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The operation of the chip is quite similar to the 4l

,j 7 Grganized as u 64,336 % | chip.
F : § Vdc power supply. Note that these, or co

L axoept that b requires only 8 single
chips are available from a number of different manufacturers, but the pan numbers o

AN ey ditfer even though the chips are compatible. For insiance, the 64K DRAM (65,536 » )8
R is available under the following part numbers: Advanced Micro Devices, AM9064; Faing
e 48 child, FA164; Intel, 2164; Mostek, MK4564; Motorola, MCM6665; and Texas Instry

ments, TM54164.

12.6 MEMORY CELLS >
E memory cell Is the basic unit for storing & single bit of information in a memory. Thy [
cells used to construct semiconductor memories are usually [ AR
elther bipolar or MOS tranxistors ur & charge storage circuil that"uses Mt ‘

_ The intent here Is not to study these memory cells with the detail required to design
circuits. (Such subjects ure more appropriately covered elsewhere.) Rather, we are inte:

ested primarily [n understanding at Jeast one example that
ory cell operates. Secondly, such an in-depth understanding
circuit requirements, as we!l as an apprecition for the operating
memory chip. It is not possible to discuss all the different
circuits covered here iflustrute the principles used in most memory cells. For e

to be high = +Vcc and low = 0.0 Vde,

/rﬂ/ discussed, we assume the gignal voliage leve
Fﬁ TTL sgatic RAMI along with a sense amplifier and a write

illustrates exactly how a mem-$¥.
limitations imposed tn 33

ach circult, ;3
B

. A_memory cell usedin A
amplifier, are shown in Fig. 12-21( Two bipo

@coupled to form a simple latch and capable of storing

memory element. The only unusual aspect is that each transistor has
¢ the circuits are +Vcc and groun

T Ay

d (GND).

Power supply connections necessary fo )"
select line is low (GNDY), the cell is disabled ">,
both be high <&

or the contents of the \g\"
-';“.F

o If either the ROW or COLUMN
1\, the ROW and COLUMN lines must

\ (deselected). In order tc select a ¢2
(+Vee). When selected, a data bit can be stored in the cell (write),

“zell can be sensed (read out). He
N select lines are high, the emite

@ [When the ROW and COLUM
tinaz ar= reyerze-binsnd. aad the c21l behaves a3 a simple Iatc_fgSo. one of the transistors is
on, and one is of{. The transistur inat is nn conducds cuiient oul tircugh i emitter. down

through a sense resistor R, and inlo the base of the cense amplifier transisior, tarning it on
In the cell, there is no current coming out of the emitter of the transistor that is off, and

“thus the sense amplifier transistor on that side of the cell is off. The net result is

: ssn_s_c_gnlpl_i_rggrr;;_a_p_si_s;o;s__“mimic" the transistors in the memory cell. Therefore

-sélecied; the contents of a cell is immediately available at the sensc amplificr data outputs.
For instance, if a 1 is stored in the cell, @, is on and Q, is off. When selected, DATA OUT

will be high (a 1), and its complement, DATA OUT., will be low (a 0)
formation in the cell when its W input is held

¢ WRITE amplifier is used to store in
led and its outputs are disconnected from the

@hig When W is low, the amplifier is disab
gurations, but the basic requirsments are that

sense resistors R,. There are numerous confi
goes low whenever DATA IN is high; conversely,

ow whenever DATA IN is low. To store a bit in
ROW and COLUMN high. Then a high at the

CHAPTER 12

[WRITE 1 goes high and WRITE 0
WRITE 0 goes high and WRITE 1 goes |
the cell, it is first selected by taking both

¥

414
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FIG. 12-22 NMos transmission gare

the drain leads may be interchanged with no difference in perfon-nan_c} Since this js the
case, let's simply call these tWo leads | and 2, | lead | be the Nput and lead 2 the
output. The GATE Jead is the control. The vohtage signals are tither 0.0 Vdc or +Vee
Here's how j works,

If the GATE s held low (at 0.0 Vdc), the transistor is off, anq

terminals are isolated from one another. There is ng transmission o
gate.

the input and output
f signal through the

€ voltage af lead | js low,
and current wij] flow through the transj de

8ate is disabled wh,
the output; thus jt acts like an open swirch_ The transmissjon gatejs &
enabled whenever the GATE s high, and the output will equal the input, v, = Vithusjp -
acts like a closed swilcE

The circuit in Fig. T3_23 is typical of the memory cell and sense ampli
@,\ NMOS static RAM. The miemory cell consiets of two NMOS inverters, .
- Torm a Jatch. There are four transmission gales, Ty, 73, T3, and T4, used o select the cell, 2
When both ROW and COLUMN are high, the cell is selected and jis contents can be read .=
ﬁy the sense amplifier, or a data bit can be stored j
(59

the cell by using the WRITE gale

enever the GATE is low, and lhé .

fier used in an
ross-coupled 1o

Let’s assumeftte cellis setacteg by holdi;:ig ROw 22d COLUMN both high. Then the ;,
two transmission 8ates T\ and T; are both enab) &

ed. (They act like closed switches.} If W
is held high, the WRITE S0 enabled and a dara b atthe DATA IN E
(either a high or 5 low) will be connected directly to the lachatp. ¢ DATA INis high, a
I will be stored, since

the latch wi]] stabilize with p high; conversely, a low at DATA IN &
will store a 0, since the laich will stabilize with D Jo

w. This is the WRITE cycle,
¢ that the cell is selected with both ROW and COLUMN high. The -
8ates Ty and T, are enabled, (They act like cloicd swilches. ) Whatever %

ransmission gate is aJ
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H SELECT ™ L |
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Note: All transistors sre NMOS with their substrate lesds connectad 1o ground (subsirate feads not shown)

"/
"'"‘\;lc. 12-23 Memory cell for an NMOS static RAM

will be off, and the DATA OUT will be high (1). Conversely, if 2 0 is stored in the latch
D = low. So, Q, will be off, Q; will be on, and the DATA OUT will be Jow (0).
! The circuit in Fig. 12-24 is typical of the memory cell and sense amplifier used in ;
&n CMOS static RAM, The memory cell consists of two CMOS inverters, cross—coupled 10
form a simple latch. There are four transmission gates, T, T, T, and T, used 1o select
: the cell. When both ROW and COLUMN are high, the cell is selected and its contents can
be read by using the sense amplifier, or a data bit can be stored in the cell by use of the

WRITE gate (W).
‘ The WRITE cycle for this circuit is exactly like the WRITE cycle for the NMOS
, circuit described previously. The cell is selected by holding both ROW and COLUMN

SEMICONDUCTOR MEMORIES a17

—
—
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.. w03
123 MEMORY ADDRESSING =

T A e

CELL SELECTION

Addressing is the process of selecting one of (e colls o 4 smmeny 16 b willlex s o
o be read ftom. In order (0 facihtate selection, seandies we yrardly wmges s

placing cells in a rectangular asrangement o sorms ind colymnas i oo & e 125

this particular case, there are m tows and n cohsmee, for 4 tordt o xS
memory.

The control circuitry that accomgpanies (e bas mesiory wtay < Syl e S f
one and only one (ow line is ativated sod one and oaly one Slnmn line ¢ #1065 Gy
memory cell at the intersection of (hese (oo lines i, wlezted For imotaner, o Fg i,
if row A is activated and column B is activated, the cath 3 the jasersssion of 16 v g
column is selected—that is, it can be r2ad foen or wrimes jte, For convediencs, Wk o
is then called AB, corresponding 1o the rorw atd e colomn welezied. This wiguuim g
defined as the address of the cell, The actevatunm of & fine (rom o cohizmn) < A
placing a logic 1 (or perhaps a logic () on i 4

MATRIX ADDRESSING Z
L Let's take a little time to consider the vagions prasifile configueations for P
[:rray of memory cells, The different rectanglar aeeays of 14 exlls me Sown im T2
.10, In each of the five cases given, there are exactty 15 cxils. The 16 7 | ws
X 16 arrangements in Fig. 12-10a are realfy equivalent, icew e, T 171 wd S,
2 % 8 are cssentially the same. S0, there are rzally only rez differeny configuraions
cach of which contain the exact same number of czlis.

For any of the three configurations, the selection of a single o2l will nqwie= 2 ngde
row and a single column to define a unique addeess. la Fig. (2104 3 oid of 17 udaors |
lines must be used—16 rows and | column, or § gow aad 16 calumns. The munmne
requircment in cither case is really only 16 fines. However, githey armmgement 0 Fg
12-10b requires only 10 address lines—8 rows and 2 cofumns, or Z pyws snd 3 cslumer. |
Clearly the best arrangement is given in Fig. 12-10c, sinez diis configurgion sny &
quires 8 address lines—4 rows and 4 colamns!

n eolurees
Uertrrys

122 "’ AR gmn 3

lll.... _ ' &

3 — )
m rows < . mX.mesils [- 7Py S SR (P S
' -

. |
.
I = ¥

2) -4t

Fig. 12-9 (a) A rectangular array of m % n czlle. (5) Sefecting the o=l
at memory address AB.

450 _ h : C=agT L

BE—
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, 12-10

24 In general, the arrangement that requires the fewest address lines is a square array of
rrows and 1 columns for a total memory capacity of n X n = n? cells. Itis exactly for this
:‘ zason that the square configuration is so widely used in industry. This arrangement of n
@ ows and n columns is frequently referred to as matrix addressing. In contrast, a single
glomn that has n rows (such as the 16 X | array of cells) is frequently called linear
sldressing, since selection of a cell simply means selection of the corresponding row, and
column is always used. _
r« For instance, a 745201 is a 256-bit bipolar RAM, arranged in a 256 X | array. The
fl EEE symbol for the 745201 ('S201) is given in Fig. 12-11 on the next page. Eight
ddress lines (Ag, A, . . .+ Ay) are required to select one of the 256 cells. There are
"3l free chip select lines (5,. 52 and §5), all of which must be low in order to activate (select)
fe chip. When the R'W line is high, the data bit at input D is stored at the selected
ddress. When the R/W line is low, the complement of the bit at the selected address
@ vpears at the Q output. The small triangle (V) at the Q output means that the output is
trec-state (tri-state). We'll use this ¢hip in Sec. 12-5.

= ADDRESS DECODING

. 3 Tike another look at the 4 X 4 memory in Fig. 12-10c. To select a single cell. we must
" -4l divate one and only one row. and onc and only one column. This suggests the use of two
. f lof 4 binary to decimal decoders as shown in Fig. 12-12 on the next page. Consider the
: ‘ dection of the cell at address 43 (row 4 and column 3). If Ay = 1 and"A; = |, the

TV A
AN |

3

BIORY

4

-

1 column
o
Ic 16 columns
1 i o
2— 1213 16
3T | I I. ® & 9 & & 9 ¢
‘118
Ismmw : X 1row{1— 1 X168
o L
16—
(a)
2 columns 4 columns
. 7 A
v 2 8 columns 1 2 3 4 "~
r+ﬁ -
| | BE 8 |
2 L] (1—
33—
° 1 22—
-| 8x2 m":ﬂ o 2X8 m‘:“J . 4x4
8 — .
“
(b) )

matrix addressi

linear addressin

451

1
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Fig 1211

6
specified by the 4-bit address A4A3A,A,. As another example, these
addrzss A A3ALA, = 0110 selects the cell at row 2 and column 3 (address 23), )

The address decoders shown in Fig. 12-12 further reduce the number of address |indi %

eniquely locate 2 memory cell, and they are almost always included on the
memory chip. Recall that a.binary-to-decima] i i 3
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. 27 | Camumer
. Ji ;,":' | Brary = 1‘7%&&: 7= oxig
ﬁzmchpummdmdun&'zm The omtput of eack: decoder must be 2272 lines
qmiydhelmymk?QZ?Q:Z‘.thm.mad&mole
c-t.aclncd’i-ﬁsrzyhrzmydamzu=~’£6‘6bis.ﬁmwillbc6
bll.sM?=amﬂ%ﬁeﬁz&tﬁﬁup{mﬁmgﬁ4mlumm.
. mywilﬁe-bcznge:iasasqz:z:z::o{&xéz=4f56r.—cmycc!ls,
. may 3

i R d
T2ly zvzilznle

memones bave capacities
5 00w

# Clezr—all of these
» 2 momory having 1024 bigs is
bits) simply for comvenisnce. Similarly, 2

0n. The rezson for g
=rs of 2! incidentally
referved 10 2s 2 1K memory (1000)

advertised 25 16K rezlly has 15

s
324 bis, 4K is =2lly 4066, 20d < on.
Eample 12-2
would be

the structure of the binary address for 2
’ JO% bits?

MEMOTY system having 4 Capacity

= 1024, there would have to be 10 bits in the address word.

Uld be used to designate one of the required 32 rows,
¥ed 10 designate one of the required 32 columns. Nog;

the memory system described in the
% binary address 10110 0} 1017 Wha

MORY

previous example, what is the decimal

b address for
t is the address in hexadecimal?

f )
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Data in

Write-
enable

sluuon

The first 5 bits are the row address. Thus row = 10110 = 22. The second 5 bits "' he

column address. So, column = 13, The decimal address is thus 22 13. In hex:
this same address is 16 OD.

EXPANDABLE MEMORY

So far, we have only discussed memories that provide access (0 8 single cell or bit 2
dime. 1t is often advantageous to access groups of bits— particularty groups of 4 bits (%
nibble) and groups of 8 bits (a byte). It is not difficult to extend our discussion hae N
accommeodate such requirements. There are at least two populas methods. 'Ihe first simg
accesses groups of cells on the same memory chip, and we discuss this idea next. The /
second connects memory chips in parallel, and we consider this technique in a follow;
section.
The logic diagram for a 64-bit (16 X 4) bipolar memory is given in Fig. 12-14. The
are 16 rows of cells with four cells in each row; thus the description (16 X 4). Each cell il
2 bipolar junction transistor flip-flop. The address decoder has 4 address bits and thes 168
salect lines—one for each row. In this case, each select line is connected to all four of RERY
cells In 2 row. So, each select line will now select four cells at a time. Thercfore, cacily
select line Wil seléct a 4-bit word (a nibble), rather than a single cell.
You might think of this arrangement as 2 wgtack™ of sixteen 4-bit registers. This Mgy
really a form of linear addressing, since the 4 address bits, when decoded, sclect one Gy

1 2 3 4 ~+— Word
hoEh
1 *
ADDRESS
decoding 1 2 3 — & .—Jr DU
Ay —s] 2
—t ] | L}
'| | | i
| | | |
| | | |
1
1 2 3 1 4 -—
16 [
Iy Ro_ld- — B,
— write | | | B
P | B | 3,
j, —| Bt Bit2 Be3 P  sine h| .
!
;,-E i 1 ] T A
Fig. 12-14-64-bit (16 X 4) memory.
CHAPTER 2
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from @xs memany
the four data output lines Dy, Dy, Dy, and D, as 2 45t dmn woge. Simindy, Sw i
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arranged 1n exactly this configuration (look shead m Fg. 12200 The ades sy
cuendcdtomna-icslhuma‘uﬂofs_hitsub;u)xzm&mmm&
TBPI8S030 ROM discussed in the next section.

SELE-TEST

e —— — s — ——

7. What binary address will
8. The address applied in Fg 12-12 Asd3A:4, = 1010, Wae
accessed?

select cell 145 (decimal) im the 748201 in g e

-a:lés&dr\z

12-4 ROM;, PROMs, AND EPROM;s

-M<mory addressing, let's mern ooy Iommhon 2

opcration of a ROM. The term ROM ; Scoarzily reserved for memony s B 1
meedbylhcmnﬂmrﬂ.SuChaCﬁkaﬁb&m}Tora;ﬁiﬁ.:
contrast to a PROM. which is said 10 be field progrommable ey i & ca be pro-
grammed by the user. EPROMs can be e

FW' qm‘ mpg“ Z:n; —:i;.:; L‘ .
nclca.ﬂymuchmme\'crsaﬁlcchips!hmPROM& = = B

PROGRAMMING

i the exa memon
_ M. The Texas lnstraments TMS4732 i 2 RO Raving
4096 cight-bit words (a 4096 x 8 ROM). The logic diagram is given in Fig. 12.15 o o
"ext page. The 8-bit word length makes this NMOS (mchannal MOS) chip ideal for
microprocessor applications. Texas Instruments will store weer- speciized data doring man-
_lfacturing. The user must supply data siorage requirements in accordance with detailad
mstructions given on the TMS4732 daa sheet.
The Texas Instruments TBPI8S030 is a bi

-bit words (256 bits). The logic diagram for th
in Fig. 12-16 on the next page. Basically,
Pulse to cach output terminal where a log

vill destroy an existing fuse link. When

polar memory chip amanged
1S user-programmable PROM chipis given
the Programmung is doae by applyicg a
i¢ | must appear (be stored). The
the fuse link is present. the trang

as thirty-twa

Ccumrent palse

STOr curcent
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Shift Registers O 287

we press and release 5. The digit 3 is shifted one place to the left and 5 appears
on the extreme right. As we press and release 6, the digit 3 and 5 shift to the left
and 6 appears in the extreme right position. This simple example illustrates two
characteristics of a shift register. :

1. Itis a temporary memory and holds the number displayed.

2. When we press a new digit on the keyboard, the earlier number is shifted

to the left. Thus, shift register has memory and shifting characteristics.

The basic shift operations are :

(a) serial shift left, then out

(b) serial shift right, then out

(c) Parallel shift in

(d) parallel shift out

(e) rotate left

(/) rotate right.

These operations are shown in Fig. 8.4.

8.4. Shift Left Register

Fig 8.5 shows, a shift left register. It uses D flip flops. The circuit shown has
positive edge triggering. It is a 4 bit register using 4 flip flops FF,,, FF,, FF,,
FF;.D,, is the input to FF,,. Output of FFyis Qyandisfed to D,. Similarly, Q, is
fedto D,and Q, to D;. All the flip flops are clocked together by the clock pulse.

-1 ©o o, o 9, b, Q O, —0.
J < < <
| IS -
Fig. 85. Shift left register

Initially Q; Q, Q, Q,=0000
At the first positive edge of clock pulse FF, is set and then Q @, Q,
Q,=00001 -

5 A(;Othe second pesitive edge of clock pulse FF, is set and then Q, Q, Q,
=0011
J .

The positive edgs of the third pulse sets FF,

Finally, the positive edge of fourth clock p
Q,=1111 -

. ,ii:c:ﬂﬁ aq._s“ {)_-E:_l_, the store:_i word cannot change further. Now let D. he

and then Q, Q, Q, Qy=0111
ulse sets FF, and then QQ,Q
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5.5, Shift Right Regioter o

Vig. 5.8 dhows » DL (s, rogiatay s
f Y . wng D) iy fieps, .
Wt nsonts sis shiod g an e iy »ﬂ :3%‘:““:‘%%
b, s netiersh of st pomsprs wter e e

AT RETP psitive edge of Aoek

Scanned by CamScanner



nged

.ange

ngin
-egis-

y but
(Fig.

g are
(Fig.

Shift Registers O 289

. Serial In- Serial out Shift Register

Figure 8.8 shows, a 4 bits serial in-serial out shift register consisting of four D
flip flops FFy, FF,, FF, and FF,. As shown it is a positive edge triggered device.
We study the working of this register for the data 1010 in the following steps :

1. Bit0is entered intodata input line. Dy =0, first clock pulse is applied, FF,

N Rk

3 St we
Tl

3

. Clock pulse 5 is applied.LSB 0 is shifted out. The next

. Clock pulse 6 is ap

B
gt <"
-t

~

. Clock pulse 7is applied. 0on Qg
. Clock pulse 8 is applied. 1 on @y is shifted out.

4

Parallel out
10100010
Sarlal out fg:"”“
tlojlt1]olofjoft]o 10 “=M4lol1]olofjo}i{o

(a) ()

Parallel In Parallel In
101t|>tl)|i|io 1iiioo(|)1o
TV T setalin TV Y
tlolilololof1]o 10 1lol1lo]ofo]

(

Fig. 8.7. Shift register operations (a) serial in - serial oust (SISO)
(b) serial in- parallel out SIPO)(c) parallelin - serial out (PISO)
(d) parallelin - parallel out (PIPO)

is reset and stores 0.

. Next bit 1is entered. Qy=0, since Qs connected to Dy, Dy becomes 0.
_ Second clock pulse is applied, The 1 on the input line is shifted intoIFF0

because FF sets. The 0 which was stored in FFO is shifted into FF 1.' :

Data DO 00 D‘ Q‘ Dz 02 D: Qa =
In .
L, b FF, b FF, b FFy
nn .
CK ' y T ,

Fig. 8.8. Serial in-serial out shift register

_ Next bit 0is entered and third clock pulse applied 0 is entered into FFy, 1

stored in FF is shifted to FF,and 0 stored in FF, is shifted to FF,.

. Last bit 1 is entered and 4th clock pulse applied. 1 is entered into FF,, 0

stored in FFyis shifted to FF,, 1 stored in FF| is shifted to FF, and 0 stored

in FF, is shifted to FF,. This completes the serial entry of 4 bit data into the
register. Now the LSB 0 is on the output Qs

bit 1 appears on @,
output.

plied. The 1 on Qg is shifted out and 0 appears on @,
output.

is shifted out. Now 1 appears on @, output.

TR Fp——r—

£
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: Whm ‘hl bits are being shifted out (on CLK pulse 5 to 8) more datg bits can
1C 7491A is a serial in-serial out shift register. It ugeg eight clocked SR fli

SR - 8bit register. It is designated as SRQ8 (shift register 8 bits). A
o mﬂ:::l g,l,to!:::ut lines. When data is entered into 4, B )

lementof Q. It logio sy o Vice
gy 3 to d 0 'ca m OliBSh .
The output is @y and Q is complemen ” gic sy i
g::.a The pin num‘ms are as shown, )
CLK ' 2 ; ;
Data 1 1 o ‘
“‘.‘ Q, _ B
ey } N
R ,'--,‘p,;)’,a Al2 02 6 - — |
$.3°9)7 0 N
M e 19 5 o

Flg. 8.9, Logle tymbol‘af 8bitserial in Fig. 8.10,
serlal out IC shify register 7491 A

Example 8.1, Datq 1101is fed into 4 bit 8erial in - serial oyt shift register. Show
the status of register ot various clock pulges, -

Solution ; Fig 8.10 shows the diagram depicting the statug of register,

8.8. Serial In-parallel Out Shift Register
The data bits are entered serially but they are available at their respective posi.

simultaneously, Fig. 8.11 show the circuit of 4 bit serial in-paralle] out shift
register using D flip flops. Q,, Q; @, and Q, are the output terminals and datais
available at al) of them together,

aﬂg—ﬂoa Q, D, aq, D, q b, q
p D L <
/
cK b ) 4
. Q, Q, Q, Q,

Fig. 8.11. 4bit serial-in

IC 74164 is an 8 bit serial i
inputs A and B, active Low clear
fliz Aops. Fig. 8.12 shows its logi

parallel out ghift register

n-parallel out ghift register. It has two serial

CLR and parallel outputs Q4 to Q. Tt uses SR
cal its logical symbol and pins.
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into the register almulﬁmeoualy. When ahift/ Load is Low, gates G
enabled and data can be entered into the

clock pulse is applied, the flip flop with data bit 1 will SET and flip flops with data
bits 0 will reset and thug the 4 bit data will be stored,

When shift/Toad is High, gates G, G, G, are disabled while gates G, G;,
Ggq are enabled. Thug data bits can shift i

1 G2, G4 are
D input of the four flip flops. When

ad input l
1C 74165 is an & bit paralle] in-serial out shift register SH/LD isthe gh; /
¢ : shift/T.oad
tertmnal: ABCI?EFUH are the terminals for g bit data input, An additional termj.
:I‘.xlgtsxgﬁ g pro\ndefl for :.a';'il:;l data %nput.. The clock can be inhibiteq any time by a
180 on CLKINH input. The serial data outpyt; i isQ..
Fig. 81 Bl etk Putis @ and its complemegt 18Qy.
-4 8 ¢ p g G N
_ L] 1 1 |
SHiD —aq,
SER—_|
cucnay F SRGs
Cx -\L a.
: H
Fg. 8.15. Logic symbolof 8 bit paralle i, serial out IC 74165 shift registe,
Ru'xmplc 8.3 1

A B ¢ D
1] o 1 of
SHLD ——(
SRaG 4 ——— Data
CLK—-—-E out

« [ L[5 M -
] o L_
SWE | —
| e
Data
& \\l\J\]\
(®) -
- Fig, 8.16.
olution : The ¢l i
8160 e clock, shift/Load and data (1010) waveforms are shown, in Fig
8.190. Paralle] ip - Parallel out Sp; i
ift Repgist r

Fig.8.17(q) shows a 4 bt Ty

. Parallelin-paralje) gyt shift register. ABCP)
data bits and Q Qg_; c Qp are paralle] data outputs, ¥ S SRS

. b A s ¥ s

TS
=P

w5

e eea

V]
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Puraidl dals npd
A
0, . = -
”A (] (] [
&= ) N " !
) )y
04 0Oy e [+ 9
Pausdl dais ouipid
' Fll.J.H.(a)PamMiu-paraﬂdMMW
1074195ha4bitparall¢lin-pmlleloutdiﬂ A 8 C D

register. Its symbol is shown in Fig.8.17 (b). When Sets nl n| n'
S{-{fﬁ input is Low, data on parallel hne.!A. B,C, ;24
Dcanbomteudlynch:onolulyonﬂ!.epn‘nnnedp g 2

of clock pulse. When SH/LD input is High, stored 1

]
: sl — SRCA
p data shifts to right (.., @4 to Q nynchmmdy o
: with the clock. This ‘I,C‘!:;%allo use:‘zrnnnl an —£¢
, input-serial output. aseserial datainputs gy =
: to the first stage of IC. @p ean be used for serial ]

data output. The active Low clear is asynchronous.

Example 8.4. In fig. 817(),A=0,B=1,C=0 Fig. 8.17(b) bogic symb 1of IC
and D=1 What are data oulpuls ofter 2 dock ~ " 74195 4 bit shift register
pulses. ) ) ‘
Sotution:’l‘hedataoutgutrmnstbemnqﬁ.w, fc o

AN
MSB Ls8

8.11. Universal Shift register ]
A universal shiﬁregilter(aboknownasbidirwﬁtmlﬂmemd.lﬁm
in both directions, i.e., left as well as right. Thelogicgatammanpqull
, waythatdatabiucanbeuamfenedﬁ'ommestagemﬂznat'meﬁzm
f L depending on the control line input. Fig. 8.18 (3) shows, the circuit of such a
i registerusingDﬂipfbps.WhenWcontrolinputisﬂid:.itmun
y shift right register. This occurs because gates G, G,, G,, G, are enabled and
! : theQoutputofone.stagegoawDinplnofnenstage-Atpon'tiveedgedwh
1 clock, data bita shift one place to the right. When Right/Left control inputs is
Low, it acts as a shift left register. In this case gates G, G, G;, G4 are enabled
and Q output of each stage goes to D input of preceding stage. At the positive
edge of each clock data bits shift one place to the left.

IC 74194 is a 4 bit universal shift register. Its symbol is shown in Fig 8.18(b).
; ABCD are theinputs and Q,,, @5 Q, @pare outputs. Parallel loading is achieved
. !ay applying 4 bits of data simultaneously to the inputs ABCDand High to S, S
inputs. At positive edge of clock, parallel data is loaded into the register. = |

-
.

o e X

Fame

WM
- .#. 3 ""5" o .—r;, y———

ok e e 2 2
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A D

e Le— L 1
lf '

CLK L I [-

Ql QJ QJ
Fig. 913 1 4-hit pavaliel-in parallel-out shift registor

When the SH/TD nputis LOW, the dma'oqlhe parallel inputs, i.e Lan
D, are entered synchronously on the positive transition ofthe c!ock. When SH/ LD is
||‘IGH. Stored data will ship right (Q,to Q,) synchronqusly With the clock. Let Jand
K be the serial data inputs 10 \he first stage of (he register (Q ), Q,, can be used for
Betting a serial output dyt, The active-LOw clear is asynchronoys
There are a number of d-bit, paralle!-input—par:\llel-output shift registers avail-
able since they ¢ niently packaged ina 16.piq PIP. An 8-bit register can be
created by connecting two 4-bjt registers in serjes, ICs 74174, 74) 78,74198 ang 7495

i are puralIcl-in~para|lcl-out registers,

o, B, Cand

ce Q, Q

IC 74195

) GND
Serlal Input

Fig. 9.14 Pinout diagram of IC
L SHIFT HEGISTEHS

is capable of shiftin

t=directiong shift registe
mri—dircc!ional Shift reg
itis called 5 shift )

9.3 UNIVERsA

A register which

74195 shift regiseer

g data both to the

right and lef is called a
r. A register that can shif iy only one direction is called a

ister, \f (h fegister hag shift and parallel load capabilities,
gister wiy) parallel load or Universal Shift Regist
Shilt repisters can be used for converting serial
versa. If 5 parallel |

Ability is adde
Parallel can ke take

er,

data to parallel data, and vice.
4 1o a shifl registe;

— =
—— e — T f

f

|

t

s L —
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Some shift registers have necessary inputand output terminals and also have both
shift-right and shift-left capabilities. I'he most seneral shift register has the capabili-
ties listed below. Others may have only some of these functions. with at least one shilt

vperation.

I. A clear control to clear the register to 0.

3. A CLK input for clock pulses to synchronise all operations.

3. A shifi-right control to enable the shift-right operation and serial inpiut and

oulput lines associated with the shift right. )

4. A shifi-lefi control to enable the shifi-left operation and the se
ouipiit lines associated with the shift left.
" ble a pﬂl;a”CI ransfer and the a input lines

rial input and

A purallel load control to ena
— o ‘ L
associated with the parallel transfsr.

6. fﬁ)ﬂrallg_l output lines.

7. A control line that leaves the inform
though clock pulses are continuously applied.

shift register that has all the capabilities listed above

is shown in Fig. 9.15. It consists of four D flip-flops and four J-input multiplexers

(MUX). Let S, and S, be the two selection inputs connected to all the four multiplex-

ers. These two selection inputs are used to sclect one of the four inputs of each multi-
0 and input | is selected when

plexer. Input 0 in each MUX is selected when S, = 0
nSssS,=10 and S,.5, = Il respec-

S S,=0l. Similarly, inputs 2 and 3 are selected whe
tively. The inputs S, and 5, control the mode of operation of the register. When
r is applied to the D inputs of the flip-flops.

S, S,= 00, the present value of the registe
flop to the 0 input uf the respective

This is done by connecting the output of each flip-
multiplexer. The next clock pulse transfers into each flip-flops, the binary value it held

previously, and hence no change of state occurs. When S5, = 01, terminal | of the
multiplexer inputs has a path to the D inputs of the flip-tlops. This causes a shift-right
operation, with the left serial input transferred into flip-flop A . When S5, = 10, a
shift-left operation results, with the right serial input going into flip-flop . Finally.
when S5, = 11, the binary information on the parallel input lines (/. /,,/,and /) are
iransferred into the register simultaneously during the next clock pulse. The function
1able of bidirectional shift register with parallel inputs and parallel outputs is shown in

ation in the register unchanged =ven

The diagram of a universal

Table 9.6.
Tuble 9.6 Function table of bidirectional shifi register
Mode control Register operation
0 0 No change
0 I Shift-right
i. . I 0 Shift-left
2 [ l Parallel lLoad
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Parallel outpuls

~ ey
A, Ay A A,
: - Q Q Q 5)
ox —
f s,—{ wmux MUX MUX MUX
S= 3210 3210 32140 32 10
Seral t L [ J J S.arla:
| u
et P
for for
. 1 i I | shift-
d‘,ig,,,m - L. 1 left
Parallel inputs '

Fig. 9.15 A +4-bit Universal shift regisier

A 4-bit bidirectional shift register is shown in Fig. 9.16. When mode control
M = 1, the AND gates G, through G, are enabled and the data at D, is shifted to the
right when the clock pulses are applied, and thus it acts as a shift-right register. When
A =0, the AND gates G, through G, are enabled allowing the data at D, to be shifted
to the left. and thus it acts as a shlﬁ left register. M should be changed only when
CLK =0, otherwise the data stored in the reglsler may be altered.

————

Shift-left
serial input
(D,)

sernial
nput (D)
ClK |

& w
Fig. 9.16 A J-bit bidirectional shift register

9.3.1 IC 74194—4-bit Bldirectlonal Shift Register

IC 74194 is a four-bit bidirectional shift register. The pinout diagram of IC 74194 is
shown in Fig. 9.17. Parallel loading, which is synchronous with a positive transition of
the clock, is accomplished by applying the four bits of data to the parallel inputs and ‘
a HIGH to the Sy and S, inputs. :
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| ,‘ ' Bnife Registann £ 4

B -
!‘ D4 -1 Dy " D¢ u i‘{ 0 "1
, b FF, DFFy pFfe Fo
’ ok | _ |

i .
+

?

o= -
e St L
>

4 !
1 6A Q, Qc Qo
) Parallel data outpit
1 Fig. 8.17.(a) Parallel in - parallel out shift reglater
IC 74195 is a 4 bit parallel in - parallel out shift A B C D
register. Its symbol is shown in Fig. 8.17 (b). When gedel (4|| (.‘;l (ﬁ)l m|
SH/LD input is Low, data on parallel lines A, B, C, Inpus , 2 :
D canbe entered synchronously on the positiveedge I
of clock pulse. When SH[L—D input is High, stored R ")
| § data shifts to right (i.e,, @4 to Qp) synchronously siiD ' BRG4
; ] with the clock. This IC can also be used for serial i .
{ ; input-serial cutput. J and K are serial datainputs (o
1 ... to the first etage of IC. @p can be used for serial
1 g data osutput. The active Low clear i asynchronous, (15:! (M:! (ﬂ:" ('?:!
- A (] G (']
t f Example 8.4. In fig. 8.17(a), A=0,B=1,C=0 , A
‘ o Fig, 8.17(b) logic symbol of IC
L p and D = 1. What are data outputs after 2 clock 37“95(4)!,,"",,[/{",,“‘5
| 3 pulses.
{ ! Solution : The data output remains the same as input, i.e., TR
» 1010 T
: MSB Len

8.11. Universal Shift register '

A universal shift register (also known as bidircctional shift register) can shift deta

in both directions, i.e., left as well as right. The logic gutes are nrrangzd insuch o

way that data bits can be transferred from one stage to the noxt in either direction

y depending on the control line input, Fig. 8.18 (a) shows, the circujt of such a

register using D flip flops. When n[ght/Loft control input is Iigh, it ncts ne s
shift right register, This occurs because gatos G|, G,, 7y, G, aro enabled and
the Q output of one stage goes to D input of next stage. At positive edgo of snch
clock, data bits shift one place to the right, Wi en Right/[,uﬂ, control inputy 4
Low, it acts as a shift left register. In this caud ygates Gg, G, Gy, G aro enabled
! and @ output of each stage goes to D input of preceding stago, At tho positive
‘ edge of each clock data bits shift one place ta tha loft.

' ' IC 74194 is a 4 bit universal shift regioter. Tta uymbol is shown in Fig. 8,18(0),
ABCD are theinputaand Q4, Qy Qn Qpare oubputs, Parallsl londing is nchiovi

by applying 4 bits of data simultancously to the inputs ABCD and High to 53, !,
inputs. At positive edge of clock, parallel data : wanded into the registor, o

s oo .
e f:.'.b;;‘\ﬂ-"“-

(

1Sl S S SRS 4 e

i

e e TR e R
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