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ECE 353
Introduction to 
Microprocessor Systems
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/CS
/WE

/OE

internal write signal

internal read signal

E
R/W

internal write signal

internal read signal
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CE

A0

A15 D7

D0

CE

A0

A14 D7

D0

CE
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A14 D7
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Extending Depth
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� Lets look at the construction of a ROM memory:

clk

X
-d

ec
od

er

addr

precharge_n

WL[0]

WL[1]

WL[n-1]

WL[n]

d_out[0] d_out[1]

VSS

VSS

M1 Bitlines

Poly WL’s

contacts
shared between
adjacent cells

diffusion either
absent or present
to form for pulldown
or not.

Diffusion Programmed ROM:
(smallest area but committed to content (program) early in

manufacturing flow)

VSS

Contact Programmed ROM:

contacts are
present or not
present depending
on ROM contents

diffusion spacing design
rule and inability to share
contacts leads to lower 
density.  However a change/
edit can be made later in the 
manufacturing of the chip.

����
WL

B
L

B
L_

n

� 6-Transistor cell
� Both write and read are differential
� Differential read makes it faster.  Only need to
develop around 50-100mV of difference between BL
and BL_n to read.
� Sense amplifier amplifies differential into full rail value.
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� A factory programmed (mask programmed) ROM can be done with 
contact or diffusion programming, but how does a user programmable 
ROM work?

n+n+

Control gate (poly)

Floating gate (poly)

NV (non-volatile) ROM’s:

p- substrate

� Floating gate is electrically isolated.  The control gate is the driven WL.
� The control gate therefore has lower CGS and thus less direct control 
over the channel. 
� An unprogrammed cell therefore has a VT of around 2V

n+n+

12V on Control gate

p- substrate

5V on drain
0V on source

� Programming with Hot e-

� Hot electrons “fly” across the channel and tunnel through the gate oxide 
near the drain.
� Now there are an excess number of electrons (negative charge) trapped 
on the floating gate.  
� This extra charge needs to be displaced by the control gate to invert the 
channel, so the VT of the cell is raised to greater than 6V.
� Now with a 5V WL during normal read operation a programmed cell will
no longer conduct.

� Erasing can be electrical (EEPROM/Flash) or UV light (EPROM)

n+

0V

n+

p- substrate

12V on drain
0V on source

n+n+

p- substrate

e- attracted to the
high potential on the
drain, and tunnel 
through the gate oxide

UV light

UV light imparts 
enough energy to 
knock the electrons
off the floating gate

d_out[7]

64

Bi
t P

la
ne

-7

4:1 
bitline mux

4

Bi
t P

la
ne

-6

4:1 
bitline mux

4

Bi
t P

la
ne

-0

4:1 
bitline mux

4

d_out[6] d_out[0]

1:4 write 
drv

1:4 write 
drv

1:4 write 
drv

addr[7:2]

4 4 4

d_in[7] d_in[6] d_in[0]

� Make the array access two dimensional for each bit plane
� Access a cell by intersection of row and column
� Some address bits decode row, and some decode column

addr[1:0]

addr[1:0]


