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Transistorn: en forstarkare

TPower Supply

1 1
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Transistorn: en forstarkare
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Arbetslinje/arbetspunkt?
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Analogt kontra digitalt

Analogt— = —|F¢—
« f4 komponenter it '
* |ag effekt
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D|Q|talt
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» Komplexare algoritmer
 Lagringskapacitet
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CD/DVD, MP3, Digitalkamera,
GSM, datorer, etc, etc
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Den forsta transistorn, 1947

Nobelpris i fysik 1956

William Walter John
Shockley Brattain Bardeen

Viktor Owall, Inst. for Elektro- och Informations Teknologi, Lunds Universitet, www.eit.Ith.se


http://www.ti.com/corp/graphics/press/image/on_line/co1043.jpg
http://commons.wikimedia.org/wiki/File:Bardeen.jpg
http://en.wikipedia.org/wiki/File:Brattain.jpg
http://en.wikipedia.org/wiki/File:William_Shockley,_Stanford_University.jpg

Vad hade vi fore det?

Viktor Owall, Inst. for Elektro- och Informations Teknologi, Lunds Universitet, www.eit.Ith.se


http://www.ti.com/corp/graphics/press/image/on_line/co1043.jpg

Var anvands dessa ’ror” idag?
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Vad ar en transistor?

Gate Iy
Source I T Drain
. nt
N-Channel -
P — >
Vps[V] Ves

Halvledarkomponent Elektriska forhallanden

Digitalt - Switchar

Smasignalmodell T Voo 2 1

gatee——  drain 4
Vel Doy lo v LT
) source ) lGND t
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Digitalt arbetar vi i stort satt
uteslutande med CMOS transistorer.

Gate

Source I T Drain
. nt
N-Channel p-

Solid State Physics v Vos
Electrical Characteristics

Small Signal Model (amplifier design) T Voo 2 1

gatee—— « drai -
Vel Doy Do [ve \O LT
) source ) lGND
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CMOS symboler

NMOS PMOS

i 1
*vl_l%;—l

-
L Eh

Vanligast vid digitalt!

drain

Substratet forutsetts kopplat till GND for NMOS och
Vpp for PMOS om inget annat anges.
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NMOS: utgangsdiagram

A
I nn
 Okande Vg

in

I

Vs [V]
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NMOS som switch

{ Vie="hog” = sluten
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PMOS transistor as a switch

|

Voo [V] 6—3\ vlin= holg l=:>lvGS=0'=:> oppen
—— . .

4—0\

Vb N

S
vin OI
G

v, =“lag” = “sluten”
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Digitala kretsar
CMOS Inverteraren

- VDD
N
N —
= T L L
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CMOS Inverteraren
med transistorn som switch

VDD

“hog” in = Ut kopplad till GND
NMOS sluten = “lag”
PMOS oppen I

— GND
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CMOS Inverteraren
med transistorn som switch
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CMOS Inverteraren
med transistorn som switch

VDD

“lag” in = Ut kopplad till g
NMOS oppen = “hog”
PMOS sluten _\

— GND
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CMOS Inverteraren

A Ideal
VOUT
Idealt slar transistorerna om
som strombrytare vid V/2.
Men hur ar det egentligen?
>
V42 Vin
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CMOS Inverteraren

R Ideal ”Verklig”
Vour Y, N Off N Sat

OUT | P Lin PLIn - Finget

T } omedelbart

omslag
1 N Lih N Lin
P Sdt P Off
) 1 : I H

Vadl2 Vin Omslagspunkt = =Vg4/2 Vi

varierar
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Omslagstid

“Verklig” | o
N Off N Sat Vad beror omslagstiden pa?
\ - P Lin
OuUT | P Lin
N Sat
P Sat
N Lin N Lin
P Sat P Off
: : : o
VIN
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“Verklig”

N Sat
P Lin

N Sat
P Sat

+

Omslagstid

Vad beror omslagstiden pa?

By

1

|

1

En kapacitans som
inkluderar saval interna
som externa bidrag,
t.ex. kapacitansen fran
ingangen till nasta
steg.

En kapacitans maste
laddas upp och
spanningen over den
kan inte @ndras
momentant.
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Hur konstruerar vi som ingenjorer
tex en inverterare?

Om alls sa i datorn.

Ofta kommer dessa
grundkomponenter i ett
cellbibliotek.
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N-Well

P-Substrate

P-Channel
_OI
— r—
_—I N-Channel
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Logiska grindar

-1 VvV

DD

Truth Table
4 4 B < A B | our

_T ouT

AN

1
- -0 O
- O =10

—L_ GND
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Logiska grindar, NAND

TV
Sanningstabell
4 4 B < A B | our
_T ouT 0 0 1
4 - 0 1] 1
10| 1
B _‘ 11110

—L— GND
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Logiska grindar, NAND

_—VDD
Sanningstabell
A— O B—O A B | ur
! ur 0O 0] 1
A_\
B_
GND
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Logiska grindar, NAND

TV
| Sanningstabell
A— O B_ﬁ Al | ur
? uT
A— o 111
B_
—— GND
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Logiska grindar, NAND

BB VDD
| Sanningstabell
A—% B—O N
¢ uT
A_
110 |1
B_
GND
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Logiska grindar, NAND

| | Sanningstabell
= = T
4 uT
A_
B 1111]0
—— GND
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1 VDD
Logiska grindar Y o

—t ? S ano
A‘|_ S vano :

vdd

B

PMOS — GND
NAND + Inverter @ AND

AND :Do_ A | B [nano| ano
Amerikansk 0O(0]|1]0
amos o 11110
A _EO_ 1/0(1]60
Europeisk 1 1 0 L
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S - - -y -
L N . i
- P T e ). -
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Logisk Funktion?

TV Sanningstabell
Al B | ur
A4 0 0
0| 1
Bo‘ 11 0
ol o 1] 1
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Logisk Funktion: NOR

T Vv, Sanningstabell
A B ur
A4 0/ o0 1
0o/, 1] 0
B9 1, 0] 0
ol o 1/ 1] 0

—— GND D_ _21

Amerikansk Europeisk
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...0Ch nu en adderare

msb = Isb =
most s|gn|fcant bit Ieast signifcant bit
msb ms +1 i bi .
ll_b 11_ c]l,l_ A | B |Cin| S [Cout
S T SRR ) A 0 10 0
I cin,,, I cin, 0 0 1
cou cout; 1 0
st lS msb lSer 1 l z \\ 0
minnessiffra 0 1 1
eller carry 1 0 0
1 0|1
1 110
1 1 1
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...0Ch nu en adderare

msb = Isb =
most signifcant bit least signifcant bit
ams bms ai+ bi+ ai bi .
1" 7 11 A | B Cin| S [Cout
0 0 O
'I—+'C—,-n;;" +T+E’f o o1
cout, 0 1 0
COUl lSmsb lSiJr] lSz \\
minnessiffra 0 1 1
eller carry 1 0 0
A=244 1 10 | 1
111111
B = 206 11110100 1 /1]0
+ 11001110 1 1 1
A+ B =450 A+ B =(1)11000010

Viktor Owall, Inst. for Elektro- och Informations Teknologi, Lunds Universitet, www.eit.Ith.se



...0Ch nu en adderare

msb = Isb =
most signifcant bit least signifcant bit
amsb bme ai+]bi+1 ai bi -
I L1 1l A | B |Cin| S [Cout
+ + + L O 0 O] O 0
I cin,,, I cin, 0 0 1 1 0
cou cout, 1 0 0
st lSmsb lSiJr] lSz \\ 0 1
minnessiffra 0 1 1 0 1
eller carry 1 0 0 1 0
A=244 1 0 | 1 0 1
111111
B = 206 ~T1110100 1/1/0)0] 1
+ 11001110 1 1 1 1 1
A+ B =450 A+ B =(1)11000010
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Heladderare i CMOS, 1 bit

i
‘]_}_}—L %_}’ A | B |[Cin| S [Cout
| D’ 1 |‘ o/o|ofo]| o
=0 D oo 1[1] o0
o/1/0]|1] 0
0110 1
1 10 0| 1 0
1 {0 10| 1
1 11010 1
1 |1 1] 1 1
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Heladderare i CMOS, 1 bit

A
B o—4— oS )
Cil"l o Cln

A | B S (Cout

I_D— 0 00 0] 0

) D—cou [0 0 11 0

:)— 0o 1/0f1]0

XOR | o 1,110 1
Amerikask symbol

A | B | UuT A 1 (0 0] 1 0

0o/ o] o s ;‘[)— c 1 [of[1]0] 1

0| 1 1 1 (10|00 1
Europeisk symbol

10| 1] j— 111 [ 1] 1
=1 C
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Exempel pa Heladderare i CMOS, 1 bit

VDD
1 Ve 1 Ve, A
A B- B#E Al Bl Ci{ B
C- A C, —i c: §
C A ﬁ L C q
Al B/ B! Al B CI B |
- - A
24 transistorer l

Mer 1 Digitaltekniken!
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Integrerade kretsar av olika komplexitet

Filter - 10000
Transistorer

AND-Gate
6 Transistorer

— -

-
-
-
-
-
-
=10
1B
-
-
-
-
i
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Digitala eller analoga filter?

Analoga filter 11

Digitalt Filter T - + _°
10000 2
Transistorer 7 =

PINANNS

—
3
—
L =Y

@
8 L1}
=i
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Vad ar ett digitalt filter?
: Analog

Amplitude

Digital
1110000100101010001011100010001000100

001190101010100000

Time
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Samplings teoremet

If an analog signal with a bandwitdth of BW,,, ,,
is sampled with a sampling frequency of

fsample > ZBWS

the aPang signal can be reproduced.

fsanwle > ZBWS

Vi

| B Ws;'gnal | f

ignal?

ignal
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Vad ar ett digitalt filter?
: Analog

Amplitude

Digital
1110000100101010001011100010001000100

001190101010100000

Time
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Vad ar ett digitalt filter?

b y(n)
x(n) 0
a, % 1b,
ek 2l
A A
| Z_I A
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Integrerade kretsar av olika komplexitet

[‘l’fl"ffr"l‘l'!’f:‘fﬂﬂlﬂ.'

- _J‘I-'-’tu"ln FriTe

e el M T L e W &
- -

347 - -
Eid <
g

Filter - 10000
Transistorer

=1

AND-Gate ;
6 Transistorer =

'-'H

" E
B
Fxl
'.'..'-‘ =
-2
-]
L] --
il .

= r 1= 1:-- 1 » -k
1= L L T S :m- w- - :
PN e "'E' B 1= =

FFT - 1 Million
Transistorer
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Och sen gar vi bara vidare!

Intel Pentium 4 (2000)
42 million transistors
~0.18um / 1.5GHz _
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...och vidare, tex Intel SandyBridge!

System '

1 Processor
. Graphics

.

including |
DMI, Display

1 t Shared L3 Cach ol R

32 nm - 64 bit

« 4995000 000 Transistors
« ~3.5GHz

« 216 mm?2 (10x Pentium 4)
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Hett just nu: Al och Machine learning!

Ext.

T-SRAM Se

(160x512b) Sz

[
Regfile

Inter-PE

Data

16x16b MAC Input Reg
EEEEEEEEEEEEEEE
16-way MAC Array
EEEEEEEEEEEEEE X
16x16b Accumulation Reg

Conv. Unit

Transfer
L ra

| ’
x4 ,'
L

[ MAX T
| Pooling |

SUM |
Move |

ALU —

Processing Element

ISSCC processors 2017

MAC Array

| Accu. Reg |

MAC Array

[ Accu.Reg |

MAC Array

nng 7
Mac Inp- Reg (111111111}
2 H

Mac Array A

- Aitive
Aceu. Reg {[[[]][[][]

[ Accu.reo |

Figure 14.6.4: Ultra-low-power CNN processor with local distributed memory.
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3360um

3300um

Digital Controller
Row Peripherals

Technology

Die Area

Pixel Array

Pixel Size

Supply Voltage

Clock
Frequency

Power
Consumption

Imaging Circuit

Imaging Circuit

Analog Memory

Face Image Sensor

65nm 1P8M Logic CMOS
3300x3360um’
320x240
7xTum?

Analog: 2.5V, Digital: 0.5V ~ 0.8V

Analog: 50MHz, Digital: 5MHz ~ 100MHz

23.8uW @ 1fps

4000um

Technology

Die Area

Supply Voltage

Clock Frequency

Peak Power
Consumption

Energy Efficiency

CNN Processor

65nm 1P8M Logic CMOS
4000x4000um?
0.46V ~ 0.8V
S5MHz ~ 100MHz
211mW (0.8V, 100MHz)
5.3mW (0.46V, 5MHz)
2 11nJlcycle (0.8V, 100MHz)
1.06nd/cycle (0.46V, SMHz)

Figure 14.6.7: Chip photograph and performance summary.
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Antalet

transistorer per Moores Lag

chip dubbleras <
varje ar. (1965) }aﬁsistm

MOORE'S LAW Intel® itanium® 2 Procoasor | 1,000,000,000

Andrar 1975 ti" Intel" itaniume Processor

A Intel® Pentium A 4 Processor 100,000,000
vartannat ar. -
Intel® Pontum® 1l Processaos
Intel® Pontiurm® il Process - 10,000,000
el ™ Ponthimn Proosssor [ e
—F Intald468™ Procossor ., F‘.F R ™ ?/.
" l | 1,000,000
INtel386™ Procosior .. R |
! 286 ,.r/ T
/ - B . | 100,000
p 10,000
!
Gordon Moore - o
En av Intels grundare 4530  1a7s 1980 1985 1990 1995 2000 2005
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Moores Lag: Originalet

Antalet
transistorer per
chip dubbleras T
varar. (1965) 15}
= I4F
Tzl e »
" == 13
Andrar 1975 till g2 |0
vartannat ar. E‘EE To] &
=38 af
oYW 8k
58 T
S "o 6F
- O L 5 |
Li) b=
&= 4
=
> 3r
* z‘f _?"
. '5\ 0

Gordon Moore
En av Intels grundare
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Forsta integrerade kretsen (IC), 1958

Jack Kilby

Kilbys 1C: Phase-shift oscillator, 1.3MHz Nobelpriset 2000

5 komponenter varav 1 Transistor

Bild i Noyce patentansdkan Robert Noyce
Co-founder of Intel
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Original artikeln, 1965:

Cramming more components onto integrated circuits

Antalet transistorer per chip dubblas varje ar.

— 16
b s~
S £ _1ar -
= g = 4F ’
a =4 Noe 13- e
= - g s
o = |2k ’
5] taj ot ”
ey 2Z || Vs
n o .
& =& w 10k -
= — = 9k 7
) w o= 4
g Gu,_*"_" 8r ’;
=y =
> S&x 7 ’
- > Bp
o Sxw
& 1r] b= 5'
=1 . o= 4F
2 =
<10F S -
= - = Lk 2_
w o
= | +
}E l . ) Lz '3 l‘ .0 . 1 ) 1 I | 1 b | 1 1
- : DO TOR~ROD0— N
i ! 10 10 10 10 10° PODODDBOOD o o
PO IOOHIIDO RN

NUMBER OF COMPONENTS PER INTEGRATED
CIRCUIT
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Original artikeln, 1965:

Cramming more components onto integrated circuits

Antalet transistorer per chip dubbleras varje ar.

P IE
- 3
e e CI5F S
e DS 13- ;7
S zz |2 ia ’
< t"" ’
= Z2Z || ’
0 o= ’
O =& w 10k 7
=3 =X _ ol ’
Z Guiu 8_ -
x wa 7F ’
2 Pe=1-- ca 60L”
2 SeS &
w ‘ e 3F
< 10 =
= S -
w <o
W o
= S | +
ﬂl 1 1_2 13 lq gl N L. ¢ 1.4 t 31 1 1|
o o 10 0 10 10° peoamThoranc—_NmTn
& D OODUOPWOO O™~
| RO HODBADDHN O NDN

NUMBER OF COMPONENTS PER INTEGRATED
CiIRCUIT

Original artikeln publiceras
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Original artikeln, 1965:

Cramming more components onto integrated circuits

Antalet transistorer per chip dubbleras varje ar.

5 z 1o
= 4 A
-] o |3_
g ‘EI— |g-4096
< td &
. > -
b a3 ! 2048
O Taw ID-
C — X R
&) w o=
g oW g
= =t T
=Y =
2 Se2 &
5 | Sww 5f
§'O o A 3k
w = L ]S
W o
>R S L 13 L ) __Lh
oo 10 ¢ 10 I0 10 10° E - I;
m — |

NUMBER OF COMPONENTS PER INTEGRATED
CiIRCUIT

”’] was just trying to get across the idea that chips were going to get more complex

and because of that the cost per transistor was going to drop dramatically.”
Interview in 2000
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Moores Original artikel, 1965:

Cramming more components onto integrated circuits

"Integrated circuits will lead to such wonders as home computers . . .
and personal portable communications equipment’
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4004 till Pentium

Intel 4004 (1971) Intel Pentium 4 (2000)
2300 transistorer 42 millioner transistorer

10um/108kHz O 18um /1 5GHZ

Om hastlgheten for en b|| hade okat lika mycketsom klockfrekvensen hade
man kunnat kora fran New York till San FranS|sco pa 13 sekunder'

e — e

18 000 géngern fler
transistorer pa 29 ar!
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Moores lag 2007

transistors
I}.ﬁﬂﬂ,ﬂﬂ 0,000
‘!
Dwal-Core inted® [tanium® 2 Prﬂtﬂﬁiy -
1,000,000,000
MOORE"S LAW Inted® ltanium® 2 Processar .~
[mtel itardum® Processor M
100,000,000

Intel® Pentium® 4 Processor

Intel Pentiom® B Pm-:u?_.z

Intel® Pentivm® I FJ"r--:uu:*;-;cw_I 10,000,000

Imtel® Pentivm® Proce :mr‘f’f
Intel486" Processor |

_, 1,000,000
Intel386™ Progessor
286 //'

100,000

EDEE‘M"

— // 10,000
goog, 4
4004 @

1,000

1970 1975 1980 1985 1990 1985 2000 2005 2010

ca 5 milliarder transistor idag -
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Sa vad ar problemet?

Gate

* Fysiken Soues
 Hastigheten T
« Effektforbrukningen

Drain
M

T//

Det ar L som anger processen, t.ex. 45nm

/
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Hastigheten

Minskad kapacitans ger snabbare krets vilket kommer
med ny process.

Hogre matningsspanning ger snabbare kretsar men
transistorerna brinner upp och...
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Klockning av processorer!

Intel Pentium 4 (2000)
42 million transistors
- 0.18um /1;5§H;_

Hur ser den ut har?

Om jag skickar in | ' A VAV WA\

en klocka héar. | 5 Kanske sa hér.

o Och hur bra funkar
datorn da?

"“"I""""i:

Ofta mer dn 50% av effekten i att "fixa till” klockan.
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Effektforbrukningen (dynamisk)

| i

VDD T

Charge

y
L

—

_| Q_ denamic — f CLVSD

Discharge
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CPU power consumption

Power Consumption, W (Burn)

130
156.5
160 4 151.9
147.1
141 15:2
140 | \2LE 135 .
135.5 140.7
120 1 124.6 k4 e Pertiim 4 GXX
118.8 Pentium 4 5K
100 1 ——de—Pientium 4 XE
80
60
_‘|.|:| 4
20
D T T T T T T
2.6 2.8 3 3.2 3.4 3.5 3.8 4

Frequency, GHz www.xbitlabs.com

Pentium IV chip area 1.3 cm?
(i 130 nm technology)

Detta ger ca. 100 W/cm? som
maste transporteras bort,
dvs saga kylning.

Jamforelse: Den har ger ca 10 W/cm?2,

N >
» =
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Sa vad ar problemet?

Gate

* Fysiken Soues
 Hastigheten T
« Effektforbrukningen

Drain
M

T//

Det ar L som anger processen, t.ex. 45nm

4

Mer i Digitaltekniken!
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The end of "some” scaling!

AMD Phenom (4 cores)

g 5 5 | Intel _ : Trafnsistors
bl Pentuma [EWE. 't/ (Thousands)
' ' : : *%+. _ Parallel App
5 [ ¢ Performance
10 - .0 ............
104 VPSS - - e e e F L ____________
X requency
3 f : b b (MHz)
10 00 Nl g SR ¥ W% ------------
o f _ Ty;?:ical Power
10 ¢ T (Watts)
1 : ; ; : : j . Nufnber
10 T P e oo pre ok AR o« & o7 of Cores -
10° _____________________________________

1975 1980 1985 1990 1995 2000 2005 2010 2015
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Multi-core processorer

Intel KEROM dual core, 2007, 290millioner trans.

N =R IBM/Sony/Toshiba Cell
Fujitsu FR-V, 2005, trara 2005, 234 millioner trans.

83 millioner trans.

FR550 FR350 |
processor processor
i corgé™ ) B Internal core

inl T
- untr'u"pr

o [systembus

| -FRr350  |=mtmler FR550

' }-processor processor
_ core core

Intel Nehalem.
2.3 milliarder
transistorer

| Multi-core processorer: okad prestanda vid samma klockfrekvens |
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Sa vart ar vi pa vag?

90nm Node
2003 65nm Node
2005
| I 45nm Node

2007

50nm Length =
(Production)

30nm Length
(Development)

Uniaxial
Strain

SiGe S/D PMOS
1.2nm Ultra-thin SiO2

20nm Length ;

(Development) '
15nm Length

32nm Node
2009

10nm Length
(Research)

(Research)

22nm Node

2015-2019
Research

™ |11 Device
Prototype
(Research) "‘1

\

C-nanotube
Prototype

Nanowire

High-K &
Metal-Gate
Options

Non-planar Tri-Gate
Architecture Option

{F!g‘search} Prototype
\ (Researchy
b F
] ”
Sy -




FINFETs/Trigates

Multiple Drains

Ny !\

\ 1/

Multiple Sources
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Wrap-Gate FETs

Wrap-gates Device layout
! ' Manowire
Drain : ﬂ { Gate

N*-Source B sing

Inas

. Ti
a4l Vem2V1024V, V02V
Nanowire Transistor 1.2r V, =24V

''m - Source
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Mer om allt detta i
EITF65 Digitalteknik
och senare |

ETIN20 Digital IC konstruktion
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Vad ar detta?

--||......a.l.:|ll.. LR HE

RIKERFATRIATAINS mun
IL;Q;;il;hhl#

A 32 x 32 magnetic-core memory plane storing 1024 bits of data. Magnetic-
core memory was the predominant form of random-access computer

memory for 20 years (circa 1955-75).
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http://en.wikipedia.org/wiki/File:KL_CoreMemory.jpg
http://en.wikipedia.org/wiki/File:KL_Kernspeicher_Makro_1.jpg

Minnen ar en av de viktigaste
bestandsdelarna i modern
elektronik.

Men hur lagrar vi ett varde?
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Olika typer av minnen

Magnetic— hard disk and tape

*.-“'

&

¥

-/

Solid state — ROM, RAM, Flash,...
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http://www.abdn.ac.uk/physics/geddes/darren7.jpg

Cell-phone circuit

complexity and cost
5 j complexity

memories
applications

radio access

//RF/anaﬂg_t

Courtesy: Sven Mattisson, Ericsson

Viktor Owall, Inst. for Elektro- och Informations Teknologi, Lunds Universitet, www.eit.Ith.se



Minnen 1 datorer

Larger memories become slower =

Often several layers of memory hierarchy is used to have both large
storage capabilities and fast memory acces

Faster

( ___________________
nsnam] SN
e Ah
o = ;

|Cache Main memory Hard
L2 drive/disc/disk
RAM | S ]

Larger
Traditionally

Magnetic, know
moving more
and more
towards SSD.
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Sa vad ar en
SSD eller Flashminne?
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Vad ar ett Flashminne?

Halvledarminnen:
« ROM - Read Only Memory

« RAM - Random Access Memory

- FLASH
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Vad ar ett Flashminne?

Halvledarminnen:

* ROM - Read Only Memory

— data ar statisk
— finns kvar nar strommen slas ifran

« RAM - Random Access Memory

— data kan bade lasas och skrivas
— forsvinner nar strommen slas ifran

- FLASH

— data kan bade lasas och skrivas
— finns kvar nar strommen slas ifran
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VDD
_E"LI T i __:clf 4L Pull Up
word0 I'_H
J Ll _T GND
word1
A b
word?2 | |
i 9 eno
word3

bitO  bit1  bit2  bit3
Placeringen av transistorer bestammer minnesinnehallet!
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istorn

MOS trans
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Flash minnen-
floating gate transistors

Gate
Control gat BL
Floating gate — Lontrol gate
\— 4|W" \
n* n* L

| ett Flash-minne har vi en speciell transistor. Alla
platser i minnet har en transistor men vi kan elektriskt
kontrollera funktionaliteten av minnescellen.

- EPROM, EEPROM och Flash har olika satt att styra
transistorn.
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Flash minnen —
Floating gate transistors

Gate
Control gat BL
Floating gate — Lontrol gate
\— 4|W" \
n* n* L

Floating gate ar inte kontakterda
— Om vi laddar floating gate mycket negativt
= Ingen kanal = Ingen transistor

— Om ingen laddning
= Kanal = Transistor
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Flash EEPROM

Control gate

D ¢ioating ate

erasure «— Thin tunneling oxide

n source) S, / Q1 drain

programming

p-substrate
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FLASH stucture

VDD
_EOIE __:ﬂ I f I iPuII Up
1 1 1
word0
A ——t—ono
word1
3 3 3 3
word?2 i i I I
H——+————¢—ono
word3 —| I I I
e = L L

Floating gate transistors everywhere!
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FLASH write: trapped charge

VDD

iPuII Up

oL o of

word0 II\:+ i

GND

word1 | {

word2 ! {|

i i

+—4

::3 H:P

K GND
word3 M‘L, L = E‘

I = trapped charge. Transitor is always off = Same content as ROM.
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Tack!

Viktor Owall, Inst. for Elektro- och Informations Teknologi, Lunds Universitet, www.eit.Ith.se



