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Transistor digital circuits.

Course presentation
WM Transistor digital circuits |

* MOSFET digital circuits
¢ BJT digital circuits

. Transistor amplifiers
* MOSFET basic amplifiers
¢ BJT basic amplifiers

mmm— Power amplifiers

e Class A, B, AB

. Feedback circuits

* Negative feedback
e Positive feedback

s Voltage regulators

e \oltage regulators with OpAmp
e Integrated voltage regulators
¢ Switched-mode power supplies

= _Oignal generators ... |
e Sinusoidal signal generators
* Non-sinusoidal signal generators
¢ 555 Timer, class D amplifier
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Transistor digital circuits.

Time distribution

5 ECTS
125h =28 + 28 + 14 + 55

Lab
2h*14w

Course ‘ Individual
study

2h*14W 55 h

www.bel.utcluj.ro/dce/didactic/fec/
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Transistor digital circuits.

Evaluation
Written exam (E) Lab (L)
0...10 points 0...10 points
e full attendance e full attendance
e problem solving e activity e activity
e practical test e problems - optional

See you Grade =1...4 || Grade = 0.7E + 0.2L + 0.1S
next year! Fail! Pass!
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Transistor digital circuits. Transistors - recap

» Operating principle

transistors = non-linear voltage-controlled current sources
square — MOSFET; exponential — BJT

n-type dc model - ideal VCCS
= n-channel MOSFET I,

= npn BJT
VCT
= p-channel MOSFET /

= pnp BJT
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Transistor digital circuits. Transistors - recap

» Operating regions

transistors = non-linear voltage-controlled current sources

n-type p-type
Ir=1o 4 . 4l
loex= Vas/R} -~ — -qa""*i'aﬁ [ Toex= Vis/R
o Vo Vew Veror Vinp " Ver
* V< Vg, Ty—off, I.=0 * V> Vq, Tp—off, I;=0
* Ver> Vg, Th—on, ;>0 " Vg < Vg, Tp—on, I;>0
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Transistor digital circuits. Transistors - recap

» Operating regions

e TWo extreme regions, passive:
- cutoff (off)

Io= 0; Vo> 0; ideal switch in off state
- extreme conduction (exc)

Io = Iges Vo = 0; ideal switch in on state

Vo < Vg, OF Vo> Vg, - switching transistor

e An intermediate region, active:
active forward region (ag)

Viin < Vo < Ve — Permanent conduction (amplifier)
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Transistors - recap

Transistor digital circuits.

» Symbols
npn (n-type BIT) pnp (p-type BIT)

¢ B

B O—K B O_K

r ¢
NMOS PMOS
D S

4

S D
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Transistor digital circuits. Transistor dlgltal circults

> To begin with

What is a logic/digital signal? How are these signal generated and measured?
Is a logic/digital circuit different from what we’ve studied so far?
Are there special components, for logic/digital circuit use only?

Where are logic/digital signals and circuits used?
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Transistor digital circuits

Transistor digital circuits.

> Logic/digital signals

analog signal digital signal

V& 4 logic 1
r:f}? T::'\-\.

-

0 \// N t
ey

logic q
Logic 0 false/low 0V — logic0
Logic 1 true/high 5Vor10V — logic1

Accepted values?
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Transistor digital circuits

Transistor digital circuits.

. . . Out |n .
» Noise margins Logic |70 M Logic
circuit 1 circuit 2
guaranteed accepted input
voltage  output levels levels
A
VDD - - 'I """"""" VDD
4
VOHmz’n S e -fH VIH
"""""" P’mem
NM H — YOH min _VIH min
NM L :VIL max _VOLmax
___________ T/ILmax
NM LI
VOLmax -- —I— = I/IL
v,
= Values?
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Transistor digital circuits. Transistor dlgltal circults

» Logic inverters

Iipsi

4 T, 74 —
4 ” y 0V — logic 0 (Low) A |Y=A
0 off Vs Vs — logic 1 (High) 0 1
Voe | On | 0 : ) 0
Electrical operating table Truth/logic table
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Transistor digital circuits. Transistor dlgltal circults

» Logic inverters

A| T, vY=A A | T, Y=A
0 | off 1 0 | on 1
1 | on 0 1 | off 0
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Transistor digital circuits. Transistor dlgltal circults

» Logic inverters — MOSFET and R y
Vs
T y
R o—{ 7,
Y
A
o—{ 7 R

A| T, vY=A A | T, Y=A
0 | off 1 0 | on 1
1 | on 0 1 | off 0
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Transistor digital circuits. Transistor dlgltal circults

» Critical analysis of the logic inverter w/ 7_and R

Vr
2
_VPs
R R
Y
A=0 -
R R
- l vy =———Vp
R+ R;
Disadvantage elimination:
R as small as possible, ideally R—~0 R as big as possible, ideally R—oo

Solution?
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C1 — Introduction. Transistors — recap.

Transistor digital circuits.

> Solutions

Vp,gj’

Transistor digital circuits

complementary switches

Built w/: MOS transistors
CMOS (complementary MOS)

T1 Tz y: Z
0| off | on 1
1| on | off 0

complementary inputs

Built w/: BJTs and R
TTL (Transistor-Transistor Logic)

RTL (Resistor-Transistor Logic)
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Transistor digital circuits. Transistor dlgltal circults

» CMOS logic inverter

Vesn = Vgn — VUspn = Vg
Vesp = Vep — Vsp = V1 — Vpp

Vg VGsn T, Vesp 7, Vo
0 |0 < Vi off | =Vop< Vrnyp on Vop
VDD VDD > VThn on 0> VThp Off O
Y= A
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Transistor digital circuits. Transistor dlgltal circults

» CMOS logic inverter — transfer characteristic

Ideal Real
Vo A
Voo
0 V on
2
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Transistor digital circuits. Transistor dlgltal circults

» Noise margins for the CMOS logic family, 5 V supply

guaranteed accepted input
voltage  output levels levels
A
VDD ------------ VDD
L [Von
CHmin --- “I Vi NMH =45 —-35=1V
““““““ P’mem
"""""""" T/ILmax
NMLI NM, =15 —-05=1V
VOLmax ————— I/IL
I Vor
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Transistor digital circuits. Transistor dlgltal circults

» Logic NAND, NOR — concept circuits

Ves Veg
R . R -
! Y=A1B
Ao-=/ T, A 7/ / ;
O B o= =
B o —) T, T Tnl L -‘ THE

Truth tables?
How do we get rid of R?
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Transistor digital circuits. Transistor dlgltal circults

» CMOS logic NAND, NOR

el . =

AOB O—e Tpl
B —
A | ° T Ty
o= T Y=A+B
| e
HE . H S 7
B | l
& i—‘ T;rﬁ _T_

Truth tables?
CMOS logic AND, OR?
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Transistor digital circuits.

» CMOS logic AND

VDD:’[) i
T, Ty i ‘”.__Tﬂg
ke “:,ﬁi_ R
e 15
e |
NAND L INOT
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Truth table?
CMOS logic OR?
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Transistor digital circuits. Transistor dlgltal circults

» BJT digital circuits

ic
RC r] -"Cex

-",5 l l'.C

—?—K iVCE C)l\fps ic= leex< B s

U{() B UBE\‘ l’.E 0 ‘\\ﬂff lgsat -"BF

exc

i C
i = VPS — VeEsar ~ Vps lges = &
Cex R ~ R ,B
C C _
Vegsat ® 0.2V T—off, if v,<0.6V

T—on, if ig>ig,,
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Transistor digital circuits.

» BJT digital circuits — RTL technology

Transistor digital circuits

BJT inverter V, T, v,
0 off V-
VCC on VCEsat 0.2V
A|T,|Y=A4
0 | off 1
1 | on 0
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Transistor digital circuits. Transistor dlgltal circults

» BJT digital circuits — RTL technology

BIT NOR
[ Vee Al B| 1, | 1| v-4a7B
R o
r:'I.;l YOy _TTB ol 0| off | off 1
+ O
4 Rs B Rs 0 1 off | on 1
H 3K 1] oo |off| 1
680
630 . 1 1 on | on 0

BJT NAND - circuit, truth table?
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Transistor digital circuits. Transistor dlgltal circults

» BJT digital circuits — TTL technology

Logic inverter — npn BJTs; identical transistors, complementary inputs

Vee
T L|nL| Y
V1o Rp | on | off 1
1 y off | on | O
Rp
Vii T,
Vi, Vp ?
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Transistor digital circuits. Transistor dlgltal circults

» BJT digital circuits — TTL technology

OPTIONAL
Standard TTL gate
VGCZSV
1,6KgE ﬁlsog
Eo,w w*?é ‘ Bl
SV R 14K 09V

e K p
v;i | I

. driver stage output stage driver stage ! output stage
. phase splitter | totem pole : phase splitter; totem pole_
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Transistor digital circuits. Transistor dlgltal circults

» Noise margins for the TTL logic family, 5 V supply

guaranteed recognized
tput input
1t ou P
YOLIEY levels levels
5V 5V
5 AV | NM=0.4V Better/worse than the CMOS family?
111111111111111111 f zv
; NM=0.4V
04V ............................................... 0 BV
o OV
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Transistor digital circuits.
»Logic gates - symbols

AND

N =D

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits

A
B

A
B

Transistor digital circuits

OPTIONAL

OR

XOR

J o~
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Transistor digital circuits. Transistor dlgltal circults

» Application — 3 channel MUX

[C; i

/\/\ o 1/3 DG400 :
i . G| G|y,

C :
‘;’ | 1o 0| AN
N\ HSDGchOI % | 1| 0 | AA
e 01 0| 1 | I

LI— 13 pG400 i
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Transistor digital circuits.

Summary

» Course presentation
» Evaluation

» Transistors — recap
» Transistor digital circuits

Next week: Transistor amplifiers. DC biasing.
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