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Figure 5.10 General architecture scheme.
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Flash Memory Operations: Overview
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Figure 5.11 Flash cell: threshold distributions.

information, while in the latter 2" bits of information are stored in a single cell.
The main issue with a multilevel Flash memory is technological, since its devel-
opment demands a great confidence in the process, because a tight distribution
of the threshold of the programmed cells is needed.

In Fig. 5.11, threshold distributions for both standard and multilevel Flash
memories are shown, together with the criteria used to determine the content
of the cell.

No matter how many bits are stored, the complex of activities necessary

-+ to detect the cell content is referred to as Read operation; this operation is

performed by a set of circuits which form the so-called Read path.

First of all, the address of the data is acquired by the input buffers: thesf
circuits must fulfill requirements such as the noise immunity (to avoid a spur 10_“”
commutation of the inputs), TTL voltage compliance and third level sexlsiFl"’t.)
(some input pins are connected not only to the usual buffer, but also to a C”C/‘"t
whose output goes high when the input reaches two or three times the VcC
value, in order to perform certain operations). -

The input buffers drive the decoding circuits, which are made up of 2 prh A
decoder followed by the decoder (see Section 5.2), whose purpose is to I?'as ltta—
selected cells with the proper read voltage; eight or sixteen cells are sim! er
neously selected through the column predecoder and decoder, and the ProP
drain voltage is forced to the cells. g S

In order to determine the valye stored in the cells, a differential sensm{in
performed, comparing the matrix cells with a known reference. Being a ¢
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Figure 5.12 Differential sensing scheme.

(a Flash cell sinks more or less current depending on its threshold
voltage conversion is performed on both the matrix and
(where transistors are used as loads), and finally the
d by a differential amplifier (Fig. 5.12). It is worth
ansistors should vary in strength, this
ltage shift but not in a differential

comparison
voltage), a current-to-
the reference branches
two voltages are compare
noting that if both cells or both load tr
difference would result in a common mode vo

voltage variation, thus achieving a correct sensing.
If the cell of the matrix is programmed, it drains less current than the

reference cell: the output voltage from the matrix cell is higher than that
of the reference cell. If the cell of the matrix is virgin or erased, it has the same
current as the reference cell: the cell can be shown virgin (more current than
in the reference) if for example the load transistor for reference side is larger
than the matrix load (these issues are deeply analyzed in Section 5.4).

The result of the sensing (which is a voltage) passes through a multiplexer
to the Putput buffers, which cause the external data pin to change their state
Z’ceolfat.irmegly; the main Problem is the noise introduced on Vee and GND due to
of the ga tzucl)‘lrznt; t1re(!u1red to charge and discharge the huge load capacitance

As 1o 1h put pins. .

Wity feli?ilsral issues related to the Read opera}:xon, great efforts are
g solutions to reduce as much as possible the delay between
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the address transition and the valid data at the output buffers; in other words,

to achieve a faster access time.

5.1.4.2 Program Path Building Bloclfs Desc‘:ription.‘ A FlaSh.device
can be programmed on a word or byte basis. As it was pOl‘nte('l out in Sec.
tion 5.1.3, Program is a very complex and slow operation which is performeq,
in the actual Flash generation, by an embedded Prograrfl/ Erase Controller;
the user has only to provide the correct instruction, which is composed of a se-
quence of different commands, followed by the data to be programmed together
with their address location. Then, the Program /Erase Controller automatically
starts and performs the Program operation. The user or the external microcon-
troller can check the status of the operation using either the R/B# pin or the
status on DQO-DQ7 (the former can be issued either in “Data Polling - Toggle
Bits” or “Status Register” fashion). In some Flash memories the Program can
be suspended to read some other locations inside the array.

When the algorithm starts, the content of the memory location to be pro-
grammed is compared with the data: if they are valid (since to program means
to change cell status from “1” to “0”, and the opposite task can only be per-
formed by an Erase operation, it is wrong to try to program a “1” onto a “0”),
then a high voltage (HV switch of Fig. 5.10) is driven on the wordline of the
cell to be programmed and then a program pulse is applied on the drain of the
cell through the V, generation circuit (Fig. 5.10). At the end of the program
pulse, another verify is performed, reading the byte/word and comparing it
with the data to be programmed (latched at the beginning of the operation).
If comparison fails, another program pulse is applied to the uncompletely pro-
grammed bits. Fig. 5.13 shows a simplified flow chart and the timing of the
main signals involved. The program efficiency decreases while threshold voltage
increases: therefore it is possible to obtain a common value for programmed
cells threshold voltages, even if the starting values are different.

5.1.4.3 Erase Path Building Blocks Description. The Erase operation
is performed on all the cells inside a sector (thus sharing a common source) and
can be divided in three fundamental steps:

1. Program All 0;
2. Erase;
3. Recovery of over-erased cells.

With tpe first step all the bits of the sector are put in the same condition
as for their threshold voltages; an internal counter is used to address all the
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Figure 5.13 Program operation - flowchart.

words inside the sector, since Program operation is performed sequentially on
every word.

The second step consists in providing a high voltage on the common source
through Source switch keeping all the gates to GND and all the drain floating
.(this is valid both in a source and a gate erase scheme). If high voltage (Vep)
18 not available on input pin, an internal circuit will generate it. At the end of
erase pulse, a verify is performed on every word, in order to see if all the cells

Ve been erased. If this verify fails, another erase pulse is given.

The thirq step performs a depletion verify to detect the over-erased bits. If
Present, these bits are recovered by programming them with a proper algorithm.

simplified erase flow chart and the erase timing are shown in Fig. 5.14.

5,
2 READ PATH: DECODING

girf::h?dinformation storage or retrieval is concerned, it is necessdul Fo clg\'i?‘e;
out i g t,o address the data inside the n'1<'%m()1.'y array. As dl:(.(lfl) pﬁxuu (
arrap ede?tlon 9.1.2, NOR matrix organization is ff(msulered: [‘l‘d?“ ‘1 Ce . S fllt‘

M rows and columns selected by means of separate address decoding





