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Abstract
This thesis present the design and implementation of the binary phase shifl keying

(BPSK) demodulation This thesis circuit.Phase shifi (PSK) is one of several technigues
thal was introduce to increase the rate of digital dala (ransmission (bits per second)
through the channel in the form of serial iransmission. This have an advantage ahove the
earlier technique,Frequency Shifl Keying (FSK).Because the data transmission of the FSK
is imited to only of 1,200 bits per seccond. The difference hetween both technigues besides
mentioned ahove presented by the demodulation process in the receive side that needs o
get carrier signal which coherent in such in the transmitter cause the reciever to have the
carrier recovery process lo acbieve a true true carrier signal and become 0 be inleresting

opic in PSK technigues.
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1. 74HC4060 (14-5tage binary ripple counter with oscillator)
2. 74HC393 (Dual 4-bit binary ripplc counter)

3. LM311 (Single Comparator)

4. MC74HC4046 (Phasc-locked loop)

5. T4HC164 (8-bit Sertal-Input/Parallel-Output shift register)

. MC74HC6H8E (8-bit Equality Comparator)
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Philips Semiconductors

14-stage binary ripple counter with oscillator

Product specification

74HC/HCT4060

W

FEATURES

« Al active components on chip

e RC or crystal oscillator configuration

e Qutput capability: standard (except for Ryc and Crc)
e lcc category: MSI

GENERAL DESCRIPTION
The 74HC/HCT4060 are high-speed Si-gate CMOS

devices and are pin compatibte with “4060" of the *4000B”

senes. They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT4060 are 14-stage ripple-carry
counter/dividers and osdillators with three oscillator

QUICK REFERENCE DATA
GND =0V, Taqp=25°C; L, =4 =86ns

terminals (RS, Ry and Crg), ten buffered outputs (Q3 to
Qg and Q44 to Q43) and an oveniding asynchronous
master reset (MR).

The oscillator configuration atlows design of either RC or
crystat oscillator circuits. The oscillator may be replaced by
an external clock signal at input RS. In this case keep the
other oscillator pins (Ryc and Cr¢) floating.

The counter advances on the negative-going transition of
RS. A HIGH level on MR resets the counter (Q to Qg and
Q4110 Qq3 = LOW), independent of other input conditions.

In the HCT version, the MR input is TTL compatible, but
the RS input has CMOS input switching levels and can be
driven by a TTL output by using a pull-up resistor to Vgc.

TYPICAL
SYMBOL | PARAMETER CONDITIONS UNIT
HC HCT
teny oLy | propagation delay CL=15pF. Vec =56V
RS to Qg 31 31 ns
Qn k0 Qpeq 6 ] ns
tprL MR to Q, 17 18 ns
Trmax maximum clock frequency 87 88 Mz
o input capacitance 35 35 pF
Cpp power dissipation capacitance per package notes 1, 2and 3 40 40 pF
Notes

1. Cppis used to determine the dynamic power dissipation (Pp in uW):

Pp = Cpp % Vo2 x i+ T (CL x Vo2 x fy) where:
f, = input frequency in MHz
f, = output frequency in Mz
¥ (CL x Veg? % fy) = sum of outputs
C, = output load capacitance in pF
Ve = supply voltage in V

2. For HC the condition is V| = GND to Vee
For HCT the conditionis V, = GND to Ve - 1.5V

3. For formula on dynamic power dissipation see next pages.

ORDERING INFORMATION

See

December 1990



Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator T4HC/HCT4060
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,2,3 Q41 to Qq3 counter outputs
7.5,4,6,14,13, 15 Q410 Qg counter outputs
8 GND ground (0 V)
2] Cre external capacitor connection
10 Rre external resistor connection
11 RS clock input/oscillator pin
12 MR master reset
16 Vec positive supply voltage
an{i] U 18] Vee n,l;uc.],.: CTR14 (3 | 7 2L LU S 4
a4z (7] 5] og s O3 fow 7 LV P —-f- -3
n g b m | 4 __!_
ms% %07 12 %\M 2 :; 0: _.._: L*_l ::K » "_:‘ pTN < m
ag e 13] On ag}—a 2 1 12 * i
o] 4080 [12] we Q14 —tﬂ-ﬂ 7 "'% —tc'r-o v —::"
oif [ X T =
a7} 18} Arc 2y — ¢ l‘J:’- —
ann[3] aEs By —2 nf—
1293310 Opp—3 rr3322.1 Txsvor
eI
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator TAHC/HCT4060

DYNAMIC POWER DISSIPATION FOR 74HC

PARAMETER Ve (V) | TYPICAL FORMULA FOR Pp (uW) (note 1)

total dynamic power 2.0 |Cpp % fasex Vige?+ L (CL x Veg? x fy) + 2Cix Vee? % fosg+ 60 % Vg
dissipation when using the 45 | Cppxfose® Voe? + T (CL x V2 x f) + 2C x Voo X foge + 1 750 x Ve
on-chip oscillator {Pp) 6.0 | Copx foe X Voo + 5 (CL x V2 X fo) + 20y x Voi? X fose + 3 800 x Vg
Note

1. GND=0V; Tamp=256"C

DYNAMIC POWER DISSIPATION FOR 74HCT

PARAMETER Vee (V) | TYPICAL FORMULA FOR Pp (uW) {note 1)

total dynamic power

dissipation when using the 4.5 Cpp X fase X Vog? + L (CL % Vee? x ) + 2C x Ve x fase + 1 780 x Vg
on-chip oscillator (Pp)

Notes

1. GND=0V;Tamp=25°C

2. Where: f, = output frequency in MHz
fose = Oscillator frequency in MHz
¥ (Cp x Ve? x fp) = sum of outputs
C_ = output load capacitance in pF
C: =timing capacitance in pF
Ve = supply voltage in V

[ jo
Rre Cre
1
cP t4—ETAGE BINARY COUNTER
Co
1 |[MR
Q93 {04 [Qg O [Oy [Og Qg JQyy |0y2{043
118321 r ois [a l8 Ja 3 pe [t |2 o2

Fig.4 Functional diagram.

APPLICATIONS

+ Control counters

+ Timers

* Frequency dividers
+ Time-delay circuits
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Philips Semiconductors

Product spedification

14-stage binary ripple counter with oscillator 74HC/HCT4060
c 1 i

Fig.5 Logic diagram.
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Fig.6 Timing diagram.
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Philips Semiconductors

Product specification

14-stage binary rippie counter with oscillator

74HC/HCT4060

DC CHARACTERISTICS FOR 74HC

Qutput capability: standard {except for Rrg and Crc)
lcc category: MSI

Voltages are referenced to GND {(ground = G V)

Tamb (“C) TEST CONDITIONS
74HC
SYM- | bARAMETER UNIT |y [V OTHER
BOL +25 4010 +85 | 40to+125 "
min. |typ. [ max. | min. | max. | min. | max.
ViH HIGH level input voltage | 1.5 1.3 1.5 1.5 v 2.0
MR input 315 |24 315 3.15 4.5
4.2 3.1 4.2 4.2 6.0
Vi LOW level input voltage 0.8 (05 0.5 0.5 v 2.0
MR input 21 (135 1.35 1.35 45
28 (18 1.8 1.8 6.0
Vi HIGH lavel input voltage | 1.7 17 1.7 v 2.0
RS input 3.6 36 3.6 4.5
48 4.8 48 6.0
Vi LOW level input voltage 0.3 0.3 0.3 v 2.0
RS input 0.9 0.9 0.9 4.5
1.2 1.2 1.2 6.0
VoK HIGH level output voltage | 3.98 384 37 v 4.5 [RS=GND |~-lg=2.6 mA
Rr¢ output 5.48 5.34 5.2 6.0 |and ~lg = 3.3 mA
MR=GND
3.98 3.84 37 v 4.5 [RS=Vgee |-lp=0.65mA
5.48 5.34 5.2 6.0 1and —lg = 0.B5 mA
MR=V¢c
19 |20 1.9 1.9 Vv 2.0 {RS=GND |-lg = 20 pA
44 |45 4.4 4.4 4.5 |and —lg = 20 pA
59 6.0 59 59 6.0 | MR=GND |-lg = 20 pA
1.9 2.0 19 1.9 Vv 2.0 |RS=V¢ee |-lo =20 pA
4.4 4.5 4.4 4.4 4.5 {and —lg = 20 pA
59 6.0 59 59 6.0 |MR=Vce |Ho=20pA
Von HIGH level output voltage |3.98 3.84 a7 Vv 45 R3=V|y |-lo=3.2mA
Crg outpul 548 5.34 52 6.0 land ~lg=4.2mA
Var HIGH level output voltage [1.9 [2.0 19 1.9 Vv 20 {Vy -5 =20 pA
except Rrc output 4.4 4.5 4.4 4.4 4.5 jor I = 20 pA
59 6.0 5.9 59 6.0 [V -l = 20 pA
Vou | HIGH level output voltage | 3.98 3.84 3.7 v 4.5 [VIH —lg = 4.0 mA
except Rrc and Crc 5.48 5.34 52 6.0 lor —lp = 5.2 mA
OutputS V“_
Var LOW lavel ocutput voltage 0.26 0.33 04 4.5 IRS=Vee [lop=2.6mA
Ry¢ output 0.26 0.33 04 6.0 {and lo=33mA
MR=GND
0 {01 0.1 0.1 v 2.0 |RS=Ve |[to=20pA
0 (01 0.1 0.1 4.5 jand l = 20 pA
0 01 0.1 0.1 6.0 |MR=GND [Ip =20 pA
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
Tamb (°C) TEST CONDITIONS
SYM- 74HC
PARAMETER UNIT [y . (W OTHER
BOL +25 —40to +85 | —40to +125 "
min. |typ. | max. | min. | max. | min. | max.
VoL LOW lavel output voltage 0.26 0.33 0.4 Vv 4.5 | RS=V|L lo=3.2mA
Crc output 0.26 0.33 0.4 6.0 | and lo=4.2mA
MR=V|H
Var LOW lavel output voltage o |01 0.1 0.1 v 2.0 {Viy o = 20 pA
except Rrg output 0 {01 0.1 0.1 45 |or lo =20 pA
0 |01 0.1 01 6.0 1V lo = 20 uA
VaL LOW iavel output voltage 0.26 0.33 0.4 Vv 45 {Vy lo=4.0mA
except Rt and Cre 0.26 0.33 0.4 60 (or lp = 5.2 mA
outputs ViL
+, input ieakage currant 0.1 1.0 1.0 pA 6.0 [Vee
or
GND
lcc quiescent supply current 8.0 80.0 160.0 [pA |6.0 |Voo Ip=0
or
GND
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Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
AC CHARACTERISTICS FOR 74HC
GND} =0V, t, =t =6 ns; C_ = 50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT | y . | WAVEFORMS
+25 -40to +85 | —40 to +125 )
min. [ typ. | max. | min. | max. | min. | max.
o bacation dela 99 | 300 375 450 2.0
tor) toun | P ng%: o y 36 |60 75 90 |ns |45 |Fig.12
3 29 |51 64 77 6.0
coacation dela 22 |80 100 120 2.0
tor/ oLm | ga? o y g8 |18 20 24 |ns |45 |Fig1a
n 10 Ln-1 6 |14 17 20 6.0
 cation dela 55 | 175 220 265 2.0
tpuL pMpR t% 5 y 20 |35 44 53 ins |45 |Fig.13
n 16 |30 37 45 6.0
19 |75 95 110 2.0
trho/ trun | output transition time 7 15 19 22 ns 45 |Fig.12
6 |13 16 19 6.0
. 80 |17 100 120 2.0
tw C'F;";"f f_"‘l‘gfl ::stgw 16 |6 20 24 ns {45 |Fig.12
‘ 14 |5 17 20 6.0
master reset pulse 80 125 100 120 20
by e R H‘:GH 16 {9 20 24 ns |45 |Fig.13
' 14 |7 17 20 6.0
comoval time 100 | 28 125 150 2.0
fem MR 1o RS 20 |10 25 30 ns |45 |Fig.13
17 |8 21 26 6.0
_ 6.0 |26 48 40 2.0
K pul
e "”ff:(';:;‘;” dockpulse 145 8o 24 20 MHz |45 |Fig.12
4 35 |95 28 24 6.0
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Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator

74HC/HCTA4060

Notes

1. The value of additional quiescent supply current {Atcc) for a unit load of 1 is given here.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

2. Only input MR (pin 12) has TTL input switching levels far the HCT versions.

INPUT

UNIT LOAD COEFFICIENT

MR

0.40

AC CHARACTERISTICS FOR 74HCT
GND=0V:t,=t;=6ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
TAHCT
SYMBOL | PARAMETER UNIT [y, WAVEFORMS
+25 -40 to +85 | 40 to +125 V)
min. | typ. | max. | min. | max. | min. | max.

tphi/ teLn | propagation delay 33 66 83 99 ns 4.5 [Fig.12
RS to Qs

tpH/ bpLy | propagation delay 8 16 20 24 ns 4.5 |Fig.14
Qn to Qn -1

tpHL propagation delay 21 44 55 66 ns 4.5 |Fig.13
MR to Qn

trhal/ trun | output transition time 7 15 19 22 ns 4.5 |{Fig.12

tw clock pulse width 16 B 20 24 ns 4.5 |Fig.12
RS; HIGH or LOW

tw master reset pulse 16 6 20 24 ns 45 |Fig.13
width MR; HIGH

Yem removal time 26 13 33 39 ns 45 |Fig.13
MR 1o RS

fax maximurm clock pulse 30 80 24 20 MHz |4.5 |Fig.12
frequency
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Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
ME8A333
14 T o
Ug max.
Ry = 5EOKO (mAN) 12 //
— A A
Ve 10 Vs V.
QA7 pFf H owtput E:o,.p /'/ / /1
'io;—ll—kq—i }_"' -~ 8 / min
{F=1hHz) ﬁ /[ 4
o pree- GhD 8 /} /
) 11/ )
Fig.7 Test set-up for measuring forward 7
transconductance gis = dip / dv; at v, is 20 p P 3 1 5 5
constant (see also graph Fig.8); Vg W)

Fig.B Typical forward transconductance gy, as a
function of the supply voltage Ve at
Tamp = 25 °C.

RC OSCILLATOR

WA (from logic)

A

Erg

()

=c,

T

MR = LOW.
1Z82327
L]
" i
o A, b
{H1)
104
&
-
\'
0? =
w?
M
° I
02 104 108 A i 10®
0t 10 t0-2 ¢, taFl 107"

Fig.9 RC oscillator frequency as a function of
Ryand Ciat Ve =2.010 6.0 V; Toamp = 25 “C.
Cycurve at Ry = 100 k(); R2 = 200 k{).
Ricurve at Ci=1nF; R2=2x R,

0
c:I L] lﬁnl
Typical formula for osciliator frequency:

e 1
st IEXR T,

TZ933an

Fig.10 Example of a RC oscillator.

TIMING COMPONENT LIMITATIONS

The oscillator frequency is mainly determined by R:Cy, provided R2 = 2Ry and R2C2 << RC.. The function of R2 is to
minimize the influence of the forward voltage across the input protection dicdes on the frequency. The stray capacitance
C2 should be kept as small as pessible. In consideration of accuracy, C, must be larger than the inherent stray
capacitance. Ry must be larger than the "ON” resistance in series with it, which typically is 280 0 at Ve = 2.0 V, 130 € at

VCC =45V and 100 52 at VCG =6.0V.

The recommended values for these components to maintain agreement with the typical oscillation formula are:

C, > 50 pF, up to any practical value,
10 k62 < Ry< 1 MQ.

In order to avoid start-up problems, Ry = 1 k&2,
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14-stage binary ripple counter with oscillator 74HC/HCT4060
MR {from lopict
frc
W iae 19
TYPICAL CRYSTAL OSCILLATOR T 1Dosdwm 1us | Ra
In Fig.11, R2 is the power 1imiting resislor 2,2 kil

or starting and mainlaining osciilation a minimum
franscondaciance s necessary, so R2 should not

be too large. A practical value for R2 is 2.2 k. caAfiie c2:|- 100pF

L pEL L]

Fig.11 External components connection for a crystal oscillator.

AC WAVEFORMS

MR INPUT 't

RS INPUT

RS |NPUT \g‘.lll

ay QUTPLT vt
e l-—l'rm_ _.l tTLH a, ouTrRUY
TR
(1) HC ZVM:SU%] V|=GND1GVCC. (1} HC ZVM=50%; Vi=GND o Ve
HCT: V=13V, V| = GNDto 3 V. HCT. Wy = 1.3Vi V= GND1o 3 V.

Fig.12 Waveforms showing the clock (RS) to Fig.13 Wavefo_rms showing the master reset (MR)
output (Qa) propagation delays, the clock pulse w@lh. the master reset to output ()
pulse width, the output transition times and propagation delays and the master reset to
the maximum clock frequency. clock {RS) removal time.

a, OUTPUT vt
(1) HC : Vi = 50%; V, = GND to Veg. Oney OUTRUT

HCT: Vy = 1.3V, Vi =GNDto 3 v.
zZ8n

Fig.14 Waveforms showing the output (Qy) to Qy, 4 propagation delays.

PACKAGE CUTLINES

Sea i T A
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Philips Semicoenductors

Dual 4-bit binary ripple counter

Product specification

T4HC/HCT393

|

FEATURES

Two 4-bit binary counters with individual docks

Divide-by any binary module up to 28 in one package

Two master resets to clear each 4-bit counter
individualty

Output capability: standard
lcc category: MSH

GENERAL DESCRIPTION

The 74HC/HCT393 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
{LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT393 are 4-bit binary ripple counters with
separate clocks (1CP and 2 CP) and master reset (1MR
and 2MR) inputs to each counter. The operation of each
half of the “393" is the same as the "33 except no externai
clock connections are required.

The counters are triggered by a HIGH-to-LOW transition of
the dock inputs. The counter outputs are internally
connected to provide dlock inputs to succeeding stages.
The outputs of the npple counter do not change
synchronously and should not be used for high-speed
address decoding.

The master resets are active-HIGH asynchronous inputs
to each 4-bit counter identified by the "1" and “27 in the pin
description.

A HIGH level on the nMR input overrides the clock and
sets the outputs LOW.

QUICK REFERENCE DATA
GND =0V, Tamp=25°C; L, =t=6ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
ter/ teLn propagation delay CL=15pF:Vgc =5V |
nCP to nQg 12 20 ns
nQ to nQp, .4 5 6 ns
nMR to nQp, " 15 ns
frnax maximum clock frequency 99 53 MHz
C input capacitance 35 3.5 pF
Cpp power dissipation capacitance per counter notes 1 and 2 23 25 pF
Notes

1. Cppis used to determine the dynamic power dissipation (Pp in uW):

Pp = Cpp x Vo2 x fi + X (C x Veo? x £y} where:
f; = input frequency in MHz
f, = autput frequency in MHz
¥ (G| x Voe? x ) = sum of outputs
C, = output load capacitance in pF
Ve = supply voltage in V

2. For HC the condition is V|, = GND to Vg
For HCT the conditionis V) = GND to Vg - 1.5V

ORDERING INFORMATION

See
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Dual 4-bit binary ripple counter 7T4HC/HCT393

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,13 1CP, 2CP clock inputs (HIGH-to-LOW, edge-triggered)
2,12 IMR, 2MR asynchronous master reset inputs {active HIGH)
3,4,56,11,10,9.8 1Qg to 1Q4, 2Qq to 2Q; flip-flop outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1 =Ql1CP 10g——3 CTR4 2
&[] U [1e] Ve 101 f— 4 2 .
_ ] 1a —d Ty —
un 7] 8] 257 L et i, L I I
— 10
104 [3] E MR : R e al8
19, E 393 1] 2
tay 5] [10] 20, 1n—of2cr 20gf— 1y CTRA "
10 o
183 (8] 1292 2 NN 2 der-0 |10
ano 7] 5] 20 e 19n0] 3
5] 223 12—] MR Z03}—& * ¢
TIAsa7 3 p—
TI9348
TZ91248
Fig.1 Pin configuration, Fig.2 Logic symbol. Fig.3 IEC logic symbol.
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Dual 4-bit binary ripple counter 74HC/HCT393
- 'agf 3 L = L_I'I
s {1CP
19 sar 104] &
BINARY
merte 192 5 @
2_|imB] coOuNTER
103 [
Iil
_ Q9| 1y
13 |20
= e [P
BINARY n
rierie  [392) ¢
12 2UR]  COUNTER |
3| &
[ fef o} ]
1I833%2
120038
Fig.4 Functional diagram. Fig.5 State diagram.
COUNT SEQUENCE FOR 1 COUNTER
OUTPUTS
COUNT
Qg Qq Q; Q
0 L L L L
1 H L L L
2 L H L L
o a a a 3 H H L L
] T T T T 4 L L H L
R FF2 FF3 FE4
5 H L H L
"o | ) ul) "YP 6 L H H L
un——Dc b I H H H L
9 H L L H
TINAILY Qg Qy 2, Gy 10 L H L H
11 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H
Notes
Fig.6 Logic diagram {(one counter). 1. H = HIGH voltage level
L = LOW voltage level
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Philips Semiconductors

Product specification

Dual 4-bit binary ripple counter 74HC/HCT393
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see i lo anlii e U s |
Output capability: standard
Icc category: MSI
AC CHARACTERISTICS FOR 74HC
GND =0V, =t;=6ns; C_ =50 pF
Tams (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT Ve WAVEFORMS
+25 —40to +85 | -40to +125 v)
min. | typ. | max. | min. | max. | min. [ max.
trry/ tpLm | Propagation delay 41 125 155 190 |[ns 2.0 |Fig.7
nCP to nQg 15 |25 31 38 45
12 |21 26 32 6.0
tpyL/ trun | propagation delay 14 |45 55 70 ns 2.0 |Fig.7
nQy, to NGy 9 5 9 11 14 45
4 8 9 12 6.0
terr propagation delay 39 [ 140 175 210 |ns 2.0 |Fig.B
nMR to nQy, 14 |28 35 42 45
11 |24 30 36 6.0
trHLf trn | output transition time 19 |75 95 110 |[ns 2.0 |Fig.7
7 15 19 22 4.5
6 13 16 19 6.0
twy clock pulse width B0 17 100 120 ns 2.0 {Fig.7
HIGH or LOW 16 |6 20 24 4.5
14 |5 17 20 6.0
b master reset puise 80 19 100 120 ns 2.0 |Fig.8
width; HIGH 16 |7 20 24 45
14 |6 17 20 6.0
tram removal time_ 5 3 5 5 ns 2.0 |Fig.8
nMR to nCP 5 1 5 5 4.5
5 1 5 5 6.0
finax maxirmum clock pulse 6 30 5 4 MHz |{2.0 |{Fig.7
frequency 30 a0 24 20 4.5
35 107 28 24 6.0
December 1990 5




Philips Semiconductors

Product specification

Dual 4-bit binary ripple counter

74HC/HCT393

DC CHARACTERISTICS FOR 74HCT

Far the DC characteristics see =i~ fr il es Bain vl Do st

Qutput capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current {Alcc) for a unit load of 1 is given in the family specifications.
To determine Alge per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
1CP 0.4
2CP 0.4
1MR 1.0
2MR 1.0

AC CHARACTERISTICS FOR 74HCT
GND =0 V;t,=tt=6ns; C =50 pF

Tamb (“C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT |y WAVEFORMS
+25 —40 to +85 | —40 to +125 W)
min. | typ. | max. | min. | max. | min. | max.

teul! L | Propagation delay 15 |25 31 38 ns 4.5 |Fig.7
nCP to nQg

tel/ e | propagation delay 6 10 13 15 ns 4.5 |Fig.7
nQn o nQniq

teHL propagation delay 18 32 40 48 ns 4.5 [Fig.8
nMR to nQ,

tracf triy | output transition time 7 15 19 22 ns 4.5 |Fig.7

ty clock pulse width 19 |1 24 29 ns 4.5 |Fig.7
HIGH or LOW

tw master reset pulse 16 |6 20 24 ns |4.5 |Fig.B
width; HIGH

tram removal time_ 5 0 5 5 ns 45 |Fig.8
nMR to nCP

Trnax maximum clock pulse 27 |48 22 18 MHz | 4.5 |Fig.7
frequency

December 1990 6



Philips Semiconductors Product specification

Dual 4-bit binary ripple counter 74HC/HCT393
AC WAVEFORMS
W imgn
nCP INPUT vl
tpHL trH
aQ, QUTPUT !l
181383 e tme o} katyin

(1) HC : Vi = 50%, V) = GND o Vec.
HCT: Wy = 1.3V, V, = GNDta 3 V.

Fig.7 Waveforms showing the clock {nCP) to output (1Qy,, 2Qy,) propagation delays, the clock pulse width, the
output ransition times and the maximum clock frequency.

nMR INPUT —J vttt
——
[T—
aZF INPUT vy
el [
nQ,, OUTPUT Vin i

1IN

(1) HC 1 Vy=50% V) = GND 1o V.
HCT: Wy =13V, V= GHNDte 3 V.

Fig.8 Waveforms showing the master reset {(nMR) pulse width, the master reset to output {Qa} propagation
delays and the master reset to clock (nCP) removal time.

PACKAGE QUTLINES

See

December 1990 7
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Philips Semiconductors

Product data

00000 O
LM111/211/311/311B
[T SO S A

Voltage comparator

DESCRIPTION

The LWV 111 series are voltage comparators thal have lapit currenis
approsimataly a hundred wnes lower than devices ke the pAT10
They are designed to operate aver a wider range of supply vollages:
from siwndard £15 V op amp suppiies down o 2 single 3% supply.
Their cxitpt 15 compatible with RTL, OTL and TTL as welt as MOS
circuils Further, they can drive lamps or relays, switching vollages
up i 56 Y at currents as high as 50mA.

Bath the inpuis and the oGipuls of the LM TH seiies can be isolated
from ays=iem geound, and the output can dove inads referred &
ground e positive supply. or the negative supply. Offset batancing
and suabe capabitdy are provided and outputs can be wire-ORed

Alshough stower han the A7 16 (200 ns response tineg versus 4Hins),
the davices are also much lass prong o spufous osallasons, The
LM111 series pas the same mn configuration ss the BAT 1) selies.

FEATURES

® Operams fram single 3V supply (LM3TE}

® Maxirmurm inpul bias cureent: 150 nA {LM311 250 nA)
® Maxiaum offsar current 20 nA {LV311: 50 nat

® Differantial npu vaitage range: 130V

® Power consumpian: 135 mW at 15V

® High sensiiviiy: 208 Viny

® Laro ciossing delector

ORDERING INFORMATION

PIN CONFIGURATION

D,

N Packages

HPUT 7

HNEOT

7o
| BALISTROBE

| BALANGE

e

SLOG0ET

Figure 1. Pin Configuration

APPLICATIONS

® Pracsion squarer

® Fasitiveiniegaiive peak detegior

&8 { Gw vottage adjustable referenos supply

® Swiiching power ampsifier

DESCRIPTON TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Flasus Small Outline Package {50 ~55 Cia #1268 C LAMITI0 S0OT96-1
& Firi Plastic Duat in-Line Package (DIP: 550 2128 O LA 13N 50797
8P Plastic Smalt Guiline Package {S0) -25 Cia +85 L2110 H5OT96G1
§-Pin Plastic Duat In-Line Package (DIP; -25 Cilo+as O LMZ1IN SOT971
&-Fin Piastic Semall Qutline Package (SO O Cto-70 C LM31D 507964
8-Pin Plastic Dual In-Line Package (P} 4 Cio+70°C LM3TIM SOTY9F-1
B-#Pin Flastic Smalt Quiline Package (50} 0 Cr+70 € LM3TIBD SOT6 1
& Bin Plastic Dual in-Line Packages {DIP) 0 70 C LM3HBN 5071871

2001 Aag 05
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Philips Semiconducing

Praduct data

Vollage comparator

LM111/211/311/311B

EQUIVALENT SCHEMATIC

i,

. b

P -

I"’(“u_ Cootoo S H
FIVRPY :

L o ) O e
* ! H
‘ % . - . . . .
Y
gm:
: Pos
A.
: b Ll
- ;L
. i ;*611 i
i i
* o e - . jol
. P -
ay SR gE :
\l,.t.r( S RiiH o-!l‘*
; . R ;
. ‘ PR 4 L ouTRuT
e H £z H . : L TIPLT
oS P ey ; PR
M E i . I oom i :
P [ ;

S T

sz '1
; . B
* - A5 i
[ L b
o I,.:J ; uz‘.‘ i [ 4 ! i .
BG4 ] o :
g ; .'-:!‘I’: OR § ! ? 1
i . : 2 0
A AU - . - 3 [ +
- ]
e = SLahlel
Figure 2. Equivalent Schematic
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vg Tatal supply voliage 36 \
Quiput i negative supply vollage:
LT A2 11 &} v
LM3TIAMITB 40 i
Ground 10 negative sapply voliage 30 W
Differentiai input vottage £330 v
Wing Input voltage’ 18 W
By i Maxsmum power disaspation. Yap, = 26 7 {stil-ain®
N package 1150 Py
D prickage T80 Y
i Quitpd short-cirout dacation 10 Sec
Tamn Operating armbient temperatire range
L0111 -G8t +125 0
LKz 2510 +B5 “C
LM3NMILAM3TE 0in +70 C
Targ Storage temperalure rangs -85t +150 C
Ter Lead soldering emperature {10 sec max] 230 e
NOTES:

1. Thazm ailing appiies for 015 ¥ supplies. The positive inpa! voltage imitis 30V above the negative supply. The negative mput voltage lmit is

equazl i he negalive supply veitags or 30V below the positive supply, whichaver i less
2. Derare above 25 °C a* the ollowing imias
N package at §.5 miwo
[ package at 6 2 miVWC

2007 Mg O3 3




Philips Semiconducins

Praduct data

Voltage comparator

LM111/211/311/311B

DC ELECTRICAL CHARACTERISTICS! 2.3.8

Owverjemperature range unless atherwise speoiied

LMtiam21 LM3 1 LM311B UNIT
. FARAMETER TEST CONDITIONS - -
SymBot R Min Typ Max | Min Typ Max | Min Typ Max
Ve input offset vidiage® 0.7 30 2y | 75 20 175 1 my
iog input offsel cusrant? 4.0 i 60 50 & 25 i
tnias Inpu bhas curen: ai} 100 100 25 G | 200 nA
Aoy Vollage gain Tams =25 C 200 200 200 VW
Respanse e’ Towp = 28 C 2006 200 504 e
i(:‘l," = B il
Vear Saturation voliage LMGTR Vg = - 10 mV, 0.75% 1.6 075 15 Q7h 1.5 W
i();‘;} = 50 ma
Vg, = 250
Strobe on current Ty = 25700 3.0 3.0 EXt n
LB TEF21T Vi, 2 By,
st B35V
Fragans | Outpulimakage cureni® G2 14 0.2 a0 0z 50 na
Vos tnput offset vallage® 4.0 16 He 1Y
ng Inpu: affset curren:® 25 TO 5G na
lnias Inpitt bias current 150 300 2R0 nis
. 134 118 ;
Vo= 5V P T may - Ve
Ying Inpun voltags rangs P\‘ .,_:'g s Y - 1A5 o 3 -840 18] 13.0 £0 5 s v
N -14.F -147 - ’
Vi a5 V-2 0
L1283 Vi = 8
Vi Saturason volage® Tes e (23 [V 0.23 G.d 003 o4 Y
LM ATUB vy = - 10 mV,
faipc < 8 A
- 3 \‘;!N =hmi . N
{oll] Durpu leakage current Ve = 25V 31 AR HA
e Postive supply carrent Tamn T 2570 5.1 6.0 51 75 1.6 a5 mA
lep Negative supply vatlage Tamn = 28 02 4.1 5.0 4.1 54 ma
NOTES.
1. This usfing appiies for +15 V supplies The positve inpol voliage iinil is 30V above the neqgative supply The negative input vattage lienit je
guat 0 the negative supply voltage or 30V below the positeve supply, whichever & less.
2

specinaions are imited ta -25 7

% Ty,

These specicaions apply for Ve = w15V and 070 = T, < 7070 unless otheranse specified. Withhhe LMZ 11 however, all temperature
. 5 1B 70, and for the LM T Is limited w -

ami C ami < £ 125 "G The offsel voitage. offset
current, and bias current specifications apply for any supply viltage from a aingle 5 V supply up o 215V supplies

3 The efset vollages and offse? currents given are the maximum values required to drive the oulput within 8 voit of esther supply with 1 ma,
load Thus, these paramelers defing an eror band and take into sccount the worst case effects of voliage gain and mput impedance

4. The esponse Ume specified is for a 100 mV input step with 5 mv ovar-drive

5. Do nut shaoit the strobe pin 20 grouncd; it should be current driven of 3 mA G b oA,

. LAVITIB. all paramaiers are a om BRI w GV

2001 A 03




Philips Sanuchnducions

Froduc data

Voltage camparator LM111/211/311/311B

TYPICAL APPLICATIONS

IR

»
L] - L]
Zero Detoitor Detecior for Magnetic TTL Interface with High
Driving MOS Logic Transducer Level Logic RN
Figure 3. Typicai Applications

2001 Aug 03



PFhilips Samicondustors Product data

Voltage comparator LM111/211/311/311B

DIP8: plastic dual in-line package; 8 leads (300 mil} S0T7T97-1
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v ¥ | i |
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| |
| |
i | |
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i
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i
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g 1 indenc
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T ’
L’“ I“L_l'“= i LL.: ] LL.]
‘! A
s} o
Lo Loeotr
soale
DEMENSIONS {inch dimensgions are derived {rom tha orlginal mm dimensions)
| A F\-. Ag % {1y 2!1)
: UNET | e 1 min | mar. b b, <] D Et L] CR L : My w e
. —_— ! —
! P : N
i - e G.A0 a3 .60 W s
T AR e B nen 92 782 aos g3 | UfL IS
‘ - g : ‘
[ ; oot D004 | 00ia ) 008 014 03% .
ke a7 ] J 50t 0.0
L G Sinn | a0as | 0me | 098 Gz aaa | o0T 0045
Hote
1 Piastie o metai protrusions of G 25 mm maxirmsm per side am net s
| VERSION e JEDE: e i PROJECTION ‘
1 ! o
l LU 0530 i =
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Phiiips Seniconducls

Praduct data

Voltage comparator

LM111/211/311/311B

SO8: plastic small outline package; 8 leads; body width 3.9 mm

507961

ms

L i

I

LD

sk

-
I A =

=TTE

DIMENSIONS (inch dimensinns are derived from the original mm dimensions)

f A -
PUNIT pl i ER | e | Hg i, v w y ozt
| :
- 5.0 ) oy
T oo o oR .

L 173 P G261 025 01 ) g5
t e N g'j 2’(" ('.’!e 0”

inches § .09 e (PR D01 O o

Hehe GH 0Oars 4G .ot LR i Goue O

Hotes

o Plas

1 Plastic or metal proligsons of 908 m e
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Fhilips Semiconducions Praduct data

Voltage comparator LM111/211/311/311B

Data sheet status

Product Definitions

sat s s (1
Data sheet status status 12

contains da adre i e aqu v speodication for pmduc develapment
1o change the specification in any manner withaul notice

OIJJB( I

; Dwmopr N

o sheet contains data from th pne!wwzm b;\?uflt,anmn Supplemeniary data will he
published at & later date. Philips Semicondusions cesarves the righi to change the specification
withou! notice, o order 1w improve the design and ‘,up;\lv the tiesi pogsiie producy

Pretinunasry dala

Froductian This data sheel corains daia from the product s;pe[wfv-a*ion Phitips Semiconductois resaeryes ne
i 1o make changes @ any lre in arder toimprova the design. manufaciuring and supply
ated acoordimng o the Customer Product/Process Change Notihaiion

I—"muuf' 4

i wens pulibshod The tlest nforny

Definitions

Short-form specification — The data i a shor-form speadication s exiracied from o full data sheet with the same iype number and tile. For
detaited arormalion see the relevant data sheet or dala handbook.

Limiting vatues definition — Liriting values given are in acoordance with the Absofus Maximuem Rating System (EC 601341, Slress above one
or mane of the lmating values inay cavise parmnnent damage o the davice. These are siress ratings only and operation of the device atthase or
atany othes condifions abave those given inibe Charactaristics sections of the speciiicatons notimplied. Exposure 1o timiting value s for exiended
periods may afect device Eelldi)ilh\_}.

Application information — Applicatons thal are deseribed heiein for any of in praducts are for dlustratve purpnses only. Philips
Semicaniuchis make no represeniaion or wasranty that such applications will be suflable for the specified use without fuither testing or
rmadificsion.

Disclaimers

Life support — Thesa products are not deswgned for use in e support appliances. devices of systeins whers mattundlion of these products can
reasanably be sapected 1o rasuitin personatinjury Philips Ssnwconductons customers using of seliing these praducts for use iasuch applicatons
do so at their own risk and agrea io fully indemmify Philips Sensiconduciors for any darmages res,uihriq from such application,

Rightio make changes —Philips Semiconducions reserves theright o mdkm:hdnnea wnhow nutlc:& i hri pmdu t'~s im‘ludirig -.':ircui'..s s:anﬁau:
calfs, andior sofiware, described or contivned hereany in order o hnprove de
respansitiity or iabifity for the use of any of these products, conveys no license ot uthe uﬂ(le:‘ an; pa‘ n\, LOpY nc,ht oF mask work ng,n o rhnse
producis and iMAkes DO representaions oo warsaimes that ithese producis are free from poatent, copynght, ar mask wark right infringement, u
atherwse specified,

Contact information = Ronkdijke Phiips BElecironics MV, 2001
For additional mformatien please visi Al ights resweved. Prinled n U.S A
hitp:fwww.semiconductors.philips.com FFax: +31 40 27 24825

(ate of relogse: 17408
Foi saies offices addresses send g-mail 1o

saies.addresses@www.semiconductors. phitips.com. ocarmivnt e number G397 7500916

Leté wake things bettor
PHILIPS
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MC74HC4046A

Phase-Locked Loop
High—Performance Silicon-Gate CMOS

The MOTHHCHMEAA 35 similioe i fuscnon Lo the MO T4040 Metal
rate UMOS device. The devive inputs are compatible with siandand
CMON ouwpus; with pallup resistors, they are vompaiibic with
ESTTL owpuls.

The HOA046A phase locked fosp vontains three phase
sl

comparators, a vellage controled oscitfator (VUD) and unity
op amp DEMG LT The comparators have two conynon siis puis,
COMPEy, md 371Gy, fuput STG g amd COM Py van be used divecily
coupted to large voltage signais, ot indireetly coupled {with @ series
capaciion W stnall voltage signalsy. The seil bias circuit adjusis smsll
voltgee stoenals i the bncar region of the amphiier. Phase comparator
L fsn onclusive OR gates provides & digital error signal PO T s1d
mamtins 90 degrees phase shitt at the venter fregqueney herween
SHip~ amd COMP Y signals (hath at 3004 duty cycler, Phase
copparator 2 (with Teading: edye sensing togic) provides digpal errar
sigiitis PC2OT and PCPOLT ond maintains a O degroe phase shofi
botween $1G TN and CONPay sionals tdaty exvele 15 inunaieriaiy The
fiear VOO produces an owput simnal VOO T whose frequency s
deterriined by the voltuge of imput YOOy signal and the capacitor
and roststors comnected o pins CTA, OB RT and R2, The urity gain
ap aap cutpat DEMO LT wirle an exiernal resistor is usad wheee the
VO signal 1 sieeded but oo feading can be wherated. The inhiba
inpul. when high, disables the VOO and alf op amps 10 nanintee
standbn power consammtion,

Applicaions include FM and FSK maedalation and demodutation,
frequency synthesis apd nrhtiphicaion, frequency  discritaination,
tone decoding, data synchronizavion and condiiommg,
vollaee 1o freguency conversion and motor speed coniral,

Chutpws Dirive Capability: H0LSTTL Loads
[ow Power Consmuption Characterists of CMOS Devices

Opviating Specds Sunilar o LSTTL

Widde Operating Voltage Range: Lo 60V

Low Input Curreent: 1O UA Maximun {except SHpy and COMPPN

to enmplianee with the Roeguicements Defined by DT Standard
Ny TA
Low Quicscent Curront: 88 1A Maxinuan (VOO disabled;

.
® Hizh Nowse Iimmunity Chasvleristie of CMOS Devices
* [ode Protection o ol tnpuls

.

Chip Complexsty: 279 FETs or 70 Faurvalent (Gates

inAne Gomganents |

March, 2000 ~ Rov. 7

ON Samiconductor

hitp:

{ionsemi.com

MARKING
DIAGRAMS
16

-16 ‘
o FACTAHCA0I0AN
N SUFFIX TAHCA04S
CASE 648 AWL 4y
1
16
S0--16 vy
D Surtix AVVLYWW
CASE 751B -
3
16
A ERERLE:
TS50P-16 HLid\',l
OT SUFFIX 454
CASE 048F o ALYW
: ILEELLL:
18
[ {nixininisiaiyl
SOEIAD-16 o
F SUFFIX 74}*‘&;4{:?6[.3
CASE 966 P AWLY WO
|BiRININBI N IR N}
3
A = Agsembly Location

WL = Waler Lol

Yy

Tear

WA = Work Week

ORDERING INFORMATION

Device Package Shipping
MOTAHCADAGAN PhiP-16 20007 Box
MOTAHCAGARAD S50iC-16 48 i Rail

METAHCAHBADR2

S0OIC- 16 2504 / Reet

MCTAHCAGIEAR

SCHC-EIAJ See Note

MOCT4HCA048AREL

SOIC-Ea | S5 MR

- ; ; . Cr AL
1. Fororndering information on ihe EIAJ version g"i'hr

SOHC packages.

please conlact yaur local ON

Samiconductan representative.

Publization Order Mumbe:
MCT4HC4046A/0



MC74HC4046A

Pin No. Symbol Name and Function
! PLPoGT Phase Comparator Pulse Outpul
2 PCloUT Phase Comparai 1 Oulput
3 COMPuy Comparaior inpul
4 VCOOUT YEO Outpint
9 N bl Input
5 Ca Capacitor G1 Connechion A
! ot} Capacitor C1 Connection B
8 GND Ground (G V3 Veg
i VCR VOO input
1 DEMOLT Demodulatar Ot
i1 K1 Resigion R1 Connaction
[ 23 Resisor K2 Conneriion
1 FC200T Fhase Comparator 2 Owipat
i4 16N Signal toput
15 POl FPhase Coamparator 3 Quiput
it Ve Positive Supply Vellage

MAXIMUM RATINGS™

PIN ASSIGNMENT

PRy [ 1 18 [ vee
Pl I 2 15 1 PO3
comey [ 3 14 1 516,
VCGoy O 4 15 0 PO%gy
R s 12 R
CIAG S HEtEY:
CI1B 7 i |} DEMgu
(RN g {1 oy,

*Maxiwm Halings are those values Deyond which damage o the device may ocou

Funchional nperation should be resticied 10 e Recommended Cperating Conditions.
[ s

t0einang - Plastic OIF - 10 mW G S%om 65 w0 125°C
SGIC Pachage: -7 W O rom 657 0 125°C

Symbal Parameter Vaiue Unit This device contains proteclion
. : i - P \ cirsuifry o guard against damage
Yo | DO Supply Voltage (Referenced to GND) SRIRR I % FRUETY 1o g}uarj “Mdms‘ camay
i due to high siatic voltages o slecinc
Vin DC input Voitage {(Reterencer to GRDG —~1Hovep « 158 Y fieids. However, precaullons must
o - . - be laken i avoid applications of an
V| DC Output Voltage (Referanced o GNDY) ~05myee~051L WV o ’ pplicati any
< : voltage higher than maximur: aied
finy DC input Gumrent, per Pin + 20 mA voitages o this high-impedar:ce oir-
cuit. Far proper operation, Vi, and
taur I Quiput Current, pai Pin T dh mA,
out | DL OQuipui Cureent, pei Pii Vet should be consiramed to the
o DG Supply Cuirent, Vi and GND Pins i B0 inA raage GND = (Vi or Yout © Yo
- S——— 7en y Unused inpuls must always be
Iy a e =X i D iast i TV . . . ”
Hry Power Dissipation in Solt A ok i..l:.\.c LJ!P;r ‘)? m fied to an appropriate igic voltage
=3 t e L A{ . = Il
SOIC FPackage? 800 level (e, ether GND or Vge).
Tow Starage Temperatie ~B5n v 150 e Unused ouipuis must be left open.
st R ( T atre 5 -
i Lead Temperatwre, T mm from Case for 10 Seconds "G
Plasie DIP arad SO Packaget 260

For tugh frequenay or heavy tead consideratinong, sea Chapier 2 of the ON Semiconducior High-Spead CMOS Dala Book {DL129/D)

RECOMMENDED OPERATING CONDITIONS

Symbal Parameter Min Max | Unit
Vi DC Supply Voliage {Referenced 1 GND} 1.0 5.4 \
e D0 Supply Voltage {Referenced o GRS NON-Y T30 2.0 6.4 Y

Vi Yo | DC Input Voltage, Cuiput Violtage (Referenced to GNL { Mo V

A Operating Temperature, Al Package Types BE |+ 125 G
B Input Hise and Fati Tirse Ve =240V 0 1000 1 ns
{Pin 5} Ve =48Y 0 500
Voo =ady 0 400

http:{/onsami.com
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MC74HC4046A

[Phase Comparator Section]
DC ELECTRICAL CHARACTERISTICS {(Vaollages Referenced m GNDy

Guaranteed Lirnit

veo - 55 to

Symibal Parameter Test Conditions Volits 25°C = B5°C <125°C | Unit
Wi Minirrur: High-Leval Input Yo = LI VarVpe - 01V 20 15 1.5 1.5 v
Voitage BC Coupled Hod = 20 0A 4.5 315 315 315
Sy, COMPYy B.0 42 42 4.2
Vii. benginm Low-Leved iInpul Vogrs Gt vorvoe ~ 01V 20 05 0.5 05 v
Viohiage GG Coupled sl = 2B A 435 1.35 1.35 1.3%

SIGn. COMPI a0 1.8 1.8 18
VM finirnuim Migh--Level Win = V| Vi B4 1.9 1.9 1.9 v

Ourput Veltage Heggel = 20 pd 4.5 4.4 4.4 44
PCROUT PCHoyT .4 5.4 59 59
Wi ® ViR Or Vig
Houd = 40 mA a5 3.98 384 1.7
Hoptt © 5 2 mA 60 5.48 534 52
jcontinuead;
[Phase Comparator Section]
DC ELECTRICAL CHARAGTERISTICS - continued (Voltages Relerenced 10 GND}
Guarantesd Limit
Vco =55 ta
Symbol Parametar Test Conditions Volts 25°C ZB5C - 125 C | Unit
VoL NMaximurm Low--Level Vo= GtV orVpe -6V 20 0.1 4.1 0.1 i
Owiput Vattage Qa-{ih gyt 7 20 BA 4.5 G.1 0.1 [}
PCPot. PGyt 6.0 4.1 01 (L]
i = Vi o Vg
feyyd = 4.0 mA 4.5 (.26 033 0.4
et 5 5.2 MA 6.0 0.26 0.33 0.4
biry Maximuin Inplt Leakage Cur- 1 Wi = Voo o GND 7“0 A0 R 50 LA
rent A0 L 7.0 9.0 1.0
SIGN. CONMPNy A5 +1B.0 L2530 1270
6.0 1300 L3R P45 10
IS Aaximum Thres - Si3te Qutput in High-impedance Siae &80 =05 5.0 ! uh
feakage Current Vin = VIH or ¥y,
PC2ouT Vot = Vg of GND
le.a fMaximum Quisscent Supply Win = Ve or GNE 60 4.0 40 1640 i
Current {per Package} o = 0 uA
(VCO disalzled)
Pips 3.5 anid 14 at Yo
P @ at GNIY Input Leakage
a
Pins 3 and 14 10 be exciuded

NOTE information on typical parameine valees can be louwd in Shapler 2 af the ON Semiconductor High-Speed CMOS Uala Bc-n!i
DL 2RI,

[Phase Comparator Section]

AC ELECTRICAL CHARACTERISTICS 0 = 50 pFinput b = 4 = §.0 ns)

Guaranteed Limif
Voo
Synibod Parameter Voits -~55t025C = B§-C < 125°C | Unit

H=IgS! Maxinwim Propagation Celay, SIG/COMPN 6 POIGUT 2.1 175 220 265 L&
oL {Figure 1 4.5 kis 44 53

H.0 34 37 45
53 14, Naximom Propagation Delay. S COMPIN 0 POPoy 20 M) 425 510 ns
=gty {Figure 1} 44 4 8% 162

60 58 12 BT

hitp:/fonsemi.com
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MC74HC4046A

[Phase Comparator Section}

AC ELECTRICAL CHARACTERISTICS (¢ = 50 pF, inputy = iy = 5 U ns]
IBpLH, Maamum Propagation Delay, S1GpeCOMP g 0 PC3oury 20 2T 344 405 ns
EF"HL. (ng[e 13 45 54 a8 49
RY 48 58 &4
tpy 2 Maximurm Propagation Datay, S1IG/COMP 1y Cutput 44 2010 250 4 ns
Disable Time o PC2o ;1 (Figures 2 and 3 4.5 40 5 60
6.0 34 43 1
Ve 2 Maximum Propagarion Delay, SIGpg/COMP ) Dutpuf 2 230 250 245 ns
Y31 Enabie Tima ta PC200 7 (Figures 2 and 31 4.5 46 jeli) 6
(R4 39 4% 55
Maxirum Outpul ranstion tune 24 K] 95 110 ns
{Figure 1; 45 15 18 22
60 13 18 ]
[VCO Section]
DC ELECTRICAL CHARACTERISTICS {Moliages Refaronced o GNDJ
Guaranteed Limit
Voo - 55 fo
Symbaol Parameter Tesi Conditions Volts 5°C < 85°C =125C Linit
Vi Minirmum High-Level Vo =GV or Ve -0V a0 21 2.1 2.1 W
Inpi Voltage Hoptl = 20 pA 4.5 315 315 315
iNH B.G 4.2 4.3 4.2
Vi Maximuir Low-L evel Vour = 2T orVog - 01V 34 Q.90 0.9 0.9 W
input Vohage Heyl 5 20 nA 45 1.35 1.35 1.35
1M B 1.8 18 1.8
Ve 1 Minimum High--Level Vi = M OF Vi A0 19 12 1.9 \y
Cutput Voltage out o 20 A 45 4.4 13 4.4
\\;’:’:DE}U'{' 60 549 5% 549
Vin & Vil 9r Vi
Houth 4.0 A 4.5 3.58 384 3.7
52 mA 6.0 548 534 52
VL Maxirum Low-Leveal Vgt =0TV orVipe -0 W 30 0.1 a3 [ v
Qutput Voliage 20 uA 4.5 0.1 0.1 01
VCOBUT 6.0 0.1 0 0.1
Vin = Vi or Vg
el = 4.0 mA 4.5 028 Gan 04
Bt s 5.2 mA, .41 028 033 04
irs Maximunt st Win = Vo or GRG 6.0 .1 10 1.0 1A
Lankage Curreni
MR VOO
Min | Max { Min | Max | Min | Max
Ve Operating Voliage Range at PINF = vy A0 61 1.0 01 1.0 a1 1.0 Vv
AN VOO over the ranga 4.5 .1 2.5 01 25 0.1 2.5
specified for R, For a0 01 4.0 c1 4.0 3.1 4.0
iineanty see Fig. 12A,
Pasallal value of R1 and R2
shouid b > 2.7 ki
i1 Resisior Range 30 3.0 ¢ 300 1.0 300 3.0 300 kil
45 3.0 1 300 340 300 3.0 300
G0 3.0} 300 34 A0 3.0 X0
RO 3.0 30 01 306G 1 3.0 ang 30 | 360
4.5 3.0 300 3.0 304 30 300
§.0 30 300 A0 Kine 30 300
(O] Capaciiar Range CRH 40 NC pF
4.5 4G Lunit
&0 40
hitp:/jonsemi.com
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MC74HCA046A

[VCO Section]
AC ELECTRICAL CHARACTERISTICS (5 = 5Q pb inpui & = 4 = B0 ns;)
Guaranieed Limit
v - 5510 25°C < B5C Z125°C
cC
Symbot Parameter Volls | Min | Max | Min | Max | Min [ Max | Unit
Al Freguancy Stability with 3.0 Rl
Tamperatwe Changes 4.8
(Figure 134 8, O 60
5] YOO Genier Frequency 30 3 Mz
tLiuty Factor = 50%; 4.5 1
{Figure 14A B, T [} 6.0 13
AT | VOO Requency Lineamily 3.0 See Figures 15A B, 0 Y
45
6.0
d W Doty Factor at VOQogr 34 Yypoal B0% %
45
B
[Demodulator Section]
DC ELECTRICAL CHARACTERISTICS
Guaranteed Limit
- 551025 C = B5°C < 125°C
Voo
Symbal Parameter Test Conditions Volts | Min { Max | Min | Max | Min ; Max | Unit
B Resistor Rangs A RS > 300 K2 the 30 Al 300 kid
Laakage Current can 4.5 B0 300
Infiuence VOEMQoUT a0 56 300
VOEE Oftsel Vatage Vi WO = 172 Yoe 3.0 See Fuqura 12 iV
VOO o VOEMoyT Wabktes taken over RS 4.5
Ranye (R
R Crynagmin Output VOEMoyT = Voo 30 Typical 25 12 9]
tesistance at DEMou T 4.5
6.0
hitp:/fonsemi.com
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SiGe, COMPy
NPUT

PCPoLr PEIOUT

RO

MC74HC4046A

SWITCHING WAVEFORMS

Figure 1.

Vg
SICke
e
- D
\_;Ci-\
COMPN
NPUT
e CNR
| e {3y
—w ipg) e PLL= o
- e Al HICH

PEOUT
GHTPT

Figure 3.

INPUT

e MO
A GRD

Ve

COMPy
WPUT ;

o o ~o GND

P P, T
B7H | e Ny

PC20u I e }
o HaTH
T = WAPEDANC:

Figure 2.

TEST POINT

GUTPGT

TEST

IMPEDANTE

T I
YL

NCLBOES ALL PROBE AND HOG CAPACITANCE

Figure 4. Test Circuit
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MC74HC4046A

DETAILED CIRCUIT DESCRIPTION

Voltage Conirolied Oscillator/Demodulator Output

The VOO requires twa or three exlermal componeats W
aperie. Theseare R RZUCT Resistor R snd Capactior (1
fevted to determine the cenier freguency of the YOO
d
st the offset frequency with 8 volis ot VOO inpigt, Fow
examnle, i R2 iy decreased, the otfscl freguency 1
incroiscd. TR 2 is omitied the VOO ramge s from b H 2. The
effect of R2 15 shown in Flgure 24 tvpreal performance
curves. By inereasing the vahie of R2 the Tock range of the
PLL s inereased and the gain ivolis'He g is decreased. Thus,
for o narrow lock range, lacge swings on the VOO nput will

LI

cause ks freguency variation,

Iternally, the resistors seia Curent o Curmenl muEror, a8
showo in Frgure 5. The surrored current drives one side of
the vapacitor. Onee the vollage aceoss the capavitor eharges

up 0 Vier of the comparators, the oscillator logie Hips the
capaciios whichcauses the mirrorio charge the opposite side
ol the capaciion. The output {rom the inlernal logic 1 then
taken to YOO sutput iPin 45

The input to the VOO 15 2 very higle impedonee CMOS
it andd s will not load down the foop filier, easing the
Hers desion. In order o make signaly at the VOO input
aceessible without degrading the loup performuinee, the
VOO input veliage s baffered through o unity gain Op amp
w Demed COutpat, This Op o can drive loads of 30K
chms o pare and provides no feading effects to the VO

input violiwge (see Figure 12

Anininhitinpul s provided to atlow disabling of the VOO
and ail Op amps (see Figare 3). This tg uscful iFthe internal
VLY v not being used. A logic bigh on inhibit disables the
VU amd ail Op amips, muninizing standby  power
CONSUNAInN.

-

EXTERNAL)

VRE f
CURKENT
MIRROR
fine gy
8 VUG
i3
DFMQDUUE‘!'PW*i:jS?('EEi J
o7}

Figure 5. Logic Diagram for VCO

The vwiput o the VOO 15 g standard ngh speed UMOS
eutpul with an equavalent ES TTL fan oot of 140 The VOO
outpul s approximately o sqoare wane, This nutput can
cither directdy feed the CONMPy o the pluise compatators or

feed oxtemal piescalers {counfers) 1o enabie frequency
synifiesis.

hitp:ifonsemi.com
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MC74HC4046A

Phase Comparators

Al three phase compatains have tw inputs, SIGN and
COMPiy. The 81U and COMPy have a speetal DU biag
petwirk that enables AC coupling of npul sigeads. 1 the
signaleoare oot AU coupled, siandard 74HC input tevels are
reguired. Both inpat structures are showi o Figuee 6. The

M

autputs of these comparators are essentially standard TAHO
patputs (comparalor 2 is TR STATEABLE) In normad
aperaiion VO and groond volage levels are fod o the oop
fiier. This difters from soome phase deteciors which supply
a current o the loop filer and should be considered in the
design, { The MO 4046 alse provides a voltage).

COMPR,

FCPLOT

FCanur

()

P

Figure &. Logic Diagram for Phase Comparators

Phase Comparator 1

Thes compacaior 5 a simple XOR gate similar 10 the
ZAHONG, Hs operation s sindar o an overdioen balaneed
modilator, To maximize fock range the mpat frequencies
sl Bave @ S0% diey evcle, Tvpieal mput and oupul
waeetnnms are shown in Figure 7, The ouput of the phase
detecar Teeds e loop Alter which averges the ouiput
veltaze, The frequeney range apon which the PLL will fack
onte U inttiadly ot o lock s delined as the caplase range.

The capture range for phase detecior 1 s dependenit on the
loop filter desten. The caplure rapge can bo as large s the
Inck mnge, which 15 egqual to the VOO frequeney range.
Tosee how the detector operaws, refor w Uigure 7, When
Pwo sguare wave sigoals are upplicd to s comparator, an
output wavelorm {whose duly ovele i dependent on the
phise differcace between the two signals) resulis, As the
phase difference swreases. the output duty cvele liereuses
and the voltige alter the loop Alier nercases. I neder 1o
achicve fock when the PLL s frequoeney mereases, (the
VOO mpat voltage must woerease and the phase difference
betsween COMPy and SIG Ny wiall dnerease. AL an mpul
Froguency equal Lo fgip. the VOO dnpo is at 8 V. Thas
reguiies the phase detector output w0 he grounded: hience., the

oo riput sigoals mast beom phase. When the inpait
freaquency is g x - the VOOHnputaisibe Vg and the phase
detector inpals must be TR0 degrees oot of phase.

S e A e B e B
TN N N

Yoo

GG

Figure 7. Typical Waveforms for PLL Using
Phase Comparator 1

Fhe X is more suscepiible to locking onfo harmionss
of the SH0y thai the dignad phasc detector 2. For instance,
A sivnal 3 otones the VOO frogqueney results i the same
omput dutv cyele as @ signal equsl to the VU frequencs.
The difforeace s that the output frequeney of the 20 exampls
18 b ee Lthat of the other exwmnple, The {oon filter and VOO
range should be designed 10 provest locking on o
harmmonn s,

hitp:/ionsemi.com
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MC74HC4046A

Phase Comparator 2
This dewector is o dig
four thip Nong and some gdtm::‘
and o ophase pulse vuipul as shown
comparatisg acts only o the positive odg
sighats and is indepemiont of daty ovele.
Phase comparator 2 opecates i such @ way as w forec die
PLL suto jock with O phase ditfeseace betwean the VO
outpt and the signal inpat positive wavefom edges. Figure

ab memory network. [t comsists of
g, oohreg stat output
i Frowre 6, This
s of the mpal

8 shows some tvpical fonp wavetorne Pirst assume that

SIGyy 1y oading the COMPys. This means that the VOO
frequency must be mcreased 1o bring s leading cdge inle
proper phase alignment. Thus e phase detector 2 ouiput i
sethneh, This will cause the loop fiter 1o vharge up the VOO
input, nrereasing the VOO frequency. Onee the leading edge
ol the COMIP N 8 detected. the ouipit gocs TR STATT
holdisg e VOO nput at the loop [iter voltage. Hihe VOO
stif] Lias tie SIGT then the phase deteetor willagain charge
up te VOO input fur the time between the leading adyes o
hoth wavejonus.

[ e VOO lends the STGTY then when the leading edye of

the VOO 15 seen: the suiput of the phase comparator goes

o s discharges the Toop e untl the leading

the STGIN s detected al which tpie the cutput disables st

again This hasthe eifect elslowing down the VOO o sgain
puike the Tising edges of bolh wavetorms colneidental.

When the PLL is out of ook, the VOO will be tunning
eithor slower or faster thanthe S1Gpy
the phase deteetor wiil see more SIGEy rising edges and so
the vntput of the phase comparator will be ugh o mainri{y
of'the tme. ratsiag the VOO's frequaney. Conversely, i the
VOO 12 running faster than the S1Gpy. the culput of the
detector will be low most ol the fime and the VOO Gutput
fregquency will be decreased.

IR ERTRT luilthﬂ“ stower

As oue can see, when te PLL i3 tocked, the outpul of

phase comparater 2 will bhe disabled cxcept tor nuner
correoetions al the leadiog edze of the wavelorms, Wheo PO
is TRI STATED, the POP oanpat is high. This owipui cno be
used e deterniine when the PLL is i the incked condition

Ths deweetor has several interesting characieristics. Over
e entire VOO frequeney range there s no phase dilference
betwaeen the COMPpy and the SiGyy. The fock range ol the
PLL i the same as the capiure range. Minmizl power was
cotsuimed 1 the loop 1Ther siove ok the delector cutput
t541 hogdi impedance, When o STGN @ prosend e detector
will oo only VOO leading cdges, so the comparator einpad
will slay fow, loreing the VOO o (e

Phse comparator 2 18 more suscepiibie to neise, causing
the ML inunlock, 1T noise pulse 15 seon on the SIG . the
cotupardior treals 1l as another positive cidpe of the STy

fue ol

andd wilt vause ihe outpat o g bigh unl the VOO teading
edue iy secn. potentially for aw emire SIGY periad, Thes
would cause the VOO 1o specd up during that time. When
astng 147, the output of that phase detector would be
Hsturhed Tor ondy the short durstion of the aosse spike and
would caose loss upset,

Phase Comparator 3

This is a positive prhis
detector usting an RS Nip-flop as shown o Tigure 6, When
ihe PEL &5 using s comparaion, the loop iy controlled by
positive signa! ransitions and the duty faciors of S1GN aikd
COMPyy
are not impertant, it has some stnilar clarctecisues to the

edge trigeered  scyuential

edge seisitive comparator. To see how s detector works,
asstne joput palses are applied 1o the S1Gpy and
CONTD Y a5 shown in Figure 35 When te STGiN teads the
COMPiN. the Dop is sel This will charge the loop filter and
CHuse Lht VOO o spoed up, bringing the comparator wio
phase with the 5GPy, The phase angle beiween $1Gpy and
COMIPy varies Frony 89 10 3667 and is 1807 at Iy, The
voltage swing for PCa s geaer than tor PC2 bt
comsequently has more ripple in the signad 1o the VOO,
When ne $1GN s present the VOO vl be foreed to gy s
upposed 10 fpgn when PO s used.

The woperaring  characlensrics  of  all three
comparators should he compared w ithe reguirements of the
system design and the appropriste one should be wsed.

. N N

COMPI .;_‘—l_. __é L._ -- J o
PG ——I !— —— J— {0
; e GRED
HIGHBPEDANCE OFF-STRIE
U(Ifj;p_:-—/ N
PCPmn ”‘U 1]

Figure B. Typical Waveforms for PLL Using
Phase Comparator 2

Pt

b

!F—

P

St 4 i 4
i.T!I}MF‘sNU
R

pr ?‘ﬁil

Figure 9, Typical Wavefonn for PLL Using
Phase Comparator 3
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o
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o 0 ;
- P ( ;
=l |
1-‘;“\!; A0 i
‘ WV - 500 my 2 Ve 2 Vg + 500 MY
Vi v}
Figure 10. Input Resistance at SIGyN, COMPjN with Figure 11, Input Current at SIGjy, COMPy with
AVy= 1.0 V at Self-Bias Point AV) = 500 mV at Self-Bias Point
DERMOT (15T "
o i : i !
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Figure 12. Offset Voitage at Demodulator Qutput as
a Function of VOO and Rg
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Figure 13A. Frequency Stability versus Ambient

Temperature: Voo = 3.0V
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Figure 13B. Frequency Stabilify versus Ambient
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Figure 14A, VCO Frequency {fycp! as a Function
of the VCO {nput Voitage (VyCOIN}
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Figure 148, VCO Frequency (fyco) as a Function
of the VCO Input Voltage (VyCOiN}
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Figure 14C. VCO Frequency {fycp) as a Function
of the VCO lnput Voltage {(VyCOIN}
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Figure 15A. Frequency Linearity versus
R1,. C1and Voo
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Figure 140, VCO Frequency {fyco} as a Function

of the VCO Input Voitage (VycOiN)
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Figure 15B. Definition of VCO Frequency Linearity
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Figure 16. Power Dissipation versus R1
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Figure 18. DC Power Dissipation of
Demodulator versus Rg
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Figure 17. Power Dissipation versus R2
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Figure 19. VCO Center Frequency versus C1
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APPLICATION INFORMATION

The following information is o geide o approximate values of R1,RZ and CF Frgures 19, 20, and 21 should be used as
relorences as indicated belaw, also the vaiues of RT, B2, and £1 shoald ot violate the Maximum values indivated ut the [X
DLCUTRICAL CHARACTURISTICS tables.

MC74HC4046A

Phase Comparator 1

Phase Comparator 2

Phase Comparator 3

Rp®

R2:¢(

Rza.\

Ry~ -

R2 s

R27 kel

» Gven (0

w Lo 300 weilly
Figure 19t
datermine R and
A

{serm Fugure 23 for

charactenistics of

the Vi operation;

« Gaven 10 and

« Calculate fmn
frnie = fE-AL

« Determisie values
ot 31 and B2 fiam
Figuire 20,

+ Datgrmine R1-G1
from Figuve &1

» Galeulaie value of
H1 frant the value
2f $1 and the
praduct of R1C1
froaem Figure 21

{zea Figure 24 for

charactaristios of

the YOO oparation

« Biven gy and 0

» Dietermine the
valua af K1 and
1 using Figurs
19 and use Figure
2% ko obtain 27
and then use ihis
0 calcuial? fmig.

& Civen 10 and L

= Catoulaba finin
Tpemice = 14—
FTHED T M

« Uetenming vaties
af 1 and R2 from
Figure 20

» Determineg R1-01
frovm Figure 271,

Calcutate value of
21 front e value
of U1 and the
oraduct of R1CH

from Figure 21

(see Figure 24 or
charasiesisties of
the YOO aperation)

« Given fngy and 3G

« Dmtarmineg the
value of R1 and
1 using Figuee
19 and Figure 21
o abtain 2L and
then use his to
cateutate

o Givan 0 and 1L

» Caloutats imin:
frnin = =L

+ [etermine values
of C1 and R2 from
Figyire 2

s Datermine R1-01
rom Figure 21,

« Calculate value of
R fram the value
af 01 and the
procduct of R1C1
from Faguea 21,

{zee Figure 24 for

sharacteristics of

the VGO aperation

M
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PACKAGE DIMENSIONS
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PACKAGE DIMENSIONS

50iC-16

D SUFFIX
CASE 7H18-05
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i
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| ¥
B :
TS50P-16
DT SUFFIX
CASE 948F-01
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tEX K REF
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T
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PACKAGE DIMENSIONS

S0OEIAI-18
F SUFFIX
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

8-Bit Serial-Input/
Parallel-Output Shift Register
High—Performance Silicon-Gate CMOS

The MC54/74HC 164 is identical in pinout to the LS164. The devica inputs
are compatible with standard CMOS oulputs, with pullup resistors, they are
compatible with LSTTL outputs.

The MC54/74HC164 is an 8-bit, serial-input to paraliel-output shift
register. Two serial data inputs, A1 and A2, are provided so that one input
may be used as a data enable, Data is entered on each rising edge of the
clock. Tha active—low asynchronous Reset overrides the Clock and Sarial
Data inputs.

» OQutput Drive Capability: 10 LSTTL Loads

» Outputs Diractly Interface to CMOS, NMOS, and TTL

s Operating Voltage Rarge: 2lo 6 V

¢ Low Input Current: 1 pA

« High Noise Immunity Characteristic of CMOS Devices

+ In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

+ Chip Complexity: 244 FETs or 61 Equivalent Gates

LOGIC DIAGRAM

SERIAL | A1 =4 3
DATA 2 DATA [ Ca
INFUTS | A2 — L4 Qs

MC54/74HC164

Do Not Use for New Designs

THIS DEVICE WILL BE SUPERCEDED
BY MC54/7T4HC164A IN THE
SECOND QUARTER OF 1996

J SUFFIX
CERAMIC PACKAGE
14 CASE 63208

N SUFFIX
PLASTIC PACKAGE
14 CASE 646-06

D SUFFIX

14“ SOIC PACKAGE

1 CASE 751A-03

ORDERING INFORMATION

MCS4HCXXXJ Ceramic
MC74HCXXXN Plastic
MCTA4HCXXXD S0IC

6 PARALLEL

DATA
QUTPUTS

cock—P 13

9
RESET—T PIN 14= Ve

PIN 7=GND

10/85

PIN ASSIGNMENT
Ml 1e 14 fvee
Azfl 2 13 [l Qy
Qx Q3 12 f Qg
Qg l] 4 1
OcE L] 10 Qe
ap f] & 9 [] RESET

GND [} 7 8 ) cLock

FUNCTION TABLE

Inputs Cutputs
Reset| Clock | A1 A2|Qp Qg ... QY
L X X XL L .. L
H XX No Change
H | H DD Qap ... Qg
H| o~ | D H|D Qan ... AGn
D = data input

Qan - Qg = data shiftad fram the preceding
stage on a rising edge at the clock input.

) Motorola, Inc. 1985
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MC54/74HC164

MAXIMUM RATINGS*

* Maximum Ratings are those values beyond which damage to the device may oceur.

Funetional aperation should be restricted ‘o the Recommended Operating Canditions.

tDerating — Plastic DiP: — 10 mwW/"C from 65° to 125°C

Caramic DIP: — 10 mW/~C fram 100° ta 125°C
SOIC Package: ~ 7 mW/"C from 65° to 125°C

Symbol Parameter Value Unit This device contains pratection
iFGLi inst damage
Volt Ref 1o GND _0510+7.0 v circuitry to guard agains g
vee DC Supply age (Referenced fo ) due to high stalic voliages or electric
Vin DC Input Vohage (Referenced to GND} ~15toVeg+t15| V fields. However, precautions must
be taken 1o avoid applications of any
-0.51% +0.5 .
Vout DC Output Vattage {Referanced ta GND) oVee v voltage higher than maximum rated
lin DC Input Cuirent, per Pin +20 mA voltages to this high—-impedance cir-
- cuit. For proper operation, Vi, and
lout | DC Output Current, per Pin +25 mA Vqut should be constrained to the
lcc DC Supply Current, Vo and GND Pins +50 mA range GND < (Vi or Vout) = VoG-
— e - - Unused inputs must always be
Pp Power Dissipatian in Still Air, Plastic or Ceramic DIPY 750 mw tied to an appropriate logic voltage
SOIC Packagat 500 level {8.g.. either GND or Vcc)
Tstg | Storage Temperature - 6510 + 150 °C Unused outputs must be left open.
T Lead Temperature, 1 mm from Case for 10 Seconds °C
{Plastic DIP or SOIC Package) 260
{Ceramic DIP} 300

For high frequancy or heavy load considerations, see Chapter 2 of the Matorola High—Speed CMOS Data Book {DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
vee DC Supply Voltage (Referenced to GND) 20 6.0 Y%
Vin- Vout | DC input Vollage, Qutput Vollage {Referenced 10 GND) 0 vceo v
TA Operating Temperature, All Package Types -85 |+125 | °C
tr t Input Rise and Fall Tima Veog =20V 0 1000 | ns
(Figure 1) Voo =45V o 500
Veg=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (voltages Referencad to GND)
Guaranteed Limit
Voo -55t0
Symbol Parameter Test Conditions v 25°C < BS5°C | =125°C Unit
Vi Minimum High—Level Input Vaut=0.1VorVge-01V 20 1.5 1.5 1.5 v
Voitage lloull = 20 uA 45 315 3.15 315
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1Vorvge-01V 20 03 0.3 0.3 v
Voltage loutl = 20 uA 45 0.8 09 04
6.0 1.2 1.2 1.2
VoH Minimum High-Level Output Vin = ViH ar VL 20 1.9 19 18 v
Valtage foutl = 20 uA 45 44 4.4 44
6.0 59 59 59
Vin=VIHor V)L ftoutl = 40mA | 45 3.08 3.84 3.70
oyt = 5.2ma | 60 548 5.34 5.20
VoL Maximum Low-Level Output Vin = Vg or Vi 20 0.1 0.1 01 v
Voltage il =< 20 uA 45 0.1 0.1 0.1
outl < 204 6.0 01 0.1 0.1
Vin=ViparViL floytl = 40mA{ 4.5 0.26 0.33 0.40
floytl = 5.2 mA 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Vo or GND 6.0 £01 1.0 1.0 pA
Ice Maximum Quiescent Supply Vin = Ve or GND 6.0 a B0 160 uA
Current {per Package) bout = O HA

NQTE: Infarmation on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

MOTOROLA
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MC54/74HC164

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input ty = f = 6 ns)

Guaranteed Limit
Yoo ~ 55 to
Symbol Parameter v 25°C < 85°C | =125°C | Unit
fmax Maximum Clock Frequency (50% Duty Cycle) 20 6.0 4.8 40 MHz
(Figures 1 and 4} 45 30 24 20
6.0 35 28 24
1PLH. Maximum Propagation Delay, Clock to Q 20 175 220 265 ns
tPHL {Figures 1 and 4) 45 35 44 53
6.0 30 37 45
tPHL Maximum Propagation Delay, Reset to Q 20 205 255 310 ns
(Figures Z and 4) 45 LY 51 62
6.0 35 43 53
TTLH- Maximum Qutput Transition Time, Any Output 20 75 95 110 ns
ML (Figures 1 and 4) 45 5 19 22
6.0 13 16 19
Cin Maximum Input Capacitance -— 10 10 10 pF

NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2 of the Motorola High—-Speed CMOS Data Book (DL129/D).
2. Information on typical parametric values can be faund in Chapter 2 of the Moforala High-Speed CMQOS Data Book (DL 29/D).

Typicai @ 25°C, Yo =50V

Cpp Power Dissipation Capacitance (Per Package)* 140 pF

* Used to determine the no-load dynamic power consumption: Pp = Cppy VCCQf +icc Ve For load considerations, see Chapter 2 of the
Motorola High-Speed CMOS Data Book (DL129/D).

TIMING REQUIREMENTS (Input t; = { = 6 ns}

Guaranteed Limit
Vee | -55t0
Symbaol Parameter v 25°C < B5°C | < 1256°C Unit
tsu Minimum Setup Time, A1 or A2 to Clack 20 50 65 75 ns
(Figure 3) 4.5 10 13 18
6.0 9 1 13
th Minimum Hold Time, Clock to A1 ar A2 2.0 5 § 5 ns
{Figure 3) 45 5 5 5
6.0 5 5 5
trac Minimum Recovery Time, Raset Inactive to Clock 20 5 5 5 ns
{Figure 2) 45 5 5 5
6.0 5 5 5
tyy Minimum Puise Width, Clock 20 80 100 120 ns
{Figure 1} 45 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset 2.0 80 100 120 ns
{Figure 2} 4.5 16 20 24
6.0 14 17 20
tr t Maximum input Rise and Fall Times 2.0 1000 1000 1000 ns
{Figure 1) 45 500 500 500
6.0 400 400 400

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motarola High—Speed CMOS Data Book (DL129/D).
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MC54/74HC164

PIN DESCRIPTIONS

INPUTS

A1, A2 (Pins 1, 2)

Saerial Data inputs. Data at these inputs determine the data
to be entered into the first stage of the shift register. For a
high level to be entered into the shifl register, both A1 and A2
inputs must be high, theraby allowing one input lo be used as
a data—enable input. When only one serial input is used, the
other must be connecled to V.

Clock (Pin 8)

Shift Register Clock. A positive-going transition on this pin
shifts the data at each stage to the next stage. The shift

register is completely stalic, allowing clock rates down to DC
in a continuous or intermittent mode.

OUTPUTS

Qp - Qy (Pins 3, 4, 5, 6, 10, 11, 12, 13)
Parallel Shift Register Qutputs. The shifted data is pres-
ented at these outputs in true, or noninverted, form.

CONTROL INPUT

Reset (Pin 9)

Active—Low, Asynchronous Reset Input. A low voltage ap-
plied to this input resets all internal flip—flops and sets Out-
puts Qp — QN to the low level state.

SWITCHING WAVEFORMS

Vee
CLOCK
——GND
Q
TLH THL
Figure 1.
VALID
Vee
A1 OR A2 50%
GND
tsu th
Veo
CLOCK 50%
— GND
Figure 3.

by ——w]
v
RESET 50% Y oc
— GND
tPHL
Q 50%
trec —
Voo
CLOCK 50%
——GND
Figure 2.
TEST POINT
QUTPUT
CEVICE
UNCER )
TEST I O

* Includes all probe and jig capacitance

Figure 4. Test Circuit

MOTOROLA



MC54/74HC164

EXPANDED LOGIC DIAGRAM

8 >
CLOCK
L ) )¢ 5 & L & 4
vV N VW VvV Vv VA vV W vV
At A—
2 } p Q o Q 0D Q 0 Q D Q b Q o Q o Q
A2 T
R R R’ R R R R R
eser & P> ] I 1 I I ] ]
3 4 5 & 10 1 12 13
Qp Qe Q¢ Qo Qe QF Qg QH

RESET L_...._.]
h——
B —— N
€= a——
0 1
€ ——
U — —
™ e I
% 1
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MC54/74HC164

OUTLINE DIMENSIONS

025 0010)® [T A &

J SUFFIX
CERAMIC DIP PACKAGE
CASE 632-08
oA ISSUE Y
14 s |
B-
1 7
A I T T o g
R
«
e Wy
D 14PL - J1apL

[dlozpnn®@ (T @]

NOTES:
1. BIMENSIONING AND TOLZRANCING PER ANSI

¥14.5M, 1382

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L TO CENTER OF LEAD W-EN
FORMED PARALLEL.

4. OIMESHION F MAY NARROW TO 0.76 (0030}
WHIRZ THE |.SAD ENTERS THE CERAMIC
BODY

INCHES WLLIMETERS
A | 0750 o785 [ 1908 | 1994
B | oM 080 A T
€ | 0155] 0200 384 | 508
D [ oos| oo [ 036 ok0
F [ GO55] 005 [ 140 | 164
[+ T 100 B5C 254 B5C
J [ooce [ om5] oZv] 038
¥ ] 01251 0170 318 | 431
L 0.300 BSC 762 BSC
[] [ 15 S
N 0o20) podo] o511 181

N

SUFFIX

PLASTIC DIP PACKAGE

O

AA/KKNAR
H B

la— [ —

1 1
L‘n’\t"l.r'ﬁ.r'\r"lf‘u’

A

F

a—

CASE 646-06

1.

ISSUE L

H

G

NOTES:

LEADS WITHIN 0.13 (0.003) RADIUS OF TRuE
POSITIOM AT SEATING PLANS AT MAXIMUM
MATERLAL CONDITION.

. DIMENSION L TOCENTER OF LEADS WHEN

FORMED PARALLEL

. DHENSION B DOZS NOT INGLUDE MOLD

FLASH

. ROUNDZD COINERS OPTIONAL

INCHES
MiN_ | MAX
0715 { G.77D
0240 | 0.260
0145 | 0188
005 | 0071
co | 0o
0.100 BSC
0052 | 0085
0006 | 0.015
D15 | 0138
0.300 BSC

0° ] 10°
£015 | 0.039

MILLIMETERS
MN_| MAX
1816 _| 1956
610 | 660
359 | 469
033 | 053
1.02 178
25485C
142 | 241
020 0%
232 | 3@
752 85C
o7]  1o°
038 | 101

Z!l‘:u:nmuﬂﬂblg

[}

SUFFIX

PLASTIC S0OIC PACKAGE

P7PL

CAS

E 751A-03

ISSUE F

[Gos oo ®] B@ |

[@]ozson®[[e®] A®]

R x 45

el

)

(=0

NOTES:
1

DIMENSIONING AND TOLERANCING PER ANSI

¥14 5M, 1882

2. CONTROLLING QIMENSION: MILLIMETER

3. DMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION.

MAXIMUM MOLD PRCGTRUSION 0.15 {0.006)

PER SIOE

. DIMENSION D DOS5 NOT INGLUDE DAMBAR
PROTIUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 {0.005) TOTAL
W EXCESS OF THE D DIMENSION AT
MAXIM LM MATERIAL CONDITION

MILLIMETERS INCHES
MIN | MAX | MIN | MAX
B35 | BYS | 0337 | D344
380 | 4b0 | D150 | D157
135 $.75 | DDA | o068
035 | 049 | 0014 [ 0019
040 [ 125 [ DOY6 | D045
127 BSC 0.050 BSC
015 | 025 | 0.008 | 0008
01D § 02 0004 | 0009
o 1 [V i
580 620 | D228 | D24
025 | 050 | DO1G | D048

4.

:n-u;x-.n-nunm:b!g
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MC54/74HC164

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, reprasentation or guarantes regarding
the suiahility of its products for any particular purpose, nor does Matarala assume any liability arising out of the application or use of any produd or circuit,
andspecificaily disclaims any and all liability, including without limitation consequantial or inci¢ental damagas. “Typical® pararmelers can and do vary in different
appications. Afloperating paramelers, including “Typicals™ must be validated for each cuslomer application by customer's technical experts. Motorola does
not convay any license under its patent rights nor the rights of others. Motaroia products are not designed, intended, ar authorized for use as components in
systems intanded far surgical implant inte the body, or ather apphcations intended to support or sustain life, or for any othar application in which the failure of
the Motorola product could create a siuaton where parsonal injury or death may occur. Should Buysr purchase or use Motorola preducts for any such
unintanded or unauthonzed applcaton, Buyer snall indemnify and hold Motarala and its officars, smployees. subsidiaries, affiliates, and distributors harmiess
gganst all claims, casts, damages, and expenses, and reasonabie attorney fees arising out of, direclly or indirectly, any claim of personal injury or death
associated with such umnended or unauthorized use, even if such caim alleges that Motarola was negligent regarding the design or manufacture of the part.
Motoroiaand M are registered trademarks of Motoroia, inc. Motoroia, Inc. is an Equal Opportunity/Afirmalive Action Employer.

How to reach us:
USAFUROPE: Molorola Liarature Drsinbution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD—-JLDC, Toshikatsu Otsuki,
PO. Bax 20912; Phoenix, Arizona BS036. 1-800—441-2447 6F Sebu-Butsuryu—Cenler, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAXG@emai.s ps.mot.com —TOUCHTONE {602) 2446609 HONG KONG: Molnmla Semicondudors HK. Lid.; 8B Ta Ping Industnal Park,
INTERNMNET. hitp:/Design—NET.com 51 Ting Kok Road, Tai Po, N.T, Hong Kong. 852-26629298
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

8-Bit Equality Comparator
High—-Performance Silicon-Gate CMOS

The MC54/74HCB88 is identical in pinout to the L3688. The device inpuls
are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs.

The HCB8B compares two B-bit binary or BCD words and indicates
whether or not they are equal. By using the Cascade Input, two or more of
the devices may be cascaded to compare words of more than 8 bits.

« QOutput Drive Capability: 10 LSTTL Loads

+ Outputs Directly Interface to CMOS, NMOS, and TTL

¢ Operating Voltage Range: 2to 6 V

¢ Low Input Current: 1 A

+ High Noise Immunity Charactenstic of CMOS Devices

+ In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

+ Chip Complexity: 116 FETs or 29 Equivalent Gates

LOGIC DIAGRAM

80
At
8
8
DATA A3
WORD a4 n
A 13
nPUTS | AP "
AB
17
AT 19 A=B
{ ag o OUTPUT
B>
B2 —
DATA g
WORD B3 "
B B4
NPUTS | e 14
as 16
e

CASCADE 1 ]

INPUT
PIN20 =Vep
PIN 10 = GND

10195

MC54/74HC688

J SUFFIX
CERAMIC PACKAGE
20 CASE 732-03

N SUFFIX
PLASTIC PACKAGE
CASE 738-03

DW SUFFIX
S0IC PACKAGE
CASE 7510-04

ORDERING INFORMATION

MCB4HCXXXJ Ceramic
MCT4HCXXXN Plastic
MCT4HCXXXDW  SOIC

PIN ASSIGNMENT

GASCADE 19 20 [1 vee
A0l 2 191 A=8
B0 3 18 ]
R 17 [] A7
B1[ 5 16 | BS
A2 6 15 [j A6
B2(f 7 14185
A3[] 8 13 11 AS
Bafl o 120 B4
GND [} 10 1

FUNCTION TABLE

inputs Output
Data
Words |Cascade| A=B
A=B L L
A>B L H
A<B L H
X H H

T Motorola, Inc. 1995

REV 6
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MC54/74HCE88

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Voo | DC Supply Voltage (Referenced to GND) ~-05t0+7.0 \Y
Vin DC Input Voltage (Referenced to GND) ~-15toVee +15) V
Vout DC Gutput Voltage (Referenced to GND) ~-05tovVe +058] V
lin DC input Current, per Pin +20 mA
lout DC Output Current, per Pin +25 mA
icc DC Supply Current, Vo and GND Pins +50 mA
Pp Pawer Dissipation in Stilt Air, Plastic or Ceramic DIPt 750 mw
SOIC Packaget 500
Tsig Storage Temperature - 6510 + 150 °C
L Lead Temperature, 1 mm from Case for 10 Seconds “C
{Ptastic DIP or SOIC Package) 260
{Ceramic DIP) 300

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
+Derating — Plastic DIP: — 10 mW/"C from 657 0 125°C
Ceramic DIP: — 10 mw!"C from 100" to 125°C
S0IC Package: - 7 mwW/ C from 65° to 126°C

This device contains protection
circuiiry to guard againsi damage
due to high static vottages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voliages to this high—impedance cir-
cuit. For proper operation, Vi, and
Vgyt should be constrained to the
range GND < (Vi or Vpyt) < Ve

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or Vi)
Unused outputs must be left open.

Far high frequency or heavy load considerations, see Chapter 2 of the Motorola High-Speed CMOS Data Book {DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parametar Min | Max | Unit
Ve DC Supply Voltage {Referenced ta GND) 20 6.0 )
Vin: Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 el \
Ta Operating Temperature, All Package Types -55 | +125 | °C
i tf input Rise and Fall Time Voo =20V 0 1000 ns
(Figure 2) Ve =45V 0 500
Voo =60V 0 400
DC ELECTRICAL CHARACTERISTICS (Valtages Referenced to GND)
Guaranteed Limit
vVee -55t0
Symbol Parameter Test Conditions v 25°C < 85°C | < 125°C | Unit
VIH Minimum High—Level Input Vout=0.1Vorvoe -0V 20 1.5 1.5 15 v
Voliage [lout] = 20 pA 4.5 315 3.15 3.15
60 42 42 42
VL Maximum Low—Level Input Vout=01VorVpp —0.1V 2.0 0.3 0.3 0.3 \
Voltage Houll = 20 pA 4.5 0.9 09 0.9
6.0 1.2 1.2 1.2
VOH Minimum High—Level Output Vin = VIH or V| 20 1.9 19 1.9 v
Vaoltage Jioutl = 20 pA 45 44 44 4.4
6.0 59 59 59
Vin=ViHor ViL |lgutl = 4.0mA 45 3498 3.84 310
[fout < 52mA | B0 5.48 5.34 5.20
Vo Maximum Low-Level Output Vin = Vi or VL 2.0 0.1 0.1 01 v
Voltage |loutl = 20 pA 4.5 0.1 0.1 01
60 0.1 0.1 01
Vin = ViHorViL llgyy s 4.0 mA 4.5 0.26 0.33 0.40
lloytl = 5.2 mA 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current [ Vi, = Vi or GND 6.0 +0.1 +1.0 +1.0 HA
lce Maximum Quiescent Supply Vin = Vg or GND 5.0 8 80 160 pA
Current (per Package) lout = O LA

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/0).

MOTOROLA 2




MC54/74HCE88

AC ELECTRICAL CHARACTERISTICS (G = 50 pF, Input tr = 1 = € ns)

Guaranteed Limit
veo -55t0
Symbol Parameter v 25°C < B85°C = 125°C Unit
1PLH. Maximum Propagation Delay, input A ar B to Output A = B 20 210 265 315 ns
tPHL (Figures 1 and 3) 45 42 53 63
6.0 36 45 54
PLH- Maximum Propagation Delay, Cascade Input to Output A = B 2.4 120 150 180 ns
tPHL {Figures 2 and 3} 45 24 30 36
6.0 20 26 Ky
tTLH. Maximum Output Transition Time, Any Output 20 75 95 110 ns
1THL (Figures 2 and 3) 4.5 15 19 22
6.0 13 16 19
Cin Maximum input Capacitance — 10 10 10 pF
NOTES:

1. For propagation delays with Yoads other than 50 pF. see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
2. information on typical parametric values can be faund in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).

Typical @ 25'C, Vg = 5.0V

Cpp Power Dissipation Capacitance (Per Package)* 30 pF

* Used to determine the no—load dynamic power consumption: Pp = Cpp Vcczf +lge Vo o- For load considerations, see Chapter 2 of the
Matorola High-Speed CMOS Data Book (DL129/D).

SWITCHING WAVEFORMS
VALID VALID
v

INPUT 50% ce 9%3%/“ vee
AORB GND CASCADE  10% —— GND

tPLH tPHL INPUT

A=B 50%
aQuTPuT A=8
QUTPUT
Figure 1. Figure 2.

TEST CIRCUITS

TEST POINT

QUTPUT
CEVICE
UNDER

TEST I N

* Includes all prabe and jig capacitance

Figure 3.
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MC5H4/74

HC688

TYPICAL APPLICATION

Two or more HCBB8 B-bit Equality Comparators may be cascaded 1o compare binary or BCD numbers having more than
8 bits. One method of accomplishing this is shown here.
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OUTLINE DIMENSIONS

MC54/74HC688
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J SUFFIX
CERAMIC PACKAGE
CASE 732-03
ISSUEE

NOTES:

1 LZADS WITHIN 0 25 (0.010) DIWMETER, TRUE
POSITION AT SEATING PLANC, AT MAXIMUM
MATERIAL CONDITION

2. DMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL

3. DIMENSIONS A AND B INGLUDE M=ZNISCUS.

MLLMETERS INCHES
MIN MAX | MN | MAX
23.68 | 2515 | 0940 | 0890

A
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NOTES:

DMENSIONING AND TOLERANCING PER
ANSI Y14 5M, 1982

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B 00 NOT INCL.DZ
MOLD PROTRUSION
MAKIM.M MOLD PROTRUSION 0.150
{0,006} PER SIDE.

DIMENSION D DOZS NOT INCLUDE
DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.13
{0,005} TOTAL th EXCESS OF D DIMENSION
AT MAXIMUM MATERIAL CONDITION

MILLIMETERS | INCHES
MN_| MAX | BN | BAX
1265 | 1295 | 0499 | 0510
740 | 760 | 0.292 | 0209
236 | 265 | 0085 | 0104
.35 049 | 0014 : 0.8
050 | 000 § 0.020 | .03
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Motornlareserves the nghtto make changas without further notice to any praducts herain. Moforola makes no warranty, representation or guarantee regarding :
the suitabilty of iis products for any parlicular purpose, nor dogs Motorala assume any liability arising out af the application or use of any product or circu, i
and specifically disclaims any and all iiability, including without limitation consequential or incidartal damages. “Typical® parameters can and do varyin dillerent
apphications. All operaling paramaters, including “Typicals™ must be validated for each customer application by customer's technical experts. Motarala does
not cervay any licanse under ils patent rights nor the rights of othars. Motorola praducts are nol designed, intended, or authorized for use as companentsin -~
! systems intended for surgical implant into the body, or other applications intended to support or sustain Ife, or for any other application in which tne failura of
the Matorola preduct could create a situaban where parsonal injury or death may occur. Should Buyer purchase or use Motarala praducts for any such
unintendad or unauthorized apptication, Buyer shall indemnify and hold Motarola and its officars, emplayees, subsidiaries, affiliates, and distributors harmiess
aganst all daims, costs, damages, and expenses, and reasonable attomey fees ansing out of, direclly or indirectly, any claim of persanal injury or death
i associated with such unintended or unauthorized use, even if such claim alloges that Matorala was negliger ragarding the design or manufactura of the part.
Molorola and * are registered trademarks of Motoraola, Inc. Motorola, Inc. is an Equal Opporlunity/Affirmative Adion Employar.

How to reach us:
USAEUROPE: Motorola Literature Distribution; JAPAN; Nippon Motorola Ltd.; Talsumi-SPD—JLDC, Toshikatsu Otsuki,
PO. Box 20912; Phoenix, Anzona 85036, 1-800—441-2447 6F Selbu-Butsuryu—Center, 3-14--2 Tatsumi Koto—Hu, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAXCO@email.sps.mot.com —TOUCHTCNE (602} 244-6609 HONG KONG: Molorola Samiconductors H.K. Lid.; 88 Tai Ping Industriai Park,
INTERNET: hitp://Design—-NET.com 51 Tng Kok Road, Tai Pe, N.T., Hong Kong. 85226629298

f@ MOTOROLA

0 CodELmL MC54/T4HCE8B/D



WWWALLDATASHEET.COM

Copyright © Each Manufacturing Company.

All Datasheets cannot be modified without permission.

This datasheet has been download from :

www. AllDataSheet.com

100% Free DataSheet Search Site,
Free Download.
No Register.
Fast Search System.

www AllDataSheet.com




	Title Page
	Abstracts
	Contents
	Lists of Illustrative
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Bibliography
	Appendix



