
MK 4006 P-6 
MK 4008 P -6

1024x1 BIT DYNAMIC

MOS Random Access Memory mOSTEK
FEATURES:

□ TTL/DTL compatible inputs
□ No clocks required
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□ Access time:
MK 4006 P—6 under 400 ns 
MK 4008 P—6 under 500 ns

□ Standby power: under 50 mW
□ 16-pin standard CDIP
□ Supply voltage: +5V and -1 2 V

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 MK4008P-6 less 
than 500.
Full address decoding is pro
vided internally. Information is 
read out non -des truc tive ly  
(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 
VSs ( +  5V), and easily sensed 
using readily available compo
nents. A logic 1 at the output 
terminal appears as a 5,000 
Ohm resistor (MK 4006) to +5V; 
a logic 0 as an open circuit.
The performance of this RAM 
is made possible by Mostek’s 
ion-implantation process. In ad
dition to offering low threshold 
voltages for TTL/DTL compati
bility and utilizing conventional 
P-channel processing, ion- 
implantation allows both en
hancement (normally OFF) and 
depletion (normally ON) MOS 
transistors to be fabricated on 
the same chip. By replacing 
conventional MOS load resis
tors with constant-current de
pletion transistors, operational 
speeds and functional density 
are increased.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS
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ABSOLUTE MAXIMUM RATINGS
Voltage on any pin relative to Vss...............................................................................................+0.3 to -20V
Operating Temperature ............................................................................................................. 0°C to +70°C
Storage Temperature Range .............................................................................................. -55°C to +150°C

RECOMMENDED DC OPERATING CONDITIONS
(0° C <Ta  < 70°C)

PARAMETER
MK 4006P-6 
MIN | MAX

MK 4008P-6 
MIN | MAX UNITS NOTES

Vss Supply Voltage +4.75
---------- ----------- ,

+5.25 V
v DD Supply Voltage -11.4 -12.6 V

V,L Input Voltage, Logic 0 +0.8 V
V,H Input Voltage, Logic 1 Vss-1 Vss V

VSB Standby Supply Voltage (Fig. 4)
__________________________________ i

Vss-4 Vss- 6 V Note 1

RECOMMENDED AC OPERATING CONDITIONS*2)
(0° C <Ta  < 70°C)

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

tRC Read Cycle Time (Fig. 1) 400 500 ns

twc Write Cycle Time (Fig. 2) 650 ns tWp—-250 ns
900 ns tWP=400 ns

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

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

Wd Data-to-Write Lead Time (Fig. 2) 300 ns tWP=250 ns
400 ns ty/P” 400 ns

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

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

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

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

Us> IdD Supply Current: At TA=0°C 32 32 mA Output
At Ta=70°C 27 27 mA Open

F SDBY Power Dissipation, Standby 50 50 mW VSS-V DD =  5V; Note 1

IlH Input Current, Logic 1. Any Input -5 +5 -5 +5 juA < II < I _L <

IlL Input Current, Logic 0, Any Input -5 +5 -5 +5 juA V,=0.8V

loH Output Current, Logic 1 1.0 0.8 mA
Note 5

id Output Current, Logic 0 5 5 M A
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AC ELECTRICAL CHARACTERISTICS
(Vss =  +5V ± 5%; VDD =  ~ 12V ± 5%; 0°C < TA < 70°C unless otherwise noted)

PARAMETER MK 4006P-6 
MIN MAX

MK 4008P-6 
MIN MAX

UNITS NOTES

Read Access Time (Fig. 1 & 1-A) 400 500 ns Note 2

tCE Chip Enable Time (Fig. 1A & 5)
tCD Chip Disable Time (Fig. 1A & 5)

350
350

450
450

ns
ns

Note 2

Input Capacitance, Any Input 5.0 5.0 PF =25°C; V,=V.
f=1MHz

ss»

C 0

C dd

R a n d o m
A ccess
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Output Capacitance 10 10 PF Ta=25°C; Vq=:Vss- 5V; 
f=1MHz

VDD Capacitance 75 75 PF Ta 25°C; Note 6

NOTES:

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

(2) Measurement Criteria: Input voltage swing, all inputs: 0.8V to Vss — 1
Input rise and fall times: 20 ns
Measurement point on input signals: -f-1.5V above ground
Measurement point on output signal: -f-60 mV above ground, using a load circuit of a 200 ohm resistor in parallel 

with a 100 pF capacitance connected to ground.

(3) tRDLY is the time between refresh cycles for a given row address.

(4) The rise time of V„n must not be faster than 20 ns.

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

(6) Average capacitance of the VDD terminal relative to the Vss terminal. Measured by switching the VD0 terminal from OV to — 12V with an 
applied Vss =  5V. Peak lDD is observed and the circuit replaced by a capacitance which yields the same peak current a% the circuit 
under test.

TIMING (Note 2)

READING (Fig. 1)
Reading is accomplished with the Read/ 
Write input held high. Data output di
rec tly  fo llow s the app lica tion  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.

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.
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TIMING
(Note 2)

WRITING (Fig. 2)
Writing is accomplished by bringing the 
Read/Write input low with valid data 
present at the data input 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) I
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 i-R 5) 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 VDD supply voltage to system 
ground (VSS-5V). Figure 4 illustrates the 
proper input conditions that should be 
observed when reducing VDD. If the 
standby mode is maintained as long as 
2 milliseconds, the VDD supply should be 
returned to -12V and a refresh cycle 
initiated. Read or write cycles can com
mence immediately following the return 
of VDD to -12V.

R a n d o m
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TIMING
(Note 2)

CHIP ENABLING (Fig. 5) I
The negative-going CE enables the chip, 
and output data becomes valid within 
tCE time. Return of the CE input to logic 
1 disables the chip; data out remains for 
tCD time.

ENABLING

CHIP 7

---------------1 CD---------------- *
f

\

ENABLE

DATA
OUTPUT

\
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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 0)
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 0 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.

Fig. 6
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TABLE 1: FUNCTIONAL TESTS (SIMPLIFIED)

TEST TEST OPER. CH IP DATA CO M PAR E
D ESC . SEQ . ENABLE INPUT DATA

B it &
Decoder Test'

F irs t W rite E Pa rity

Next Read E P a r ity

Co lum n Shorts F irs t W rite E V -Bar
& No W rite __
During Next W rite D V -Bar
D isab le

Next Read E V -Bar

Row Shorts, 
No Read

F irs t W rite E H -Bar

D uring  D isab le , Next Read D 1 0
&  M ax. Pow er

Next Read E 0 H -Bar

A ccess Tim e, F irs t W rite, W rite E V -Bar, V -B ar
Refresh, 
W rite  Cycle, 
& S tand b y1

Next Delay D 0

Next Read E V -B a r

D istu rb  Test F irs t W rite Row 
o f l ’s

E 1

Next W rite  Adj. 
Row w ith  0 's

E 0

Next Con tinue  
W rit in g  Sam e 
Row fo r Max. 
Refresh Delay

E 0

Next Read E
o r ig in a l Row 
o f l ’ s 1

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

PACKAGE (1 6-lead ceramic dual-in-line 
hermetic package) ----J 300 k .•—

] TYP- - [

iSHL >p—.34 TYP— •)
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ORDERING INFORMATION
MK 4006 P-6 1024x1 RAM/w/400 ns access time with power down 
MK 4008 P-6 1024x1 RAM/w/500 ns access time with power down



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 - f  20 nsec give the 
minimum “1” level and the maximum “0” level for this 
particular time (80 mV and 40 mV respectively). At 
taccess +  200 nsec« v0,ta9e levels are specified for the 
90% and 10% points of the minimum “1” and maxi
mum “0” levels.
INTERPOLATION
These interpolation guidelines are selected to give the 
designer a high level of confidence in his sense ampli
fier design.
From O to 1: This portion of the access curve can be 
estimated by two linear portions: (1) from the 60 mV to 
the 80 mV level; and (2) from the 80 mV level to 180/ 
144 mV level.
From 1 to O: This portion of the access curve can be 
estimated by a semi-logarithmic plot decreasing 20 mV 
for each decade or 10 nsec of time added to 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 O at the output; (3) the 
input differential is less than 25 mV (absolute value), 
which will result in an output of an undetermined state. 
In other words, the line receiver has a 50 mV “window” 
centered around zero, and a signal must fall outside 
this window to provide reliable information at the output.

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

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

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

Iolt(MAX) =  lOLC(MAX) +  (N-1) (5 mA) [1]
where N =  number of outputs wired together

Using the maximum zero level at the line receiver input 
(VtD <  -25m V  =  VlD), the following equation is de
rived:

l0LT(MAX) =  I, -  l2 +  I,l(MIN) 
and l,L(MIN) =  O *iA

therefore:

l0LT(MAX) =
V -  -L V +  V -ID “  ' I D
“rT“ R2

[ 2 ]

[3]

Using the minimum “1” level at the line receiver input 
(V,D >  + 25  mV =  V ,d), the equation becomes

lOH(MIN) =  I, -  l2 +  I.h(MAX) 
and l,H(MAX) =  75 fiA

V + +  V +  V +
lOH(MIN) = _ !? . _ __ !£.
0H R1 R2

+  75 jiA

[4]

[5]

Solving these equations ([3] and [5]) simultaneously 
yields R1 and R2.
As an example, assume a memory system with 4 out
puts wired-ORed to a sense amplifier, requiring a chip 
access time of 460 nsec. Then the associated current 
and resistor values are:

Io l t ( M A X )  =  152.3 /tA +  3 (5 MA )  =  167.3 nA 
lOH(MIN) =  511.12

Therefore:

R1 =  190 Q 
R2 =  16.5 KS2

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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