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ABSTRACT

This project descried the development of Digital Telephony Demonstator for study.
This course consist of Subscriber loops Interface Circuit ,CODEC Circuit ,DTMF Decorder Circuit
,Telephone Central Office Circuit ,Ringing Tone Circuit ,DTMF Circuit ,Pulse Dialers Circuit

,Speech Contral Circuit, Speech Contral Circuit and Display Pulse Dialers Circuit
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L. anavesfaanaldivyy (DIAL TONE)
f = 1.44 / ((1000+(2*3100)) * 0.47u)
= 425053 Hz
2. grunavesdyayalaing (BUSY TONE)
Ton = O.693*(2000+73000)"*' 10u
= 0.519s
T off = 0.693*73000* 10u
= 0.505 s
3. gIumvesdee a3 onady (RINGBACK TONE)
Ton = 0.693*(15000+45000)* 100u
= 40158 s
T off = Q.693*15000* 100 u
= 1’.04 s
4. ansdvesdanauien (RINGING TONE)
f = L.44/((75000+(2*250000))* 0.1 u)
= 25.04 Hz
s. mméuazgmuawaa&’mummnanmmﬁﬂwmﬂ (ERROR TONE)
f = 1.44/((10000+(2*47000))*4.7 u)
= 3Hz
Ton = 0.693*(4000+146000)*100 u
= 1.074 s
T off = 0.693*146000*100 u

= 1.039s
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2 a1 PCM Cedec Filter
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max U 4.86V cycl 15.0
ain 4 - -7 - rise < 20us
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‘gﬂ “igqnm Ringing Tone

Recalibration Suggested (SYSTEN CONFIG Henu) By LeCroy
fluto L.S140

CH3 14 Jyan,08°56:16
0T, BUL:Full
YpLenter 0.0V
teCenter 100 .Cus

H + iﬂfé* - ; qffft‘ -+ { 5:: i: + V‘C +

ai N Y -
2V
20ns
i
< 0.0
snart Probe on cﬂ( TRIGGER on CHZ
fict Coannectes

_wl\._une 340 ¢ 279
Fileld 2,2

CH3 MEASURENENTS

plepk 5.78¢ freqil 15 .81Hz
nax 2.50¢ cycl 2.5
nin -4.29Y rise - == -

5171 36 gudanansThs

3‘11 Vﬂlqillu'lﬂ& Busy Tone

Recalibration Suggested (SYSTEM CONFIG flenu} LeCroy
Auto LS140

CHI 14 Jan,08:46:5S

H2e }1 ﬂ\ l' ge, guLiruil
etz oo, fuf ol ) ) veCenter 2 .60V
i;g"s 1 | 1 ! {@Center SO .0Ons
- } - 1] CH2 14 san,08:46:58
} pc, BUL:IFull
1 j UeCenter -4.93U
2y CHZ AR At A ol 4 M 1 b teCenter S0 .5ns
10Ms  ©H CH3 14 J43n,08:46:55
0C, BULIFull
$ h it N IS ot “eg'ﬂtt" g -Ug
o t ¢ P R o s v LeCenter S0 .0ns
1A}
2¢ Lttt
10ns E HEETFT oyt

Sk [T NN nlmm IR A 1A RIRIRI]
1 O (AN HHTHHHH TR !

Snar: {robe on CHL TRIGGER on CHZ
o

Fonnested ¢ tine 390 C 27) @E
Field 2,2

CH3 NEASURENENTS

pkpk 5.50¢ freq - == -
Max 2.62v cycl 16.5
min -2.68y rise - -1 -

<p

s

g1l 37 gdanuanelidng

2
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s1ldtynyeu Ringback Tone

v o

Recal lbration Suggested (SYSTEH CONFIG fleru)

| A1 | i
cH3 ,
2u
s
€ T o0%
Smart Probe on CHL TRIGGER on CHZ
Hot Connected r Line 240 ( 27)
U Field 2,2
€H3 HEASURENENTS
phek 7.8 {req - - -
max 4,88V cycl 108.5
nin -3.01v rise - =77 -

=

g1l

teCroy
futo L5140

CH3 14 san, 0858 13
BC, BUL:Ful!
veCenter C .0V
teCenter §.C0s

38 g4 FynnuaruNauIdianadng
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3‘1.! Yeyeya Dial Tene

Recalibration Suggested (SYSTEN CONFIG Henu) LeCroy
', fluto £ S140

CH2 34 3a0,08:33:0€
oC, BULIFull
uelenter 0.0
t2Cenler 10.00ms

« 0.000¢0
Srart Probe on CHL
ot

TRIGGER on CHZ

Gonncered N tine 30 C 2

Field 272
CHI HEASUREMENTS
plplk 4.24v freq ik 327 .94z
nax 2.50y cycl 2.0
. nin 2.2 rise ¢ BSus

g‘ﬂﬁ 39 gﬂé@tgm Dial Tone

if

ot
&
2

194 Error

Recalibration Suggested (SYSTER CONFIG Henu) :
- fluto LS140

CH3 14 J4mn,09:00:1s
i DC, BULIFull
véCenter 0.0V
LéCenter 100 .0ns

k] [T

20ns

« 4 .00T0E
Smart Probe on CHi
Hot

TRIGBER on CH2

Connected
__lfj\_Line 340 ¢ 27

Field 2,2
CH3 MEASUREMENTS

pkok 6.9tV freq i 15.45Hz
Max Z2.50¢ cycl 2.5
nin -4 .42V rise - = -

51l 40 3udeyayIas Error
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MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

Subscriber Loop Interface Circuit

The MC33120 is designed to provide the interface between the 4-wire
side of a central office, or PBX, and the 2-wire subscriber line. interface
functions include battery feed, proper foop termination AC impedance,
hookswitch detection, adjustable transmit, receive, and transhybrid gains,
and single/double fault indication. Additionally the MC33120 provides a
minimum of 58 dB of longitudinal balance (4-wire and 2-wire).

The transmit and receive signals are referenced to analog ground, while
digital signals are referenced to digital ground, easing the interface to
codecs, filters, etc. The 2 status outputs (hookswitch and faults) and the
Power Down Input are TTL/CMOS compatible. The Power Down input
permits local shutdown of the circuit.

Intemal drivers allow the external loop current pass transistors to be
standard bipolar transistors (non-Darlington).

The MC33120 is available in a 20 pin DIP and a 28 pin PLCC surface
mount package.

* 58 dB Longitudinal Balance Guaranteed; 4-wire and 2-wire

* Transmit, Receive, and Transhybrid Gains Extemally Adjustable
Retumn Loss Extemally Adjustable

Proper Hookswitch Detection With 30 kQ Leakage
Single/Double Fault Indication With Shutdown for Thermal Protection
Critical Sense Resistors Included Internally

Standard Power Supplies: ~42 V to - 58 V, and +5.0 V, £10%
On-Hook Transmission

Power Down Input (TTL and CMOS Compatible)

Operating Ambient Temperature: — 40°C to +85°C

Available in a 20 Pin DIP and 28 Pin PLCC Package

MC33120

SUBSCRIBER LOOP
INTERFACE CIRCUIT
(SLIC)

THIN FILM
SILICON MONOUITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 738

FN SUFFIX
PLCC
CASE 776

. 4

1

- ORDERING INFORMATION

Temperature

Device Range Package

MC33120P Plastic DIP

- 40°10 +85°C

MC33120FN PLCC

SIMPLIFIED BLOCK DIAGRAM

Current |
Mirror

hd

Vpp (+5.0V)

Curment
Mirror

VbG

-

(Dig. Gnd)
PDIST2
ST

Hook Status and
Fault Detection

& Bias Control

Vag
{Ana. Gnd)

RXI

Current
Mirror

Curent
Mirror

| I

TXO

RFO
CF

N

(Battery) L

vas

* {ndicates Trimmed Resistor

MOTOROLA INC., 1991
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ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Value Unit

Supply Voltage vde

with respect to VCC VEE -60,+0.5

with respect o VDG VpD -0.5,47.0
Input Voltage Vin Vde

@ PDI, with respectto VpG -0.5,47.0

@ Pins 1-5, 16-20 VegtoVce
Storage Temperature Range Taig —-65104150 | °C 4
Junction Temperature Ty 150 °C

Devices should not be operated &t these values. The *Recommended Operating Conditions” table provides conditions for
actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic ) Symbol Min Typ Max Unit

Supply Voltage . Vde

{with respect to VCC) ' VEE ~58 —48 - 42

(with respect to VpG) VDD +4.5 +5.0 +5.5

(with respect to Vo) VaGg -30 0 +10 vde

{with respect to VCC) VpaG -3.0 0 +7.0

(with respect to VAG) -30 0 +10

(with respect to VEE) VpD — —_ +63.5 Vde

(with respect to V¢ and VaG) +3.5 — —_
Loop Current ILoorP 15 — 50 mA
PDI Input Voltage Vppt 0 —_ Vpp Vde
Sink Current mA

ST IST4L 0 — 1.0

sT2 IsT2L 0 - 1.0
Transmit Signal Level at Tip & Ring STX —48 — +3.0 dBm
Receive Signal Level at VRX SRX -48 —_— +3.0
Loop Resistance Ry >0 - 2.0 kQ
Extemnal Transistor Beta HFge 40 — 500 AA
Operating Ambient Temperature (See text for derating) . TA - 40 — +85 °C

All timits are not necessarly functional concurrently.

ELECTRICAL CHARACTERISTICS (VEg=-48V,VpD = +5.0 V, unless otherwise noted, Voo = VAG = VDG =0 V, Ta = 25°C,
see Figure 1, unless otherwised noted.)

r Characteristic I Symbol l Min -,I Typ I Max | Unit_]
POWER SUPPUIES
VEE Current . mA
On Hook (R > 10MQ, VEE=~58 V) IEEN -27 -1.2 —
Off Hook (R =0 Q, VEg=—58 V)* IEEF -75 -58 —45
Vpp Current
On Hook (R > 10 MQ, Vpp =+5.5V) IDDN -— 14 27
Off Hook (R = 0Q, Vpp =+5.5 V) IpoF 6.5 9.0 15
VEE Ripple Rejection PSRR dB
f = 1.0 kHz, at V1 (4-wire) 40 62 —
1 = 1.0 kHz, at Tip/Ring (2-wire) 40 52 —_
Vpp Ripple Rejection
1 = 1.0 kHz, at V1 (4-wire) 37 52 —
{ = 1.0 kHz, at Tip/Ring (2-wire) 37 48 —

*Inciudes loop ccgment.

MC33120
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ELECTRICAL CHARACTERISTICS (Vg =~ 48 V,Vpp = +5.0V. unless otherwise noted, VGG = VAG = VDG TA = 25°C, see Figure 1)

Characteristic [ symbol | Min [ yp, | Max | unit ]
LOOP FUNCTIONS
Loop Current mA
Maximum (RRF =4.7 k, R =10 Q) ILMAX 41 43 53
Nominal (RRF = 4.7 k, R_= 600 Q) 1LooP a7 40 48
Minimum (RRF = 4.7 k, R = 1800 Q) ILMN 19 21 —
Battery Feed Resistance (RRF =47k, R = 1800 Q)* RgF 475 508 675 Q
Hookswitch Threshold kQ
On-t0-Off Hook RNF 20 341 -
Off-10-On Hook REN — 7.0 10
Fault Detection Threshold Q
Ring-to-Ground (Ry_= 600 Q) RRG 600 660 —
Tip-to-Battery (R = 600 Q) RTB 600 660 —
~Calculated from [(4871 \N) — 1800]
GAIN LEVELS
Transmit Voltage Gain (CP, CN 10 TXO) ‘ GTX1 — 0.328 — v
Transmit Voltage Gain (VTX/VL) ' dB
V| =0dBm, f=1.0kHz GTX2 -03 0.0 +0.3
V| =0 dBm, = 3.4 kHz, with respect to GTX2 -0.1 0.0 +0.1
V[ = +3.0dBm, f = 1.0 kHz, with respect to GTX2 -0.15 +%.<1> 40.15
Vv =-48dBm,f=1.0 kHz, with respect to GTX2 — - —
Transmit Distortion (at Pin 11) THOT %
(f = 300 Hz 10 4.0 kHz, ~ 40 dBm < VT-R < +5.0 dBm) — 0.05 —
Receive Current Gain (IEp/IRX1) GRX1 94 102 110 mA/mA
Receive Voltage Gain (Vi /VRXI) (R =600} dB
VRx| =0 dBm, f= 1.0 kHz GRx2 -03 0.0 +0.3
VRxi =0 dBm, f=3.4 KkHz, with respect to GRx2 -0.1 0.0 4+0.1
VRX| = +3.0dBm, f=1.0 kHz, with respect to GRx2 -0.15 0.0 +0.15
VRxi = - 48 dBm, = 1.0 kHz, with respect o GRx2 - 0.1 —
Receive Distortion . THDR —_ 0.05 — %
{f = 300 Hz 10 4.0 kHz, - 40 dBm < VRY] S +5.0 dBm)
Retum Loss (Reference = 600 Q resistive, { = 1.0 kHz) RL 30 >40 — dB
Transhybrid Rejection (R_= 600 O, f = 1.0 kHz, Figure 4) THR — 44 — dB
LONGITUDINAL SIGNALS (VoM = 5.42 Vrms, see Figures 1 and 2)
2.Wire Balance, f= 1.0 kHz, Zac = 600 Q (@ Tip/Ring) L8 58 64 — d8
4-Wire Balance, f = 1.0 kHz, Zac = 600 Q (@ VTX) 58 64 —
2.Wire Balance, f = 330 Hz, Zgc = 600 Q (@ Tip/Ring) 58 64 —
4-Wire Balance, f = 330 Hz, Zac = 600 Q (@ VTX) 58 64 —
2-Wire Balance, f = 3.3 kHz, Zac = 600 Q (@ Tip/Ring) 63 60 —
4-Wire Balance, f = 3.3 kHz, Zac = 600Q (@ VTX) 53 60 —_
2-Wire Balance, f = 1.0 kHz, Zac = 900 Q (@ Tip/Ring) — 62 —
4-Wire Balance, f = 1.0 kHz, Zac =800 Q (@ V1Y) - 62 —
Signal Balance, f=1 .0 kHz (Figure 3) 40 55 —
Longitudinal Impedance, RS = 9100 Q ZLONG 150 180 210 Q
Maximum Longitudinal Current per side Itm mA
f=1.0 kHz, iLo0P = ILMN. CT= 0.1 uF 85 16 —

MOTOROLA
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ELECTRICAL CHARACTERISTICS (VEE =— 48V, Vpp = +5.0V, unlessotherwisenoted, Vcc =VAG=VDG: TA= 25°C, see Figure 1)

r Characteristic Symbol Min l Typ l Max T Unit I
LOGIC INTERFACE
ST1 Output Voltage Vde
Low (IsT1=1.0mA,Vpp=55V) VoL VoG 0.17 0.4
High (IgT1=— 100 1A, Vpp =4.5V) VOH 24 3.2 —
ST2 Output Voltage
Low (IsT2= 1.0 mA, Vpp=5.5V) VoL Vpa 0.17 0.4
High (lgT2 =- 100 pA, Vpp = 4.5 V) VOoH 24 4.3 —_
Time Delay ’ us
Hookswitch Closure to ST1 Change 1ST11 — 10 —
Hookswitch Opening to ST1 Change tST12 —_ 200 —
Hookswitch Closure to 80% of Loop Current (CT = 0.1 uF) tHS — 19 —_ ms
PD! Taken High-to-Low to 10% of Loop Current tsT21 — 18 - ms
PDI Taken Low-1o-High to 90% of Loop Current tsT22 — 10 — us
PD! Input Current IiH . pA
Vpp1=3.0V,R_.=600Q, Vpp=5.0V ' - 1250 - 800 - 300
Vppi=0V,R =600Q,Vpp=55V - - 800 —
PDI input Voltage Vv
Low ViL VpG — 0.8
High ViH 20 —_ Voo
MISCELLANEOUS
V@B Vottage (VoB - VEE) Vas Vde
@ =20mA — 0.82 —
@ | =40mA —_ 0.95 —
TXO Offset Voltage (VTx0 - VAG) @ RL=600Q VTX0 - 400 +30 +400 mVdc
TXO Output Current xo 1275 1800 — pA pk
RX! Offset Voltage (VRxi — VAG) @ R =600Q Vaxos — 0.8 — mVdc
VAG Input Current @ R =600 Q lvaG — 0.2 — pA
Idle Channel Noise (with C-message filter, R = 600 Q) dBme
@ TXO (Pin 11) Nica —_ -10 — s
@ Tip/Ring Nic2 — -5.0 —_
Thermal Resistance — Junction 1o Ambient . 0JA °C/W
(Either package, in still air, soldered to a PC board) (@ Ta = +25°C) — 62 —
(@ Tp = +85°C) —_ 36 —

[
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145554/D

PCM Codec-Filter

The MC145554, MC145557, MC145564, and MC 145567 are all per channel
PCM Codec—Filters. These devices perform the voice digitization and
reconstruction as well as the band fimiting 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
MC145554 (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.
Erom 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 allowed by &
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 fow—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 filter to eliminate the out—of-band energy of the switched
¢apacitor 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

Mu-Law Companding MC145554

A-Law Companding MC145557

On-Chip Precision Voltage Reference (2.5 V)

Typical Power Dissipation of 40 mW, Power Down of L.OmWat+5V

e & &6 ¢ & o o o

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

o Mu-Law Companding MC145564

A-Law Companding MC145567

Push-~Pull Power Drivers with External Gain Adjust
Analog Loopback

REV 1
/95 (Replaces ADI1517)

MC145554
MC145557
MC145564
MC145567

L SUFFIX
IR CERAMIC PACKAGE
CASE 620
16 MC145554/57

P SUFFIX
PLASTIC DIP
CASE 648
MC145554/57

DW SUFFIX
SOG PACKAGE
CASE 751G

1 MC145554/57

L SUFFIX
20 GERAMIC PACKAGE
1 CASE 732
MC145564/67

P SUFFIX
PLASTIC DIP
CASE 738
MC145564/67

DW SUFFIX
SOG PACKAGE
CASE 751D
MC145564/67

© Motorola, Inc. 1995
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PIN ASSIGNMENTS

MC145554, MC145557 MC 145564, MC145567
veg [ 1@ 16 [} VFyl+ vro+ [ 1@ 20 {1 Vgg
GNDA I 2 15 [1 VFyi- gNDa ]2 19 [} vFxl+
vrgo [ 3 14 {1 Gsy veo- (3 18 [ VFyl-
vee 0 4 13 1 Tsy vPl 4 17 [ 68y
Fsg 0 8 12 [ Fsy VFRO [ 5 16 {1 ANLB
op 06 1t [ oy vee 06 15 {1 TSy
BOLKp/CLKSEL [ 7 10 | BCLKy Fsg 7 14 1 FSy
MCLKR/PDN [] 8 g {] MCLKx pp 8 13 [ o
BCLKR/CLKSEL [} 9 12 [] BCLKy
MCLKg/PDN [} 10 11 [I MCLKy

.

FUNCTIONAL BLOCK DIAGRAM

MCLKR/ BGLKp/

GSy  ANLB* Voc GNDA Vgg FSx FSp MCLKx BCLKx PON  CLKSEL
INTERNAL SEQUENGING =
VExl-»— - AND CONTROL X
RC ACTIVE 5 POLE SC 3-POLE :
VExl+»— LOW-PASS || LOW-PASS |—»{ HIGH-PASS
FILTER FILTER AND SH
TRANSMIT
vporesl - y SAR | ol SHIFT [0y
¥ BAND-GAP 4 8 REG REG
VOLTAGE RDAC |-»| CDAC
REF
VPO~ 4
. ?7 MUX
VPI* p— RECEIVE
\ 8 ng%‘f le— SHIFT |<Dg
RC ACTIVE 5-POLE SC REG
VFRO < LOW-PASS |« LOW-PASS |«  SH
FILTER FILTER
*MC145564 and MC145567 only.
g
MC145554eMC145557«MC145564eMC145567 MOTOROLA
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DEVICE DESCRIPTION

A codec—fitter is used for digitizing and reconstructing the
human voice. These devices were developed primarity 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 inan effective resolution of six
bits (sign + chord + four step 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 ata
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 proportional 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 ot 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 extemal
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 FSy, the length of the FSR pulse is used to deter-
mine whether the /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 FSy is
clocking, MCLK 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 FSy is absent
but FSR 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 intemal sequencing clocks;
it must be 1.536 MHz, 1.544 MHz, or 2.048 MHz.
BCLKY
Transmit Data Clock

BCLKy 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 controlied by FSx and BCLKx to output the
PCM data word; otherwise this pin is in a high-impedance
state.

FSy
Transmit Frame Sync

This is an 8 kHz enable that must be synchronous with
BCLKx. A rising FSx edge initiates the transmission of a

il
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serial PCM word, clocked by BCLKY, out of Dx. If the FS¥
pulse is high for more than eight BCLKY periods, the Dy 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 /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
Dy 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

GSY
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 VFx1—-and VFx{+
to set the transmit gain for a maximum signal amplitude of
2.5 V peak. This output can drive a 600 Q load to 2.5 V peak.

VFy!I-
Voice—Frequency Transmit input (Inverting)

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

VExi+
Voice—Frequency Transmit input
(Non-Inverting)

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

VFRO
Volce-Frequency Recelve Output

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

VPl
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 VBB.

VPO~
Voltage Power Output (inverted) (MC1 45564/67 Only)

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

VPO+
Voltage Power Qutput (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. 1t is 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 codec—filters 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
pre—filter incorporates a two—pole Butterworth active low—
pass filter, and a single passive pole. This pre-filter 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 @ 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 dec
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
capacitor 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

MC145554eMC145557+MC145564MC145567
4
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MC33120

i " Voo Vpp +5V
— —
EP  ppusT2
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L 1aw 1k 17 =
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91k 5
AING € A RSt
1
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0.01 pF 0
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T

HOOK STATUS/
FAULT INDICATION

+5V
MC145554/7 l
4
Vel
3 12
VFRO  FSx
5 l
FSp 0
BCLKy 7
BCLKR
MCLKg F>
9
MCLKx [
VF - D
1 GSX "ox :
R
49.0k 16 x R 13
VFxI+ TSy
1
GNDA Vg

NOTE: Six resistors and two capacitors on the two-wire side can be 5% tolerance.

8 kHz SYNC

DATA CtOCK
MC145554 =
1.544 MHZ
MC145557 =
2,048 MHz

TO PCM HWY

Figure 4. A Complete Sinéle Party Channel Unit Using MC145554/57 PCM Codec~Filter and MC33120 SLIC
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Integrated DTMF Receiver

Features

Complete DTMF Receiver
Low power consumption
internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote controi

Personal computers

Telephone answering machine

E o s

ISSUE § March 1997

Ordering Information
MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP

-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip- provision of a differential input
amplifier, clock oscillator and latched three-state bus
interface.

vDD VSS VRef iNH
1 |
5 Bias \ |
PWDN *1  Circuit / VRef )
Buffer |
] ] t— > Q1
p%'ci‘;r giha'.g High Group Digital Code
Filter Detection Converter N
Algorithm and Latch Q2
IN i
* %ﬁ; Zero Crossing
IN- Fitter Detectors —> (O3
Low Group -
@s Fiter $——> Q4
.—-—Do—f—> P —s| st Steering &
Clocks GT Logic -
L ——— AA————]
v \
QSC1 0SC2 SYGT ESt STD TOE

_-_i S —— S
Figure 1 - Functional Block Diagram
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Pin Connections

Pin Description

Pin #

18 | 20 Name Description

141 IN+ |Non-Inverting Op-Amp (input).

IN- |inverting Op-Amp (Input).

GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

4| 4 Vpet |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

515 INH |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pufled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

OSC1 |Clock (input).

0SC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal osciltator circuit.

9110 Vgg |Ground (Input). OV typical.

1011 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-112-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
14115 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

1617 StD  |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below Vygt.

16| 18 ESt |Early Steering (Output). Presents a fogic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17119 | SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg detected at
St causes the device to register the detected fone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18120 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained Rp=(RBRMA A2
by choosing a suitable values of Ry and Ry to :
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time

tara~(AC)ln(Vpo/Vrsd

requirements when the total component tolerance is ' ) 2053%8 K Q4 1%
6%. For better performance, it is recommended to Ry=2.2M Q1%

use the non-symmetric guard time circuit in Fig. 8. . C4=100nF £ 5%

MT8870D-1

IN+ U Voo
IN- SYGT
GS ESt
Vet StD
INH Q4
PWDN Q3
QSC1 Q2
QsC2 (o)}
Vss

NOTES:
Ry=102KQ + 1%
Rp=71.5KQ+ 1%
Ry = 390KQ +1 %

" C4,Cp =100 nF £ 5%
Xy = 3.579545 MHz £ 0.1%
Vpp = 5.0V 5%

L
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l o
EVENTS | A | B | ¢ | E | F | @
T R e e L
‘ l | | TONE TONE
Vi, | l TONE #n e aONE
tor—| Je— — j—toa
ESt r‘ l I I I __[ l___
tathr—y — > e— taTA
] ] ~_ Vst
SYGT A A : L/ |
tba—p| |e— ‘
45 |e—tasm
HIGH IMPEDANCE
Q-4 DECODED TONE # {n-1) #n ) #(n+1)
tesp—s |-
—! — tere
TOE [ tem
EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS
c) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID |
TONE. :
D) OUTPUTS SWITCHED TO HIGH IMPEDANGE STATE.
TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE). :
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.
G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.
EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.
ESt  EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
SUGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
Q-Q; 4-BIT DECODED TONE OUTPUT. .
SID  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.
| TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-Q, TO ITS HIGH IMPEDANCE STATE.
e MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
taec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
to MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
 too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
| tetp GUARD TIME, TONE PRESENT.
GUARD TIME, TONE ABSENT.

"igure 11 - Timing Diagram
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: C145413
Advance Informaticn MC
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MC146412, mc145413, MC145512

ASSOLUTE MAXIMUM RATINGS (veg -3 v

Parsmetor

| OC Suopty Voliage

| Svembot Ratlng | Unig

Voo

-0.5w© +8.0 v

, Oo-rating Temoaratura | Ta -Xi +60 °C
Storage Tempuraturs T‘,g -6510 ~150 *’C
OC Cureznt Orain Per Pin | 10 ma
Maximum Vollage ' v

On Any Pin Ralative 1o Vss’ Vial ~-0.5
On Any Pin Rafativa 1o Voo Yin2 +05

ELECTRICAL CHARACTERISTICS Tae X

10 "C. Voo~ 2.5 v, Vss

=0V, Unlass Othaneize Notag)

L Charscrrautles ,l Symbol Min Typ Max l Unit
DC Suooty Voltage Pulss Moce Voo 2.0 - 5.5 v
OTMF Mods 2.5 -~ 3.5
Oopnrcating Currant Pulsa Mode (MS Voo! too - 0.25 0.7 mA
OTMF Mode MS - Vg - 1.0 2.0
Memony Ratention Votiage [ Vsibe 1.2 - - v
t4emory Retention Curreat Vgp=1LIw oy - 1.0 2.0 A
Vop -~ 25w - 1.2 25
Input Vottags, Row/ ColumasOH 0™ Lovel Vie - - 02 vpp v
1 Level Vi 0.8 Voo - -
Row/Column trout Impedance . To Yoo Zin - 100 - 0
To Vg - 2 -
OH Pyil-Up Resistance i 3 - %0 - i |
Inout Capacitance (ANl tnpyts! | G - 10 - | or
MS Pin Inout Impadance I & 0 puos] - «
Qutout Sink Current Voo = 2.5 VI TSO Pin oL 0.5 0.7 - 2N
30 Pin 1.0 2.0 -
OFL 2ia 10 2.0 -
VDo = 4.0 VI 720 pin 3.0 - -
53( #in L5 - -
T50 Cutont Source Current Voue = 2.0 Vi | oy | os 0.7 - i ma
Ouzout Leaxags Current &0, OFC ins i g - - 1.0 2A
DTMF Outcart Leval Refaranced to Vpo/2 flow Tone j Vaut 0 Jio J7o mv asMs
Vog=151046V, RL=E0 Q10 Vgt Column Tone 1 0 X0 )
OT34F Ouiput Tone Leakags Voo =3.5. AL = 600 0, 200 10 €0CQ 17 I - - ~ 80 d3m
OTMF Dutout Tone Oistortion (Voo = 1.5, RU =& 0, 200 10 2000 Haj | - - 5 %
Pra-Emonasis . | i 2 2.5 43
OTMF Outout Leakage Current While Not Oiating Tores (Vpp « 2.5 i f - - 1.0 P
OTMF Qutout Sink Currant White Oialing Tones | J 0 - - 2A l

MOTOROLA TELECOMMUNICATIONS OEVICE DATA
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MC34114P, DW

Ta = —207 10 +70°C, Case 707, 7510

+ Cperation Nown tn 1.2V ¢ Ragulated 1.7 V Output for Biasing Micraphona
¢ Adjustable Transmit, Receive, ana Sidetane Gains hy + Reguilated 3.3 vV Qutput far Powenng External Dialar
Exlerna! Resislors « Microphonc and Reccive Ampiificrs Muled During Disting
= Differential Microphone Amplifier input Minimizes BF| - Differential Receive Amplifier Qutnut Elimingtas Coupling
¢ Transmit, Roeive, and Sidetane Equatiz: Canacitar '
Veoice and DTMF Signals ,¢ Operates with Receiver Impedances of 150 12 and Higher

VvV B — T
—_j_— L’W\J—’\Nv-< DTMF In Mute MS

- ANALOG ANDINTERFACE INTEGRATED CIREUITS MOTOROLA
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Tone Ringers

The MC34017 Tone Ringer is designed lo replace the
bulky bell assembly of a telephane, while providing the same
function and performance under a variety 6f con The
operational requirements spelled cut by the FCC and
EIA-470, simp ¢ circuit MUST function

Gitions.
118
4]

aringe

fo gt

ly stated, are that

Cu

MC34017P, D
Ta = —20° to +60°C, Case 6286, 751

Complete Telephone Bell Replacement
Circuit with Minimum External

when a ringing signal is provided, and MUST NOT ring when
other signals (speech, dialing, noise) are on tha line. The tona
dngers described bolow werc dosigned to mcet those
requirements with a minimum of external compaonaents.

Components
On—Chip Dicde Bridge and Transient

Protection AC2

A1 ACt l Diod
Tap—AA—E 1
C1

N

i

-
X

)

e Bridge
-

¥

el
Current
Mircor

4

x !

Direct Drive for Piezoelectric Ring D>——
Transducers

Push Pull Cutput Stage for Greater
Output Power Capabiiity

Base Frequency Options

— MC340i7-1: 1.0 kHz

— MC34017-2: 2.0 kHz

~ MC34017-3: 500 Hz

input Impedance Signature Meeis Bell
and £!A Standards

Rejects Retary Dial Transie

g

<«

=3

1|4y

nia
Vi

MC24A2178, D

TA = ~20° lo +60°C, Casé 626, 751

1

« Complete Telephone Bell Replzcement

1

3

Teansieni
Clamp L

Oscilator

SCR

Iy

Tone -

RN

Frequency Drvde' "

Thyasho
Gompasalor

B arble
- Frequency Divider

]

RGJ_T

42

= On-Chip Diodc Bridge
‘Intemal Transient Protection
Differentiai Output io G Transd .

-

-

).

et Cureent

{ic Piezo Transdugsr
for Loudsr Sound Fiineg

Input Impedance Signature M
and ElA Standards

Rejects Rotary Dial and Hook
Transients

Base Frequency and Warble

)
Y

S

it
b

01

}""‘ Pinzo

. B,
[ Seund
2[ 'l Elemant

R

A0

Tone

Frequencies are Independently
Adjustable

Adjustable Base Frequency
Reduced Number of Externals

By

<

Threshold
Comparator

Frequancy
Divider

Uscifator

Warbls

Frequency
Tivider

MATORQLA
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CD4020BC « CD4040BC » CD4060BC
14-Stage Ripple Carry Binary Counters ¢
12-Stage Ripple Carry Binary Counters *
14-Stage Ripple Carry Binary Counters

General Description

The CD4020BC, CD4060BC are 14-stage ripple camy
binary counters, and the CD40408C is a 12-stage ripple
carry binary counter. The counters are advanced one count
on the negative transition of each clock pulse. The
counters are reset to the zero state by a logical “1” at the
reset input independent of clock.

Features ‘

W Wide supply voltage range:  1.0Vto 15V

B High noise immunity: 0.45 Vpp (typ.)

B Low power TTL compatibility: Fan out of 2 driving 74L
or 1 driving 74LS

M Medium speed operation: 8 MHz typ. at Vppp = 10V

W Schmitt trigger clock input

Ordering Code:

Order Number | Package Number Package Description
CD4020BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narmow
CD4020BCN N16E 16-Lead Plastic DuatIn-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4040BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4040BCSJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE i, 5.3mm Wide
CD4040BCN N16E ° 16-Lead Plastic Dual-in-Line Package (PD!IP), JEDEC MS-001, 0.300" Wide
CD4060BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4060BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also avallabls in Tape and Reel. Spacity by appending the sutfix letter “X™ to the ordering code.

Connection Diagrams

Pin Assignments for DIP and SOIC
cDA40208C

Vgp Qu G Og Qg RESET ¢ a

lm s g jin fa2 In lu ||

|

Vss

Q2 Q@3 04 G Q3 & 04 Vg
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'CD4020BC « CD4040BC « CD4060BC

Connection Diagrams (Continued)

Pin Assignments for DIP and SOIC
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CD4060BC
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CD4020BC * CD4040BC « CD4060BC

Absolute Maximum Ratingsete 1)

Recommended Operating

(Note 2) Conditions
Supply Voltage {Vpp) ~0.5Vto+18V  Supply Voltage (Vo) +3V 10 +15V
Input Voltage (Vin) —0.5V to Vpp +0.5V Input Vohtage (Vi) OV 1o Vpp
Storage Temperature Range (Ts) —65°C to +150°C Operating Temperature Range T _40°C to +85°C
Package Dissipation (Pp) Note 1: *Absolute Maximum Ratings™ are thoss values beyond which the
i satety of the davice cannct be guaranteed. They ere not meant to imply
Duakin-Line 700 mW that the devices should be operated at these fimits. Tre tables of “Recom-
Small Outline 500 MW  mended Oparating Condiions and “Electrical Characteristics® provide con-
Lead Temperature (T L) ditions for actual device operation.
(SOI dering, 1 0 seconds) 260°C Note 2: Vgg = OV unless otherwise specified.

DC Electrical Characteristics (Note2)

'
‘

—40°C +25°C 485°C
Symbol Parameter Conditions - Units
B Min | Max | Min Typ Max | Min | Max
loo Quiescent Device Current Vpo = 5V, Ve =Vpp OF Vss 20 20 150 | pA
Vo = 10V, V= Vg o Vsg 40 40 300 HA
Vpp = 15V, Viy=Vpp o Vss 80 80 600 | pA
VoL LOW Level Output Voltage Voo = 5V 0.05 0 0.05 005 | V
Vpp = 10V 0.05 0 0.05 005 | V
Vpo =15V 0.05 0 0.05 oos | Vv
Vor HIGH Level Output Voltage Voo =5V 4.95 4.95 5 495 v
Vpp = 10V 9.95 995 | 10 9.95 v
. Vpp = 15V 14.95 1495 | 1S 14.95 v
Vi LOW Level Input Voltage Vpp = 5V, Vo= 0.5V or 4.5V 15 2 15 1.5 v
Vpp = 10V, Vo= 1.0V or 9.0V 30 4 3.0 3.0 v
Vpp = 15V, Vo= 1.5V or 13.5V 40 6 4.0 40 '
Vi HIGH Level Input Vottage Vpp = 5V, Vo= 0.5V or 4.5V 35 35 3 35 v
Vpp = 10V, Vo = 1.0V or 9.0V 70 7.0 6 7.0 v
Vpp =15V, Vo=15Vor 13.5V | 110 11.0 9 11.0 v
oL LOW Leve! Output Current Vpp = 5V, Vo= 0.4V 0.52 044 | 0.88 0.36 mA
(Note 3) Vpp = 10V, Vo= 0.5V 1.3 1.4 | 225 0.9 mA
Vpo = 15V, Vo= 1.5V 36 30 | as 2.4 mA
on HIGH Level Output Current Voo = 5V, Vo= 4.6V ~0.52 —0.44 | —0.88 -0.36 ™A
(Note 3) Vpp = 10V, Vo =8.5V -13 -1 | -225 -038 mA
. Vpp = 15V, Vo = 13.5V -36 30 | -88 24 mA
[™ Input Current Voo = 15V, Viy= OV ~0.30 —~10™ | 030 40| pA
Vpg = 15V, Vg = 18V 0.30 1076 | 030 1.0 | wA

Hote 3: Data daes nat apply to osciitator points by and 5 of CD4060BC. oy and log_ are tasted one output at a fime.
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AC Electrical Characteristics (Note4)

CD4020BC, CDA040BC Tp = 25°C, C, = 50 pF, R = 200k, , =4 = 20

ns, unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tpHLy teurt Propagation Delay Time fo Q Vpo =5V 250 550 ns
Vpp = 10V 100 210 ns
Vpp = 15V 75 150 ns
torLs teLr Interstage Propagation Delay Time |Vpo = sV 150 330 ns
from Qg to Qnyt Vpp = 10V 60 125 ns
Vpp = 15V 45 20 ns
trv trun Transtion Time Vgp =5V 100 200 ns
Vpo = 10V 50 100 ns
Vpp = 15V 40 80 ns
twe twe Minimum Clock Pulse Width Voo =5V 125 335 ns
Vpp = 10V 50 125 ns
Vgp =15V 40 100 ns
teu ticL Waximum Clock Rise and Fall Time | Vpp =5V No Limit ns
Vpp = 10V No Limit ns
Vpp = 15V No Limit ns
foL Maximum Clock Frequency Vpp =5V 1.5 4 MHz
Vpp = 10V 4 10 MHz
Vpp = 15V 5 12 MHz
toHUR) Reset Propagation Delay Vop =5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
twr(R) Minimum Reset Pulse Width Vop =5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
Cin Average input Capacitance Any Input 5 7.5 pF
Cpp Power Dissipation Capacitance 50 pF

Note 4; AC Parameters are guarantsed by OC correlated testing.

www.fairchildsemi.com
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CD4020BC « CD4040BC * CD4060BC

AC Electrical Characteristics (Notes)
CDA4060BC T, = 25°C, C,_=50 pF, R =200k, {, =t= 20 ns, unless otherwise noled

Symbol Parameter Conditions Min Typ Max Units
torias tpLHae Propagation Delay Time to Q Voo =5V 550 1300 ns
Vpo = 10V 250 525 ns
Vpp = 15V 200 400 ns
ters teut Interstage Propagation Detay Time |Vpp= sV 150 330 ns
from Qg 10 Qpyq Vpp = 10V 60 125 ns
Vpp = 15V 45 20 ns
truee tnun Transition Time Vpp =5V 100 200 ns
Vpg = 10V 50 100 ns,
Vpp = 15V : 40 80 ns
twis twrt Minimum Clock Pulse Width Vpp =5V 170 500 ns
Vg =10V 85 170 ns
Vpo = 15V 50 125 ns
teL teL Maximum Clock Rise and Fall Time | Vpp =5V No Limit ns
Vpp = 10V No Limit ns
Vpp = 15V No Limit ns
foL Maximum Clock Frequency Vpp =5V 1 .MHz
Vpp = 10V 3 MHz
Vpp = 15V 4 10 MHz
tor(R) Reset Propagation Delay Vpp =5V 200 450 ns
Vpo = 10V 100 210 ns
Vpp = 15V 80 170 ns
twHeR) Minlimum Reset Pulse Width Vpp =5V 200 450 ns
Vpp =10V 100 210 ns
Vpp = 15V 80 170 ns
Cw Average Input Capacitance Any Input 5 75 pF
Cep Power Dissipation Capacitance 50 3 pF
Note 5: AC Pa are g nteed by DC testing.

www.fairchildsemi.com
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