
4096x1-BIT DYNAMIC RAM

MK4027(J/N)-2/3

MOSTEK
FEATURES

□ Industry standard 16-pin DIP (MK 4096) 
configu ration

□  120ns access time, 320ns cycle (MK4027-1)
150ns access time, 320ns cycle (MK4027-2)
200ns access time, 375ns cycle (MK4027-3)

□  ±10% tolerance on all supplies ( +12V, ±5V)

□ ECL compatible on Vgg power supply (— 5.7V)

□  Low Power: 462mW active (max)
27mW standby (max)

DESCRIPTION

The MK 4027 is a 4096 word by 1 b it MOS random 
access memory circuit fabricated with MOSTEK's 
N-channel silicon gate process. This process allows 
the MK 4027 to be a high performance state-of-the- 
art memory circuit that is manufacturable in high 
volume. The MK 4027 employs a single transistor 
storage cell utilizing a dynamic storage technique 
and dynamic control circuitry to achieve optimum 
performance with low power dissipation.

A unique multiplexing and latching technique for 
the address inputs permits the MK 4027 to be pack
aged in a standard 16-pin DIP on 0.3 in. centers. This 
package size provides high system-bit densities and is 
compatible with widely available automated testing 
and insertion equipment.

□ Improved performance with "gated CAS", "RAS 
on ly" refresh and page mode capability

□ All inputs are low capacitance and TTL compatible

□ Input latches for addresses, chip select and data in

□ Three-state TTL compatible output

□ Output data latched and valid into next cycle

□ MKB version screened to MIL-STD-883

System oriented features include direct interfacing 
capability with TTL, only 6 very low capacitance 
address lines to drive, on-chip address and data 
registers which eliminates the need fo r interface 
registers, input logic levels selected to optimize noise 
immunity, and two chip select methods to allow the 
user to determine the appropriate speed/power 
characteristics of his memory system. The MK 4027 
also incorporates several flexible operating modes. In 
addition to the usual react and write cycles, read- 
modify write, page-mode, and RAS-only refresh 
cycles are available with the MK 4027. Page-mode 
timing is very useful in systems requiring Direct 
Memory Access (DMA) operation.
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a 0 -a 5 a d d r e s s  i n p u t s
CAS C O L U M N  A D D R E S S  S T R O B E
CS C H IP S E L E C T
D |N D A T A  IN
D o u t  D A T A  O U T
Ft a S r o w  a d d r e s s  s t r o b e

W R IT E  R E A D /W R IT E  IN P U T  
V BB POW ER ( — 5 V )
V C C POW ER ( + 5 V )
V D d  POW ER (+ 12V )
V s s  G R O U N D



ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to  V b b .............................— 0.5V to +20V
Voltage on V q D/ Vcc  relative to V s s ...................... — 1.0V to+15V
v b b - vs s  (v d d - v s s  > 0 ) .............................................................. 0V
Operating temperature, T a  (A m b ie n t)........................ 0°C to + 70°C
Storage temperature (Ambient)(Ceramic)............. —  65°C to + 150°C
Storage temperature (AmbientHPIastic) ............. —  55°C to + 125°C
Short circuit output current ....................................................... 50mA
Power dissipation......................................................................... 1 Watt

^Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is 
a stress rating only and functional opera
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS 4
(0°C <  Ta  <  70°C) 1

PARAMETER MIN TYP M AX UNITS NOTES

V d d Supply Voltage 10.8 12.0 13.2 volts 2

V c c Supply Voltage 4.5V 5.0 5.5 volts 2,3

v s s Supply Voltage 0 0 0 volts 2

V b b Supply Voltage -4 .5 -5 .0 -5 .7 volts 2

V |H C Logic 1 Voltage, RAS, CAS, WRITE 2.4 7.0 volts 2

V |H Logic 1 Voltage, all inputs except 
RAS, CAS, WRITE

2.2 7.0 volts 2

V |L Logic 0 Voltage, all inputs -1 .0 .8 volts 2

DC ELECTRICAL CHARACTERISTICS 4
(0°C < Ta  <  70T)1 (V d d  = 12.0V ± 10%; V cc = 5.0V ± 10%; Vss = 0V; -5 .7V  < V BB <-4 .5V )

PARAMETER MIN TYP M AX UNITS NOTES

'DD1 Average V q d  Power Supply Current 35 mA 5

'D D 2 Standby V q q  Power Supply Current 2 mA 8

'D D 3 Average V q q  Power Supply Current 
during "RAS o n ly "  cycles

25 mA

i c c V qC Power Supply Current mA 6

I b b Average V b b  Power Supply Current 150 juA

'I(L ) Input Leakage Current (any input) 10 p A 7

'O (L) O utput Leakage Current 10 m a 8,9

VOH O utput Logic 1 Voltage @ lo U T  = 
— 5mA

2.4 volts

v OL O utput Logic 0 Voltage @ lo U T  = 
3.2mA

0.4 volts

NOTES

1. T a  is sp ecified  fo r  o p e ra tio n  a t fre qu e nc ie s  to  tR Q  ^ t R C  (m in ). 
O p e ra tio n  at h ig h er cyc le  rates w ith  reduced  a m b ie n t te m p e ra tu re s  
and h ig h er p o w e r d iss ip a tio n  is p erm iss ib le  p ro v id e d  th a t  all AC 
param eters are m e t. See fig u re  2 fo r  d e ra tin g  curve .

2. A ll vo ltages re ferenced to  V g g .

3. O u tp u t vo lta ge  w il l  sw ing f ro m  V g s  to  V CC w hen e n a b le d ,w ith
no o u tp u t  load. F o r purposes o f m a in ta in in g  data  in s ta n d b y  m ode, 
V c c  m ay be reduced to  V g g  w i th o u t  a ffe c tin g  refresh o p e ra tio n s  o r 
data  re te n tio n . H o w e ver, the  Vq h  (m in ) s p e c ific a tio n  is n o t 
guaranteed in th is  m ode.

4. Several cycles are re q u ire d  a fte r p o w e r-u p  b e fo re  p ro p e r device 
o p e ra tio n  is achieved. A n y  8 cyc les w h ic h  p e r fo rm  re fresh are 
adequate  fo r  th is  p urpose.

5. C u rre n t is p ro p o r t io n a l to  cyc le  rate. I DD1 (m a x ) is measured a t
the  cyc le  ra te  sp ecified  by t ^ Q  (m in ) .  See fig u re  1 fo r  I q D I  l im its  
a t o th e r cyc le  rates. ^

6. I r e  depends on o u tp u t  loa d in g . D u rin g  re a d o u t o f  h igh  level data 
V q c  is co n n e c te d  th ro u g h  a lo w  im pedance ( 1 3 5 u  ty p )  to  Data  
O u t. A t  a ll o th e r tim e s  Ic e  consists o f leakage c u rre n ts  o n ly .

7. A ll device p in s a t 0 v o lts  e x c e p t V g g  w h ic h  is a t — 5 v o lts  and th e  
p in  u n d e r te s t w h ic h  is a t +1 0  vo lts .

8. O u tp u t  is d isab led  (h igh -im p e da nce ) and R a S and CAS are b o th  
a t a lo g ic  1. T ra n s ie n t S ta b iliza tio n  is re q u ire d  p r io r  to  m e asure
m e n t o f th is  param e ter.

9. OV < V O U t < +  1 0V .

10. E ffe c tiv e  ca pacitance  is ca lcu la te d  fro m  the  e q u a tio n :

C = A q  w ith  A V = 3 vo lts .

Av
11. A .C . m easurem ents  assume t j  = 5ns.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS*4- 11- 17>
(0°C< T a <  70°C)1 (V p p  = 12.0V± 10%, V qC = 5.0V± 10%, VSS = 0 V ,-5 .7 V  <  V B B < -4 .5 V )

PARAMETER
MK4027-2 MK4027-3

UNITS NOTESMIN M AX M IN M AX

tRC Random read or w rite  cycle tim e 320 375 ns 12

tRWC Read w rite  cycle time 320 375 ns 12

tRMW Read m odify w rite cycle time 320 405 ns 12

tp c Page mode cycle tim e 170 225 ns 12

tR A C Access tim e from  row address strobe 150 200 ns 13, 15

tCAC Access time from  colum n address strobe 100 135 ns 14, 15

tOFF O utput bu ffer tu rn -o ff delay 40 50 ns

tRP Row address strobe precharge tim e 100 120 ns

tRAS Row address strobe pulse w idth 150 10,000 200 10,000 ns

tRSH Row address strobe hold time 100 135 ns

tCAS Column address strobe pulse w idth 100 135 ns

tCSH Column address strobe hold tim e 150 200 ns

tRCD Row to  colum n strobe delay 20 50 25 65 ns 16

tASR Row address set-up time 0 0 ns

tR A H Row address hold tim e 20 25 ns

tASC Column address set-up time - 1 0 - 1 0 ns

tCAH Column address hold tim e 45 55 ns

tAR Column address hold tim e referenced to  RAS 95 120 ns

tc s c Chip select set-up time - 1 0 - 1 0 ns

tCH Chip select hold tim e 45 55 ns

tCHR Chip select hold tim e referenced to  RAS 95 120 ns

n Transition tim e (rise and fall) 3 35 3 50 ns 17

tRCS Read command set-up tim e 0 0 ns

tRCH Read command hold tim e 0 0 ns

tWCH Write command hold tim e 45 55 ns

tWCR Write command hold tim e referenced to  RAS 95 120 ns

tw p Write command pulse w idth 45 55 ns

tRW L Write command to  row strobe lead time 50 70 ns

tCWL Write command to  colum n strobe lead time 50 70 ns

tDS Data in set-up time 0 0 ns 18

tDH Data in hold tim e 45 55 ns 18

tDHR Data in hold tim e referenced to RAS 95 120 ns

tCRP Column to  row strobe precharge tim e 0 0 ns

tc p Column precharge tim e 60 80 ns

tRFSH Refresh period 2 2 ms

tw c s Write command set-up tim e 0 0 ns 19

tCWD CAS to  WRITE: delay 60 80 ns 19

tRWD RAS to  W RITE delay 110 145 ns 19

tDOH Data out hold tim e 10 10 jUS

Notes Continued
12. The  s p e c ific a tio n s  fo r  t p g  (m in ) and tR yyg  (m in ) are used o n ly  to

in d ica te  cyc le  tim e  a t w h ic h  p epper o p e ra tio n  over the  fu l l  te m p 
e ra tu re  range (0 °C  ^  70 C) is assured. See fig u re  2 fo r  d e ra 
tin g  curve .

13. Assum es th a t t p c D ^  t p c D  <m a x )-

14. Assum es th a t  t p c D  ^  fR C D  ( m a x )-

1 5. M easured w ith  a loa d  c ir c u it  e q u iv a le n t to  2 T T L  loads and  1 0 0 p F

16. O p e ra tio n  w ith in  th e  t p g p  (m a x ) l im i t  insures th a t tp^AC (m a x )
can be m e t. t p ^ D  (m a x } is sp e c ifie d  as a re feren ce  p o in t  o n ly ;  if  
t R c o  13 14 IS 16 greate r tha n  th e  sp e c ifie d  tR C D  (m a x) l im i t ,  th e n  access 
tim e  is c o n tro lle d  e x c lu s iv e ly  b y  tQ ^C -

17. V 11_|(p (m in ) o r V |p | (m in ) and V ||_  (m a x) are re fe ren ce  levels fo r  
m easuring  t im in g  o f in p u t  signals. A lso , tra n s it io n  tim e s  are 
m easured betw een  V | r q  o r  V | r  and V ||_ .

18. These param e ters  are re fe re nced to  CAS lead ing  edge in ra n d o m  
w r ite  cyc les and to  W ft IT E  lead ing  edge in  d e la yed  w r ite  o r read- 
m o d ify -w r ite  cycles.

19. tyvcS - t CWD» and t RW D  are re s tr ic tiv e  o p e ra tin g  param e ters  in
a re a d /w rite  o r re a d /m o d ify /w r i te  cy c le  o n ly . I f  tw yn s ^ X\NCS (m in ) ,  
th e  c yc le  is an e arly  w r ite  c yc le  and Data O u t w i l l  c o n ta in  th e  data  
w r it te n  in to  th e  selected ce ll. I f  t c w D  ^ I t CW D (m in ) and tp y \/D  ^  
tR W D  (m in ),  th e  cyc le  is a re a d -w rite  cyc le  and Data O u t w i l l  c o n ta in  
data  read f ro m  th e  se lected ce ll. I f  n e ith e r o f th e  above sets o f  c o n d itio n s  
is sa tis fied , th e  c o n d itio n  o f  Data  O u t (a t access tim e ) is in d e te rm in a te .
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AC ELECTRICAL CHARACTERISTICS

(0°C < T a <70°C) (V d D = 12.0V ± 10%; V S S  = 0V ;-5 .7 V < V b b < -4 .5 V )

PARAMETER TYP M AX UNITS NOTES

C 11 Input Capacitance (A0-A5), D||\i, CS 4 5 PF 10

c  I2 Input Capacitance RAS, CAS, W RITE 8 10 PF 10

Co O utput Capacitance (D o u t ) 5 7 PF 8,10

CYCLE TIME t CYC <ns>

CYCLE RATE (MHz) = 103 / tCYC M

Figure 1. Maximum Iq d 1 versus cycle rate for device 
operation at extended frequencies.
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CYCLE TIME tCYC <ns>

Figure 2. Maximum ambient temperature versus cycle rate 
for extended frequency operation.
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READ CYCLE
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READ-WRITE / READ-MODIFY-WRITE CYCLE

"RAS ONLY" REFRESH CYCLE

dout
voh — 

vol~

NOTE: Dq u t  remains unchanged from previous cycle.
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PAGE MODE READ CYCLE

PAGE MODE WRITE CYCLE
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ADDRESSING

The 12 address bits required to decode 1 of the 4096 
cell locations w ithin the MK 4027 are multiplexed 
onto the 6 address inputs and latched into the on-chip 
address latches by externally applying two negative 
going TTL level clocks. The first clock, the Row 
Address Strobe (RAS), latches the 6 row address
bits into the chip_.__Jhe second clock, the Column
Address Strobe (CAS), subsequently latches the 6 
column address bits plus Chip Select (CS) into the 
chip. The internal circuitry of the MK 4027 is de
signed to allow the column information to be exter
nally applied to the chip before it is actually required. 
Because of this, the hold time requirements for the 
input signals associated with the Column Address 
Strobe are also referenced to RAS. However, this 
gated CAS feature allows the system designer to com
pensate for timing skews that may be encountered in
the multiplexing operation._Since the Chip Select
signal is not required until CAS time, which is well 
into the memory cycle,its decoding time does not add 
to system access or cycle time.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into 
an on-chip register by a combination o f WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low prior to 
CAS, the Data In is strobed by CAS, and the set-up 
and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WRITE 
signal must be delayed until after CAS. In this 
“ delayed write cycle" the data input set-up and 
hold t imes are referenced to the negative edge of 
WRITE rather than to CAS. (To illustrate this 
feature, Data In is referenced to WRITE in the timing 
diagram depicting the read-write and page mode 
write cycles while the "early w rite" cycle diagram 
shows Data In referenced to CAS.) Note that if the 
chip is unselected (CS high at CAS time) WRITE 
commands are not executed and, consequently, 
data stored in the memory is unaffected.

Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active. Data read from the selected cell w ill 
be available at the output w ithin the specified access 
time.

DATA OUTPUT LATCH

Any change in the condition of the Data Out Latch 
is initiated by the CAS signal. The output buffer is 
not affected by memory (refresh) cycles in which 
only the RAS signal is applied to the MK 4027.

Whenever CAS makes a negative transition, the out
put w ill go unconditionally open-circuited, indepen
dent of the state o f any other input to the chip. If 
the cycle in progress is a read/ead-modify-write, or a 
delayed write cycle and the chip is selected, then 
the output latch and buffer w ill again go active and 
at access time will contain the data read from the 
selected cell. This output data is the same polarity 
(not inverted) as the input data. If the cycle in 
progress is a write cycle (WRITE active low before 
CAS goes low) and the chip is selected, then at access 
time the output latch and buffer w ill contain the 
input data. Once having gone active, the output w ill 
remain valid until the MK 4027 receives the next 
CAS negative edge. Intervening refresh cycles in 
which a RAS is received (but no CAS) will not cause 
valid data to be affected. Conversely, the output 
w ill assume the open-circuit state during any cycle 
in which the MK 4027 receives a CAS but no RAS 
signal (regardless of the state of any other inputs). 
The output w ill also assume the open circuit state in 
normal cycles (in which both RAS and CAS signals 
occur) if the chip is unselected.

The three-state data output buffer presents the data 
output pin with a low impedance to V qc fo r a logic 
1 and a low impedance to Vss f ° r a logic 0. The 
output resistance to VqC (logic 1 state) is42012max- 
imum and 135 12 typically. The output resistance 
to Vss (logic 0 state) is 12512 maximum and 35 12 
typically. The separate V qc P*n allows the out
put buffer to be powered from the supply voltage of 
the logic to which the chip is interfaced. During 
battery standby operation, the V c c  P'n maY have 
power removed w ithout affecting the MK 4027 re
fresh _ope rat ion. This allows all system logic except 
the RAS timing circuitry and the refresh address 
logic to be turned o ff during battery standby to 
conserve power.

REFRESH

Refresh o f the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a RAS signal occurs, accomplishes 
a refresh operation. A read cycle w ill refresh the 
selected _rpw, regardless of the state of the Chip 
Select (CS) input. A 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. If, during a refresh cycle, the 
MK 4027 receives a RAS signal but no CAS signal, 
the state of the output w ill not be affected. How- 
ever, if "RAS-only" refresh cycles (where RAS is 
the only signal applied to the chip) are continued 
for extended periods, the output buffer may even
tually lose proper data and go open-circuit. The 
output buffer w ill regain activity with the first 
cycle in which a CAS signal is applied to the chip.
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POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4027 is dynamic 
and most of the power drawn is 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 
rather than active duty cycle. Typically, the power 
is 170mW at 1 ixsec cycle rate for the MK 4027 with 
a worse case power of less than 470mW at 320nsec 
cycle time. To minimize t he overall system power, 
the Row Address Strobe (RAS) should be decoded 
and supplied to only the selected chips. The CAS 
must be supplied to all chips (to turn o ff the un
selected output). Those chips that did not receive 
a RAS, however, w ill not dissipate any power on 
the CAS edges, except fo r that required to turn o ff 
the outputs. If the RAS signal is decoded and sup
plied only to the selected chips, then the Chip Select 
(CS) 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 
input. For refresh cycles, however, either t he CS 
input of all chips must be high or the CAS input 
must be held high to prevent several "wire-OR'd" 
outputs from turning on with opposing force. Note 
that the MK 4027 w ill dissipate considerably less 
power when the refresh operation is accomplished 
with a "R AS-onlv" cycle as opposed to a normal 
RAS/CAS memory cycle.

PAGE MODE OPERATION

The "Page Mode" feature of the MK 4027 allows 
for successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobing the row address into the chip and keeping 
the RAS signal at a logic 0 throughout all successive 
memory cycles in which the row address is common.

This "page mode" of operation will not dissipate the 
power associated with the negative going edge of 
RAS. Also, the time required for strobing in a new 
row address is eliminated, thereby decreasing the 
access and cycle times. The chip select input (CS) 
is operative in page mode cycles just as in normal 
cycles. It is not necessary that the chip be selected 
during the first operation in a sequence of page 
cycles. Likewise, the CS input can be used to select 
or disable any cycle(s) in a series of page cycles. 
This feature allows the page boundary to be extended 
beyond the 64 column locations in a single chip. 
The page boundary can be extended by applying 
RAS to multiple 4K memory blocks and decoding 
CS to select the proper block.

POWER UP

The MK 4027 requires no particular power supply 
sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insure 
compliance with the Absolute Maximum Ratings, 
MOSTEK recommends sequencing of power supplies 
such that V bb  is applied first and removed last. 
V bb should never be more positive than VsS when 
power is applied to V q d .

Under system failure conditions in which one or more 
supplies exceed the specified limits significant addi
tional margin against catastrophic device failure may 
be achieved by forcing RAS and Data Out to the 
inactive state.

A fter power is applied to the device, the MK 4027 
requires several cycles before proper device operation 
is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose.
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TYPICAL DEVICE CHARACTERISTICS

TYPICAL ADDRESS AND DATA INPUT LEVELS vs. V q D
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TYPICAL ACCESS TIME (NORMALIZED) vs. V q D TYPICAL ACCESS TIME (NORMALIZED) vs. Vb B
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