MOS Static Shift Register 

FEATURES: 

D Ion-implanted for full TTL/DTL compatibility - no interface 
circuitry required 

D Single-phase, TTL/DTL compatible clocks 

D Dual 128-bit static shift registers - 256 bits total 

D Dual sections have independent clocks 
D Recirculate logic built in 

D DC to 1 MHz clock rates 

D Low power dissipation -130 mW 
D 16-pin dual-in-line package 

APPLICATIONS 
D Delay lines 
D Buffer data storage 

D Recycling test data sequencer 
D 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
ci rcul ati ng data within the 
register. (See Functional Dia
gram.) The positive-logic 
Boolean expression for this 
action is: 

OUT (delayed 128 bits) = 
(Re) (D;n) + (Re) (R;n) 

The Data, Recirculate Control, 
and Clock inputs are provided 

with internal pull-up resistors 
to V55 (+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 V66 ; disabling by 
connecting to V55. 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. 

MK 1002 P 
MK 1002 N 

moSTEK 

FUNCTIONAL DIAGRAM 

OPERATING NOTES 

Re R;n 
1 x 
1 x 
0 1 
0 0 

"1" = V55 = +5V 

"O" = V00 = Grd 

X = No Effect 

D;n 

1 

0 
x 
x 

Output Logic: See Description. 

DATA 
ENTERED 

1 

0 
1 

0 
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NOTES: 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, V00 • • . • • • 

Supply Voltage, V66 • . . • • • 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER MIN 

Vss Supply Voltage 4.75 

VGG Supply VoltagePJ -12.6 

VIL Input Voltage, Logic 0121 

VIH Input Voltage, Logic 1 Vss-1 

f Clock Repetition Rate DC 

t91p Clock Pulse Width 0.35 
t¢d Clock Pulse Delay 0.4 

t91, Clock Pulse Risetime .010 

t911 Clock Pulse Falltime .010 

tdld Data Leadtime 50 

tdlg Data Lagtime 200 

trld Recirculate Control Leadtime 100 

t119 Recirculate Control Lagtime 300 

ELECTRICAL CHARACTERISTICS 

TYP 

5.0 

-12.0 

0 

5.0 

· · . V55 - 10.0 V 
. V55 - 20.0 V 

V55 + 0.3 V to V55 - 10.0 V 
. . 0°C to + 75°C 

. . . -55°C to + 150°C 

MAX UNITS COMMENTS 

5.25 v V00 = 0 V 

-11.4 v 

Vss-4 v 
Vss v 

1 MHz 

10 p.S 

p.S See 

0.2 p.S Timing 

0.2 p.S Diagram 

ns 

ns 

ns 

ns 

(V55 =+5 ±0.25V, V66 = -12 ±0.6V, V00 = OV, TA= 0°C to +75°C, using test circuit shown, unless otherwise noted.) 

PARAMETER MIN TYP3 MAX UNITS CONDITIONS 

lss Power Supply Current, V55 14 25 mA f¢ = 1 MHz 
Inputs & Outputs open 

IGG Power Supply Current, V66 5 10 mA 

Ci Input Capacitance, any Input 3 10 pF V1 = V55, f = 1 MHz 
TA= 25°C 

Ill Input Current, Logic 0: 
Resistors Disabled2 -40 µA V1 = V55 -5V 
Resistors Enabledz -0.3 mA V1= +0.4V 

---I 
-1.6 

llH Input Current, Logic 1, Any Input 40 µA VRA, VR8, VR¢ = V55 

V, = Vss 

llR(on) Input Current at Recirculate lnputsz -40 µA VRA, VRB, VA¢ = v GG 
V1 = V55 - 5V 

VoL Output Voltage, Logic O (3) 0.4 v IL= -1.6 mA 

VoH Output Voltage, Logic 1 (3) Vss - 1 v IL= +100 µA 

toLH Output Delay, Low to High (3) 450 ns 
See Timing 

'toHL Output Delay, High to Low (3) 450 ns Diagram and 

tvoR Output Voltage Rise Time (3) 100 150 ns Test 
Circuit 

tvoF Output Voltage Fall Time (3) 100 150 ns 

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 = OV, 
Voo = -5 ± 0.25V, VGG = -17 ± 0.85V. 

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

3. At TA= 25°C. 7 
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TIMING 

CLOCK 

Din 

Re 
vss 90%- - - - - - - - - - -

10%---------- -

LOGIC "1" 
OUTPUT 50% - - - - - - - - - -

toLH 

and Rin LOGIC "O" ----""1 

"'c: .. ·-(; o 
0 E 
~ 

e- ,, ,, c 
o«> w cu·-
~~ :g £ o: 
-=-- c cnE g:c cu:_ e 

c .=:= -
i5 a:: 

e-
e~ -· 'S .?:-
0"' : c ,- a: 

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 +s V and a logic "O" is defined as OV 

As long as Ac is at a "1 '', Rin is disabled and Din is enabled. The data that is present at Din while the clock 
is at "O" is shifted in and will be stored as the clock goes to a "1" This data must have been present id1d 
time prior to the clock "1" edge. The data must also remain in that same state for td19 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 tpd time of the clock "1" edge. 

Rin may be hardwired to the data output. When Re is at a "O", Hn is enabled and Din is disabled. Therefore, 
the output data will appear at the input of the first cell. When Rin is tied to the data output, the 
output delay will insure td1 9 and td1d times. Re "O" time must lead the clock "1" edge by tr1d time and must 
lag that edge by t,1 9 time to insure proper data storage when recirculate storage is desired. 

TEST CIRCUIT 

word 
pattern 

clock 

-12v 
VDD 

r-- -

Vss 
R1N 

D1N 
VR 

GRD 
-- ---

VDD VGG 

OUT 

Re CLK 

pulse Inverters are 74 series TTL 

MKI002P 
circuit I 
under test I ____ _J 

Vss 

2.9K 1% 

I 
..J.. 
- 20pF 

: * 0 
Voo 

* Includes scope and 
test jig capacitance 



APPLICATIONS 

Recirculate 
Control 

Dato 
Input 

Clock 
Input 

PACKAGE 16-pin plastic dual-in-line 

140 

135 

130 

125 

~ 120 
E 

115 
0 

a... 
II 0 

105 

100 

95 

128-bit STATIC 

SHIFT REGISTER 
A 

128-bit STATIC 

SHIFT REGISTER 

Vss 

II 10 

• 5V GRD -12v -12v 

PACKAGE 16-pin ceramic dual-in-line 

TYPICAL PERFORMANCE 

Vss= 5.0V 

Voo= O.OV 

VGG=-12.0V 

,..... .,, 

400 

380 

5 360 

'.§ 340 
I.LI 
0 
I- 320 
:::> 
:= 300 
:::> 
0 

280 

260 

This shows the MK 1002 P 
connected to operate as 
a single, 256-bit, static 
shift register Pull-up 
resistors are enabled at 
TTL driven inputs and dis
abled at MOS or DTL 
driven inputs. Any simi
lar TTL/DTL device may 
be used in place of the 
inverters shown 

Data 
Output 

Inverters ore 74- series TTL 

PIN CONNECTIONS 

VRs 

Dins 2 

Rina 3 

Res 4 

Outs 5 

Voo 6 

Vss 7 

Clocks 8 

TOP VIEW 
16 PIN CDIP 

Vss = 5 .OV 

Voo = OV 

16 

15 

14 

13 

12 

II 

10 

9 

VGG = -12.0V 

VRA 

Din A 

RinA 

Re A 

Out A 

VGG 

VR¢ 

ClockA 

0-·~1~--~-----..---..~-.-~~~-----. 

TA (oC) 0 10 20 30 40 50 60 70 80 TA (°C) 0 10 20 30 40 50 60 70 80 

9 
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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. 

FUNCTIONAL DIAGRAM 

DIN a 

3 

vss vss voo 

TIMING 

CLOCK 

Din 

LOGIC"1" 

7 

VGG 

!¢r 

tdlg 

SHIFT REGISTER 

A 

SHIFT REGISTER 

B 

4 

CLOCK 

2 

OUTPUT 50% - - - - - - - - - -

v .. 

Vss 

128 

LOGIC "O" _____ _,, 

.,, ., 
0 

"' 

.,, 
~ 
0 

"' ~o 

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. 

Voo 

OUT 8 

eo"' 
.::~ - ,.. =>-
0.,, 

= c Po 

2 

PIN CONNECTIONS 

N.C. 

~s 

TOP VIEW 

N. C. = no connection 

PACKAGE 

NOTES 

034 

028-Y;~~ 
........_ ~ 026 

BOTTOM 
VtEW 

A ALL DIMENSIONS IN INCHES UNLESS 
OTHERWISE SPECIFIED 

B ALL LEADS WELDABLE ANO SOLDERABLE 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, V00 . • . • . . 

Supply Voltage, V GG . . . . . . 
Voltage at any Input or Output . . . . 
Operating Free-air Temperature Range . 
Storage Temperature Range . . . 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER MIN 

Vss Supply Voltage 4.75 

VGG Supply VoltagePI -12.6 

VIL Input Voltage, Logic 0121 

VIH Input Voltage, Logic 1 Vss-1 

f¢ Clock Repetition Rate DC 

t4> p Clock Pulse Width 0.35 

t¢d Clock Pulse Delay 0.4 

ti/> r Clock Pulse Risetime .010 

t .Pf Clock Pulse Falltime .Q10 

tdld Data Leadtime 50 

tdlg Data Lagtime 200 

ELECTRICAL CHARACTERISTICS 

TYP 

5.0 

-12.0 

0 

5.0 

· · · . . Vss - 10.0 V 
· · · · . Vss - 20.0 V 
V55 + 0.3 V to V55 - 10.0 V 

. . 0°C to + 75°C 
. . . -55°C to +150°C 

MAX UNITS CONDITIONS 

5.25 v V00 = 0 V 

-11.4 v 

Vss-4 v 
Vss v 

1 MHz 

10 µ.S 

µ.S See 

0.2 µ.S Timing 

0.2 µ.S Diagram 

ns 

ns 

(V55 = +5 ± 0. 2 5V, VGG = -12 ± 0.6V, Voo = OV, TA = 0 °C to + 75 °C, unless otherwise noted.) 

PARAMETER MIN TYP3 MAX UNITS CONDITIONS 

lss Power Supply Current, V55 14 25 mA fq,= 1 MHz = IOI Inputs & Outputs open 
~ 
Cl a.. 

IGG Power Supply Current, VGG 5 10 mA 

Ci Input Capacitance, any Input 6 10 pF V1 = V55, f = 1 MHz 

Clock 12 20 pF TA= 25°C 

Ill Input Current, Logic 0, 

f!! 
Data -40 µA V1 = V55 -5V 

= Clock -0.6 -3.2 mA V1= +0.4V 
a.. 
!: 

llH Input Current, Logic 1, Any Input 40 µ.A 
V1 = Vss 

en 
VoL Output Voltage, Logic 0!3l IL= -1.6 mA I- 0.4 v = a.. 

I-
VoH Output Voltage, Logic 1 (3) Vss - 1 v IL= +100 µ.A = Cl 

~ 

tDLH Output Delay, Low to High!3l 450 ns 
u 

tDHL Output Delay, High to Low<3J 450 :E a:: ns See Timing cc< z ::c 
tvoR Output Voltage Rise Time<3J 100 150 >- u ns Diagram Cl 

tvoF Output Voltage Fall Time<3l 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 V55 , e.g., V55 = OV, 

Voo = -5±0.25V, VGG = -17±0.BSV. 
2. Pull-up resistances to +sv are provided internally at Clock Input. 
3. At TA=25°C. 11 
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320 Bits (4x80) 

MK1007P 
MK1007N 

MOS Dynamic Shift Register moSTEK 

FEATURES: 

0 Ion-implanted for full TTL/DTL compatibility 
0 Single-phase, TTL/DTL-compatible clock 
0 Internal pull-up resistors 
0 Clock frequency 1 O kHz to 2.5 MHz 
0 Built-in recirculate logic for each register 
D Power Supplies: +sv and -12V 

APPLICATIONS: 

0 CRT display systems 
0 Buffer data storage 
0 Delay lines 
0 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 +sv 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 O) 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 
1 13 

16812 47 
Vss Voo VGG OUTa UTc 

OPERATING NOTES: 

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

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

3. Recirculate Enable (RE) = 
Logic 0 = Data In (D;n) en
abled. 

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

5. Output data follows the clock 
negative edge. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage V00 • • • • • 

Supply Voltage V66 . . . . . • 

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

RECOMMENDED OPERATING CONDITIONS 
(0°C ~ TA ~ 75°C) 

PARAMETER MIN 

Vss Supply Voltage 4.75 

VGG Supply Voltagelll -12.6 

VIL Logic "O" Voltage, any input 

VIH Logic "1" Voltage, any input 121 V55 - 1.5 

fcp Clock Repetition Rate .01 

tcpp Clock Pulse Width .150 

tq,d Clock Pulse Delay .150 
tq,, Clock Pulse Risetime .010 

tcp1 Clock Pulse Falltime .010 

tdld Data Leadtime 150 

tdlg Data Lagtime 0 

trld Recirculate Control Leadtime 200 

t,19 Recirculate Control Lagtime 50 

ELECTRICAL CHARACTERISTICS 

TYP MAX 

5.0 5.25 
-12.0 -11.4 

0.0 0.8 

+5.0 Vss 

2.5 
100 

100 
5 
5 

V5s + 0.3 V to V55 - 20 V 
V55 + 0.3 V to V55 - 20 V 
V55 + 0.3 V to V55 - 20 V 

. . o·c to 75°C 
. . -55°C to +150°C 

UNITS COMMENTS 

v Voo = 0 V 
v 
v 
v 

MHz 
- -- - -
µS NOTE: Total 
µS permitted clock 

times will be 
µS determined by 

f~--
clock frequency, fq,. 

ns 

ns 
ns 
ns 

(Vss = +5 ±0.25 V, VGG = -12 ±0.6V, V00 = OV, TA = o•c to +75°C, unless otherwise specified.) 

PARAMETER MIN TYP<3> MAX UNITS T CONDITIONS 

lss Vss Power Supply Currentl4)(5l 22.0 40.0 mA fcf> = 2.5 MHz; 

IGG VGG Power Supply Current<5J 9.0 16.0 mA outputs open 

C1N Capacitance at Data, V1 = V55, fcf> = 1 MHz 
RE, and Clock lnputsl5l 3 6 pF 

l1L Logic "O" Current, any input<5J 0.6 1.1 1.6 mA V1=0.4V 

ll(lkl Leakage Current, any input 1 µA V1=V55-5.5V; V55=Voo=V'*' 

R1N Input Pullup Resistance<5J 3.0 8.4 kn V1=0.4 V 

VoL Logic "O" Output Voltage<5J 0.4 v IL= -1.6 mA 

VoH Logic "1" Output Voltage(5l Vss - 1 v IL= +100 µA 

loLH Output Delay, Low to High 75 200 ns 
See Timing Diagrams 

tDHL Output Delay, High to Low 75 200 ns 

Po111 Power Dissipationl4J 220 mW fcf> = 2.5 MHz 

Po121 Power Dissipation141 195 mW fcf> = 1 MHz 

Poc3J Power Dissipationl4J 170 mW fcf> = 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=O V, Voo= -5V, VGG= -17 V. 
(2) Pull-up resistances to +sv are provided internally. 
(3) Typical values at TA=25°C, Vss=+5.0 V, Voo= -12.0 V. 
(4) lss will increase a maximum of 1.6 mA for each input at logic "O." 
(5) At T A=25°C. 

13 
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TIMING 

CONDITIONS: 

1. All timing relationships apply to any of the four registers. 
2. Logic 0 is defined as V00 or ground; logic 1 as Vss or +5V. 

2 80 2 

,- - - - - - - - - - - - - -

RE 10%- - - -r-----+-----------\ '<-------+------+-------

DATA OUT l.5V_ - - - ~r1~ - - - - - - - - - - ~ ,- - - - ~o~ --Y------_ {'oHL 
\ \ ~-----

90%- -

CLOCK 10%_ 

2 

FIG. 1 

80 2 

DATA IN (0)-----t--+--------'\ -------+------+--------
tr1d lrlg 

90%- - - - -
REID%_ - - -

DATA OUT l.5V _ - - - - - - -t':L_ --- - -\ -\ - -- - ~D~H - -Y-----~ -t IDHL 
\\ ~-----

FIG. 2 

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 O en
ables D;n· RE must go to logic 0 for tr1d 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 (td19 ) to 
insure proper data shifting. This data bit entered 
will appear 80 clock pulses later within Output 
Delay Time (t0) 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,1d 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,19 ) to 
insure proper data recirculation. The bit entered 
will appear 80 clocks later as shown. 



APPLICATIONS 

OUTA I 

REA 2 

Din A 3 

OUT9 4 

RE9 5 

Dine 6 

OUTc 7 

Yoo 8 

CLOCK 

CYCLE CLOCK 

ROM 
READ 

CONTROL 
PRE 

CLOCK 

(US74961 

READ R!AD B9 
BB 
B7 

A7 B6 
B5 

A6 

1----E CLOCK 

1----~1PRE 
1----A PRE 

--~~--
PAGE 

MEMORY A5 MK2408P PRE----. 

A4 
A3 
A2 

AO Al 

B4 
B3 
B2 
Bl 
BO 

1----E PRE 
,__ __ g(PRE 

l----s5. 
1----A CLOCK SER 

'----r--r-~ 

CURSOR 
MEMORY 

CYCLE CLOCK 

END OF 
LINE CLOCK 

CLOCK 

CURSOR ON •"I"• DATA OUT INVERTED 
CURSOR OFF• "O"• DATA OUT TRUE 

END OF LINE CLOCK 
SERIAL 

DATA OUT 
11 l 11 •DOT ON 
"d'= 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 
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 

PACKAGE 

TOP VIEW 
16·pin ceramic dual-in-line 

16 PIN COIP 

• 16 Vss 

15 Dino 

14 REo 

13 OUTo 

12 VGG 

II CLOCK 

~~~:~:: J: JO[ ~5800• 
~'°""'~_L 

tllTJITT~,: ~~"""" ,,, 

7EQ!Jlll sPilCES 100 

10 Dine 

9 REc 

Suffix P 

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. 

PACKAGE 
16-pin plastic dual-in-line TEST CIRCUIT 

Any output of +5V 
unit under test c 
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MOS Read-Only Memory 
Character Generators 

FEATURES: 
D 64 dot-matrix (5X7} characters with column-by-column 

output 

D High speed character access time and column select 
access time 

D Completely static operation-no clocks required 
D MK 2002 P is pre-programmed with ASCII encoding 
D Easy interfacing to TTL/DTL 
D Single mask custom programming 

APPLICATIONS 
D CRT alphanumeric displays 
D Light-Emitting Diode (LED} array driver 
D Billboard and stock market displays 

DESCRIPTION 
This MK 2000 P Series MOS 
Read-Only Memories (ROMs) 
is designed specifically for dot
matrix character generation 
where column-by-column data 
output is desired. Each ROM 
contains 2240 bits of program
mable storage, organized as 64 
characters, each having 5 col
umns of 7 bits. P-channel, en
hancement-mode, MOS tech
n o I ogy is employed in this 
series. All inputs are protected 
to prevent damage due to stat
ic charge accumulation. 
Programming is accomplished 
during the manufacturing proc
ess by modification of a single 
mask in accordance with cus
tomer specifications. The MK 
2002 P is pre-programmed with 
ASCII-encoded characters with 
the font shown on the back 
page. 

Memory operation is static and 
no refresh clocks are required 
to maintain output information. 
Character selection is achieved 
by presenting a seven-bit bi
nary word at the address in
puts. The most significant bit 
(A7) is generally used as a Chip 
Enable. (See Operating Notes.) 
Column select lines, C1 through 
C5, select the column informa
tion that appears at the seven 
data outputs. (See Operating 
Notes.) By sequentially strob
ing C1 through C6, the font for 
the addressed character would 
be displayed. The output buf
fers are open-ended current 
sources, sourcing current from 
the V55 supply only in the "dot
on" condition. 

MK 2000 P 
SERIES 

MK 2002 P 

mDSTEK 

FUNCTIONAL DIAGRAM 

i ., .. .. 
ffi .. 
I .. .. 

CHIP 
ENABLE AT 

Vu VaD V1t I LEFT) Ct Ct C1 C~ Cs llllGHTI 

OPERATING NOTES 

"1" = Voo 

A1 c, c, c, 

0 x x x 

1 0 0 0 

1 1 0 0 

1 0 1 0 

1 0 0 1 

1 .o 0 0 

1 0 0 0 

X=No effect on columns 
• Outputs open-circuited 

"O" = Vss 

c. c, Column 
Selected 

x x None* 

0 0 None* 

0 0 1 (left) 

0 0 2 

0 0 3 

1 0 4 

0 1 5 (right) 



moSTEK MOS 2240-Bit Character Generators 
MK 2000 P Series 

MK2002P 
ABSOLUTE MAXIMUM RATINGS 

Voltage on any terminal relative to Vss ..................................... +0.3V to -30V 
Operating temperature range .......................................... - 25°C to + 85°C 
Storage temperature range ........................................... - 55°C to + 150°C 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER MIN TYP MAX UNITS COMMENTS 

ta: Vss Supply voltage 0.0 v 
~u.a Voo Supply voltage -12.q -14.0 -16.0 v See note 1 '== fo VGG Supply voltage -24.0 -28.0 -29.0 v 0. 

~ Vin(O) Input voltage, logic "O" Vss-3 Vss v ::I 
0. Vin( I) Input voltage, logic "1" Voo Vss-11 v ~ 

(Vss=O.OV; Voo= -14.0V; VGG= -28.0V, TA=25°C 
ELECTRICAL CHARACTERISTICS unless noted otherwise) 

PARAMETER MIN TYP MAX UNITS CONDITIONS 

a: 
loo Supply current (Voo) w 13 25 mA Outputs unconnected 

== i IGG Supply current (V GG) 1.5 3.0 mA See note 2 

(/) 

C;n Input capacitance V;n=Vss, fmeas= 1 MHz ... 10 pF ::I 
0. l;n Input leakage current 10 µ,A V;n=Vss-14V ~ 

~ Vout Output voltage Vss-2 v lout=2.0 mA See 
::I Vss-5 v lout=4.0 mA Figure 
0. ... 

lout( on) Output current, "dot-on" 6 12 mA #3 ::I 
0 Vout=Vss-14V 

lout(off) Output current, "dot-off" +10 µ,A 

tA(on) Character access time, 1011 to Ion 320 700 ns Voo= -14V, VGG= -28V See 
380 700 ns Voo= -12, VGG= -24V Figures 

#1, #2 
(/) 

Character access time, Ion to lorr 190 700 Voo= -14V, VGG= -28V and 
0 tA(off) ns 
t= 

220 700 Voo= -12V, VGG= -24V 
Timing 

(/) ns 
ii: 
w 

See ... 
Column select delay time, 1011 to Ion Voo= -14V, VGG= -28V 0 tqon) 90 250 ns Figure cC a: 95 300 Voo= -12V, VGG= -24V cC ns #1 and :z: 

0 Timing 
0 tee off) Column select delay time, Ion to 1011 180 250 ns Voo= -14V, VGG= -28V 
:E 205 300 Voo= -12V, VGG= -24V cC ns z 
>-
Q 

Output enable/disable delay time Voo= -14V, VGG= -28V toE 320 700 ns 

tAV Character access time (V out) 500 ns 
Vss= + 14V, Voo=OV, VGG= -14V 
See Figure #4 and Timing 

NOTES: 1. Other supply voltages may be used if Voo and VSG maintain the same relationship to Vss, 
e.g., Vss = +14.0V, Voo = O.OV, Vs&= -14.0V. 

2. lss=loo+ISG 

19 
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TIMING 

The A1 input on The MK 2000 P Series may be programmed 
as a seventh address bit or as a chip enable, in which case 
either logic level may be chosen to enable the circuit. 

When the A7 input on The MK 2002 P is at a logical "O" (Vss), 
the output buffers are turned off (loff). When re-enabled, the 
chip will respond to the address and column selected at 
that time. 

Columns are selected by applying a logical "1" (Voo) to the 
appropriate select line while the other four select lines are 
at "O''. Column selection may change while the address is 
held constant or addresses may be changed while any column 
is selected, or both may be changed simultaneously. 

The MK 2000 P Series output buffers source current from the 
Vss supply as indicated in Figure 3. Figure 4 is a suggested 
TIL/DTL interface. Delay time, tAv, is measured to the output 
of the TTL shown in Figure 4. 

TEST CIRCUIT 

400 

350 

300 . 
c 

250 

~ 200 . 

Enable 
inpuf 

on~--.... 

FIGURE #2 

FIGURE #1 

300pF 

6.SK.I'\. 
22K.I\. 

Current 
Probe 

IN914 

Voo 

TYPICAL PERFORMANCE 

14 

12 

" 10 . 
8 

: 
I 

COLUMN 
0 

CHANGE 

OUTPUT 
Ion 

CURRENT 
I off 

0 CHIP (A7) 
ENABLE 

OUTPUT 
I on 

CURRENT 
I off 

ADDRESS 
0 

CHANGE 

OUTPUT 
I on 

CURRENT 
I off 

TTL 
+ev 

(waveforms not to scale) 
90,,.- ------------ ------------

10%----

'"~y --200µA 

tc(off) r 
20JJA\l 

90%---- - - disable 

10%- --

I OE 

-- 20µA 

'.: :21---------------- -
/ l~on) v 

-- 200µA 1'-r 
20JJA--

OUTPUT ov 

(see Figure •4 ) 

t., r ~ , .. V 
usv-\-------------- -~ 

FIGURE #3 

PIN CONNECTIONS 
Top View, 28 Pin CDIP . .,l 

o, ' 
NC 2 

o, ' 
NC 4 

o, • 
NC 6 

o. 

28 CHIP ENABLE 

v 

" " " 
150 

100 

See Figure I 
For Tesf Circuit 

Voo 00 -14V 

VGG ~ -28V 

4 -- _, -. ~cl?i~, j 
-T~out 

6 

Vss = OV 

Yoo"' -14V 
VGG = -28V 

TA = 2s•c NC 

o, • 
NC 10 

Os II 

NC 12 

Q7 13 

27 A 

26 Az 

2, A3 

24 A, 

23 A~ 

22 C!t 

21 c .. 
20 Cs 

19 C2 

18 C1 

17 Vss 

16 As 

- 20 0 20 40 60 80 
r. (•c1 

INTERFACE DIAGRAM/TEST CIRCUIT 

Vss 

820"-

R101 = 5 % 

't 14V GRD -14V 

Vss VDD VGG 

character 
generator 

4.7K-"-

V55 -2 -4 -6 -8 -to -12 -14 

voltage across output (Vout) 

FIGURE #4 
PHYSICAL DESCRIPTION 

(28 lead ceramic dual-in-line hermetic package) 

------1400~015 04~040 

:J~- D_lllt [J. 
GROUND LEAO ~ ~ 001 

US 7400/EQUIV 

TTL !pd= IOns 

Inpuf rise = 20ns 

Input fall = 20ns 

VGG IU U U U HU U U U U U U Ul ·: l 
rm.~ 1,•or+t_,1,8: 

i+----- delay measurements 1tc»a:.ool 1400REF-----< 



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

The MK 2002 P is a pre-programmed member of the shown below: 
C2 c, Column 

MK 2000 P Series with ASCII encoding and the character o, 1 1 Selected 
fonts shown below. A logic "O" represents an input 

o, Ill 1 
o, 1 

voltage equal to Vss, or an output loN, and a logic "1" o, 
o, 

represents a voltage equal to Voo, or an output loH. o, 
o, 

MK2002 P A, 0 0 
As 0 0 

A4 A3 A2 A1 
COL 

ROW 
2 3 4 5 

0 0 0 0 0 

0 0 0 

0 0 0 2 

0 0 3 

0 0 0 4 

0 0 5 

0 0 6 

0 7 

0 0 0 8 

0 0 9 

''' 
0 0 10 ~ ~: 

''' 1 ~1 

0 11 

0 0 12 

0 13 

1 
1 

0 14 ' 1 
1 

'1 
::@01 

15 
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MOSTEK ROM PUNCHED-CARD CODING FORMAT1 

MK 2000 P 
Cols. Information Field 
First Card 
1-30 Customer 
31-50 Customer Part Number 
60-72 Mostek Part Number1 

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

Third Card 
1-5 Mostek Part Number1 

10-15 Organization2 

Fourth Card 
0-6 Data Format3- "MOSTEK" 
15-28 Logic-"Negative Logic" only 
35-57 Verification Code4 

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. 

2. Punched as 64x5x07 or 32x5x14. 

3. "MOSTEK" format only is accepted on this part. 

4. 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. 



MK 2300 P 
SERIES 

MK 2302 P 
2240 BIT 

MOS Read-Only Memory 
Character Generators mDSTEK 

FEATURES 
o Ion-implantation processing for full TTL/DTL compatibility 
o 2240 bits of storage organized as 64 5x7 dot matrix char-

acters with column-by-column output 
D MK 2302 P is pre-programmed with ASCII encoding 
D Internal counter provides clocked column selection 
D Counter output for updating external character 

address registers 
D Internal provision for one- or two-column intercharacter 

spacing 
D Output enable and blanking capability 
D Operates from +sv and -12V supplies 

APPLICATIONS 

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

DESCRIPTION 
The MK 2300 P Series MOS, 
TTL I 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-voltage 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 ASCII-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 
an internal counter which is 

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 (+5V), 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. 

FUNCTIONAL DIAGRAM 

(LSB) 
A1 l 

~ ~ 2 ~ A2 

~ A3 
3 ~ 

~ A4 
4 ~ 
5 ~ 

~ A5 I u A5 6 

(MSB) 

OUT 2 

17 OUT3 5 
16 OUT4 ~ 

< 
OUT5 ~ 

14 OUT5 

12 

V~ VGG COUNT COUNTER BLANKING Voo 
CONTROL RESET INPUT 

PIN CONNECTIONS 

A1 I _j 24 Vss 

A1 2 23 VGG 

AJ 3 22 BLANKING INPUT 

A4 4 21 OUTPUT ENABLE 

As 5 
r 1 

20 NC 

As 6 

LJ 
19 OUT1 

COUNTER CLOCK 7 18 OUT2 

COUNTER REST 8 17 OUT3 

NC 9 16 OUT4 

COUNTER CONTROL IO 15 OUTs 

COUNTER OUTPUT 11 14 OUTG 

Voo 12 13 OUT1 

NC = NO CONNECTION 
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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 ....................................... - 55°C to + 150°C 

RECOMMENDED OPERATING CONDITIONS (0°C ::; TA ::; 75°C) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

a: Vss Supply voltage +4.75 +5.0 +5.25 v 
w 
3::: Voo Supply voltage 0.0 v See note 1 
0 
a. VGG Supply voltage -12.6 -12.0 -11.4 v 

f!! 
Vin(o) Input voltage, logic "O" +0.6 v See note 2 ____ " ___ 

::> Vinl'i Input voltage, logic "I" Vss-1.5 v Count control in~ut should be a. 
Count Control input voltage, --;- 6 returned to VGG for--;- 6 oper-!': V1n(cc) -12.0 -11.4 v 

-7- 7 +4.75 +5.0 v ation, or Vss for --;- 7 operation 

" f elk Counter Clock input frequency 0 200 kHz 
!': tc•k(o) Clock time at logic "O" 2 11.S :::E 
j:: 

tc 'l'I Clock time at logic "I" 2 vs See timing 
a: 

tc(clk) Clock rise time 0.1 diagrams w I /tS 
I-z t'lc'l) Clock fall time 0.1 µs ::> 
0 tcp Reset pulse width 1.0 p.S 0 

teed Clock-to-reset pulse delay 0.4 ftS See note 4 

ELECTRICAL CHARACTERISTICS 
(Vss= +5.0V -+-0.25V, VGG= - 12.0V ±0.6V, 0°C ::;r A ::; + 75°C, 
unless noted otherwise) 

PARAMETER MIN TYP* MAX UNITS CONDITIONS 

3::: lss Supply current (Vss) 20 40 mA Outputs unconnected 
0 

IGG Supply current (VGG) 20 40 mA fc1k = 200 kHz a. 

0 
V;n=Vss, fmeas= 1MHz 

See I- Cin Input capacitance 10 pF ::> note a. 
Ln Input leakage current 10 µA Vin= v·~-=6\TYA = 25°C !': 2 

Vaut(o) Output voltage, logical "O" 0.2 0.4 v 1aut=2.0 mA (into output) See 
0 -------
I-

Vaut(I) Output voltage, logical "I" v lout=0.6 mA note ::> 2.4 a. (out of output) 3 I-
::> -------
0 

lout Data Output leakage current -10 +10 µA 
Vss -6V::; Vout ::; Vss 
TA= 25°C (outputs disabled) 

0 tAO Address-to-output delay time 1 0 µs 
j:: 

tco Clock-to-output delay time 1 µs 0 
Rise and fall a: tcco Clock-to-counter output delay time 1 See timing w µS times included I-

0 tso Blanking/unblanking delay time 1 JLS in delay times diagrams <C 
a: torn Output enable/disable delay time 1 µs <C 
::c tCRo Counter reset delay time 1 RL=4 kn to Vss 0 µS 
0 tcRCO Reset-to-counter output delay time 1 11.s CL=15 pF to Voo 
SE 
<C tF Output fall time 0.3 1~s TA=25°C z 
> tR Output rise time 0.3 µS c 

*Typical values apply at Vss= +5.0V, VGG= -12.0V, TA=25°C 

NOTES: 1. Supply voltages shown are for operation in a TIL/DTL system. Other supply voltages may be used if Voo and V55 maintain 
the same relationship to Vss, e.g., Vss = OV, Voo = -5V, VGG -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. 
3. 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. 



TIMING 
Timing diagram (1) shows the time 

relationships between character 
address, data output, counter clock, 
and counter output during typical oper
ation of an MK 2300 P Series char
acter generator. An output sequence 
from the MK 2302 P is shown to help 
clarify operation. This sequence can 
be seen from the top rows (OUT,) of 
the characters "I" and "N". 

,-- "1 ··-----, r-"N"-----, 

our1 I 0 0 0 I I . 
I 0 

I 0 I 0 0 I 

Character 
Address 

Data 
Output 

(waveforms not to scale) 

newaddr•••--------''J''--------~new addreH~11N''~ 

'co 'co 

+• ----;90~.~=:::=:::=:::=:::=:::=:::=:::~,.l.._---------+-.J-J:=:::=:::=:::=:::=:::=:::=:::=:::::\-----,I==:::=:::=::::::.:..:: 

10•~---------i---t1c::::============~i='ft-----------t====t-----~ 

Logical value of output 

Internal counter state 
(=column selected) 

" 
0 

2 

0 0 

3 4 

.. 
0 

5 6 7 2 3 

I • I J I . Counter Clock 90'11.---'.,._--,l='<+--+F'\+--F=\+-1-F=\---F=\j---F=\---F===>,--+~r--f=r-----i=.,._--,F"<--

0 I I 0 I 0 lnput 

I 0 I 

0UT7 I • • 0 . I 

L_ COUNT Of 7 __j 

All timing relationships shown in dia
gram (1) apply to any other output or 
combination of characters as well. 

Counter 
Output 

Relevant input conditions assumed 
but not shown in timing diagram (1) 
are as follows: 

Count Control, +sv 
Counter Reset, +sv 
Blanking Input, +sv 
Output Enable, +sv 

Had the Count Control input been at 
-12V, the counter sequence would 
have been six positions instead of 
seven and the Counter Output would 
have been high during the sixth posi
tion. 

New character addresses are shown 
coinciding with the rising edge of 
the Counter Output waveform in dia
gram (1). This condition was selected 
to demonstrate use of the Counter 
Output to advance an external input 
register to a new character address. 
Character addresses can be changed 
at any other time as well. Timing 
diagram (2) depicts output response 
to a character address change when, 
for example, the counter is stationary 
in one of the five character column 
positions. 

Timing diagrams (3) through (6) 
show timing relationships for the 
Counter Reset, Blanking Input, and 
Output Enable. The "open" condition 
in (6) implies that both the pull-up 
and pull-down devices in each data 
output push-pull buffer are turned off. 

OPERATING NOTES 
The following table summarizes the 

2300 P Series input control states 
corresponding drive levels: 

Count Control 
-+-6 
--:--7 

Counter Reset 
operate 
reset 

Blanking Input 
unblank 
blank* 

Output Enable 
enable 
disable** 

0 All data outputs high C+5V) 
••All data outputs open-circuited 

-12V 
+sv 

+sv 
ov 

+sv 
ov 

+sv 
ov 

(2) 

(3) 

MK 
and 

Character 
Address 

Data 
Output 

Counter 
Reset 

Data 
Output 

Counter 
Output 

+s 

+• 

""w 
addreH 

~'•o 

90• ... 

"9W 

address 

(1) 

(4) 

(5) 

(6) 

Counter 
Reset 

Counter 
Clock 

Blanking 
Input 

Data 
Output 

Output 
Enable 

Data 
Output 

+s 

+5 

PHYSICAL DESCRIPTIONC24 lead ceramic dual-in-line hermetic package) 
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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 1/2 lines) and then allowing ROM # 2 to be enabled for 
the interlaced 2nd page sweep of 262 1/2 lines. 

ADDRESS INPUT 

SN 7473 Q, (HORIZONTAL RE 
I 

TRACE) 

NE EN.iLE EJBLE l END-OF-LI 
0 I ROM #I (MK 2300 P) 1 ~OCK ra• K CP 

_'!_ 

SET ~ 
~ER ON 

RE 

PO 
A 
v 
R 

ND/OR 
ERTi CAL 
ET RACE 

ENABLE---' 

ROM #2 
(MK 2300 P) 

Al-A6 CLK 
J ENABLE -i OUTPUT I-ENABLE RST RESET 

+5V CTR OUT 
07 01 

END OF LINE 
CL~K 

Al-A6 CLK 

OUTPUT 
ENABLE 

RST !-RESET 
I 
I 

07 01 l l L 

SN74165 F G H 
~ 

AB C D E 
SN74166 CLK 1-1 CLOCK 

PARALLEL LOAD 8-BIT 

-fl SER SHIFT REGISTER 

STROBE- LOAD 
Hour 

r 
TO VERTICAL AMPLIFIER 

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

MK 2302 P OUTPUT 
SEQUENCE~ 1 2 3 4 5 

Logic 1 = input @ +5V 
OUT1 ~ 
OUT2 ~ 

Logic 0 = input @ OV 01JT3 ~ 

Output dot "on" = OV 
OUT4~ 
OUT5~ 

Output dot "off" = +5V OUT6 ~ 
OUT7~ 

A6 0 0 
A4 A3 Az A1 As 0 0 

0 0 0 0 1111 
0 0 0 1111 
0 0 0 1111 
0 0 1111 
0 0 0 1111 
0 0 1111 
0 0 1111 
0 1111 

0 0 0 1111 
0 0 1111 
0 0 1111 
0 1111 

0 0 1111 
0 1111 

0 1111 
1 1111 



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-/ine): 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 1/2 lines) and then allowing ROM #2 to be enabled for 
the interlaced 2nd page sweep of 262 1/2 lines. 

ADDRESS INPUT 

SN 7473 

ENABLE ENABLE 
(HORIZONTAL RETRACE) 

t 
END-OF-LINE 

ROM #J (MK 2300 P) CLOCK 

Al-A6 CLK 
ENABLE OUTPUT RESET 

ENABLE RST 

RESET 

• POWER ON 
AND/OR 

VERTICAL 
RETRACE 

,___+_5_V-+-+---------1CTR OUT 
07<-----7 01 

ENABLE OUTPUT 
ENABLE 

ROM #2 

END-OF-LINE 
CLOCK 

Al·A6 CLK 

RST RESET 

(MK 2300 Pl L.!;!07~:::;::::;::::;:~ 

SN74165 F G H 
SN74!66 

PARALLEL LOAD 8·BIT 
SHIFT REGISTER 

CLK CLOCK 

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

STROBE LOAD Hour 

TO VERTICAL AMPLIFIER 

j 

MK 2302 P 

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

Output dot "on" = OV 
Output dot "off" = +5V 

0 0 0 0 

0 0 0 1 

0 0 0 

0 0 

0 0 0 

0 0 1 

0 1 0 

0 

1 0 0 0 

1 0 0 

1 0 1 0 

1 0 1 

1 1 0 0 

1 1 0 1 

1 1 0 

1 1 1 

OUTPUT 
SEQUENCE~ 1 2 3 4 5 

our,-+ 
OUT2-+ 
OUT3-+ 
OUT4-+ 
our5 -+ 
OUT6-+ 
OUT7-+ 

1 0 0 
0 0 1 

1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
11111 
1111 
1111 
1111 
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MOSTEK ROM PUNCHED-CARD CODING FORMAT1 

MK2300 P Fourth Card 
Col$. Information Field 1-6 Data Format3- "MOSTEK" 

First Card 15-28 Logic4- "Positive Logic" or 

1-30 Customer 
35-57 Verification Code5 

31-50 Customer Part Number 
60-72 Mostek Part Number2 

Data Cards 4 

1-6 Binary Address 

Second Card 8-12 First row of character 

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

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 Third Card 

1-5 Mostek Part Number1 44-48 Seventh row of character 
10-15 Organization 2 

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. 



2560 BITS (256x10) 

MOS Read Only Memory 

FEATURES 
0 Ion-implanted for full TTL/DTL compatibility 

0 Chip enable permits wire-ORing 

0 Custom-programmed memory requires single mask modification 

0 550 ns cycle time (0° :::: TA:::: 75°C) 

0 Static output storage latches 

0 Optional 3-bit, chip-select decoder available 

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

0 Operates from + 5V and -12V supplies 

APPLICATIONS 
0 Look-up table 

0 Code converter 

0 Stroke character generator 

0 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. 

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. 

For additional information regarding custom programming and coding 
sheets, contact your nearest Mostek representative. 

MK 2400 P SERIES 

mDSTEK 

FUNCTIONAL DIAGRAM 

r--------------------c 
: CHIP SELECT !~c::9, 1 

: INPUTS oniy 

: Aa r::;:=::'::==:::;-t---------i 
: Ag >---"-,~~~--
1 A10 I 
L_ - - - - - - - - - - - - - - - - ..J 

Bo 

"' Ao x BI 
>-- 0: B2 ::l Ao 
Cl. A2 >-- B3 < 
~ A, :::; B4 

"' A• >- Bs 
"' 0: 
UJ As 0 B6 
0: :::; 

B1 " A6 UJ 

" A1 :::; Be < 
Bo 

Vss Voo VGG READ READ CHIP 
(RI) (RMI ENABLE 

OPERATING NOTES 

CHIP --
ENABLE READ READ OUTPUT 

0 x x A 
1 0 1 B 
1 1 0 c 

"1" = V55 (+5V); "O" V00 (OV) 
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 

"' >--
::l 
Cl. 
>--
:> 
0 

'° < 
" 
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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 ........................................ 0°C to + 75°C 

Storage temperature range ....................................... -55°C to + 150°C 

RECOMMENDED OPERATING CONDITIONS (0°C S TA S 75°C) 

I 
' 

PARAMETER MIN TYP MAX UNITS COMMENTS 

a:: Vss Supply voltage +4.75 +5.0 +5.25 v w 
31: Voo 0 Supply voltage - 0.0 - v See note 1 
Q. 

VGG Supply voltage -12.6 -12.0 -11.4 v 
Ill Vin(o) Input voltage, logic "O" 0 +0.8 v Pull-up resistors (::::;SK-"-) to .... 
:::> Vin( I) Input voltage, logic "1" Vss-1.5 Vss v Vss available as programmable Q. 

! option. 

tcyc Address change cycle time 550 ns 

t1d Address to Read lead time 250 ns 

CJ t1g1 Read lag time 1 -.05 .05 µs See z 

! t1g2 Read lag time 2 -.05 .05 µS 
Timing .... 

Read pulse width :::> t;cr 300 ns Q. 

! 
Read pulse width 

Section 
trd 0.3 100 µ,s 

t, Rise time, any input 100 ns 

t1 Fall time, any input 100 ns 

ELECTRICAL CHARACTERISTICS (Vss= +5.0V ±0.25V, VGG= -12.0V ±0.6V, 0°C ST A s + 75°C, 
unless noted otherwise. Pull-up resistors not programmed.) 

PARAMETER MIN TYP* MAX UNITS CONDITIONS 
a:: 

lss Supply current (Vss) 12 25 mA Outputs unconnected w 
31: 
0 IGG Supply current (VGG) -12 -25 mA See Note 2 and Note 3 Q. 

Ill Cin Input capacitance 5 10 pF Vin= Vss, f meas= 1MHz .... 
:::> 
Q. 

! Ln Input leakage current 10 µA V;n=Vss -6V TA=25°C 

Vout(o) Output voltage, logical "O" 0.4 v lout= 1.6 mA (into output) See 
Ill Vaut(I) Output voltage, logical "1" v laut=0.4 mA 

note 
.... 2.4 3 :::> 
Q. (out of output) and .... 
:::> Figure 0 Vss -6V S Vaut S Vss #1 

lout Output leakage current -10 + 10 µ,A TA=25°C (outputs disabled) 

Ill tACC Address-to-output access time 600 ns t,d = 250ns 0 
;:::: 

too Output delay time t1g1=0 (.) !!! 350 ns See timing -a:: t1g2 ~ 0 ::Ew 
tow Output enable/disable time 125 300 ns Section cc .... 

See note 4 zo 
and Figure # 1 > cc 

tcs Chip Select to Output Delay 600 ns 0 a:: cc 
:i:: tco Chip Deselect to Output Delay 600 ns 0 

*Typical values apply at Vss= +5.0V, VGG= -12.0V, TA=25°C 
NOTES: 1. Supply voltages shown are for operation in a TIL/DTL system. Other supply voltages may be used if Voo and VGG maintain 

the same relationship to Vss, e.g., Vss =OV, Voo = -SV, VGG=-17V. Input voltages would also need to be adjusted 
accordingly. 

2. Max measurements at 0°C. (MOS supply currents increase as temperature decreases.) lss 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" 

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.SV point 
relative to Voo (ground) except rise and fall 
time measurements. 

2. Chip enable = Vss for all measurements except 
when measuring T oEO. 

3. Logic 0 is defined as Voo or ground; logic 1 as 
Vss or +sv. 

Reod 

INTERNAL FUNCTION OF 
READ/ READ SIGNALS 

latches set, memory address disabled latches set 
memory address enabled latches open with new data 

NEW ADDRESS NEW ADDRESS 

ADDRESS 

CHANGE 0 

Read 
I memory enabled \ 

--------'· to lotchH "-· ---

Set up time, t,d, allows the input address to 
propagate through the address decoder and 
memory matrix prior to READ logic O time. As 
indicated above, READ at a logic O internally 
disables the input address so that an external 
address change may occur without affecting the 
location previously selected. The latches are also 
readied to receive new data which is enabled 
from the matrix when READ is at a logic 1. Data 
is set in the latches when READ is allowed to 
rise back to its logic 1 state. In actual use, the 
READ rising and falling edges can precede· the 
falling and rising edges of READ, respectively, 
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. 

Output data appears following the rise of the 
READ pulse but correct output data will not 
appear until READ has gone low. For this rea
son, READ is shown preceding READ even 
though other relationships are allowed. If READ 
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. 

FIGURE #1 tAcc and t00 test circuit 

READ 

DATA 

OUTPUT 

OR 

DATA 

OUTPUT 

CHIP 

EIO.BLE 

DATA 

OUTPUT 

CHIP 

SELECT 

UNIT UNDER 

TEST 

o_j 

~\~--

0 

0 

I.SY 

I.SY 

0 ]~l.l-V --- ~ - -- DISABL! LEVEL 

tOEO ~-tOEO 

\ 
~--------

tco tcs 

0 

NOTE: Wave forms are not to scale. 

+5V 

IN 3064 (4) 

I'5pf 
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APPLICATIONS 

u-----+---1 Ar 

DATA OUTPUT 
512x10 

INPUTS 

Ao-Ar 
COMMON 
TO BOTH 

RO M's CE ReOci ReaaBg l--+------4 
B0- 99 COMMON 
TO BOTH ROM's 

CHIP 

READ 0--+-----1---+-----I 
CLOCK 

Address 
Change 

Chop 
Ena tile 

DATA 
OUTPUT 

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"c should include 
the desired data-valid time. Interface devices may be TIL or DTL. 

PIN CONNECTIONS 

top view,24pin COIP 

Vss I 
VGG 2 
A1 3 
Ao 4 

24 Bg 
23 Be 
22 B1 
21 B6 

A2 5 '20 B, 
A7 6 19 B4 
As 7 18 B:s 
As 8 17 Bz 
A4 9 1s B, 

RM/READIO 
A5 II 

Rl/~12 

15 Bo 
14 Voo 
13 C.E. 

PIN CONNECTIONS 
top view, 28pin CDIP 

~s I 28 
VGG 2 27 

(NC)A 1 3 26 
(NC)Ao 4 25 
(A1 lA2 5 24 
(Ao)A7 6 23 
(A2lAs 7 22 
(A7)A5 8 21 
(As)A4 9 20 

(A5)RM/READ 10 19 
(A4)A3 11 18 

(NC)Rl/R'rAn 12 17 
(READ) Ae 13 16 

(A3) Ag 14 15 

N.C. =no connection 

89 
Ba 
Br 
8s 
85 
NC 
B4 
83 
82 
Br 
Bo 
Voo 
C.E 
A1o(READ) 

()OPTIONAL PIN ARRANGEMENT 

PHYSICAL DESCRIPTION 
(24 lead ceramic dual-in-line hermetic package) 

05TYP1 r---11£0.SP.100~1100 I "' 
irll~,_.,.,.."""'"...,......,"'...,"""'"-,~r*' nr" i____t'° 

~vmmmrr--;om R:-1 
8~006 TYP I 
1200REF.•----i· 

PHYSICAL DESCRIPTION 
(28 lead ceramic dual-in-line hermetic package) 

ljlOO:!:.OI!! 044*-040 

t 
SYMBOLIZATION AREA 
FOR IOfNTIFIC'ATION 
GR<M<ID LEAD 

TT! .... !578 .600 

TIT [
I ... 

b.., tr 
~-'Tift Hf: IUUUUHUUUUUUlilil °' l 

2 
14'00REF:~---..... 



MOSTEK ROM PUNCHED-CARD CODING FORMAT' 
MK 2400 P 
Cols. Information Field 
First Card 

1-30 Customer 

35-57 
60-74 

"Negative Logic" 
Verification Code7 

Package Choices 

31-50 Customer Part Number 
60-72 Mostek Part Number2 

Data Cards 

1-3 Decimal Address 
Second Card 5 Output 89 
1-30 Engineer at Customer Site 6 Output 88 
31-50 Direct Phone Number for Engineer 7 Output 87 

8 Output 86 
Third Card 9 Output 85 

1-5 
10-16 
29 
30 
31 
32 

Mostek Part Number2 

Organization3 

A84 

A94 

A104 

Pull-up Resistors 

10 Output 84 
11 Output 83 
12 Output 82 
13 Output 81 
14 Output BO 
16 Octal Equivalent of: 899 

17 Octal Equivalent of: 88, 87, 869 

Fourth Card 18 Octal Equivalent of: 85, 84, 839 

0-6 Data Format4 - "MOSTEK" 19 Octal Equivalent of: ~2, 81, 809 

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 "O" 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 "O" 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). 

9. 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. 
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2560 Bit 

MOS Read-Only Memory 
Character Generator 

DESCRIPTION 

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 ASCII encoded inputs and row (5-bit) 
outputs. The MK 2408 P outputs two rows at the same time. 
Row 1 is available at outputs B9 (left), BB, B7, B6, and B5 
(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 
4 is available at B4 through BO. Row 5 and row 6 are available 
at B9 through B5 and B4 through BO. Row 5 and row 6 are 
available at B9 through B5 and B4 through BO. Row selection 
is determined by the address combination of bits AO and A1. 

The MK 2408 P meets and operates by the specifications out
lined in the MK 2400 P Series data sheet (DS-24001270-2) 

The example in Figure 1 demonstrates the correspondence of 
the device outputs and row select sequence to the 7 x 5 dot
matrix font. The complete character font patterns (truth table) 
are illustrated on the back. A logic 1 or a DOT represents an 
input or output voltage equal to Vss ( +5V) and a logic 0 or a 
blank represents a voltage equal to Voo (OV). The eighth row 
outputs (B4 through BO when inputs A1 and AO equal l·ogic 1) 
are not illustrated since in each case they are equal to all O's. 

89 85 
Al AO 84 BO 
0 0 

0 l 

l 0 

l l 
0 0 

FIGURE 1 

--

-
-

MK2408P 

mDSTEK 
FUNCTIONAL DIAGRAM 

Bo ., Ao >C 81 .. ... A1 ;;: 82 
... 

::> ::> 
A. Al 

... 
5! a, .. 

! c .. 
As :I >< 84 6 ., A• 

,_ .. Bs c ., " "' .. A• 0 "' 81 ~ 
" • 0 A1 .. B1 0 
0 Ar • Bo c 

Bt 

Yss Yoo Yoo iiffi READ CHIP 
(RI) !RMI ENABLE 

PIN CONNECTIONS 

Vss 28 89 

VGG 27 88 

NC 26 87 

NC 25 86 

Al 24 85 

AO 23 NC 

A2 22 84 

A7 8 21 83 

A6 9 20 82 

AS 10 19 Bl 

A4 11 18 80 

NC 12 17 Voo 
READ 13 16 c. E. 

A3 14 15 Reacr 

NC= NO CONNECTION 

89-85 
84-80 A7 = 0 
89-85 A6 = O 
84-80 AS = 1 
89-85 A4 = 1 
84-80 A3 = 0 
89-85 A2 = 1 
84-80 



m tit. i H :t MK2408P I MOS Read-Only Memory Character Generator 

., 0 0 0 0 

•• 0 () l l 

•• 0 Q l () l 
A4A3Az A1 Ao 

CODING & CHARACTER FONTS 
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0 () 1 
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O I 0 

l () 
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0 0 I I I I 0 l l () 1 

l u 

0 0 

~11 I m I 0 l 
l (I 0 
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l I 

0 0 

~II m JI I u 1 
L 0 1 

l 0 

l l 

0 0 HI II I I 0 l 
l I 0 

l 0 

l l 

0 , 

~Im iii 11 I 0 l 
Ill 

l l 

l l 

APPLICATION 
IFLIP FLOPS: US7473/EOUIY) 

IROM: NK2401Pl (SHIFT REG: US 7496/EQUIY, 
~--------, CLK 

READ 

SERIA~uiATA :.:-::::-_-_-_-_-_-.:_-_-::::~11..NKlTTTTiT'!TTikNK 
~~ 

ADD#) DISPLAYED AD0#2 DISPLAYED 

l l 

() 0 

0 l 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

"I"= DOT ON 

VERTICAL SPACE 

l 

l 

0 

I 
I 
I 
I 
I 
I 
I 
I 

SERIAL 
DATA 
OUT 

l 

l 

l 

I 
I 
I 
I 
I 
I 
I 
I 
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4096-BIT 

MOS Read-Only Memory 

FEATURES 

D High-speed, static operation - 400 nsec. typical access 
time 

D Active input pull-ups provide worst-case TTL compatibility 
D Push-pull outputs provide three output states: one, zero, 

and open 
D Ion-implantation for constant current loads and lower 

power 
D Standard power supplies: +5V, -12V 
D MK 2500 P is pin-for-pin replacement for National 5232 
D MK 2600 Pis pin-for-pin replacement for Fairchild 3514 

DESCRIPTION 
The MK 2500. P and MK 2600 P 
series of TTL/DTL compatible 
MOS read-only memories 
(ROMs) are designed to store 
4096 bits of information by 
programming one mask pat
tern. The word and bit organi
zation of these ROM series is 
either 512W X 88 or 1024W X 
48. 
The MK 2500/2600 P series 
has push-pull outputs that can 
be in one of three states: 
logic one, logic zero, or open 
or unselected state. This, plus 
the programmable Chip Se
lects, enables the use of sev-

PIN CONNECTIONS 

MK 2500 p 

MODE CONTROL 24 v,, 
CHIP SELECT 1 23 Voo 
CHIP SELECT 2 22 BB 

CHIP SELECT 3/AlO 21 87 
Al 20 86 

19 85 
A3 18 B4 
A4 17 83 
A5 16 82 
A6 15 Bl 
A7 14 A9 
v,, 12 13 A8 

eral ROMS in parallel with no 
external components. Since 
the ROM is a static device, no 
clocks are required, making 
the MK 2500/2600 P series of 
ROMS very versatile and easy 
to use. 
Low threshold-voltage proc
essing, utilizing ion-implanta
tion, is used with P-channel, 
enhancement-mode MOS tech
nology to provide direct input/ 
output interfacing with TTL 
and DTL logic families. All in
puts are protected to prevent 
damage from static charge 
accumulation. 

MK 2600 p 

Voo 24 v,, 
CHIP SELECT 2 23 CHIP SELECT 1 
CH IP SELECT 3 22 CHIP SELECT 0/AIO 

Bl 21 Al 
B2 20 A2 
83 6 19 A3 
B4 7 18 A4 
85 8 17 A5 
B6 9 16 A6 
87 ID l5 A7 
88 l4 A8 

Voo 13 A9 

MK 2500 P 
MK 2600 P 

mOSTEK 

FUNCTIONAL DIAGRAMS 

CS2 3 
CS! 2 

CS3/AIO 4-,---._ _ _, 

Al 5 
A2 6 
A3 7 
A4 8 
A5 9 
A6 10-r-i__ _ _J 

CS! 23 
CS2 2 
CS3 3 

Al 21 
A2 20 
A3 19 
A4 18 
A5 17 
A6 16 

co~~cg~~~~ 

~~~~~~~~ 

4096-BIT 
MEMORY 
MATRIX 

MK 2500P 

..-.NMc:;t"U"'J-.Or-00 
cc cc cc co co ccccc::i 

..:::r-LD~r-oocns;:!::: 

4096-BIT 
MEMORY 
MATRIX 

MK 2600 P 

12 Vss 
24 NC 
23 VGG 

I VGG 



Vss 

Voo 

Vss 

VIL 

V1H 

V1H 

lss 

lc;c; 

luLl 

l1L 
l1H 

VoL 

VoH 

lolLl 

C1N 

Co 

ABSOLUTE MAXIMUM RATINGS 
Voltage on Any Terminal Relative to V55 (except V66) ........................... +0.3V to -10V 
Voltage on VGG Terminal Relative to V55 . . . .................................. +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 ::;r A:'.:::J0°C) 

PARAMETER MIN TYP MAX 

Supply Voltage +4.75 +s.o +5.25 

Supply Voltage 0.0 

Supply Voltage -11.4 -12.0 -12.6 

Input Voltage, Logic "O" +0.8 

Input Voltage, Logic "1" Vss-1.5 

Input Voltage, Logic "1" 2.4 

ELECTRICAL CHARACTERISTICS 
(V55 = +5.0V ± 5%; V00 = O V; V66 = -12V ± 5%; 0°C ::::; TA ::::; 70°C 6nless noted otherwise) 

PARAMETER MIN TYP MAX UNITS 

Supply Current, V55 19.0 28.0 mA 

Supply Current, V66 19.0 28.0 mA 

Input Leakage Current, Any Input 10.0 µA 

Input Current, Logic 0, Any Input -100.0 µA 
Input Current, Logic 1, Any Input -600.0 µA 

Output Voltage, Logic "O" 0.4 v 
Output Voltage, Logic "1" 2.4 v 

Output Leakage Current +10 µA 

Input Capacitance 10 pF 

Output Capacitance 10 pF 

UNITS NOTES 

v 
v 
v 

v 
v 
v 

Note 4 

Note 4 

Note 1 

Note2 

Note3 

NOTES 

V, = V55 -6.0V. Note 2 

V1=.4V. Note 3 
v1 =2.4V. Note 3 

loL =1.6mA 

loH= -40µ.A 

Outputs disabled 

(Vo=V55-6V) 

Note 5 

Notes 

tACCESS Address to Output Access Time 100 400 700 nsec Refer to 

tcs Chip Select to Output Delay 100 250 500 nsec Test 

tco Chip Deselect to Output Delay 100 250 800 nsec Note 6 Circuit 

Notes: 1. This is VLL on MK2500P. 

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 V55• Refer to the Input pull-up 
figure for a graphical description of the active pull-up's operation. 

4. Inputs at V55, outputs unloaded. 

5. V8;., - V55 = OV; f = 1 MHz. 
6. lco 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 

OPTIONS 

Function 512 x 8 1024 x 4 

Mode Control 1 0 

Chip Select 1 1 or O 1 or 0 

Chip Select 2 1 or 0 1 or 0 

Chip Select 3/A10 1 or 0 address A10 

1 = Most Positive = High Level Voltage 

Pin 1 in the MK 2500 P is used as a Mode Control, 
setting the circuit in the 1024x4 or 512x8 mode. 
In the 1024x4 mode a tenth address bit is re
quired, which is provided at Pin 4. If the circuit 
is in t_he 512x8 mode, then Pin 4 may be used for 
a third chip select. 

Additional Options: The MK 2500 P can have the 
address and control inputs set by the user so 
that: 

512x8: Mode Control - High 
A10-Low 

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

TIMING 

~---------------------
ADDRESS ' 1.sv 

ov - - - - _ _, 

~'~"'. ------~jl;------ -----------
.--------""'\ 
' ' 

' 1.5V ' 
CHIP SELECT / 

OV-----------.J '-------' 

TACCESS TEST CIRCUIT 

v. 

OUTPUT o-o---""'loll--'f_•_K _,.,. __ .,._, _..,•t-~ t 100PF 

Voo 

DIODES ARE IN447 

INPUT 

c 
u 
R 
R 
E 
N 
T 

{ JJ.AI 

·1000 

·BOO 

- 600 

• 400 

-200 

' ' ' ' 

MK 2600 P 

OPTIONS 

Function 512 x 8 1024 x 4 

Chip Select O/A10 1 or 0 A10 

Chip Select 1 1 or O 1 or 0 

Chip Select 2 1 or 0 1 or 0 

Chip Select 3 1 or 0 1 or 0 

1 = Most Positive = High Level Voltage 

The MK 2600 P is programmed either as a 512x8 
array or a 1024x4 array. In the 1024x4 arrays, Pin 
22 provides the tenth address bit. When A10 is 
low the four bits are present at the even outputs 
(82, 84, 86, and 88); when A10 is high, the bits 
are at the odd outputs (81, 83, 85, and 87). 

In 512x8 arrays, Pin 22 may be used to provide a 
fourth chip select. Thus, with four programmi:ible 
chip selects, sixteen MK 2600 P ROMS in the 
512x8 configuration can be arranged in an 8192x8 
array requiring no external decoding. 

PACKAGE 24-lead ceramic 
dual-in-line hermatic 

INPUT PULL-UP -1 o-1m . _ru SOLID CURVE IS TYPICAL 
FOR ACTIVE PULL-UP 

' 
AT 2s•c 

' DOTTED CURVE 18 
FOR 4K PULL-UP 
RESISTOR TO VH 

SYMBOLIZATION AREA 

~~R ~~16~tz~ 

' 05TYP1 r---llEOSPI00.1100 1 .025 I 040TYPj i !TYf'I -----10Kl 

' ' 
' 

1.0 2.0 3.0 4.0 ~o 

INPUT VOLTAGE (VOLTS) =fff=g:g 

[]-
I --:r,,,, 
bi 



MOSTEK ROM PUNCHED-CARD CODING FORMAT1 

MK 2500 P 
First Card 
Cols. Information Field 
1-30 Customer 
31-50 Customer Part Number 
60-72 Mostek Part Number2 

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

Third Card 
1-5 Mostek Part Number2 

10-16 Organization3 

29 cs310 

30 CS24 
31 CS14 
32 Active Pull-ups5 

Fourth Card 
1-9 Data Formatb 
15-28 Logic - "Positive Logic" or 

"Negative Logic" 
35-57 Verification Code7 

60-67 "A10 EVEN" or 11 A10 ODD" 
(left justified)9 

Data Cards/512x08 Organization 
1-4 Decimal Address 
6-13 Output 88- 81 (MS8 thru LS8) 
15-17 Octal Equivalent of output data8 

Data Cards/1024x04 Organization 
1-4 Decimal Address (0-1022), 

6-9 
11-12 
50-53 

even addresses 
Output (MS8-LS8) 
Octal Equivalent of output datas 
Decimal Address (1-1023), 

odd addresses 
55-58 Output (MS8-LS8) 
60-61 Octal Equivalent of output data8 

MK 2600 P 
First Card 
Cols. Information Field 
1-30 Customer 
31-50 Customer Part Number 
60-72 Mostek Part Number2 

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

Third Card 
1-5 Mostek Part Number2 

10-16 Organizatlon3 

29 CS34 
30 CS24 
31 CS14 
32 cso 10 

33 Active Pull-ups5 

Fourth Card 
1-9 Data Format6 

15-28 Logic- "Positive Logic" or 
"Negative Logic" 

35-57 Verification Code7 

Data Cards/512x08 Organization 
1-4 Decimal Address 
6-13 Output 88- 81 (MS8 thru LS8) 
15-17 Octal Equivalent of output data8 

Data Cards/1024x04 Organization 
1-4 Decimal Address (0-1022), even addresses 
6-9 Output (MS8-LS8) 
11-12 Octal Equivalent of output data8 

50-53 Decimal Address (1-1023), odd addresses 
55-58 Output (MS8-LS8) 
60-61 Octal Equivalent of output data8 

Notes: 1. Positive or negative logic formats are accepted as noted in the fourtn card. 

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

3. Punched as "0512x08" or "1024x04". 
4. A "O" 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 active pull-ups; a "O" indicates no pull-ups. 
6. 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. 

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. 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. 

9. "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. 

10. Punched as "2" for 1024 x 4 organization. 
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ASCII· TO-EBCDIC CODE CONVERTER 
EBCDIC-TO-ASCII CODE CONVERTER 

A1 =LSB 
A9=MSB 

81 = LSB 
Ba=MSB 

ASCII (ADDRESS) TO EBCDIC (DATA) 

0 00000000 1 00000001 2 00000010 3 
4 00110111 5 00101101 6 00101110 7 
8 00010110 9 00000101 10 00100101 1 1 

12 00001100 13 00001101 14 00001110 15 
16 00010000 17 00010001 18 00010010 19 
20 00111100 21 00111101 22 00110010 23 
24 00011000 25 00011001 26 00111111 27 
28 00011100 29 00011101 30 00011110 31 
32 01000000 33 01001111 34 01111111 35 
36 01011011 37 01101100 38 01010000 39 
40 01001101 41 01011101 42 01011100 43 
44 01101011 45 01100000 46 01001011 47 
48 11110000 49 11110001 50 11110010 ?1 
52 11110100 53 11110101 54 11110110 55 
56 11111poo 57 11111001 58 01111010 59 
60 01001'100 61 01111110 62 01101110 63 
64 01111100 65 11000001 66 11000010 67 
68 11000100 69 11000101 70 11000110 71 
72 11001000 73 11001001 74 11010001 75 
76 11010011 77 11010100 78 11010101 79 
80 11010111 81 11011000 82 11011001 83 
84 11100011 85 11100100 86 11100101 87 
88 11100111 89 11101000 90 11101001 91 
92 11100000 93 01011010 94 01011111 95 
96 01111001 97 10000001 98 10000010 99 

100 10000100 101 10000101 102 10000110 103 
104 10001000 105 10001001 106 10010001 107 
108 10010011 109 10010100 110 10010101 111 
112 10010111 113 10011000 114 10011001 11 5 
116 10100011 117 10100100 118 10100101 119 
120 10100111 121 10101000 122 10101001 123 
124 01101010 125 11010000 126 10100001 127 

EBCDIC (ADDRESS) TO ASCII (DATA) 

256 00000000 257 00000001 258 00000010 259 
260 10011100 261 00001001 262 10000110 263 
264 10010111 265 10001101 266 10001110 267 
268 00001100 269 00001101 270 00001110 271 
272 00010000 273 00010001 274 00010010 275 
276 10011101 277 10000101 278 00001000 279 
280 00011000 281 00011001 282 10010010 283 
284 00011100 285 00011101 286 00011110 287 
288 10000000 289 10000001 290 10000010 291 
292 10000100 293 00001010 294 00010111 295 
296 10001000 297 10001001 298 10001010 299 
300 10001100 301 00000101 302 00000110 303 
304 10010000 305 10010001 306 00010110 307 
308 10010100 309 10010101 310 10010110 311 
312 10011000 313 10011001 314 10011010 315 
316 00010100 317 00010101 318 10011110 319 
320 00100000 321 10100000 322 10100001 323 
324 10100011 325 10100100 326 10100101 327 
328 10100111 329 10101000 330 01011011 331 
332 00111100 333 00101000 334 00101011 335 
336 00100110 337 10101001 338 10101010 339 
340 10101100 341 10101101 342 10101110 343 
344 10110000 345 10110001 346 01011101 347 
348 00101010 349 00101001 350 00111011 351 
352 00101101 353 00101111 354 10110010 355 
356 10110100 357 10110101 358 10110110 359 
360 10111000 361 10111001 362 01111100 363 
364 00100101 365 01011111 366 00111110 367 
368 10111010 369 10111011 370 10111100 371 
372 10111110 373 10111111 374 11000000 375 
376 11000010 377 01100000 378 00111010 379 
380 01000000 381 00100111 382 00111101 383 

MK 2503 P MK 2601 P 

Function 512 XB Function 512X8 

Mode Control 1 Chip Select O/A10 0 

Chip Select 1 0 Chip Select 1 0 

Chip Select 2 0 Chip Select 2 0 

Chip Select 3/A10 0 Chip Select 3 0 

00000011 128 00100000 129 00100001 130 00100010 131 00100011 
00101111 132 00100100 133 00010101 134 00000110 135 00010111 
00001011 136 00101000 137 00101001 138 00101010 139 00101011 
00001111 140 00101100 141 00001001 142 00001010 143 00011011 
00010011 144 00110000 145 00110001 146 00011010 147 00110011 
00100110 148 00110100 149 00110101 150 00110110 151 00001000 
00100111 152 00111000 153 00111001 154 00111010 155 00111011 
00011111 156 00000100 157 00010100 158 00111110 159 11100001 
01111011 160 01000001 161 01000010 162 01000011 163 01000100 
01111101 164 01000101 165 01000110 166 01000111 167 01001000 
01001110 168 01001001 169 01010001 170 01010010 171 01010011 
01100001 172 01010100 173 01010101 174 01010110 175 01010111 
11110011 176 01011000 177 01011001 178 01100010 179 01100011 
11110111 180 01100100 181 01100101 182 01100110 183 01100111 
01011110 184 01101000 185 01101001 186 01110000 187 01110001 
01101111 188 01110010 189 01110011 190 01110100 191 01110101 
11000011 ·192 01110110 193 01110111 194 01111000 195 10000000 
11000111 196 10001010 197 10001011 198 10001100 199 10001101 
11010010 200 10001110 201 10001111 202 10010000 203 10011010 
11010110 204 10011011 205 10011100 206 10011101 207 10011110 
11100010 208 10011111 209 10100000 210 10101010 211 10101011 
11100110 212 10101100 213 10101101 214 10101110 215 10101111 
01001010 216 10110000 217 10110001 218 10110010 219 10110011 
01101101 220 10110100 221 10110101 222 10110110 223 10110111 
10000011 224 10111000 225 10111001 226 10111010 227 10111011 
10000111 228 10111100 229 10111101 230 1 011111 0 231 10111111 
10010010 232 11001010 233 11001011 234 11001100 235 11001101 
10010110 236 11001110 237 11001111 238 11011010 239 11011011 
10100010 240 11011100 241 11011101 242 11011110 243 11011111 
10100110 244 11.101010 245 11101011 246 11101100 247 11101101 
11000000 248 11101110 249 11101111 250 11111010 251 11111011 
00000111 252 11111100 253 11111101 254 11111110 255 11111111 

00000011 384 11000011 385 01100001 386 01100010 387 01100011 
01111111 388 01100100 389 01100101 390 01100110 391 01100111 
00001011 392 01101000 393 01101001 394 11000100 395 11000101 
00001111 396 11000110 397 11000111 398 11001000 399 11001001 
00010011 400 11001010 401 01101010 402 01101011 403 01101100 
10000111 404 01101101 405 01101110 406 01101111 407 01110000 
10001111 408 01110001 409 01110010 410 11001011 411 11001100 
00011111 412 11001101 413 11001110 414 11001111 415 11010000 
10000011 416 11010001 417 01111110 418 01110011 419 01110100 
00011011 420 01110101 421 01110110 422 01110111 423 01111000 
10001011 424 01111001 425 01111010 426 11010010 427 11010011 
00000111 428 11010100 429 11010101 430 11010110 431 11010111 
10010011 432 11011000 433 11011001 434 11011010 435 11011011 
00000100 436 11011100 437 11011101 438 11011110 439 11011111 
10011011 440 11100000 441 11100001 442 11100010 443 11100011 
00011010 444 11100100 445 11100101 446 11100110 447 11100111 
10100010 448 01111011 449 01000001 450 01000010 451 01000011 
10100110 452 01000100 453 01000101 454 01000110 455 01000111 
00101110 456 01001000 457 01001001 458 11101000 459 11101001 
00100001 460 11101010 461 11101011 462 11101100 463 11101101 
10101011 464 01111101 465 01001010 466 01001011 467 01001100 
10101111 468 01001101 469 01001110 470 01001111 471 01010000 
00100100 472 01010001 473 01010010 474 11101110 475 11101111 
01011110 476 11110000 477 11110001 478 11110010 479 11110011 
10110011 480 01011100 481 10011111 482 01010011 483 01010100 
10110111 484 01010101 485 01010110 486 01010111 487 01011000 
00101100 488 01011001 489 01011010 490 11110100 491 11110101 
00111111 492 11110110 493 11110111 494 11111000 495 11111001 
10111101 496 00110000 497 00110001 498 00110010 499 00110011 
11000001 500 00110100 501 00110101 502 00110110 503 00110111 
00100011 504 00111000 505 00111001 506 11111010 507 11111011 
00100010 508 11111100 509 11111101 510 11111110 511 11111111 



MK28000 P 

16K-BIT 

MOS Read-ONLY Memory mDSTEK 
FEATURES: 

D 850 ns Maximum Access Time 
D 1.1 i.is Maximum Cycle Time 
D Low Power Dissipation -.02 mW/bit Typ. 
D EA 4800/4900 Pin-for-Pin Replacement 
D Options Include 2Kx8 Organization with 

Three-State TTL Output Capability 
D 2Kx8 or 4Kx4 Organization with Open Drain Outputs 
D Standard Supplies +5 Volts, - 12 Volts 
D Ion-Implanted for Full TTL/DTL Compatibility 

DESCRIPTION: FUNCTIONAL BLOCK DIAGRAM OPEN DRAIN OUTPUT 

The MK 28000 is a mask program- DIAGRAMS VGG OE1 

mable read only memory utilizing 
low-threshold Ion-Implant, P-channel 13 

9 24 

technology. The 28000 is a pin-for-
AR 

2 

pin replacementforthe EA4800/4900. 
Al 

OJ 
3 23 

The organization maybe either 2Kx8 AZ 02 
4 OUTPUT 22 

or 4Kx4 with open drain outputs. A30 DRIVERS 03 

The 2Kx8 organization have 5 21 
may A4 

04 
TTL three-state outputs with only A9 0 • 20 

z Al 
one output enable. 7 ... THRU zo4e xe A6 c: All MEMORY MATRIX 

12 ... DECODE Output data is stored indefinitely A7 

after each If the A8 
II 05 memory access. 19 

output enables are held low during to OUTPUT 18 
01 

Ag 

access, the outputs will be in a high 8 DRIVERS 07 
Ato 17 

impedance state. 15 08 
Att 16 

All inputs are protected against sta-
tic charge accumulation. Pullup re- 14 

sistors on all inputs are available as 
a programmable option. 

Vss OEz 

BLOCK DIAGRAM TTL OUTPUTS 

vae vDD 

PIN CONNECTIONS 
24 

MK 28000 P .iii 13 

2 
At 

23 
01 

3 
QPHI ORAIN A2 02 OLITPUTS 4 22 

24 OE I A3 03 .. ' 23 OUT, 5 21 ., . 22: OUT2 

A4 • 20 
04 

" . li OUT3 
A9 i Al 

Al 
7 ... THRU 2048 X8 OUTPUT .. ' zoOUT4 c: All MEMORY MATRIX DRIVERS 
12 

... 
DECODE 

" ' 19 OUTs A7 

" ' 
1s our6 II 05 

A9 19 
A1Q 8 17 OUTy IO 06 

Ag 18 ,,, 
' 16 OUT 8 

AIO a 07 
A9 10 15 Au 17 

Aa II 14 OE2 All 15 
II 

08 

""' 
m 

OUTPUTS 

"' ' 24 Vop 
V55 OE .. ' 2~ OUT 1 ., . 22 OLJT2 

" . 21 OUT3 .. ' 20 OLIT4 .. ' 19 OUT~ .. ' 18 OUT,; 

''° . 17 OUT7 

'" ' 16 O\JT8 .. '° 15 A11 .. 14 OE 
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A~SOLUTE MAXIMUM RATINGS 

Voltage on any terminal relative to Vss ..................................... +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 
(OOC,;;;;; TA,;;;;; 700C) 

PARAMETER MIN TYP MAX COMMENTS 

Vss Supply Voltage +4.75V +5V +5.25V 

Voo Supply Voltage - 0 -

VGG Supply Voltage -12.6V -12V -11.4V 

V1L Input Voltage, Logic "O" +.av 

VIH Input Voltage, Logic "1" Vss - 1.5V 
[Fullup resistors to:\f;f.~·5K 
available as an option 

ELECTRICAL CHARACTERISTICS 
(V ss= +5.0V ±5%; Voo= OV; VGG= -12V ±5%; 0°C,;;;;; TA .;;;70°C) 

PARAMETER 

I SS Supply Current 

I GG Supply Current 

CIN Input Capacitance 

I IN Input Leakage 

R1N Input Pullup Resistors 

Vol Output Voltage, Logic "O" 

VoH Output Voltage, Logic "1" 

I OL Output Leal<age Current 

PACKAGE 28·pin ceramic dual-in-line 

42 

t 
SYMSOLIZATION AREA 
FOR IDENTIFICATION 
GROUND LEAD 

1400! 015 

MIN 

3 K rl 

2.5V 

-10 µA 

0 

111 
1Tl 

TYP MAX COMMENTS 

12 mA 20mA Outputs unconnected 

12 mA 20mA Inputs at Vss 

10 pF See Note 1 

10 µA See Note 2 

9 K rt Optional 

0.4V I oL= 1.6 mA See Note 3 

See Note 4 

+10µA 
V 0 = V ss - 6V, T = 25"C 

lout!:!._uts disabledl 

mmWMmT'°"' I-'\ JD@) ti I=-,,~ 
l~l 

· --iw~.002 i!IOOREF--··--1 



PARAMETER MIN TYP MAX COMMENTS 

tPW AR Pulse Width 400 ns See timing and test circuit 

tLD 

tHLD 

tpo 

tACC 

I tcvcLE 

NOTES: 

TIMING 

ADDRESSVIH 

INPUTS ViL 

Address Lead Time 200 ns 

Address Hold Time 200 ns 

AR to Output Delay 650 ns 

Access Time 

Cycle Time 1.1 ]JS 

1. V BIAS - V ss = Ov; f = 1 MHz 
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 V GG is assumed. 

(See test circuits) 

-------~- lCVCLE 

TTL 

850 ns t ace = t Id + t pd 

t cycle = t pw + t pd 

TEST CIRCUIT 

COMPATIBLE OUTPUTS 

t PW OUTPUT o----r---tc. >-----~-"""""",....... .. Vss 
4K 

I 25pf 

---------J 

V1H 
OUTPUT 
ENABLE 

VIL 

DATA VIH 

OUTPUT 
VIL 

OUTPUT V1H 

ENABLE 
VIL 

OUTPUTS ENABLED 

OLD DATA 

OUTPUTS DISABLED 

OLD DATA 

* INVALID DATA HIGH IMPEDANCE 

OPEN DRAIN OUTPUTS 

6.8K 

4K 
NEW DATA OUTPUT0--~-'----1< 

OUTPUTS DISABLED 
INVALID DATA* 
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MOSTEK 28000 ROM Punched Card Coding Format1 

First Card 

Cols Information Field 
1-30 Customer 
31-50 Customer Part Number2 
60-72 MOSTEK Part Number 

Second Card 

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

Third Card 

1-5 MOSTE K Part N umber2 
10-16 Organization (2048X8 or 4096X4) 
29 Outputs (1=0pen Drain, <!>=Push Pull TTL) 
31 Number of Output Enable Pins (1·or2) 
33 Input Pullups (1=yes, ¢=no) 

Fourth Card 

1-9 Data Format3 
15-28 Logic - ("Positive Logic" or "Negative Logic") 
35-57 Verification Code4 

Data Cards 

MOSTE K Format or EA Format 

1-4 Decimal Address 
(for EA Pin-for-Pin 
Replacement only) 

6-13 Output 88-81 (MS8 Thru LS8) 
15-17 Octal Equivalent of Output Data 

NOTES: 
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1. Positive or negative logic formats are accepted as noted in the fourth card. 
2. Assigned by MOSTE K; 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) VEAi FICATION 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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1024x 1 BIT DYNAMIC 

MK 4006 P-6 
MK 4008 P-6 

MOS Random Access Memory mOSTEK 
FEATURES: 

o TTL/DTL compatible inputs 

o No clocks required 

o Access time: 
MK 4006 P-6 under 400 ns 
MK 4008 p.,...5 under 500 ns 

o Standby power: under 50 mW 

D 16-pin standard CDIP 

o Supply voltage: + SV and -12V 

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. 

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. 

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 
V55 {+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 O 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. 

FUNCTIONAL DIAGRAM 

PIN CONNECTIONS 

C2 1 
C1 2 

R/W3 
R2 4 
R3 5 
R4 6 
R5 7 
R1 8 

• 

D 
16 C3 
15 C4 
14 C5 
13 CE 
12 Dour 
11 D1N 

10 Vss 
g· Voo 



Vss 

Voo 

VIL 

V1H 

Vsa 

tRC 

twc 

twp 

tAW 

toLD 

~OLY 

'tcoPO 

lss• loo 

Psoey 

l1H 

l1L 

loH 

loL 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V55 ••.•.•.•..••.•...••..•.•.•.•...•...•.•••.•.••....... +0.3 to - 20V 

Operating Temperature ............................................................ O'C to +70°C 

Storage Temperature Range .................................................... -55'C to +150°C 

RECOMMENDED DC OPERATING CONDITIONS 
(0° c STA s 70°C) 

MK 4006P-6 MK 4008P-6 
PARAMETER MIN MAX MIN MAX UNITS NOTES 

Supply Voltage +4.75 +5.25 v 
Supply Voltage -11.4 -12.6 v 
Input Voltage, Logic O +0.8 v 
Input Voltage, Logic 1 Vss-1 Vss v 
Standby Supply Voltage (Fig. 4) Vss-4 Vss-6 v Note 1 

RECOMMENDED AC OPERATING CONDITIONS<2> 
(0° C STA s 70°C) 

MK 4006P-6 MK 4008P-6 
PARAMETER MIN MAX MIN MAX UNITS NOTES 

---~-

Read Cycle Time (Fig. 1) 400 500 ns 

Write Cycle Time (Fig. 2) 650 ns twp=250 ns 
900 ns twp=400 ns 

Write Pulse Width (Fig. 2) 250 ns tAw=400 ns 
400 ns tAw=500 ns 

Address-to-Write Delay (Fig. 2) 400 ns twp=250 ns 
500 ns twp=400 ns 

Data-to-Write Lead Time (Fig. 2) 300 ns twp=250 ns 
400 ns twp=400 ns 

Refresh Time (Fig. 3) 2 2 ms See Note 3. 

Chip-Disable-to-Power-Down See Note 1 
Delay (Fig. 4) 200 200 ns See Note 4 

DC ELECTRICAL CHARACTERISTICS 
(V55 = +sv ± 5%; V00 = -12V ± 5%; 0°C s TA s 70°C unless otherwise noted) 

MK 4006P-6 MK 4008P-6 
PARAMETER MIN MAX MIN MAX UNITS NOTES 

Supply Current: At T A=0°C 32 32 mA Output 

At TA=70°C 27 27 mA Open 

Power Dissipation, Standby 50 50 mW Vss-Voo = 5V; Note 1 

Input Current, Logic 1. Any Input -5 +5 -5 +5 µA V1=V55 -1V 

Input Current, Logic 0, Any Input -5 +5 -5 +5 µA V1=0.8V 

Output Current, Logic 1 1.0 0.8 mA 

Output Current, Logic 0 5 5 µA 
Note 5 
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AC ELECTRICAL CHARACTERISTICS 
(V55 = +5V ± 5%; V00 = -12V ± 5%; 0°C ~TA~ 70°C unless otherwise noted) 

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 

tco 

c, 

Co 

Chip Enable Time (Fig. 1A & 5) 350 

Chip Disable Time (Fig. 1A & 5) 350 

Input Capacitance, Any Input 5.0 

Output Capacitance 10 

V00 Capacitance 75 

NOTES: 

(1) Applies to MK 4006-6 and MK 4008-6 only. 

(2) Measurement Criteria: Input voltage swing, all inputs: O.BV to V55 - 1 
Input rise and fall times: 20 ns 

450 ns 
Note 2 

450 ns 

5.0 pF TA=25°C; V,=Vss; 
f=1 MHz 

10 pF T A=25°C; V0 =V55 -5V; 
f=1MHz 

75 pF TA= 25°C; Note 6 

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. 

(3) t,0,y 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 V00 terminal relative to the V55 terminal. Measured by switching the V00 terminal from OV to -12V with an 
applied v51 = 5V. Peak 100 is observed and the circuit replaced by a capacitance which yields the s&me peak current a'!; the circuit 
under test . 

.----------·--------·---------------------------------------. 

TIMING (Note 2) 

FIG. I 
READ 
CYCLE 

CHIP 
ENABLE 

.....--.---------------
R/W I 

ADDRESS 

DATA 
OUTPUT 

___ .; 

-------!~------

READING (Fig. 1) 

Reading is accomplished with the Read/ 
Write input held high. Data output di
re ct I y follows the application of an 
address. As long as the address is un
changed and the chip enabled, data out
put will remain valid until the next refresh 
cycle. Input addresses can be changed 
as soon as output data is accessed. Any 
address can be applied repetitively with
out degrading stored data, providing that 
the refresh period of 2 ms is observed. 

Vat 
200X loH t-----"-'- ---- - - -- - --- - -

MK4006P !SOmV 
MK4008P 144mV 

- - - - - - - - - - - - - ~-. 

I: 

C=IOOpF 
R=200n 

MK4006,SP 80mV 

MK4006,8P 60mV 

MK4006,SP 40mV 

MK4006,8P 20mV 
200X 101 - ---------------~ - ----_-;r.---~ -- ------- ---

OL--------~'~'---'--------

NEW 01 -i r-11 I ADDRESS lACCESSf- 121 
t 1 =20nanosec(Max) 

TIME-

t z=200nanosec(Max), IOOnanosec(Typ) 

ACCESS TIME (Fig. 1-A) 

Figure 1-A illustrates the measurement 
of access time after application of new 
address for the MK 4006 P and the MK 
4008 P. 



TIMING 
(Note 2) 

WRITING (Fig. 2) 

Writing is accomplished by bringing the 
Read/ Write input low with valid data 
present at the data in put and the Chip
Enable input low (chip enabled). Follow
ing the return of the Read/Write line to a 
high state, new address and input data 
can be applied. If a read-after-write oper
ation is desired, valid data will appear at 
the output within one read access time 
following the rising edge of the Write 
Pulse. Read-modify-write operation is 
easily achieved by delaying the Write 
Pulse until data has been read and modi
fication is complete. 

REFRESHING (Figs. 2 & 3)~ 

The dynamic memory cell employed in 
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. 

Refreshing of the MK 4006 P and MK 
4008 P is accomplished during both write 
cycles and refresh cycles. During a write 
cycle the state of the Row Address 
(R,-R5) determines which of the 32 mem
ory matrix rows will be internally re
freshed. An entire row (32 bits) is re
freshed during one write cycle. Since it 
is difficult in practice to assure that each 
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 
refresh cycle consists of 32 address 
changes and associated write pulses, in
volving a total time of approximately 20 
microseconds. 

STANDBY MODE (Fig. 4) 

Power dissipation of the MK 4006-6 P and 
MK 4008-6 P can be reduced below 50 
mW without loss of stored data by low
ering the V00 supply voltage to system 
ground (V55-5V). Figure 4 illustrates the 
proper input conditions that should be 
observed when reducing V00. If the 
standby mode is maintained as long as 
2 milliseconds, the V00 supply should be 
returned to -12V and a refresh cycle 
initiated. Read or write cycles can com
mence immediately following the return 
of V00 to -12V. 

FIG. 2 
WRITE 
CYCLE 

FIG. 3 

CHIP 
ENABLE 

ADDRESS 

R/W 

DATA 
INPUT 

CHIP 
ENABLE 

REFRESH ADDRESS 
CYCLE 

R/W 

CHIP 
ENABLE _, 

FIG. 4 
STANDBY 
MODE 

Voo 

R/W 

i----twc ----i 

_,,__ __ IA_w =:j--twp 
I __ ../ 

I ---- -·-' 

tcoPo 

' 1.5V 

s50ns 

SI ROLY 

Vss(+5V) 
Vse 

Voo(-12V) 

POWER DOWN PERIOD 

~o ns 

l.5V 
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TIMING 
(Note 2) 

CHIP ENABLING (Fig. 5)1 

The negative-going CE enables the chip, 
and output data becom_g_s valid within 
tcE time. Return of the CE input to logic 
1 disables the chip; data out remains for 
tco time. 

TESTING CONSIDERATIONS 
For a complete discussion of testing this memory, see Mostek's 
Applications Note AN-103. 
The functional diagram (Fig. 6) indicates signal flow for se
lected row and column. 
A simplified listing of functional tests is shown in Table 1. 
(high = Logic 1; low = Logic O) 
Tests are performed in an address sequence which requires 
the maximum number of changes in the row and column de
coders between addresses. Addressing Rows O through 31 is 
accomplished by using the binary equivalent of the row 
address. The internal organization of the memory matrix re
quires the logic shown in Fig. 7 for column addresses; this 
logic provides the necessary conversion from inary equiva
lent to column address. 

3 
READ/WRITE 

8 R1 = 0 

4R1 "" 
5 Ri 

6 R, 

7 Rs 

FROM 
TESTER 

READ/WRITE 
DRIVER 

= 0 

"" 

~ = ~ 
!::) 

20 

21 

22 

23 

24 

"' 
~ 

Fig. 6 2 1 16 15 14 
C1 C1 C3C4Cs 

13 
CE 

12 
f------Dou1 

'--+-'-'---~--' 

11 
D1N BUFFER D1N 

SELECTED ROW 
R, 

WRITE I I __,. SELECTED PATH 
I I SIGNAL FLOW I I 

SELECTED COLUMN 

Fig. 7 

C> C1 

C> C2 

TO RAM 

C> C3 UNDER 
TEST 

C4 x Cs 

ORDERING INFORMATION 

DATA V -- -
_._ _______ J~ .. - - - - - - - - -

FIG. 5 OUTPUr- - -
CHIP 
ENABLING ---tco---9" 

CHIP ___} 
ENABLE 

DATA \ 
OUTPUT ____ -------------I'----

TABLE 1: FUNCTIONAL TESTS (SIMPLIFIED) 

TEST TEST OPER. CHIP DATA COMPARE 
DESC. SEQ. ENABLE INPUT DATA 

Bit& First Write E Parity 
Decoder Test' 

Next Read E Parity 

Column Shorts First Write E V·Bar 
& No Write -
During Next Write D V-Bar 
Disable 

Next Read E V-Bar 

Row Shorts, First Write E H-Bar 
No Read 
During Disable, Next Read D 1 0 
& Max. Power 

Next Read E 0 H-Bar 

--
Access Time, First Write, Write E V-Bar, V-Bar 
Refresh, 
Write Cycle, Next Delay D 0 
& Standby' 

Next Read E V-Bar 

Disturb Test First Write Row E 1 
of l's 

Next Write Adj. E 0 
Row with O's 

Next Continue E 0 
Writing Same 
Row for Max. 
Refresh Delay 

Next Read E 
original Row 
of l's 1 

1. Test perlormed as shown and repeated with complementary data. 

PACKAGE (16-lead ceramic dual-in-line 
hermetic package) 

~~v.;:~j;:::__j J[~-~JD;Etoo· 

~-<oo-L 
~o95'.oto.l ~ l :=t:,,,;T=t035 '. Oto 

t i.- ~~ .. ~ 1~': --r---
002 

7 EQUAL SPACES 100 

L. j l-ooo'.orn 

34 TYP 

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 



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 taccess + 20 nsec give the 
minimum ''1" level and the maximum "O" level for this 
particular time (80 mV and 40 mV respectively). At 
taccess + 200 nsec, voltage levels are specified for th~ 
90% and 10% points of the minimum "1" and maxi
mum "O" 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 0: 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 taccess• 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, resulting 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 0 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, an9 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: Illustrating use of 75107/108 Line Receivers 
as sense amplifiers for the MK 4006/4008 P. 

- R1 hr h ---
lo~ 

R2 12 ! 
-v 

From the worst-case access at the chip level, one can 
use the interpolation technique described above to de
termine maximum "O" current level [1 0 Lc(MAX)] and 
the minimum "1" current level [1 0 H(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 10 LT(MAX): 

IOLT(MAX) = IOLc(MAX) + (N-1) (5 µA) [1] 
where N = number of outputs wired together 

Using the maximum zero level at the line receiver input 
(V1D ~ -25mV = V10), the following equation is de
rived: 

10 LT(MAX) = 11 - 12 + 11dMIN) 
and 1,L(MIN) = 0 µA 

therefore: 
v- + v + v-

i {MAX)=~ ID 
OLT R1 R2 

[2] 

[3] 

Using the minimum "1" level at the line receiver input 
(Vio ~ +25 mV = V 1t), the equation becomes 

10 H(MIN) = 11 - 12 + 11H(MAX) 
and 11H(MAX) = 75 µA 

v+ +v+v+ 
I (MIN) =~ ID + 75 µA 
OH R1 R2 

[4] 

[5] 

Solving these equations ( [3] and [5]) simultaneously 
yields R1 and R2. 
As an example, assume a memory system wit!) 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: 

loLr(MAX) = 152.3 µA+ 3 (5 µA) = 167.3 µA 
10 H{MIN) = 511.12 µA 

Therefore: 

R1 = 190 n 
R2 = 16.5 Kn 

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. 
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SUPPLEMENT MK 4008P-9 
1024x1 BIT DYNAMIC 

MOS Random Access Memory mDSTEK 

FEATURES 
FUNCTIONAL DIAGRAM 

D 1024x1 RAM in 16-pin package 
D Functionally equivalent to Mostek MK4006/ 4008 RAM's 

DESCRIPTION 

This 1024x1 Bit Dynamic Ram is selected from Mostek's MK4006 
and MK4008 RAMs. See the MK4006/ 4008 data sheet for addi
tional information, including timing diagrams. 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin (except V66) relative to V55 ................................ . . ......... +0.3 to -10V 

Voltage, on V66 pin relative to V55 ................................................... ............. .. . ......... +0.3 to -20V 

Vss 
Voo 
VIL 
V1H 

tRC 
twc 
twp 
fAw 
toLD 

Operating Temperature ...................................................................................................................... o 0 c to + 70°C 

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

RECOMMENDED DC OPERATING CONDITIONS 
(0° c <TA < 10°c) 

PARAMETER 

Supply Voltage 
Supply Voltage 
Input Voltage, Logic 0 
Input Voltage, Logic 1 

RECOMMENDED AC OPERATING CONDITIONSlll 
(0° c <TA < 10°c> 

PARAMETER 

Read Cycle Time (Fig. 1) 
Write Q}'._cle Time ff.!s: 21 
Write Pulse Width (Fig. 2) 
Address-to-Write Delay (Fig. 2) 
Data-to-Write Lead Time (Fig. 2) 

MK 4008 P-9 
MIN MAX UNITS NOTES 

+4.75 +5.25 v 
-11.4 -12.6 v 

+0.8 v 
V5s-1 Vss v 

MK 4008P-9 
MIN MAX UNITS NOTES 

800 ns 
1 us twp= 450 ns 

450 ns tAw=550 ns 
550 ns twp=450 ns 
500 ns twp=450 ns 

fg_DLY Refresh Time (Fig. 3) 1 ms See Note 2 

Dout 



lss. loo 

l1H 
l1L 
loH 
IOL 

tACCESS 

CE 

tco 

DC ELECTRICAL CHARACTERISTICS 
(Vss = +5V ± 5%; Voo = -12V ± 5%; 0°C <TA < 70° C unless otherwise noted) 

MK 4008 P-9 
PARAMETER MIN MAX 

Supply Current: At TA=0°C 32 
At T A=70°C 27 

Input Current, Logic 1, Any Input -5 +5 
Input Current, Logic 0, Any Input -5 +5 
Output Current, Logic 1 0.6 
Output Current, Logic O 5 

AC ELECTRICAL CHARACTERISTICS 
(Vss = + 5V ± 5%; Voo = -12V ± 5%; 0°C < TA < 70° C unless otherwise noted) 

MK 4008 P-9 
PARAMETER MIN MAX 

Read Access Time 800 
0 

450 
5.0 

Co Output Capacitance 10 

NOTES: 

(;1) Measurement Criteria: Input voltage swing, all inputs: 0.8V to V55 -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) tRoLv is the time between refresh cycles for a given row address. 

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

TIMING 
Vat 

UNITS NOTES 

mA Output 
mA Open 

/LA V1=Vss-1V 

/LA V1=0.8V 
mA Note 3 
µA 

UNITS NOTES 

ns Note 1 
ns 

Note 1 
ns 
pF TA=:25°C; V1=Vss; 

f=1MHz 
pF T A=25°C; V0 =Vss-5V; 

f=1MHz 

120mV 10, t-----.;:- - - - - - - - - - - - - - =------ ACCESS TIME (Fig. 1-A) 

MK4008·9P 60mV 

MK4008·9P 20mV - - - - - - - - --

C=IOOpF 
R=200" 

200X Im - - - - - - - - - - - - -1 - - - _.! - - - - - - -~ - - - -
0 i ' 

NEW O 
ADDRESSllACCESS 

TIME-

t,~200nanosec (Typ) 

Figure 1-A illustrates the measurement 
of access time after application of new 
address for the MK 4008 P-9. 
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DESIGNING AN 
ASYNCHRONOUS 
MEMORY SYSTEM 
USING THE MOSTEK 
MK 4008-9 RAM 

by ERNIE FINK* 

INTRODUCTION 

The asynchronous memory system 
is popular 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 performs the requested 
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 memory without 
complicated control logic. 

This note describes the design of 
as asynchronous memory system 
using the MOST EK MK 4008-9dy
~amic 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. 

MREQ 

READ 

SENSE 

AMPS(S) 

DATA IN 

DATA 
INPUT 

LATCHES 

a 
DRIVERS 

(8) 

MEMORY 
MATRIX 4KX8 

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 

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 
pull up resistor also serves to term
inate the driven signal line mini
mizing signal distortion due to re
flections. The resistor val ueshould 
be chosen with the trade-off of 
power dissipation versus termina
tion efficiency in mind. Care must 
be taken to prevent overshoot of 
the signal above the V ss 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 is enabled. 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 th is 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 
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REFRESH TIMING AND CONTROL LOGIC r----------------------------------, 
RFREQ 

..--------~RFAI 

.----------'- RFA2 
....-------..!... RFA3 
.----T---:.... RFA4 

D Q 1----.;...RFA5 

SVSTEM 
TIMING 
LOGIC r-

___________ _J 

RFCY 

- - - - - - - - - - - --- - , 
T 

1-----=-RFCY 

I 

I I 

L __ - - - - - - - - - - - - - - - - - - - --
_____________ _J 

r - - - - - - - - - - - - - ;- -~ - - - - - - - - - - - - - SlGNETics-1 
I RFCY I 

00 00 R/W 
READ I D Q p----;____. I 

1 am9 
R/W 1 74 I 

CONTROL IK 
LOGIC 1 T.-....,_ +5 

I I 

L----------------------------------.J 
NOTE: ALL DEVICES ARE 74 XX X SERIES 

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-0 Red 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 deta i I ed drawing of an asynch ro
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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I WRITE CYCLE REFRESH CYCLE : READ CYCLE 

_J \,_ _________ _,Y\'------MREQ 

READ 

--1 ,.- 20 NS MAX 
AOORESSES --...V--
AOO DATA -A.__ 

-.., ~80NSMAX 

~ 1 REFRESH 
,._;....j 125 NS MAX I t ADORESS 

ADLOC 

1 

ADDRESSES ~ x x 
AND DATA I I 
TO MK4008 1 -------' '-------..J '-------

- 9 I lo- 500NS M'llJl~':...l_1 ___ ~ 
R/W TO I v Y1 \ A 
MK4008-9 ~ \__JI 

I 
MACK 

DATA OUT 

REFRESH 
REQUEST 

RFCY 

'--- l.155us---' 
I CYCLE TIME 

NOTES: ALL MK 4008-9 ARE DISABLED AND THE REFESH 
ADDRESS IS MULTIPLEXED TO THE MEMORY BY RFCY 

30NSMAX...: 1--

=x= 
I 
I 
I 

THE TIMING WAS CALCULATED USING 74175'1 FOR INPUT80UTPUT 
LAlt:HES, 741571 FOR MULTIPLEXERS, AND 8T09 
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 JJ,Sec (distributed 

RFA 1 

RFA 2 

RFA 3 

RFA 4 

RFAs 

l 

'--

RFCY 

74157 

STRSEL 

~l 

74157 

STR SE\ 

~1 

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

SIGNET I CS 
8T09 

f',.. --K -
K 

..... 
-

K 
..... 
-v --

.~ -.. 

FIGURE 4 - Complete diagram of row address multiplexers and line drivers. 
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The refresh timing and control log
gic uses a one-shot to time-out 
the period between refresh cycles. 
When the time has expired, a Re
fresh Request (RF R EO) is issued 
to the cycle timing logic. If the 
cycle timing logic is timing out 
a cycle when the Refresh Request 
is received, it will wait until the 
cycle in progress has ended and 
then begin the refresh cycle. If 
a Memory Request (MREQ) is 
issued while a refresh cycle is in 
progress, the refresh cycle will fin
ish and then the memory request 
will be accepted. This is illustra
ted in the timing diagram in Fig
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. 
Upon completing the refresh cycle, 
the one-shot is retriggered to start 
the time-out until the next refresh 
cycle and increment the refresh 
address counter. 

The cycle timing logic generates 
all the timing signals that are need
ed for a cycle 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 d'ata 
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 a write 
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 3 is a timing diagram show
ing three cycles for the MK 4008-9 
memory system. The first cycle 
is a write cycle, the second is a 
refresh and the third isa read cycle. 



75107 DUAL LINE RECEIVER 
-12 

44K r - - - - - - - - - - .., 

220..ll. I 

I i 
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v 
3 

2 
75107 
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STROBES 
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REFERENCE POTENTIAL 

- 60 -40 - 20 - 0 + 20 + 40 MV 
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FIGURE 5 - 75107 sense amplifier application diagram. 

When a read cycle is completed, the 75107 non-inverting (+) input 
the output data is latched at the becomes more positive, by 25 mW, 
memory system output. Note the than the inverting (-) input, the 
output data remains true for a output will switch to a TTL "1" 
minimum of one cycle. For some level. The opposite occurs when 
applications, the input and output the non-inverting becomes more 
latcheswould not be needed. Seven negative than the inverting input 
74175 latcheswouldbeeliminated by 25 mV. The 75107 has a 50 
in this case and approximately 100 mVwindowwherethe output is in 
ns subtracted from the overall an indeterminate state. Figure 4 
system cycle time. shows the inverting input of the 

SENSE AMP 

The MK 4008-9 output is an open 
drain configuration and is speci
fied to produce .::;:; 60 mV for a 
"O" and;;;;. 60 mV for a "1" across 
a 200 n resistor and 1 00 pf capa
citor in parallel to GND at the 
800 ns access time. This small 
signal must be converted to a TTL 
level. The system shown in Fig
ure 1 uses a sense amp (Tl 75107 
Dual Line Receiver) to perform 
this furiction. The 75107 has the 
sensitivity, ease of use and the avai 1-
abi 1 ity 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 

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 switching to a TTL 
"1" level. At this point, the MK 
4008-9 will be sourcing 475µA 
and will have produced an 85 mV 
change across the 220!1 resistor. 
When the MK4008-9outputisfall
ing from a "1" to a "O", 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 
for propagation through the 75107 
and 7 4175 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 1 K static RAM devices. 
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256 BIT 

MK4007P 
MK4007N 

MOS Random Access Memory mDSTEK 
FEATURES: 
D Versatile RAM can replace any existing 1101-type 256x1 

MOS RAM pin for pin. 
D Ion-implanted for superior performance. 
D Lower power dissipation: TOTAL 370 mW max over entire. 

temperature range. 
o Faster access time: Typically 525 ns with Vo and Voo at -9V ... 
o Less temperature-sensitive: specified over entire AMBIENT •. 

temperature range 0° to 75°C. 
o Tight control of output sink current capabilities: made 

possible by use of depletion-mode transistors. 
o No restrictions on address input sequence, skew, or rise 

and fall times. 
D Full DTL/TTL compatibility. 
D Wide power supply range: +5V; -6.5 to -15V. 

APPLICATIONS: 

Ideal for small buffer storage requmng low cost, superior 
performance, and bipolar compatibility, such as: 
D Scratchpad memories 
D Data link buffers 
D Key-to-tape buffers 
D Tape-to-printer buffers 
D Editing memories. 

DESCRIPTION 
Ion-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 V0 
and V00 from -7 to -13.2V, V0 
and V00 may actually range from 
-6.5 to -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 
o· 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 "O", 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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Voo 5 

Vo B 

4 

PIN CONNECTIONS 
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ADDRESS 8 2 

ADDRESS 7 3 

Vo 4 

Vee 5 
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14 
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D;n R/W CS 
12 15 16 

CHIP SELECT 

R/W 

DATA OUT 
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DATA IN 

ADDRESS 4 
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ABSOLUTE MAXIMUM RATINGS 

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

DC OPERATING CONDITIONS 
(Ambient Temperature Range: 0°C to +75°C) 

PARAMETER 

Vee Supply Voltage 

Voo Supply Voltage 

Vo Supply Voltage 

VIL Logic "O" Voltage, any input 

VIH Logic "1" Voltage, any input 

ELECTRICAL CHARACTERISTICS 

MIN 

4.75 

-6.5 

-6.5 

Vee -2.0 

(Ambient Temperature Range: 0°C to +75°C. Vee= +5 V ±5%; 
V0 = V00 = - 7 V to -13.2 V, unless otherwise specified.) 

lorLI Output Leakage Current 

Cour Output Capacitance 

NOTES: 

TYP 

5.0 
-9.0 

-9.0 

0 

Vee 

7 

(1) Typical values at Vee= +s V, V0 = V00 =-9.0 V*, TA= 25°C. 
(*Except Standby Power) 

MAX 

5.25 
-15.0 

-15.0 

+0.8 

Vee+0.3 

1.0 

10 

UNITS 

v 
v 
v 
v 
v 

µA 

pF 

+ 0.3 V to - 25 V 
. . o·c to +75°C 
. -55° to +150°c 

COMMENTS 

See Fig. 1 for 

V0, V00 differential 

V0 = Vee -5V; CS = Logic 1; 
TA= 25·c. 

TA = 25°C; F meas. = 
1 MHz; V0 = Vee 
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TIMING 
(Ambient Temperature Range: 0°C to 75°C; Yee = +s V ± 5%; V0 = V00 = - 7V to -13.2 V, unless otherwise specified. See Notes 1 and 2.) 

PARAMETER MIN TYP MAX UNITS 

fwc Write Cycle Time 700 ns 
ClJ (I) fwd Write Set-up Delay 300 ns zz 

fwp Write Pulse Width 400 i=S! ns 
~~ f.i1d Data Lead Time 300 ns LIJZ o..o f:.i1g Data Lag Time 0 ns 0(..1 

tcw Chip Select Pulse Width 400 ns 

fAee Access Time 525 900 ns V0 = V00 = -9V ±5%. 
a:: tRC Read Cycle Time 800 ns (See Note 3.) 
~ 

fAeC Access Time 1.0 µS V0 = V00 = -7V to -13.2V. (..1 

(..1 
~e Read Cycle Time 900 ns (See Note 3.) :e 

~ foH Data Output Hold Time 100 ns 
i!5 fcse Chip-Select-to-Output Enable 300 ns 

fcso Chip-Select-to-Output Disable 300 ns 

NOTES: 

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

(2) R/W should be brought to logical "O" 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 (t0 H) may be subtracted from the maximum access time (tAccl· 

TIMING 
....._---tRC-----t ---

ADDRESS 
See Note~ 

CS------ ----------'-------t----

~ 
RIW---·-··'-t---,---------+.,..---,--

-- -- -- -- --~_:---~ 
OUTPUTS ______ --- __ -- __ ../\____./\___ 

1-----twc------i 

'"" lwp "-0 ns 

R/W -----+---~ 
----- ----- -- -- - 1-==....---"''d-----"''g __ _ 

DATA IN ______________ J( X~--

t==lcw==j 
CS -CO=:i~l=~ICS-E-~-----

OUTPUTS ~\\\\~-~~n,\\\\\'\ __ _ 

Vo ---n------------103·--------- l'-----
1, <200 ns ti <200 ns 

READ CYCLE 

Reading is accomplished with R/W (Read/Write) and 
CS (Chip Select) at logical "O." 

NOTE: CS logical "1" overlap time shown must be 300 
ns (max tcsel less than the desired access time; e.g., 
if desired access time tAee = 1.2 µs, then CS should 
go to logical "O" no later than 900 ns following ad
dress change. 

WRITE CYCLE 

~iting is accompli~ed with R/W at logical "1" and 
CS at logical "O." CS at logical "1" may overlap the 
address change as much as 50 ns. R/W may be taken 
to logical "O" coincidentally with an address change, 
but should not overlap an address change while in the 
logical "1" state. 

CHIP SELECT 

Chip Select at logical "1" causes the normal push-pull 
output buffers to be open-circuited for purposes of 
wire-ORing. The Chip Select may be used to access the 
memory at a faster rate by maintaining a constant 
address and selecting individual chips with the Chip 
Select input. 

POWER SWITCHING 

During standby operation the MK 4007 P will dissipate 
only 30 mW of power (typically) if the peripheral power 
supply, V0, is reduced to Vee· The R/W input may be 
maintained at logical "O" 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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VS SUPPLY VOLTAGE, (Vo aid Voo) 

!iii 
~200f---+-+---+--::..+""::;;l,l~..l-"""--t--+---i 
l5 

OOL..,.._-_~7-~+---9+--_~10~-~ll+--~-172---,-1~3---,-1~4---,,!-15 
SUPPLY VOLTAGE, Vo - Voo (VOLTS) 

AG. 6: WORST-CASE ACCESS TIME VS SUPPLY VOLTAGE 
(At V.rious Capacitances and Ambient Tomperab11!S) 

I J 
9'f---+v_cc_j~+_s.o~·~I---+---+-+--+--=~-~ 

~iat 1Jc ~ _j..----
$ ·3 ~~a"'1"""1s±.cc--+--+l---++--=-l""'=+1--l __.. 
] ~-:::/Jf:--:-,, z"""'s·c~f--r- ~ 

~.7l--+~~oo~'.!1_~at~7s~·c:=:~:;;;;f:===f~~~~-=±4--~ 
~ .6 ln~~pfltat'.:'.2~s]tc =t:=t=:J:::=t=i""' 

ioo iii at 25:c 
51----+--+---+-TI -+----+---+--~ 
Oi..,..-'---'----'-..,.__-'--__._-'---'---' 

0 ~ ~ -9 ~ ~ ~ ~ ~ ~ 
SUPPl.Y VOLTAGE, Vo - Voo , (VOLTS) 

AG. 8: MK 4007 P MEllGllY CtlL 

-151---+--+----ll--+---+---+-+--+-

,;;- -141--t-v_eeT=_+--j5Vf-+--5-i-%-f--t----t---c 

~ -131---+--+-1--+---+--+-

~ -121---t--+----<I--+---+-

~ -111--t---+----<f-+--b!SI 

~ - 10r--t---+--1hmi!iiF-+-+--+ 

~ -91---+---+____,,._+--+ 

~ ~f--+---+--"F--+--t-~=-t-+ 

~-,H~-----~1---+--+----ll--+--+--+-+---+--+----lf---t 
o....,,,.-+---+----<+--+-__.,_--+-+---+-~----l~ 
0 ~ -7 -8 -9 -10 -ll -12 -13 -14 -15 

PERIPHERAL SUPPLY VOLTAGE, Vo (VOLTS) 

-I 

AG. 4: OUTPUT CURREllT VS OUTPUT VOLTAGE 
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PACKAGE 
16-pin ceramic dual-in-line 

AG. 2: ACCESS TIME VS SUPPLY VOLTAGE, (Vo ) 

Vee - +5.0V 
T, -25'C 
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AG. 7: SUPPLY CURREllT, Oo nd loo~ 
VS SUPl'LY VOLTAGE (Vo nd Voo) 
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PACKAGE 
16-pin plastic dual-in-line 

Suffix N 
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SUPPLEMENT 
MK4007P-4 
MK 4007N-4 

256-BIT 

MOS Random Access Memory mDSTEK 

o Low-cost 256x1 RAM in 16-pin package. 

o Identical with Mostek's MK 4007 P in all 
specifications except output current 

DESCRIPTION 

This economical version of Mostek's 256x1 bit 
RAM is identical with the MK 4007 P in all elec
trical characteristics except output current. Per
formance, operating conditions, timing character
istics, package, and all other specifications are 
Identical with the MK 4007 P. See the MK 4007 P 
Data Sheet for additional information. 

ELECTRICAL CHARACTERISTICS 

FUNCTIONAL DIAGRAM 

Vee 

Voo 5 

Vo 8 

4 

Din R/W CS 
12 15 16 

(AM'iient Temperature Range: 0°C to + 75°C. Vee = +s V ± 5%; V0 = V00 = - 7 V to -13.2 V, unless otherwise specified.) 

PARAMETER MIN TYP MAX UNITS CONDITIONS 

lo Supply Current, V0 8.0 16 mA Vo= Voo = -9V ±5% 
loo Supply Current, V00 4.0 9 mA Outputs open-circuited. 
Po Power Dissipation, Total 170 370 mW 

lo Supply Current, V0 19 mA Vo= Voo = -13.2 V 
loo Supply Current, V00 10 mA Vee= +5.25 V 
Po Power Dissipation, Total 535 mW Outputs open-circuited. 

Psosv Power Dissipation, Standby 30 75 mW V0 = Vee: V00 = -9V ±5% 

l1(L) Input Leakage Current 1.0 µA v,N = ov, TA= 25°C 

C1N Input Capacitance, Any Logic Input 7 10 pF TA = 25°C, F. Meas. = 

Cv101 Capacitance, V0 Power Supply 35 pF 1 MHz; Tested input =Vee 

--

loL Output Current, Logic "O":@ TA = 25°C 3.0 5.6 mA V0 ~ +0.40 V rec ~ 5.0 V ±5% 
Output Current, Logic "O":@ TA = 70°C 2.0 mA V0 = +0.40 V V0 = V0o = -9.0 V 

loH Output Current, Logic "1" -1.0 -4.2 mA V0 = +2.6 V ±10% s loLe Output Clamp Current, Logic "0" 8.0 mA V0 = -1.0V 

A. 
lo(L) Output Leakage Current ... 

:> 
0 

Cour Output Capacitance 

NOTES: 

(1) Typical values at Vee= +sv, V0 = V00 = -9.0V*, TA= 25°C. 
(*Except Standby Power) 
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MK 4096 P 
4096x 1 BIT DYNAMIC 

MOS Random Access Memory moSTEK 
FEATURES 

o Standard 16-pin DJP 
D All inputs TTL compatible, including the strobes 
D On-chip latches for addresses, chip select, and data in 
D Three-state TTL compatible output 
D Chip select decode does not add to access time 
D Output data latched and valid into next cycle 
D Random read or write cycles under 500 nsec 

random access under 350 nsec 
D Low power: active power under 400 mW 

standby power under 12 mW 

DESCRIPTION 
The MK 4096 is a 4096x1 bit dynamic random access 
memory circuit fabricated with MOSTEK's special Self
aligned, Poly-Interconnect, N-channel (SPIN) process to 
minimize cell area and optimize circuit performance. The 
single transistor cell uses a dynamic storage technique 
and each of the 64 row addresses requires refreshing 
every 2 milliseconds. 

A unique multiplexing and latching technique for the 
address inputs permits the MK 4096 to be packaged in 
a standard 16-pin DIP on 0.3-inch centers. This package 
size provides high system bit densities and is compati
ble with widely available automated testing and inser
tion equipment. 

System oriented features of the MK 4096 include direct 
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 
optimize noise immunity, and two chip select methods 
to allow the user to determine the speed/power charac
teristics of his memory system. 

ADDRESSING 

The 12 address bits required to decode 1 of 4096 cell 
locations are multiplexed onto the 6 address pins and 
latched into the on-chip row and column address latches. 
The Row Address Strobe (RAS) latches the 6 row add-
ress bits into the chip. The Column Address Strobe {CAS) 
latches the 6 column address bits plus Chip Select (C'S) 
into the chip. Since the Chip Select signal is not requir-
ed until well into the cycle, its decoding time does not 
add to the system access or cycle time. 

FUNCTIONAL DIAGRAM 

WRITE----! 
CHIP SELECT 

(~) 

4096 BIT 

STORAGE ARRAY 

PIN CONNECTIONS 

Vss 1 16 

D1N 2 15 

WRITE 3 14 

RAS 4 13 

Ao 5 12 

A2 6 11 

A, 7 10 

VGG 8 9 

.....,__Vea 
+--VGG 

-vcc 
~Gnd 

Vss 

CAS 

DouT 

cs 
A3 

A4 

A5 

Vee 
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ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to V BB .................................................... -0.5Vto +30.0V 
Operating Temperature (Ambient) ........................................ 0°C to 70°C 
Storage Temperature (Ambient) ......................................... -55°C to 15cf C 

RECOMMENDED DC OPERATING CONDITIONS 
(O c~ TA ~ 10 Cl 

PARAMETER MIN TYP MAX UNITS NOTES 

VGG Supply Voltage 11.4 12.0 12.6 volts 

Vee Supply Voltage Vss 5.0 VGG volts 1, 11 

Vss Supply Voltage 0 0 0 volts 

VBB Supply Voltage -9.9 -9.0 -8.1 volts 

VIH Logic 1 Voltage, all inputs 2.4 5.0 volts 1, 13 

VIL Logic 0 Voltage, all inputs -1.0 0 .8 volts 1, 13 

RECOMMENDED AC OPERATING CONDITIONS 
(0° C ~TA ~ 70°C)(V GG = 12.0V ± 5%; Vee = 5.0V ± 10%, V55 = OV, V88 = -9.0V ± 10%) 

PARAMETER MIN TYP MAX UNITS NOTES 

t RC Random Read or Write Cycle Time 500 nsec 2 

t RP Row Address Strobe Precharge Time 150 nsec 

t RCL Row to Column Strobe Lead Time 150 nsec 2 

t CPW Column Address Strobe Pulse Width 200 nsec 

t AS Address Set-Up Time 0 nsec 2,3 

t AH Address Hold Time 100 nsec 2,3 

t RCS Read Command Set-Up Time 0 nsec 3 

t RCH Read Command Hold Time 0 nsec 4 

t RPW Read Command Pulse Width 200 nsec 

t WCH Write Command Hold Time 150 nsec 3,5 

t WP Write Command Pulse Width 200 nsec 

t CRL Column to Row Strobe Lead Time -50 +50 nsec 6 

t CWL Write Command to Column Strobe Lead Time 200 nsec 12 

t OS Data In Set-Up Time 0 nsec 12 

t DH Data In Hold Time 150 nsec 12 

t RFSH Refresh Period I 2 msec 

t MOD Modify Time 0 10 µsec 7 
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DC ELECTRICAL CHARACTERISTICS 
(0°C ~TA~ 70°C) (VGG= 12.0V ± 5%; Vee= 5.0V ± 10%, V55 = OV, VBB = -9.0V ± 10%) 

PARAMETER MIN TYP MAX UNITS NOTES 

I GG1 Average VGG Power Supply Current (Random Cycle) 10 30 mA 15 

I cc Vee Power Supply Current mA 8 

I BB Average V BB Power Supply Current (Random Cycle) 100 µA 

I GG2 Standby V GG Power Supply Current 1 mA 

I 1 (L) Input Leakage Current (any input) 10 µA 9 

I O(Ll Output Leakage Current 10 µA 

VoH Output Logic Voltage @ louT = -5 mA 2.4 volts 

Vol Output Logic 0 Voltage @ I OUT= 2 mA 0.4 volts 

AC ELECTRICAL CHARACTERISTICS 
(0°C ~TA~ 70°C)(VGG= 12.0V ± 5%, Vee= 5.0 ±10%,V55 =OV,VBB =-9.0V±10%) 

PARAMETER MIN TYP MAX UNITS NOTES 

t RAC Access Time from Row Address Strobe 350 nsec 2, 14 

tcAC Access Time from Column Address Strobe 200 nsec 3 

toFF Output Buffer Turn-Off Delay 0 100 nsec 3 

C11 Input Capacitance (Ao-As) 10 pF 

C12 Input Capacitance (RAS, CAS, D1N, WRITE, CS) 7 pF 

Co Output Capacitance ( D ouT) 8 pF 

NOTES 

1. All voltages ref~ced to V ss· 
2. Referenced to RAS leading edge. 
3. Referenced to CAS leading edge. 
4. Referenced to GAS trailing edge. 
5. Write Command Hold Time is important only when performing normal random write cycles. 

During read-write o~ad-modify write cycles, the Write Command Pulse Width is the limiting parameter. 
6. Referenced to the RAS trailing edge. 
7. Referenced to access time. 
8. Depends upon output loading. The V CG supply is connected only to the output buffer. 
9. All device pins at 0 volts except V BB at -9 volts and pin under test which is at +10 volts. 
10. Output disabled by chip select input. 
11. Output voltage will swing from V ss to V independent of differential between V ss and V cc· __ 
12. These parameters are referenced to them 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 tRCL = 150 nsec. 
15. Typical V GG 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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DA:fA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an 
on-chip register. The data is strobed into the register by 
a combination of WRITE and CAS. The last ofthese 
signals making its negative transition is the strobe for the 
Data In register. This flexibility in timing permits several 
optionsinthe write timing. lnawritecycle,if the WRITE 
input is activated at the beginning of a cycle, then the 
Data In· is strobed by CAS and the set-up and hold time 
are referenced to this signal. In this instance the output 
will unconditionally go to a logic 1 at access time. If the 
cycle was to be a read-write cycle or read-modify-write 
cycle, then the WRITE input would not 92....!_o a logic 0 
until after access time. But now, because CAS is already 
at a logic 0, the Data In is strobed in by WRITE and the 
set-up and hold time are referenced to it. The only other 
timing constraint in write-type cycles besides Data In 
set-up and hold time is that both WRITE and CAS be at 
a logic 0 for a sufficient time to accomplish the write. 

At the beginning of a memory cycle the state of the Data 
Out latch and buffer depend on the previous memory 
cycle. If during the previous cycle the chip was unselect
ed, the output buffer will be in its open-circuit condi
tion. If the previous cycle was a read, read-write, or read
modify-write cycle and the chip was selected, then the 
output latch and buffer will contain the data read from 
the selected cell. This output data is the same polarity 
(not inverted) as the input data. If the previous cycle 
was a write cycle (WRITE active low before access time) 
and the chip was selected, then the output latch and buf
fer will contain a logic 1. Regardless of the state of the 
output it will remain valid until CAS goes negative. At 
that time the output will unconditionally go to its open
circuit state. It will remain open circuit until access time. 
At access time the output will assume the proper state 
for the type of cycle performed. If the chip is unselect
ed, it will not accept a WRITE command and the output 
will remain in the open-circuit state. 

PACKAGE DESCRIPTION 

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

INPUT/OUTPUT LEVELS 

All inputs, including the two address strobes, will inter
face directly with TTL. The high impedance, low capa
citance (<10pF) input characteristics simplify input dri
ver selection by allowing use of standard logic elements 
rather than specially designed driver elements. The three
state output buffer is a low impedance to Vee for a logic 
1 and a low impedance to V95 for a logic 0. The separate 
V cc pin allows the output buffer to be powered from the 
supply voltage of the logic to which the chip is interfaced. 

POWER DISSIPATION/STANDBY MODE 

Most of the circuitry used in the MK. 4096 is dynamic 
and draws power only as the result of an address strobe 
edge. Because the power is not drawn during the whole 
time the strobe is active, the dynamic power is a function 
of operating frequency. Typically, the power is 120mW 
at a 1 µsec cycle time; with a worst case power of less 
than 400 mW at a 500 nsec cycle time. To reduce the 
overall system power the Row AddressStrobe(RAS) must 
be decoded and supplied to only the selected chips. The 
CAS must be supplied to all chips (to turn off the un
selected outputs). But those chips that did not receive 
a RAS will not dissipate any power on the CAS edges, 
except for that required to turo off the output. If the 
RAS is decoded and supplied to the selected chips, then 
the Chip Select input of all chips can be at a logic 0. The 
chips that receive a CAS but no RAS will be unselected 
(output open-circuited) regardless of the Chip Select in
put. 

REFRESH 

Refresh of the cell matrix is accomplished by perform
ing a memory cycle at each of the 64 row addresses 

~ery 2 milliseconds or less. Any read cycle refreshes 
t e selected row, regardless of the state of the Chip 

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 the selected cell. 
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WRITE CYCLE 
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READ-MODI FY-WRITE CYCLE 
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1024x 1 BIT STATIC 

MK 4102 P 
MK 4102 P-1 

MOS Random Access Memory mOSTEK 

FEATURES 
D Direct TTL compatibility- all inputs and output 

D Three-State Output 

D Single supply: +5V 

D Fast access and cycle time: 
MK 4102P 1 µs; MK 4102P-1 450 ns 

D Standard 16-pin DIP 

D Completely static: no clocks or refreshing required 

DESCRIPTION 

The MOSTEK MK 4102 is 
a completely static 1024x1 bit 
random access memory cir
cuit. It is constructed with 
N-channel silicon gate deple
tion mode technology. 

All inputs are directly com
patible with TTL circuitry. The 
output of the memory is a 
three-state buffer. The high 
impedance "OFF" state cou
pled with the Chip Select (CS) 
input permits the construction 
of large memory arrays with 
a minimum of additional cir
cuitry. The static operation 
requires very little system 
overhead and makes the MK 

4102 Ideally suited to small 
and medium size memory 
applications. 

The pin connections and func
tional operation are similar to 
MOSTEK's popular 1024x1 bit 
dynamic random access mem
ory chips, the MK 4006 and 
the MK 4008. By eliminating 
the dynamic storage the re
freshing is not required. This 
point, in conjunction with the 
direct TTL compatibility in 
and out of the memory chip, 
makes memory system design 
with the MK 4102 less com
plicated. 

FUNCTIONAL DIAGRAM 

o,. __ ___. 
R/W----i 

Ci -----1 

DOUT·-----1 

1024 BIT 

AltltAY 

PIN CONNECTIONS 

Ae I 16 A7 
As 2 15 Ae 

R/W 3 14 A9 
A1 4 13 ~ 
A2 5 12 0 our 
A;, 6 11 D1N 
A, 7 10 Yoo 
Ao 8 9 Yss 



ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V55 ••• . • . • • . . • • • • . . . • . . • . • • • • • • • . . • . . • . • . • • . • -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 s TA s 70°C) 
----· 

MK 4102 P - MK 4102 P-1 
PARAMETER MIN MAX UNITS NOTES 

Voo Supply Voltage 4.75 5.25 volts 

Vss Supply Voltage 0 0 volts 

V1H Input Voltage, Logic 1 2.2 5.25 volts 

VIL Input Voltage, Logic O 0 .65 volts 

RECOMMENDED AC OPERATING CONDITIONSPI (0°C s TA s 70°C) 

MK 4102 P-1 MK 4102 P 
PARAMETER MIN MAX MIN MAX UNITS NOTES 

tRC Read Cycle 450 1000 nsec 

twc Write Cycle 450 1000 nsec 

twp Write Pulse Width 300 750 nsec 

tAW Address to Write Pulse Delay 100 200 nsec 

tos Data Set-Up Time 330 800 nsec 

toH Data Hold Time 50 100 nsec 

tcw 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 = -f--5V -+- 5%, V5s = OV, 0°C s TA s 70°C) 

MK 4102 P-MK 4102 P-1 
PARAMETER MIN MAX UNITS NOTES 

loo Supply Current 70 mA output 
open 

IL1 Input Leakage Current 10 µA VIN= ov 
to 5.25Vl2l 

I Lo Output Leakage Current 10 0A 
V0 = 0.4V 
to 5.25Vl31 

VoH Output Voltage, Logic 1 2.2 volts loH = -100µ,A 

VoL Output Voltage, Logic 0 .40 volts IOL = +3.2mA 

AC ELECTRICAL CHARACTERISTICSPI (V00 +5V -+- 5%, Vss = OV, 0°C s TA s 70°C) 

MK 4102 P-1 MK 4102 P 
PARAMETER MIN MAX MIN 

tACC Access Time 450 

tcs Chip Select Time 200 

tea Chip Deselect Time 200 

C1 Input Capacitance (Any Input) 6 

Co Output Capacitance 10 

Nqtes: (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 toad = 1 standard TTL load +100pF. 

(2) Vss = Voo = OV 
(3) Chip disabled 

MAX 

1000 

300 

300 

6 

10 

UNITS NOTES 

nsec 

nsec 

nsec 

pF f = 1MHz 
V1 = OV@25°C 

pF 
f = 1MHz 
V1 = OV@25°C 
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PACKAGE (16-lead ceramic dual-in-line hermetic package) 

TIMING 

---I 300 r--! TYP I 

~ 
po~s• i 
L Jko10'.001 

.34 TYP 

READ CYCLE 

------ tRc-----91 
~------,. ------

ADDRESS 

tAcR----.i ------------------,1 
CHIP SELECT 

READ/ WRITE 

DATA OUT 

tACCESS ~ 

---------------------)(~~~~ 

WRITE CYCLE 
i.----- t we ------

ADDRESS 

CHIP SELECT 

READ/WRITE 

DATA IN 

CHIP SELECT AND DESELECT 

CHIP SELECT 

DATA OUT 

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



MK 4102P-6 

1024x1 BIT STATIC 

MOS Random Access Memory mOSTEK 

FEATURES: 

D Direct TTL compatibility - all inputs and output 

D Three-State Output 

D Single supply: +5V 

D Fast access and cycle time: 275 ns 

D Standard 16-pin DIP 

D Completely static: no clocks or refreshing required 

DESCRIPTION: 

The MOSTEK MK 4102-6 is a 
completely static 1024x1 bit ran
dom access memory circuit. It 
is constructed with N-channel sili
con gate depletion mode techno
logy. 

All inputs are directly compat
ible with TTL circuitry. The 
output of the memory is a three
stare buffer. The high impedance 
"OFF" state coupled with the 
Chip Select (CS) input permits 
the construction of large memory 
arrays with a minimum of addi
tional circuitry. The static opera
tion requires very little system 

overhead and makes the MK4102-6 
ideally suited to small and med
ium size memory applications. 

The pin connections and func
tional operation are similar to 
MOSTEK's popular 1024x1 bit 
dynamic random access memory 
chips, the MK 4006 and the MK 
4008. By eliminating the dyna
mic storage the refreshing is not 
required. This point, in conjunc
tion with the direct TTL com
patibility in and out of the mem
ory chip, makes memory system 
design with the MK 4102-6 less 
complicated. 

FUNCTIONAL DIAGRAM 

DIN ___ __, WRITE 

R/W ___ __,CIRCUIT 

cs 

SENSE 
OUTPUT 

DouT----1 

1024 BIT 

ARRAY 

As As A7 Aa Ag 

PIN CONNECTIONS 

As I 16 A1 
A5 2 15 Ae 

R/W 3 14 A9 
A1 4 13 cs 
A2 5 12 DouT 
A3 6 11 D1N 
A4 7 10 Voo 
Ao 8 9 Vss 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V ss· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -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 <TA< 70°C) 

PARAMETER MIN MAX UNITS NOTES 

Voo Supply Voltage 4.75 5.25 volts 

Vss Supply Voltage 0 0 volts 

V1H Input Voltage, Logic 1 2.2 5.25 volts 

VIL Input Voltage, Logic 0 0 .65 volts 

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

PARAMETER MIN MAX UNITS NOTES 

tRC Read Cycle 275 nsec 

twc Write Cycle 275 nsec 

twp Write Pulse Width 200 nsec 

tAW Address to Write Pulse Delay 0 nsec 

tos Data Set-Up Time 175 nsec 

tOH Data Hold Time 50 nsec 

tcw Chip Select Pulse Width 175 nsec 

tWA Write Pulse To Address Delay 50 50 nsec Write Cycle 

tACR Address to Chip Select Delay 125 nsec Read Cycle 

t Output Hold Time 50 
Chip Must 

OH nsec Remain Selected 

tACW Address to Chip Select Delay 50 nsec Write Cycle 

DC ELECTRICAL CHARACTERISTICS (V 00= +5V ± 5%, V88 = OV, 0°C <TA< 70°C) 

PARAMETER MIN MAX UNITS NOTES 

loo Supply Current 80 mA output open 

I LI Input Leakage Current 10 µA VIN =av 
to 5.25 V 

I Lo . Output Leakage Current 10 µA Vo = 0.4V 
to 5.25V 

VaH Output Voltage, Logic 1 2.2 volts loH=-100 µA 

Val Output Voltage, Logic 0 .40 volts 10 L =+3.2 mA 
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AC ELECTRICAL CHARACTERISTICS (V 00= +5V ± 5%, V55 = OV, 0°C <TA < 70°C) 

PARAMETER MIN· MAX UNITS NOTES 

tACC Access Time 275 nsee; 

Chip Select Time 150 
Address stable 

1:cs nsec for T AR_C_ 

tco Chip Deselect Time 100 nsec 

C1 Input Capacitance (Any Input) 5 pf 
f = 1MHz 
V1 = 0\f@25°_f 
f = 1 MHz 

Co Output Capacitance 10 pf V1 =OV@25°C 

TIMING 

WRITE 
I I I 
I~ lAW tWA ~ 

-----<f--~~ ------twp i,.-----~1---------

R/W 1 
I 

tDH i.-- I 

" t---tos----- 1 I 

DATAIN ___ ___:. ____ ,)<l:_~:_5 _______________ o~::~~: ________ _ 
0.65 

~ t~ I 
______ I_ I 

CE twA_, ~l ~ 
I : j"" : 
I I I I 

R/W A: --~I-------· 

I I I 
I I tcs ----i--- toH 3<. 
I I ------~ 1 ____ _ 

DATA OUT - - -:-:- - - - - - - - - - - - - ~·· - - - - - -1<(::5 ---

1 

/ 
READ 

------------ tACC 

CHIP SELECT AND DESELECT 

CHIP SELECT 

DATA OUT 

This timing assumes that the addresses for at least tACR prior to Chip Select. 
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PACKAGE (16-lead ceramic dual-in-line hermetic package) 
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8-BIT Microprocessor 

FEATURES: 

D 8-bit parallel microprocessor on a single chip 
D 51 basic instructions/81 instructions with 

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

servicing 
LJ Single 40-pin package 
D OMA capability 
D Requires standard power supply voltages 
D 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 32KX8 bits of memory. 

Six control input signals provide control of the CPU and seven 
status output signals indicate the current status 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 
mode. Each page of memory consists of 256 locations, and 
there are 128 pages of memory. If subroutine call and return 
instructions are to be used, the first page of memory must 
be implemented with RAM because page zero is used as a sub
routine return address stack. Thus up to 128 subroutine levels 
may be nested. 

The MK 5065 is capable of executing 51 basic instructions. 
These basic instructions may be modified by instruction mod
ification fields in the instruction format to expand the total 
number of executable instructions to 81. These instructions 
are divided into ten functional instruction categories: 

1. Accumulator Instructions 6. Exchange Instructions 
2. Immediate Instructions 7. Skip Instructions 
3. Memory Instructions 8. Status Change Instructions 
4. Jump Instructions 9. Accumulator/Link Instructions 
5. Shift Instructions 10. Input/Output Instructions 

Seven instruction formats provide direct or indirect, page or en
tire memory addressing capability. Additionally operations in
volving immediate data may be performed. A 4-bit "free field" 
in the 1/0 instruction allows the user to define a program con
trolled peripheral communication language set. 

Two independent interrupt lines which are selectively enabled 
under program control select one of three operating levels for 
the CPU. 

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

v,, 
HO BUS 

H1 BUS 

H2BUS 

H3 BUS 

H4BUS 

H5BUS 

H6BUS 

H7 BUS 

VG G 

WRITE 

PESY 

OMA 

MAC 

WAIT 

BUSY 

NC 

STEP 

LEV 2 

LEV 1 

MK5065P 

mOSTEK 

PIN CONNECTION 

- 1 40- FLAG -- 2 39-- NC -- 3 3B- Voo -- 4 37- DATA STROBE -- 5 36- LOBUS -- 6 35- L 1BUS -- 34- L2 BUS - 33- L3 BUS -- 9 32- L4 BUS - 10 MK 5065 31- L5 BUS -- 11 30- L6 BUS - 12 29- L 7BUS - 13 28- CLOCK - 14 27- STATE STROBE - 15 2s-- NC - 16 25 -- NC 

17 24 -- NC - 18 23- RESET - 19 22- INT 2 

-20 21- INT 1 

NC" NO CONNECTION 



BLOCK DIAGRAM 

CLOCIC 

DISTRIBUTION 

(+ 5) 
Vss~ 

{- 5) 
Voo~ 

(- 12.) 
VaG____. 

BLOCK DIAGRAM DESCRIPTION 

RESET 
INTERRUPT 
INTERRUPT 
STEP 

WAIT 

HIGH 
PROGRAM 

COUNTER I 

HIGH 
PROGRAM 

COUNTER 2 

HIGH 
PROGRAM 

COUNTER 3 

HIGH 
~MORY 

111!8~ ~ 

AOR DATA 

H BUS 

As shown in the CPU Block Diagram above, the MK 
5065 is organized as a triple level parallel central pro
cessing 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 transmit1s 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. 

CONTROL LOGIC 

.----,__~_, MAIN LINK 
I 

MAIN LINK 
2 

MAIN LINK 
3 

AUXILIARY 
LINK 3 

L BUS 

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 control led 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 capabil_ity is provided_ by 
two interrupt input signals. Level 3 1s the lowest prior
ity operating level. If the CPU is operating on level 
3 and an interrupt two (I NT2) 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 
previouslyenabledbyanlnterruptOn 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 
elementswhenservicingan interrupt or 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. 

1/0 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 the peripheral. During the second state strobe 
pulse peripheral data is clocked into the peripheral out
put register ifan input instruction is being executed. 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 Instructions - 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 lnstwctions - 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 specifi~s 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 is a 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 ts a logical 
zero. A logical 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 subroutine immediate 
instructions. Thelocationspecified by the address field 
is located in the same 4KX8 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 c<?n
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 bft field of this single byte instruction contains 
the instruction code. 

1/0 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 makes use 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
cant bits of th is instruction contain the instruction code. 
The two least significant bits define the interrupt that 
is to be enabled or disabled by the instruction. The 
least significant bitspecifys interrupt one and the second 
modifier bit specifies interrupt two. 
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MK5002/5/7P 
MK5002/7 N 

MOS 4-Digit Counter/Display Decoder moSTEK 

FUNCTIONAL DIAGRAM 

/.SEGMENT OUTPUTS * BCD OUTPUTS * * 
G F E D C B A MSii 1iiiffi 

9 

BLANKlNG INPUT * 
DECIMAL POINT INPUT * 
DECIMAL POINT * 
LEFT OR RIGHT INPUT 

U-tLUW-+J_j__).+,~==r-+-.--o 100 DIGIT SELECT OUTPUT (LSD) 

SCAN INPUT u---r-·~---, 101 DIGIT SELECT OUTPUT 
!01 DIGIT SELECT OUTPUT 

r-T"r--tr----i-i~-i--r__,'---_,-,-v IOJ DIGIT SELECT OUTPUT (MSD) 

i~t~JFER O-tr===:::;l~--'L~~~..___,~__,,..-
OVERFLOW LATCH OUTPUT * 

COUNT EXTEND OUTPUT 

RESETO-+----->--~-~-~~--~ 

INPUT 
A 

F ,-:;-, B 

Ef-f c 
o 

SEGMENT IDtNTIFICATION 

GENERAL DESCRIPTION 

Vss Voo VGG 

**not available on MK 5005 P 
* not available on MK 5007 P 

The MK 5002/5/7 P is an ion-implanted, P-channel MOS four
decade synchronous counter with latches, multiplexing circuits, 
and a read-only memory programmed for seven-segment outputs 
and BCD outputs. In addition, many on-chip control circuits pro
vide flexibility of use with a minimum of external components. 

The MK 5002/ 5/7 P provides a means of counting up to 9999, 
transferring the count into latches without interrupting the count
ing operation, and supplying the latched information to the out
puts one ,decade at a time. Scanning is controlled by the Scan 
Input which increments a one-of-four counter on its negative 
edge, thereby scanning the latches from MSD (Most Significant 
Digit) to LSD (Least Significant Digit). 

Low threshold voltages for input DTL/TTL compatibility are 
achieved through Mostek's ion-implantation process. Enhance
ment mode, as well as depletion-mode, devices are fabricated on 
the chip, allowing it to operate from a single +5V power supply. 
Depletion-mode technology also allows the entire circuit to 
operate on less than 25 mW of power. 

The functional diagram shows all options available on the 
MK 5002 P MOS/LSI. Other members of this family which are 
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 
does not include the BCD outputs. The MK 5007 P is supplied 
in a 16 pin package. (See the pin diagrams for these members 
of the counter/display decoder family.) 

TRUTH TABLES 

INPUT TRUTH TABLE 

Input Logic Condition to Activate 

Count Negative Edge 

Reset 0 

Transfer 0 

Scan 1 (Negative Edge increments 
Digit Select Counter) 

True/Comp 1 ement 1 = True Data 
0 = Complementary Data 

Desimal Point 0 
---
Blanking 0 

Decimal Point 1 = Left 
Left or Right 0 = Right 

7-SEGMENT & BCD OUTPUTS 
TRUTH TABLE 

DISPLAY SEGMENT r-BCD--, 
- 22 --

Digit '5can a b c d e f g MSB 2 l LSB 

0 1 0 0 0 0 0 0 1 1 1 1 1 

1 1 1 0 0 1 1 1 1 1 1 1 0 

2 1 0 0 1 0 0 1 0 1 1 0 1 

3 1 0 0 0 0 1 1 0 1 1 0 0 

4 1 1 0 0 1 1 0 0 1 0 1 1 

5 1 0 1 0 0 1 0 0 1 0 1 0 

6 1 0 1 0 0 0 0 0 1 0 0 1 

7 1 0 0 0 1 1 1 1 1 0 0 0 

B 1 0 0 0 0 0 0 0 0 1 1 1 

9 1 

I 
0 0 0 0 1 0 0 0 1 1 0 

x 0 1 1 1 1 1 1 1 1 1 1 1 

True/Complement= Logic 1 

TRUTH TABLE, OTHER OUTPUTS 

True 
Logic 

Output State Time of Occurrence 

Digit One-of-four, following Scan Input 
Select 1 rising edge; all off when S.can In-
Outputs put is low. 
---
Overflow 0 Occurs on the 10,000 th Count Input 
Latch following a reset. Rema"i ns true 

until an external reset is accom-
plished. 

Count 1 Occurs each time the counter state 
Extend attains 9,999 count. Remains true 

only until the next Count Input or 
Reset occurs (when the counter rec 
turns to 0,000). 
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RECOMMENDED OPERATING CONDITIONS 

PARAMETER MIN TYP MAX UNITS 

Operating Temperature Range 0 75 oc 

Supply Voltage 4.5 7.5 v 

Supply Voltage Yoo -13. 2 v 

ELECTRICAL CHARACTERISTICS 
(Vss = +sv ± 5%; VGG = Yoo = 0 V; O' C :::; TA :::; 70° C unless otherwise noted) 

PARAMETER 

Input Voltage, Logic 0 (Low) 

Input Voltage, Logic 1 (High) 

,Supply Current, Vss 
Supply Current, VGG 

Input Capacitance 

Input Current, Logic 0, Count Input 
Scan Input 
Decimal Point Input 
Other Logic Inputs 

Output Current, Logic 0 

Output Current, Logic 1 

Output Voltage, Logic O 

Output Voltage, Logic 1 

Count Input Frequency 

Scan Input Frequency 

Reset to Any Output Delay 

Logic 0 Pulse Width, Reset Input 
Count Input 
Scan Input 
Transfer Input 

Logic 1 Time Count Input 
Scan Input 

Scan to Output Disable Time 
Digit Select Outputs 
All Data Outputs 

Scan to Output Enable Time 

Count 

Count 

Reset 

NOTES: 

Digit Select Outputs 
A 11 Data Outputs 

Input to Count Extend Delay to 1 or 0 

Input to Overflow Delay (On) 

Input to Overflow Delay (Off) 

i. v00 = o v 
2. Vss/VGG differential no more than 25 V. 
3. Internal pull-up resistors (approx 10 K Ohm) are 

provided at all inputs other than Count Input, 
Scan Input, & Decimal Point Input. 

4. VGG = -12V ± 10,. Outputs open. 
5. Measurement made at Vi • Voo + 0.4 V. This 

cond.ition is sufficient to represent a logic 0 
and hold off or override the internal oscilla
tors. Maximum current at VJ= +0.4V is 1.6 mA. 
400 pA source current at V55-1.0 is sufficient 

MIN TYP MAX UNITS 

VDD vD0+o.a v 

V55-l Vss Vss+0.3 v 

2.5 5.0 mA 

0.2 0.5 mA 

3 10 pF 

l.6 mA 
l.6 mA 
l.O J.IA 
l.O mA 

0.5 mA 

0.5 mA 

v00+0.2 v 

Vss-0.2 v 

DC 250 KHz 

DC 50 KHz 

15 )JS 

1.0 )JS 
1.0 JJS 

10.0 µs 
2.5 µs 

3.0 jJS 
10.0 .)JS 

15 µs 
15 JJS 

15 jJS 
15 J.IS 

15 jJS 

15 jJS 

5 jJS 

to represent a logic l and hold off or override 
the internal oscillators. 

6. IoL measured at Vo = Vss - O. 75 v. 
IOH measured at VQ = Voo + 0. 75 V. (See MK 5002 
P Application Note for output characteristics.) 

7. Delay measured from the negative edge of the 
Scan Input. 

8. Delay measured from the rising edge of the Scan 
Input. 

9. Delay measured from the negative eage of the 
Count Input. 

NOTES 

1, 2 

1, 2 

NOTES 

3 

4, Inputs open 

VGG=-12V 

TA=25°C;f=lMHz; 
VJN=Vss 

5 
5 

6,VGG=-12V 

6,VGG=-12V 

4 

4 

7 
7 

8 
8 

9 

9 
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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 this input from the Vss or VDD 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 0, 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 Vss. 

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 O 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 f'S following that edge. 

RESET CONTROL 

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

at logic o. 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 O 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, F Scan, must be much 

greater than four times FReset. 

Ideally, the Reset pulse should also be made narrow, to prevent 

its duration from causing the MSD to be ON much longer than 

the ottier 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 Blanking 

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 V GG 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 voltages. 

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/?P 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. 
Only the 28-pin package contains all available functions. 

TRANSFER INPUT 2 -RESET IN 3 

COUNT INPUT 

COUNT EXTEND 

MK 5002 P 

• 

OVERFLOW LATCH 6 l-_] 
DECIMAL POINT IN 7 

DECIMAL POINT S 
LEFT OR RIGHT 

BLANKING INPUT 9 ~ 
SCAN INPUT 10 

TRUE/COMPLEMENT l l 
CONTROL d 

BCD OUT, MSB 12 I 

BCD OUT 22 13 [j 
BCD OUT 21 14 qL_ ___ _ 

I 

28 Vss 

27 JOO DIGIT SELECT OUTPUT (LSD) 

26 JOI DIGIT SELECT OUTPUT 

25 102 DIGIT SELECT OUTPUT 

24 103 DIGIT SELECT OUTPUT (MSD) 

23 "A" SEG. 

22 "B" SEG. 

21 "C" SEG. 

20 "D" SEC. ?SEGMENT 
OUTPUTS 

19 "E" SEG. 

18 "F' SEG. 

17 "G" SEG. 

16 VDo 

15 !'!Bc""D""'ou"""T-, L~ss 

PHYSICAL DESCRIPTIONS 

MK5005 P 

VGG :]~· ~--
TRANSFER INPUT 

REsITiN 
COUNT INPUT 4 d 

COUNT EXTEND sdlJ 
OVERFLOW LATCH 6 

DECIMAL POINT IN 7 
DECIMAL POINT , g 
LEFT OR RIGHT 

BLANKING INPUT 

SCAN INPUT 10 

TRUE/COMPLEMENT> 11 
CONTROL 

Voe 12 

24 Vss 

23 JOO DIGIT SELECT OUTPUT (LSD) 

22 101 DIGIT SELECT OUTPUT 

21 102 DIGIT SELECT OUTPUT 

20 103 DIGIT SELECT OUTPUT (MSD) 

19 "A" SEG. 

18 "B' SEG. 

17 "C" SEG. 

16 , D" SEG. 7 SEGMENT 
OUTPUTS 

15 "E" SEG. 

14 "F" SEG. 

13 "G" SEG. 

MK 5007 P 

103 DIGIT SELECT (MSD) • 16 Vss 
102 DIGIT SELECT 2 15 VGG 
101 DIGIT SELECT 3 14 Voo (Ground) 

T0° DIGIT SELECT (LSD) 4 T3 ---zo BCD OUT LSB 
TRANSFER INPUT 5 12 ~ BCo"Ou't' 

RESET INPUT 6 11 22°mi'OuT 
COUNT INPUT 7 10 23 BcDOuT MsB 

COUNT EXTEND 8 9 SCAN INPUT 

(16-lead ceramic dual-in-line 
hermetic package)• 

(24 lead ceramic dual-in-line 
hermetic package)• 

(28 lead ceramic dual-in-line 
hermetic package)• 

~~~~P~~2;:~:-~ }[[[~ ]0;8006 -9 -----, I 

~--,~, L 
~4~035'.0101 

t~ ~~,.~ ~,a;: i -r-- I 
002 .,.... I 

7 EQUAL SPACES 100 -1 I 
I ~~g I I 

~ 
L j 1l-010•001 

*Suffix P 34 rYP 
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PACKAGE 16-pin plastic dual-in-line• 

~::;;:::.1 

~wvvvvmr+r~ 10~ ~ur .l~AX 

~j-".OIBTYP .060TYP 

PACKAGE 28-pin plastic dual-in-line. 

*Suffix N 

~~~~~~~_j___J_ 
1~"075•150 

_J_ ~ 
r-111u ;'"~ 
.o20M1N_1:.!1!.=aso~.002 -"tro1aTvP T 

--1 j.-PIN SPACING 
(SEE NOTE) 

.010 

S°TYP 

r:-,300J 

Fl 
P~\ 

J I/.-- !025 I L .32s ~ 

NOTES: 
I. THE TRUE-POSITION .PIN SPACING IS 0100 BETWEEN 

CENTER LINES EACH PIN CENTERLINE IS LOCATED 
WITIN !0.100 OF ITS TRUE LONGITUDINAL POSITION 
RELATIVE TO PINS I AND 28. 



MK 5009 P 
.--~~~~~~~~~MK5009N 

MOS Counter Time-Base Circuit mOSTEK 
D Ion-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 
D 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
vides frequency division 
ranges from 1 to 36x108• The 
circuit will operate from any 
of three frequency sources: 
the internal oscillator with an 
external RC combination; the 
internal oscillator with an ex
ternal crystal; or with an ex
ternally-a pp Ii ed TTL signal. 
Control inputs provide addi
tional versatility and allow the 
circuit to be used in a variety 
of applications including in
struments, timers, and clocks. 

With an input frequency of 1 

MHz, the MK 5009 P provides 
the basic time periods neces
sary for most frequency meas
uring instruments, i.e., 1 µs 
through 100 seconds. One
minute, ten-minute, and one
hour periods are also avail
able using a 1 MHz input. 
Using a 1 /1.2 MHz input, the 
MK 5009 P can also provide a 
50/60 Hz output for accurate 
generation of line frequencies 
in portable instruments or 
clocks. 
The time-base output (TIME 
OUT) is a square wave, its 
frequency determined by the 
selected counter division, and 
by the oscillator frequency or 
external input. The falling 
edge of the output square 
wave should be used to con
trol external gating circuitry. 

TIME OUT 
ADDRESS INPUTS WITHOUT RESET RESET 

Reset Max. Reset Min. 
RMAX = 0 RMAX = 1 RMAX = 0 

23 22 21 20 Ro =0 Ro =0 Ro = 1 

0 0 0 0 + 10° + 10° + 10° 
0 0 0 1 + 10 1 

0 0 1 0 + 102 Resets Resets 

0 0 1 1 + 103 

0 1 0 0 --;., 104 Counters Counters 

0 1 0 1 + 105 

0 1 1 0 + 106 to their to their 

0 1 1 1 + 107 

1 0 0 0 + 108 Highest Lowest 

1 0 0 1 --;-- 6 x 107 

1 0 1 0 + 36 X 108 States States 
1 0 1 1 6 X 108 

* -
1 1 1 0 2 x 104 

1 1 1 1 Ext. In. Ext. In. Ext. In. 

FUNCTIONAL DIAGRAM 

FEEDBACK I : 
FEEDBA~K 2 l 

CLAMP J '-----.J 

RESET MAX 6 

RESET 0 4 -t__~'.'_'.:':__j---+---
2' II 

BYPASS MODES (see page 3} 
Mode 1 Mode 2 Mode 3 

RMAX = VGG RMAX =0 RMAX = VGG 

Ro =0 Ro = VGG Ro = VGG 

+ 100 + 100 + 10° 
+ 10 1 + 101 + 101 

+ 102 + 102 + 102 
+ 103 + 103 + 10l 

+ 104 + 104 + 104 

+ 102 + 105 + 102 
+ 10l + 106 + 103 
+ 104 + 107 + 104 

+ 105 + 105 + 102 

6 x 104 6 x 104 6 x 10 1 

+36X105 + 36 x 105 + 36 x 102 

6 X 105 6 X 105 6 x 102 

- - -
2 x 10 1 2 x 10 1 2 x 10 1 

Ext. Int. Ext. Int. Ext. Int. 

*Addresses 1100 and 1101 result in Logic oat the output regardless of the state of the Reset Max. and Reset O inputs. 
Logic 1 = High = Vss 
Logic 0 = Low = Voo 
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ABSOLUTE MAXIMUM RATINGS 

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

Vss 

Voo 

VGG 

fxTAL 

fRC 

f EXT 

tPL 

tPH 

R 

VIL 

VIH 

RECOMMENDED OPERATING CONDITIONS 
(0°C <:'.TA <:'.70°C) 

PARAMETER 

Supply Voltage 

Supply Voltage 

Supply Voltage 

Crystal Frequency 

RC Frequency 

External Frequency 

Logic 0 Pulse Width, CLAMP 

Ext. Input 

Logic 1 Pulse Width, Ext. Input 

Reset Max 

Reset 0 

Feedback Resistance 

Input Voltage, Logic 0, Reset Inputs 
Reset (Bypass Mode) 
All Other Logic Inputs 

Input Voltage, Logic 1, All Logic Inputs 

ELECTRICAL CHARACTERISTICS 

MIN 

+ 4.5 

0.0 

- 9.6 

0.1 

DC 

DC 

-
200 

200 

10.0 

10.0 

.01 

0.0 

VGG 

Vss-1.0 

Wss · ... ~ +sv-+: 10%: v00 'OV;VGG. -12.0 v + 20%: 0 c .-::: TA<:: 70 C) 

PARAMETER MIN 

lss Supply Current, V ss 

IGG Supply Current, V6 G 

I IL Input Current, Logic 0 

VoL Output Voltage, Logic O 
VoH Output Voltage, Logic 1 2.4 

fsrA Frequency Stability w/ Volt. Change, RC Mode 
I Temp. Change, RC Mode 

Crystal Mode 

t. e Jitter, Edge-to-Edge Variation 

:·Typical values at Vss = +sv, Yoo= OV, VGG = -12V, and TA'" 25°C 

TYP 

Vss 

TYPt 

6.0 
6.0 

:±: 3.0 
- 0.2 

-

<15 

. + 0.3V to - 20V 
. 0°C to + 70°C 

. - 55°C to + 150°C 

MAX UNITS 

+ 5.5 v 
0.0 v 

- 14.4 v 

2.0 MHz 

200 kHz 

2.0 MHz 

I nsec 

nsec 

psec 

,11sec 

2.5 Mo 

0.8 v 
VGG + 1.0 v 

0.8 v 
Vss + 0.3 v 

MAX UNITS 

11.0 mA 
11.0 mA 

- 1.6 mA 

0.4 v 
I v 

%/V 
%/°C 

nsec 

NOTES 

Note 5 

Fig. 1 

Note 2 

I 

NOTES 

Note 1 

Note 2: 
V1 = 0.4V 

IOL = 1.6mA • 
loH = -4011A • 

Note 3 

Note 4 

Temp. & Sup-
ply Voltage 
Constant 

1. Logic inputs at Vss, output open circuited. Each logic input (see Note 2) contributes an additional 1.6 mA (max.) to lss when at logic 0. 
2. Logic Inputs are: Reset Max; Reset O; Address Inputs; Ext. Input; Ext/Int Select; and Clamp. 
3. Frequency variations due to power supply changes only. 
4. Crystal mode stability is dependent upon crystal. 
5 Minimum logic 0 time at clamp input is 50°/o of oscillator period. 

·voH, VoL apply only to Time Out. 



DESCRIPTION OF OPERATION 

The MK 5009 P consists basically of a series of 
counters, selectable via an internal multiplexer. 
The -:- 10 1 counter output is used to generate an 
internal clock signal for the 102 through 36x1oe 
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 (Cd specified for the selected crys
tal. It is recommended that C1 = C2 = 2 CL. 

RESET /BYPASS CONTROLS 

The MK 5009 P provides two different reset con
ditions. A positive-going pulse of 10 µS 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, V66 , 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. 

DSC. OUT 

Kn 

FEEDBACK 2 

C2'.25pF 

~FEEDBACK I 

Vss 

FIG. I 

PIN CONNECTIONS 

TIME OUT 1 

Voo 2 

EXT INPUT 3 

RESET 0 4 

EXT/INT 5 

RESET MAX 6 

CLAMP 7 

FEEDBACK 1 8 

PACKAGE 
16-pin ceramic dual-in-line 

I~ I 

~ 
Suffix P 

L j l-.,.,,, 
34TYP 

25Kii 
C2 

V DD D--1 f--.-_____.--< 9 FEEDBACK 2 

CJ v . 
Cl 

VDD ~ ~ FEEDBACK I 

b12Mn 

VDD 

FIG. 2 

• 16 VGG 

15 Vss 

14 2° 

13 21 

12 22 

11 2J 

10 OSC. OUT 

9 FEEDBACK 2 

PACKAGE 
16-pin plastic dual-in-line 

SuffixN 
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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. 

r------, 
I INPUT I 

I CIRCUITRY I 

: (FET, : 7413 
1 DIFF. AMP.) 
L __ r _ _J 

INPUT 
+5V 

2N 5447 

2Kn 

.-+---+---+ TRANSFER OVERFLOW 
COUNT LATCH 

r+-+-+--__, RESET 
'-------++-t__J LSD MK 5002 P 

~--1---+--++----+----+-+-----------+-+----' 2SD 

7404 

RESET 
12 M!l MAX 

0 s 

21 

CLAMP 
RESET 0 
EXT /INT 

23 

FB l MK 5009 P 

<J--'VVV--------< FB 2 2K!l 
(2) 

3SD lz 
MSD -: 
ABCDEFG~ 

r------
' DISPLAY 
I 

1 (FOR INTERFACE 
: REQUIREMENTS, REFER 
I TO MK 5002 p >-------' 

4 1 APPLICATIONS NOTE) 
I 

I 

- - - - - - - - _ _J 

L 10,000. Hz 
2. 100.00 kHz 
3. 1,000.00 kHz 
4. 10.000 MHz 

:::: 



MK50070 N 

CMOS Oscillator and Divider mOSTEK 
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 

MOTOR VOLTAGE WAVEFORM 

{PIN 6 RELATIVE TO PIN 8 ) 

+ 

I 0 

14 
TOSC 7 49, 152 

FUNCTIONAL DIAGRAM 

200.A. 

12 v 

13 

I 
.J 

2 15 

22M 
QUARTZ~-
CRYSTAL !""1.UJ 

- =¥ 

PIN CONNECTIONS 

OSC IN 

ZENER 

V DD(+) 

OUTPUT I 

OUTPUT 2 

OSCILLATOR - AMPLIFIER 

FREQUENCY 
DIVIDER 

I• 

2 

3 

4 

5 

6 
7 

8 

INTEGRATED CIRCUIT 

6 

8 

16 

15 
14 

13 

12 

II 

10 

9 

Clock 
Motor 
Coil 

OSC OUT 

Vss(-) 



ABSOLUTE MAXIMUM RATINGS OVER FREE-AIR TEMPERATURE RANGE 

Voltage on Any Pin Relative to V ss ..................•.•••....•...... +22V 

Operating Free-Air Temperature Range ............................... 0° C to 70° C 

Storage Temperature Range ........................................ -40° C to +100°C 

RECOMMENDED OPERATING CONDITIONS (0°C< TA< 70°C) 

PARAMETER MIN MAX UNITS 

Operating Voltage with 200 S"2 resistor +4 +18 Volts 

Maximum non-recurring Transient -75 +110 Volts 

ELECTRICAL CHARACTERISTICS (0°C <TA < 70°C) 

92 

PARAMETER 

Zener Voltage at I z = 100 µA 

Power Drain 

Total driver Voltage Drop s1 and 
S4 or s2 and s3 

Maximum Frequency 

PACKAGE DESCRIPTION 
16 pin plastic 

.010 

fr~o~ 
~~•NOM 

J{f-- !025 I L .32s --1 

MIN MAX 

10 14 

30 

3.145728 

NOTES: 

1. Pin 3 tied to Pin 4. 
2. Time Constant Equals 45 milliseconds 
3. With no load and VP. D - V SS = 10 volts 
4. v 00 -Vss=4V, L=2mA 

16 

~ I 
.850 

UNITS 

Volts 

mW 

Volt 

MHz 

9 

NOTES 

1 

2 

NOTES 

3 

4 
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MOS Calculator Series 

FEATURES: 

D Direct Segment Drive for LED's 

D Low Power Consumption 

D Single Power Supply Voltage 

D Internal Encoding of Keyboard Inputs 

D Internal Debouncing of Keyboard Inputs 

D Single 28-pin, Dual-in-line Package 

D ROM controlled 

ST AND ARD PRODUCTS: 

D MK 5020 A 8-digit, six-function 
(+, -, X, +, %, .J) with constant 

D MK 5021 C 10-digit, six-function 
(+, -, X, +, %, .J) with constant 

D MK 5022 A 8-digit, five-function (+, -, X, +, %) 
with constant fully independent 
memory, and store/recall memory. 

D MK 50203 8-digit, five-function (+, -, X, +, %) 
with constant, fully independent 
memory, reciprocal, and constant 
register exchange 

MK 5020 Series 

mOSTEK 

PACKAGE 28-pin dual-in-line plastic 

030NOM 
_l_ 

T 
10;900 

1-- s2s! 02s---!\L I -y-010 

~-------~__l_____L 
_J_~ .. 075. 150 

~ r- 11 IU ;25~ 
.020MIN_1:.J1i..=oso!po2 -jl.-a1eTYP -i-

---i f.--PIN SPACING j . O 
(SEE NOTE J 

NOTES: 
I. THE TRUE-POSITION PIN SPACING IS 0100 BETWEEN 

CENTERLINES EACH PIN CENTERLINE IS LOCATEO 
WITIN !0.100 OF ITS TRUE LONGITUOINAL POSITION 
RELATIVE TO PINS I ANO 28. 



ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(All voltages relative to Vss) 

Supply Voltage Range V GG .................................................... +0.3V to - 20V 

Input Voltage Range ......................................................... +0.3V to - 20V 

Output Voltage Breakdown SA-SG ........................................ +0.3V to - 7V 

Dl-Dll ....................................... +0.3V to -17V 

Operating Free-Air Temperature Range ......................................... O"C to +55°C 

Storage Temperature Range ............................................... -40 °C to+ 100°c 

RECOMMENDED OPERATING CONDITIONS (a~c ~ TA~ 55°C) 

PARAMETER MIN TYP MAX UNITS 

VGG Supply Voltage -12 -14.5 -17 volts 

VIH Input Voltage, Logic 1 v -1.2 
SS volts 

VIL Input Voltage, Logic 0 VGG Vss -5 volts 

</> Clock Period 5.5 11 ,,,sec 

ELECTRICAL CHARACTERISTICS (12 ~ v ~ 17; 0°C ~TA~ 55°C) 

PARAMETER MIN TYP MAX UNITS 

IGG Supply Current 6 mA 

I, Input Current (jiJ v,N Vss 150 300 ,,A 

RoN(SEGJ Segment Output "On" Resistance 300 750 n 

RoN(DIGJ Digit Output "On" Resistance 250 600 n 

loqSEG) Segment Output Leakage Current .1 10 ,,A 

IOL{DIGJ Digit Output Leakage Current .1 10 ,11.A 

NOTES 

1 

2, 8 

2 

3 

NOTES 

2 

4, 7 

4,8 

5,9 

6,9 

Notes: 

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

(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 µsec corresponds to approximately 44 msec 

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

"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 = 390 K 10% c 

c 22 pF 5% Clock Input 

for nominal 
R VGG 

140 KHz clock 15 

external circuitry (e.g., a display driver) must require less than 
2 mA from each digit output in order that the minimum value of 
V1H can be satisfied in all applications. 

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

SEGMENT AND DIGIT TIMING AND POLARITY 

Vs 

Segment 
Output 

Digit 
Output 

g+-

;+ 

i.&. --
-.. 

I I 

3 clock periods -.. -
39 clock perioua- -
(one digit time) 

The oscillator waveforms appears as a "sawtooth " 

voltage variation swinging between V SS and V GG /2. 

Note: Segment and digit outputs are turned on to 
Vss for a displayed segment. 95 
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DESCRIPTION 

The MK 5020 A is a six-function (+, -, X, -;-, %, V) 
8-digit calculator, featuring selectable constant, float
ing or fixed decimal point (selectable to eight posi
tions), selectable roundoff, algebraic or business entry, 
credit balance, chain calculations, leading zero supp
ression, and internal debouncing and encodingof k~j~, 
board inputs. 

Low power dissipation, broad supply voltage range, a 
single power supply, and an internal cloek oscillator 
makes the MK 5020 A ideal for battery-operated, hand
held calculators with lower system costs. 

KEY MATRIX 

DIGIT 
KEYS 

OPERATION 
KEYS 

DECIMAL
POINT 
SWITCHES 

MODE 
SWITCHES 
(CONSTANT) 

D 
D 

011 010 09 08 07 

REPRESENTS SWITCH - om 
K 

REPRESENTS SWITCH - oEfil (WITH DIODE) 
K 

06 05 

* 
** 

MK5020AN 
PIN CONNECTION 

C~CK ~ Vu 

KP 2 27 KQ 

DI 3 26 KN 

D2 4 25 KO 

D3 5 24 DP 

D4 6 23 H 

D5 7 22 G 

D6 8 21 F 

D7 9 

08 10 

09 II 

010 12 

011 13 

NC 14 

20 E 

19 D 

18 c 
17 B 

16 A 

15 VGG 

NC = NO CONNECTION 

D4 03 02 DI 

OPEN • FLOAJ"ING POINT 

r- ~ K0(7), K0(6), KQ(4) 
DIODES REQUIRED 

~ NO SWITCHES AT THESE NODES OF THE MATRIX 

DISPLAY FONT 
CONNECTIONS FOR SQUARE ROOT KEY 

entry result 
error minus overflow 

D [] 2 3 Lj 5 bl E3 9LE v D) 

strobed at digit 11 

output time 



SCHEMATIC 

DP SELECT 

NOTES 

UNLESS OTHERWISE SPECIFIED 

I ALL RESISTORS ARE 114W, 5•4 
2 ALL DIODES ARE IN4148 

PROBLEM 

PERCENT KEY 

Find 15% of 200 

Find 15% of 200 

Find 15% mark up 
on $200 ao1d total 

Find 22% discount 
and selling price 
on $526 

CONSTANT PERCENT 

Find 15% of: 
200, 450, 372 

0 

DISPLAY HP5082 

011 08 07 06 05 04 03 02 01 

~------'--------T -v 

I TT 500 LJ ,,--- v-; 

f~ 
u ITT500 

KEYBOARD 

CR4 ~ z;.CR3 

t---+--+--+-----t---+--+--+-----t--+--+---+--+----1 0 II 
r--+--+--+---!r----+--+--+----t--+----+---+---<010 

t---t--+--+--t---+--+--+-----t-~--+-+----109 

r----+--+--+----t--+---+---+--+---+---t-~08 

t---t--+--+-----lt----+--+--+--+-'---t------IO? 
t---t--+--+-----lt----+--+-+--'----106 

t---t---+--+-----t---+-t------105 
t---+--+--+----t--+-~~04 

t---+--+--+--1r-+----I03 
t---t--+-+----+----1 0 2 

r-'-~l3__,_12'--L1_1____.~1o_L9'----'--'8-L7_--'--'-6-~5;___;_;_•__,::;,3-+--<-+---<ol 
7z POii 010 09 08 07 06 05 04 03 02 DI 27 c

2
R ~ 

~~ ; Ka ['-+---HOc_R_1 ---< K 

19 MK 5020 A KN 26 KN 
~-------18~0 

KO l-'2~5+--+-~CR,-,-16 K 0 
~RNOUP 

AND ON 

~----------;c 
17 
16 B 

A ,KP Vss 0 

15 J;~I Ji Rl5 

~-------i~----------1 22 PF 390K 

Vn U 2 C 2 I ~----+----(~ J V" 

101,..1 

VGGt----'-----' 
-v 

r----~I _____ __,~u-v 

FIXED POINT KEY 
OR FLOATING CONSTANT ENTRIES REMARKS 

Floating * c 
15 
% 
x 

200 
= 

Floating * c 
200 

x 
15 
% 

Floating " c 
200 

+ 
15 
% This gives the mark up 
= This gives the total 

Floating * c 
526 

-
22 
% This is the discount 
= This is the selling price 

Floating on c 
15 
% 
x 

200 
= 

450 
= 

372 
= 

CR? 

DISPLAY 

0. 
15. 

0.15 
0.15 
200. 

30. 

0. 
200. 
200. 

15. 
30. 

0. 
200. 
200. 

15. 
30. 

230. 

0. 
526. 
526. 

22. 
115.72 
410.28 

0. 
15. 

0.15 
0.15 
200. 

30. 
450. 

67.5 
372. 

55.8 97 
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The MK 5021 Cisasix-function ft,-, X,+, %,v'l 10-
digit calculator featuring selectable constant, floating 
decimal point (selectable to ten positions), floating 
negative sign, algebraic or business entry,creditbalance, 
chain calculations, display blankingduringclaculations, 
leading zero suppression, and internal debouncing and 
encoding of keyboard inputs. 

Low power dissipation, broad supply voltage range, a 
single power supply, and an internal clock oscillator 
make the MK 5021 C ideal for battery-operated, hand
held calculators with lower system costs. 

KEY MATRIX 

DIGIT 
KEYS 

OPERATION 
KEYS 

OECIMAL
POINT 
SWITCHES 

MODE 
SWITCHES 
(CONSTANT) 

011 010 09 08 07 

CLOCK 

KP 

DI 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 

DIO 

Dll 

NC 

D6 D5 04 

MK5021CN 
PIN CONNECTION 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

• 28 v55 

27 KQ 

26 KN 

25 KO 

24 DP 

23 H 

22 G 

21 F 

20 E 

19 D 

18 c 

17 B 

16 A 

NC = NO CONNECTION 

D3 02 DI 

D REPRESENTS SWITCH - oft] * - OPEN ~ FLOATING POINT 

~ 
NO SWITCHES AT THESE 
NODES OF THE MATRIX 

D REPRESENTS SWITCH -
(WITH DI ODE ) 

DISPLAY FONT 

048 

* * - ~ + K0(7), K0(6), KQ(4) 
DIODES REQUIRED 

CONNECTIONS FOR SQUARE ROOT KEY 

entry result 
error overflow FLOATING 

MINUS 

DfJ2:3Y 55riagl[yn) 
strobed at digit 11 

output time 



SCHEMATIC 

PROBLEM 

PERCENT KEY 

Find 15% of 527 

Find 15% of 527 

Find 12.5% mark 
up and selling 
price on $450 
item 

Find 8.3% discount 
and selling price 
on $200 item 

CONSTANT PERCENT 

Find 15% of: 
200,450,372 

r A 8 c E F G 

DISPLAY HP5082 

P Dll 010 09 DB 07 06 05 04 03 02 01 

-v -v 

KEYBOARD 

I TT 500 ITT 500 f-- ,----,-- 'Vx 

CR4 ¢;; lf.CR3 

l---+--+--+----l--+--+--+---+--l--+--->--~011 
l---+--+--+----l--+--+--+---+--+---+-+--1010 

l---+--+--+----l--+---+--+---+---1--1---109 
1---+--+--+----l--+--+--+-----+--+----<oe 

l---+--+--+----1--+---f----'--+--1 0 7 
l---+--+--+----l--+-----'----106 

f---+--+--+----l>--------1 05 
l---+--+--1----~--404 

l----+--+-----1--103 
f---+----1---1 0 2 

13 12 I I 10 9 8 6 
i--,3,--------l---1 DI 

~ 011 010 09 

'-----"2-"-<2 ~ 
08 D 7 06 05 04 03 02 DI CR2 ¥-

KO l-'2'--7 ---'----" K 

KN I------" KN 21 F 
20 

MK 5021 C 
26 

KO l-'2"'-5-----" KO 

KP Vss ~ 

p1} Rl5 15 

"'\._) vss J~------1~------~ 22 PF 390K 

'--'< J.-----L---4 vss u2 I g~ J 
VGG 1-----'----_J 

-v 
] 

FIXED POINT 
OR FLOATING 

Floating 

Floating 

Floating 

Floating 

Floating 

-v-V 

KEY 
CONSTANT ENTRIES 

* 

* 

on 

c 
15 
% 
x 

527 
t 

c 
527 

x 
15 
% 

c 
450 

x 
12.5 

% 
t 

c 
200 

x 
8.3 

% 

c 
15 

% 
x 

200 

450 

372 

REMARKS 

This is the mark up 
fhis is the selling price 

This is the discount 
This is the selling price 

DISPLAY 

0. 
15. 

0.15 
0.15 
527. 

79.05 

0. 
527. 
527. 

15. 
79.05 

0. 
450. 
450. 
12.5 

56.25 
506.25 

0. 
200. 
200. 
8.3 

16.6 
183.4 

0. 
15. 

0.15 
0.15 
200. 

30. 
450. 

67.5 
372. 

55.8 99 



DESCRIPTION 

The MK 5022 A is a five-function (+, -, X, +, %), 8-
digitcalculatorwith fully independent memory. Only 
20 keys are required to implement the five functions 
with memory, resulting in a unit which is compact, 
economical, and simple to operate. Additional fea
tures are automatic constant, floating negative sign, 
algebraic entry, floating decimal point, chain calcula
tions, credit balance, leading zero suppression, dis
play' blanking during calculations, and internal de
bouncing and encoding of keyboard inputs. 

Low power dissipation, broad supply voltage range, 
a single power supply, and an internal clock oscillator 
make the MK 5022 A ideal for battery-operated hand
held calculators with lower system costs. 

KEY MATRIX 

DIGIT 
l<EYS 

OPERATION 
l<EYS 

OECIMAL
POrNT 
SWITCHES 

MODE 
SWITCHES 
(CONSTANT) 

D 
~ 

Dll DIO D9 De D7 

REPRESENTS SWITCH - Dru 
K 

NO SWITCHES AT THESE 
NODES OF THE MATRIX 

DISPLAY FONT 

D6 D5 

MK 5022AN 
PIN CONNECTION 

CLOCK 28 Vss 

KP 2 27 KQ 

DI 3 26 KN 

D2 4 25 KO 

D3 5 24 DP 

D4 6 23 H 

D5 7 22 G 

D6 8 21 F 

D7 9 20 E 

DB 10 19 D 

D9 II 

DIO 12 

Dll 13 

NC 14 

18 c 
17 B 

16 A 

15 VGG 

NC = NO CONNECTION 

04 D3 D2 DI 

MEMORY RESULT 
IN OVERFLOW FLOATING 

MINUS 

DCJ23Y 55189 USE n 
L 
~ 

100 

STROBED AT DIGIT 

II OUTPUT TIME 



SCHEMATIC l A 

DISPLAY HP5D82 

• c 0 E F G p 011 010 09 08 07 06 05 04 03 

~ 
~~ _, 

J l KEYBOARD 

I TT 500 I TT 500 

0 II 

010 
09 

08 
07 
06 
05 

04 

03 
02 

13 12 II 10 9 • 7 6 5 4 3 
01 

~ 011 010 09 OB 07 06 05 04 03 02 0 I 

'----------4H 
p 

21 
G 26 

20 
F KN KN 

19 
E MK 5022 A 

18 
0 

25 
17 

G KO KO 

16 • A v .. ,d v,, 

~Cl 1 15 

1 C2 

22 PF 390Kl 

o--Lv U2 T --....,_.; Vss 

SS _I .Ol;i.f 

v,, 
-v 

'-' -0-v 

KEY 
PROBLEM ENTRIES REMARKS DISPLAY 

MEMORY ADD ~} { Clears 
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 ~} [ clears 

memory 84.192 
+27.20 c clears display 0. 
-56.35 27.20 27.20 

~} [ adds display 27.20 
to memory L 27.20 

56.35 L 56.35 

~} [ subtracts display L 56.35 
from memory L 56.35 

R/S recalls difference L -29.15 
memory has credit 
balance 

MEMORY 
STORE ~} Scratch pad 

-29.15 
c 0. 

9/4, 9/5, 9/6, 9X4 9 f constant dividend 9. 
M stores 9. 

R/S l in memory L 9. 
L 9. 

4 division 11 1 L 4. 
quotient 11 1 L 2.25 

MEMORY RECALL R/S recalls memory L 9. 
L 9. 

5 divisor ti 2 L 5. 
quotient 4f 2 L 1.8 

R/S recalls memory L 9. 
L 9. 

6 divisor 11 3 L 6. 
quotient ti 3 L 1.5 

R/S L 9. 
x L 9. 
4 multiplier L 4. 

product L 36. 101 



DESCRIPTION 

The MK 50203 is a six-function (+, -, X, 7, %, 1/X), 
8-d igitcalcu latorwith f uUy independent memory. Addi
tional features are automatic constant, repeat add, ex
change, floating negative sign, algebraic entry, float
ing decimal point, chain calculations, credit balance, 
leading zero suppression, display blanking during cal
culations,and internal debouncingand encoding of key
board inputs. 

Low power dissipation, broad supply voltage range, a 
single power supply, and an internal clock oscillator 
make the MK 50203 ideal for battery-operated hand
held calculators with lower system costs. 

KEY MATRIX 

DIGIT 
KEYS 

OPERATION 
KEYS 

MEMORY 
KEYS 

MOOE 
SWITCHES 

D 
~ 

011 010 09 08 07 

REPRESENTS SWITCH - om 
K 

NO SWITCHES AT THESE 
NODES OF THE MATRIX 

DISPLAY FONT 

FLOATING 
MINUS 

06 05 

MK50203N 
PIN CONNECTION 

CLOCK 28 Vss 

KP 2 27 KQ 

01 3 26 KN 

02. 4 2!5 KO 

03 !5 24 NC 

04 6 

0!5 7 

06 8 

07 9 

08 10 

09 II 

010 12 

011 13 

NC 14 

23 c 
22 p 

21 A 

20 E 

19 D 

18 G 

17 B 

16 F 

1!5 VGG 

NC = NO CONNECTION 

04 03 02 DI 

EXTERNALLY CONNECT KO AND KO 

MEMORY RESULT MEMORY 
IN OVERFLOW OVERFLOW 

STROBED AT O!GIT 11 
OUTPUT TIME 



SCHEMATIC 

[ A 

DISPLAY HP 5082 

B c D E F G p Dll DIC D9 OB D7 D6 D5 D4 D3 

-v 

KEYBOARD 

'-1 I TT 500 ITT 500 !---' 

D II 

DIC 
D9 

D 8 
D 7 

D6 

D 5 

D4 

D 
D 2 

13 12 II 10 9 B 7 6 5 4 3 
D I 

....£L pDll DIC D9 DB D7 D6 D5 D4 D3 D2 DI 
18 

G 
16 26 

F KN KN 
20 E 
19 D MK 50203 

23 c KO 
25 

KO 
17 a ~ 21 A Vss i'i Voo KQ 

p2pf I I 390K J 15 

l i''" 
L+--- Ovss 

Vss 

U2 

VoG 

-v 

0 I -0 -v 
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KEY 
REMARKS ENTRIES REMARKS DISPLAY 

MEMORY ADD 

~} [Clears 1.0 
+27.84 Memory 0. 

+56.352 c Clears display 27.84 
27.84 27.84 

M L 27.84 
+ Memory in use indicator L 56.352 

56.352 L 56.352 

~} [ adds display L 56.352 
to memory L 84.192 

R/S recals total 

Exchange Operands 

26.37 2.18 = c 0. 
26.3 26.3 

26.3 
2.18 2.18 

12.06422 
2.18 726.3 = 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 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. 
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8-Digit Calculator Series 

FEATURES 

D Direct Segment Drive for LED's 

D Low Power Consumption 

D Single Power Supply Voltage 

D Internal Clock Requiring No External Components 

D Single 28-pin, Dual-in-line Package 

D Internal Encoding of Keyboard Inputs 

D Internal Debouncing of Keyboard Inputs 

D Regulated Segment Outputs 

D ROM Controlled 

STANDARD PRODUCTS 

D MK 50281 8-digit, five-function (+, -, X, +, %) 
with automatic constant and store/recal I memory 

D MK 50282 8-digit, five-function (+, -, X, +, %) 
with automatic constant, average function and item 
counter. 

D MK 50283 8-digit, six-function(+,-, X, +, %, y) 
with automatic constant 

8-DIGIT CALCULATOR 

KEYBOARD 

POWER 
SUPPLY 

DIGIT 
INTERFACE 

MK 50280 

SERIES 

SYSTEM DIAGRAM 

DISPLAY 

MK 50280 N Series 

moSTEK 

PIN CONNECTION 

Vss SF 

SG 

SD s,!\ 

SE SC 

SP I SET 

NC Voo 

NC MK50280 N KN 

NC o, 
KO D2 

NC 03 

011 04 

0 10 05 

09 05 

De 07 
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ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(All voltages relative to V ssl 

Supply Voltage Range V ............................................. +0.3V to -20V 

Input Voltage Range .................................................. +0.3V to -20V 

Output Voltage Breakdown SA-SG .................................. +0.3V to -17V 

Dl-Dll .................................. +0.3V to -17V 

Operating Free-Air Temperature Range ................................ 0°C to +55°C 

Storage Temperature Range .......................................... -40° C to +100° C 

RECOMMENDED OPERATING CONDITIONS (0°C <TA < 55°C) 

PARAMETERS MIN 

VGG Supply Voltage -12 

VIH Input Voltage, Logic 1 vss-1.2 

V1L Input Voltage, Logic 0 

<j> Clock Period 

ELECTRICAL CHARACTERISTICS (12 < V < 17; 0°C <TA < 55°C) 
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PARAMETERS 

IGG Supply Current 

11 Input Current@ V· 

RoN ISEGl: Segment Output "On" Resistance 

RoN 101Gl Digit Output "On" Resistance 

loL (SEG) Segment Output Leakage Current 

loL(DIG) Digit Output Leakage Current 

DI SPLAY FONT 

FLOATING 
MINUS 

NOTE: DISPLAY FLASHES FOR OVERFLOW 

MIN 

Vss 

SEGMENT 

Vss 

DIGIT 

TYP 

-14.5 

Internal 

TYP 

6 

150 

Programmable 

.1 

.1 

MAX 

-17 

MAX 

10 

10 

50280 
SERIES 

UNITS 

volts 

volts 

volts 

µsec 

UNITS 

mA 

JlA 

f;G 

f;G 

µA 

µA 



MK 50281 N 
DESCRIPTION 

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, D1-D 11 , are selected (conduct to Vs5) 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 V ~s when selected. When not selected, 
a segment output is in an open-drain state. The resultant display font 1s shown. * Segment output current 
is controlled by the lset 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 mi>s.t 
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. lset (pin 24) regulates the segment output 
current. Placing a resistor between pin 24 and V DD determines the peak segment current in the following 
manner 

VDD ~ 
Peak current= 10 X ~ ~ 

OVERFLOW 

VDD 
R 

Pin 24 

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 ~ondition. This causes the disgEay to_ bli_n_k repetit~vely as an overflow condition. The d_isplay_ will 
contain the correct answer(-;- by 10 to 8 s1gnif1cant 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 

MK50281 

KO 

KN 

% - 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 
DESCRIPTION: 

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. 

OUTPUTS 

The digit outputs, D1-D 11 , are selected (conduct to Vss) sequentially. Note that there is inter-digit 
blanking. The digit Imes 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 Vs;; when selected. When not selected, 
a segment output is in an open-drain state. The resultant display font 1s shown.* Segment output current 
is controlled by the lset 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. lset (pin 24) regulates the segment output 
current. Placing a resistor between pin 24 and V00 determines the peak segment current in the following 
manner 

OVERFLOW 

VDD 
Peak current= 10 XR 

Pin 24 

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 disBlay 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 

KO 

KN 

% - 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 list. This may be divided into the total to compute 
the average value. 

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



MK 50283 N 
DESCRIPTION 

The MK 50283 is a six-function (+, -, X, +, %, v'l, 8-digit calculator featuring automatic constant, float
ing 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. 

OUTPUTS 

The digit outputs, D1-D 11 , are selected (conduct to Vssl 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 V ss when selected. When not selected, 
a segment output is in an open-drain state. The resultant display font is shown.* Segment output current 
is controlled by the lset 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. lset (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 

OVERFLOW 

VDD 
Peak current= 10 X R 

Voo 
R 

Pin 24 

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 disglay 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 

MK50283 

KO 

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

i Computes the square root of the display. 
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281-----~ 

271------~ 

261-------~ .. 
••i----~-o 

7 MK 50280 22 
8 SERIES 21 J--(:::I:J--C:::::::)----j 

....-----1 ~t----{__!__J--C:::±:::>----! 

111--c::r::r-c::::::)----l 
11J--C::!:::>--C::::)----l 
••1--C:::I::::>--C:Y:)----l 
18 1---C::!:::::>--CI:)----l 
.. t---C::::L::>--Gm::>----1 

DC·DC 
CON· 

VERTER -:S.6 

RECOMMENDED INTERFACE CIRCUIT 

MK 50280N FAMILY 
vss =OV """""co""•c""u"'or,--~------J 

GROUND 

5"TYP 

t t 
_l_~Jbo~5r.;o 
T111u ~25~ 

.o20M1N -1:.I I i..::oso'!:.002 --lro•aTvP -r 
--1 J--P1 N SPACING 

(SEE NOTE) 

.030NOM 
_j_ 

T 

i.-- 625'!: 025----!t 
I -u-010 

NOTES: 
I. THE TRUE-POSITION PIN SPACING IS 0100 BETWEEN 

CENTER LINES EACH PIN CENTERLINE IS LOCATED 
WITIN !0.100 OF ITS TRUE LONGITUDINAL POSITION 
RELATIVE TO PINS I AND 28. 



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 de-de converter. 

The 64 Hz output device is an open-drain P-channel de
vice which will deliver 50 11A 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 

TIMING 

10 

6 
-----Voo 

DIAGRAM 

9 i-----~ 

1113 .JJ. SEC 

MK50040F-1 
MK50040F-2 

mOSTEK 

64 Hz 

~ 

o~~.~~ Jl ~ ~ l 
0 

1024 Hz 
OUTPUT 

-v I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
---1-- 13 JJ. SEC 
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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 TA = 25°C, Voo = -1.55V 

CHARACTERISTICS SYMBOL TEST CONDITIONS LIMITS 
MIN. TYP. 

Oscillator Frequency 
Operating Current IL 32768 Hz 3 

No Load 

Minimum Starting Voltage Vs -1.35 

64 Hz ON V 0 uT = -1 volt 50 75 
Output Current MK 50040F-1 1, output OFF VouT= -15volt Pin 3 - 0.01 

64 Hz ON V ouT= -1 volt 50 75 
Output Current MK 50040F-2 1, output 

OFF VouT=-10volt Pin 3 - 0.01 

Pulse Width tw(64) Pin 3 8 13 

Sink Pin 4 "0" VouT = Voo+.7V 200 -
Output Current 12 1024 Hz 

"1" V OUT= -.2V Source OU!Q_Ut 20 -

Pulse Width tw(1024) Pin 4 8 13 

It is very important in testing and application of low power time base IC's that external 
wiring or interconnection capacitance be minimal since such capacitance can cause significantly in
creased power consumption. 

64 Hz 

RECOMMENDED CIRCUIT 
for 32768 Hz crystal 

c::::=J XT AL 

Vss 101---.. 

~--~------12osc IN NC 9 

--------------~3 64Hz OUT NC 8 

Vss --+--e-----411--

MAX. 

5 

-

0.05 

-

0.05 

18 

-

18 

c 4 1024 Hz OUT NC 7 -l.55V 

V~0 =-3 .... -ISV----e-----i 5 NC Voo 61---.. 
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UNITS 

µA 

Volt 

µA 

µA 

µsec 

µA 

µsec 



SCHEMATIC 

Vss 10---

==:;:::I CR 
....._ __ --4...,__ ___ ..... 2 OS C IN NC 9 

3 64 Hz OUT NC 8 

4 1024 Hz OUT NC 7 - l.55V 

5 NC V00 6 t--~ 

PACKAGE 

INDEX AREA (D 1 d. p· 1) ot n 1cates In 

.050 TYP.L t 
J 

t t 
[ 

.015 TYP. 

t 
[.055 1 r.165 

L ±.010 _J 
.500 

.26 5 

f 

t L ±.001 
.005 
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MOS Digital Alarm Clock 

FEATURES 

114 

Single Voltage Power Supply 
Intensity Control 
Simple Time Setting 
4 or 6 Digit Display 
AM/PM and Activity Indicator 
Selectable Input Frequency and Output Mode 

MK 50250 - 12 hr/60 Hz or 24 hr/50 Hz 
MK 50253 - 12 hr/50 Hz or 24 hr/50 Hz 
MK 50254 - 12 hr/60 Hz or 24 Hr/60 Hz 

24 hr. Alarm 
Snooze Alarm 

DESCRIPTION 

The MK 50250 is a versatile circuit is compatible with 4 or 
MOS/LSI clock circuit manu- 6 digit seven segment multiplex
factured by MOSTEK using ed displays. An AM/PM and 
its depletion-load, ion implan- circuit activity signal is gene
tation process and P-channel rated by the chip. The alarm 
technology. The circuit can operates in a 24 hour mode, 
be used to construct a digital which allows the alarm to be 
alarm clock with the addition disabled and immediately reen
of only a simple power supply, ab led to activate 24 hours later. 
display, and standard interfac- The snooze inhibits an activa
ing components. (See Typical ted alarm for 10 minutes. 
Circuit Configuration). The 

MK50250N Series 

moSTEK 

FUNCTIONAL DIAGRAM 

PIN CONNECTIONS 

Vss I 

s, 2 

s, 3 

s, 4 

D6 5 

D 5 6 

D, 7 

D3 8 

ACTIVITY I NOICATOR D 2 9 

0 1 10 

INTENSITY CONTROL I I 

DISPLAY ENABLE 12 

TENS MIN SET 13 

HOURS SET 14 

D 
28 V00 

27 5 0 

26 Sc 

25 Se 

24 54 

23 AM/ PM 

22 50/60 Hz INPUT 

21 HOURS I Hz SELECT 

20 NC 

19 SNOOZE 

18 ALARM ENABLE 

17 ALARM OUTPUT 

16 NC 

15 DISPLAY MODE 



ABSOLUTE MAXIMUM RATING OVER OPERATING FREE-AIR TEMPERATURE RANGE 

Voltage on any pin relative to V ss 

Output Voltage Breakdown on any output relative to V ss 

Operating Free-Air Temperature Range 

Storage Temperature Range 

+0.3 to -18.0 V 

-18.0V@ 10 µA 

0°C to 55°C 

-40 ° C to + 1 00° C 

RECOMMENDED OPERATING CONDITIONS (O ° C ~ TA ~ 55°C) 

PARAMETER MIN MAX UNITS 

Operating Voltage V DD -18.0 -9.0 volts 
Relative to V ss 

Input Logic Levels 
"1" Logic Level V ss-0.3 Vss +0.3 volts 
"O" Logic Level -18.0 VDD+0.5 volts 

ELECTRICAL CHARACTERISTICS (9V ~ V ss - VDD~ 18V, 0 °C ~TA~ 55°C) 

PARAMETER MIN MAX UNITS 

Output Current 
s A -S GI D 6 -D1 AM/PM 

"1" Logic Level' 0.5 mA 
"O" Logic Level 

Alarm Output Current 
"1" Logic Level 0.5 mA 
"O" Logic Level -5.0 µA 

Supply Current, I DD 10 mA 

Input Current 
µA Tens Min Set, Hours Set 50 1000 

Hours/Hz Select 5 100 µA 
Alarm Enable,Snooze 5 100 µA 
50/60 Hz Input, Display Enable -15 -200 µA 

Notes: 1. 50/60 Hz Input has 3 volts of hysteresis for noise protection 5. Output voltage equal to VDD +4.0 volts. 

NOTES 

9 

1, 2 

NOTES 

3 
4 

3 
5 

8 

6 

7 

2. "Display Mode" and "Intensity" are three state inputs which 
will self seek third state if left open. 

6. For power up clear, capacitance to Vss must not exceed 20pF. 
7. Pull-up device provided on 50/60 Hz input. 

3. Output voltage equal to V 55-2.0 volts. 
4. Open drain output. 

8. Outputs open 
9. Pins 16 and 20 may be tied to V ss or left floating. 

PACKAGE DESCRIPTION 28-lead dual-in-line plastic package 

NOm 
'· The ll'IM.•IP(:lr ilioft.,.., INCint ii 1.100 betWWfl lllfttMlin. 

heh ~ICff aert1M"' loc.lldw.li'ltn f 0.01001111 trtiili 
.... MINJ011&ion ........ 10p1•1ft2&. 

---i.010 
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OPERATION 

The MK 50250 requires a single power supply with a 
voltage range from 9V ..;; V ss -V Do ..;; 18. 

0 Vss 

-9 
acceptable -18= Voo 

A Three State Input is one of the features which 
MOSTEK has employed on the MK 50250 to reduce 
system expense and simplify operation for the con
sumer. By switching Display Mode to one of three 
possible states the mode of operation is as follows: 

Display Mode Input 

V SS Alarm Set 

Open Real Time 

V DO Count Inhibit 

When in alarm set mode the alarm time is displayed and 
may be altered using the time set procedure (see setting). 
In the real time mode the real time is displayed andmay 
also be altered using the same procedure. Count inhibit 
halts the counting of the clock. The display shows the 
halted time and may be altered by the time set procedure. 

The display outputs of the MK 50250 requires the use 
of segment displays which can be multiplexed. The scan
ing oscillator is completely internal and requires no ex
ternal components. As can be seen in the timing dia
gram each digit is on 14.29% of the time required to 
scan all 6 possible digits when the intensity mode switch 
is on bright. 

'~~-~--~----~ 

40 US IMUU 
120 US (MAX) 

I DIM 
~2.60% ,.._._7.20'l'o 

' 

150 USM N MUM 

4'10us "'A~IM~ 

The Intensity Control Input provides the following 
degrees of display intensity: 

Intensity Control Input .M.a.d..e. D11ty Cycle 

V SS Bright 14.29% 

Open Medium 7.20% 

V OD Dim 2.60% 
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The intensity can be controlled either manually or auto
matically (see "Automatic Intensity Control diagram"). 

The display can be blanked by an external control by 
connecting the Display Enable input to V 00 . Leaving 
this pin open allows internal pull-up to V ss which 
enables the display. This feature allows the display to 
be time shared with other information. 

When power is initially applied both real time and alarm 
time will be at 12:00:00 midnight in the 12 hr. mode 
and 00:00:00 in the 24 hr. mode. The units minutes 
digit can be advanced at a 2 Hz rate by connecting 
both the hours set pin and the tens minute set pin 
to Vss, this also resets seconds to zero. The tens minute 
digit will advance at a 2 Hz rate when the tens minute set 
pin is connected to V ss. The hours digit will be advanc
ed by connecting the hr. set pin to V ss. The carry from 
one digit to the next more significant digit does occur 
so setting should be performed from the least significant 
digit to the most significant. Both pins have internal 
pul I-down resistors and can be either left open or tied 
to V00 when not being used. 

The chip can be used with either a 4 or 6 digit display. 
If digits D 1 and D 2 are not used to display seconds 
and tens of seconds, the user is unable to tell if the 
circuit is active until the minutes digit changes. In 
order to more quickly determine clock activity, a colon 
or other indicator can be flashed at a 1 Hz rate by 
connecting D 1 to Vss . D2 can then be used to drive the 
colon or activity indicator. The D 2 output used in this 
mode occurs during D4 and D 5 time so that thedeeimal 
point for digits D 4 and D 5 can be used as a colon. 

(10) 
DI 1-----Vss 

(9) ITT501 
02 f--------1 

- -- Digit 

I I Inverted 
to 

Obtain 

I _I I Colon 

Vss 
Voe -

DI 

02 LJ 02 

03 

04 

05 

06 

OPTIONAL ACTIVITY INDICATOR AND TIMING 



The AM/PM output operates with an 85% duty cycle at 
full intensity and conducts to V ss for PM indication. 

If a "brown out" occurs, the AM/PM indicator will flash 
at a 1 Hz rate to signify an incorrect display time. This 
low power indication continues until proper power is re
stored and the clock is reset. 

The Hours/Hz Select input is provided with an internal 
pull-down resistor to Vo.o· On the MK 50250 if this pin 
is left open or connected to V00 the clock will be in the 
12 hour/60 Hz mode; if it is connected to Y.ss. , it will 
be in the 24 hour/50 Hz mode. For the MK 50253 an 
open or v00 causes the clock to be in the 12 hour/60 Hz 
mode. The MK 50254 requires an open or Vss level for 
the 12 hour/60 Hz mode and a Vss level for the 24 
hour/60 Hz mode. 

The Alarm Enable pin enables the alarm when connec
ted ~o V ss . If it is left open it will disable the alarm 
due to an internal pull down resistor to V 0 . . When 
alarm occurs it may be disabled and immea9ately re-

ALARM OUTPUT 

TYPICAL CIRCUIT CONFIGURATION 

·T 005µ1 

v .. 

60 Hz 'iZ 
Voo 

I 200.n. 

+vss 

enabled and will activate 24 hours later at the alarm 
time. The output tone will be in the range of 400-600 
Hz, and has a 1/6 duty cycle which conducts to V ss 
50% of the time at a 1 Hz rate. 

The Snooze feature will temporarily turn off an activa
ted alarm signal to allow an additional 10 minutes sleep 
Momentarily connecting snooze to Vss will activate the 
snooze. If left open an internal pull down resistor to 
V 00will maintain the snooze feature inoperative. 

Voo 

47 K 

Intensity Control 

Photocond uctive / 
Cell 

Clairex Electric 

CL705L 

Vss 

AUTOMATIC INTENSITY CONTROL 

SNOOZE 
-----'-----vss 

l 
I ALARM ENABLE 

~--------- vss 
v .. 

ITT 
501 2N3904 

1 ALARM OUTPUT 
100../\.l/Z WATT 

Voo ® _] _u=!u..u..i...u.........,J:u....u....o..........,Nn:J....l:l/C .J:J...J:W:L~.J:I...... it _ALA-RM -SET-v:;EN 

2~ 1 8 REAL TIME 
117 VAC A r I 502 50 ------_J__- Voo 

COUNT INHIBIT 
14 

y c;r -, n;r Tn;r HOURS SET 
-----'--J-+-+-++---------___J_J L~_,__ ___ vss 

2QQJ\. 

(ANODES) 

COMMON 

CATHODE 
LEDS 

200.n. 

SEGMENTS A 8 C D E F G 

Dsl J J ~ ~ ~ 
D5 

D4 
D3 

D2 
DI 

DIGIT SELECT (CATHODES) FIG I 

Vss .____......_________..,. Vss 

ITT 

...- 501 

l--voo ,_____ 

ITT 
500 

TENS MIN SET 

Vss 
DISPLAY ENABLE 

INTENSITY 

1----..,vss 
I----.., Voo 

BRIGHT 

MEO. 
vss 

~OPEN 

....:0=' M'----- V DD 
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MOS Digital Radio Alarm Clock 

FEATURES: 

Clock Radio Application, Special Waveform 
Timing to Reduce RFI 

Single Voltage Power Supply 
Simple Time Setting 
Intensity Control 
4 or 6 Digit Display 
AM/PM and Activity Indicator 
12 hr. - 60 Hz or 24 hr. - 50 Hz Capability 
24 hr. Alarm 
Snooze Alarm 
Three Function Wake Select 
Incremental Sleep 
Count Inhibit 
DESCRIPTION: 
The MK 50265 is a versatile MOS/ 
LSI clock circuit manufactured by 
MOST EK using its depletion-load, 
ion implantation process and P
channel technology. The circuit 
can be used to construct a digi
tal radio alarm clock with the addi
tion of only a simple power sup
ply, display, and standard inter
facing components. The circuit 
is compatible with 4 or 6 dig
it seven segment multiplexed 

FUNCTIONAL DIAGRAM 

displays. An AM/PM and circuit 
activity signal is generated by the 
chip. The alarm has three modes 
ofoperation, toneonly, radio only, 
and radio followed by a tone. The 
alarm operates in a 24 hour mode 
which allows the alarm to be dis
abled and immediately reenabled 
to activate 24 hours later. The 
snooze inhibits an activated alarm 
for 10 minutes. The sleep feature 
activates the radio for an adjust
able period of time. 

50 Hz 

24 HR SELECT V88 V00 

50/60 Hz INPUT 
INPUT WAVE + COUNTER 

SHAPER 

TENS MIN SET 
TIME SET 

HOUR SET 
LOGIC 

DISPLAY MODE 

SLEEP ENABLE 
SLEEP 

PRESENT Tl ME REGISTER 
CONTROL 

WAKE SELECT 
RADI 0 OUTPUT CONTROL 

ALARM OUTPUT 
LOGIC 

CONTROL 
SNOOZE 

LOGIC 

ALARM 
ALARM SET TIME REGISTER 

ALARM ENABLE 
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MK50265 N 

mOSTEK 

PIN CONNECTION 

v,. I 40 N.C 

SE 2 39 Voo 
SF 3 38 SD 
SG • 37 SC 

MSO 06 5 36 SB 
N.C. 6 35 N.C. 

05 7 34 SA 
04 8 33 AM/PM 

03 9 32 50160 Hz INPUT 
02 10 31 50 Hi 24 HR SELECT 

LSD 0 I II 30 N.C. 
N.C. 12 29 RADIO OUTPUT 
N.C. 13 28 N.C. 
N.C. 14 27 WAt<E SELECT 
N.C. 15 26 SLEEP ENABLE 

INTENSITY 16 25 SNOOZE 
DISPLAY ENABLE 17 24 ALARM ENABLE 

TENS MIN SET 18 23 ALARM OUTPUT 

HR SET 19 22 N.C. 
DISPLAY MODE 20 21 N.C. 

DIGIT I 
DIGIT 2 

DIGIT 3 
DIGIT 4 
DIGIT 5 

DIGIT 6 

SA 
SB 
SC 

SD 
SE 
SF 
SG 

AM/ PM 

DISPLAY ENABLE 

INTENSITY 



ABSOLUTE MAXIMUM RATING OVER OPERATING FREE-AIR TEMPERATURE RANGE 

Voltage on any pin relative to V ss .......... . 

Output Voltage Breakdown on any output relative to V ss 

Operating Free-Air Temperature Range· 

Storage Temperature Range · · · · · · 

RECOMMENDED OPERATING CONDITIONS (0 ° C.;;; TA < 55°C) 

PARAMETER MIN MAX 

Operating Voltage V DD -18.0 -9.0 
Relative to V ss 

Input Logic Levels 
"1" Logic Level V ss-0.3 V SS +0.3 
"O" Logic Level -18.0 V DD+0.5 

+0.3 to -18.0 V 

-18.0V@ 10 p A 

0°Cto55°C 

-40 ° C to + 1 00° C 

UNITS 

volts 

volts 
volts 

ELECTRICAL CHARACTERISTICS (9V:;;:;; v SS - VDD~ 18V, 0 ° c :;;:;; TA :;;:;; 55°C) 

PARAMETER 

Output Current 
SA-SG, D6 -D 1 AM/PM 

"1" Logic Level' 
"O" Logic Level 

Tone Out and Radio Out Current 
"1" Logic Level 
"O" Logic Level 

Supply Current, I DD 

Input Current 
Tens Min Set, HRS SET 
50 Hz-24 Hr. Select 
Alarm Enable,Snooze 
50/60 Hz Input, Display Enable 
Sleep 

MIN 

0.5 

0.5 
-5.0 

50 
5 
5 

-15 
15 

Notes: 1. 50/60 Hz Input has 1% volts of hysteresis for noise protection. 

MAX UNITS 

mA 

mA 
µA 

10 mA 

1000 µA 
100 µA 
100 µA 

-200 µA 
200 µA 

5. Output voltage equal to VDD +4.0 volts. 

NOTES 

9 

1, 2 

NOTES 

3 
4 

3 
5 

8 

6 

7 

2. "Display Mode" and "Intensity" and "Wake Select" are 
thtee state inputs which will self seek third state if lef_t open. 

6. For power up clear, capacitance to Vss must not exceed 20pF. 
7. Pull-up device provided on 50/60 Hz input. 

3. Output voltage equal to V 55-2.0 volts. 
4. Open drain output. 

8. Outputs open 

9. Pins 22 and 30 must be tied to V ss or left floating. 

PACKAGE DESCRIPTION 40-lead dual-in-line plastic package 
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OPERATION 

The MK 50265 requires a single power supply with a 
voltage range from 9V ~ V ss -V DD ~ 18. 

0 Vss 

A Three State Input is one of the features which 
MOSTEK has employed on the MK 50265 to reduce 
system expense and simplify operation for the con
sumer. By switching Display Mode to one of three 
possible states the mode of operation is as follows: 

Display Mode Input 

V SS Alarm Set 

Open Real Time 

V DD Count Inhibit 

When in alarm set mode the alarm time is displayed and 
may be altered using the time set procedure (see setting). 
In the real time mode the real time is displayed and may 
also be altered using the same procedure. Count inhibit 
halts the counting of the clock. This display shows the 
halted time and may be altered by the time set procedure. 

The display outputs of the MK 50265 require the use 
of segment displays which can be multiplexed. The scan
ing oscillator is completely internal and requires no ex
ternal components. As can be seen in the timing dia
gram each digit is on 11.3% of the time required to 
scan all 6 possible digits when the intensity mode switch 
is on bright. 

Segment on time lags digit on time and segment off 
time leads digit off time so that RFI reduction R-C 
networks can be added to the segment lines. 

DISPLAY TIMING 

v,. 
DIGITN 

Voo---

DIGITN;- I 

v,,---+-----------1--

SEGMEN;ss j' I 
v,,---+--'" 

k- 8-20)JS 

I 
_J 

. ~ L 35-80)15 

NOTES· 

I DISPLAY SCANS DIGIT I (UNIT SECS) TO DIGIT 6 (TENS HR ) 
Z. SEGMENT POLARITY IS PROGRAMMABLE 1 

3 BLANKING TIME LINEARLY TRACKS DIGIT ON TIME 

The Intensity Control Input provides the following 
degrees of display intensity: 
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MODE INPUT DUTY CYCLE 

Bright 
Medium 
Dim 

19/168=11.3% 
11/168=6.5% 
3/168=1.8% 

The intensity can be controlled either manually or auta 
matically. 

The display can be blanked by an external control b~ 
connecting the Display Enable input to V DD. Leaving 
this pin open allows internal pull-up to V ss whid 
enables the display. This feature allows the display tc 
be time shared with other information. 

When power is initially applied both real time and alam 
time will be at 12:00:00 midnight in the 12 hr. 60 H2 
mode and 00:00:00 in the 24 hr. 50 Hz mode. The unit! 
minutes digit can be advanced at a 2 Hz rate by conn· 
ecting both the hours set pin and the tens minute set pin 
to Vss, this also resets seconds to zero. The tens minute 
digit will advance at a 2 Hz rate when the tens minute se1 
pin is connected to V ss. The hours digit will be advanc· 
ed by connecting the hr. set pin to V ss. The carry from 
one digit to the next more significant digit does occu1 
so setting should be performed from the least significan1 
digit to the most significant. Both pins have internal 
pul I-down resistors and can be either left open or tied 
to V00 when not being used. 

The chip can be used with either a 4 or 6 digit display. 
If digits D 1 and D 2 are not used to display seconds 
and tens of seconds, the user is unable to tell if the 
circuit is active until the minutes digit changes. In 
order to more quickly determine clock activity, a colon 
or other indicator can be flashed at a 1 Hz rate, by 
connecting D 1 to Vss . D2 can then be used to drive the 
colon or activity indicator. The D 2 output used in this 
mode occurs during D4 and D 5 time so that thede<::imal 
point for digits D 4 and D 5 can be used as a colon. 

(10) 
DI 1-----vss 

(9) ITT501 
02 1------~ 

1-
l_I 

1-1 
l_I 

Digit 
Inverted 

to 
Obtain 
Colon 

Vss ---------D-I --------
Voo -

D4 

D5 

D6 l_ 

OPTIONAL ACTIVITY INDICATOR AND TIMING 



The AM/PM ou~put operates with a 68% duty cycle at 
full intensity that conducts to V55 for PM indication. 

If a "brown out" occurs, the AM/PM indicator will flash 
at a 1 Hz rate to signify an incorrect display time. This 
low power indication continues until proper power is re
stored and the clock is reset. 

The 50 Hz/24 Hr. sele<;:t pin is provided with an internal 
pull down resistor to V 00 and if left open will cause the 
clock to operate in the 12 hour mode requiring a 60 Hz 
input. If it is connected to Vss it will operate in a 24 
hour mode requiring a 50 Hz input. 

The Alarm can operate in three modes according to the 
voltage on the wake select pin. The states are defined 
as: 

Wake Select Input 

Vss 
Open 
Voo 

Radio and Tone 
Tone Only 
Radio Only 

The Alarm Enable pin enables the alarm when connec
ted to Vss. If it is left open it will disable the alarm due 
to an internal pull down resistor to V 00 . When alann 
occurs it may be disabled and immediately reenabled 
and will activate 24 hours later at the alarm time. The 
outputtone will be in the range of 400-1000 Hz, and has 
a 1 /6 duty cycle which conducts to V ss 50% of the time 
at a 1 Hz rate. 

The radio out pin, when activated by either the alarm 
or sleep function, will conduct to V ss . 

ALARM OUTPUT 

When the radio tone mode is selected the radio out pin 
conducts to V ss at alarm time. Three minutes later the 
tone output will be enabled. Both remain on until inhibit
ed by the alarm enable control. Snooze will inhibit the 
alarm tone only. 

The Snooze feature will temporarily turn off an activa
ted alarm signal to allow an additional 10 minutes sleep. 
Momentarily connecting snooze to V ss will activate the 
snooze. If left open an internal pull down resistor to 
V 00 will maintain the snooze feature inoperative. 

The Sleep pin provides a means to turn the radio on for 
a specific period oftime (10 minute increments to a max
imum of 60 minutes). Adjustment of the time is accom
plished by momentarily connecting the Sleep pin to Vss· 
This causes the entire display to blink once for each 
10 minutes of accumulated radio on time. This time 
may be reset and the radio turned off at any time by 
depressing the snooze button. 
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MOS Clock Circuit 

FEATURES 

D 6-digit display 

D 12/24 hour operation and display 

D 50/60 Hz input 

D Single power supply operation 

D Easy to set 

D Standard products available 

Alarm Clock 

Clock Radio Clock 

Calendar Clock 

DESCRIPTION 

MK 5017 PAA 

MK 5017 P AN 

MK 5017 P BB 

The MK 5017 P is a versatile Only a single power supply is 

MOS/LSI clock circuit manufac- required for operation. All seg

tured by MOSTEK using its ments are turned on {pulled 

depletion-load, ion-implantation toward V5sJ causing an all "S's" 

process and P Channel technol- display as a power failure indi

ogy. Intended for a wide range cation when V00 is below the 

of timing applications, all of operating range. 

MK 5017 Series 

moSTEK 

SEGMENT IDENTIFICATION 

SA 

SD 

these clock circuits may be used FIGURE 1 
with either four or six digit dis- Data is multiplexed out of the 

plays. Operation from either a 

50 Hz or 60 Hz input frequency 

may be selected. Another MOS

TEK circuit {the MK 5009 P) is 

available to provide a 50 Hz sig

nal from a 1 MHz crystal, where 

line frequency control is unavail

able or inaccurate. A 50/60 Hz 

oscillator on the chip provides a 

temporary time base during 

momentary line frequency inter

ruptions so that timekeeping can 

continue if a backup battery is 

provided to maintain V00• 
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clock in the form of six sequen

tial seven-segment decoded dig

its. The segment coding is shown 

in figure 1. 

A scanning technique is em

ployed to sense control switch 

closures in order to minimize 

input pin connections. Using this 

method only two pins, KA and 

KB, are required to sense up to 

12 control switch closures. 

SEGMENT CODING 

SA SB SC SD SE SF SG 

0 1 

2 
3 
4 
5 1 
6 1 
7 
8 1 
9 1 



- MK5017AAP Digital Alarm Clock 

FUNCTIONAL DIAGRAM 

50/60TEMP 

601601N 

I H• 

jl REF __L__,-----, . ---,__,__ _ __, 

Vss 
'-----~+H-1--+H-l+H----_.--~ voo 

01 02 03 04 05 D6 SA SB SC SD SE SF SG 

INPUT MATRIX 

05 

G 

D rt] 
K 

04 

B 

TS -TIME SET 
AS - ALARM SET 
H 

03 

0 

M - USED TO SET HOURS, MINUTES 

SN - SNOOZE 
AE - ALARM ENABLE 
24- 24 HOUR DISPLAY SELECT 
50- 50 Hz INPUT SELECT 

02 

MOS/LSI DIGITAL ALARM CLOCK 

MK 5017 AA 

vss 1 24 50/60TEMP 

Voo 2 23 50/60 IN 

DI 3 22 KA 

02 4 21 KB 

03 ' 20 TONE 

D4 • 19 
1 "' 

06 7 18 CZI REF 

06 • 17 " SG 9 16 AM 

SF 10 " SA 

SE 11 14 SB 

so 12 13 SC 

01 

FEATURES 

D Alarm with 24 hour operation 

D Alarm tone generated on-chip 

D AM/PM indication 

D Snooze 

D 1 Hz output 

DESCRIPTION 

Time may be set in the Run 
mode while the clock circuit is 
counting or the clock may be set 
in the Time Set mode while the 
counters are stopped. Contents 
of the time counters is displayed 
in both the Time Set and Run 
modes. The clock is in the Time 
Set mode when the (TS) switch 
located at the intersection of the 
KA and 06 lines in the input 
matrix is closed. In the Time Set 
mode the time counters are 
stopped and the seconds and 
tens of seconds digits are reset 
to zero. 

The clock is in the Run mode 
when both the (TS) and the 
Alarm Set (AS) switches are 
open. In the Run mode, counters 
less significant than the one 
being set continue counting. 

Switches (M) and (H) in the in
put matrix are closed to cause 
individual digits to be incre
mented. The (M) switch causes 
the minutes digit to be incre~ 
mented. The (H) switch causes 
the hours digits to· be incre
mented. Closing both the (H) 
and (M) switches simultaneously 
causes the tens of minutes digit 
to be incremented. Incrementing 
of a selected digit occurs at a 
2 Hz rate and with the excep
tion of the tens of hours digit, 

digits more significant than the 
one being set will not increment. 

In order to accurately set the 
time to the nearest second the 
clock should be placed in the 
Time Set mode. After setting the 
time ahead, the clock should 
then be returned to the Run 
mode at the proper time in order 
to start the clock. 

The clock must be placed in the 
Alarm Set mode by closing the 
(AS) switch to set the alarm. In 
the Alarm Set mode the time 
counters continue timekeeping 
and the contents of the alarm 
counter is displayed. The alarm 
may be set to the nearest minute 
by manipulating the (H) and (M) 
switches in the same manner as 
when setting the time. 

Both the time counters and the 
alarm counters have an AM/PM 
indication which allows the time 
and the alarm to be set on a 24 
hour basis, rather than a 12 
hour basis. 

The Tone output occurs when 
coincidence between the alarm 
counters and the time counters 
is detected internally, if the alarm 
is enabled. The Tone output sig
nal is a train of positive going 
pulses whose nominal frequency 
is equal to the frequency of the 
scan oscillator divided by 140 
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and modulated at a 1 Hz rate. For a scan rate 
oscillator frequency of 100 KHz the Tone output 
frequency is approximately 700 Hz. The duty cycle 
of the Tone output pulses is approximately 3%. 
This signal suitably buffered may be used to drive 
a speaker, eliminating the need for mechanical 
buzzers or external alarm oscillators. Unless the 
alarm is disabled, the Tone output lasts for one 
hour after coincidence is detected. 

The alarm is enabled while the (AE) switch in the 
input matrix is closed. To disable the alarm the 
(AE) switch should be opened. After the alarm is 
disabled, it may be immediately enabled again in 
order to utilize the 24 hour capability. 

The Snooze feature provides a temporary reset to 
allow "sleep over". When the (SN) switch is mo
mentarily closed, the Tone output ceases for a 
period of seven minutes. After this period the 
Tone output becomes active again unless the 
alarm has been disabled. This temporary reset 
may be utilized repeatedly up to one hour. 

Either a 12 or 24 hour display may be selected by 
the (24) switch located at the intersection of the 
03 and KA lines in the input matrix. When the (24) 
switch is closed a 24 hour display sequence from 
00:00:00 to 23:59:59 is selected. When the (24) 

DIGIT AND SEGMENT TIMING 

D1 

D2 

D3 

D4 

D5 

D6 

108 28 108 28 108 28 

NOTES: 

108 

switch is open or absent a 12 hour display mode 
is selected. 

An AM output is provided to distinguish between 
AM and PM during 12 hour display. The AM out
put is at a logical one to indicate AM and is at a 
logical zero to indicate PM. This output switches 
logic levels every 12 hours in both 12 and 24 hour 
display modes. 

The (50) switch located at the intersection of the 
03 and KB lines in the input matrix should be 
closed for operation from a 50 Hz reference fre
quency. The (50) switch should be omitted or left 
open for operation from a 60 Hz reference 
frequency. 

A 1 Hz output is also provided as a time reference 
signal or it may be used to blink an indicator as an 
indication that the clock is counting, if the sec
onds and tens of seconds digits are not dis
played. This 1 Hz output is modulated by digit 
strobe 04 to maintain constant relative intensity 
between the blinking indicator and the remainder 
of the display. 

Six sequential digit strobes identify the segment 
information being presented. Figure 2 shows the 
digit strobe timing and the timing relationship be
tween the digjt and segment data. 

L 

J L 

28 108 2al 108 I 52 108 

SEGMENT~ 1. TIMES SHOWN ARE IN CLOCK PERIODS. 

DIGIT 

L 108 _j FIGURE 2 



moSTEK MK5017 ANP 

FUNCTIONAL DIAGRAM 

jilREF ____J._.-r----, I·~---~ ----,-~ _ _, 

'" '-----+1-hf+.f--l+l+++-.._---,--- 'oo 

INPUT MATRIX 

06 05 04 03 02 

KA G G EJ 0 EJ 

KB B 0 B El B 
TS-TIME SET 
AS - ALARM SET 

H 
M - USED TO SET HOURS, MINUTES, TENS OF MINUTES 

SN - SNOOZE 
AE - ALARM ENABLE 

DEB 24 - 24 HOUR DISPLAY SELECT 
50 - 50 Hz INPUT SELECT 

Sll} 
SL2 SLEEP CODE 
SL4 

K 
SL -SLEEP 

MOS/LSI DIGITAL CLOCK 
WITH RADIO CONTROL 

MK 5017 AN 

Vss l 28 50/60 TEMP 

Voo 2 27 50160 IN 

01 3 26 KA 

02 4 25KB 

03 5 24 RADIO SLEEP 

04 6 23 RADIO WAKE/SLEEP 

05 7 22 TONE 

06 8 21 N.C. 

SG 9 20 1 Hz 

SF 10 19 f!t REF 

SE 11 18 0 

SD 12 17 INH 

SC 13 16 AM 

SB 14 15 SA 

Digital Clock Radio Clock 

01 

~ 

B 

FEATURES 

D Radio wake 

D Radio sleep delay 

D Snooze control 

D Display inhibit 

D Alarm with 24 hour operation 

D Alarm tone generated on-chip 

D AM/PM indication 

D 1 Hz output 

DESCRIPTION 

Time may be set in the Run mode 
while the clock circuit is count
ing or the clock may be set in the 
Time Set mode while the count
ers are stopped. Contents of the 
time counters is displayed in 
both the Time Set and Run 
modes. The clock is in the Time 
Set mode when the (TS) switch 
located at the intersection of the 
KA and 06 lines in the input ma
trix is closed. In the Time Set 
mode the time counters are 
stopped and the seconds and 
tens of seconds digits are reset 
to zero. 

The clock is in the Run mode 
when both the (TS) and the Alarm 
Set (AS) switches are open. In 
the Run mode, counters less sig
nificant than the one being set 
continue counting. 

Switches (M) and (H) in the input 
matrix are closed to cause indi
vidual digits to be incremented. 
The (M) switch causes the min
utes digit to be incremented. The 
(H) switch causes the hours di
gits to be incremented. Closing 

both the (H) and (M) switches 
simultaneously causes the tens 
of minutes digit to be incre
mented. Incrementing of a se
lected digit occurs at a 2 Hz rate 
and with the exception of the 
tens of hours digit, digits more 
significant than the one being set 
will not increment. 

In order to accurately set the time 
to the nearest second the clock 
should be placed in the Time Set 
mode. After setting the time 
ahead, the clock should then be 
returned to the Run mode at the 
proper time in order to start the 
clock. 

The clock must be placed in the 
Alarm Set mode by closing the 
(AS) switch to set the alarm. In 
the Alarm Set mode the time 
counters continue timekeeping 
and the contents of the alarm 
counter is displayed. The alarm 
may be set to the nearest minute 
by manipulating the (H) and (M) 
switches in the same manner as 
when setting the time. 
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Both the time counters and the alarm counters 
have an AM/Pm indication which allows the time 
and the alarm to be set on a 24 hour basis, rather 
than a 12 hour basis. 

The Tone output occurs when coincidence be
tween the alarm counters and the time counters 
is detected internally, if the alarm is enabled. The 
Tone output signal is a pulse train whose nomi
nal frequency is equal to the frequency of the 
scan oscillator divided by 140 and modulated at 
a 1 Hz rate. For a scan rate oscillator frequency 
of 100 KHz the Tone output frequency is approx
imately 700 Hz. The duty cycle of the Tone out
put pulses is approximately 3%. This signal suit
ably buffered may be used to drive a speaker, 
eliminating the need for mechanical buzzers or 
external alarm oscillator~. Unless the alarm is 
disabled, the Tone output lasts for one hour after 
coincidence is detected. 

The alarm is enabled while the (AE) switch in the 
input matrix is closed. To disable the alarm the 
(AE) switch should be opened. After the alarm is 
disabled, it may be immediately enabled again 
in order to utilize the 24 hour capability. 

The Snooze feature provides a temporary reset 
to allow "sleep over". When the (SN) switch is 
momentarily closed, the Tone output ceases for a 
period of seven minutes. After this period the 
Tone output becomes active again unless the 
alarm has been disabled. This temporary reset 
may be utilized repeatedly up to one hour. 

Either a 12 or 24 hour display may be selected 
by the (24) switch located at the intersection of 
the D3 and KA lines in the input matrix. When 
the (24) switch is closed a 24 hour display 
sequence from 00:00:00 to 23:59:59 is selected. 
When the (24) switch is open or absent a 12 hour 
display mode is selected. 

An AM output is provided to distinguish between 
AM and PM during 12 hour display. The AM out
put is at a logical one to indicate AM and is at a 
logical zero to indicate PM. This output switches 
logic levels every 12 hours in both 12 and 24 
hour display modes. 

The (50) ·switch located at the intersection of the 
D3 and KB lines in the input matrix should be 
closed for operation from a 50 Hz reference fre
quency. The (50) switch should be omitted or 
left open for operation from a 60 Hz reference 
frequency. 

A 1 Hz output is also provided as a time refer
ence signal or it may be used to blink an indi-

cator as an indication that the clock is counting, 
if the seconds and tens of seconds digits are not 
displayed. This 1 Hz output is modulated by digit 
strobe D4 to maintain constant relative intensity 
between the blinking indicator and the remainder 
of the display. 

Radio sleep time is selected by application of 
a binary code to the three sleep time select 
switches, SL 1, SL2, and SL4. The sleep times 
that may be selected and the codes for selecting 
them are shown below. 

RADIO SLEEP TIME TABLE 

SLEEP TIME 

10 MIN 
20 MIN 
30 MIN 
40 MIN 
50 MIN 
60 MIN 
90 MIN 

120 MIN 

SELECTION CODE 

SL4 SL2 SL1 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 -AN OPEN SWITCH 

1 - A CLOSED SWITCH 

After selecting the desired time, the Sleep Switch 
(SL) is closed. This starts the proper interval and 
causes the RADIO SLEEP and RADIO WAKE/ 
SLEEP outputs to switch to a logical zero. To 
terminate the count before the end of the sleep 
time, the SL switch is opened. If the SL switch 
is closed again, the selected sleep interval begins 
again. 

The RADIO WAKE/SLEEP (RWS) output also 
switches toward V00 whenever coincidence be
tween the time and alarm counters is detected, 
if the Alarm Enable switch (AE) is closed. RWS 
remains at a logical zero for one hour after 
detection of coincidence and then switches to a 
logical one, toward V55• 

An inhibit input is provided to disable the digit 
and segment outputs so that they do not switch 
to V55• This input may be used to "wire or" mul
tiple chips together. The output transistors are 
disabled when the INH input is connected to V55• 

Six sequential digit strobes identify the segment 
information being presented. Figure 2 shows the 
digit strobe timing and the timing relationship 
between the digit and segment data. 



mOSTEK MK5017BBP Digital Clock/Calendar 

FUNCTIONAL DIAGRAM 

01 02 03 04 05 06 SA SB SC SD SE SF SG 

INPUT MATRIX 

05 04 03 02 

0 B 0 

TS-TIME SET 
CS - CALENDAR SET 

H 
M - USED TO SET HOURS, MINUTES 

ACS- FORCES ALT OUTPUT TO LOGICAL ZERO 

Vss 
voo 

01 

D~ ATS - FORCES ALT OUTPUT TO LOGICAL ONE ANO SELECTS TIME DISPLAY 
24 - 24 HOUR DISPLAY SELECT 
50 - 60 Hz INPUT SELECT 

K 

MOS/LSI DIGITAL CLOCK/CALENDAR 

MK 5017 BB 
Vss 1 24 50/60TEMP 

Voo 2 23 50/60 IN 

DI 3 22 KA 

02 21 KB 

03 2D N.C. 

D4 • 19 ALT 

06 7 1B ii REF 

D6 • 17 ~ 

SG • 16 INH 

SF 10 15 SA 

SE 11 14 SB 

SD 12 13 SC 

FEATURES 

D Alternating time/calendar display 

D Display inhibit 

DESCRIPTION 

Time may be set only in the 
Time Set mode. Contents of the 
time counter are displayed in 
the Time Set mode and the clock 
continues counting. The clock is 
in the Time Set mode when the 
(TS) switch, located at the inter
section of the KA and D6 lines 
in the input matrix, is closed. 

Switches (M) and (H) in the input 
matrix are closed to cause indi
vidual digits to be incremented. 
The (M) switch causes the min
utes digit to be incremented. 
Closing the (H) switch causes 
the hours digit to be incre
mented. Closing the (H) and (M) 
switches simultaneously causes 
the tens of minutes digit to be 
incremented in the Time Set 
mode. Incrementing of a selected 
digit occurs at a 2 Hz rate. With 
the exception of the tens of 
hours digit, digits more signifi
cant than the one being set will 
not increment. 

The clock must be placed in the 
Calendar Set mode by closing 
the (CS) switch in the input 
matrix to set the calendar. In the 
Calendar Set mode the contents 

of the calendar counter are dis
played. When the (M) switch in 
the input matrix is closed in the 
Calendar Set mode, the days 
digit is incremented. Closing the 
(H) switch causes the months 
digit to be incremented. Closing 
both the (H) and (M) switches 
simultaneously has no effect in 
the Calendar Set mode. Incre
menting of the digits being set 
occurs at a 2 Hz rate. Digits more 
significant than the one being set 
will increment. 

When the day is changed during 
calendar setting, the time display 
resets to the AM portion of the 
day. Thus, the date continues to 
change at 12:00 A.M. instead of 
noon. 

The clock is in the Run mode 
when both the (TS) and the cal
endar set (CS) switches are open. 
Neither the time counter nor the 
calendar counter can be set in 
the Run mode. 

An inhibit input is provided to 
disable the digit and segment out
puts so that they do not switch to 
V55• This input may be used to 
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"wire or" multiple clock circuit outputs together. 
A logical one on the inhibit input disables the 
outputs. 

The ALT output indicates whether time or date is 
being displayed in the Run mode. Whie time is 
being displayed the ALT output is at a logical 
one. In either the Time Set or Calendar Set modes 
the ALT output continues alternating between a 
logical one and a logical zero. The ALT output is 
forced to remain at a logical one when the Alter
nate Time Set switch (ATS) is closed. Only time 
is displayed when the (ATS) switch is closed. 
When the Alternate Calendar Set switch (AC$) is 
closed, the ALT output is forced to remain at a 
logical zero. 

DIGIT AND SEGMENT TIMING 

01 

D2 

D3 

D4 

D5 

DB 

112 24 112 24 112 24 

NOTES: 

112 

In the Run mode the display alternates between 
the time display and the calendar disp·lay, dis
playing time for 8 seconds and calendar informa
tion for 2 seconds. 

Closing the 50/60 Hz (50) switch located at the 
intersection of the 03 and KB lines in the input 
matrix allows a 50 Hz reference frequency to be 
used. When the (50) switch is open, a 60 Hz ref
erence frequency should be used. 

Six sequential digit strobes identify the segment 
information being presented. Figure 3 shows the 
digit strobe timing relationship between the digit 
and segment data. 

J L 

24 112 J 112 I 48 112 

SEGMENT~ 1. TIMES SHOWN ARE IN CLOCK PERIODS. 

DIGIT 

FIGURE 3 _J 104 L 
4 



ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE 
(All voltages relative to Vgg) 

Supply Vol·tage Range 
Voo ......• 

Input Voltage Range 
KA, KB .•.•.• 
1NH, 50/60 IN, TEMP, 0 

Output Voltage Breakdown 
01-06, SA-SG, AM . • . . 
1 Hz, RS, RSW, TN, 0 Ref, ALT. 

Operating Free-Air Temperature Range 
Storage Temperature Range . . . . 

RECOMMENDED OPERATING CONDITIONS 
0 0 

(0 C to +70 C-All voltages relative to Vggl 

PARAMETER 

Operating Voltages Voo 

Input Logic Levels 
KA,KB 

"1 " Logic Level 
"O" Logic Level 

50/60 In, Temp, 0 
"1" Logic Level 
''O" Logic Level 

INH .,,,, 
Logic Level 

110" Logic Level 

Scan Oscillator Frequency (using external driver) 

MIN 

-11.0 

- 4.0 
v00 +1.0 

- 3.0 
v00 +o.3 

- 1 
- 5 

25 

ELECTRICAL CHARACTERISTICS-5017 AA/ AN/BB 
(11V ~ Voo ~ 18V;0°C ~TA< 70°C 

PARAMETER 

Output Current 
01-06, 1 Hz, ALT 

"1 " Logic Level 
"O" Logic Level 

SA-SG,AM 
"1 " Logic Level 
"O" Logic Level 

TN, RWS, RS 
"1 " Logic Level 
"O" Logic Level 

Supply Current, loo 

Leakage, D 1-06, SA-SG, AM 

Leakage, 1 Hz, ALT 

Scan Oscillator Frequency 

Input Current, KA, KB 

Input Current, INH 

MIN 

8 

200 

0.8 
50 

60 

TYP 

TYP 

10 

Output voltage equal to Voo+4.0V 

MAX 

-18.0 

+ 0.3 
-35 

+ 0.3 
-20 

+0.3 

Voo 

100 

MAX 

16 

1-0 

10 

210 

0.5 

1.0 

RANGE 

UNITS 

Volts 

Volts 
Volts 

Volts 
Volts 

Volts 
Volts 

KHz 

UNITS 

mA 

µA 

mA 
µA 

mA 

µA 

µA 

KHz 

mA 

mA 

Note 1 
Note 2 
Note3 
Note4 
Note 5 

Ali!= 18K, C!il = 51PF, TA =25°c 
External Resistor Required 
Output voltage equal to V55-3.0V 
Output voltage equal to V55-0.5V 
Output voltage equal to V55-2.0V 

Note6 
Note 7 
Notes 
Note9 
Note 10 

Voo = Vss = 0 volts, output voltage equal to -35 volts 
Voo = Vss = O volts, output voltage equal to -20 volts 
Input voltage equal to V55-3.0V 
Input voltage equal to Vss 

+0.3 to -20 Volts 

+0.3 to -20 Volts 
+0.3 to -20 Volts 

. . . -35 Volts 

. . . -25 Volts 
0°C to +70°C 

-55°C to 150°C 

NOTES 

NOTES 

3 
2 

4 
2 

5 
6 

7 

8 

9 

10 
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CLOCK CIRCUIT TYPES 

PIN 
DESIGNATION 

Vss 
vDD 

D1 

D2 

D3 

D4 

D5 

D6 

SA 

SB 

SC 

SD 

SE 

SF 

SG 

0 

0 Ref 

KA 

KB 

50/60 In 

50/60Temp 

AM 

1 Hz 

Tone 

INH 

RS 

RWS 

ALT 

130 

CLOCK CIRCUIT 
AA AN BB 

x x x 
x x x 
x x x 
x x x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 
x 

x 

x 
x 

x 
x 
x 

x 

x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x 

x 
x 
x x 

x 
x 

x 

FUNCTION 

Supply Voltage 

Supply Voltage 

Digit Strobe 1 Sec/Blank 

Digit Strobe, 10 Sec/Blank 

Digit Strobe, 1 Min/1 Day 

Digit Strobe, 10 Min/10 Day 

Digit Strobe, 1 Hr/1 Month 

Digit Strobe, 10 Hr/10 Month 

Segment A Data 

Segment B Data 

Se11ment C Data 

Segment D Data 

Se11ment E Data 

Segment F Data 

Segment G Data 

Scan Oscillator Input 

Scan Oscillator Feedback 

Multiplexed Input 

Multiplexed Input 

Input Count Frequency 

Temporary Oscillator 

AM/PM Indication 

Optional Output 

Alarm Tone 

Inhibit 

Radio Sleep 

Radio Wake/Sleep 

Alternate 

PHYSICAL DESCRIPTION 
(28 lead ceramic dual-in-line hermetic package) 

1 

1 Il=~!~f1 
SYMBOLIZATION AREA 
FOR IDENTIFICATION 
GROUND LEAD 

---1>eq--
'~ ~ 040 040~ 

[ I ... 

6- tr-
PHYSICAL DESCRIPTION 

_j 

(24 lead ceramic dual-in-line hermetic package) 

1 1200 ~015 I 

=-~ D 1m~ lo -ID 
SYMBOLIZATION AREA 
FOR IDENTIFICATION 
OF GROUND LEAD 

--IJ.---ms ~oo• TYP I 
1200REF. 

~040 
111040 

[]" 
L -:r~DOI 



MK 50240/1/2P 
MK 50240/1/2N 

MOS Top Octave Frequency Generator mOSTEK 

FEATURES 

D Single Power supply 
D Broad supply voltage operating range 
D Low power dissipation 
D High output drive capability 

MK 50240 - 50% Output Duty Cycle 

MK 50241 - 30% Output Duty Cycle 

MK 50242 - 50% Output Duty Cycle 

DESCRIPTION 

The MK 50240 is one of a family 
of ion-implanted, P-channelMOS, 
synchronous frequency dividers. 

Each output frequency is related 
to the others by a multiple 12\12 
providing a full octave pJus one 
note on the equal tempered scale. 

Low threshold voltage enhance
ment-mode, as well as depletion 
mode devices, are fabricated on 
the same chip allowing the MK 
50240 family to operate from a 
single,wide tolerance supply. De
pletion-mode technology also al
lows the entire circuit to operate 

PIN CONNECTIONS 

Vss 

CLOCK 2 
V DD 3 

451 4 

426 5 

402 6 

379 7 

358 8 

on less than 600 mW of power. 
The circuits are packaged in 16-
pin ceramic dual-in-line packages. 

RFI emination and feed-through 
is minimized by placing the input 
clock between the V DD and V ss 
pins. Internally the layoutofthe 
chip isolates the output buffer cir
cuitry from the divisor circuit 
clock lines. Also, the output 
buffers limit the minimum rise
time under no load conditions to 
reduce the R.F. harmonic content 
of each output signal. 

16 478 

15 239 

14 253 

13 268 

12 284 

11 301 

10 319 

9 338 

FUNCTIONAL DIAGRAM 

Vss 1 

CLOCK 2 

451 3 

379 4 

319 5 

301 6 
-;- 253 7 

239 8 

~': 
I +426 D1 

16 

15 

14 

13 

12 

11 

10 

9 

'-...-' 

"""" ORIVEltS 

-;-

•: 

.. 
'• 

'· 

426 

402 

358 

338 

284 

268 

V DD 

NC 
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ABSOLUTE MAXIMUM RATINGS . 

Voltage on·any pin relative to V ss ...................................................... +0.3V to -20V 

Operating Temperature (Ambient) ....................................................... 0°C to 50°C 

Storage Temperature (Ambient) ......................................................... -40°C to 100°C 

RECOMMENDED OPERATING CONDITIONS 
(0°C,.;;;:; TA,.;;;:; 50°C) 

PARAMETER MIN TYP 

V SS Supply Voltage 0 

Voo Supply Voltage -11.0 -15.0 

ELECTRICAL CHARACTERISTICS 
(0° C ~TA~ 50° C; Vss = 0, V00= -11 to -16V unless otherwise specified) 

PARAMETER MIN TYP 

VIL Input Clock, Low 0 

V1H Input Clock, High _ V DD+ 1.0 

f 1 Input Clock Frequency 100 2000.240 

tr , tt Input Clock 
Rise & Fall Times 
10% to 90%@ 2.5 MHz 

ton 1 !ott Input Clock 
On and Off Times 

200 

@2.5 MHz 

C1 Input Capacitance 5 

VoH Output, High @ V DD+ 1.5 
.70 mA 

VOL Output, Low @ V SS - 1.0 
.75 mA 

t ro' t fo Output Rise & Fall 250 
Ti mes, 500 p F Load 

t on' toff Output Duty Cycle 
MK 50240P & MK 
50242P 50 
MK 50241P 30 
(Pin 16 50%) 

loo Supply Current 24 

--- ··-·------

132 

MAX UNITS 

0 v 

-16.0 v 

MAX UNITS 

~1.0 v 

VDD v 

2500 kHz 

30 nsec 

nsec 

10 pF 

Voo v 

Vss v 

2500 nsec 

% 
% 

37 mA 

FIGURE 

FIGURE 

FIG. 1 

FIG 1 

FIG. 1 

FIG. 2 

FIG. 2 

FIG. 3 

outputs 
unloaded 



VIL 

V1H 

- 16 

- 14 

- 12 

VouT - 10 

- 8 

6 

4 

- 2 

FIGURE 1 

INPUT CLOCK WAVEFORM 

10% t off 

50% 

90% J [, - L,, 
FIGURE 2 

OUTPUT SIGNAL D. C. LOADING 

MAX SOURCE 
CURRENT= .7MA 

VouT 

.1 .2 .3 .4 .5 .6 . 7 

SINK CURRENT TO CHIP Voo 

- 4 

3 

- 2 

- 1 

MAX SOURCE 
CURRENT= .75MA 

.1 .2 .3 .4 .5 .6 .7 

I SOURCE VS V OUT 

SINK CURRENT FROM CHIP V ss 

0- (OPERATING AREA) ~ - (CURRENT OVERLOAD AREA) 
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Suffix N 
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-16 

FIGURE 3 
OUTPUT LOADING 

-16 

Voo 
20 K Q 

.,.___-r--JVV\r-- - 16 
20.75 K Q 

Voo 

J 
500 pf MK 5024 MK 5024 J 500 pf -

Vss Vss 

tto Test t ro Test 

PHYSICAL DESCRIPTION 

16- lead plastic dual-in-line hermetic package 

~Wvwvw+r~ 100--Y µ 
.l~AX r I U .065 

~i--.OIBTVP '._.! .060TVP 

.010 

!§ 
JI/-- !025 I L .~25 -t 

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

~~~:6~:::J: IC~::J[ ~58006 

Suffix P 

~~'"'~-' 

tWJLOOjj~ !i?•»o 
002 

7 EQUAL SPACES .JOO 

NOTE: 

1~1 
~ 
f-~o· i 
L Jli.-mo~OOI 

.34TYP. 

A. Pin 1 indicated by index dot 
B. All dimensions in inches 

mOSTEK 
• 
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Products to be Announced moSTEK 
MK 50010/1/2 
FEATURES: 

D Hours, Minutes - Date, Seconds 
D 32,768 Hz quartz oscillator time base opera

tion for both dynamic and field effect liquid 
crystals 

D Build-in gated pulse-generator with sense-input 
for voltage conversion 

D Microwatt power dissipation 
D One-half to 1 sec delay in the updating commands 

for better human interaction 
D Debounced update 
D Single-pole grounding switches for display 

change and update 
D Low - V DD - sense that turns display off to 

avoid destruction of liquid crystal display 
D Special synchronizing mode that enables user to 

synchronize the watch in a simple operation if 
error is less than 30 seconds 
Pinout matches most existing displays 

D 64 Hz input to operate as decoder only 

DESCRIPTION: 

These three circuits are designed for a single 
chip CMOS watch/click with liquid crystal 
display. 

MK 50010 - 4-digit, 12-hours with date and 
seconds 

MK 50011 - 4-digit, 24 hours with date and 
seconds 

MK 50012 - 3 1 /2-d igit, 12 hours with seconds 

All versions display continously HRS on the 
left two or one-and-half digits and MIN on 
the right two digits. By pressing the display 
button, the types 50010 and 50011 will change 
the display to DATE on the left and SEC on 
the right, while version 50012 is blanked on 
the left and displays SEC on the right. The 
digits may be separated by a colon that blinks 
with a 1 Hz rate if the watch is running. 

LIQUID CRYSTAL WATCH CIRCUIT 

DISPLAY PINS 

DISPLAY DRIVERS 

SEGMENT DECODE 

• -----t--Yoo 

Yoo 

SELECT HR I MIN OR DATE I SEC 

256Hz 

VOLTAGE 
CONVERTER 

CIRCUITRY 

256Hz 

PULSE 

Yoo 
__ .___+--HID SET 

-~~+--MIS SET 

SENSE Voe V55 
INPUT 



Products to be Announced 

MK50075 RALU 
MK50100 ROM 
DESCRIPTION: 

D Modular Design allows function ex
pansion by adding ROM 

D Minimum set consists of RALU and 
one ROM 

D ROM expansion up to 16 ROMs 
D Programmable 14 digit display field 

for result, sign and special characters 
D Seven segment display output 
D Direct segment drive with current 

set capability 
D Self-contained oscillator and timing. 
D Requires no external components. 
D 52 possible keys (scanned matrix 
D 13 X 14), each key function is pro-

grammable 
RALU processes BCD or HEX data 

FEATURES: 

The MK 50075 RALU contains tim
ing logic, arithmetic logic, four work
ing registers, and control logic to 
perform instruction stored in the 
MK 50100 ROM(s). 

The MK 50100 ROM contains 1 K 
words of instruction or data plus 
seven 15 digit registers of read/write 
storage. The maximum configura
tion is one RALU and 16 ROMs, 
resulting in a directly addressable 
16K words of instruction or data 
and 112 registers of read/write 
storage. 

Calculator functions are performed 
in ROM- to cover a wide range of 
user requirements. The MK 50100 
interfaces directly to the MK 50075 
with no external components. 

Low power dissipation, broad supply 
voltage range, a single power supply, 
direct segment drive, and an internal 
clockoscillatormakethe MK 50075, 
MK 50100 set ideal for battery op
erated, hand-held, multifunction cal
culators with low system costs. 

12-DIGIT MOS CALCULATOR SET 

INSTRUCTION 
DECODE 

PROGRAM ROM 
1024 INSTRUCTIONS 

ADDRESS 

ADDRESS STORAGE I 

ADDRESS STORAGE 2 

REGISTER 

ALU AND 
REGISTERS 

MK50100 

moSTEK 

1 REGISTERS 

OUTPUT 

ROM 

CLOCK AND SYNCH 

GENERATOR 

CLOCK/SYNCH 
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Products to be Announced 

MK 5030-5031 
DESCRIPTION: 

0 Hours, minutes, seconds, data 
D Oscillator inverter for 32,768 Hz quartz crystal 
D Direct segment drive 
D Operation from 2.7 to 3.4 volts 
D Microwatt power dissipation 

FEATURES: 

The MK 5030 and MK 5031 are single-chip, 
ion-implanted, metal gate CMOS circuits for 
multiplexed four-digit LED display watches. 
The MK 5030 is for 12-hour timekeeping and 
the MK 5031 for 24-hour timekeeping. On
chip pull up resistors and debounce circuitry 
allow the use of simple normally open "close
to-case" input switches. Two switches are used 
for commanding the display and in conjunc
tion with a third switch for time setting. The 
setting of minutes does not distrub the hours; 
and the setting of hours does not disturb the 
date. Low resistance segment drivers eliminate 
the need for seven external bipolar transistors. 

CMOS LED WATCH 

osc 

SET --t--~'-t--1 

~~;PE::~c,_ +---~~ 

mOSTEK 

Vssl+l Voo(-) 

~ 128 '"' 



Products to be Announced mOSTEK 
MK4096-6 
FEATURES: 

D Access Time: 200 nsec 
D Cycle Time: 350 nsec 
D Pin-for-pin compatibility with the 16-pin 

MK 4096 
D All inputs including clocks are TTL 

compatible with low capacitance of 
8 picofarads 

D Voltage pins are loacted on the corners 
to simplify PCB layout 

D Output is TTL compatible, three-state 
D Readily available automatic insertion 

equipment can be used in board assembly 

DESCRIPTION: 

The MK 4096 is a 4096x1 bit dyna
mic random access memory circuit. 
System oriented features include di
rectTTLcompatibility and low capa
citance at all inputs, three-state TTL 
compatible latched output that re
mains valid into the next cycle, and 
a chip select decoding time that does 
not have to add to the access;time. 
A unique multiplexing and latch
ing operation for the address inputs 
permits this circuit to be packaged 
in a standard 16-pin DIP on .3 inch 
centers. 

MK5085 
DESCRIPTION: 

D Uses 3.58 MHz crystal as frequency 
reference 

D Better than 1 % accuracy of standard
ized audio frequencies 
Nominal frequencies: 

I mN Group Higb Group 

697 Hz 1209 Hz 
770 Hz 1336 Hz 
852 Hz 1477 Hz 
941 Hz 1633 Hz 

D Uses CMOS processing for low power 
operation and high noise margins 

FEATURES: 
The MK 508& generates dual-tone
multifrequency wafeforms of low 
harmonic distortion suitable for tele
phone signal ingor other applications. 
It operates from telephone lines or 
fixed de supply from 3 to 12 volts. 
This circuit is designed for economy 
in system applications as few ex
ternal components are required. 

4096-BIT RANDOM ACCESS MEMORY 

WRITE STROBE 

CHIP SELECT 
<CS> 

COLUMN 
ADDRESS STROBE 

CCAS> CLOCK GENERATOR NO. 2 

7 BIT ENABLE 
LATCH 

(COLUMN) 1 OF 64 COLUMN DECODER 

Ao - - --64- - --
A1 ADDRESS OUTPUT 

A2 BUS 64 SENSE AMPS LATCH AND 
DATA IN/DATA OUT GATING BUFFER 

A1 
A• ---64----

DATA OUT 
As (Dout) 

4096 BIT -v,, 
-VGG 

STORAGE ARRAY -Yee 
-Gnd 

TELEPHONE TONE GENERATOR 

LOW GROUP SINE WAVE 

PROGRAMMABLE DIVIDE ROM 

R-2RLADDER 
NETWORK 

OSCILLATOR 
OUTPUT 

R-2RLAODER 

NETWORK 

HIGH GROUP 
SINE WAVE 

PROGaAMMABLE ROM 
DIVIDE 

139 



140 

Products to be Announced 

MK50395 
FEATURES: 

D Single power supply 12 to 18 volts 
D Synchronous up/down counting 
D Presetable compare register with 

comparator output 
D Multiplexed BCD and seven-segment 

outputs 
D Internal or external scan (to D.C.) for 

free choice of output frequency 

DESCRIPTION: 

The MK 50395 is an ion-implanted 
P-channel MOS six-decade synchro· 
nous up/down counter/display dri· 
ver with compare register, latches 
and output multiplexer. The counter, 
as well as the register, can be load· 
ed digit-by-digit with BCD data. 
The counter has asychronous clear 
and count inhibit functions. All 
six counter stages can be separately 
mask-programmed to divide by 10 
(BCD). by 6 or by 12. 

Scanning is controlled by the scan 
oscillator input which is self-oscilla· 
ting or can be overdriven by an ex
ternal signal. The six-digit register 
is constantly compared to the state 
of the up/down counter; and when 
both the register and the counter 
have the same contents, an equal 
signal is generated. A particular state 
of the counter can be latched into 
the 6-digit latch which is then multi· 
plexed from MSD to LSD in BCD 
and 7 segment format to the output. 
The seven-segment decoder incor
porates a leading zero blanking cir
cuit which can b~ turned off by an 
external signal. 

6-BIT UP/DOWN COUNTER 

BCD 
OUT 7 SEGMENT 

LEADING 
SEGMENT ZERO 

OE COO ER 

6 DIGIT BCD UP/DOWN 

CAR RV 

moSTEK 

DIGITS 

~+--+-<>Vu 

SCAN COUNTER osc 

COMPARATOI EQUAL 

6 DIGIT REGISTER 
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