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CPU DRAM Refresh Interface
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CPU DRAM Refresh Interface
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 During T3 and T4, 

 the lower seven bits of the address bus contain a memory 
refresh address

 and the RFSH signal becomes active, indicating that a refresh 
read of all dynamic memories must be performed 

DRAM Interface
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4116 DRAM - read
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4116 DRAM - read
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4116 DRAM
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 Back in the late 1970s, the most popular memory chip was Mostek's MK4116, 
holding a whopping (for the time) 16 kilobits. It provided storage for computers 
such as the Apple II, TRS-80, ZX Spectrum, Commodore PET, IBM PC, and Xerox 
Alto as well as video games such as Defender and Missile Command
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4116 DRAM
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 In dynamic RAM, each bit is stored in a capacitor with the bit's value, 0 or 1, 
represented by the voltage on the capacitor.3 
 The advantage of dynamic RAM is that each memory cell is very small, so a lot of 

data can be stored on one chip.4 

 The downside of dynamic RAM is that the charge on a capacitor leaks away after 
a few milliseconds. 

 To avoid losing data, dynamic RAM must be constantly refreshed: bits are read 
from the capacitors, amplified, and then written back to the capacitors. 

 For the MK4116, all the data must be refreshed every two milliseconds.

4116 DRAM
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 Mostek cut the number of address pins in half by using 

each address pin twice, 

 first for a "row" address, and then a "column" address. 

 This approach became the industry standard, allowing memory 

chips to fit into inexpensive 16-pin packages

 Externally, the chip stores a single bit for 16,384 different 

addresses. 

 (Typically, eight of these chips were used in parallel to store 

bytes.) 

 Internally, however, the chip is implemented as a 128×128 

matrix of storage cells
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4116 DRAM
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 seven address pins (A0-A6). The Row 
Address Strobe pin (RAS) is used to 
indicate the row address is ready, 
while the Column Address Strobe pin 
(CAS) indicates that the column 
address is ready

 The two memory arrays are in the 
center

 At the right, the row decode circuitry 
selects a row based on the address 
pins, while the column address 
circuitry buffers the address for the 
column select circuitry. 

 At the left, the clock circuits generate 
the chip's timing pulses, triggered by 
the RAS, CAS, and WRITE pins. 

 Finally, the Data Out and Data In pins 
provide access to the selected data 
bit.

4116 DRAM
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 Vertical strips of polysilicon (poly 1) 
over the storage cells implement 
capacitors: the silicon forms the lower 
plate, while the polysilicon forms the 
upper plate.

  The second layer of polysilicon (poly 2) 
is arranged in diagonal regions to 
implement the selection transistors, 
where square notches in the poly 1 
layer allow the poly 2 layer to approach 
the silicon.
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4116 DRAM
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 The cross-section diagram below 
shows the three-dimensional, 
layered structure of a memory cell. 
At the bottom is the silicon 
(brown); the bit line (dark brown) 
is made from doped silicon. Above 
the silicon are the two polysilicon 
layers (red) and the metal layer 
(purple), separated by insulating 
silicon dioxide (gray). 

 At the far left, the poly 1 layer and 
underlying silicon form a capacitor. 
In between the capacitor and the 
bit line, the poly 2 layer forms the 
gate of the transistor. 

 At the left, the poly 2 layer is 
connected to the metal of the 
word line, which turns the 
transistor on, connecting the 
capacitor to the bit line.

4116 DRAM

11/11/2025MOSTEK DRAM 4116 Review16

 the 4116 used earlier NMOS transistors. Most NMOS 

integrated circuits constructed logic gates with load 

transistors, 

 a simple technique with the disadvantage of wasting 

power. Instead, the MK4116 memory chip uses dynamic 

logic, which is considerably more complex but saves 

power while idle.
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4116 DRAM – Row Select
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 The purpose of the row-select circuitry is to 
 decode the 7 address bits and energize the corresponding row select 

line (out of 128) to read one row of memory

 In the first step, 32 5-input NOR gates decode address bits A0 
through A4

 Each NOR gate takes a different combination of non-inverted 
and inverted address bits and matches a particular 5-bit 
address. 

 These NOR gates use dynamic logic, first pulled high and then 
discharged to ground, except for the selected address which 
remains high

 Next, each NOR output is split into four, based on A5 and A6.

 The result is that one of 128 row select lines is activated, 
turning on the transistors for that row in the matrix.

4116 DRAM – Row Select
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 In the first step, 32 5-input NOR gates decode address 

bits A0 through A4
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4116 DRAM – Row Select
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 The NOR gates are implemented in several compact blocks; one block of three 
NOR gates is shown below.

 Each NOR gate is a horizontal stripe of doped silicon, with ground above and below 
it. 

 Each NOR gate has transistors (pink stripes) connected to ground alternating 
above and below it. 

 A transistor will pull the NOR gate low if the connected address line is high. The 
precharge transistors at the left pull the NOR gates to +12 volts, while the output 
control transistors control the flow of the decoded outputs to the rest of the 
circuitry.

4116 DRAM – Sense Amplifiers
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 The sense amplifiers are one of the most challenging parts of 
designing a memory chip. 

 The job of the sense amplifier is to take the tiny voltage from a 
capacitor and amplify it into a binary 0 or 1.11 

 The challenge is that even though 12 volts is stored in a 
capacitor, the signal from the capacitor is very small, is only 
100 millivolts or so. 

 (Because the bit line is much larger than the tiny memory cell 
capacitor, the capacitor causes a very small voltage swing.)12 

 It is critically important for the sense amplifier to operate accurately, 
even in the presence of noise or voltage fluctuations, because any 
error will corrupt the data. 

 The sense amplifier circuit must also be compact and low power 
since there are 128 sense amplifiers.
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https://www.righto.com/2020/11/reverse-engineering-classic-mk4116-16.html#fn:voltage
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4116 DRAM – Sense Amplifiers Refresh
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 The chip's 128 sense amplifiers, 
one for each column, are 
located between the two 
memory arrays as shown above. 

 During a read, 128 values in a 
row are accessed in parallel and 
amplified by the sense 
amplifiers. 

 These 128 values are then 
written back to refresh the 
values in the capacitor. 

 For a write operation, one of 
the bits is updated with the new 
value before they are written 
back.

Sense Amplifier Operation

11/11/2025MOSTEK DRAM 4116 Review22

 Sense Amp precharged at Voltage midpoint
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4116 DRAM – Sense Amplifiers Refresh
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 Each sense amplifier (above) is a 
very simple circuit. It takes two 
inputs and compares them, 
pulling the lower one to 0.13 

 It is built from two cross-
coupled transistors, each trying 
to pull the other one low.

 Whichever transistor has the 
higher voltage to start with will 
"win", forcing the other side 
low.14 

 The sense amplifier is sensitive 
to very small voltage 
differentials, allowing it to 
distinguish the small signals 
from a storage cell.

4116 DRAM – Sense Amplifiers Refresh
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 Locating the sense amplifiers between 
the two memory arrays isn't arbitrary, 
but the key to their operation: this is 
the "divided bit line" architecture 
introduced in 1972. 

 The idea is that one input to the sense 
amp is the voltage from the desired 
memory cell, while the other input is a 
threshold voltage from a "dummy cell" 
in the opposite memory array. 

 Dummy cells are constructed and 
precharged like real memory cells 
except the capacitor is half-sized, so 
they provide a voltage midway 
between a 0 bit and a 1 bit.3 

 If the voltage from the real memory 
cell is lower, the sense amp outputs a 
0, and if higher, it outputs a 1.
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https://www.righto.com/2020/11/reverse-engineering-classic-mk4116-16.html#fn:amplification
http://www.seas.ucla.edu/brweb/papers/Journals/BR_Magzine1.pdf
http://www.seas.ucla.edu/brweb/papers/Journals/BR_Magzine1.pdf
http://www.seas.ucla.edu/brweb/papers/Journals/BR_Magzine1.pdf
https://www.righto.com/2020/11/reverse-engineering-classic-mk4116-16.html#fn:sense-example
https://www.righto.com/2020/11/reverse-engineering-classic-mk4116-16.html#fn:charge
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4116 DRAM –Dummy Cells
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 The dummy cells are located on the 
edges of the memory arrays, as 
shown above. 

 They consist of capacitors and 
transistors (similar to real memory 
cells), but with a separate line to 
charge them. The advantage of the 
dummy cell approach is that 
manufacturing differences or 
fluctuations during operation will 
(hopefully) affect the real cells and 
dummy cells equally, so the voltage 
from the dummy cell will remain at 
the correct level to distinguish 
beween a 0 and a 1. 

 Address bit A0 controls which half 
of the array provides real data to the 
bit lines and which half connects 
dummy cells to the bit lines.

4116 DRAM –Column Select
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 the column select circuitry selects one column out 
of the 128-bit row; this is the bit that is read or 
written. 

 Each column select circuit is twice as wide as a 
memory cell, so they only decode one of 64 
columns. 

 The result is that two bits are selected at a time, 
and circuitry elsewhere selects one of the two bits. 

 Like the row select circuitry, the column select 
circuitry is implemented by numerous NOR gates, 
each matching one address. 

 For column select address bits A0 through A5 select 
one of 64 lines, selecting two columns at a time. 

 These two bit lines are connected to data lines 
transmitting the signals to the I/O circuitry. (Since 
the bit lines for the upper and lower halves of the 
matrix are separate, there are actually four bit lines 
selected by the column select circuit.) 

 As with the row select circuitry, dynamic logic is 
used, controlled by various timing signals. Note that 
each NOR gate is physically split into two parts with 
the sense amp in the middle.
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4116 DRAM –Column Select
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 The schematic shows how the column 
decoder works with the sense amplifier. 

 The diagram shows two bit lines and the 
top half of the column decoder and 
sense circuitry; it is mirrored for the 
lower array. 

 At the top, the sense precharge circuit 
pulls all the bit lines high. 

 At the bottom, the sense amplifiers 
amplify and refresh the signals as 
explained above. 

 The column decoder matches a 
particular 6-bit address, so one of the 64 
decoders will activate the associated 
sense select circuit, connecting the chip's 
I/O circuitry to four bit lines (two from 
the upper memory array as shown here 
and two from the lower memory array).

4116 DRAM –Column Select
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 At this point, four bit lines have been selected for use 
and their signals are passed to the input/output circuitry; 
the column select circuitry only decoded 1-of-64, while 
there are 128 columns, and each half of the array has 
separate bit lines. 

 Column address bit A6 provides the final selection 
between the two columns. The selected bit is sent to 
the data-out pin for a read. 

 For a write, the value on the data-in pin is sent back 
through the appropriate wire to overwrite the value in 
the sense amplifier. 

 This circuitry is implemented using dynamic logic and 
latches, controlled by various timing signals.

 Much of the circuitry is duplicated, with one copy for 
the upper half of the memory array and one copy for 
the lower half. 

 Row address bit A0 distinguishes which half of the 
matrix is active and which half is providing dummy data). 

 (Note that row address bit A0 was already used to 
select a particular row, but the circuitry has "lost track" 
of which was the real row and which was the dummy 
row, so it must make the selection again.)

27
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4116 DRAM –Clock Generation
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 chip requires many timing signals for the 
various steps in a memory operations.

 The memory chip doesn't use an external 
clock, unlike a CPU, but generates its own 
timing signals internally. 

 The diagram illustrates the clock 
generators, using buffers to create a delay 
between each successive clock output. 

 The first set of timing signals is triggered 
by the row-access strobe (RAS), 
indicating that the computer has put the 
row address on the address pins. 

 The next set of timing signals is triggered 
by the column-access strobe (CAS), 
indicating the column address is on the 
address pins. 

 Other timing signals are triggered by the 
WRITE pin.

Conclusions
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 The MK4116 is an engineering work of art!

 DRAM cells are essentially analog!!!

 Analog circuits to sense and amplify signals

 TO Remember: REFRESH = READ

 Due to sense amplifiers 

 Intel produced 16,384-bit DRAM chips before Mostek, 

the 2116 and others, 

 but Mostek's chips beat Intel in the marketplace

 16-gigabit DRAMs are now into production
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https://www.semanticscholar.org/paper/A-16-384-bit-dynamic-RAM-Ahlquist-Breivogel/2623f1732a39119a6d5825bc4eaa9f39d770cc47
https://www.semanticscholar.org/paper/A-16-384-bit-dynamic-RAM-Ahlquist-Breivogel/2623f1732a39119a6d5825bc4eaa9f39d770cc47
https://www.semanticscholar.org/paper/A-16-384-bit-dynamic-RAM-Ahlquist-Breivogel/2623f1732a39119a6d5825bc4eaa9f39d770cc47
https://www.intel-vintage.info/intelmemory.htm
http://smithsonianchips.si.edu/augarten/p50.htm
https://www.businesswire.com/news/home/20200831005214/en/Samsung-Begins-Mass-Production-of-16Gb-LPDDR5-DRAM-at-Worlds-Largest-Semiconductor-Line
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16-gigabit DRAMs
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