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ABSTRACT

This thesis presents the project of single mode optical fiber demonstrator. It is a
education demonstrator equipment. It consists of transmission transmit to pass optical fiber
using modulator and demodulator method. Modulator method consists of amplitude modulator,
pulse width modulator, pulse position modulator and pulse code modulator pass of demodulator
method is composed of amplitude demodulator. pulse width demodulator. pulse position
demodulator and pulse code demodulator. This project includes other parts ; time division
multiplex, time division demultiplex and transmit voice signal pass optical fiber with equipment
to change electrical signal to light signal with photodiode and equipment to change light signal

to electrical signal with phototransistor using single mode optical fiber.
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gunsaaslumslynu

a 3/ Y o o 5 . .
b adilaudaniuea (Fibre Optic Patchcords and Pigtial)
a 9 Y o o e d v a Aat v ~ _
aoadaduloudniwassidaidunuuiad Tvuantyems lFaun - 50/125  pum
Uaz62.5/125 um uazazldlunuszuuesmIdemsmufe) HasUTZULTOMIA0IN
o = £ = a a A i
Tasnisiaedyanauazsznasundas liauanueniagilssansnmguioannyine
< a
SUTSTINC R
Tasaomdiaduloudninasoziin Inawsan (LSOH : Polyethylene Coated
y
% s ' 4 v ey, ' J
Fibre Optic) Tagaoluaeazlitduriiguonaiaves Core 1IN 50 pum uaziidurguinag
1w 1 4 a 2;} 1w ;’
Y93 Cladding WNAU 125 pm HAZiFUAIFUINANYDUATAMBUDANIMUAIAY 3.2 mm U3
1 a < 4~ ' " o
AoauAbavziuiuy SMA Connects NHUUIA 9 mm WINYAVVDITOININY 0.2 N15AANDY

(850 nm) 3dB/km gag[@ 4dB/km LUUAIAY 400 MHzkm $7iiin17 1ds3061am 30 nm

maafl 4.1 auauiaveaduloudiiua

AUANTANIUNALA (Technical Specificatio)

' J a 4 =
wadurguInauniian1euen 2.5 WU (LUVARA1TNINAYI)
4.0 UN.x 6.5 WU.(LVADATADINY)
$rtins lnesediga 30 Wi (LU DTDAIINIUAY Y ADIN)

25 P (LUUNIeale)

Fragurndlumsiau -20°C §13 +60°C
da

LHUUAIAT

50/125 @ 850nm 400MHz

62.5/125 (@ 850nm 160MHz

MIAANIUF YN

50/125 @ 850nm 3.0dB/kim

62.5/125 (@ 850nm 3.75dB km

msgadenelumeiniin
SMA 1y5131A <0.8dB km

ST 1%514A <0.5dB km
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d
gunsalaauad (Tranmitters)
SMA/ST Emitters Tranmitters
d 1 3| Jd oo a
gUnInidauas HFE 4020 iugiasaicdauauuy LED Nlasdsznousiia GaAlAs
(Gallium,Aluminium,Asenide) “?W%if! 2 ﬁﬂymzﬁa 11U Bulkhead ttag (11U PCB Mount “1um'5
THnuzdoadongUnisidumuiuy SMA vie ST Idaseiuvirevescnomdadulouas

YD SMA %30 ST @8

Y wva a d 1
M5197 9.2 A auaneaInatAveIgnsalidauaa

@iuauﬁaw 9@ UINALA (Technical Specification)

9A5 1M ININUGITA

I a
nszianasia (IF) 100 mA
53autlounay VR (110 pA ) 1V
BHNYUNUUDINITNIY -40 °C §13 +100°C

wa Ja d a o a °
auduianesl ladidnniolndngungi 25°C

min typ. max.
usesuWesi3a VF Al IF-100 mA 16V 18V
mmanﬂ’ﬁu 850nm
(IF = 100 mA)
L&‘Uil,ﬁﬁﬂ‘ﬁ 50 nm
NITANDUTUHBINIAUIN tr 4 ns 8 ns
(Ipk = 100 mA,1V Pre bias) tr 4 ns 10 ns
AMIVIIINWATUAIAY
ﬁﬁﬂ@hﬂq@l(low Power Emmitter)
50/125 pum glass 3 W min.(-25 dBm)

A1ag f3qA(High Power Emitters)

50/125 pm glass 10 LtW min.(-20 dBM)
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HFE 4020 ( High Radiance LED)

2 CATHODE

7

1 ANODE

=n-

31

@ [ J d 1
1.1 dyganvaiveiglnsaiauas

1 E4 [l
GaAlAs LED seiimsifaauasgs Geoznmnzannumsadvuasluae lwadahi
1 ¢ = J o
W§urnguina1auas Core MANIIN 50/125 pm 19 200/300 1ATOU(micron) NszuaW0313A 10
= ' A _ A g9 i a o Ao o A Y o
4100 mA nyzua Manoiiinagaga 50 mA (100 ma aldaadgsd) lavlifausududiga

100/140 micron, 0.290NA 30uW N 50 mA ﬁﬂyngﬂmﬂu@mﬂmmu TO 18

€=

PCB MOUNT

BULKHEAD

IR

11 811U (anode)
2 alna (cathode)

13 Undatla (NO)

t—‘i @ Jd 1
sUi 9.2 dnpazmeuanvosgUnsaidue
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d o
gUnIaI5unaa (Receiver)
SMA/ST Detectors/Receivers
HFD3022 Pin Photodiode (S0MHz)
2 CATHODE /CASE

3 NC

ean
=
=D

@ o d Jdou
.3 aﬂymm@\‘]@‘ﬂﬂﬁmjﬂuﬁﬁ

g g

|
% NG !
| :‘L——#--z i { 2
AR A T T T i
\C\/ W > |
BULKHEAD PCB MOUNT
NBING)

11 917UA (anode)
112 A1199 (cathode)
113 Unada (NC)

a w do
51N a4 dnvazveaglnIaisuua

Pin photodiode (SOMHz) HANYMEAINAULLY TOS Foazimihnlumsamames lay
oonuul mungaulugag 750nm - 950nm Feasfiaam hgauaznsaeuauosvestoyaia
£ A o =
F1921180 519909 SOMHz

. . 2 < ~ == . L = g
Pin photodiode (50 MHz) Wu'laTeaxtiasanay (Silicon pindiode) Tagag Ny

1 Y
SMA M50 ST Ge9siiuu AR ML NM8U0AT LU Blukhead W50 PCB Mounting
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M50 4.3 AN AUTANIIEUINATIAYDIAIT UL

ﬂmﬁuﬁﬁﬂﬁt%ﬂﬁﬂ (Technical Specification)

ANTAOUAUDIANNEIINAY 850nm

m'mauﬂummmm’mﬁu%()nm (50pum) 0.58A/W

ﬂﬁuﬂﬁﬂfjﬁ @A (Dark Current Max. ) 2nA

ﬂ’JﬁJ@(Capacitance) 2.1pF

WS UGOUNAL 250V

|d%‘ 1

nalavu/leaasv) 17ns

9V) Ins

gamgi luaeiau -40°C §4+100°C
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Analog .
Multiplexers/Demultiplexers

The MC14051B, MC14052B, and MC14053B analog multiplexers are
digitally—controlled analog switches. The MC14051B effectively implements
an SP8T solid state switch, the MC14052B a DP4T, and the MC14053B a
Triple SPDT. All three devices feature low ON impedance and very low OFF
leakage current. Control of analog signals up to the complete supply voltage
range can be achieved.

» Triple Diode Protection on Control Inputs

« Switch Function is Break Before Make

» Supply Voltage Range = 3.0 Vdc to 18 Vdc

+ Analog Voltage Range (Vpp — VEg) =3.0to 18 V
Note: VEg mustbe = Vgg

o Linearized Transfer Characteristics

« Low-noise — 12 nVANCycle, f > 1.0 kHz Typical

o Pin—for—Pin Replacement for CD4051, CD4052, and CD4053

e For 4PDT Switch, See MC14551B 5 )|

" For Lower RON, Use the HC4051, HC4052, or HC4053 High—-Speed
CMOS Devices

MAXIMUM RATINGS*
Symbol

Parameter Value "Unit

VpD DC Supply Vollage (Referenced to VEE,
Vss 2 Veg)
Vin. Vout | Input or Output Voltage (DC or Transient)

(Referenced to Vgg for Control Inputs and
VEE for Switch 1/0)

-0.5t0 +18.0 \

-05toVpp+05]| V

lin Input Current (DC or Transient),
per Control Pin +10 mA
lsw Switch Through Current +25 mA
Pp Power Dissipation. per Packaget 500 mwW
Tstg Storage Temperature —-65t0 + 150 °C
TL Lead Temperature (8—Second Soldering) 260 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating:“P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C
Ceramic “L" Packages: — 12 mW/°C From 100°C To 125°C

MC14051B MC14052B

MC14051B
MC14052B
MC14053B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

—

W

D SUFFIX
K@“ soic
CASE 7518

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC

Ta =—55°to 125°C for all packages.

8-Channel Analog
Multiplexer/Demultiplexer

Dual 4-Channel Analog
Multiplexer/Demultiplexer

6 @—{INHIBIT 6 @— INHIBIT
11 e—A CONTROLS { 10— A
CONTROLS 10 o—lB 90— X o 13
9 e—{C 12e— X0
13 —{X0 14 e— X1 COMMONS
14 o—{X1 15— X2 QUTAN
se—xe  X[od | SWITCHES | 11e—{X3 .
SWITCHES | 12 e—{X3 OUTIN IN/OUT 1e— YO0
INJOUT 1 o—Xa so—{y1  Y[°3
5 e—{X5 20— Y2
2 o—{X6 40— Y3
4 o—{X7
Vpp = PIN 16 Vpp =PIN 16
Vgg=PIN8 Vgg=PIN8
VEE=PIN7 Vgg=PIN7

MC14053B
Triple 2-Channel Analog
Multiplexer/Demultiplexer

6 ®—{INHIBIT -
11 e—A I
NTR
contRoLs { 10 o1
9 e—C
2e—x0  v|—e15 | COMMONS
13 e—{X1 OUTAN
SWITCHES | 2 e—]v0
INFOUT 1 o—Y1
5 e—20 |4
3Je—Z1

Vpp =PIN 16
Vgg=PING
Veg=PIN7

Note: Control Inouts referenced to Vee. Analoa Inouts and Outouts reference to Vee. Vee must be < Vea.
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ELECTRICAL CHARACTERISTICS

-55°C 25°C 125°C
Characteristic Symbol | Vpp Test Conditions Min | Max | Min | Typ # l Max | Min | Max | Unit
SUPPLY REQUIREMENTS (Voltages Referenced to VEE)
Power Supply Voltage VbD — |Vpp-3.02Vss2VEE 3.0 18 3.0 — 18 3.0 18 \Y%
Range 3
Quiescent Current Per IbD 5.0 | Control Inputs: —_ 5.0 — 0.005 5.0 = 150 | pA
Package 10 Vin = Vs or VpD. —_ 10 — 0.010 10 — 300
15 | Switch/O:VEg = Vijo | — 20 e 0.015 20 —_ 600
< Vpp. and
AVgwitch < 500 mV**
Total Sugply Current ID(AV) 50 |Ta= 25"]0 only (The (0.07 pA/KH2) f + 1pD pA
(Dy_namlc Plus 10 channe compone‘nl, Typical (0.20 pAKHzZ) f + IpD
Quiescent, Per Package 15 (Vin'* Vout)/Ron: is (0.36 pAKHZ) f + 1pD
not included.)
CONTROL INPUTS — INHIBIT, A, B, C (Voltages Referenced to Vsg)
Low-Level Input Voltage ViL 5.0 | Ron = per spec, — 1.5 & 2.25 1.5 — 1.5 \
10 lotf = per spec == .3.0 — 4.50 3.0 — 3.0
6 — 4.0 R 6.75 4.0 — 4.0
High-Level Input Voltage ViH 5.0 | Ron = per spec, 3.5 = 3.5 2.75 - 3.5 . \
10 loff = per spec 7.0 — 7.0 5.50 — 7.0 -
15 11 — 11 8.25 — 1 —
Input Leakage Current lin 15 | Vin=0o0rVpp — | £01 — | £0.00001 | £0.1 — 1.0 pA
Input Capacitance Cin a3 — = - 5.0 7.5 — — pF

SWITCHES IN/OUT AND COMMONS OUT/IN — X, Y, Z (Vollages Referenced lo VEE)

Recommended Viio — | Channel On or Off 0 VpD 0 — VpbD 0 Vpp | Vpp
Peak—to-Peak Voltage
Into or Out of the Switch

Recommended Static or AVgwitch | — | Channel On 0 600 0 = 600 0 300 | mV
Dynamic Voltage Across
the Swilch** (Figure 5)

Output Offset Voltage Voo — | Vin=0V.No Load ] -4 - 10 Fal — — nv
ON Resistance Ron 5.0 | AVgwitch = 500 mV**, S 800 — 250 1050 = 1200 | Q
10 Vin=VjLorViH — 400 — 120 500 —_ 520
15 (Control), and Vi = — 220 — 80 280 — 300
0 to Vpp (Switch)
AON Resistance Between ARon 5.0 — 70 — 25 70 = 135 Q
Any Two Channels in the 10 — 50 — 10 50 — 95
Same Package 15 — 45 — 10 45 —_ 65
Off-Channel Leakage loff 15 | Vin=ViLorViy — 100 | — +0.05 |+100 | — ([+1000| nA
Current (Figure 10) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch I/0 Ciyo — | Inhibit = Vpp — —_ — 10 - = — pF
Capacitance, Common O/l | Coy — | Inhibit = Vpp pF
(MC140518B) — — — 60 — — —
(MC140528B) g} - — — 32 — — —_
(MC140538B) — — — 17 — — —
Capacitance, Feedthrough Cyo — | Pins Not Adjacent — — — 0.15 —_ — — pF
(Channel Off) — Pins Adjacent — — — 0.47 — — —_

#Data labeled "Typ™ is not to be used for design purposes, but is intended as an indication of the IC's potential performance.

* For voltage drops across the switch (AVgywitch) > 600 mV (> 300 mV at high temperature), excessive Vpp current may be drawn, i.e. the
current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the Maximum
Ralings are exceeded. (See first page of this data sheet.)
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ELECTRICAL CHARACTERISTICS* (C_ =50 pF, Ta = 25°C) (VEE <= Vss unless otherwise indicated)

Vpp - VEE Typ #
Characteristic Symbol Vdce All Types Max Unit
Propagation Delay Times (Figure 6) tPLH. tPHL ns
Switch Input to Switch Output (R = 10 kQ2)
MC14051
PLH. tPHL = (0.17 ns/pF) C|_ + 26.5 ns 5.0 35 90
tpLH. tPHL = (0.08 ns/pF) C_+ 11 ns 10 15 40
tPLH. tPHL = (0.06 ns/pF) C_+ 9.0 ns 15 12 30
MC14052 ns
tpLH, tPHL = (0.17 ns/pF) C_ + 21.5ns 5.0 30 75
tPLH. tPHL = (0.08 ns/pF) C_+ 8.0 ns 10 12 30
tPLH. tPHL = (0.06 ns/pF) C_+ 7.0 ns 15 10 25
MC14053 ns
tpLH. tPHL = (0.17 ns/pF) Ci_+ 16.5ns 5.0 25 65
tPLH. tPHL = (0.08 ns/pF) C_+ 4.0 ns 10 8.0 20
tpLH. tPHL = (0.06 ns/pF) C_+ 3.0 ns 15 6.0 15
Inhibit to Output (R = 10 kQ, VEE = Vss) tpHZ. tPLZ. ns
Oulput “1” or “0" to High Impedance, or tpzH. tPZL
High Impedance to “1" or 0" Level
MC140518B ' 5.0 350 700
10 170 340
15 140 280
MC14052B 5.0 300 600 ns
10 155 310
15 123 250
MC140538 5.0 275 550 ns
10 140 280
15 110 220
Control Input to Output (R = 10 k€, VEg = Vss) tPLH. tPHL ns
MC140518 5.0 350 720
10 160 320
15 120 240
MC14052B : 5.0 325 650 ns
10 130 260
35 90 180
MC140538 5.0 300 600 ns
10 120 240
15 80 160
Second Harmonic Distortion — 10 0.07 — %
(R = 10KQ, f = 1 kHz) Vi =5 Vpp
Bandwidth (Figure 7) BW 10 ¥ — MHz
(R =1 kQ, Vip = 172 (Vpp—-VEE) p-p. C| = 50pF
20 Log (Vout/Vin) = - 3 dB)
Oft Channel Feedthrough Attenuation (Figure 7) — 10 -50 —_ dB
RL = 1KQ, Vin = 1/2 (Vpp - VEE) PP
fin = 4.5 MHz — MC140518
fin = 30 MHz — MC14052B
fin = 55 MHz — MC14053B
Channel Separation (Figure 8) — 10 -50 — dB
(RL =1 kQ, Vin = 1/2 (VDD-VEE) P-P.
fin = 3.0 MHz
Crosstalk, Control Input to Common O/I (Figure 9) — 10 75 —_ mV
(R1=1kQ RL=10kQ
Control tT| H = tTHL = 20 ns, Inhibit = Vgg)

* The formulas given are for the typical characteristics only at 25°C.
#Data labelled “Typ” is not lo be used for design purposes but In intended as an indication of the IC's potential performance.

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However,
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-impedance
circuit. For proper operation, Vi and Vot should be constrained to the range Vgg < (Vip or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg, VEE, or Vpp). Unused outputs
must be left open.
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L_ Vop Voo VbD
INJOUT lq__A LF OUT/N
I S/l
L g 1
l — VEE
=]
VDD;
LEVEL
=
CONVERTED
— INOUT OUT/N
CONTROL 1
— CONTROL
S WEE
Figure 1. Switch Circuit Schematic
TRUTH TABLE 16 ?VDD
Contspl fputs INH 6 0— —  BINARY TO 1-OF-8
Select ON Switches Alto— LEVEL 1—  pecoDER WITH
N B 10 0—{ CONVERTER [
Inhibit [ C* B A | MC14051B | MC14052B | MC14053B C 90 - INHIBIT
0 0 0 0 X0 YO X0 |z0o YO X0 g_._]
0 0 0 1 X1 Ml 1) | EORRRYORR YalliTa 80Vgg 70OVee l l | l I l
0 oW 140 X2 y2 X2 |zo Yt Xo 1111
o o 1 1 X3 va X3 |zo vi xi VAR R
X2 15 0—
0 1 0 0 X4 Z1 YO X0 111
o |1 o 1 X5 Z1 Yo X1 X3 120— 11 3%
0 1 %1% 0 X6 ZA\ Yi#%0, X4 10
0 1 QN X7 Ak WS UYL ot
1 X XA None Ncne None X6 20—
“Not applicable for MC14052 L JBS“
x = Don't Care . . .
Figure 2. MC14051B Functional Diagram
16?VDD
A ‘swj
INH 60— LEVEL BINARY TO 1-OF—4
A 100 ~onverter | PECODERWITH INH 6 - BINARY TO 1-OF-2
B 90— INHIBIT Atto— LEVEL 1 hecopeRwiTH
B 100—{ CONVERTER |
. <L ¢ 90— || INHIBIT
80OVgs 70 VE rL l I
i? :ic N‘;& | 8$V53 70 Vgg ‘ ‘ l
s
X2 150 O Tk X0 120 Ll
%A 11 |1 ‘I“gﬁ_ [ T1 1 f—omx
o— ] | X1 130— T
YO 10— g3 YO 20- B
Y1 50 vy I L Mtsy
pd | ¢o3 Y |
Y2 20— p 20 50 47
Y3 40— ﬁ—— 71 30—

Figure 3. MC14052B Functional Diagram

Figure 4. MC14053B Functional Diagram
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Figure 5. AV Across Switch

A. B, and C inputs used to turn ON or OFF
the switch under test.
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Voo- Vee
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Figure 7. Bandwidth and Off-Channel
Feedthrough Attenuation
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R1 =

Figure 9. Crosstalk, Control Input to
Common O/I

NOTE: See also Figures 7 and 8 on Page 6-51.
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TEST CIRCUITS

PULSE /6“’;
GENERATOR o= o .
Ot
o & o
Voo Vee Ves VoD
Figure 6. Propagation Delay Times,
Control and Inhibit to Output
R
o—{A
o—8 ON L.
o—ic =
OFF
ro—mH
Voul
T A CL=500pF

Vpp - VeE

3 — .DU, Vin
Figure 8. Channel Separation
(Adjacent Channels Used For Setup)

OFF CHANNEL UNDER TEST

Voo
O Veg

CONTROL
SECTION OTHER |

OFIC A CHANNEL(S) Vee
—'l | ©Vop

|
COMMON Jpo VeE

O Vpp

Figure 10. Off Channel Leakage



Ron. “ON" RESISTANCE (OHMS)

Ron. "ON" RESISTANCE (OHMS)

KEITHLEY 160

VoD
10k S
Voo o—D<><
VEE =Vss

Figure 11. Channel Resistance (RoN) Test Circuit

TYPICAL RESISTANCE CHARACTERISTICS

350
300
250
200
150
Tp = 125°C
100 & [ = o
e —1— 25°C
o — —55°C
[
0 |
-10 -80 -60 -40 -20 0 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS)
Figure12.Vpp=7.5V,VEg=-75V
700
600
500
400
/
300 / Al \
L PN 1, S12s¢
v N N4
200 A N |
VY  IN N 2sec
7 L7
100 ™ _55°C
|
0 |
-10 -80 -60 -40 -20 0 02 40 60 80 10

Vin, INPUT VOLTAGE (VOLTS)
Figure 14.Vpp =25V, VEg=-25V

MC14051B

X4l 1e 16 [J Vpp
X6 ] 2 15 ] X2
Xx(Qs3 14 1 X1
X7 (] 4 13 J X0
Xs (] s 12 1 X3
INH ] 6 1A
Vee 1 7 108
Vss (] 8 9flc

DIGITAL
MULTIMETER
1kQ
RANGE X-Y
PLOTTER
L
350
_. 300
w
=
- 9
S 250
w
e
Z 20
0
w
@ 150 Z \‘TA'=125°C
= T
© 100 . — i NPT
= = )
S -55°C
S 50
0
-16 -80 -60 -40 -20 0 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS)
Figure 13.Vpp=5.0V,VEg=-5.0V
350 T T
— Tp=25°C
_. 300 JAY
& |
=
5 /
UOT 250 \ VoD =25V
2 200 / \
= 7/
%)
]
w150
g o I~ e M g
S =175V
o
@ 50
0
-10 -80 -60 -40 -20 0 02 40 60 80 10

Figure 15. Comparison at 25°C, Vpp = -VEE

PIN ASSIGMENT

MC14052B

YO[] 1 16 [J Vpp
y2 (| 2 15 ] X2
Y(Q3 14.]] X1
ya( 4 130 x
Y1qs 12150
INH(] 6 113
VEg [} 7 10A
Vss (] 8 98

Vin, INPUT VOLTAGE (VOLTS)

MC14053B
YI[(1e 16 [J Vpp
Yol 2 150Y
(3 14 1 X
Z( 4 130X
20( 5 12 ] X0
INH (] 6 1A

VEe [ 7 108
Vss (] 8 aflc
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145554/D

PCM Codec-Filter

The MC145554, MC145557, MC145564, and MC145567 are all per channel
PCM Codec—Filters. These devices perform the voice digitization and
reconstruction as well as the band limiting and smoothing required for PCM
systems. They are designed to operate in both synchronous and asynchronous
applications and contain an on—chip precision voltage reference. The
MC 145554 (Mu-Law) and MC145557 (A-Law) are general purpose devices
that are offered in 16—pin packages. The MC145564 (Mu-Law) and MC145567
(A—Law), offered in 20—pin packages, add the capability of analog loopback and
push-pull power amplifiers with adjustable gain.

These devices have an input operational amplifier whose output is the input
to the encoder section. The encoder section immediately low—pass filters the
analog signal with an active R—C filter to eliminate very—high-frequency noise
from being modulated down to the pass band by the switched capacitor filter.
From the active R—C filter, the analog signal is converted to a differential signal.
From this point, all analog signal processing is done differentially. This allows
processing of an analog signal that is twice the amplitude ailowed by a
single—ended design, which reduces the significance of noise to both the
inverted and non-inverted signal paths. Another advantage of this differential
design is that noise injected via the power supplies is a common-mode signal
that is cancelled when the inverted and non—inverted signals are recombined.
This dramatically improves the power supply rejection ratio.

After the differential converter, a differential switched capacitor filter band
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized
by the differential compressing A/D converter.

The decoder accepts PCM data and expands it using a differential D/A
converter. The output of the D/A is low—pass filtered at 3400 Hz and sinX/X
compensated by a differential switched capacitor filter. The signal is then filtered
by an active R-C filier to eliminate the out—of-band energy of the switched
capacitor filter.

These PCM Codec—Filters accept both long—frame and short—frame industry
standard clock formats. They also maintain compatibility with Motorola’s family
of TSACs and MC3419/MC34120 SLIC products.

The MC145554/57/64/67 family of PCM Codec—Filters utilizes CMOS due to
its reliable low—power performance and proven capability for complex
analog/digital VLSI functions.

MC145554/57 (16-Pin Package)

« Fully Differential Analog Circuit Design for Lowest Noise

¢ Performance Specified for Extended Temperature Range of — 40 to + 85°C
¢ Transmit Band—Pass and Receive Low-Pass Filters On-Chip

¢ Active R-C Pre-Filtering and Post-Filtering

e Mu-Law Companding MC145554

e A-Law Companding MC145557

¢ On-Chip Precision Voltage Reference (2.5 V)

¢ Typical Power Dissipation of 40 mW, Power Down of 1.0 mW at+5V

MC145564/67 (20-Pin Package) — All of the Features of the MC145554/57 Plus:

¢ Mu-Law Companding MC145564 -
e A-Law Companding MC145567

e Push—Pull Power Drivers with External Gain Adjust

¢ Analog Loopback

MC145554
MC145557
MC145564
MC145567

L SUFFIX
i CERAMIC PACKAGE
ﬂ ] CASE 620
16 MC145554/57

p P SUFFIX

)’{ PLASTIC DIP
CASE 648

. MC145554/57

DW SUFFIX
SOG PACKAGE
CASE 751G
1 MC145554/57

L SUFFIX
CERAMIC PACKAGE
! CASE 732
MC145564/67

P SUFFIX
20 PLASTIC DIP
. CASE 738
MC145564/67

DW SUFFIX
SOG PACKAGE
CASE 751D
MC145564/67
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PIN ASSIGNMENTS

MC145554, MC145557 MC145564, MC145567
veg [ 1° 16 ) VFyl+ vPO+ [ 1 20 [J vgg

GNDA ] 2 15 [} VFyl- GNDA (2 19 [ VFyl+

vFRo ] 3 14 [) GSy vro- (3 18 [} VFyl-
vee [ 4 13 ) Tsy Pl [ 4 17 ) GSy

Fsp [ 5 12 ] Fsy VFRO [ 5 16 [) ANLB
bR [ 6 11 oy vee 6 15 [ Tsx
BCLKR/CLKSEL ] 7 10 ] BCLKY FSp (7 14 [1 Fsy
MCLKg/PON [ 8 9 [J MCLKy DR (8 13 Dx

BCLKR/CLKSEL (] 9 12 [] BCLKy

MCLKR/PDN (] 10 11 [} MCLKy

FUNCTIONAL BLOCK DIAGRAM
MCLKR/ BCLKg/
GSx  ANLB" Ve GNDA Vpp FSy FSR MCLKx BCLKx PON  CLKSEL
I b V155 ravard o 38 | BRI
. INTERNAL SEQUENCING —
Vi~ : AND CONTROL > TSx
RC ACTIVE 5-POLE SC 3-POLE
VExl+ \» LOW-PASS |—>| LOW-PASS |»| HIGH-PASS
a1 FILTER FILTER AND SH

»|
TRANSMIT
VPO 5 < Y SAR L sl sHET oy
BAND-GAP 4 8 RED REG
VOLTAGE RDAC |—»| CDAC
REF ]
VPO- <t 4
. . MUX

*
VeI RECEIVE
| o 4| RECENE SHFT 0n
LATCH
RC ACTIVE 5-POLE SC | REG
VFRO < LOW-PASS [<— LOW-PASS [« SH |
FILTER FILTER i

*MC145564 and MC145567 only.
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DEVICE DESCRIPTION

A codec-filter is used for digitizing and reconstructing the
human voice. These devices were developed primarily for
the telephone network to facilitate voice switching and trans-
mission. Once the voice is digitized, it may be switched by
digital switching methods or transmitted long distance (T1,
microwave, satellites, etc.) without degradation. The name
codec is an acronym from “COder” (for the A/D used to digi-
tize voice) and “DECoder” (for the D/A used for reconstruct-
ing voice). A codec is a single device that does both the A'D
and D/A conversions.

To digitize intelligible voice requires a signal-to—distortion
ratio of about 30 dB over a dynamic range of about 40 dB.
This can be accomplished with a linear 13-bit A/D and D/A,
but will far exceed the required signal-to—distortion ratio at
amplitudes greater than 40 dB below the peak amplitude.
This excess performance is at the expense of data per sam-
ple. Methods of data reduction are implemented by com-
pressing the 13-bit linear scheme to companded 8-bit
schemes. There are two companding schemes used:
Mu—255 Law specifically in North America, and A-Law
specifically in Europe. These companding schemes are
accepted world wide. These companding schemes follow a
segmented or “piecewise-linear” curve formatted as sign bit,
three chord bits, and four step bits. For a given chord, all six-
teen of the steps have the same voltage weighting. As the
voltage of the analog input increases, the four step bits incre-
ment and carry to the three chord bits which increment.
When the chord bits increment, the step bits double their
voltage weighting. This results in an effective resolution of six
bits (sign + chord + four siep bits) across a 42 dB dynamic
range (seven chords above zero, by 6 dB per chord).
Tables 3 and 4 show the linear quantization levels to PCM
words for the two companding schemes.

In a sampling environment, Nyquist theory says that to
properly sample a continuous signal, it must be sampled at a
frequency higher than twice the signal’s highest frequency
component. Voice contains spectral energy above 3 kHz, but
its absence is not detrimental to intelligibility. To reduce the
digital data rate, which is proporticnal to the sampling rate, a
sample rate of 8 kHz was adopted, consistent with a band-
width of 3 kHz. This sampling requires a low—pass filter to
limit the high frequency energy above 3 kHz from distorting
the in-band signal. The telephone line is also subject to
50/60 Hz power line coupling, which must be attenuated from
the signal by a high-pass filter before the A/D converter.

The D/A process reconstructs a staircase version of the
desired in-band signal, which has spectral images of the in-
band signal modulated about the sample frequency and its
harmonics. These spectral images, called aliasing compo-
nents, need to be attenuated to obtain the desired signal.
The low—pass filter used to attenuate these aliasing compo-
nents is typically called a reconstruction or smoothing filter.

The MC145554/57/64/67 PCM Codec—Filters have the
codec, both presampling and reconstruction filters, and a
precision voltage reference on—chip, and require no external
components.

PIN DESCRIPTION
DIGITAL
FSR

Receive Frame Sync

This is an 8 kHz enable that must be synchronous with
BCLKR. Following a rising FSR edge, a serial PCM word at
DR is clocked by BCLKR into the receive data register. FSR
also initiates a decode on the previous PCM word. In the ab-
sence of FS¥x, the length of the FSR pulse is used to deter-
mine whether the 1/O conforms to the Short Frame Sync or
Long Frame Sync convention.

DR
Receive Digital Data Input

BCLKR/CLKSEL
Receive Data Clock and Master Clock Frequency
Selector

If this input is a clock, it must be between 128 kHz and
4.096 MHz, and synchronous with FSR. In synchronous
applications this pin may be held at a constant level; then
BCLKy is used as the data clock for both the transmit and
receive sides, and this pin selects the assumed frequency of
the master clock (see Table 1 in Functional Description).

MCLKR/PDN
Receive Master Clock and Power-Down Control
Because of the shared DAC architecture used on these
devices, only one master clock is needed. Whenever FSx is
clocking, MCLKx is used to derive all internal clocks, and the
MCLKR/PDN pin merely serves as a power—down control. If
MCLKR/PDN pin is held low or is clocked (and at least one
of the frame syncs is present), the part is powered up. If this
pin is held high, the part is powered down. If FSx is absent
but FSg is still clocking, the device goes into receive half-
channel mode, and MCLKR (if clocking) generates the
internal clocks.

MCLKx
Transmit Master Clock

This clock is used to derive the internal sequencing clocks;
it must be 1.536 MHz, 1.544 MHz, or 2.048 MHz.

BCLKx
Transmit Data Clock

BCLKx may be any frequency between 128 kHz and
4.096 MHz, but it should be synchronous with MCLKx.

Dx
Transmit Digital Data Output
This output is controlled by FSx and BCLKx to output the

PCM data word; otherwise this pin is in a high-impedance
stale.

FS¥
Transmit Frame Sync

This is an 8 kHz enable that must be synchronous with
BCLKx. A rising FSx edge initiates the transmission of a
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serial PCM word, clocked by BCLKY, out of Dx. If the FSx
pulse is high for more than eight BCLKx periods, the Dx and
TSy outputs will remain in a low—impedance state until FSx
is brought low. The length of the FSx pulse is used to deter-
mine whether the transmit and receive digital I/O conforms to
the Short Frame Sync or to the Long Frame Sync conven-
tion.

TSx
Transmit Time Slot Indicator

This is an open—drain output that goes low whenever the
Dyx output is in a low-impedance state (i.e., during the trans-
mit time slot when the PCM word is being output) for en-
abling a PCM bus driver.

ANLB
Analog Loopback Control Input (MC145564/67 Only)

When held high, this pin causes the input of the transmit
RC active filter to be disconnected from GSx and connected
to VPO + for analog loopback testing. This pin is held low in
normal operation.

ANALOG

GSx
Gain-Setting Transmit

This output of the transmit gain—adjust operational amplifi-
er is internally connected to the encoder section of the
device. It must be used in conjunction with VFxl—and VF x|+
to set the transmit gain for a maximum signal amplitude of
2.5V peak. This output can drive a 600 Q load to 2.5 V peak.

VFxl-
Voice-Frequency Transmit Input (Inverting)

This is the inverting input of the transmit gain—-adjust
operational amplifier.

VFExl+
Voice-Frequency Transmit Input
(Non-Inverting)

This is the non—inverting input of the transmit gain—adjust
operational amplifier.

VFRO
Voice-Frequency Receive Output

This receive analog output is capable of driving a 600 Q
load to 2.5 V peak.

VPI
Voltage Power Input (MC145564/67 Only)

This is the inverting input to the first receive power ampli-
fier. Both of the receive power amplifiers can be powered
down by connecting this input to Vgp.

VPO-
Voltage Power Output (Inverted) (MC145564/67 Only)

This inverted output of the receive push—pull power ampli-
fiers can drive 300 Q to 3.3 V peak.

VPO +
Voltage Power Output (Non-Inverted)
(MC145554/67 Only)

This non-inverted output of the receive push—pull power
amplifier pair can drive 300 Q to 3.3 V peak.

POWER SUPPLY

GNDA
Analog Ground

This terminal is the reference level for all signals, both ana-
log and digital. Itis 0 V.

vee
Positive Power Supply

Vg is typically 5 V.

VBB
Negative Power Supply

Vg is typically — 5 V.
FUNCTIONAL DESCRIPTION
ANALOG INTERFACE AND SIGNAL PATH

The transmit portion of these codecfilters includes a low—
noise gain setting amplifier capable of driving a 600 Q load.
Its output is fed to a three—pole anti-aliasing pre—filter. This
prefilter incorporates a two—pole Butterworth active low—
pass filter, and a single passive pole. This prefilter is fol-
lowed by a single ended-to-differential converter that is
clocked at 256 kHz. All subsequent analog processing uti-
lizes fully differential circuitry. The next section is a fully—dif-
ferential, five—pole switched capacitor low—pass filter with a
3.4 kHz passband. After this filter is a 3—pole switched—ca-
pacitor high—pass filter having a cutoff frequency of about
200 Hz. This high—pass stage has a transmission zero at dc
that eliminates any dc coming from the analog input or from
accumulated operational amplifier offsets in the preceding fil-
ter stages. The last stage of the high—pass filter is an auto-
zeroed sample and hold amplifier.

One bandgap voltage reference generator and digital-to—
analog converter (DAC) are shared by the transmit and
receive sections. The autozeroed, switched—capacitor band-
gap reference generates precise positive and negative refer-
ence voltages that are independent of temperature and
power supply voltage. A binary—weighted capacitor array
(CDAC) forms the chords of the companding structure, while
a resistor string (RDAC) implements the linear steps within
each chord. The encode process uses the DAC, the voltage
reference, and a frame—by—frame autozeroed comparator to
implement a successive—approximation conversion algo-
rithm. All of the analog circuitry involved in the data con-
version — the voltage reference, RDAC, CDAC, and
comparator — are implemented with a differential architec-
ture.

The receive section includes the DAC described above, a
sample and hold amplifier, a five—pole 3400 Hz switched
cdpacitor low—pass filter with sinX/X correction, and a two—
pole active smoothing filter to reduce the spectral com-
ponents of the switched capacitor filter. The output of the
smoothing filter is a power amplifier that is capable of driving
a 600 Q load. The MC145564 and MC145567 add a pair of
power amplifiers that are connected in a push—pull configu-
ration; two external resistors set the gain of both of the



190

MC33120
v Vpp F— +5V
I o Vcc Voo "
= EP poisT2 > | HOOK STATUS/
18 8T | 13 1> __| FAULTINDICATION
&
i MJD253 8P " = SHF 16V
A 1N4002 Vo o
1Ndoo2 A |
Y
vae 45V
0.01 uF 100 § AG MC145554/7
= 4 I
S0V = 114w 9 1k 47 — v
—MW— cp cc
0y L Y 3 12 8 kHz SYN
TPt———4— A8 g RXI VERO  FSy E_ 2 SYNC
91k 5 FSR o
e {kiid sl BCLKy DATA CLOCK
o AAA—21 oy RFO BCLKR |- MC145554 =
8 1.544 MHZ
MOEKR . MC145557 =
MOLK - 2.048 MHz
X VFxl- Dy f—>
0.01 uF \ 0 GSX Xls 70 PCM HWY
DR [¢———
_EE—! = BN CF X R 0
1 VFyl+ TSy
— A 1N4002 2 6 Jouirsol
+ — vas = 2{onpA  vgg
A\ INs002 48V VEE 00T =
10 puF, 50V = -5V

NCTE: Six resistors and two capacitors on the two—wire side can be 5% tolerance. ST

Figure 4. A Complete Single Party Channel Unit Using MC145554/57 PCM Codec—Filter and MC33120 SLIC
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Figure 1. Short Frame Sync Timing
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/N ...the analog plus company™

FEATURES

e Low-Sine Wave Distortion, 0.5%, Typical

s Excellent Temperature Stability, 20ppm/°C, Typ.
e Wide Sweep Range, 2000:1, Typical

e Low-Supply Sensitivity, 0.01%V, Typ.

e Linear Amplitude Modulation

e TTL Compatible FSK Controls

e Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%
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XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

e Waveform Generation
e Sweep Generation

e AM/FM Generation

e V\/F Conversion

e FSK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C
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AMSI []e 6] SYmA2 AMS! cHr————H— syma2
sT0 [2] [15] SYma1 STO |2 15|31 SYMA1
vo [5] [14] waveA2 Mo =3 14|33 WAVEA2
Vec Li 1] WAVEAT Vee £ 4 137 wavEAT
TCH L5 | 112 GND Te W —=lis 12[2 GND
TC2 [6] 1] SYNCO \G2L I 13 SYNCO
TR1 7] 10] BIAS TR1 i 7 10( BIAS
TR2 |8 9] FSKi TR2 8 s |2 FSKI
16 Lead PDIP, CDIP (0.300") 16 Lead SOIC (Jedec, 0.300")
PIN DESCRIPTION
Pin # Symbol Type |Description

1 AMSI | Amplitude Modulating Signal Input.

2 STO (&) Sine or Triangle Wave Output.

3 MO O Multiplier Output.

4 Vee Positive Power Supply.

5 TCt | Timing Capacitor Input.

6 TC2 | Timing Capacitor Input.

7 TR1 O Timing Resistor 1 Output.

8 TR2 (0] Timing Resistor 2 Output.

9 FSKI | Frequency Shift Keying Input.

10 BIAS O Internal Voltage Reference.

11 SYNCO O Sync Output. This output is a open collector and needs a pull up resistor to Vge.

12 GND Ground pin.

13 WAVEA1 | Wave Form Adjust Input 1.

14 WAVEA2 | Wave Form Adjust Input 2.

15 SYMA1 | Wave Symetry Adjust 1.

16 SYMA2 | Wave Symetry Adjust 2.
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XR-2206 ”

-/ 7/ 7 e

DC ELECTRICAL CHARACTERISTICS

722 EXAR

Test Conditions: Test Circuit of Figure 2 Vee = 12V, Ty = 25°C, C = 0.01uF, Ry = 100k, Rp = 10k, R3 = 25kQ

Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. ] Typ. l Max. | Min. I Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \
Split-Supply Voltage +5 +13 +5 +13 \
Supply Current 12 17 14 20 mA Ry = 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50pF, Ry=2MQ
Frequency Accuracy +1 +4 +2 % of fo |fo =1/R{C
Temperature Stability +10 +50 +20 ppm/°C |0°C < Tp < 70°C
Frequency Ry = Ry =20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Viygy = 20V,
R1= Ry =20kQ
Sweep Range 1000:1 |2000:1 2000:1 fu=f_ |fq @ Ry=1kQ
i | fl @ Ry =2MQ
Sweep Linearity
10:1 Sweep 2 % fL = 1kHz, fy= 10kHz
1000:1 Sweep 8 % fi = 100Hz, fyy = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 nF Figure 5
Timing Resistors: Ry & Ro 1 2000 1 2000 kQ
Triangle Sine Wave Output! Figure 3
Triangle Amplitude 160 160 mV/kQ | Figure 2, Sy Open
Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S1 Closed
Max. Output Swing 6 ’ 6 Vp-p
Output Impedance - 600 600 Q
Triangle Linearity ' 1 1 %
Amplitude Stability 0.5 0.4 dB For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 2.5 2.5 % R1 = 30kQ
With Adjustment 0.4 1.0 0.5 1:5 % See Figure 7 and Figure 8
Notes

T Oulput amplitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.

2 For maximurm armplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.
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XR-2206

XR-2206M/P XR-2206CP/D
Parameters Min. l Typ. | Max. | Min. l Typ. l Max. | Units |Conditions
Amplitude Modulation
Input Impedance 50 100 100 kQ
Modulation Range 100 100 %
Carrier Suppression - 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 | ns C_ = 10pF
Fall Time 50 50 ns C_ = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 \ I =2mA
Leakage Current 0.1 20 0.1 100 RA Ve = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 Vv See section on circuit controls
Reference Bypass Voltage 29 3.1 3.3 2.5 3 3.5 \% Measured at Pin 10.

Notes

T Qutput amplitude is d/‘rect/y proportional to the resistance, R, on Pin 3. See Figure 3.
2 For maximurn amplitude stability, Rz should be a positive temperalure coeflicient resistor.
Bold face parameters are covered by production test and guaranteed over operaling temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

POWerSUpply :c:ssssmmsssy s smmmss s s smmmasses 26V
Power Dissipation ............... ... ... 750mwW
Derate Above 25°C . ...t 5mW/°C

Total Timing Current ....... ... oot 6mA
Storage Temperature ............ -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
aninput current, which is set by a resistor from the timing

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.
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XR-2206

L 1eF
4 ’
Symmelry Adjust
; 6 Yy ry Adj
I Mult. | 2All Re
3 c ot And 15 - S, Closed For Sinewave
P T Sine 14
6 7| | Shaper S R
9 3ﬂ/ 5
4] 500
7 Current AV 2 Triangle Or
Ry 1K g__ Swilches < Sine Wave Output
b 1" Square Wave
= ~—_— T Output
R 1012 |3 R-220! =l
= Rg A 3 10K
£ 50K
1uF
; : + Vee
104F
Ve o—n— It

5.1K

5.1K

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Output Swing - See Figure 3)

>2VJ By
<1V Fa

FSK Input

:']F: 1uF
1 4
Jo : 16
) _L Mult. 15
C And
T Sine 14
6 Shaper
13 200
9
Ry 7| | Current 2
r R, 8| | Switches +1 ———*—<FSKOulput
__TlT 11
F1=1/R1C
F2=1/R2C 10[12 |3 R, XR-2206
. 50K
I 1puF
= +
10uF
Veco—ranr—L—n~ -

5.1K

5.1K

Figure 13. Sinusoidal FSK Generator



197

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

4-Bit Transparent
Latch/4-to-16 Line Decoder

The MC14514B and MC14515B are two output options of a 4 to 16 line
decoder with latched inputs. The MC14514B (output active high option)
presents a logical “1” at the selected output, whereas the MC1 45158 (output
active low option) presents a logical “0" at the selected output. The latches
are R-S type flip—flops which hold the last input data presented prior to the
strobe transition from “1" to “0". These high and low options of a 4-bit latch/4
lo 16 line decoder are constructed with N—channel and P—channel
enhancement mode devices in a single monolithic structure. The latches are
R-S type flip-flops and data is admitted upon a signal incident at the strobe
input, decoded, and presented at the output.

These complementary circuits find primary use in decoding applicatioris
where low power dissipation and/or high noise immunity is desired.

* Supply Voltage Range = 3.0 Vdc to 18 Vdc

* Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range

MC14514B
MC14515B

L SUFFIX
CERAMIC
CASE 623

P SUFFIX
PLASTIC
CASE 709

DW SUFFIX
SoIC
CASE 751E

%49

ORDERING INFORMATION

“Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating:

Plastic “P and D/DW" Packages: - 7.0 mW/°C From 65°C To 125°C

Ceramic “L" Packages: - 12 mW/°C From 100°C To 125°C

BLOCK DIAGRAM oo
S0 ABCD
st oABCD
Vpp =PIN 24 s2 10 5ABCO
Vss =PIN 12 838 0aBCD
s4ll_oABCD
DATA 1 0—2] A S5 I—oABCD
§ : $6 :—oﬂacﬁ
DA 2 O s pANSPARENT 41015~ S7-—0ABCD
pataz o—24  watcH  |C DECODER S8 —--0ABCD
s9H” 5ABCO
oATA4 022 0 s10 L 6ZBTD
st HoaBCD
crr08E 0! I st2 —:;—0K§CD
staH3oaBcD
s14 8 5RBCD
sis 12 0aBCD

23 ]

INHIBIT O—

MC14XXXBCP Plastic
MAXIMUM RATINGS* (Voltages Referenced to Vss) MC14XXXBCL Ceramic
4XXXBD
Symbol ) Parameter Value Unit Nk ] "
TA == 55° to 125°C for all packages.
Vop DC Supply Voltage —0.51t0+18.0 \
Vin. Vout | Input or Output Voltage (DC or Transient) 0.5to Vpp + 0.5 A
lin-lout | Input or Output Current (DC or Transient), +10 mA
per Pin
Pp Power Dissipation, per Packaget 500 m\V
Tstg Storage Temperature - 6510 + 150 "C—
TL Lead Temperature (8-Second Soldering) 260 ’C‘J

DECODE TRUTH TABLE (Strobe = 1)*

Inhibit

Data Inputs Selected Output T

MC14514 = Logic “1
MC14515 = Logic “0"

S0

St1

S12
S13
S14
S15

“|®90co0|lcococo|locooco|oo oo

D
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
X

C B
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
X X

X|0o—-0o|-0~0|l«0~0|=-0~o0 >
2]
=]

All Outputs = 0, MC14514
All Outputs = 1, MC14515
L T a9

||

X = Don't Care
“Strobe = 0, Data is latched
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

-55°C 25°C 125°C
Vob - )
Characteristic Symbol | Vdc Min Max Min Typ # Max Min Max Unit
Output Voltage “0" Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 —_ 0.05 —_ 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 = 4.95 5.0 — 4.95 == Vdc
Vin=0o0r Vpp 10 5,95 —_ 9.95 10 — 9.95 —
15 14.95 3 14.95 15 = 14.95 —
Input Voltage “0" Level ViL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — {15 = 2,25 1.5 o 1.5
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 = 4.50 3.0 - 3.0
(Vo =13.5 0r 1.5 Vdc) 15 -8 4.0 = 6.75 4.0 —" 4.0
“I"Level | Vi Vde
(Vo = 0.5 or 4.5 Vdc) 5.0 3.5 — 35 2.75 — 35 —
(Vo = 1.0 or 9.0 Vdc) 10 7.0 2K 7.0 5.50 = 7.0 —
(Vo = 1.5 or 13.5 Vdc) _ 15 11 — 11 8.25 — 11 —
Output Drive Current loH . mAdc
(VoH =2.5 Vdc) Source 5.0 el -2 A UA | VO N7 T - 0.7 -
(VoH =4.6 Vdc) 5.0 -0.25 — -0.2 -0.36 i -0.14 5
(VoH = 9.5 Vdc) 10 -0.62 2o -05 -09 = -0.35 =
(VoH = 13.5 Vdc) 15 -1.8 L -15 -35 2 £ 1.1 |
(VoL =0.4 Vdc) Sink loL 5.0 0.64 = 0.51 0.88 =3 0.36 = mAdc
(VoL =0.5 Vdc) 10 1.6 = 1.3 2.25 == 0.9 =
(VoL = 1.5 Vdc) 15 4.2 57 3.4 8.8 = 24 -=
Input Current e lin 15 — +0.1 =3 +0.00001 | +0.1 -— +1.0 pAdc
Input Capacitance Cin — — — - 5.0 7.5 = — pF
(Vin=0)
Quiescent Current IpD 5.0 — 5.0 = 0.005 5.0 & 150 pAdc
(Per Package) 10 — 10 — 0.010 10 - 300
15 e 20 2% 0.015 20 — 600
Total Supply Current**t ITL 5.0 IT = (1.35 uA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT = (2.70 pA/kHz) f + Ipp
Per Package) 15 IT = (4.05 pA/kHZ) f + Ipp
(CL = 50 pF on all outputs, all
buffers switching)

#Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance.
“*The formulas given are for the typical characteristics only at 25°C.
1To calculate total supply current at loads other than 50 pF:
IT(CL) = IT(50 pF) + (CL —50) Vik
where: I is in pA (per package), Cp in pF, V = (Vpp - Vgg) in volts, f in kHz is input frequency, and k = 0.002.

This device contains protection circuitry to guard against damage due to high static voltages or electric fields. However,
precautions must be taken to avoid applications of any voltage higher than maximum rated voltages to this high-impedance
circuit. For proper operation, Vi and Vgt should be constrained to the range Vss <(Vin or Vout) < Vpp.

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




SWITCHING CHARACTERISTICS* (C|_ =50 pF, Tp = 25°C)

- All Types
Characteristic Symbol Vpp Min Typ # Max Unit
Output Rise Time tTLH ns
TLH = (3.0 ns/pF) C_ + 30 ns 5.0 — 180 360
tTLH = (1.5ns/pF) C + 15 ns 10 — 90 180
tTLH = (1.1 ns/pF) C + 10 ns 15 — 65 130
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C + 25 ns 5.0 -_ 100 200
tyHL =(0.75 ns/pF) C_+ 12.5 ns 10 — 50 100
tTHL = (0.55 ns/pF) C_ + 9.5 ns 15 — 40 80
Propagation Delay Time; Data, Strobe to S tPLH. ns
tpLH. IPHL = (1.7 ns/pF) C|_ + 465 ns tPHL 5.0 = 550 1100
tpLH. tPHL = (0.86 ns/pF) C_ + 192 ns 10 — 225 450
tpLH. tPHL = (0.5 ns/pF) C_ + 125 ns 15 — 150 300
Irhibit Propagation Delay Times tPLH. ns
tPLH. tPHL = (1.7 ns/pF) C_ + 315 ns tPHL 5.0 - 400 800
tpLH. IPHL = (0.6€ ns/pF) C_+ 117 ns 10 — 150 300
tPLH. tPHL = (0.5 ns/pF) C|_ + 75 ns 15 F— 100 200
Setup Time tsu ns
Data to Strobe 5.0 250 125, —
10 100 50 -
15 75 38 —
Hold Time th 5.0 -20 -100 — ns
Strobe to Data 10 0 -40 —
16 10 -30 —
Strobe Pulse Width tWH ns
5.0 350 175 —
10 100 - 50 = -
15 75 38 —

* The formulas givenare for the typical characteristics only at 25°C.
#Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance.

For MC145148B

1. For P—channel: Inhibit = Vgg
and D1-D4 constitute
binary code for “output
under test.”

2. For N—channel: Inhibit = Vpp

[

YbD

STROBE St
INHIBIT S4

D1 S6
D2 39
D3 S11

D4 S14 F—o——m

l—o——o
—o———o0
S12 '—0—9

]

Vbs

For MC14515B

1. For P—channel: Inhibit = Vpp

2. For N—channel: Inhibit = Vgg
and D1-D4 constitute binary
code for “output under test."

EXTERNAL

POWER SUPPLY

S15 —©

B

Figure 1. Drain Characteristics Test Circuit
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PROGRAMMABLE
PULSE
GENERATOR

JLuﬂ

L
s DB

o Vpp
Io = 1_0.01 uF
-~ lan)
500 CERAMIC
wFo L
249 VDD =
PULSE
O0— D1 SO TO_
GENERATOR
0 b2 =~
—0— D3 |
—o— D4 =
L—o— STROBE
INHIBIT S15

C
‘—%VSS L

Figure 2. Dynamic Power Dissipation Tast Circuit and Waveform

$ VpD

—O~—0—0—]

STROBE ol o o~ osouTPUTSO
Lo ouThUT S1
CL

I

ol )

] tPiH

OouTPUT
D3

—O
—o
—O—<—0—0—
—O

—o
-O=—0—0— D2
—0

—o
O<+—0—0—
—O

—o

OUTPUT S15

—O
ivss CL

Figure 3. Switching Time Test Circuit and Waveforms

PIN ASSIGNMENT

st1e 24 ] vpp
D12 23 1] INH
D2(]3 22 [] D4
S7 (4 2103
S6 (5 20 ] S10
s5(]6 19 [J St
s4(]7 18 [} S8
S3(ls 17 ) 89
s1(l9 16 ] S14
s2( 10 15 ] S15
so 11 14 ] S12
Vgs (] 12 13 [) S13

20 ns
VDD

Vss

ITHL

TLH

ITHL

— Voo

Vss

IPHL

Vbp

Vss
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LOGIC DIAGRAM
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