Advanced I nter connect technique
Reduced —Swing Cir cuit
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disadvantage - smdler noise margin
-> need amplifier a the receiver end
reduced swing circuit are need for
*address bus of p-processors
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Static reduced swing networ k
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- actsasdifferentia amplifier just two inverter asrecaiver istoo dow since
*0 - VppL 9gnd cannot turn on NMOS completely so HL trangtion dow
*PMOS does not turn-off therefore increased static power consumption and even
dower HL trangtion
Disadvantage : need two power supplies
Advantage : cross-coupled PMOS - - output is restored to VDD

-> positive feedback accelerate the trangtion
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Position of NMOS and PMOS is reversed
SWIng IVTDI 2>Vpp-V1n

Avoids second supply = Vswing = Vpp-2Vt
Sengng dday issmadl astwo inverter delay



Dynamic reduced —swing networ k

Suitable for large far-in circuit such as buses
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Current-mode transmission technique
-> Ingtead of sending voltage signd for 1 and 0 send +l, -1 for 1 and O, respectively
-> output swing can be very low and is dependent on the termination resstance
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to detect the direction of current

e -1 : signal =0
i 2 [ - swing as low as 100mV can be

easily detected.




Arithmetic Circuit
Adder

Full adder A
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the next bit
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- Compared to A and B Ci isdways critica path so dways does as possible to output to
reduce prop. delay



C, = AB+BC, + AC,

S=ABC, +C,(A+B+C))
large area
PMOS stack - very dow
Carry generation needs two gates < minimizing the carry generation path is
important
Sum generation aso needs an extrainverter gate but that is not important
gnceit appears only once in the delay equation of ripple carry adder

Tricksto improvethe performance

Remove the extrainverter an carry chain - generate add and even adders
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( Mirror adder ) - Still same logic but not
complementary logic



Transmisson-Gate adder

Full adder using MUX and XOR

—> can be easlly redized in tranamission-gate logic
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Data is written
Memory classification
RWM NVRWM ROM
Random access | Non-random access EPROM Masked programmable PROM
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DRAM LIFO Flash
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Contents-addressable memory



Array organization

—~

N
N
F

Bit line

/ > 4 word line
A — >
> []
Row > L & Storage cell
decoder _
AL — >
A A A A AALALALAA
YYVYYVYVYYVYYVYYYY
Sense Amp/Driver
A A A A
Y Y Y Y
Ao
— | Column decoder
A1
t 1/10
Memory Core
BL
BL _’V\/_°VDD
WL
WL Voo
—
BL A% °VDD
WL WL ’—g/
MOS ROMlL e
BLO BLL MOS ROMZL Voo
WLO ) —p Pullup
‘ devices
WL1 ; Wio = |
——  — ,::_— Pseudo-NMOS
Vbias \—AL \_4L WL1 NOR
NOR MOS

Pull down
devices




Non-Volatile Read-Write Memory

Floating gate transistor

ate
to&\ ( J
Use avdanche injection to charge-up the

floating gate

n+ n+
P A) p (trapping of the eectron on floating gete )
Floating gate

Floating gate

Threshold voltage is programmeable
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EPROM - Erasable-Programmable
HasaUV window > UV makesthe oxide dightly conductive
—> charges on floating gate can be removed
—> dow process so erasing under UV can take few min.
E’PROM - Electrical erassble
| By applying Vep charge can be removed/
accumulated on the floating gate (~+_ 10V)

depending on the polarity of the voltage
n+ / \ n+
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Flash E2PROM
Combines the advantages of EPROM and EEPROM

[ ] +20 for programmable
_ = ' -10 and overlap for erasing
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