CMOS 21-Stage Counter

The RCA-CD4045A is a timing circuit con-
sisting of 21 counter stages, two output-
shaping flip-flops, two inverter output
drivers, three 5.5-V zener diodes (providing
transient protection at 16.5 V), and input
inverters for use in a crystal oscillator. The
CD4045A configuration provides 21 flip-
flop counting stages, and two flip-flops for
shaping the output waveform for a 3.125%
duty cycle. Push-pull operation is provided
by the inverter output drivers.

The first inverter is intended for use as a
crystal oscillator/amplifier. However, it may
be used as a normal logic inverter if desired.
A crystal oscillator circuit can be made less
sensitive to voltage-supply variations by the
use of source resistors. In this device, the
sources of the p and n transistors have been
brought out to package terminals. If external
resistors are not required, the sources must
be shorted to their respective substrates (Sp
to Vpp. S, to Vgg). See Fig. 3.

These types are supplied in 16-lead hermetic
dual-in-line ceramic packages (D and F
suffixes), 16-lead dual-in-line plastic pack-
age (E suffix), 16-lead ceramic flat packages
(K suffix), and in chip form (H suffix).

Applications:

B Digital equipment in which ultra-low
dissipation and/or operation using a
battery source are primary design
requirements.

W Accurate timing from a crystal
oscillator for timing applications
such as wall clocks, table clocks,
automobile clocks, and digital
timing references in any circuit
requiring accurately timed outputs
at various intervals in the counting
sequence.

B Driving miniature synchronous motors,
stepping motors, or external bipolar
transistors in push-pull fashion.

MAXIMUM RATINGS, Absolute-Maximum Values:

STORAGE-TEMPERATURE RANGE (Tgg) . . . . . .

OPERATING-TEMPERATURE RANGE ({Ta):
PACKAGE TYPES D, F, K, H
PACKAGE TYPE E

POWER DISSIPATION PER PACKAGE (Pp):
FOR Ta= ~40 to +60°C (PACKAGE TYPE E)
FOR Ta= +60 to +85°C (PACKAGE TYPE € )

FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K)
FOR T4 = +100 to +126°C (PACKAGE TYPES D, F, K)

....................... —66 10 +150°C

....................... ~55 10 +125°C
....................... —40 1o +85°C

....................... —05t0+15 V

DEVICE DISSIPATION PER OUTPUT TRANSISTOR
FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES} . . . ... ... 100 mW

INPUT VOLTAGE RANGE, ALL INPUTS . . . . ...

LEAD TEMPERATURE (DURING SOLDERING):

........ “iiiii..... ~05t10Vpp 05V

At distance 1/16 1/32 inch (1.59 20.79 mmj fromcasefor fOsmax. . . .. . ... .. ..... +265°C

RECOMMENDED OPERATING CONDITIONS at Tp = 25°C, Except as Noted.
For maximum reliability, nominal operating conditions shouid be selected so that

operation is always the following rang
LIMITS
D FKH £
v (AT
CHARACTERISTIC DD Packagos Package UNITS
V) "Min. Max. | Min. | Max.
Supply-Voltage Range {For Ta=Full 3 12 3 12 v
Package-Temperature Range)
Input-Pulse Width, t 5 115 - 140 -
w 10 | 60 - || - ns
| t-Pulse F , f 5 dc 44 dc 3.5
PputPulse Prequency. 10 | dc |85 | a | 65 [ M=
Input-Pulse Rise or Fall Time, t,¢, t;p 1% : :g : :g us
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Features:

B Microwatt quiescent dissipation . . .. ..
2.5 uW (typ.) @ VDD =5V,

10 W (typ.) @ VDD =10V
® Very low operating dissipation . .....
1mW (typ.); @ Vpp =5V, f¢=1MHz
® Output drivers with sink or source
capability . .. ...
7mA (typ.) @V =05V,
Vpp =5V (sink)
5mA (typ)@ Vg =45V,
Vpp =5 V (source}

8 Medium speed {typ.) ... ..
fp=5MHz @ Vpp =5 V
f¢=10MHz @ Vpp =10V

M 16.5 V zener diode transient protection
on chip for automotive use

B Quiescent current specified to 15 V

B Maximum input leakage current of 1 uA
at 15 V (full package-temperature range)

¥ 1.V noise margin (full package-temper-
ature range)

NOTE 1: To minimize power dissipation in the
zener diodes, and to ensure device
dissipation less than 200 mw, a 150
current-limiting resistor must be placed
in series with the power supply for
Vbbb >13v.

NOTE 2: Observe power-supply terminal connec-

tions, Vpp is terminal No, 3 and Vgg is
terminal No. 14 (not 16 and 8 respec-
tively, as in all other CD4000A Series
16-lead devices).
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CD4045A Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, Input t, ,t; = 20 ns,
Cy = 15 pF, Ry_ = 200 k2

LIMITS
TEST
D,F K H E
CHARACTERISTIC | CONDITIONS Packages Package uNITS
\'
(3? Min. | Typ. | Max. | Min. | Typ. |Max.
Propagation Delay Time: 5 - 22 {44 - | 22155
¢toy or y+d out s
tPLH . tPHL 10 - |12|24] - 1.2 | 33
Transition Time: 5 — [450 [ 800 | - 450 | 900 ns
TTHL - ITLH 10 — | 375|650 | — | 375|750
Maximum Input-Pulse 5 44 | 5 - ]135]| 5 -
Frequency, f, MHz
«'m¢ 10 85|10 - |es[10] -
Minimum Input-Pulse 5 — 11001118 — {100} 140
Width, tw ns
10 — | 50}|160| — | 80|75

Input-Pulse Rise & Fall 5 — — 15 — - 15
Time; 1,6, ted 10| -|-Jw|l=-|-]w|*®
Average Input

Capacitance, Cy Any Input - 5 - — 5 — oF

COMPONENT VALUES
AND TYPICAL OSCILLATOR
CURRENTS

2.097152
MHz

,——15&(—.1

v
Yo 1732 s6c
______ 12 sec =
rha
L EXTERNAL SCHEMATIC OF
COMPONENTS LIRST INVERTER 92cM-20893

Fig. 3 — CD4045A and outboard components in a typical 21-stage counter application.
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CD4045A Types

STATIC ELECTRICAL CHARACTERISTICS §
. %
Conditi Limits at Indicated Temperatures (°C) 2
WHONS ("D, F, K, H Packages E Package Units H
Characteristic 125 i g
Vo [VIN|VDD|_ggt*25_ 1,175| 40 1 +85 §
V) | (W) ] (V) Typ.| Limit Typ.| Limit -
Quiescent Device | — | — | 65 | 15]0.6| 15 (900 |50 1 | 50 |700 g
CurrentipMax. | — | — 1101251 1 { 26 {1500{100! 2 | 100 {1400| MA s
— 1 —[15]s0] 1| s0 [2000j500] 5 |500 [5000 3
Output Voltage: - 5 |5 0 Typ.; 0.05 Max. > ot n B I S S
Low-LeveI, SUPPLY VOLTAGE {vppi—V
s2cs- 20985
VoL - j10]10 0 Typ.; 0.05 Max. \ Fig. 8 — Typical propagation delay ((y to
High Level — 0 5 4.95 Min.; 5 Typ. yorytdoutlvs Vpp.
VoH - jo]10 9.95 Min.; 10 Typ.
Noise Immunity: (4.2 - 5 1.5 Min.; 2.26 Typ.
Inputs Low,
VNL 9 1 -1]10 3 Min.; 4.5 Typ. v B
Inputs High 08| — 5 1.5 Min.; 2.25 Typ. 15
VNH 1 - 110 3 Min.; 4.5 Typ. —:
Noise Margin: 45 | - 5 1 Min. I3
Inputs Low, - s
VNML 8| —-]10 1 Min. v 5
Inputs High, 05| — 5 1 Min. §
VNMH 1 | -]10 1 Min. & SRR
AMBIENT TEMPERATURE (Tj)e25°C
Output Drive B ":"i‘.tﬁ:.';’gsggsﬁ__vl“l‘zsi‘i"w
Current: LOAD CAPACITANCE (CLV—0F 000,
n-Channel Fig. 8 — Typical transition time vs Cy.
(Sink) 05— 5 44| 7 |35]25{22(7[18]13
IpN Min.
05| - 1106911 |565]| 3935|1128 2
Channel mA
e 45) — | 5 |-3.1 -5|-25|-1.8]-1.6] -5|-1.3|-09
(Source): £
IpP Min. 95 - | 10 |-5.6| -9 |-45] -3.2|]-2.8] -9|-23[-16 i
Input Leakage Any Input :
Current, - | =115 +10™5 Typ., 21 Max. HA 14
L. iH H
Zener Breakdown Min.}13.3] — [13.56] 13.7]13.3] — | 135|136 E.
Voltage, V(gryz |1-100pA[Typ.] - J165] — | — |~ 165 — | - | v i
Max.{17.8] — 18 118.2|17.8| — | 18 118.1 §
i
[3 [] 10 12 4 13
SUPPLY VOLTAGE (Vpp) —v
P2AS-27478
Fig. 10 — Typical maximum input-pulse
frequency.
Vop
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Fig. 17 — Quiescent-devica-current Fig. 12 — Noise-immunity test circuft. Fig. 13 ~ Input-leakage-current test circuit.

test circuit.
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CD4046A Types

CMOS Micropower Phase-Locked Loop

The RCA-CD4046A CMOS Micropower
Phase-Locked Loop (PLL) consists of a low-
power, linear voltage-controlled oscillator
(VCO) and two different phase comparators
having a common signal-input amplifier and
a common comparator input. A 5.2-V zener
diode is provided for supply regulation if
necessary.

Thesetypes are supplied in 16-lead hermetic
dual-in-line ceramic packages (D and F
suffixes), 16-lead dual-in-line plastic pack-
age (E suffix), 16-lead ceramic flat packages
(K suffix), and in chip form (H suffix).

VCO Section

The VCO requires one external capacitor C1
and one or two external resistors (R or R1
and R2). Resistor R1 and capacitor C1
determine the frequency range of the VCO
and resistor R2 enables the VCO to have a
frequency offset if required. The high input
impedance (1012§2) of the VCO simplifies
the design of low-pass filters by permitting
the designer a wide choice of resistor-to-
capacitor ratios. In order not to load the
low-pass filter, a source-follower output of
the VCO input voltage is provided at terminal
10 (DEMODULATED OUTPUT). If this
terminal is used, a load resistor (Rg) of 10
k€2 or more should be connected from this
terminal to Vgg. If unused this terminal
should be left open. The VCO can be con-
nected either directly or through frequency
dividers to the comparator input of the
phase comparators. A full CMOS logic
swing is available at the output of the VCO
and allows direct coupling to CMOS
frequency dividers such as the RCA-CD4024,
CD4018, CD4020, CD4022, CD4029, and
CD4059. One or more CD4018 (Preset-
table Divide-by-N Counter) or CD4029 (Pre-
settable Up/Down Counter), or CD4059A
{Programmable Divide-by-"N*’ Counter), to-
gether with the CD4046A (Phase-Locked
Loop) can be used to build a micropower
low-frequency synthesizer. A logic 0 on the
INHIBIT input “enables” the VCO and the
source fallower, while a logic 1 “turns off"”
both to minimize stand-by power consump-
tion.

Phase Comparators

The phase-comparator signal input {terminal
14) can be direct-coupled provided the signal
swing is within CMOS logic levels [logic
0" <30% (Vpp-Vss). logic “1" 2 70%
(VDD-Vss)]. For smaller swings the signal
must be capacitively coupled to the self-
biasing amplifier at the signal input.

Phase comparator | is an exclusive-OR net-
work; it operates analagously to an over-
driven balanced mixer. To maximize the lock
range, the signal- and comparator-input fre-
quencies must have a 50% duty cycle. With
no signal or noise on the signal input, this
phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter
connected to the output of phase comparator
I supplies the averaged voltage to the VCO
input, and causes the VCO to oscillate at the
center frequency {fg).

The frequency range of input signals on
which the PLL will lock if it was initially

Features:
® Very low power consumption:

® Operating frequency range up to 1.2 MHz (typ.)

70 W (typ.) at VCO fo = 10 kHz, Vpp =5 V

atVpp=10V

% Wide supply-voltage range: Vpp — Vgg=5

to15V

& Low frequency drift: 0.06%/°C (typ.)

4]

COMPARATOR|
IN
———
B
ouT
| -

atVpp =10V
SINAL @ @Von
}  CD4046A

Vss
Voo
IS
o, GATES
N R o
Vss

ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK

92C5-22887R1

Fig.1 — COS/MOS phase-locked loop block diagram.

92CS-20006R1

Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-pulse output for lock indication
High VCO linearity: 1% (typ.)
VCO inhibit control for ON-OFF keying
and ultra-low standby power consumption

® Source-follower output of VCO control input

(Demod. output)

Zener diode to assist supply regulation
Quiescent current specified to 15 V
Maximum input leakage current of 1 uA
at 15 V (full package-temperature range)

Applications:

MAXIMUM RATINGS, Absolute-Maximum Values:

STORAGE-TEMPERATURE RANGE (Tstg)

OPERATING-TEMPERATURE RANGE (Ta)
PACKAGE TYPES D, F, K, H
PACKAGE TYPE E ... ..., AN

OC SUPPLY-VOLTAGE RANGE, (VDD)
(Voltages referenced to Vgg Terminal)

POWER DISSIPATION PER PACKAGE {Pp)
FOR T 5= -40 to +60°C (PACKAGE TYPE E)
FOR T 5= +60 to +85°C (PACKAGE TYPE E’)

FOR T4 =-55 to +100°C (PACKAGE TYPES D, F, K)

FOR T, =+100 to +125°C (PACKAGE TYPES D, F,K) . .

DEVICE DISSIPATION PER QUTPUT TRANSISTOR

FOR T4 = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES).......

INPUT VOLTAGE RANGE, ALL INPUTS
LEAD TEMPERATURE (DURING SOLDERING)

At distance 1/16 * 1/32 inch (159 * 0.79 mm} from case for 10 s max.

out of lock is defined as the frequency cap-
ture range (2fc).

The frequency range of input signals on
which the loop will stay locked if it was
initially in lock is defined as the frequency
lock range (2f ). The capture range is < the
lock range.

With phase comparator [ the range of fre-
quencies over which the PLL can acquire
lock (capture range) is dependent on the
low-pass-filter characteristics, and can be
made as large as the lock range. Phase-com-

FM demodulator and modulator
Frequency synthesis and multiplication
Fr q Y discrimi

Data synchronization
Voltage-to-frequency conversion
Tone decoding

FSK — Modems

Signal conditioning

(See ICAN-6101) “RCA CMOS
Phase-Locked Loop — A Versatile
Building Block for Micropower
Digital and Analog Applications’

~66 10 +150°C

-55 10 +125°C
—40 10 +85°C

-05tw+15V

500 mW
Derate Linearly at 12 mW/°C to 200 mW
500 mW
_Derate Linearly at 12 mW/°C to 200 mW

100 mwW
~05t0 Vpp +05 V

+265°C

parator | enables a PLL system to remain
in lock in spite of high amounts of noise
in the input signal.

One tharacteristic of this type of phase com-
parator is that it may lock onto input fre-
quencies that are close to harmonics of the
VCO center-frequency. A second charac-
teristic is that the phase angle between the
signal and the comparator input varies be-
tween 09 and 1809, and is 90° at the center
frequency. Fig. 2 shows the typical, trian-
gular, phase-to-output response characteristic
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Fig.2 —~ Phase-comparator | characteristics
at low-pass filter output.

of phase-comparator I. Typical waveforms
for a CMOS phase-locked-loop employing
phase comparator 1 in locked condition of fo
is shown in Fig. 3.

SIGNAL (NPUT (TERM. I4} _,—l__ﬁ_
VCO OUTPUT (TERM 4) =
OMPARATOR INPUT S I O

c
(TEAM 3}
OUTPUT (TERM. 2 —voo
VCO INPUT (TERM. 91: SN~
«LOW-PASS FILTER

OUTPUT —Vss

92CS-20010R!

Fig.3 — Typical waveforms for COS/MOS phase-
locked loop employing phase comparator
1in locked condition of f,,

Phase-comparator Il is an edge-controlled
digital memory network. [t consists of four
flip-flop stages, control gating, and a three-
state output circuit comprising p- and n-type
drivers having a common output node. When
the p-MOS or n-MOS drivers are ON they
pull the output up to Vpp or down to
Vss, respectively. This type of phase com-
parator acts only on the positive edges of
the signal and comparator inputs. The duty
cycles of the signal and comparator inputs
are not important since positive transitions
control the PLL system utilizing this type
of comparator. If the signal-input fre-
quency is higher than the comparator-input
frequency, the p-type output driver is main-
tained ON most of the time, and both the
n and p drivers OFF (3 state) the remainder
of the time. If the signal-input frequency
is lower than the comparator-input frequen-
cy, the n-type output driver is maintained
ON most of the time, and both the n and
p drivers OFF (3 state) the remainder of
the time. If the signal- and comparator-
input frequencies are the same, but the
signal input lags the comparator input in
phase, the n-type output driver is main-
tained ON for a time corresponding to the
phase difference. f the signal- and com-
parator-input frequencies are the same, but
the comparator input lags the signal in phase,
the p-type output driver is maintained ON
for a time corresponding to the phase dif-
ference. Subsequently, the capacitor voltage
of the low-pass filter connected to this phase
comparator is adjusted until the signal and
comparator inputs are equal in both phase
and frequency. At this stable point both p-
and n-type output drivers remain OFF and
thus the phase comparator output becomes
an open circuit and holds the voltage on the
capacitor of the low-pass filter constant.

CD4046A Types

RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating conditions should be sefected so that
peration is always within the following range:

LIMITS
CHARACTERISTIC - ! UNITS
Min. { Max.
Supply Voltage Range (For Tp = Full Package
3 12 v
Temperature Range

ELECTRICAL CHARACTERISTICS at T = 25°C

Limits
Test Conditions
Characteristic e All Package Types | Units
Vo (Voo
Volts |Volts [ Min. | Typ. [Max.
Phase Comparator Section
o ina Supply Vol v v VCO Operation — 5 — 15 v
perating Supply Voltage, VDD -Vss Comparators only — 3 — 5
Total Quiescent Device Current, I_: 5 - 25 —
Term. 14 Open Term. 15 open 10 - 200 — A
Term. 5at Vpp 5 - 5 15
Term. 14 at Vg5 or Vpp Terms. 389 at Vg 10 _ 25 60
15 - 50 500
4 {SIGNAL IN g ! S
Term. 14 { ! 10 ]o02] 04| - |ma
Input Impedance, 214
15 — 0.2 —
AC-Coupled Signa! Input 5 - 200 | 400
Voltage Sensitivity* See Fig.7 10 — 400 800 | mV
{peak-to-peak} 15 — 700 —
DC-Coupled Signal Input 5 15 225 _
and Comparator Input 3
Voltage Sensitivity 10 45 -
Low Level 5 4.5 6.75 — v
5 - 275 | 35
High Level Vo | 10 - 5.5 7
Volits| 15 - 8.25 -
Output Drive Current: Phase Comparator 05 5 043 ] 0.86 -
. P& Il Term. 2&13 | 05 | 10 1.3 25 -
n-Channel (Sink}, IpN
P P 05 5 0.23 | 047 -
hase Pulses 05|10 | o7 | 14| -
mA
Phase Comparator 4.5 5 —-0.3 | -0.6 -
[& [l Term. 2& 13| 96 | 10 |-09 [ —-1.8 -
p-Channel (Source}, Ip ] o a5 5 ~008| —018] =
hase Pulses 95|10 |-028) 05| -
Input Leakage Current, [y, |4 Max. Any Input 15 — +10-5{ #1 HA

* For sine wave, the frequency must be greater than 1 kHz for Phase Comparator 1.
l—— 1 *-I-— T —-I—— x—
SIGNAL INPUY (TERM. 14} w
¥CO OUTPUT (TEAN )=
COMPARATOR INPUT J La_‘ I-—-Q—J
(TERM 3)

PHASE COMPARATOR O

OUTPUT (TERM. 13) J SR _,_jr_"/oo
“Vss
> v
VCO INPUT (TERM. 91+ -3 — oo
*LOW-PASS FILTER -Vss
OUTPUT
PHASE PULSE (TERM. 1} “ — D0
“ves
NOTE: DASHED LINE 1S AN OPEN-CIRCUIT CONDITION 92¢5-20011R1

Fig.4 — Typical waveforms for CMOS phase-locked loop
employing phase comparator Il in locked condition.
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CD4046A Types

ELECTRICAL CHARACTERISTICS at T = 259C

Limits
e Test Conditions
Characteristic All Package Types Units
Vo | Vop
Voits] Voits | Min. | Typ. | Max.
VCO Section
Operating Supply Voltage As fixed oscillator only 3 — 15 v
Vpp-Vss Phase-lock-loop operation 5 — 15
= =1M 5 — 70 —
Operating Power f: 10kHz R1 1V <2 10 500 W
Dissipation, Pp 2= veoyn =22 — il
OIN =73 15 | - 2000 | -
Maximum Overati R1=10kQ |C1=100pF s | 025 0.5 _
:’“"‘“’“ perating R =w 1 -500F 0| 06 12 — | MH2
requency, fmax VCOIN = VoD =60p 5 — 15 —
Center Frequency {fg) and
Frequency Range, Programmable with external components R1, R2, and C1
fnax—fmin See Design Information
VCOIN =25V +0.3V,R1>10kQ 5 — 1 —
Linearity =5V 25V, R1>400kQ2 10 - 1 - %
=75V+5V R1=1MQ 15 - 1 -
Temperature-Frequency 5 - 0.12-0.24) -
Stability®: *°C* oD 10 | - |oo0sa-o008| -
No Frequency Offset 15 - [0.015-0.03 -
fmin =0 R2=c w/0C
1 5 ~ Jooeo012] - |
Frequency Offset %/0Cx
0 Vo 10 - | oos-01| -
MIN 15 - 0.03-0.06} —
Input Resistance of 12
VCO|N (Term 9}, R 5.10.15 10 B &
VCO Qutput Voltage
(Term 4} 510,15 - - 0.01
Low Level, VoL
Driving CMOS-Type 5 | a9 - -1V
High Level, VOH Load (e.g. Term 3 10 | 9.99 - -
Phase Comparator Input) 15 14.99 - —
VCO Qutput Duty Cycle 6,10,15 — 50 — %
N v 5 - 75 150
V%Sq:)utput ':ransmon vo?u 10 _ 50 100 ns
s, .
THL. tTLH 5 B 40 ~
VCO Cutput Drive
Current: 05 5 0.43 0.86 -
n-Channel {Sink), 1DN 05 10 1.3 2.6 — A
45 5 -0.3 -0.6 —
p-Channel (Source), IDP 95 10 009 _18 B
Source-Follower Output
{Demodulated Output): Re > 10 k§2 5,10 - 1.5 22 v
Offset Voltage S 15 - 15 -
(VCOIN-VDEM!
VCO|N = 2503V | & - 0.1 -
Linearity Rg>50k2 =525V 10 - 0.6 - %
=755V 15 — 0.8 -
Zener Diode Voitage (V) Iz =50 uA 45 5.2 6.1 v
Zener Dynamic > = 1 mA
Resistance, Rz z=im - 100 - Q

® Positive coefficient,

Moreover the signal at the ’‘phase pulses”
output is a high level which can be used for
indicating a locked condition. Thus, for
phase comparator II, no phase difference
exists between signal and comparator input
over the full VCO frequency range. More-
over, the power dissipation due to the low-
pass filter is reduced when this type of phase
comparator is used because both the p- and
n-type output drivers are OFF for most of
the signal input cycle. It should be noted
that the PLL lock range for this type of phase
comparator is equal to the capture range,
independent of the low-pass filter. With no
signal present at the signal input, the VCO
is adjusted to its lowest frequency for phase
comparator II. Fig. 4 shows typical wave-
forms for a CMOS PLL employing phase
comparator 11 in a locked condition.
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DESIGN INFORMATION

This information is a guide for approximating
the values of external components for the
CD4046A in a Phase-Locked-Loop system,
The selected external components must be
within the following ranges:

10k2<R1,R2, Rg<1MQ
C1>100pFat Vpp =5V,
C1=50pFatVpp = 10V
In addition to the given design information
refer to Fig.5for R1, R2, and C1 component
selections.

Phase
Characteristics Comparator Design Information
Used
VCOWITHOUT OFFSET | VCO WITH OFFSET
Rp=oo
VCO Freqguency 1 :
—— ..
Yoo’2 VDO Yoo/2 Voo
VCO INPUT VOLTAGE VCO INPUT VOLTAGE
92C5-200120
2 Same as for No.1
For No Signal Input 1 VCO will adjust to center frequency, fq
2 VCO will adjust to lowest operating frequency, fmin
2 f = full VCO frequency range
Frequency Lock 1 —~
2L = fmax—fmin
Range, 2 f_
2 Same as for No.1
N R3 oyt
Frequency Capture (1,12
Range, 2 fo 1. f2mfL
2fc~—
c¥ LA NS
1
IN R3 our
Loop Filter ne For 2 f Ref. (2)
Component or 2 1C, see Ret.
Selection T
92C5-21901
2 fc=1fL
Phase Angle Between 1 90° at center frequency (fo) approximating 0°
Signal and Comparator and 180° at ends of lock range {2 fi )
2 Always 0° in lock
o JryPicaL CEnTER FREQUENCY N TYPICAL fa,

L 1T-T0-UNIT VAR ATION ik UNIT- TO-UNIT VAR(ATION
“’66: S . ,Uss: Ling W G
£ ifaeioxa . . T r{\’\ Wi [ okes | he's

1 | 4 PKG'S Z10°_Is, T 18 T
A Te0 35, \ [N ) <15
z '2"‘ 100 K ;_;g T [% \ 15 F*5 £10
20'eE L
. HA
3 meiws s oF SUPPLY VOLTAGE
» "’355 5 '°3e = - vppi=Isv—
®ar z afF (23
[ A E sv
8 £ kR
© |AMBIENT TEMPERATURE (Ta)+25%C L I v
§| YCOIN*VDD/2,R2+ D, INHIBIT=VSs 5"4‘ SEAMBIENT TEMPERATURE {Tal=25°C 15V
2 2l VEOIN=Vgs INHIBIT: vgg Qv
[ SRV RN R B U s e g A8y
o ttaat et awh T se v ket aes I N LR AL
'

VCO  TIMING CAPACITOR {Ci)—yuF
5205-21883R1

Fig.5(a} — Typical center frequency vs C1 for
R1=10k82, and 1 MQ and f, ~ 1/R1 C1.

VCO TIMING CAPACITOR (C1)—pF
szcs- 21mnan
Fig.5(b} — Typical frequency offset vs C1 for
R2=10k$2, 100 kS, and 1 MQL.

NOTE: Lower frequency values are obtainable if larger values of C1
than shown in Figs. 5{a) and 5(b) are used.
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— T
o aMBIENT TEMPERATURE (7, )+28%C |
o} TMax WHEN VCO )\ =Vpp INHIBIT svgg
IMIN WHEN V€O e Vgg

2k

100 [ TYPICAL fax/fyy ~ T

ap IN .;l
2 & UMIT-TO-UNIT VARIATION oF
3 . RO . <
N I 00| v pxg's Iy
b - & )
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- wv] tis % | O,
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sv[ri0% o
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Fig.5lc) — Typical fmax/fmin vs R2/R1.
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Fig.6(a) — Typical VCO power dissipation at center
frequency vs R1.
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Fig.6(b] — Typical VCO pawer dissipation at
fmin vs R2.
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Fig.6(c) — Typical source follower power dissipation
vs Rg.

NOTE: To obtain approximate total power dissipation of PLL system for no-signal input
Pp (Total) = Pp (fy) + Pp (fpqN) + Pp (Rg) ~ Phase Comparator |
Pp (Total) = Pp {fpmyN) — Phase Comparator 11
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CD4046A Types

DESIGN INFORMATION (Cont'd):

Phase
Characteristics Comparator Design Information
Used
Locks On Harmonic of 1 Yes
Center Frequency 2 No
Signal Input 1 High
Noise Rejection 2 Low
VCOWITHOUT OFFSET | VCOWITH OFFSET
Rg=
— Given: fg — Given: fg and f|
— Use fg with Fig.5a to — Calculate frin from
determine R1 and C1 the equation
fmin = fo—fL
— Use fmjn with Fig.6b
ta determine R2and C1
f
— Calculate _“_fméx
min
1 from the equation
fmax _fo+fL
fmin fo—fL
f
— Use /X with
vCO fmin
Component Fig.5¢ to determine
Selection ratio R2/R1 to obtain
R1
— Given: fmax — Given: fmin & fmax
— Calculate fg from — Use fmijn with Fig.5b
the equation to determine R2and C1
f §
fo = max ~ Calculate 102X
2 2 min
—Use o with Fig.5a to fmax .
determine R1 and C1 = User = with Fig.5¢
min
to determine
ratio R2/R1 to
obtain R1

For further information, see

(1) F. Gardner, “Phase-Lock Techniques’* John Wiley and Sons, New York, 1966
{2} G. S. Moschytz, “*Miniaturized RC Filters Using Phase-Locked Loop’’, BSTJ, May, 1965.

10% - smaienT TEMPERATURE (Ta)e25°C & .
AMBIENT TEMPERATURE (Tq 1 25°C ! ! . o[- AMBIENT TEMPERATURE (Ty)e25°C
€Al | VDO*ISV,VEONrT5 Vv 15¥, R 4| VDD IOV . VCON:5vE28Y | R2:D
- SUPPLY VOLTAGE Vpp=5V, for250 KNz
S 2 2 1450 pF o
& = 100 pF v i
= / g o b— H N P N
I T T T o 0.001 wF a ¢
3 10V,107730 KNz - 0.01,0.1uF o
x | A ] t ! 0.01,01uF
ge /r/rsv‘lo-”oxm TS roef *
S & &
/] S 3

° ————— [

_ R - PN = F (2 SV 4trsY)
ERb 4 R H2.5vI4tu25vI Z e A
3 . fo 2 of !

R 1o-1175v) fo-tisv)
; 12— - R wimEariTye 20 720 L tmesmiTys PRELILL LIIPY
[P r fo
, - T TN B Sy - SRR N I B
a7 468 ¢ 4 68 2 468 52 a8k s - ? 4 68 2 4 68 z 4 6a 2 4 68
00 T e 8000 2 CECE) 10 ' |on 10 10 1o ) © 10? 10
PEAK - TO- PEAK SIGNAL INPUT VOLTAGE (vyl-my R s2s- 21891 Ri-KR
92¢s- 21090

92¢5-21889

Fig.7 — Typical lock range vs signal input amplitude.

Fig.8(a) and (b

) — Typical VCO linearity vs R1 and C1.
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CMOS Low-Power
Monostable/Astable
Multivibrator

The RCA-CD4047A consists of a gatable
astable multivibrator with logic techniques
incorporated to permit positive or negative
edge-triggered monostable multivibrator
action with retriggering and external count-
ing options.

Inputs include +TRIGGER, —TRIGGER,
ASTABLE, ASTABLE, RETRIGGER, and
EXTERNAL RESET. Buffered outputs are
Q, @, and OSCILLATOR. In ail modes of
operation an external capacitor must be con-
nected between C-Timing and RC-Common
terminals, and an external resistor must be
connected between the R-Timing and RC-
Common terminals.

Astable operation is enabled by a high level
on the ASTABLE input. The period of the
square wave at the Q and Q Qutputs in this
mode of operation is a function of the ex-
ternal components employed. “True” input
pulses on the ASTABLE input or “Com-
plement” pulses on the ASTABLE input
allow the circuit to be used as a gatable
multivibrator. The OSCILLATOR output
period will be half of the Q terminal output
in the astable mode. However, a 50% duty
cycle is not guaranteed at this output.

In the monostable mode, positive-edge
triggering is accomplished by application of
a leading-edge pulse to the +TRIGGER
input and a low level to the —TRIGGER
input. For negative-edge triggering, a trailing-
edge pulse is applied to the ~TRIGGER and
a high level is applied to the +TRIGGER.
Input pulses may be of any duration relative
to the output pulse. The multivibrator can
be retriggered (on the teading edge only) by
applying a common pulse to both the
RETRIGGER and +TRIGGER inputs. In
this mode the output pulse remains high as
long as the RETRIGGER input is high, with or
without transitions.

An external countdown option can be imple-
mented by coupling “Q" to an external
N’ counter and resetting the counter with
the trigger pulse. The counter output puise is
fed back to the ASTABLE input and has a
duration equal to N times the period of the
multivibrator.

A high level on the EXTERNAL RESET
input assures no output puise during an
“ON” power condition. This input can also
be activated to terminate the output pulse at
any time.In the monostable mode, a high-
level or power-on reset pulse, must be
applied to the EXTERNAL RESET when-
ever Vpp is applied.

ATE
DASTRE { Gifro

| oW
POWER
] ASTABLE
MULTT!
- TRIGGER D ol®
MONCSTABLE FRE!
©- e MonosT REQUENCY -

CD4047A Types

These types are supplied in 14-lead hermetic
duai-in-line ceramic packages (D and F
suffixes), 14-lead dual-in-line plastic pack-
ages (E suffix), 14-lead ceramic flat pack-
ages (K suffix), and in chip form (H suffix).

Features:

B {ow power consumption: special
COS/MOS oscillator configuration

# Monostable {one-shot) or astable
(free-running)} operation

B True and complemented buffered
outputs

B Only one external R and C required

B Quiescent current specified to 15 V

B Maximum input leakage current of
1 uA at 15 V (full package-temperature
range)

8 1-V noise margin (full package-temper-
ature range)

92CS-2(431R1

CD4047A
Terminal Diagram

Astable Multivibrator Features:
B Free-running or gatable operating modes
8 50% duty cycle
.. N B Qscillator output available
Monostable Multivibrator Features: ® Good astable frequency stability:
Frequency deviation:
=12% + 0.03%/°C @ 100 kHz
=10.6% + 0.015%/°C @ 10 kHz
{circuits “trimmed"’ to frequency
Vpp = 10 V + 10%)

Applications : .
Digital equipment where low-power dissipa-
tion and/or high noise immunity are primary
B Fast recovery time essentially independent  design requirements:

of pulse width B Envelope detection
| Pylse-width accuracy maintained at duty 8 Frequency multiplication

cycles approaching 100% ® Frequency division

8 Frequency discriminators

Timing circuits
Time-delay applications

B Positive- or negative-edge trigger

B Qutput pulse width independent of
trigger pulse duration

B Retriggerable option for pulse width
expansion

8 Long pulse widths possible using small
RC components by means of external
counter provision

R
<

.
—_—— R

RC
| COMMON \ OSCILLATOR OUT

asmete [ semaie

C-TIMING R-TIMING

)" TRIGGER ] CON DIVIDER 3
| T ¥ ExTeRnaL
8:2‘5’ L RESET _J@

92€5-20026R2

Fig. 1 — CD4047A Jogic block diagram.
MAXIMUM RATINGS, Absolute-Maximum Values:

STORAGE-TEMPERATURE RANGE Tstg) o oo —65 to +150°C
OPERATING-TEMPERATURE RANGE (Tp):
PACKAGETYPESD,F, K, H . . . . . .. . o o -55 to +125°C

PACKAGETYPEE . . . . . . . . . . . . vt -401t0 +85°C

POWER DISSIPATION PER PACKAGE (Pp)
FOR Ta= —40 to +60°C (PACKAGE TYPE E )
FOR TA= +60 to +85°C (PACKAGE TYPE E )
FOR T, =-5510 +100°C (PACKAGE TYPES D, F. K) . . . . . . . o v o 500 mW
FOR TA =+10010 +125°C (PACKAGE TYPES D, F,K) . . . . . Derate Linearly at 12 mw/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Tp= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . ... ... 100 mW
INPUT VOLTAGE RANGE, ALLINPUTS . . . .. it it i e e oo e ens —0.51t0 Vpp +0.5 Vv
LEAD TEMPERATURE (DURING SOLDERING]:

At distance 1/16 £1/32 inch (1.59 0,79 mm) from case for 10 s max. . . . . . .. ........ +265°C




CD4047A Types

RECOMMENDED OPERATING CONDITIONS at Tp= 25°C, Except as Noted.
For maximum reliability, nominal operating conditions should be selected so that

AMBIENT TEMPERATURE (7212 2" }
TYPICAL TEMPERATURE coErﬂclEN’r AT aLL VALUES :‘H_I

2
operation is always within the following ranges: é FeH 1 AR
LIMITS it :
@ PR GATE- VOLTAGE {vgs)= 15 ¥ [1
D,F K H E UNITS £ oEHH
CHARACTERISTIC VoD | Packages Package B
Min. | Max. | Min. | Max. § HH 2582
Supply-Voltage Range (For Ta=Full 3 12 3 12 v § 2esds!
Package- Temperature Range) i 5y =
Input Pulse Width, tyy 5 |1000! -~ {1300] - it H H
(Any Input) 10 400 _ 600 - ns ORAIN-T0- SOURCE VOLTAGE wbs\—:zcs'm“
Trigger, Retrigger 5 - 15 — 15 us Fig. 2 — Typical output nchannel drain
Rise or Fall Time, t, , t¢ 10 - 5 - 5 characteristics for Q and Q buffers.
"_"mrmm
E YVOPFI CVAL ‘T-E:P,E:ANIRE COEFFICIENT AT ALL VALUE:
| HHHH I HHH HH
= Essmnune i —— C0D404 TAK,AD H
&L 1 T =~ — cbeosrat
STATIC ELECTRICAL CHARACTERISTICS LR S g o HEHT
€ P : 352 i
o Limits at Indicated Temperatures (°C) S BHHE ! jassatiiss HH
Conditions - i aaNEREEERSeRSRaE
D, F, K, H Packages E  Package . & H
Characteristics Units 3 off 22
Vo |VIN| VDD _ss|—25__{4125 |- s0|—2> | g5 P e it
w) | )| (v Typ.| Limit “ryp]Limit ¢ HEA T e
TR AT
Quiescent Device _ — 5 5 0.03 5 300 50 0.1 50 7m ° paun-vo-s‘(:\::cz VOLTAGE |v:s)—v
Current ||_ Max. — | —| 10 |10 |0.05| 10 | 600 {100]0.2| 100 |1400} uA szcs-a1387
- | —-115]|80]| 1 50 |2000{500] 5 | 500 |5000 Fig. 3—M) output n-channsl drain
characteristics for Q and Q buffers.
Output Voltage: - | 5 5 0 Typ.; 0.05 Max.
Low-Level,
VoL, - |10} 10 0 Typ.; 0.05 Max. v ORAIN-TO-SOURCE VOLTAGE (Vpsi—V
High Level _ 0 5 4.95 Min.; 5 Typ' AMBIENT v:upzn;';zaz n,)-zs-"g H T H H -
VoH — o]0 9.95 Min.. 10 Typ. RN R 1T G i
T S : g
Noise Immunity: 42| —- 5 1.5 Min.; 2.25 Typ. sase T &
Inputs Low, - HE HH z
VI:I’L 9 -1 10 3 Min.; 4.5 Typ. v 58 _:5 A W
Inputs High 08| —-| 5 1.5 Min.; 2.25 Typ. ,,.g
VNH T -] 10 3 Min.. 4.6 Typ. 2
Noise Margin: 45 5 1 Min. H §
Inputs Low, £ STET: 0
VNML ° 10 1 Min v e
Inputs High, 0.5 5 1 Min. srcs-aises
VNMH 1 10 1 Min. Fig. 4. — Typical output p-channel drain
Output Drive characteristics for Q and Q buffers.
Current:
Loc'r% 2,:‘,:."““) 06| -| 5 lo5]|08( 04]0.28/034]|0.8]|0.28]0.23 AN~ T0- SOURCE VOLTAGE (VoS ¥
= -15 10 et
gsarr\.lkh)j A ::;‘cizvffu::;s:wgffc‘;eé;ﬁ.ng Y 1
. s TCHHH oV A
DT R 05| - |10 h2s| 2| 1]07]oss|2 |07 06| "™ T R H 2
E R R £
p-Channel 45| — | 5 |0.5/0.8 |-0.4|-0.28|-0.34|-0.8 |-0.28 |-0.23 F o= G HHH \:; I £
(Source): HFH toy H
(pP Min. 95(— |10 (128 2| -1]|-07085 2]-07|-08 I e s
. ety sa: 3
Input Leakage Any Input _5 Senasgads. T s
Current, —1=11s 1072 Typ., £1 Max. YA e s ]
i K il L&
e e it N V]
Fig. 5 — Minii output p-ch. ! drain

characteristics for Q and Q buffers.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C, Input t, . t;=20ns,Cy = 15pF,

R =200 k2
LIMITS
CONTDEli-:-ONS D FKH £
CHARACTERISTICS Packages Package UNITS
Voo Min. | TYP. IMAX.[MIN.| TYP. |MAX,
{Volts)
Propagation Delay Time:
tpyy « tPLH 5 — | 200{400 | — { 200 | 550
Astable, Astable
to Osc. Out 10 ~ 100|200 | — {100 | 275
Astable, Astabic 5 — | 550 1 900 | — | 550 | 1200
to Q,Q 10 — | 250 [ 500 ] — | 250 | 650
- - 0
+Trigger, —Trigger 5 700 | 1200 700 | 160 ns
t0 0,0 10 | — (300|600 — | 300|800
+Trigger, Retrigger 5 — | 300|600 | — | 300|800
to Q, Q 10 — 175 | 300 - 175 | 400
External Reset 5 — | 300} 600) — | 300} 800
t0Q,a 10 — | 1258]| 250| — | 125 350
Transition Time: 5 - 75 | 125 — 75 | 150
TTHL / tTTLH
QG 10 - 45 | 75 - 45 | 100 ns
- 75 | 150 | - 75 | 180
Osc. Out S
10 - 45 | 100| — | 45| 120
Minimum Input Pulse 5 — | 500 1000] - | 500 1300 ns
Width (any input), ty* 10 -~ | 200} 400} - | 200} 600
+Trigger, Retrigger 5 — - L — 15 s
Rise & Fall Time, t, , tf 10 — — 5 - — 5
Average Input Any _ - _ _
Capacitance, C| Input - 5 5 pF

* Input pulse widths below the minimum specified may cause malfunction of the unit.

See Application Note ICAN - 6230

CD4047A FUNCTIONAL TERMINAL CONNECTIONS
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 34
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 34

TERMINAL CONNECTIONS | 6y7put | ouTPUT PERIOD
FUNCTION INPUT | PULSE OR
TOVpD | TOVsSS | PULSE | FROM | PULSE WIDTH
TO
Astable Multivibrator:
Free Running 456,14 7.8,9,12 — 10,11,13 {tA(10,11)=4.40 RC]
True Gating 46,14 789,12 5 10,11,13 | tA(13)=2.20 RC
Complement Gating 6,14 | 5,7,89,12 4 10,11,13
Monostable Multivibrator:
Positive-Edge Trigger 4,14 5,6,7,9,12 8 10,11
Negative-Edge Trigger 4814 | 57,912 6 10,11 [tm(10,11)=2.48 RC
Retriggerable 4,14 5,6,7,9 8,12 10,11
External Countdown™ 14 65,6,7,8.9,12 - 10,11

* Input Puise to Reset of External Counting Chip External Counting Chip Output To Terminal 4 A See Text.
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Fig. 6 — Typical low-to-high level propagation
delay time vs load capacitance for Q

and Q buffers.
AMBIENT TEMPERATURE {T4):25°C
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Fig. 7 — Typical transition time vs load capa-
citance for Q and Q buffers.

I. Astable Mode Design Information
A. Unit-to-Unit Transfer-Voltage

Variations.

The following analysis presents worst-
case variations from unit to unit as a
function of transfer-voltage (VTR)
shift (33%—67% Vpp) for free-
running {astable) operation.

TernaL 3 N L2 g Lt
rermnacio ] 1Az Llazz

a
92CS - 20027

Fig. 8 — Astable mode waveforms.

vt
t4=—RC In R
Voo * VTR
Vpp ~ V
tp=—~RCIn —D20 " 'TR
2Vpp - VTR
ta=21{t; +t3)
{(VTRMVpp — V1R)
=~2RCIn DO~ TR
(Vpp * VTR (2Vpp - VTR)
Typ: VTr=05 Voo ta =4.40 RC
Min: VTgr=0.33Vpp ta=4.62RC
Max: VTR =0.67 VDD tA =4.62 RC

thus if |ta = 4.40 RC} is used, the maximum

variation will be {+5.0%,—0.0%).
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Fig. 10 — Typical Q-and-Q-period accuracy
vs supply valtage (high frequency).

%% MODIFIED INPUT PROTECTION
CIRCUIT TO PERMIT LARGER
INPUT- VOLTAGE SWINGS

*
72
RETRIGGER
o Q \2)Q
#Fa
'
[3K4)
9| 1n)a
A
CAUTION : TERMINAL 3 IS MORE SENSITIVE EXTERNAL
0 STATIC ELECTRICAL DISCHARGE, s20m-21432 RESET

EXTRA HANDLING PRECAUTIONS
ARE RECOMMENDED

e CcEReT Y AMBIENT TEMPERATURE (Ta) 25
ASTABLE_MODE
+6
rc|R
+4 XHz F_| KR

Fig. 89~ CD4047A logic diagram.

B. Variations Due to Vpp and Temperature
Changes
In addition to variations from unit to
unit, the astable period may vary as a
function of frequency with respect to

Vpp and temperature. Typical variations
are presented in graphical form in Figs.
10 to 20 with 10 V as reference for
voltage variation curves and 25°C as

reference for temperature variation curves.
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Fig. 11 — Typical Q-and-Q-period accuracy
vs supply voltage {medium frequency)
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Fig. 12 — Typical O-and-ﬁvper/od accuracy
vs supply voltage (low frequency).
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Fig 14 — Typical Q-and O-period accuracy
vs frequency for V pp variation
of ¥ 10% from value indicated.
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. Monostable Mode Design Information
The following analysis presents worst-
case variations from unit to unit as a
function of transfer-voltage (V1R shift
(33% — 67% Vpp) for one-shot {mono-
stable)} operation.

TERMINAL 8 J'L___ll_
TERMINAL 13 M
vemanao S LT L

92Cs-20028

Fig. 21 — Monostable waveforms.

VTR
ty"= ~RCIn ——

2Vpp
tpm = (t1' + t2)
{(V1R) (Vpp — V1R!
(2Vpp — VTR) (2Vpp)

where ty; = Monostable mode pulse width.
Values for ty are as follows:

tm = —RC In

Typ: VTR =0.5 VDD = 2.48 RC
Min: VTR =0.33 VDD tm= 2.71 RC
Max. VTR =0.67 VDD tm= 2,48 RC

Thus if [t\y = 2.48 RC| is used, the maximum
variation will be (+9.3%, —0.0%).

Note:
In the astable mode, the first positive haif
cycle has a duration of Tp; succeeding
durations are tA/2.

In addition to variations from unit to unit,
the monostable pulse width may vary as a
function of frequency with respect to Voo
and temperature. These variations are
presented in graphical form in Fig. 22 to 27
with 10 V as reference for voltage-variation
curves and 25°C as reference for temper-
ature-variation curves.
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V.

. Retrigger Mode Operation

The CD4047A can be used in the
retrigger mode to extend. the output-
pulse duration, or to compare the fre-
quency of an input signal with that of
the internal oscillator. In the retrigger
mode the input pulse is applied to
terminals 8 and 12, and the output is
taken from terminal 10 or 11. As shown
in Fig. 28, normal monostable action is
obtained when one retrigger pulse is
applied. Extended pulse duration is
obtained when more than one pulse is
applied. For two input pulses, trg=t1"
1t 2ty. For more than two pulses,
tgge (Q OUTPUT), terminates at some
variable time, tp, after the termination
of the last retrigger pulse, tp is variable
because tRE (Q OUTPUT) terminates
after the second positive edge of the
oscillator output appears at flip-flop 4
(see Fig. 8).

External Counter Option

Time tyy can be extended by any a-
mount with the use of external counting
circuitry. Advantages include digitally
controlled pulse duration, small timing
capacitors for long time periods, and
extremely fast recovery time, A typical
implementation is shown in Fig. 29.
The pulse duration at the output is

taxt = (N=1}tp) + (tyg +ta/2)

where tg, = pulse duration of the cir-
cuitry, and N is the number of counts
used.

Timing-Component Limitations
The capacitor used in the circuit should

be non-polarized and have low leakage(i.e.

the parallel resistance of the capacitor
should be an order of magnitude greater
than the external resistor used). There is
no upper or lower limit for either R or C
value to maintain oscillation.

However, in consideration of accuracy, C
must be much larger than the inherent
stray capacitance in the system (unless
this capacitance can be measured and
taken into account). R must be much
largerthan the CMOS “ON” resistance in
series with it, which typically is hundreds
of ohms. In addition, with very large
values of R, some short-term instability
with respect to time may be noted.

The recommended values for these
components to maintain agreement with
previously calculated formulas without
trimming should be:

C 2100 pF, up to any practical value, for
astable modes;

C = 1000 pF, up to any practical value
for monostable modes.

10kQ<R<T MO

V\i. Power Consumption

In the standby mode (Monostable or
Astable), power dissipation will be a
function of leakage current in the
circuit, as shown in the static electrical
characteristics. For dynamic operation,
the power needed to charge the external
timing capacitor C is given by the
following formulae:

Astable Mode: P = 2CV2f. (Output at

terminal No. 13)
P = 4CV2f. (Output at
terminal Nos. 10 and 11)

Monostable Mode:

{2.9CV2) (Duty Cycle}
T

{Output at terminal
Nos. 10 and 11}

The circuit is designed so that most of
the total power is consumed in the
external components, In practice, the
lower the values of frequency and
voltage used, the closer the actual power
dissipation will be to the calculated
value,

Because the power dissipation does not
depend on R, a design for minimum
power dissipation would be a small
value of C. The value of R would
depend on the desired period (within
the limitations discussed above). See
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Fig. 29 — Retrigger-mode waveforms.

. N ﬁAsYABLi MODE
Figs. 30-32 for typical power con- SUPPLY VOLTAGE {vgg1*15V
sumption in astable mode. 2 0%
| F
:o -
=0’ -
é o ceoll
F oL
w 10T
et
s F
« F
% o't
¢ OUT a r
wPLT L
PULSE 1 Al Lo el g SRR
ext o 0! 0° i 0° w0? 10’ w0’ o
92C5-20030R2 QOR Q@ FREQUENCY (t)=—Hz
secs-aiare
Fig. 28 — Implementation of external Fig. 32 — Power dissipation vs output
counter option. frequency (Vpp =15 V).
AETHGoER
amatsee JL LI Jtodl
0SC OUTRUT o -
Temamal 13 Jll . e ffled
Q QUTPUT
TerwnaL o The d % L 7 he
'p-e
92¢5-20029

584




CMOS Multi-Function
Expandable 8-Input Gate

The RCA- CD4048A is an 8-input gate
having four control inputs. Three binary
control inputs — Ka, Kb, and Kc — provide
the implementation of eight different logic
functions. These functions are OR, NOR,
AND, NAND, OR/AND, OR/NAND, AND/
OR, and AND/NOR.

an open circuit. This feature enables the
user to connect this device to a common
bus line.

In addition to the eight input lines, an
EXPAND input is provided that permits the
user to increase the number of inputs to one
CD4048A, (see Fig. 6). For example, two
CD4048A*s can be cascaded to provide a
16-input multifunction gate. When the
EXPAND input is not used, it should be
connected to Vgs,

A fourth control input —Kd — provides the
user with 3-state outputs. When control
input Kd is high the output is either a logic
1 or a logic 0 depending on the input states.
When control input Kd is low, the output is

MAXIMUM RATINGS, Absolute-Maximum Values:

o

STORAGE-TEMPERATURE RANGE (Tstg) ............................. —66 10 +150 C

OPERATING-TEMPERATURE RANGE (Tal: °
PACKAGETYPESD, F, K, H .. ... .o ov s e e e e e e e —55t0 +125 C

o
PACKAGE TYPE E —40 10 +85 C
DC SUPPLY-VOLTAGE RANGE, (Vpp)
(Voltages referenced to Vgg Terminal): . . . .. . ... ... ... —0510+15 V

POWER DISSIPATION PER PACKAGE {Pp)

FOR Tp=—-4010 +60°C (PACKAGETYPE E)} ... ... ittt i o .500 mw
FOR Ta=+60 to +85°C (PACKAGE TYPE E) . ........ Derate Linearly at 12 mW/ C to 200 mW
FOR T, =-55t0 +100°C (PACKAGE TYPES D, F.K) . . .. .. .. . . it 500 mW

FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mW
INPUT VOLTAGERANGE, ALLINPUTS . . .. ... .. ... i —~05t Vpp 05V
LEAD TEMPERATURE (DURING SOLDERING): o

At distance 1/16 £1/32 inch (1.59 £0.79 mm) fromcasefor 10smax. . . . . ........... +265 C

NOR orR NAND AND
A A
c— ¢
E—F E
G W G
EXP EXP
OR/AND OR/NAND AND/OR AND/NOR

A A A A

8 8 ) 8

c < ¢ c

o o 6 [

E 3 3 E

F 3 £ 3

G s G G

L H H H

EXP EXP £XP EXP

92CM-22250
Fig. 1 — Basic logic configurations.

RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating conditions should be selected so that
operation is always within the following ranges:

LIMITS
CHARACTERISTIC Vop | D,F,K.H E UNITS
) Packages Package

Min. | Max. [ Min. |Max.

Supply-Voltage Range (For Tp = Full

3 12 3 12 \Y
Package-Temperature Range)

CD4048A Types

These types are supplied in 16-lead hermetic
dual-in-line ceramic packages (D and F
suffixes), 16-lead dual-in-line plastic pack-
age (E suffix), 16-lead ceramic flat package
(K suffix), and in chip form (H suffix).

BINARY CONTROL INPUTS

FUNCTION CONTROL

3-STATE

it
o Kb Ke Kd - conTROL

A —4

8—13
INPUTS

C—dq

o7 9 2
[F4
o—j!

EXPAND —I5

€—
wruts {F j
G

w—

[l st
OuTPUT

RG]

Vg5 8
Vpp:16
9205-22249

CD4048A
Functional Diagram

Features:

B Medium-power TTL drive capability

Three-state output

B High current source and sink capability
9 mA (typ.) @ VDS =05V, VDD =10V

B Many logic functions available in one
package

® Quiescent current specified to 15 V

8 Maximum input leakage current of 1 A
at 15 V (full package-temperature range)

B 1-V noise margin {full package-
temperature range)

Applications:

B Selection of up to 8 logic functions
8 Digital control of logic
% General-purpose gating logic

~ Decoding

~— Encoding

JAMBIENT TEMPERATURE (Ty)s25°C|

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF Vg5 -0.3 % /%C
E {{I““IlllljlllUIIHIliH[
3 O A T
z T
K IS ARBANaEERSsSEaaaRERaRTEEN
4 GATE-TO-SOURCE VOLTAGE {vgg 1218 ¥ 111
3 e uin,
g 1 1
S ¥ !
H ;
2
H
H
20
< THH v tH
*1‘1 T 1
1T L 1
[ o 3
DRAIN-TO-SOURCE VOLTAGE (Vpgl—V
2203 -20243R8
Fig. 2— Typical output n-channel drain
characteristics .
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STATIC ELECTRICAL CHARACTERISTICS o [TYPIoAC TENP COBPPRIONT AT ALL WLUES O Ys+-03 %/
: Rt sEeaRaasharsheaa b ran
x HEHH <
. Limits at Indicated Temperatures (°C) Z R s cueoesae
Conditions N GAT VOLTAGE (Vgg)*15V ]
D, F, K, H Packages E  Package z a5 ¥
Characteristic Units| £ !
A\ v V + 3 T
(vo) (\'I')“ (3? —55#*25 +125]-a0] _**° |85 § iR
Typ.|Limit Typ.| Limit g b gsssEdnsy
i H oY)
Quiescent Device | — - 5 1 {0.005| 1 60 | 10 {0.01 10 {140 S ot :
Current || Max.| — - | 10| 2 }0.01| 2 |120]20 [0.02| 20 | 280 wmA rH
o [E)
- | - | 15| 25|05 25 [1000{250| 2.5 | 250 2500 OmAN-TO-SOURCE YOLTAGE g —¥
Fig. 3— Minis output n-ch ! drain
Qutput Voltage: characteristics
Low Level, — 5 5 0 Typ.; 0.05 Max.
VOL DRAIN-TO ~SOURCE VOLTAGE (Vps)»—V
- 10 | 10 0 Typ.; 0.05 Max. \ T "" T2 jmama e ria. 2
T I T
High Level - 0 5 4.95 Min.; 5 Typ. HHHH ? 20
K
VoH -] o]0 9.95 Min,; 10 Typ. ase i
X
Noise Immunity: 5
Inputs Low, 42| — 5 1.6 Min.; 2.256 Typ. 80 §
v : 3
NL 9 — 10 3 Min - 4 5 Typ :: GATE-TO- SOURCE VOLTAGE {Vgg)=—18V g
45 Ty v i i
inputs High | 08| - | 1.5 Min.; 2.25 Typ, i {
v [AMIBIENT TEMPERATURE (T4 )=25°C
NH 1 _ 10 3 Min.; 4.5 Typ TYPICAL TEMR COEFFIGIENT AT ALL VALUES OF Vgss - 03 %/°C Al
Tt B nea-tozan
Fig. 4— Typical output p-channel drain
Noise Margin: characteristics.
Inputs Low, - i
V:\)IML 4.5 5 T Min. oma-o- SOURCE YOLTAGE (Vp3}—¥
9 - 10 1 Min, v ’Tmsm YEMPERANNE AT i
TYPICAL TEMP _ug T AT ALL st ’
nputsHigh, | 06| — | 5 1 Min. S s ™1
HH &
VNMH 1] -]10 1 Min. LT =E=L‘°:
Output Drive “5
Current: 04| — |45]|2 |32]16|1.1[19|32] 16 |13 TP T S L i
n-Channel(Sink)
IpN Min, 05| — 10 66| 9 |45 |31|54] 9 456 |3.7 ;
mA 1 v
p-channel — , AK -
(Source), 46| - | 5 |-2|-32|-16]-1.1[-1.9|-32|-1.6|-1.3 RO oo
IDP Min. Fig. 5— Mini output p-ch { drain
95| — 10 |-5.6| -9 |-4.5(-3.1-3.8| —9 [-3.15(-2.6 characteristics.
Any | t
Input Leakage v ined 0| ameEnt rsuw:anm (Tae25°C
Current, -] =118 +10758 Typ., £ 1 Max. HA
TR 27 s pq
"
{b 0'— %‘
s &
3-State Output Forced E L ’/{*
Leakage Current |{Output Disabled) HA é - 5&
foLloH L —4 g =
- -1 18 107" Typ., 2 Max. § A4 JE
| E oo e
\ |
103 10* 05 10 10

INPUT FREQUENCY (f) — Mz 92¢5-22233

Fig. 6— Typical power dissipation as a
function of input frequency.
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DYNAMIC ELECTRICAL CHARACTERISTCS at Ty = 25°C and C =15 pF-and 50 pF, . ;::;2’ et s o vo003 <!
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C R =200 k&2 i ; %% j} fiataiiicin
H 8 08] T I
=15 H SSgaasssassazaasssxmagmapune
CL 15 pF g muna swmlv]mimz (JL;.LV HEH
LIMITS g T S T
> 13 T
TEST D FKH E ERlg=sisaass R jsasaasanas
CHARACTERISTIC | CONDITIONS Packages Package UNITS g g8
Vpp . AX.* £ : S
(Voits) TYP. | MAX, TYP. | M 8 }'“ :
Propagation Delay Time 5 750 1300 750 1600 s L G 20 40 % 80 100 120 H II C——F.I—SO—_ l:O
tPH L 10 225 400 225 500 n LOAD CAPACITANCE (Cy )2 pF
s2cs-222%6
Transition Time: 5 20 140 90 170 ns
High-to-Low Level tTHL 10 30 50 30 65 Fig. 7— Typic.a/ propagation dellay time as a
5 130 250 130 300 function of load capacitance.
Low-to-High Level t ns
owtoTigh LeVel ITLH 10 40 60 20 75
Input Capacitance C; Any Input| 5 - 5 - pF
AMBIENT TEMPERATURE (Tp}e25°C
CL = 50 pF TYPICAL TEMP COEFFICIENT AT ALL VALUES OF VDD"0.3 % /°C
Propagation Delay Time 5 775 1350 775 1650 ns jx
tPLHAPHL 10 240 430 240 530 £
Transition Time: 5 108 170 105 200 ns S o vouTace
High-to-Low Level tTyyL 10 40 70 40 85 g i
B
Low-to-High Level t1| 4 5 145 280 145 330 ns £ 10V
10 50 80 50 95 2 %7
Input Capacitance C| Any Input 5 - 5 — pF L it S e
T T SRS SuEw AR
* Max. Limits represent worst-case limits for worst-case modes of operation shown in Figs. 15, 16, and 17. ° 20 40 6 o o0 20 ¥ o 180
LOAD CAPACITANCE (Cy)—pF s2cs-22287

Fig. 8~ Typical low-to-high level transition
time as a function of load capacitance.

AMBIENT TEMPERATURE (Tp)+25°C
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF vpp=03 %/*C
. H Voo
i veo !
z INPUTS
= v
° Do
H H vss 1
H
z v INPUTS QUTPUT:
2 s AT VOLTIGE ol |gurPuTS
4 o H jan: Voo nn -] L
i tH i be T
H 1oV v;l_ -] (o= =
T »am v T -] =S =
HH HHH T HH NOTE
] 20 40 =) 8o « 20 “o 16G 80 TEST ANY ONE INPUT,
Vss vgs WITH OTHER INPUTS AT
LOAD CAPACITANCE (€L)— oF s2cs 20258 205 27401 secs-zraco VDD OR Vg
Fig. 10— Quiescent-device-current Fig. 11— Noise-immunity
Fig. 9— Typical high-to-fow levef transition test circuit. test circuit.
time as a ion of load capaci
Voo
Vi
o INPUT —_——— ~50%
ouTPUT 1 14
INPUTS 2 15 |
Al CL=ISpF 5 " T
Voo - NOTE OR 50pF-=L- ! INP outeut T}~~~ 90%
%—@-. MEASURE INPUTS a3 =—=={1"" 0%
° SEQUENTIALLY, — 5 12 - frm
¥ss - TO BOTH Vpp AND Vg tde 1"
4—4 CONNECT ALL UNUSED ~— 7 0 92€§-22265
INPUTS TO EITHER [ s o
Vpp OR Vgg-
Vss
92¢s-27402 ¥ss
Fig. 12— Input-leakage-current
test circuit. Fig. 13— tTHL. trL }y ~ AND/NOR.
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NOR

"
12
3
a
15

LY

Ko -Kb-Kc
o

©
-3
0

AND

1-0-0

b

OR

0-0-

NAND

%

1-0-1

AND/OR

AND/NOR

Voo
JLOUTPUT) e xi
vop -—K4], 15 e
H 3 14 A x4
c——a [ ®
F 5 2 : € /2 CD4002a
$E——e Hp—— 1
Yoo Ko {7 10K
8 CD4048A 9
V¥ss vss

12- INPUT OR/AND GATE
Jr(A+B+CH+D) - (E4F+G+H)- [Xi+X24X34x4)

92C5-20240

Fig. 14(a) - 12-input OR/AND gate.

OR FUNCTION
J{ouTPUT}

Voo

H2 A2
G2 82
F2 c2

Vss Vss
92CS-2024)

16-INPUT NOR GATE

JeA, €8y +C; 4Dy +E +F) G +Hy +A;4By+Cp+0p 4EpHFp 4G4ty

Fig. 14(b} 16-input NOR gate.
Applications of Expand input

IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS

rOuTTion | Netbioar | ouTITcoLean
EXPAND INPUT

NOR OR J=(A+B+C+DH+E+F+G+H)+(EXP)
OR OR J=(A+B+C+D+E+F+G+H)+(EXP)
AND NAND J=(ABCDEFGH)-(EXP)

NAND NAND J={ABCDEFGH)-(EXP)
OR/AND NOR J={A+B+C+D) - (E+F+G+H): (EXP)
OR/NAND NOR J=(A+B+C+D)-(E+F+G+H)-(EXP)
AND/NOR AND J=({ABCD)+(EFGH)+(EXP)
AND/OR AND J=(ABCD)+(EFGH)+(EXP)

Note: (EXP) designates the EXPAND function {i.e., X1+Xo* ... XN}

OR/NAND OR/AND
0-1-t 0-1-0
9208 -22282

Fig. 14(c) Actual-cicguit Jogic configurations.

Fig. 14— Expansion logic and truth table.

QUTPUT

>
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R ¥itad

INPUT

ENO O LW

¥ss

INPUT

92€5-22263

Fig. 15— tp) 3y — NAND.

vop
outpPuT T T =
CL=ISpF 2 15
OR 50PF-L 3 e NPUT
1 4 13 P-4
— 5 12 4
— 6 11—
— 7 10—
r.e 9
)y
Vss
INPUT H;so%
ouTRUT — — 4 Yson
tewL.
92CS-22264

Fig. 16~ tpyyy — AND.




CD4048A Types

B-— X
c 3 CONFIGURATIONS b
SAME AS FOR INPUT “A"
D
]

£ 4 CONFIGURATIONS

6 — SAME AS FOR INPUT "A"
)

s
Ko—d "
- T
Ke— ° —
b ————— —"‘Iﬁj Transmission Gate Definiti
TG = Transmission Gate
fnput to Output is:
a) A bidirectional low impedance when
control input 1 is low and control
2 is high.
b) An open circuit when control input 1
is high and control input 2 is low.
92CM-22251RtE
FUNCTION TRUTH TABLE
OUTPUT UNUSED
BOOLEAN EXPRESSION | K, | K4, | K
FUNCTION al °b) Rel \npyTe
NOR J=A+B+C+D+E+F+G+H 0| o 0 Vss
OR J=A+B+C+D+E+F+G+H 0|0 1 Vss
OR/AND J=(A+B+C+D)«(E+F+G+H) | 0| 1 0 Vsg
OR/NAND |J=(A+B+C+D)-(E+F+G+H}{ 0] 1 1 Vgssg
AND J=ABCDEFGH 1{0|0 VDD
NAND J=ABCDEFGH 110 1 Vbp
AND/NOR [J=ABCD+EFGH 171 0 Vpp
AND/OR J=ABCD+EFGH 111 1 Vbp
Kg=1 Normal Inverter Action
Kg=0 High Impedance Output
EXPAND Input=0 *See Figs. 1and 7.

Fig. 17— Logic disgram and truth table.
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CD4049A, CD4050A Types
CMOS Hex Buffer/Converters

RECOMMENDED OPERATING CONDITIONS at T4 =25°C, Except as Noted.
For maximum reliability, nominal operating conditions should be selected so that
operation is always within the following ranges:

CD4049A—Inverting Type
CD4050A—Non-Inverting Type

The CD4049A and CD4050A are inverting
and non-inverting hex buffers, respectively,
and feature logic-level conversion using only
one supply voltage (Vcc). The input-signal
high level (V|H) can exceed the Ve supply
voltage when these devices are used for logic-
level conversions. These devices are intended
for use as CMOS to DTL/TTL converters
and can drive directly two DTL/TTL loads.
(Vee=bV, VoL =04V, and IpN=3.2mA.)

The CD4049A and CD4050A are designated
as replacements for CD4009A and CD4010A,
respectively. Because the CD4049A and
CDA4050A require only one power supply,
they are preferred over the CD4009A and
CD4010A and should be used in place of the
CD4009A and CD4010A in all inverter, cur-
rent driver, or logic-level conversion appli-
cations. In these applications the CD4049A
and CD4050A are pin compatible with the
CD4009A and CD4010A respectively, and
can be substituted for these devices in
existing as well as in new designs. Terminal
No. 16 is not connected internally on the
CDA4049A or CD4050A, therefore, connection
to this terminal is of no consequence to cir-
cuit operation. For applications not re-
quiring high sink-current or voltage conver-
sion, the CD4069 Hex Inverter is recom-
mended.

These types are supplied in 16-lead hermetic
dual-in-tine ceramic packages (D and F
suffixes), 16-lead dual-in-line plastic pack-
age (E suffix), 16-lead ceramic flat packages
(K suffix), and in chip form (H suffix).

Features:
8 High sink current for driving 2 TTL loads
8 High-to-low level logic conversion
8 Quiescent current specified to 15 V
® Maximum input leakage of 1 yuA at 15V
(full package-temperature range)
Applications:
® CMOS to DTL/TTL hex converter
® CMOS current “sink” or “source”
driver

CHARACTERISTIC _UM'TS UNITS
Min Max.
Supply-Voltage Range (V) (For Ta=Full Package-
3 12 \Y
Temperature Range}
Input Voltage Range (V) Vee© 12 Y

*The CD4049 and CD4050 have high-to-low-tevel voltage conversion capability but not
low-to-high-level; therefore it is recommended that V, = VCC'

STATIC ELECTRICAL CHARACTERISTICS

" cmos high-to-low logic-level
converter
A i{><>‘2 64 A L{>—2 Gea
B LDO—‘ H-8 8 P—‘>—4 H:B
¢ LDo—S 1:¢ c 7—{>—6 1-C
) L{>o£ 4B ) S—Di) J:D
€ " 12 K=€ £ tl 2 K<E
£ 4 15 LeF ¢ i4 15 LeF
vee — vee ——
ves —2— Vs ——
N e N e

CDA404%A CDA4050A
Fig.1 — Functional diagrams.

Limits at Indicated Temperatures (°C)
Characteristic]|  Conditions D, F, K, H Packagas E Package Units
Vo [ViN | Ved —65 +26 | +125 | —40 +25 | +85
V| V)| (v} Typ.| Limit Typ.| Limit
Q;:sfc:"t -~ | - | 5| 03foo1] 03| 20 | 3 [003] 3 | 42
Current — - 10} 05 |0.01] 05 30 5 ]0.05 5 70 | umA
‘ - - 151 10 (0.02} 10 | 100 60 | 0.05) 50 500
I Max.
Output
Voltage:
Low-Level, | — 0,5 5 0 Typ.; 0.05 Max.
VoL — | o, 10] 10 0 Typ.; 0.05 Max. v
High-Level, | — 0,5 5 4.95 Min.; 5 Typ.
VoH - | 0,10{ 10 9.95 Min_; 10 Typ.
Noise
Immunity:
Inputs Low, | 3.6 — 5 1.5 Min.; 2.25 Typ.
VNL 72| — 110 3 Min.; 4.5 Typ.
CD4050A
Inputs High, | 1.4 - 5 1.5 Min.; 2.25 Typ.
VNH 28| - | 10 3 Min.; 4.5 Typ. v
All Types
Inputs Low, | 3.6 - 5 1 Min.; 1.5 Typ.
VNL 721 — | 10 2 Min.; 3 Typ.
CD4049A
Noise
Margin:
Inputs Low, (4.5 — 5 1 Min.
VNML Min. 9 - 10 . 1 Min.
CD4050A
Inputs High, [ 0.5 — 5 1 Min.
VNMH Min. | 1 — 10 1 Min. \Y
CD4050A
Output Drive
Current:
N-Channet |0.4 — 45| 3.3 | 5.2 2.6 1.8 3.1 5.2 2.6 2.1
{Sink), 0.4 -~ 5 | 3.75 6 3 2.1 3.6 6 3 2.5
IpN Min. 05 - 10 10 16 8 5.6 9.6 16 8 6.6 mA
P-Channel 4.5 — 5 1-062] -1 |]—-05]-035-06j -1 ]|]-05]-04
(Source), 2.5 — 5 [-1.85[-25(-1.25]-09 [-15[-25|-1.25] —1
IpP Min. 9.5 — 10 1-1.85]-251-125]-09 1 -15]-25}|-125] —1
input
Leakage
Current, Any Input 15 +10-5 Typ., £1 Max. uA
he hiw
Max.
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CD4049A, CD4050A Types

. > T T
MAXIMUM RATINGS, Absolute-Maximum Values: Aum:nrvo o )(;ﬂ-zrc i b ri
PPLY - veols3 v
STORAGE-TEMPERATURE RANGE (Tggl oo -65 10 +150°C T 5 T
el T
OPERATING- TEMPERATURE RANGE (TA): H ; i
PACKAGE TYPES D, F, K. H ... ... —55 to +126°C N H L
PACKAGE TYPE E ... ... .. . . ~40 to +85°C Iz
DC SUPPLY-VOLTAGE RANGE, (Voc) 2 HH i
(Voltages referenced to VSS Terminal) . .. —05to+15 V 5 u 5t
POWER DISSIPATION PER PACKAGE (Pp): g H H
FOR T,= ~40 to +60°C (PACKAGE TYPE E) .. ... B T 500 mW 5 fetascicd
2 S
FOR T,=+60 to0 +85°C {PACKAGE TYPE E ) . .. Derate Linearly at 12 mW/°C to 200 mW § é HH e _h_
FORT, =-5510 +100°C (PACKAGE TYPES D, F, K} FR U 500 mW ofF iassd ¥4 H
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K)_ .. Derate Linearly at 12 mW/°C to 200 mW INPUT VOLTAGE (V{1 —V
9205-20479
DEVICE DISSIPATION PER OUTPUT TRANSISTOR o8
FOR T, = FULL PACKAGE - TEMPERATURE RANGE (ALL PACKAGE TYPES) ... .. 100 mW Fig. 2—Minimum and maximum voltage
INPUT VOLTAGE RANGE, ALL INPUTS . R . -05t0Vpp 05V transfer characteristics for
LEAD TEMPERATURE (DURING SOLDERING) CD4049A.
At distance 1/16 * 1/32nch {159 * 0.79 mm} from case for 10 s max R +265°C
AMBIENT TEMPERATURE (T, 25°
T SUPPLY VOLTAGE (vgcle1OV
AMBIENT T {Tale234C I T AMBIENT TEMPERATURE (Ty)e 25°C
SUPPLY VOLTAGE {Veg)*5 V S 10
0| T 09
e ;? [
1 2 gy
7| - €
2 ] H
o s MINIMUM MAXIMUM 58 = 3
2 [ g .
Z. £ s
5
5 ¥ s s 2
1 ! olzsosc1(lsno
4 INPUT VOLTAGE —
INPUT VOLTAGE (Vy)—V B Ty 92cs-20482
92¢$-20480 INPUT VOLTAGE (V1|— 22CS -20481
Fig. 3-Minimum and maximum volitage Fig. 4—Minimum and maximum voltage Fig. 5—Minimum and maximum voltage
transfer characteristics for transfer characteristics for transter charac teristics for
CD4050A. CD4049A. CD4050A.
T AMBIENT TEMPERATURE (T, }:25%C
TYPICAL TEMPERATURE COEFFICIENT
FOR Ip=-0.3%/°C
5 S0
> - ~SQURCE VOLTAG!
| | )
i ° L
z > |
- 1 MAXIMUM OPERATING —
2. ; 5
o 30
2 veg® $ ; s
[ 5
2 4 5 g 2
H +128°C 5 3
3 3 z
2 £w
1

[] ' 2 3 4 5 €6 7 8 9 © 0 I 2 3 4 8 6 7 8 9% W0 [ 2 4 6 8 0
INPUT VOLTAGE (VI —v INPUT VOLTAGE (VI)—V DRAIN-TO-SOURCE VOLTAGE [vns)—-v
$2¢3-20493 22c3-20404 92¢5-20485R1
Fig. 6—~Typical v h, - Fig. 7—Typic - . . L .
] m};i::_al o/rafge tr;a'nsferfcr arac ig. 7 Tye c‘al volta;;e transferfcharac Fig. 8~Typical and minimum n-channel drain
istics as a function of te ra- ri m, - L X
‘ f s ?D404;A0 mpera te st;cs ‘?;4;5'7;:0'7 of tempera characteristics as a function of gate-to-
ure for 3 .
ture for source voltage (V gg) for CD4049A, CD4050A.
DRAMN-TO-SOURCE VOLTAGE (vpgt —V
(BERT ““;zm (;:,_25.2‘ o = = T [AMBIENT TEMPERATURE (T, 1:25°C . AMBIENT TEWPERATURE (Tp1-28°C
[TYMCAL TEMPERATURE COEFFICENTEIE MNIMMUMES SV 1 TYPICAL TEMPERATURE ENT = i TYPICAL TEMPERATURE COEFFICIENT
IFOR Tp=-0.3 %/°C > ¥ | FOR ALL VALUES OF vecr03% /% ] o F Vo "0-3%/
TYPICA ST £ o | i 7 100
S ¥ ;
MINIMUM oY, «“* 0 g e )
& = 3 %
A 2 2 3
H z 8
s A K] g %
3 z 5
5 H i
o8 .
3 =
H g g
-28 7 & 2
MAXIMUM OPERATING —POWER CURVE PER DEVICE * 2 + g
PMAXIMUM PA 10N « 500 mw f = 33538 sergassass i S
BEEoT CRERELES SEH
92C%-20486R1 o 20 40 60 80 100
Fig. 9—Typical and minimum pchannel drain LOAD CAPACITANCE (CL)—BF . 0829 LOAD CAPACITANCE (CL)PF  o-20087
characteristics as a function of gate-to- ) 3
source voltage (VGS} for CD4049A, Fig. 10—Typical high-to-low level propagation delay Fig. 11—Typical high-to-low level propagation delay
CD4050A. time vs. C; for CD4049A. time vs. C; for CD4050A.
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CD4049A, CD4050A Types

DYNAMIC ELECTRICAL CHARACTERISTICS at T4=25°C; Input t,,4=20 ns, AMBIENT TEMPERATURE (T,)125°C
CL=15 pF, R|_=200 k2 TYPICAL TEMPERATURE COEFFICIENT

FOR ALL VALUES OF V¢ =0.3%/°C

1
]
T
LIMITS &
CHARACTERISTIC CONDITIONS UNITS =
ALL PKGS. oo e
V) Vee Typ.| Max. 8
150
Propagation Delay Time: ;
LOW-tO-High, tPLH g 100 i
‘£ B
CD4049A |—2 S 50 | 80 A
10 10 25 55 i i
ns
5 * i
CD4050A 10 150 7: 140 -] 20 40 60 80 100 . i
H 3 85 LOAD CAPACITANCE (C( )— pF 9205 20528
igh-to-Low, t, )
g PHL 5 5 5 Fig. 12—Typical low-to-high level propagation delay
CDA404a 1 55 time vs. C, for CD4049A.
%A 30 [ 1o 0 t
1 30
ns
5 5 55 110 TANBIENT TEWPERATURE (73)+25°C
CD4050A I o
10 10 25 | 56 L reas Trshanane cocrrien
Transition Time: 2
5 5 50 | 100 1
Low-to-High, t
¢ 1TLH 10_|_10 30 | 60 3
ns
. 5 5 20 45
High-to-Low, t §
9 THL 10 | 10 16 | 40 i
Input Capacitance, Cy
CD4049A — — 15 — 3 g
CDA0S0A | — = 5 | — e i
AMBIENT TEMPERATURE ( Tp) +25°C "‘""" :s:::::m:: ::&Lr?é-scm o
z I;:'c:tkrf:‘:::s“::s:ﬁ'; g FOR ALL VALUES OF Vee:0.3%, Loap cApAcmucs tcL1—pF
I 100 2 92c5-20488
"; -'-x Fig. 13—Typical low-to-high level propagation delay
) E time vs. C; for CD4050A.
H
i !
.5. P § woee AuTau:nv TEMPERATURE "‘hl?s]cl[/]{{/[ 171
£ g
: i 2 N 7%
£ H P S v
S
£ i S 7
i 0 E] g SY.ov.a
z 3 ¥ 'z\‘/
3 H ¥ L1 A >
z
v
LOAD CAPACITANCE (€| sacs- 20526 LOAD CAPACITANCE (Ci)}—pF $2CS-20489 E‘ 102 - I/I /
Fig. 14—Typical high-to-low level transition time Fig. 15—Typical low-to-high level transition time § P ~ P
vs. Cy for CD4048A, CD4050A. vs. C; for CD4049A, CD4050A. 1V § o tsfgoi:vujmc:;cu-la.r
105 [AMBIENT TEMPERATURE (T4 } = FULL PKG. TEMP n?: 5 '0F[AMBIENT TEMPERATURE (T, ) FULL PKG, TEMR RANGE 10 y l { IT ] l l I
Tx T T TP h I T s 3 B R P B R P S R
@ Tt 5’ s INPUT FREQUENCY (t¢) I:h 220820827 ©
4 r
E E e _\d\ Fig. 16—Typical dissipation characteristics for
H g 1 CD4049A, CD4050A.
E, Q 10|
= z vee vee
3 g
2 &
x 0,
£ H = =
® s [ e
0 10? 103 0* 0t 10® o7 10® © ouT i R J1
INPUT RISE AND FALL TIME (1, .t¢) INPUT RISE AND FALL TIME (1, 3¢} O VWA~
92C5-20450R 92¢5-204%A IN ouT
Fig. 17—Typical power dissipation vs. transition Fig. 18—Typical power dissipation vs. rranslt/on k U
time per inverter CD4049A. time per inverter CD4050A. Voo N sl N
Voo Voo t
$ ;w INPUTS
o
INPUTS ouUTPUTS NOTE: vss ’
Voot 2] ™~ INPULS MEASURE INPUTS Lvss Lvss
. v SEQUENTIALLY, t
o, - Lo + oo -— O 8OTH Vpp ANO Vg: o e s2¢s-2017
Vi - Lo Y O - CONNECT ALL UNUSED . L
- L v -] ;vuros. TO EITHER Fig. 22 — {a)Schematic diagram of CD4049A, 1 of
NOTE: ha o0 O Ves: s2ce- 27401 6 identical units.
s et %"T:é’,‘,:‘:,éﬁ‘;‘fh fb) Schematic diagram of CD4050A, 1 of
s2cs-2ra00 YOO OR Vss: Vgg secs-27a02 8 identical units.
Fig. 19— Noise immunity test circuit. Fig. 20—~Input leakage current test circuit. Fig. 27"—”0u[escent device current test circuit.
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CMOS LSI 4-Bit Arithmetic Logic Unit

The RCA-CD4057A is a low-power arithme-
tic logic unit {ALU) designed for use in LS!
computers. An arithmetic system of virtually
any size can be constructed by wiring to-

Applications:

| Parallel Arithmetic Units
B Process Controllers

ul

FUNCTION
gether a number of CD4057A ALU's. The B Remote Data Sets SELECT
CD4057A provides 4-bit arithmetic opera- ® Graphic Display Terminals uooE
tions, time sharing of data terminals, and full

cLoc

functional decoding for all control lines. The
distributed control system of this device
provides great flexibifity in system designs
by allowing hard-wired connection of N
units in 4N unique combinations. Four
control lines provide 16 instructions which
include Addition, Subtraction, Bidirectional
and Cycle Shifts, Up-Down Counting, AND,
OR, and Exclusive-OR logic operations.

detected and used to establish a conditional
operation. Predetermined operation of the
CD4057A on a conditional basis ailows
greater ALU flexibility. Although especially
applicable as a parallel arithmetic unit, the
CD4057A also finds use in virtually any
application requiring one or more of its 16
basic instructions. The CD4057 A is supplied
ina hermetically sealed 28-lead dual-in-tine
ceramic package (CD4057AD)}, 28-lead cer-
amic flat package (CD4057AK), and in chip
form (CD4057AH).

Two mode control lines allow the CD4057A
to function as any 4-bit section of a larger
arithmetic unit by controlling the bidirec-
tional serial transfer of data to adjacent
arithmetic arrays. By means of three “Con-
ditional Control” lines Overflow, All Zeros,
and Negative State conditions may be

MAXIMUM RATINGS, Absolute-Maximum Values:

STORAGE-TEMPERATURE RANGE (Tslg} e —65 10 +150°C
OPERATING-TEMPERATURE RANGE (Tj}

PACKAGE TYPES D, K, H e 55 to +125°C
DC SUPPLY-VOLTAGE RANGE, ’VDD,

(Voltages referenced to Vgg Termmnal) ... ... ... ... —0510 +15 V
POWER DISSIPATION PER PACKAGE (PD)

For T, = -56 to +100°C (PACKAGE TYPES D, K) .....ooviiiiiiiiiiiiiiiiiiieieiinns 500 mW

For Tp = +100 to +125°C (PACKAGE TYPES D, K)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)
INPUT VOLTAGE RANGE, ALL INPUTS ..
LEAD TEMPERATURE (DURING SOLDERING)
At distance 1/16 * 1/32 nch (159 % 0.79 mm]) from case for 10 s max.

Derate Linearly at 12 mW/°C to 200 mW

100 mW
-05 to Vpp +05 V

+265°C

RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating conditions should be selected so that

CONDITIONAL 7]
INPUTS

)
'

CD4057A Types

PARALLEL DATA
OATA ouT
I/0 LINES CONTROL
EFT SERIAL DATA LINE P T/ STORE o sen
IGHT SERIAL
ISTER
RecisTe DATA LINE
3
173] FUNCTIONAL B ARITHMETIC
MODE CONTROLS CIRCUITS
=
Kk = OVERFLOW
CONDITIONAL o
CLOCK
e GATING
‘ OVERFLOW
To INPUT/QUTPUT
REGISTER 92¢5-20250R2

Vpp - 26
vgg 25

e T

operation is always within the following ranges:
CD40574 _.___::
CHARACTERISTIC Voo LTS
v) Min, | Max. UNITS *21
Supply-Voltage Range (For T = Full 2 T
3 12 v
Package-Temperature Range) cp40s7A [0 o
Setup Time, tg 5 40 - .
DATA 0 | 20 | - 5
QP CODE 5 4590 - ne lee
10 1320 - €D4057A t::
. 5 1200 - -
Clock Pulse Width, ty 10 375 _ ns *?
0
Clock fnput Frequency, fc) 5 0.13 -
Count Mode 10 0.46 - CD4057A
Shift Mode 5 | o033 | - | M=
0 | 14 | - i
vss
Clock Rise or Fall Time, t,CL, t;CL S I I ™

l D812

D58
558

Fig. 1 — Block diagram — CD4057A.

Features:

LS1 Complexity on a Single Chip
16-Instruction Capability

-Add, Subtract, Count

-AND, OR, Exclusive-OR

-Right, Left, or Cyclic Shifts
Bidirectional Data Busses
Instruction Decoding on Chip
Fully Static Operation
Single-Phase Clocking

Easily Expandable to 8, 12, 16,.
... Bit Operation

Low Qui Device Di
... 10 W (typ.)
Conditional-Operation Controls on Chip
Add Time (Data In-To Sum Qut)

=375 ns (typ) at 10V
Quiescent current specified to 15 V

Maximum input leakage current of 1 uA
at 15 V (full package-temperature range}

1-V noise margin (full package-temperature
range)

fon ..

tpp (D] - Cg) + 31pp (C] —~ Co) = 780 ns

01318
tpp (D] - €g) * 2tpp (Cp - Cg) + tpp (Cp ~ Sgb = 926 ns
s1316 ol 1-Col* tpp (Cr - So

tpp (D] - Co} + 2 tpp €1 — €0l = 616 ns

tpp {01 - Col + tpp (C1 — Co* tpp (€ — SO} = 750 ns
5912 oo fa=to

tpp (D] - Co) + tpp (C - Col = 440 ns

tpp (O] - Co) + tpp (€ - So) = 578 ns

tpp (D — Col = 265 ns

D14
tpp (D —So} = 375 m
s14

92C5-21875

Fig. 2 — Typical speed characteristics of 8 16-bit ALUat Vpp = 10 V.
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CD4057A Types

STATIC ELECTRICAL CHARACTERISTICS

Limits at Indicated Temperatures (°C)
CONDITIONS
. CD4057AD, CD4057AK, CD40S7AH
CHARACTERISTIC — = P UNITS
Vo VIN Vpp -55°C 25°C 125°C
(V) [ (v} ]| (V) |Min.|Max]Min.| Typ.|Max.|Min. | Max.
Quiescent Device ~ 1| S|-[5/-f06]5]-]150
Current I - | =-]110]|-=-1]10]-— 1 10| — | 300 MA
- =11 -1fs0]= 1180 ] — {2000
Output Volitage; ~-15] 5 0 Typ.; 0.05 Max.
Low-Level V v
VoL - 110]| 10 0 Typ.; 0.05 Max.
- 0 S 4.85 Min.; 5 Typ.
High Level, VOH v
- 0 10 9.95 Min.; 10 Typ.
Noise lmmunity 08l -1 5 1.5 Min.; 2.26 Typ.
(All Inputs) 11=110 3 Min.; 4.5 Typ.
VNL: VNH — v
42| —~ 5 1.6 Min.; 2.25 Typ.
91} —-1]10 3'Min.; 4.5 Typ.
Noise Margin: 4 _ 5 1 Min.

Inputs Low, 5

VNML 9 |- 10 1 Min,

A\
tnputs High, 05 | ~ 5 1 Min,

VNMH 1 -1 10 1 Min.

Output Drive Current: {06 [ — | 5 ]0.11] — |0.09|0.16| — |0.06] -

foN. IgP

Zero Indicator
n-channel 05| — 10 |0.12| - (0.10}0.16] — [0.07| -
p-channel 3 - 5 |0.04] — |0.03|0.06] — [|0.02] -

- 10 |0.08| — {0.07]0.13] - [005] —

Negative Indicator 05| — | 5 [0.11] — [0.09]030] — [0.06| -
n-channel 05| — | 10 |0.12| — |0.10}0.40] —~ [0.07| -
p-channel 45 | — 5 1007} — 10.06{0.19} — |0.04}| -

95| — 10 [0.12| — [0.10{0.30| — ]0.07{ — mA

Overflow Indicator 05| — | 5 [0.25] — [0.20{0.50] — [0.14] -
n-channel 05 | — 10 [0.37| - |o0.30{0.90| ~ [0.21| -
p-channel 45 | — 5 0.08| — |0.07]0.21] — 005 -

95| — | 10 |0.12] — |0.10[0.38| - |0.07| -

All Other Outputs 05| — | 5 [0.11] — |0.09{0.10] ~ |006] -
n-channel 05| — | 10 [0.06] ~ [0.05|0.12| — |0.03} -
p-channel 45 | — 5 0.02 — |0.02[0.06| — [0.01| -

96| — | 10 [0.06] — (0.05{0.08f — [0.03] —
Input Leakage Any Input
Current - ~11s +10~5 Typ., £ 1 Max. pA
WL WiH

AMBIENT TEMPERATURE (TaT*25°C

COUNT-UP MODE

SUPPLY VOLTAGE (Vppi—v

o 025 Qs Y 2% 18 L7S
MAX. COUNTING FREQUENCY {f ) —MHI

92¢3 - 21090

Fig. 3 — Maximum counting frequency vs.

supply voltage for a typical CD4057A.

ARENT T8¢

TYPICAL TEMR

T ALL VALUES OF 3%/
H HH
| )
B 34

ey O,
HEHED 9o
s
° F] 0 s 00

LOAG CAPACITANCE (Cy ) —pF
v2cs-208

Fig. 4 — Transition time vs. load capacitance
for data outputs (D1-D4).

CLOCK PULSE RISE AND FALL TIMES

e ¢ e —
1yee we W o

szcs 21872

Fig. 5 — Clock pulse rise and fall times.

Fig. 6 — Data setup time.

*1y,4¢2008

92¢5-21874

Fig. 7 — Dats hold time.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C and CL = 15 pF, R =200 k2,

t.t§=20ns
Typical Temperature Coefficient at all values of Vpp = 0.3%/°C
TEST LIMITS
CHARACTERISTICS CONDITIONS | CD4057AD, CD4057AK UNITS
VDD Min. | Typ. | Max.
Propagation Delay Time: _
g’k{-‘;ﬁnL 5 1430 | 3900
.to.
SO OUT 10 - | 315 | 720
CARRY IN-to- 5 — | 915 | 2550
sumout 10 - 310 | 840
DATA IN-to- 5 - 950 2580 ns
CARRY OUT 10 - 265 720
CARRY IN-to- 5 - 485 1320
CARRY OUT
10 — 175 480
5 - 1980 | 5400
Z\ input
to- 10 ~ | 780 | 2040
Z1 Output 5 ~ | 265 | 720
10 — 110 300
Transition Time: 5 - 3700 | 10350
YTLHATHL 10 - 1650 | 4500
Z1 Output 5 - | 420 | 1140
10 - 220 600
ns
Negative Indicator and 5 — 300 825
Overflow Indicator 10 _ 165 450
All Other 5 - 1000 2775
Outputs 10 — | a75 | 1275
Minimum Clock Pulse 5 - 400 | 1200
. ns
Width, tw 10 - | 125 | 35
Clock Rise and Fall Time, 5 - - 15
trCL,thL s
10 - - 15
Minimum Set Up Time : tg| y.tgHL 5 - 20 40 ns
DATA 10 - 10 | 20
OP CODE 5 - | 1675 | as00 |
10 - 485 1320
- . 5 - 20 40
Minimum Data Hold Time, tHLH- tHHL ns
10 - 10 20
Maximum Clock Frequency: fo| 5 0.13 | 0.36 -
Count Mode 10 0.46 1.35 -
MHz
Shift Mode 5 |033 |00 | -
10 1.4 38 -
Input Capacitance, C| ANY INPUT - 5 - pF
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LOGIC DESCRIPTION
OPERATIONAL MODES

The CD4057A arithmetic fogic unit operates
in one of four possible modes. These modes
control the transfer of information, either
serial data or arithmetic operation carries, to
and from the serial-data fines. Fig. 8 shows
the manner in which the four modes control
the data on the serial-data lines,

e — ————
LEFT Vs [WoDE 0}-o Vss' oIS ._.--.
DaTA T <
LINE ' ? 9 H LINE
[ _-__Z_ _——
avrass
e - &
G o VS oI T Bl
DATA o [mooe 1 7
LINE | ) uNE
e___ 2L
BYPASS
N
LT 1¥SS “o-[MovEzlay WS mont

LINE

1,0 .
LEFT VIZEJES RIGNT
DATA o C
LINE  § | LINE
-d

92C5-20252M

T T daveass T
Fig. 8 — Schematic of “Mode” concept.
In MODE 0, data can enter or leave from
either the left or the right
serial-data line.
data can enter or leave only on
the left serial-data line.
data can enter or leave only
on the right serial-data fine.
serial data can neither enter
nor leave the register,regardiess
of the nature of the operation.
Furthermore, the register Is
by-passed electricaily, i.e.,
there is an electrical bidirec-
tional path between the right
and left serial data terminals.
The two input lines labeled C1 and C2 in
the terminal assignment diagram define one
of four possible modes shown in Table I.
Through the use of mode contro!, individual
arithmetic arrays can beé cascaded to form
one large processor or many processors of
various lengths.

in MODE 1,
n MODE 2,

in MODE 3,

TABLE | — MODE DEFINITION

c2 c1 MODE
0 0 0
0 1 1
1 0 2
1 1 3

Examples of how one ' hard-wired *
combination of three ALU’s can form (a) a
12-bit parallel processor, (b} one 8-bit and
one 4-bit parallel processor, or {(c) three
4-bit parallel processors, merely by changes
in the modes of each ALU are shown in
Fig. 10.
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PARALLEL DATA
oam INFOUT LINES RiGHT
RQTATE-L  OUT — A ) Z1
{Ro  CONTROL D4 03 o o1 Uhe  mpur
1
® (ﬁm ®
a @
FUNCTION e
funcrion J ° 1
SELECT % ) ¢ ()= ANO REGISTER REGISTER REGISTER REGISTER
= CELL CELL  fe—el CELL o] CELL
¢ @+ wmooe Nod No3 No2 No.l
cl :)—.
Moo CONTROL
2@+
ARITHMETIC ARITHMETIC ARITHMETIC ARITHMETIC
CELL CELL CELL CELL
No 4 Nal No2 Nol
CLOCK.
[CONDITIONAL
a 10 CARRY 10 CARRY TO CARRY 10 CARRY
CONDITIONAL . — ouT LOGIC ouT LoGIC ouT LOGIC 0UT LOGIC
weuts ¥ < © GATING
c @

v

OVER FLOW
FIF

@
OVERFLOW
IND.

LEFT NEG.
IAL IND.

OVERFLOW
170

CARRY OUT
LOGIC

@ l @g

BYPASS

21 ROTATE-2
OUTPUT {Ro2)

92CM-21876R)

ALL INPUTS PROTECTED BY
COS/MOS PROTECTION NETWORK

Fig. 9 — Simplified Iog/c diagram.

Data-flow interruptions are shown by shaded
areas. With these three ALU’s and the four
available modes, 61 more system combina-
tions can be formed. If 4 ALU’s are used,
44 combinations {256) are possible. Fig.77

shows a diagram of 4 CD4057A’s inter-
connected to form a 16-bit parallel processor.

°
Y

AN E

N

[ wooe 2 |
[ wooe ¢ ]
Auove

Fig. 10 —

7|
Yuooe 3

92CS-20254

N

b.

Sy
NN

7 7
Yuove 3

“Mode” connections for parallel
processor:

fa) 12bit unit,

(b) one 8-bit and one 4-bit unit
{c) three 4-bit units.

Y
AN\N|

NOTE: The BYPASS terminal of the “‘most
significant’” CD4057A is connected to the
bypass terminal of the “least significant’
CD4057A. The bypass terminals on all other
CD4057A’s are left floating. This inter
connection is performed whenever more
than one CD4057A are used to form a
processor.
INSTRUCTION REPERTOIRE

Four encoded lines are used to represent
16 instructions. Encoded instructions are as
follows:

abed

0 0 0 0 NO-OP (Operational Inhibit}

0001 AND

0 0 10 Countdown

0011 Countup

0 1 0 0O Subtract Stored number
from zero (SMZ)

0 1 0 1 Subtract from parallel data
lines {SM) {stored number from
parallel data lines)

01 0 Add {AD)

0 1 1 1 Subtract (SUB) (Parallel data
lines from stored number)

1 0 0 0 Settoall ones (SET)

1 0 0 1 Clear to all zeroes (CLEAR)

1 01 0 Exclusive-OR

1011 OR

1 1 0 0 InputData {From parallel
data lines)

1 1 Left shift

1 1 0 Rightshift

1 1 Rotate (cycle) right

All instructions are executed on the positive
edge of the clock.

PARALLEL COMMANDS

a. CLEAR - sets register to zero.

b. SET —sets register 1o all ones.

c. OR —processes contents of register
with value on parallel-data lines in
a logical OR function.

d. AND —processes contents of register
with value on parallel-data lines in
a logical AND function,

e. Exclusive-OR — processes contents
of register with data on paratlel-data
lines in a logical Exclusive-OR function,
f. IN —loads data on parallel-data lines
into register.

DATA OUT CONTROL — unloads

contents of register and overflow
flip-flop onto parallel data lines and
overflow 1/0 independent of all other
controls.
h. SUB:
In Mede 0, adds to the contents of

In Mode 1,

In Mode 2,

In Mode 3,

i. COUNT UP:

In Mode 0,

In Mode 1,

In Mode 2,

In Mode 3,

the register the one’s com-
plement of the data on the
parallel-data lines. Carries
can enter on the right
serial data line and can
leave on the left serial
data line. The overflow
indicator does not change
state.

adds to the contents of the
register the two’s comple-
ment of the data on the
parallel-data lines. Gener-
ated carries can leave on
the left serial line. The
CARRY IN js set to zero.
The overflow indicator
does not change state.
same as Mode 0, except
carries cannot leave on the
right serial-data line.The
absence or presence of an
overflow is registered.
same as Mode 1, except
carries cannot leave on the
left serial-date line. The
absence or presence of an
overflow is registered.

adds to the contents of the
register the data on the
right serial-data line and
permits any resulting carry
to leave on the left serial-
data line. No data enters
the parallel-data lines.
internally adds a one to
the contents of the register
and permits any resulting
carry to leave on the left
serial-data line. No data
enters or leaves the right
serial-data line.

adds to the contents of the
register the data on the
right serial-data line. No
data enters or leaves the
left serial-data line.
internally adds a one to
the contents of the register
No data enters or leaves
the register on any serial-
data or parallel-data line.
In all modes, with the
DATA OUT control high
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PR
SIGN
e S| | L LI fiowT serAL
{CARRY OUT} TCARRY 1N}
2ERO IND 2€RO IND ZERO INO 2ERO IND
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21Ro2 Ro2 Ro2
21 21 71 21
H MODE 2 MODE O MODE 0 P MODE {
c2 ¢l c2__ ¢ c2__¢ c2 ¢
Voo
Voo » TERMINAL INTENTIONALLY LEFT FLOATING Voo Vss
92C8- 20259

Fig. 11 — Connection for 16-bit arithmetic logic unit.

the count is presented on
the parallel data lines (D1-
D4).

COUNT DOWN:

In Mode O, subtracts a one {2's comple-
ment form) from the con-
tents of the register and
adds to this result the data
on the right serial-data line
and permits any resulting
carry to leave on the left

serial-data line. No data
enters on the parallel-data
lines.

In Mode 1, internally subtracts a one
from the contents of the
register and permits any
resulting carry to leave on
the left serial-data line. No
data enters or leaves the
right serial-data line.

In Mode 2, subtracts a one from the
contents of the register and
adds to this result the data
on the right serial-data line.
No data enters or leaves on
the left serial-data line.

In Mode 3, internally subtracts a one
from the contents of the
register. No data enters or
leaves on the serial-data
tines.

In all modes, with the DATA OUT control

high the count is presented on the parallel

data lines (D1-D4).
k. ADD(AD):

In Mode 0, adds the contents of the
register to the data on the
parallel-data lines and the
right serial-data line. Any
resulting carry can leave on
the left serial-data line. The
overflow indicator does not
change state.

In Mode 1, adds the contents of the
register to the data on the
parallel-data lines and allows
any resuiting carry to leave
on the left serial-data line.
The right serial-data line is

open-circuited. The over-
flow indicator does not
change state. The CARRY-
IN is set to zero.

In Mode 2, adds the contents of the
register to the data on the
parallel data lines and the
right serial-data line. Any
overflow sets the overflow
indicator. The left serial-
data line is open-circuited.
The absence or presence of
an overflow is registered.

In Mode 3, adds contents of the register
to the data on the parallel-
data lines. Any resulting
carry sets the overflow indi-
cator. The two serial-data
lines are open circuited. The
absence or presence of an
overflow is registered. The
CARRY-IN is set to zero.

I. SM — same operation as AD except the
contents of the register are two's comple-
mented during addition in Mode 1 and
Mode 3. In Mode 0 or Mode 2, the con-
tents of the register are one’s comple-
mented and added to the data on the
right serial-data line and the parallel-
data lines. Overflows occurring in Mode
1 or Mode O do not alter the overflow
indicator. The presence or absence of
overflows is registered on the overflow
indicator in Mode 2 or Mode 3.

m. SMzZ:

In Mode 0, one’s complements the
contents of the register
and adds the data on the
right serial-data line to the
contents of the register.
Any resulting carry can
leave on the left serial-
data line. The overflow
indicator does not change
state.

In Mode 1, two’s complements the
contents of the register
and permits any carry to
leave on the left serial-
data line, No data can
enter the right serial-data

CD4057A Types

line. The overflow indi-
cator does not change
state. The CARRY-IN is
set to zero.

In Mode 2, one’s complements the
contents of the register
and adds the data on the
right serial-data line to the
contents of the register,
Carries cannot leave the
left serial data fine. The
absence or presence of an
overflow alters the
overflow indicator.

In Mode 3, two's complements the
contents of the register,

Seriai data can neither
enter the right serial-
data line nor leave the

left serial-data line. The
overflow indicator is at
zero. The CARRY-IN is
set to zero,

no operation takes place,
The clock input is inhib-
ited and the state of all
registers and indicators
remains unchanged.

NO-OP —

SERIAL-SHIFT OPERATIONS

b.

ROTATE ({cycle) RIGHT — This opera-
tion is internal. The contents of the
register shift to the right, cyclic fashion
with the leftmost stage accepting data
from the rightmost stage regardless of
the mode. Data can leave the register
serially on the right data line only while
the register is in Mode 1 or Mode O,
Data can enter the left data line serially
while the register is in Mode 1 or Mode
0. The Rol terminal of the “Most
Significant”” CD4057A must be connect-
ed to the Ro2 terminal of the “Least
Significant”” CD4057A. All other Ro1
and Ro2 terminals must be left floating.
When only one CD4057A is used, Ro1
must be connected to Ro2.

RIGHT SHIFT — The contents of the

register shift to the right and serial opera-

tions are as follows:

In Mode O, data can enter serially on
the left data line, shift
through the register, and
leave on the right data

line.
In Mode 1, data can enter serially on
the left data line. The

right data line effectively
is open - circuited.

In Mode 2, data can leave serially on
the right data line. The left
data line effectively is open-
circuited. Vacant spaces are
fitled with zeros.

In Mode 3, serial data can neither en-
ter nor leave the register;
however,the contents shift
to the right and vacated
places are filled with zeros.
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In all modes, with the DATA QUT
control high the data is presented
on the parallel data lines {D1-D4).

c. LEFT SHIFT — The contents of the
register shift to the left and serial
operations are as follows;

In Mode 0, data can enter the right
data line, shift through the
register, and leave on the
left data line.

In Mode 1, data can leave serially on
the left data line. The right
data line effectively is
open-circuited. All vacant
positions are filled with
zeros,

In Mode 2, data can enter serially on
the right data line. The
left data line effectively is
open-circuited.

In Mode 3, data can neither enter nor
leave the register; however,
the contents shift to the
left, and vacated places
are filled with zeros.

In all modes, with the DATA OUT

control high the data is presented on

the parallel data lines (D1-D4).

Because the “DATA OUT” control instruc-
tion is independent of the other 16 instruc-
tions, care must be taken not to activate
this control when data are to be loaded into
the processor. This instruction should only

be activated when the pr is ing
a NO-OP, any SHIFT, SMZ, COUNT UP or
DOWN, CLEAR, or SET.

If a data line, serial or parallel, is used as an
input and the logic state of that line is not
defined (i.e., the line is an open circuit),then
the result of any operation using that line is
undefined.

OPERATIONAL SEQUENCE FOR
ARITHMETIC ADD CYCLE

1. Apply IN Instruction and Word A on
Parallel Data Lines (D1—D4).

2. Apply CLOCK to load Word A into
the register.

3. Apply OP CODE instruction and Word
B on Data Lines.

4. Apply CLOCK to load resulting
function of A and B into the register.

5. Apply “DATA OUT” control to
present result to Paralle! Data Lines.

NOTE: Transitions of Step 2 and Step 3
may occur almost simultaneously: i.e.
separated by only one data-hold time.

CLEAR | SET |NO| CLEAR|NO| W | LT SWFT [MO| N [RTSHET | N | Sk |NO| I | S (N0| m Dxuswe N0

. ] u i
R 1] ’——-

f
. — "
L ] -_‘

o
] | ] J7] [] [ L]
¢

of
c2
oA 1 ; i - 5 1l l——P-WL__ - L
OATA 2% ;_1 [ '___JF_T i __= l__
S N U N O B Oy S Ty
DATA &* ; ! ‘L --L
A
' 1 - _—
¢
26R0 mo;J L | |
WES, IND. 1 [ | | | 1}
ovenriow'

IND.
ovenriob! "
10

“ L L

NOTES: Rol CONNECTED TO Ro2; BY PASS IS OPEN; ZI CONNECTED TO Vpp. REGISTER IN MOOE 3.
#SOLID LINE REPRESENTS INPUT FROM EXTERIOR SOURCE WHMEN “DATA OUT” IS LOW; DASHED LINE

REFRESENTS OUTPUT WHEN "DATA OUT"IS HIGH.

Fig. 12 — Timing diagram.

NEGATIVE-NUMBER DETECTION

The NEG IND terminal of the CDA057A is
connected to the output of the flip-flop
that is in the most significant bit position.
A 1" on the NEG IND terminal indicates
a negative number is in the register. This
detection is also independent of modes.

ZERO DETECTION

The condition of “all zeros” is indicated
by a “1” on the Zero Indicator terminal
of the “Most Significant” CD4057A.

As shown in Fig. 11, terminal Z! of the
CD40567A containing the least significant
set of bits is connected to Vpp. Zero
indication is independent of modes.

COMPLEMENTING NUMBERS

1. One’s complement of number in ALU
register.
a} ALU must be in MODE 0 or MODE 2.
b) Zero on Rt. Data Line.
¢} Execute an SMZ instruction.

{Continued)

secL-zoosm
INPUT a
INPUT b l—
INPUT 1
INPUT d
“para out”
cLock - ——\___
DATA 2% = = = —
Pe-a
DATA 3 | N—
DATA 4" et — -
CARRY W
CcARRY
OVERFLOW
INDICATOR
NEGATIVE
INDICATOR
L T ¢
1 2 3 4 L]

% SOLID LINE REPRESENTS INPUT

i M
DATA OUT” IS LOW. DASHED LINES
REPRESENT OUTPUT WHEN DATA

92cs-21877

Fig. 13 — Add cycle waveforms.
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2. One's complement of number to be
foaded into ALU register.

a) tf zero indicator output is low,
execute a CLEAR instruction, and
make Rt. Data Line = 0.

b} ALU must be in MODE 0 or MODE 2.

¢) Execute an SUB instruction.
3. Two's complement of number in ALU
register.
a) ALU must be in MODE 1 or MODE 3.
b) Execute an SMZ instruction.
4. Two's complement of number to be
loaded into ALU register.
a) If zero indicator output is low,
execute a CLEAR instruction,
and make Rt. Data Line = 0.
b) ALU must be in MODE 1 or MODE 3.
c) Execute an SUB instruction.
The following algorithms are given as a
general guideline to demonstrate some of
the capabilities of the CD4057A.

MULTIPLICATION OF
TWO N-BIT NUMBERS

CD4057A Register 1
ALU (2N Bits)
(2 N Bits)
00...0/00..0 O0...0/A;"ay.. aN_1
| W . /

Multiplier

Register 2

(2N Bits)

0...00/8¢ * by.. .by_1
\ J/

1
Multiplicand

*Ag and By are sign bits

Multiplication Algorithm
. Clear ALV to Zero
. Store Ag (1) By in External Fiip-Flop.
. If A; =1, Complement Register 1.
. If Bg = 1, Complement Register 2.
. Load Register 2 into ALU.
. Do shift Left on ALU N Times
{N = number of bits).
. Do N Times:
(1)
a) f MSBof AtU=1
(Negative Indicator = High),
Then shift ALU left 1 bit;
add Register 1 to ALU.
b) tf MSB of ALU=0
(Negative Indicator = Low)
Then shift ALU left 1 bit.
8. If Ag @ Bg = 1, then Complement
ALU.
9. Answer in ALU.

DO EWN -

~

Division Algorithm

CD4057A
ALU 1
(N Bits)

CD4057A
ALU 2
(N Bits)

Agag...aN_1 an .. a9N—1
\ T /

Dividend

Register A|
{N Bits)

Bgb . . .by_1

\_r_—l

Divisor

1. Store Ag O] Bg in External Flip-Fiop.
2.If Ag= 1, complement ALU 1 and ALU 2.

3. If By=1, complement Register A.

4, Check for Divisor=0
a) If Divisor = 0; stop, indicates

division by 0.

b) If Divisor #0; continue.

5. Apply SUB instruction to ALU 1
and the contents of Register A to
ALU 1 data lines.

6. Putazero on RT dataline of ALU
2 and shift ALU 1 & ALU 2 left 1
bit.

7. Do “N” times.

(1) Apply a sub instruction to ALU 1
and the contents of Register A to
the ALU 1 data lines.

a) If Co =1, then clock ALU 1, and
put a 1 on right data line of ALU 2.

b} If Co = 0, then do not clock, and put
a 0 on right data line of ALU 2.

{2} Shift left 1 bit.

8. If sign Flip Flop = 1, complement
ALU 2.

9. Answer in ALU 2.

CONDITIONAL OPERATION

Inhibition of the clock pulse can be accom-
plished with a programmed NO-OP instruc-
tion or through conditional input terminals
A,B,and C.In a system of many CD4057A’s,
each CD4057A can be made to automati-
cally control its own operation or the
operation of any other CD4057A in the
system in conjunction with the Overflow,
Zero, or Negative (Number) indicators,
Table 1l, the conditional inputs, truth
table, defines the interactions among A,B,
and C.

CD4057A Types

TABLE Il — CONDITIONAL-INPUTS
TRUTH TABLE

OPERATION
PERMITTED

Yes
Yes
No
No
1 Yes
X = don’t care

ol-loix] ©

Py, I -1 -]
_a_nooxm

Two examples of how the conditional
operation can be used are as follows:
1} For the Multiplication Algorithm
A =1, for step 7 (1)
A =0, for step 7 (2)
B=1
C = negative Indicator
2) For the Division Algorithm

A=1,forstep 7 (1)
A =0, for step 7 (2)
B=1

C = C,, (left data line)

OVERFLOW DETECTION

The CD4057A is capable of detecting and
indicating the presence or absence of an
arithmetic two’scomplement overflow. A
two's-complement overflow is defined as
having occurred if the signs of the two initial
words are the same and the sign of the resuit
is different while performing a carry-gener-
ating instruction.

0.011
(+) 0.110
1.001

Overflows can be detected and indicated
only during operation in Mode 2 or Mode 3
and can occur for only four instructions
{AD, SMZ, SM, and SUB). If an overflow is
detected and stored in the overflow flip-flop,
any one of the five instructions AD, SMZ,
SM, SUB, or IN can change the overflow
indicator.

When any of the three subtraction instruc-
tions is used, the sign bit of the data being
subtracted is complemented and this value
is used as one. of the two initial signs to
detect overflows. If an overfiow has occur-
red, the final sign of the sum or difference is
one’s complemented and stored in the most-
significant-bit position of the register.

The overfiow flip-flop is updated at the same
time the new result is stored in the
CD4057A. Whenever data on the parallel-
data lines are loaded into the CD4057A,
whatever is on the OQverflow 1/0 line is
loaded into the overflow flip-flop. Also,
whenever data are dumped on the parallel
data lines from the CD4057A, the contents
of the overfiow flip-flop are dumped on the
Overflow 1/0 line. Thus overflows may be
stored elsewhere and then fed into the
CNA4057A at another time.

For example:
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OPERATIONAL SEQUENCE
AND WAVEFORMS FOR
PROPAGATION-DELAY MEASUREMENTS

1. DATA-IN-to-CARRY OUT and DATA
IN-to-SUM QUT
A. Apply Word A and IN instruction
B. Apply Clock to load word A into
register
C. Apply AD instruction
D. Apply Word B {data in}
E. Apply Clock to load result
(sum out)
F. Apply DATA OUT CONTROL
to look at result
A B < 0 E F
I
INPUT g ——y
INPUT b ot
INPUT ¢
INPUT d
DATA OUT CONTROL
b——=q
DATA * [
0ATA 2" e —
0aTA 3" ———if L
DATA 4*: [,
CLOCK
CARRY OUT
@ pata
® canmv oot -2+
@ sum our * ZR5W EXTERIOR, SOURGE WHEN.

(D~ (@ oata N T0 CaRRY ouT
(@© —= (@) oATA 8 TO SUM QUT

DATA QUT” IS LOW. DASHED | INES
REPRESENT OUTPUT WHEN DATA
OUT IS HIGH s2cs-21874

Fig. 14(a) — DATA IN-to-CARRY OUT and

DATA IN-to-SUM OUT,

2. CARRY IN-to-CARRY OUT and CARRY

IN-t

A,
B.

mmoo

NPUT @
INPUT b
INPUT € ]
INPUT @
DATA OUT CONTROL
oara It —4
0ATA 2% wemm—rt
DaTA 3"
oata 4" ——

cLock

0-SUM QUT

Apply Word A and IN instruction
Apply Clock to load word A into
register

Apply AD instruction

Apply Word B

Apply CARRY IN (carry in)
Appty Clock to load result

{sum out)

Apply DATA OUT CONTROL
to look at result

-—n
-—u
-—n
-—c
-—m
-—m
-—a

CARRY 1N
[ofels
@ caray i
@ carav out
% SOLID LINE REPRESENTS INSUT
@ sum our FROM EXTERIOR S0

(O == @carry v 10 CARRY OUT

M
DASHED LINES
REPRESENT OUTAUT WHEN ‘DATA

DaTA OU;;IS LOW.

(@ —= @cansr v To SuM OUT OUT IS MIGH

92cs-2079

Fig. 14(b) — CARRY IN-to-CARRY OUT and

TYPICAL APPLICATION

The CD4067A has been designed for use as a
parallel processor in flexible, programmable,
easily expandable, special or general purpose
computers, where minimization of external

CARRY IN-to-SUM OUT.

8 bits in parallel.

(8 o

@ ADORESS LINES —a

| READ/WRITE LINE —

PROGRAM
COUNTER
COUNTER
QUTPUTS

CLOCK

ROM FOR
ADDRESS LINES
CONTROL LINES

40614 256XI RAMs 8-BIT DATA BUS

Voo

INPUTS QuTPUTS

Voo~V - E
- b

o
vNL - -~ <
-—f - =
N

OTE:
TEST ANY ONE INPUT,
WITH OTHER INPUTS AT
Vop OR Vgg

vss
92¢5- 27400

Fig. 15 — Noise-immunity test circuit.

Voo

o t

INPYTS

¢

Vss
s2cs- 27000

Fig. 16 — Quiescent-device-current

test circuit
;w
INPUTS
g
Voo NOTE
\_@_. MEASURE INPUTS
° SEQUENTIALLY,
Vss -~ TO BOTH Vpp AND Vgg:
-~ CONNECT ALL UNUSED
INPUTS TO EITHER
‘ Voo OR Vs
vss
s205-27402
Fig. 17 — Input-leakage-current

test circuit,

connections and data busing are primary
design goals. The block diagram of Fig. 18
is an example of a computer that processes

CD40344A
INPUT-OQUTPUT

REGISTER

EXTERNAL
DATA

it

SERIAL
DATA | CO40574
LINES

ﬁ CD4057a
t

SERIAL
DATA
LINES

CONYROLl

1
unes |

CLOCK CONTROL LINES

Fig.

18 — Example of computer organization using CD4057A.
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CMOS Programmable

Divide-by-""N’’ Counter

Standard “A”-Series Types (3-to-15-Volt Rating)

RCA-CD4059 standard “A"-Series types are
divide-by-N down-counters that can be pro-
grammed to divide an input frequency by
any number “N”’ from 3 to 15,999. The out-
put signal is a pulse one clock-cycle wide
occurring at a rate equal to the input fre-
quency divided by N. This single output has
TTL drive capability. The down-counter is
preset by means of 16 jam inputs.

The three Mode-Select Inputs Ka, Kb, and
Kc determine the modulus (‘‘divide-by”
number) of the first and last counting sec-
tions in accordance with the truth table
shown in Tablel. Every time the first
(fastest) counting section goes through one
cycle, it reduces by 1 the number that has
been preset (jammed) into the three decades
of the intermediate counting section and into
the last counting section, which consists of
flip-flops that are not needed for operating
the first counting section. For example, in
the + 2 mode, only one flip-flop is needed
in the first counting section. Therefore
the last counting section has three flip-flops
that can be preset to a maximum count of
seven with a place value of thousands. If
+ 10 is desired for the first section, Ka is
set to 1, Kb to 1, and Kc to 0. Jam [nputs
31, J2, J3, and J4 are used to preset the
first counting section and there is no last
counting section. The intermediate counting
section consists of three cascaded BCD de-
cade (+ 10} counters presettable by means
of Jam inputs J5 through J186.

The Mode-Select Inputs permit frequency-
synthesizer channel separations of 10, 12.5,
20, 25, or 50 parts. These inputs set the
maximum value of N at 9999 (when the
first counting section divides by 5 or 10) or
15,999 (when the first counting section
divides by 8, 4, or 2).

The three decades of the intermediate count-
Ing section can be preset to a binary 15 in-
stead of a binary 9, while their place values
are still 1, 10, and 100, multiplied by the
number of the + N mode. For example, in
the + 8 mode, the humber from which count-
ing-down begins can be preset to:

3rd decade; 1500

2nd decade: 150

1st decade: 15

Last counting section 1000

The total of these numbers (2665) times
8 equals 21,320. The first counting section
can be preset to 7. Therefore, 21,327 is the
maximum possible count in the + 8 mode.

The highest count of the various modes is
shown in the column entitled Extended

Counter Range of Table 1. Control inputs
Kb and Kc can be used to initiate and lock
the counter in the "“master preset” state.
In this condition the flip-fiops in the counter
are preset in accordance with the jam in-
puts and the counter remains in that state
as long as Kb and Kc both remain low. The
counter begins to count down from the
preset state when a counting made other
than the master preset mode is selected.

The counter should always be put in the
master preset mode before the <5 mode is
selected.

Whenever the master preset mode is used,
control signals Kb=0 and Kc=0 must be
applied for at least 3 full clock pulses.

After the Master Preset Mode inputs have
been changed to one of the + modes, the
next positive-going clock transition changes
an internal flip-flop so that the countdown
can begin at the second positive-going clock
transition. Thus, after an MP {Master Preset)
mode, there is always one extra count before
the output goes high. Fig.1 illustrates a
total count of 3 (+ 8 mode). if the Master
Preset mode is started two clock cycles or
less before an output pulse, the output pulse
will appear at the time due. If the Master
Preset Mode is not used the counter jumps
back to the “JAM" count when the output
pulse appears.

cox AUIANMLANANAAANANN.
e *iaizm:mi,uf.,:,u}.isi

INTERNAL STATE— 3] 3
OF COUNTER
oUTPUY

92c5-24891

Fig.1 — Total count of 3.

A ”1” on the Latch Enable input will cause
the counter output to remain high once an
output pulse occurs, and to remain in the
high state until the latch input returns to
“0Q”. If the Latch Enable is “0”, the output
pulse will remain high for only 1 cycle of
the clock-input signal.

As illustrated in the sample applications, this
device is particularly advantageous in com-
munication digital frequency synthesis (VHF,
UHF, FM, AM, etc.) where programmable
divide-by-“N"" counters are an integral part
of the synthesizer phase-locked-loop sub-
system. The CD4059A can also be used to
perform the synthesizer “Fixed Divide-by-R”’
counting function, 11 s also useful in general-
purpose counters for instrumentation func-
tions such as totalizers, production counters,
and “‘time out’’ timers.

CD4059A Types

CL—T._\/T'—VDD

L—2 23— our
J1—3 22}—Js
azjs 21l—ss
35 2047
sa—s 19} —us
Jig =7 18f—J9
JIs —8 17— Ji0
Jta =49 16}—Jn
JI3—y0 15 |—yi2
ke —{i) 14—Ka
vgs —j12 13 —xb

TOP VIEW
92CS- 22212RI

TERMINAL DIAGRAM

Operational and Performance Features:
8 Synchronous Programmable <~ N Counter:
N = 3 to 9999 or 15,999
u  Presettable down-counter
Fully static operation
Mode-select control of initial decade
counting function (+ 10,8,5,4,2)
T2L drive capability
Master preset initialization
Latchable + N output
Quiescent current specified to 15 volts
Max. input leakage current of 1 uA at 15
volts full package-temperature range
N 1 volt noise margin, full package-
temperature range
® 5.V and 10-V parametric ratings

Applications

» C ications digital fr ¥
synthesizers: VHF, UHF, FM, AM etc.

u  Fixed or progr ble freq Y
division

u “Time out” timer for consumer-appli-
cation industrial controls

® Companion Application Note,ICAN-6374,
“Application of the CMOS CD4059A
Programmable Divide-by-N Counter in
FM and Citizens Band Transceiver
Digital Tuners”

The CD4059A series types are available ina
24-lead ceramic dual-in-line package (D
and F suffixes), 24-lead dual-in-line plastic
package (E suffix), 24-lead ceramic flat
package (K suffix), and in chip form (H
suffix).
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MAXIMUM RATINGS, Absolute-Maximum Values: OPERATING CONDITIONS AT Ty = 25°C
DC SUPPLY-VOLTAGE RANGE, (Vpp) {Unless otherwise specafled)

{Voltages referenced to Vgg Terminal) .......... P PN -05t0 +15V For maximum reliability, ! operating condi-
INPUT VOLTAGE RANGE, ALLINPUTS .....uueiueerneiinaannncinenninnennnns -0510 Vpp 05V tions should be selectsd 5o that operation is always
POWER DISSIPATION PER PACKAGE (Pp): within the following ranges.

For TA =—40t0 +80°C (PACKAGE TYPEE) ......cciiiiiiiiiiiiiiiiniiiiiiiiiainannns 500 mwW — - -

For T, = +6010 +85°C (PACKAGE TYPEE) ...........ouuuerienunennnn, Derate Linearly to 200 mW Characteristic |Vpp | Min. | Max. | Units

For TA =-55t0 +100°C (PACKAGE TYPES D, K, H) . ..oiivinriiniiiniieiiiniiiannraannes 500 mW Supply Voltage

For Ty =+100to +125°C (PACKAGE TYPESD, K, H) .......cooeiinins Derate Linearly to 100 mW Range — 3 12 \"
DEVICE DISSIPATION PER OUTPUT TRANSISTOR {over full temp.

For Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW range)

OPERATING-TEMPERATURE RANGE (TA): Clock Pulse 5 1200 — | s

PACKAGE TYPES D, K, H .ovvrritiiiiii it ii ittt v -55to +125°C . 0 _

Width 10 10

PACKAGE TYPE B ... . it ittt iivr ettt it eairasae e eiaensans ~40to +85°C Clock | 5
STORAGE TEMPERATURE RANGE (Tgtg) -« .vvcnvnnnnennensnnonnnnennensininnens 6510 +150°C F°° nput - 115 e
LEAD TEMPERATURE (DURING SOLDERING): requency 0 -1 3

At distance 1/18 + 1/32 inch (1.59 + 0.79 mm) from casefor 10smax. .........cc.coeuovuenn. +265°C Clock Input Rise| 5 - 15 s

and Fall Time 10 - 5 H
< O N aveien 25e
STATIC ELECTRICAL CHARACTERISTICS D it e T S
= %% 200- mVICONSY[AINIY T T
: 7P0vl£R LOCUS T8 ﬁﬁﬁiﬁ
2 s
. Limits 5 Hf: Bl HHH
Conditions |y, 4 —559C, +269¢,+125°C Apply 10 D, K, H, Packages & aofH1H o oy FH
Characteristic Vo | VIN | VDD Values at —40°C,+259C,+859C Apply to E Packages Units 5 FHHH ;ﬁ : :7,1'{1 e an
VH V) | (V) | _ggo | _a00 | +880| +1250 +250 % H itk R
Min. |Typ. |Max. S OB T T
ane T S HH
Quiescent Device 5 | 10] 10 | 700|300 | - [002] 10 ER ! SR
Current, 10 20 20 200 | 400 — [0.02] 20 | uA g H GATE-TO- SOURCE ssenogRs
I Max. s -1 -1 -1~ - | - [500 £ L NOUTACE Yos)» 3 ¥ T
4] 7
Output Voltage: DRAIN-TO - SOURCE VOLTAGE (Vpg)—V
Low Level, 0,5 5 0.05 — 0 0.05 9205-26933
Vo| Max. 0,10 10 0.05 - 0 0.05 v Fig.2 — Minij output n-ch /
High Level, 05 5 2.95 495 5 _ drain characteristics.
VOH Min. 010 10 9.95 995 10 | —
- . T H-T)s v T
. Lalm T T
Inputs Low, 5 1. R : = 2z EHHR TS A TH aMBIENT TEMPERATURE |
VL Min. 10 3 3 |45 — v O T AN T H g sasee T
N — — SOrtrt T THT
I\;‘ put;ﬂb"hgh, 15:) ‘:;5 ; 525 =L Eisasts Ny zéo%énsmjr f :&_
NH Min. . - g 40f- [ POWER LOCUS Ress
- +- HEE
Noise Margin: S sl AT HT H
T A
Ilnputs Low, 45 5 1 g H e it T rt%- t&
VNML Min. 9 10 1 o PH e T Care- To- source T 1T+
- v z | FE| voLTAGE (vgg)+ s T
|nputsH|9h, 0.5 50 } 3 10 44%;&1 _ﬁ%"( H:E Hm ; :
VNMH Min. ! ! b R R T B
" 3 € 8
Output Drive DRAIN-TQ- SOURCE VOLTAGE(VDS)—V °
Current: s2c5- 26340
N-Channet Fig.3 — Typical output n-channel
{Sink) 8; 150 25_',5 237 ;g 12; i ; = drain characteristics.
IpN Min. - : " :
P-Channel 25 s | 2018 -13|-115]-16|-32| - |™ ORAINT 0T SOURCE VALTAGE (Vog) oY o
{Source) 4.6 5 [ —05]-045/-0.36|-03 [-04[-08] — AMBIENT TEMPERATURE (7, 128°C FTTTHE] 7
\DP Min. 95 10 | =11} -1 | -0.75|-065] ~0.9]-1.8 | — T SEARP AR R AR AR L E AR S5 5% 4% i
Input Leakage H a HH HH %
C’::Jrrent:"' 15 +1 +10°5] +1 HA pmasy! H él‘i};}' H ;
1L, ItH Max. H T H H g
8 IsuE aEnSs T 1 4
* OHH TITILT ra E
Any Input e W»uﬂ o }{; : : H
SR g
58 Hr SeREsEEE=. e
SSialisnilas L i
Bl T P TR
HHHHHTH HHTHH
92¢5-24321
Fig.4 — Minii output p-ch. /

drain characteristics.
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DYNAMIC ELECTRICAL CHARACTERISTICS AT Tp =25°C, C =50 pF, Inputt;,t§ =20 ns, DRAIN-TO0 - SOURCE VOLTAGE (Vps}—v
A LGl P f -8 -10 -] o I
RL = 200 ‘(Q AMBIENT TEMPERATURE (Y‘ Ye25°C ﬁ_ﬁﬁﬂii;
T = T «
T ; i i GATE- TO-SOURCE VOLTAGE (Vggl- SV S §
B ‘ i i
CONDI- e T )
T 31T
TIONS LIMITS t TH 2
CHARACTERISTIC VbD ALL PACKAGES UNITS T ~10v} g
H s
EEGNSAEEESY (17
v) Min. | Typ. | Max. H ;m;;qggq;::# N ! g
, . 5 — 180 | 360 HH g
Propagation Delay Time; t, o e a
pad PHL-TPLH 10 ~ e [&] ™ EESaH 2t
S
Transition Time: z
: 5 — 35 70 e HHY a
THL 0 = 20 20 HH Hh
t 5 — 100 200 ne 9265-24320R1
TLH 10 _ 50 100 Fig.6 — Typical output p-channel
5 15 3 — drain characteristics.
Maximum Clock Input Frequency, fGL 0 3 3 MHz
Average Input Capacitance, C| AMBIENT TEMPERATURE (Tp }:25°C |
{any input) — — 5 _ oF " I T T
=
% 2s0
&
gl o
PROGRAM JAM INPUTS (BCD) 3%
r— - é:“"
C) ©® ® &
é 100}
Jt | u2} o8] 44 Js| 6] J7) 98 99| wio] un| vz 3] 41a) a1 aie E o B S aaast
vss @— r PRESETTABLE LOGIC PE g -{ 1 ST ‘m 23ss: f‘ }
Voo E)— Tt =T 1" T TT T 111~ "1 = om‘ — ‘Il-:oyrmiél[‘“sé' 0) eg %0 100
L1 __1 AR R ' RN S I S 'LOAD CAPACITANCE (C|)=pF
92CS- 26941
AR . 1
F’ h Fig.7 — Typical Jow-to-high propagation delay
FIRST I | ] I LAST time vs. load capacitance.
COUNTING COUNTING
crocx 0 SEeTion. |l TTINTERMEDIATE GOUNTING SECTION || CquNTNe
+10.8.,5,4,2 <10 =10 =10 <1,2,2.4.8
[ ’ ly Y
I £ ‘
| % 55
! a
RECOGNITION | 3 it
GATING —— e e — | | z 38
S pape pang] e
______ S S — g i
B2 }
. Ka 2 F |
stoeer{ @b coNTRoL PRESET iy b
INPUTS e ENABLE S T Ba|
[T = :
=3 BRSNS s e
o DIVIDE -BY-N = et 3388
LATCH :::gzr @ " outruT o i
ENABLE 10 20 3 o 0100

LOAD CAPACITANCE {C|)—pF

Voo 92CM-22213RL $2C5-26942
Fig.8 — Typical high-to-low propagation delay
time vs. load capacitance,
ALL INPUTS (TERMS. 1-11, 13-22) PROTECTED
BY CMOS PROTECTION K
C o C O NETWOR AMBIENT TEMPERATURE (Tp)r25°C
Vss Fig.5 — Functional block diagram. f
T
3
w isof
-
g
5
F
4
£
° 40 € 80 100

LOAD CAPACITANCE {C )~pF
92C5-24322R1

Fig.9 — Typical low-to-high transition time
vs. load capacitance.
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: TABLE |
L_‘
EH T
ly SO e e MODE FIRST COUNTING LAST COUNTING COUNTER
el IS [y | SELECT SECTION SECTION RANGE
E Loy VOLTAGE (VDB P T INPUT DESIGN | EXTENDED
g _E“—HN_“ yaud §RE) T ) M \{ 1 } -1 C. b b
£ ) AT TS MODE | 2" ¢ mopE | SN be
E HT T preset preset
§ ag2e T \sv T Ka|Kb|Kc| Di- toa JamA Di- toa JamA Max. Max.
@ | vides | max inputs vides max inputs
E HE by: of: used: by: of: used:
i0 B e o w2 1 | 8 7 [J24344] 15999 [ 17,331
sacs- 26543 of 1)1 4 3 |ha2 4 3 |J3J4 15,999 18,663
Fig. 10 — Typical high-to-low transition time
vs, Ioad capacitance, 1101 5# 4 J1,J2,43 2 1 |J4 9,999 13,329
oj o 8 7 31,4233 2 1 |44 15,999 21,327
£ e oA Tamce e _‘;31',2:5":" 111]0 10 9 J1,J2,J3,J4 1 0 - 9,999 16,659
2 R T x| 0] o| MASTERPRESET MASTER PRESET - -
HH H A :
s : A , i
g HH : hH HTHH X =Don't Care #Operation in the 5 mode {15t counting section) requires
g m:_: H , th 4 J1 = Least significant bit. going through the Master Preset mode prior to going into
E PR g8iss : J4 = Most significant bit. the =5 m.ode. At power turn-on, kc must be a logic *‘0”
g f eegsastiitel for a period of 3 input clock pulses after Vpp reaches
;’ s By - ! a minimum of 3 volts. See Fig. 21 for a suggested external
3 o pu ngis 1 preset circuit.
2 = T
i i ' T{* i ,’} dhss HOW TO PRESET THE CD4059A TO DESIRED + N
[} 10 20

SUPPLY VOLTAGE (Vgp! —V
92C5- 26944
The value N is determined as follows:
Fig.11 — Typical max. clock frequency N =[MODE*] {1000 x Decade 5 Preset + 100X Decade 4 1

A ly voltage.
v supply voltage Preset + 10X Decade 3 Preset + 1X Decade 2 Preset ] + Decade 1 Preset

AMBIENT TEMPERATURE (T4 1=25°C *  MODE-= First counting section divider (10, 8, 5, 4 or 2)
To calculate preset values for any N count, divide the N count by the Mode.

x
i The resultant is the corresponding preset values of the 5th through 2nd
5 .i‘r 7 decade with the remainder being equal to the 1st decade value.
- )
3 & g N
H © = —— (2}
é 495’\5:/*‘,'/' Preset Value = -
th
= Q.,Qv* Y CLe%0 ¥ Examples:
&
g A) N =8479, Mode =5 MODE SELECT =56
/A

1695}‘{> Preset Values

ot 10? 518479 Ka Kb Kc
9203- 26954 Mode \N 1 0 1

Fig.12 — Typical power dissipation vs.
input frequency.

4 88

0 102 10
INPUT FREQUENCY {#)—kHz

PROGRAM JAM INPUTS (BCD)

e e shpr ; H % H 4 1 5 9 6

,t,o{“ Noohowreq] N J2 J3 34 U5 U6 47 J8 J9 10 J11 J12 J13 J14 215 )16
- T

é: "‘tl o0t i1 1 01 o 1 0 0 1 o 1 1 o

§|o4: i L 5lv To verity the results use equation 1 :

% : i N=5(1000X 1+100X6+10X9+1X5) +4

= 2 )2 ) N = 8479

§ e Al 1277 Moo 8 MODE SELECT = 8
44—

£ B) N = 12382, Mode = 8

102 Yl AN
) 10 AR NEIRRLY 1647 + 6 Ka Kb Kec

a
CLOCK INPUT FREQUENCV('CL)—KH! 8 1 2382 0 0 1

92C9-2694%

Fig.13 — Typical power dissipation
vs. clock input frequency.
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PROGRAM JAM INPUTS

6 1 7 4 5
J1 J2 J3 J4 J5 J6 J7 J8 J9 o 411 n2 J13 J14 J15 16
o 1 1 1 11 1 0 0 O 1 0 1 0 1 0
To verify:
N=8(1000X1+100X5+10X4+1X7)+6
N = 12382

MODE SELECT = 10
C) N =8479, Mode = 10
0847 +9 Ka Kb Kc

10| 8479 11 0

PROGRAM JAM INPUTS

9 ! 2 —A
'J‘l J2 J3 M4 J5 J6 J7 J8 Jg J10 J11 12 J13 J14 J15 J16
1 0 0 1 11 1 0 0 0 1 0 0 4] 0 1
To Verify:
N=10(1000 X0+ 100X 8+10X4+1X7}+9
N =8479

DIGITAL PHASE-LOCKED LOOP (PLL) FOR FM BAND SYNTHESIZER

ouTPUT CHANNEL
98.8 to 118.6 MHz l SELECT
fo = f N fn
vco - PRESCALER COUNTER gcome
24110 | cpaosgA | SkHz
2.965 L
MHz R=512 L‘
XTAL R ¢
OSCILLATOR > COUNTER r
CD4059A 5 kH2
2.56 MHz
LOW-PASS
Fi -
LTER Fat,—f,
1) Calculating Min & Max “N’" Values :
Output Freq. Range (1) = 98.8 to 118.6 MHz
Channel Spacing Freq. (f¢) = 200 kHz
Division Factor (k) = 40 fc 200
on Factor Reference Freq. (fr) = a0 kHz = 5 kHz
fo 118.6 MHz 98.8 MHz
fx =20 fkMax. = 20 =2.965 MHz; fyMin = T =247 MHz
f
N=2
f(ﬁ
Ny = NBEMHz o Ny BBMHZ g 256MHz
77200 kHz Min =200 kHz 5 kHz

CD4059A Types

“CASCADING"” VIAOTHER COUNTERS

Fig. 14 shows a BCD-switch compatible ar-
rangement suitable for + 8 and + 5 modes,
which can be adapted, with slight changes,
to the other divide-by-modes. In order to be
able to preset to any number from three to
about 256,000, while preserving the BCD-
switch compatible character of the jam in-
puts, a rather complex cascading scheme is
required. Such a cascading scheme is neces-
sary because the CD4059A can never be pre-
set to a count less than 3 and logic is needed
to detect the condition that one of the num-
bers to be preset in the CD4059A is rather
small. In order to simplify the detection
logic, only that condition is detected where
the jam inputs to terminals 6, 7, and 9 would
be low during one count. If such a condition
is detected, and if at least 1 is expected to be
jammed into the MSB counter, the detection
logic removes one from the number to be
jammed into the MSB counter (with a place
value of 2000 times the divide-by-mode) and
jams the same 2000 into the CD4059A by
forcing terminals 6, 7, and 9 high.

The clock of the CD4013A may be driven
directly from the output of the CD4059A,
as shown by dashed option (1), or by the
inverted output of the CD4059A, option {2}.
If option {2) is used the CD4029A cannot
count cycles shorter than 3. If option (1} is
used propagation delay problems may occur
at high counting speeds.

The general circuit in Fig.14 can be simpli-
fied considerably if the range of the cas-
caded counters does not have to start at a
very low value. Fig.15 shows an arrange-
ment in the + 4 mode, where the counting
range extends in a BCD-switch compatible
manner from 88,003 to 103,999. The ar-
rangement shown in Fig.15 is easy to follow;
once during each cycle, the less significant
digits are jammed in {14,712 in this case)
and then 11,000 {4 x 2750) is jammed in
eight times in succession, by forcing jam in-
puts high or low, as required.

Numbers larger than the extended counter
range can also be produced by cascading
the CD4059A with some other counting
device. Fig.16 shows such an arrangement
where only one fixed divide-by number is
desired which is close to three times the ex-
tended counter range as shown in the last
column of Table L.. The dual flip-flop wired
to produce a + 3 count, can be replaced by
other counters such as the CD4029, CD4510,
CD4516,CD4017, or the CD4022. In Fig.16
the = N subsystem is preset once to a number
smaller than the desired divide-by number,
This smaller number represents the less sig-
nificant digits of the divide-by number. The
subsystem is then preset one or more times
to a round number {e.g. 1000, 2000) and
muitiplied by the number of the divide-by
mode (+ 2 in the example of Fig.16). It is
important that the second counting device
has an output that is high or low, as the
case may be, during only one of its counting
states.
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2) + N Counter Configuration for

UHF — 220 to 400 MHz

Channel Spacing: 50 kHz or 25 kHz

+2/- 4 +10 10 - 210 4
L
50/25 kHz 100 kHz 1 MHz 10 MHz 100 MH2z
400 MHz 400 MHz
Nmax =-m = 16,000 NMax :m‘ = 8,000
220 MHz 220 MHz
NMin = 25 nz - 8800 NMin =~gg1nz = 4490

3) + N Counter Configuration to VHF — 116 MHz
Channel Spacing = 12.5 kHz

=8 ]—» =10 =10 10— =2
12.5 kHz 100 kHz 1 MHz 10 MHz 100 MHz
160 MHz 116 MHz
ALY L ——— = 9,300
NMax = T g inz ~ 12800 NMin =35 5ihz
4) - N Counter Configuration for VHF — 30 to 80 MHz 5) < N Counter Configuration for AM — 995 to 2055 kHz
Channel Spacing: 25 kHz Channel Spacing = 10 kHz
— <4 =10 =10 =10 J—— 10 .10 210
25.kHz 100 kHz 1 MHz 10 MHz 10 kHz 100 kHz 1 MHz
N 80wz 3,200 N M - 1200 2055 k 995 kH
Max =3, Min = = Hz z
25 kH 25 kH LT 905 N = —————— =
NMax =5z Min = ™10 khz
,—REMAINBER—\ r— \\'s (Bwﬁ\ r— Ns ix aﬂﬂb\

TERM. 3-10,15-22

cLocK
cD40594

EACH AND GATE IS 144 CO408I8
EACH OR GATE 1S 1/3 CD4OTS®
EACH NOR GATE 15 1/2 CD40OZA
EACH INVERTER IS 146 CD40698

s20k - 26vasms

Fig.14 — BCD switch-compatible <N system of the most general kind.
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Vss Vss |Vss Vss Voo Vss Vss Yss  Vss Vss Yoo Vss Vss"nol"ob"bo

| |
! ||| |
o !
! | ‘ r=:
} LY T A L1
| FIRST DECADE l SECOND DECADE [ THIRD DECADE I
| |00 60|0 | @
diod2 Js Jg V7 g Yoo Yo du iz Y3 Y dis e d3 e
cLOCK €D4059a
Kﬂ
C)
o
Vss
L
CD40IBA
ouTPUT
-O
92CL-26947
Fig. 15 — Dividing by any number from 88,003 to 103,999.
Voo
vVob r—\**G——‘**—\ 1 24
1 -1 . ! 2 2 —
T 3 22
¢ 2
L ouTPUT
= 0 @) ;ggr s 20
ou
952 (Té @ Q,GB (| @ CYCLE : ::
8 17
cLoc CD4059a 9 -3
1 0 15
" 1
? @ ® O 2 3
= 92CM- 269481
DD 1 8208-26949

Fig.16 — Division by 47,690 in ~2 mode. '
v Fig.17 — Quiescent device
current test circuit.

Voo Voo

'

. O 2

2 2 23—

3 j 3 22 — ICL M

4 —14 2t — 5

s —1s 20 — :

6 —le 19—

? —7 8} 8

8 —8 17— ;

9 —] 9 18—

0 _— 15 vi

n — Il‘l’ 14 |: ° ‘\"ss

2 12 13— NOTE

o = L isuns Voo AND Vs  COMMEET
= 00
YL VNL vss ALL UNUSED INPUTS TO EITHER
92C5-26930 VW or vss
Fig.19 — Power dissipstion 92cs- 26952
Fig.18 — Naise immunity test circuit
test circuit. {8)] =+ modes). Fig.20 ~ Input leakage current test circuit.
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For changing from any mode other than mode 5
(with power on), apply positive pulse to Cin. This
circuit automatically selects master preset mode
(Ko = 0, K = 0) before going into the select con-
ditions for mode 5 (Ka=1, K, = 0, K=1). The
selection of C, and Ca is critical. C, is determined
by the VDD voltage--the lower VDD's need larger
Cy's. C2 must be 0.1 uF or larger.

Fig.21 - CD4059A mode 5 power on master preset circuit.

Cin
002 T0
Ol uF
INSI4
100 ka o)
o, 3R EQUIVALENT
18
0
SR cpaoss
PIN |
(©LACK)
0.0001 uF
c3 T0
‘l’ 0.001 uF
T0 CD4059
PIN 11 (K¢
* DEPENDS UPON vpp ¢ 9205-33102
LTAGE
144
sl 0 40 e 80 100 20 _ 1o

147 -15%
(3734-3937)

4-10
1{0.102-0-254}

141-149

(3.582-3.764) $2CM- 26953A1

Dimensions ir parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.
Grid graduations are in mils (10°3 inch).

The photographs and dimensions of each CMOS chip
represent a chip when it is part of the wafer. When the
wafer is separated into individual chips, the angle of
cleavage may vary with respect to the chip face for
different chips. The actual dimensions of the isolated
chip, therefore, may differ slightly from the nominal
dimensions shown. The user should consider a tolerance
of —3 mils to +16 mils applicable to the nominal
dimensions shown.

Dimensions and pad layout for CD4059AH.
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CD4060A Types

-St Ripple-Car *%® o
C_MOS 14-Stage ppl ry _ "o o+ o
Binary Counter/Divider and Oscillator e
1 D> Q7
14-STAGE F®
The RCA-CD40B0A consists of an oscillator Features: COUNTER | g9 ®:
section and 14 ripple-carry binary counter 0
stages. The oscillator configuration allows ¥ 4-MHz operating frequency (typ.) at Vpp —Vgg =10V e ®
design of either RC or crystal oscillator B Common reset R@——D> m_,o
circuits. A RESET input is provided which B Fully static operation ‘\:SS'”‘s @
resets the counter to the all-O's state and ® 10 buffered outputs available e P‘"—@
disables the oscillator. A high level on the ® Quiescent current specified to 15 V
RESET line accomplishes the reset function. ® Maximum input leakage current of 1 uA
All counter stages are master-slave flip-flops. at 15 V {full package-temperature range) seesmrezn
The state of the counter is advanced one B 1-V noise margin (full package-temper- gz;?'ﬁgNAL DIAGRAM
step in binary order on the negative transi- ature range)

tion of ¢,{¢q).All inputs and outputs are Osciflator Features:
fully buffereg'.) 3 )
| All active components on chip

These types are supplied in 16-lead hermetic ® RC or crystal oscillator configuration AMBIENT TEMPERATURE (1] + 26°C

dual-in-line ceramic packages (D and F ST JITICAL TEMR SOEFFICIENT AT ALL YALUES OF Vos: -03%/°C

suffixes), 16-lead dual-in-line plastic pack- App_//cat/ons. i -fc.mﬁjvomu’&”ﬂm HH

age (E suffix), 16-tead ceramic fiat packages B Timers ) ?M H H jassass T

(K suffix), and in chip form (H suffix). B Frequency dividers S H

: 10

MAXIMUM RATINGS, Absolute-Maximum Values: § H %

STORAGE TEMPERATURE RANGE (Tstg) ......................................... -65to +150°C ! H

OPERATING-TEMPERATURE RANGE (Ta): 23A HHH R
PACKAGE TYPES D, F K, H .ottt ettt e -55 to +125°C svHHH T
PACKAGE TYPE E ..\ttt ettt et e e e et -40to +85°C ° 2% Dw: s 0 B swﬂ'c:vw':u Wosi-v

DC SUPPLY-VOLTAGE RANGE, (Vpp) s25-2m10
(Voltages referenced to Vgg Terminal) ...........ccvvvvveneiiiieeiinnineeennnnennn. -05t0+15V

POWER DISSIPATION PER PACKAGE (Pp): Fig. 1 — Typical n-channel drain characteristics.
For TA =-4010 +60°C (PACKAGE TYPE E) ....oitiinireiite i cietie i atnannns 500 mW
For TA =+60t0 +85°C (PACKAGE TYPEE) ............... Derate Linearly at 12 mW/°C to 200 mW

For T = -55to +100°C (PACKAGE TYPES D, F, K) ..

AMBIENT TEMPERATURE (Ty) » 28°C

For T4 = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW g LTCAL TEMR COEFFIGRNT AT AL WALUES OF Yog:-03% 0
DEVICE DISSIPATION PER OUTPUT TRANSISTOR ’ 70 - SOURCE VOLTAGE T)-’.a(/—__n:
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mwW T ¢28
INPUT VOLTAGE RANGE, ALLINPUTS ... . it -0.5to Vpp +0.5V la
LEAD TEMPERATURE (DURING SOLDERING): = s
At distance 1/16 = 1/32 inch (1.59 £ 0.79 mm) from case for 10smax. ...................... +265°C R ses:
H
;z) 10VIT &
RECOMMENDED OPERATING CONDITIONS at Ta= 25°C, Except as Noted. sy H
For maximum reliability, nominal operating conditions should be selected so that o 23 73 10
s . . . . ORAIN — 7O — SOURCE VOLTAGE (vpg! -V
operation is always within the following ranges: sacs-aim
LIMITS Fig. 2 - Minimum n-channel drain characteristics.
D, F,
CHARACTERISTIC Vop | DEKH E UNITS
(V) Packages Package DRAIN- TO - SOURCE VOLTAGE {Vpg) —V
— i R
Min. | Max. | Min. | Max. I HHH TS Ve "0
{ H t T HH A
Supply-Voltage Range (For T = Full 3 12 3 12 v HHH Ea: ;' ; Ssazaass:
Pack age-Temperature Range) HHH 3
Input-Pulse Width, tw 5 400 - 500 - ns seges i T ;
f=100 kHz 10 110 - 125 — EH { SSeaneanan” csnaanasisaanat I |
3T T i I B
Input-Pulse Rise & Fall 5 - 15 - 15 Ls :::“urlz_r-ro—sox;a voiuc o ‘)il;‘l [}—r'- T% &
Time, t,g, t4 10 - 7.5 - 7.5 F T P R I
0% T e
T mﬁbil‘\ i_‘_‘H_{,H_,_ H I{
Input-Pulse Frequency, f¢ 5 - 1 — 0.9 MHz ;uuslmu;’;t:n:unz (Ta) = 25%C °
1 0 - 3 - 2.75 TYPICAL TEMP COEFFICENT AT ALL VALUES OF Vgg=-03%/°C
Reset Puise Width, ty 150 15%000 - 162053) - ns e
- — Fig. 3 — Typical p-channel drain characteristics.
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CD4060A Types

STATIC ELECTRICAL CHARACTERISTICS

DRAIN- TO - SOURCE YOLTAGE {vpgh—V
Ty -

=0 O
Conditions Limits at Indicated Temperatures (°C) FHHH % 5
o D, F, K, H Packages E  Package Units T H
Characteristic vo [Vin|VDp s +25 125 | a0 +25 \85 tH s
- + H
(V) [ (V)| (V) Typ. | Limit Typ. | Limit g
HH 3
Quiescent Device |— — 5 15 | 0.5 15 900 | 50 1 50 |700 EECiEd: SHiE , 3
Current Iy Max. | = | = 10 |25 | 1 25 | 1500 100]| 2 | 100 |1400] MA HTGATE - 70— Souect vocTdae g s 4 éI:
- |~ 11550 |25] 50 [2000]500] 5 |500 |5000 RS [ T i
Output Volitage: - 5 5 0 Typ.; 0.05 Max. A:.lntlnlv‘ ::::;:ru:?:r“’) .'z;-.;““ I "
LOW Leve', TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vg = -03%/%C
VoL -~ 110 | 10 0 Typ.; 0.05 Max. S2cs-2m
\"
High Level _ 0 5 4.95 Min.; 5 Typ. Fig. 4 ~ Minimum p-channel drain characteristics.
VoH - o]0 9.95 Min.; 10 Typ.
Noise Immunity: 142 | — | 5 1.5 Min.; 2.25 Typ. .
Inputs Low T |
‘ 9 |- 10 3 Min.; 4.5 Typ. L
VnL e v
Inputs High 08| - 5 1.5 Min.; 2.25 Typ. z
VNH 10— |10 3 Min.; 4.5 Typ. <
E ]
Noise Margin: 45| -1 5 1 Min. -
Inputs Low, - i
VNML 9 |—-110 1 Min. v 5
inputs High, {05| - | 5 1 Min. i
VNMH 11— (10 1 Min g
Output Drive ° ZOLOAD :::ncav::cs (c.g-— ”:oo
Current:” secs-2e898
n-Channel 05 | — 6 |0.22]|0.36| 0.18 | 0.126| 0.21|0.36] 0.18 |0.15 Fig. § — Typical propagation delay time vs. load
(Sink), capacitance (@ to Q4 output).
1N Min.
05| — 10 |0.44|0.75| 0.36 | 0.25 | 0.42|0.75| 0.36 | 0.3 mA
p-Channel 45| — | s }0.15|-0.25{-0.125|-0.085}0.145/-0.25|-0.125] -0.1 i
{Source), i
1pP Min. 95| — | 10 |-0.3 |-05]-0.256 [-0.175 -0.29] -0.5 |-0.26 | -0.2 3
Input Leakage Any Input _%'
Current, - ]-]1s 1075 Typ., +1 Max. uA s
hL e i
* Data not applicable to Terminal 9 or 10 §
§ ERATURE (T, 1s 28°C
T e o Vs o a st
[ 20 k] [ 80 100
LOAD CAPACITANGE (€| )—pF o2es-2514
Fig. 6 — Typical propagation delay time vs. load
capacitance (Q,, t0 Q) , 4).
OUTFUQY-I(?JIFZF—ES'STAGES
OSCILATOR - —= T sunient TeweERaTURE 1a1-25¢ T 1T
*o ¢ ¢ . HHHTEE
_ H T T
I > b $ - INPUTS z ”.
: ; 8 . IR it
, & : iR RS
INPUT PULSE § 5 oM £ }
staper 76 # & ! LT
RESET” TO ALL STAGES § * he & :E':: SR
STAGE | £ i agns HHH H
® R=HIGH DOMINATES (RESETS ALL STAGES) ]i%i‘ : tf T i{y J_L_l: I !
Vi
* COUNIER, AR UANCES ONE DAY COUN weyr proveCTion ’ * o e ico Do "
OF $(AND 4 szcs-23763R1  (NPUTS Fig. 8 - Typical output transition time vs. load

Fig. 7 — Logic diagram of CD4060A oscillator, pulse shaper, and 1 of 14 counter stages.

capacitance.
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DYNAMIC ELECTRICAL CHARACTERISTICS at T = 25°C, Input t,, t¢=20 ns,

C| = 15 pF, Ry = 200 kS2

CD4060A Types

AMBIENT TEMPERATURE (To) = 28% LT
3 saf i nanasaay. H
H 14
g s
«i
wr
3L
.
gx
H
)
i
3
I
° )

SUPPLY VOLTAGE (Vpg) — V
secs-zease
P

Fig. 9— Typical
vs. supply voltage.

input-pulise

10° [AMBIENT v_:_uv:vtnjg ",‘"?,5" i ‘ H i il
ST | 1 S
F T T T

’ .?24

2

S
A

POWER OISSIPATION/PACKAGE (Pp)—— u W

B .
i LOAD CAPACITANCE {C }s1SpF

LIMITS
TEST D FKH E UNITS
CHARACTERISTIC CONDITIONS Packages Package
Vop |,,. )
) Min. | Typ. |Max. | Min. | Typ. | Max.
Input-Pulse Operation
Propagation Delay 5 ~ ] 900 [1800] — [900 [1900
Time, ¢| to Q4 Out; ns
tPHL - tPLH 10 | — }450|900 | — [450 Jos0
Propagation Delay 5 | ~ |a50 jo00 | — 450 | 950
Time, O, to Qp41: ns
tPHL - tPLH 10 - 225 | 450 - 225 | 475
Transition Time, 5 - 150 | 300 | — ]150 | 350
ns
tTHL: *TLH 0 |~ {75 l150( — |75 | 175
Min. Input-Pulse 5 ~ 200 |400 | — ]200 | 500
Width t, =100 kHz ns
w 10 | - |75 J1mo| - |75 |125
Input-Pulse Rise & Fall 5 - - 15 - - 15
Time, tyg, t Hs
e 10 [~ |- (15|~ (- {715
Max. Input-Pulse 5 1 1751 — 09 |1.75} — MH
Frequency, f, z
equency. lg 10 |3 |4 |- lamslal|-
Input Capacitance, C; Any Input - 5 - - 5 - oF
Reset Operation
Propagation Delay 5 ~ 500 [1000| — [ 500 {1250
Time, tpy ns
10 ~ 250 500 | — | 250 | 600
Minimum Reset 5 | — |500[1000) — [500 |1250
- ns
Pulse Width, ty 10 | ~ | 250|500 | - |250 | 600
Voo Yoo
t t
INPUTL QUTPUTS INPIQLS_'
Vbo~YNH - Voo -— NOTE:
o = - *—‘? SO = STy,
VNL - — = Vss - TO BOTH vpp AND Vgs:
- - = -y CONNECT ALL UNUSED
NOTE: INPUTS TO EITHER
TEST ANY ONE INPUT, Vpp OR Vgg
Vss WITH OTHER INPUTS AT

92¢s- 27400

Voo OR Vgs-

Fig. 12 — Noise-immunity test circuit.

VSS  szcs-2n0z

Fig. 13 — Input-leakage-current test circuit.

——— L *30pF

I T TIOT T

)

AT

w0

10 02 0
14 —
INPUT FREQUENCY (1) —bbr

Fig. 10 — Typical dynamic power dissipstion
charscteristics.

TEST PERFORMED
WITHUNITINALL
“0’s” STATE AND ves
ALL “I's” STATE

AND INPUTS AT 10V
AND GROUND

INPUTS

Vss
92¢5- 27401

Fig. 11~ Quigscent-device current test circuit.
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CD4062A Types
CMOS 200-Stage Dynamic Shift Register

MAXIMUM RATINGS, Absolute-Maximum Values:

STORAGE TEMPERATURE RANGE (Tgtg) .- -ceerieanvrncmnnrnnrirssassnsseenaes -85 to +160°C
OPERATING-TEMPERATURE RANGE (‘?A)

PACKAGE TYPES K, T, H ..ottt eiiearssiaatranenasrisenaonns -55to +125°C
DC SUPPLY-VOLTAGE RANGE, (Vpp)

(Voitages referenced to Vgg Terminal) ..........c.overiviinnniiiiiireiinniiinnaens -05t0 +15V
POWER DISSIPATION PER PACKAGE (Pp):

For Tp =~551t0 +100°C (PACKAGE TYPES K, T) ....oouiiniinirniiiieciiiiniiieinains 500 mwW

For TA = +100 to +125°C (PACKAGE TYPES K, T} ......... Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ... 100mW
INPUT VOLTAGE RANGE, ALLINPUTS ... iiiiiieeriiinacnaannneiartaninones ~0.51t0 Vpp +0.5V
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 inch (1,59 + 0.79 mm) from case for t0smax. ..........cocomvvennn +265°C

OUTPUT,

STAGE 200 N orreR

STAGE 1 N

T ia) cL v i

t |
D Sy R P
- 1210}
3\3) 3 z 2

€L} CLio) el cLto)

*aLL JNPUTS BRE PROTECTED * YRANSMISSION GATE
e 8Y COS/MOS INPUT TO OUTPUT 18
@ PROTECTION WETWORK 01 & BIDIRECTIONAL LOW INPEDANGE WHEN CONTROL INPUT
Voo IS "LOW® AND CONTROL INPUT 2 5 "HIGH"

4 TERMINAL NUMBERS IN
PARENTHESES REFER 1O
2:LEAD 70-5 STYLE
PACK.

(b} AN OPEN CIRCUIT WNEN CONYROL INPUT 118 "HIGH" AND
CONTROL INPUT 2 1S “LOW'

CL {a)=INTERNAL CLOCK IN PHASE WITH CL}
CL {b)=INTERNAL CLOCK IN PHASE WITH CLp

92CW- 22695R2

CD4062A vis ‘,__
1-PHASE
- P p cLock
Fig. 1 — CD4062A logic block disgram.
(INPUT
SERMINAL
on
niord o b cLy o
2 -puase O——> ! Vop ¢ I ¥ L -V
cLock o . pciz ] oo 7(5)
$is)
16
™ _
c“"“’)“c: 3t R o . cLiv) /—
i 1
o™ }—J
cm i
c A i
M
— T =
2]
g _";_I_i eLib 1
e
oM
1-prase !
CLOCK cL
-
cL i)
"aLL NeyTS ARE PROTECTED v \—
BY C( .

vnov:c'ﬂon NET WORK [

Voo
Yoo 4——Ij

- L
vss o™ \ /- \

CL fo) » INTERNAL CLOCK 1N PHASE WITH €1y
CL {B) + INTERNAL CLOCK IN PHASE WITH CLy

& TERMINAL NUMBERS IN ™
PARENTHESES REFER Al
12-LEAD TO-5 STY - e
CK A
PACKAGE =
cu 92Cu - 22700R2

Fig. 2 — Clock circuit logic diagrsm.

200 DYNAMIC
STAGES

%’: CLip

& cizo
92C5-24664

CD4062A

FUNCTIONAL DIAGRAM

The RCA-CD4062A is a 200-stage dynamic
shift register with provision for either single-
or two-phase ciock input signals. Single-
phase-clocked operation is intended for low-
power, low clock-line capacitance require-
ments. Single-phase clocking is specified for
medium-speed operation (< 1 MHz) at sup-
ply voltages up to 10 volts. Clock input ca-
pacitance is extremely low (<5 pF), and
clock rise and fall times are non-critical. The
clock-mode signal (CM) must be low for
single-phase operation.

Two-phase clock-input signals may be used
for high-speed operation {up to 5 MHz} or to
further reduce clock rise and fall time re-
quirements at low speeds. Two-phase opera-
tion is specified for supply voltages up to 15
volts. Clock input capacitance is only 50 pF/
phase. The clock-mode signal (CM} must be
high for two-phase operation. The single-
phase-clock input has an internal pull-down
device which is activated when CM is high
and may be left unconnected in two-phase
operation.

The logic level present at the data input is
transferred into the first stage and shifted
one stage at each positive-going clock transi-
tion for single-phase operation, and at the
positive-going transition of CL for two-phase
operation.

The CD4062A-Series types are supplied in
12-lead hermetic TO-5 packages (T suffix),
16-lead ceramic flat packages (K suffix),
and in chip form (H suffix).

Features:

m Minimum shift rates over full tempera-
ture range—
Single-phase clock: 3V<Vpp<10V;
fmin = 10 kHz; -55° C < TA< +125°C
(fin = 1kHzZupto To < 75°C)
Two-phase clock: 3 V< Vpp <15 V;
fmin = 10 kHz; 55° ¢ < TA <+25°C
(fin=1kHzupto TA < 75°C)
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CD4062A Types

RECOMMENDED OPERATING CONDITIONS at T = 26° C, Except as Noted. Features (Cont’d):
For maximum reliability, nominal operating conditions should be selected so that
operation is always within the following ranges:

= Low power dissipation
CHARACTERISTIC LIMITS UNITS 0.3 mW/bit at 1 MHz and 10 V
VoD [N, MAX. 0.04 mW/bit at 0.5 MHz and 5V
V) (alternating 1-O data pattern)
® Data output TTL-DTL compatible
Supply-Voltage Range (For Tp = Full & Recirculating capability
Package-Temperature Range): ® Delayed two-phase clock outputs availa-
Single-Phase Clock 3 10 v ble for cascading registers
Two-Phase Clock 3 12 = Asynchronous tipple-type presettable to
Clock Input Frequency, 5 0.15 500 khz all ¥'s or 0's .
for” 10 0.15 | 1000 ® Ultra-low-power-dissipation standby oper-
; * " ation
Clock Pulse Width, tyy 12 Z(F;g gg; :(( :g‘ ns ® Quiescent current specified to 15 V
- ® Maximum input leakage current of 1 uA
Clock Rise or Fall Iimes, 5 - 10 us at 15 V (full package-temperature range)
4CL or 1CL 10 - 1 ® 1.V noise margin (full package-tempera-
] . 5 150 _ ture range)
Data Hold Time, ty 10 50 _ ns

* For single-phase clock, 50% duty cycle

Applications:
Two-Phase Clock Operation (CL1, CL). Clock Mode {CM) = High; 3 V< Vpp < 15 V. See Figure 4.

= Serial shift registers

TEST CONDITIONS, LIMITS = Time-delay circuits
CHARACTERISTIC Voo UNITS s CRT refresh memory
v | MmN | TYP. [MAx. ® Long serial memory
Maximum Clock Input Frequency, foL 5 1.25 25 -
10 25 5 - MHz
Minimum Clock Input Frequency, foL 5 | 150 10 - Mz

L
10 (150 [ 10 |~ wo ¥ ) e e
Clock Overlap Time \5_0_’_‘__/ \ 4 k
——————
90% N —90%
CLo

40 - - ns
10% [ 10%  \ Lz —v-L—x——Av_og
cL, 9 oeLavepacociockewses | F \ox

X=DATA SET-UP TIME LIFLH oLl L
1d

- HIGH TG LOW
Average Input Capacitance, C;

1d Y*DATA HOLD TIME
2 Z=DATA SET-UP TIME
LOW TO HIGH

92cs- 2270281

CLy, CLy - 50 - pF
Fig. 3 — Timing disgram—single phase clock.
Propagation Delays; tpy_, tp| 14 5 - 250 {500
ClywQ 10 - |100 J200
ns
CLitoCL -
1w Clp 5 250 [500 t—————-% —.1 ey P
ClLytoClyp 10 — 100 je00 Voo -~ 0%
cLp fso%
- - o—2/
Minimum Data Setup Time— [ td: |_;‘_;
ts [ 5 | - J150 [300 Yoo~ T 2
CL (1
._2—/ ns CL; m 30%,;
o 10 - 50 {100 0 ——f
o= |

Voo
o
Minimum Data Hoid Time [4 Lx

R

z

tH — 5 - - 0
Ca 4 ; o ™ o DELAYED 200 cLock P sEs
e 0 - - MIN tylCLy), twiCLo) =20 ns :]
Clock Rise and Fall Times  ¢,CL4, CLy No Restrictions If o2cs-22703
CLs. CL Clock Overlap Require-
tllq, Cha ment |s Met

Fig. 4 — Timing diagram—two-phase clock.
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CD4062A Types

STATIC ELECTRICAL CHARACTERISTICS

AMBIENT TEMPERATURE (TA)+25°C

TYPICAL TEMPERATURE COEFFICIENT 1S -0.3%/°C H
AT ALL VALUES OF Vgs _}

4 H-H 4 T
e daast 111

sSifgsune

spgesmensazen:
T
phselass:
)
T
t
pras
!
t
T
Lol
&

n—CHANNEL DRAIN CURRENT (IpNI—mA

LIMITS AT INDICATED
CONDITIONS | repmpERATURES (°C)
CHARACTERISTICS UNITS
Vo |VinIVop +25
-55 +125
(V) | (V)] (V) TYP. |LIMIT
Quiescent Device -] - 5 112 05| 12 720
Current, || Max. —T"—T7p 55 7 25 600 wA
CM=High, CLq=High
CLo=Low -~ -115 |50 1 [50 [ 2000
Output Volitage: - 5 5 .
Low Level, 0 Typ.; 0.05 Max
VOL - {10| 10 0 Typ.; 0.05 Max v
High Leve! - 5 4.95 Min.; 5 Typ.
Vou - 10 9.95 Min.; 10 Typ.
Noise Immunity: 421 — 5 .
Inputs Low, 1.5 Min.; 2.25 Typ.
— in.; 4. .
VL 9 10 3 Min,; 4.5 Typ v
Inputs High 08| — 5 1.5 Min.; 2.25 Typ.
VNH 1 [ =0 3 Min.; 4.5 Typ.
Noise Margin: 45| — 5 1 Min.
Inputs L.ow, -
VML 9 - 110 1 Min. v
Inputs High, 05| - | 5 1 Min,
VNMH 1 [ =10 1 Min,
Output Drive
Current:
N-Channel
{Sink),
IpN Min{ Q jo4)—las]| 18| 28] 137 091 ma
Outbut| g5| — 10 |5 | 8 |4 | 32
CLip. | 05 — 5] 087 14| 07 0.49
Clop |05 — |10} 22| 36| 18| 1.26
P-Channel
(Source): 45 — 5 |-0.31] -0.5 | -0.26|-0.17
ipP Min.f  Q 26| - | 5]-093]-15|-075)-052) .
Output | 95{ — | 10 [-0.87| -1.4 | -0.7 |-0.49
CLip. 45| — | 5 }-0.43} -0.7|-0.35] -0.24
CLlap tos| — | 10 }-11 ] -18{-009 |-0863
Input Leakage Any Input
Current,
he M -]1-11s £10°5 Typ., 21 Max. HA
* Maxi power dissi rating < 200 mW.

;ﬁ i T HiGATE- oL 4
1 aed )e 1SV
a:
AT T H
i T T
I 5V {
T
lenanasaase: T
© E) 0 )
DRAIN- (0-SOURCE VOLTAGE {Vpgl—V
92C5-23054R)
Fig. 5— Typical nch  drain chi ics for
Qoutput.
DRAIN-TO~SOURCE VOLTS IVpg)
-20 "y -0 -
uu s T Os
-105
@
T ¢
it T ;i s
O TE - T0-SOURCE VLTS (Vggre-18v I %
-202
E
z
H
-1
-3
AMBIENT TEMPERATURE {T)»25°C
TYPICAL TEMPERATURE COEFFICIENT
FOR ALL VALUES OF Vpp=-03%/°C
92CH-19114m
Fig. 6— Typical pch / drain ch istics for
Qoutput.
AMBIENT 1Tp1e25°C “
TYPICAL TEMPERATURE FOR T
ALL VALUES OF Vpp»0.3%/C
T
]
3
r
H <
£ BERNY
= NP
ot
y e
- sauarliod T
2 ssises:
g gun i T
g jame ua i
¢ = g8 .
]
© i 8 v
Wina:
= T T
i JHT
1 T T esasSmanmassesanesan:
T T T ITITIT 11
10 20 30 40 50 €0 70 80 £ 100
LOAD CAPACITANCE (C) ) - pF 92¢S- 24663

NOTE. t1pq, FOR O OUTPUT IS SIGNIFICANTLY LESS THAN 17 4
T, T

Fig. 7— Typical transition time vs.
CL for data outputs,

ANBIENT TE € a1+ 25°¢C
TYPICAL TEMPERATURE COEFFICENT FOR
ALL VALUES OF Vpp:0 3%

: HHEIEE
T T
E1
E
o T
kS 254
H H
H
z
3 H
4 vy
H
7
i i
- e G0
F R
ot T HHT 1
0 30 40 50 0

LOAD CAPACITANCE {CL}- pF s2c8-19790

Fig. 8— Typical transition time vs. C; for
delayed clock output.
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CD4062A Types

DYNAMIC CHARACTERISTICS AT Tp = 25'C, Vgg = 0 V, C_= 50 pF, Input tr, tf = 20 ns, ] i o N s e
except t/CL and CL SR T A
AN
" . < - A
Single-Phase-Clock Operation; Ciock Mode (CM) = Low; 3 V < Vpp < 10 V (See Figure 3) e T ol
K
CHARACTERISTIC TEST CONDITIONS LIMITS ONITS i - T
Voo z
A\ MIN. | TYP. IMAX. %
Maximum Clock Input Frequency, fc tr, 11=20 ns 5 0.5 1 = " . 4
" ]
(50% Duty Cycle) 10 1 2 - | : S
Minimum Clock Input Frequency, fCL 5 150 10 - 0 e RO
(50% DutY CYCle) 10 150 10 _ HZ CLOCK FREQUENCY (f¢)—Hz2
s2cs - 20666
Clock Rise and Fall Times** 5 — - 10 Fig. 9— Tvpical power dissipation vs. frequency.
tCL, tiCL 10 R
1078] 35 VDo S 10V — SINGLE PHASE CLOCK
Average Input Capacitance, C1 Al Inputs Except 5 £ 6[ 3v< Vo 5 15V — TWO PHASE CLOCK 7~
CL{ and CL ' P 5
Propagation Delays * 5 - 1000 |2000 ]
ns £l
CLwa 10 - 400 | 800 H
CLtoCLyp (Positive Going) 5 _ 7%0 [1500 E
{50% Points) 3
cL / 10 - 300 | 600 ;
CLip __/__ ;
CL to CLopp (Positive Going} 5 — 500 {1000
0 9 {50% Points| % @ 0 @5 36 75 W0 s
oL 10 - 200 | 400 AMBIENT TEMPERATURE (T5)— *C
/ s2cs- 246
Clop __/__- Fig. 10— Mini shift freq vs. ambi
CL to CL ;p (Negative Going} 5 _ 250 | 900 ns temperature.
(50% Points)| Voo

10 - 175 1 350
R — o t
INPUTS
CLyp \ o

€L 1o CLop (Negative Going) 5 — | 750 [1500
o Llap Megative Boing {50% Points)

10 - 300 | 600
0T\
Claop \ é
azes- 27000

Transition Time: tTLH' Ty 5 — 100 | 200
Q Output 10 - 50 | 100 Vs
ns Fig. 11— Quiescent-device-current
CL1p. Clap 5 - 200 | 400 test circuit.
10 - 100 | 200 Voo
Data Set-Up Time 5 - — 0 SVORIOV
1S fr—— ns

9;._./ 10 - - 0 3.5V OR 7V-0
Dd_- 1I50R3V —©

4Data Hold Time ———— 5 - - sl
™ - —
cL 10 150
92¢3-33019
D Ves =
** jf more than one unit is cascaded in single-phase paralle! clocked application, 1,CL should be made less than Fig. 12— Noiseimmunity test

or equal to the sum of the propagation delay at 15 pF, and the transition time of the output driving stage.

(See Figs. 6 and 7 for cascading options.) circuit.
A yse of delayed clock permits high-speed logic to precede CD4062A register {see cascade register operation). Yoo
Voo NPUTS
Voo - NOTE
MEASURE INPUTS
«;\’_@" b SEQUENTIALLY,
Vss - TO BOTH vy, AND Vg
‘—1 COMNECT AL UNUSED
INPUTS TO EITHER
Re Vop OR Vgg
Vss
REC 92¢5- 27402

Cta Fig. 13—Input-leakage-current

92¢s-22693 test circuit.

CLap

CD4062AT
TERMINAL DIAGRAM
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CD4066A Types

CMOS Quad Bilateral Switch

For Transmission or Multiplexing of Analog or Digital Signals

RCA CD4066A is a quad bilateral switch
intended for the transmission or multiplex-
ing of analog or digital signals. It is pin-for-
pin compatible with RCA-CD4016, but ex-
hibits a much lower ON resistance. In addi-
tion, the ON resistance is relatively constant
over the full input-signal range.

The CD4066A consists of four independent
bilateral switches. A single control signal is
required per switch. Both the p and the n
device in a given switch are biased ON or
OFF simultaneously by the control signal, As
shown in Fig. 1, the well of the n-channel
device on each switch is either tied to the
input when the switch is ON or to Vgg when
the switch is OFF. This configuration elimi-
nates the variation of the switch-transistor
threshold voltage with input signal, and thus
keeps the ON resistance low over the full
operating-signal range.

The advantages over single-channel switches
include peak input-signal voltage swings
equal to the full supply voltage, and more
constant ON impedance over the input-
signal range. For sample-and-hold applica-
tions, however, the CD4016 is recommended.

These types are supplied in 14-lead hermetic
dual-in-line@ ceramic packages (D and &~
suffixes), 14-lead dual-in-line plastic pack-
age (E suffix), 14-lead ceramic flat package
(K suffix), and in chip form (H suffix).

SPECIAL CONSIDERATIONS — CD4066A

1. In applications where separate power
sources are used to drive Vpp and the
signal inputs, the Vpp current capability
should exceed Vpp/R (R = effective
external load of the 4 CD4066A bilateral
switches). This provision avoids any
permanent current flow or clamp action
on the Vpp supply when power is applied
or removed from CD4066A.

2. In certain applications, the external load-
resistor current may include both Vpp
and signal-line components. To avoid
drawing Vpp current when switch cur-
rent flows into terminals 1, 4, 8, or 11,
the voltage drop across the bidirectional
switch must not exceed 0.8 volt {calcu-
tated from Rgy values shown).

No Vpp current will flow through R
if the switch current flows into terminals
2,3,9, 0r10.

3. Minimum bilateral switch output load
resistance is 100 §2.

INoUT o
816 A
oumu-ﬂﬁ-‘lcg"'
Features: IR ET 12 con
8 15.V digital or + 7.5-V peak-to-peak switching sics
u 8052 typical ON resistance for 15-V operation '”’W"“J rt wsour
® Switch ON resistance matched to within 5 £ over 15-V conr 3| o :‘T:“
signal-input range s
® ON resistance flat over full peak-to-peak cowr s 12 oursim
signal range sI6 ¢
% High ON/OFF output-voltage ratio: 65 dB ¥ss Ln@‘-’-lww
typ. @ fis = 10 kHz, R|_= 10 k2 E.
® High degree of linearity: < 0.5% distor- CDA4066A
tion typ. @ fis =1 kHz, Vi, =5 VP-P' FUNCTIONAL DIAGRAM
Vpp-Vss> 10V, R = 10 kQ o
8 Extremely low OFF switch leakage result- CONTROL
ing in very low offset current and high O‘v':.
effective OFF resistance: 10 pA typ. @
VpD—Vsg =10V, Ty =25°C
u Extremely high control input impedance \_¥ ol our
{control circuit isolated from signal T.l"i_ov“
CONTROL
circuit): 1012 Q typ. ____—_[_
® Low crosstalk between switches: -50 dB |
typ. @ fig = 0.9 MHz, R = 1 k§2 NORMAL OPERATION Vgg € Vis Voo
B Matched control-input to signal-output  CONTROL-LINE BiasiNG
: . SWITCH ON M= vpp
capacitance: Reduces output signal  swirck oFF, vc "0 +vss Voo
transients * ALL CONTROL INPUTS
®  Frequency response, switch ON = 40 MHz ARE PROTECTED BY
(typ.) GMOS PROTECTION
= Quiescent current specified to 15-V NETWORK
® Maximum control input leakage current 92CS-21628R2
of 1.uA at 15-V  (Full package- Vss
temperature range) Fig. 1 — ic diagram of 1 of 4 identical

MAXIMUM RATINGS, Absolute-Maximum Values:
STORAGE TEMPERATURE RANGE (T,

OPERATING TEMPERATURE RANGE (T 4):

PACKAGE TYPESD,F K, H. .. . ... ... ... ..

PACKAGE TYPE E

DC SUPPLY VOLTAGE RANGE, Vpp

(Voltages referenced to Vgg)

POWER DISSIPATION PER PACKAGE:

FOR T4 = -40 to +60°C (PACKAGE TYPE E)
FOR T, = +60 to +85°C (PACKAGE TYPE E)

atg) e

switches and its associated control cir suitry.

Derate Linearly at 12 mW/°C
FOR Ty =-5510 +100°C (PACKAGE TYPES D, F, K)

FOR Tp = +100 to +125°C (PACKAGE TYPES D, F, K} Derate Linearly at 12 mW/oC . . .
DEVICE DISSIPATION PER SECTION:

FOR T, =FULL PACKAGE - TEMPERATURE RANGE {ALL PACKAGE TYPES)
ALL SIGNAL AND DIGITAL CONTROL INPUTS

LEAD TEMPERATURE (DURING SOLDERING):

................... Vgg = V< Vpp

-05t0o +15V
............................. 10 mA

-65 to +125°C

-565to +125°C
-40 to +85°C

500 mW
200 mW
500 mW
200 mW

100 mW

At distance 1/16 £ 1/32 inch {1.59 + 0.79 mm) fromcase for 10smax. . . ... ........ +265°C
OPERATING CONDITIONS AT Ty = 25°C
For maximum reliability, nominal operating conditions should be selected
so that operation is always within the following ranges.
CHARACTERISTIC Vop MiN. MAX. UNITS
Supply Voltage Range |
(Tp=Fuli Package Tempera- - 3 12 v ‘
ture Range} i
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Applications:

® Analog signal switching/multiplexing
Signal gating Modulator
Squelch control  Demodulator
Chopp: C tating switch

= Digital signal switching/Multiplexing

ELECTRICAL CHARACTERISTICS

u Transmission-gate logic implementation
8 Analog-to-digital & digital-to-analog con-
version
n Digital control of frequency, impedance,
phase, and analog-signal gain

TEST LIMITS
Values at -55°C, +25°C, +125°C Apply to
AIICS:';;'S":% D, F, K, H Packages
8 © 0 0
N Values at -40°C, +258°C, +86°C Apply 1o E
CHARACTERISTIC Are in Voits Package UNITS
\ +25°
DD o o o o
v || 0 S Ty T Tiax,
. . 5 0.25 - — 7.5 0.01 0.25
Quiescent Device Current, {| max. m 05 — - 5 0.01 05 WA
D, F, H Pkgs.
15 2 = = 40 0.02 2
5 - 25 15 = 0.26 25
E Pkg. 10 — 5 30 - 0.25 5 uA
15 - 50 500 - 0.5 50
SIGNAL INPUTS (V;;) AND OUTPUTS (V)
VC =
Vb Vss is
R = 10kQ2°
220 260 300 320 80 280
5| 78|75k
. ) +7.5
+15 o Oto
ON Resistance, Ry Max. +15 Q
-bto
+5 -5 5
400 450 520 550 120 500
+10 0 Oto
+10
ws| 25| B
- 3000 | 3500 | 5200 [ 8500 | 270 | 5000
5 ° Oto
- 5
= .
Ry = 10kQ
75 .75 +7.85to
-1.5
or - - - — 5 -
ON Resistance Between +15 ° +15t0
Any 2 of 4 Switches, 10 0 Q
Ao ws | s |50
-5
o +10 to - - - - 0 -
+10 9 o
+5 -5 SV.
P-0
Sine Wave Response R = 10K - - - - 0.4 ~
Distortion) L %
(Dis fig= Nz
+5 | -5 ]-5pp
Frequency Response R =1k
Switch ON v _ B B B o) _ |wHe
{Sine-Wave tnput) 20 |ogw.£ =_3d8
Vis
+6 | -5 [5pp
Ry =1k
Feedthrough-Switch OFF v 1.25 MHz
os - - - - . -
20 Iogm — = -50d8
v
is
VC =
input or Output Leakage — Voo Ves
Switch QFF (Effective 75 — — - _ £0.1 | +100* | naA
OFF Resistance] 75} -78
+5 -5 5 - = - - 0.1 +100*
VA=V p=+5 (51:/)
ViBl=Vgg= -5
Crosstatk RC ~ SS p-p
Between Any 2 of the 4 L= 1k - - - - 0.9 - MHz
Switches {f at —! Vos(B)
witches (f at 50 dB) 20 log‘o_o.s_._ =-50d8
Vi (A)

CD4066A Types

350 € A H

AMBIENT TEMPERATURE T
g (Taye28°C T T
i Snanasaanans:
3 T T LT E T
] ERRs nanads T SUPPLY VOLTAGE[ H
% ats! T vpp-Ves) 8V 10
S 2501 T am R
& sue: T N 1 H
£ s T 1Y
8 3 H
S, wama)
g I
g
&
3
£ T NSmsassmass
g H i auban
g 1 t
2 HHd ! 15V
y = H
5 T
I HEH H T T :
o 1_" T T T 1

9f Tt T t
9 - = 4

SIGNAL VOZU‘AGE (Viy) ~ VOLTS
92¢5 -23913
Fig. 2 (a) — Typical channel ON resistance vs. signal
valtage for three values of supply volt-
age (Vpp—Vsg)-

T TIIITT I
330 suppLy VOLTAGE | T AN ANaENT TeNPERATURE
P 2
(Vpp-Vssg 115V (T x 25 °¢
H oo 'ss jha vhbuvssansmna:
° EaSmEEsaEmS!.angsusss Bt HHET
I T T T b+
z T H TN e sSaeasasas
5 250 HHHT s s HH
s HHE AT
M A " BesecHH 1T HH
H HHH HHE
& E ! t H
% T
A jas.
I t T+ HHTT
z 1 T sssas HH
° HHHT T
= T ! 7 Ini
R sEdssasessacs
H T HoHHH 4
< T T N
i 8 HH " T
¢ HAH 1 + 1
o t I T
E 4 20
SIGNAL VOLTAGE (V,4) — VOLTS
92C5 - 23914

Fig. 2 (b] — Typical channel ON resistance vs. signal
voltage with supply voltage (VDD-

Vss/ =5 V.
g SUPPLY VOLTAGE (Vgp=-Vgg)2 10V
o T smusssnusann: T
1T T
! H
z T
4 us H } -+ 1
2 T s, H
h 1T T T
H T
8 T H AMBIENT TEMPERATURE (Ty)»125°C Jat ]
5 K AT R T
2 11 1 13 1T 1 s gaa)
W T ol
g ! Seisesiaeniats
: iasgssasEististancasiRiBeitatin
2 ’L,.I aCoa il Sdns s, 1 Snune
1 + :
£ sofft = Sb
3 1 ne i SeEEssaun: H
I 8e8: A T
OfTY I TITTT: THHH T
- - - - 4
SIGNAL VOLTAGE (V) — VOLTS
s2c5-23318

Fig. 2 (c) — Typical channel ON resistance vs. signal
voltage with supply voitage ( Vop—

VSS‘ =10V.

350) 34 P
§ SUPPLY VOLTAGE (Vpp-vgg) » 1SV {3 i, :
z
i 13134 HHEEREE R D
5+ B 3eseysarRTasasaasaraat inehiFia
Z isuan: s i
& M shpdn 1 T !

s hHHEEER 1
g i i
H H H 5a:
a . 13 TR {ampienT
¥ uas Ta)
HH T

3 T e
5 T
R 53%¢)
° aas:

oA T 5;

SIGNAL VOLTAGE (Vy) — VOLTS
92¢5-23918

Fig. 2 (d) — Typical channel ON resistance vs. signal
voltage with supply voltage IVDD—
Vggl =15 V.
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CD4066A Types

ELECTRICAL CHARACTERISTICS (Cont'd)

TEST LmiTs
o o o
CONDITIONS Values at —5.‘;3(:’é K+2: Pca,(:k:;ezg C Apply to
All Voltage Values S0 4og® o
) Values at -40°C, +25°C, +85°C A
CHARACTERISTIC Are in Volts slues @ 2’,3;(#5 eely to € UNITS
| v, +25°
! DD o o o ;5
- - +
0 Bt B i AL v vy
Ve~ Voo
VDD | vgg = GND _ - _ _ 20 50
Propagation Delay {Signal =5 Cy = 15pF
! ignal
'nput to Signal Qutput) Vis = sq. wave ns
d
P Voo Y. t;=20ns - - - - 10 25
=10 {input Signal}
Capacitance:
Input, (:is - - - - 8 -
Output, €, Vpp = *5 Z - = - = o
Ve = Vee = -5 = =
Feedthrough, Cios CC 'SsS - - - 05
CONTROL (V)
i i Vis= Voo 2 min
Noise Immunity, VNL I = 10uA 2 2 2 2 _ v
Min, Is 45
VDD - vSS =10
Input Leakage Current, | Vis < Voo 6
nput Leakage Current, 1)) Vpp - Veg = 15 £ +10° +1 A
Max. DD " Vss H
Ve<Vop - Vss
Vop-Vss
=10
Crosstalk Ve =10
Control Input to RL =10k - - - - 50 - my
Signal Qutput (5. wave)
‘fre™Y%e | R =300k02
Propagation Delay, tpdC =20ns Vis< 10 - - - -~ 35 - ns
C = 15pF
V=10, Vgg=GND
Maximum Allowable Controi R, =1k$2, C, = 15pF
Input Repetition Rate Lo - - - - 10| - | mHz
nput Repetition Ra: VC =10 (sq. wave)
t., tf=20ns
Av. Input Capacitance, C, - - - - 5 - pF
* Limit determined by minimum feasible leakage measurement for automatic testing.
A Symmetrical about O volts. ® For all test conditions. VeVss VD
Via*Voo | cpaos6A
O | OF 4
Cios SWITCHES
MEASURED ON BOONTON
lr‘ —-—~—4k----- 1 %;Asc:ngc% BRIDGE
2= * L 75A (IMHz,
| verosy VB0 *5Y | TEST FIXTURE CAPACITANGE vss =
| | NULLED ouT ALL UNUSED TERMINALS
! €04066A | ARE CONNECTED 70 vgg.  92Cs-23919
sv}l?g:e s —O Fig. 7 — OFF switch input or output leakage.
! |
I ! +10V Ve Voo
c“% Weeosy T ot v
-2 \ A
@ —__E 'O ns is cll)aooFsﬁ o8
92¢S-23918 SWITCHES
ke 10kQ
T
Fig. 6 — Capacitance test circuit. = =+ =
_ ALL UNUSED TERMINALS
92¢8-2392 ARE CONNECTED TO vss,

Ve Voo VoD

Vis | cpaossa | Vos
| OF 4
SWITCHES

0ka
15pF
Voo Z/\_ Vgg s

tyetf20ns " =

ALL UNUSED INPUTS ARE CONNECTED TO Vss.

92C5-23920R1

Fig. 8 — Propagation delay time signal input (V)
to signal output (V ;).

Fig. 11 — Propagation deley tp, 1y, tpsy control-

Fig. 9 — Crosstalk-control input to signal output.

Ve *Voo

(]
tr*t§220ns

Voo

vis O—

cpaosea | Vos
| OF 4

SWITCHES

3004

Vgs I15pF

ALL UNUSED TERMINALS ARE CONNECTED TO Vgs

signal output.

92CS~23922R!

KEITHLEY
Joo 160 DIGITAL
MULTIMETER
TG
10K “ON" 1ka [~
Al
RANGE » MQHEP_
Vss X—y SELEY
pLOTTER| TO30A
X

92Cs -2276
Fig. 3 — Channel ON resistance measurement circuit.
A BTSUPPLY VOLTAGE : Vpg =5V 4
Vgg * -5V
AMBIENT TEMPERATURE (Tp)=25°C

-2

OUTPUT SIGNAL VOLTAGE {Vog) — VOLTS
o

ALL UNUSED TERMINALS
ARE CONNECTED TO vss

z 0 €
INPUT SIGNAL VOLTAGE (V,;} —VOLTS

92cs- 2307

Fig. 4 — Typical ON characteristics for 1 of 4
channels.
10%5] AMBIENT TEMPERATURE (T1%25°C
o

1 ¥

2 l .

B>

—_\‘o\:‘ ,;,?74_ ol e

L1

FOWER OISSIPATION PER PACKAGE (PpI—W
o s
2
‘A
L]

0 "yl 2 ) s 8 3
SWITCHING FREQUENCY {f}=~kHr

2CS-23924
Fig. 5 — Power dissipation per package vs. switching
frequency. REP
Ve RATE
t=tg=20ns
Vos 90% — !
0%\ - g
20| L
ns!lag|
ns
+lov Ve Vpp=+oVv
te=14=20ns
oeeeeon cnaos6a | Vos
| OF 4
Vis=+iOV | SWITCHES
ka
Vs 15pF:
ALL UNUSED INPUTS ARE CONNECTED TO vss
92Cs-23923

Fig. 10 - Maximum allowable control input repeti-

tion rate.
‘f’w
INPUTS
Voo NOTE:
o @ MEASURE INPUTS
° SEQUENTIALLY,
¥ss - TO BOTH Vpp AND Vgg:
- CONNECT ALL UNUSED
WPUTS TO EITHER
Vpo OR Vgg-
Vss ~ MEASURE CONTROL
INPUTS ONLY
92CS-27335

Fig. 12 — Input leakage current test circuit,
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CMOS Telecommunica-
tions, Display-Driver, and
Interface Circuits

Technical Data
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CA3300 Types

CMOS Video Speed 6-Bit Flash
Analog-to-Digital Converter

For Use in Low-Power Consumption, High-Speed
Digitization Applications

Features:

n CMOS low power with speed

® Parallel conversion technique

w 15-MHz sampling rate (66-ns conversion time)

® §-bit latched 3-state output with overflow bit

® +'% LSB accuracy

w Single supply voltage (3 to 10 V)

w 2 unijts in series allow 7-bit output

® 2 units in paralle! allow 30-MHz sampling rate

®» Internal Vaer with ext Vagr option

& Available with EVP processing for improved reliability

The RCA-CA3300 types are CMOS 50-mW parailel (FLASH)
analog-to-digital converters designed for applications
demanding both low-power consumption and high-speed
digitization.

The CA3300 types operate over a wide full-scale input-
voltage range of 2.4 volts up to the dc supply voitage with
maximum power consumption as low as 50 to 200 mW,
depending upon the clock frequency selected. When
operated from a 5-volt supply at a clock frequency of 11
MHz, the power consumption of the CA3300 is less than 50
mW. When operated from an 8-volt supply at a frequency of
15 MHz, the power consumption is less than 150 mw.

The intrinsic high conversion rate makes the CA3300 types
ideally suited for digitizing high-speed signals. The overflow
bit makes possible the connection of two or more CA3300's
in series to increase the resolution of the conversion
system. A series connection of two CA3300's may be used
to produce a 7-bit high-speed converter. Operation of two
CA3300's in parallel doubles the conversion speed (i.e.,
increases the sampling rate from 15 to 30 MHz). CA3300's in
parallel may be combined with a high-speed 6-bit D/A
converter, a binary adder, control logic, and an op amp to
form a very-high-speed A/D converter.

Sixty-four paratleled auto-balanced voltage comparators
measure the input voltage with respect to a known reference
to produce the paralfel-bit outputs in the CA3300. Sixty-
three comparators are required to quantize all input voitage
levels in this 6-bit converter, and the additional comparator
is required for the overflow bit.

The CA3300types are available as follows: Types CA3300D
and CA3300DX in an 18-lead dual-in-line ceramic package
(D suftix), types CA3300E and CA3300CE in an 18-lead
dual-in-line plastic package (E suffix), or in chip form (H
suffix). The CA3300DX offers the additional advantage of
improved reliability as a result of EVP (Extra Value Program)
processing. For further information on EVP, see RCA
publication EVP-300B or contact your RCA representative.

18-Lead Dual-In-Line |
Plastic Package
E Suftix

18-Lead Dual-In-Line
Slide-Brazed
Ceramic Package

H-1910

Applications:

= The CA3300 types are especially suited for high-
speed conversion applications where low power
is also important

» TV video digitizing (industrial/security)

& High-speed A/D conversion

® Ultrasound signature analysis

a Transient signal analysis

» High-energy physics research

» High-speed oscilloscope storage/display

® General-purpose hybrid ADC’s

n Optical character recognition

» Radar pulse analysis

& Motion signature analysis

TOP VIEW
{MSB) B6 —] | B85
OVERFLOW ——] 2 B4
vgs — 3 REF. CENTER
vz — 4 83
cE2 — 5 82
CEl— & 81 (LSB)
cik — 7 Vop
PHASE ——{ 8 Vin
REF+ — 9 REF-

92CS-32263R!I

TERMINAL ASSIGNMENT

620



CA3300 Types

VDD
reet XA ‘é___ o 9o,
i coue { ] 3~ STATE
TN o' \ P @ > OVER-
| | FLOW
‘ g e
|
é —T1° 9 ":D—{Ileemsa)
[ i comMP
P " €3 et
" | I 5
]
F‘_‘é— |
’ | ; cowpanarorl ¢ @ 18| B5
[ | LATCHES
) | AND &—CL
| ENCODER
REF I LOGIC
CENTER ; !
| compP ___l e
| | ; cL
i
F i | l 4?
g I S o Mas
i
| 5 | comp o\
R = e
|
) : TP TR
1 ¢—cL i
I
REF~ ‘—é—v—‘
i comp
[ - ! o o 13| BliLSB)
g cL

croox 7 |
2, (SAMPLE UNKNOWN)
PHASE 0, (AUTO BALANCE)

68 NOMINAL
E Vss 92CL- 34243

2ENER
BIODE E}——/ﬁ-——vss
Fig. 1 - Block diagram for the CA3300.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE RANGE (Voo)

(VOLTAGE REFERENCED TO Viss TERMINAL) .. . .1t ttnvttstaseeteeeees e eeteeeeeeetetaeeteeaaeseeeearroraninnannsnne -05t0 10V
INPUT VOLTAGE RANGE

ALL INPUTS EXCEPT ZENER (PIN 4) ... 0ottt it ettt et et e e et ee e e e e et e e aeee e neeeens -0.51t0 Voo t0.5V
DC INPUT CURRENT

Lol ot o] - Y PPN +10mA

POWER DISSIPATION PER PACKAGE (Pp)
FOR Ta = -85 10 +55° 0 L. it i e e i e i i e ettt
FOR Ta = +55°C to +125°C
TEMPERATURE RANGE

OPERATING (CA3300DX, Referto Fig. 3) ......ouinitiitiiiiiiiiiiii et eitratanoneisrarsenssnanrvesasaans -55 to +125°C

OPERATING (CAB300D, E, CE) ......uttiitenreiateaittniseaetesnineineesnaesosessasnessssesssncsnnserssesnsscenas -40 to +85°C

L0 7 ] P -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING)

At distance 1/16 £ 1/32in. (1.59 £ 0.79 mm) from case for TOS MAX. ... .. .iitiuiiiiitriienrinarurssrrassnnsrsersasesnnnens +285°C
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CA3300 Types

ELECTRICAL CHARACTERISTICS

LIMITS
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300D, DX, E UNITS
MIN. TYP. MAX.
Resolution — — 6 Bits
Linearity Etror Voo=8 V, Vaer=7.68 V
CLK=15 MHz, gain adjusted B +05 +0.8
Differential Linearity Error Voo=8 V, Vaer=7.68 V LSB
CLK=15 MHz ~ 05 | 08
Quantizing Error -V — 1
Analog Input: Voo=8 V
Fuli Scale Range CLK=15 MHz 2.4 — Vop10.5 \
Input Capacitance — 50 — pF
Input Current — 600 1000 HA
Gain Temperature Coefficient Vpp=8 V, CLK=15 MHz — 0.016 — LSB/°C
Maximum Conversion Speed Voo=5V — 12M - SPs
Vpo=8 V 15M 19M —
Device Current Vpo=5 V (CLK=11 MHz) — 7 —
(Excludes lper, Iz) Vpp=8 V (CLK=15 MHz) - 22 — mA
Vop=5 V (Auto Balance State) — 6.4 16
Voo=8 V (Auto Balance State) — 24 40
Ladder Impedance 1000 1400 1800 Q
Digital Inputs:
Low Voltage Voo=5V - — 1.5 v
Voo=5 \" —_ —_ 25
High Voltage Vop=5V 3.5 — — v
Voo=8 V 5.5 —_ —_
Input Current Vop=8 V — +1 — LA
Digital Outputs:
Output Low Vppo=5V, Vo=0.4V 1.6 10 —
(Sink) Current Voo=8 V, Vo=0.5V 3.2 15 — mA
OQutput High Voo=5V, Vo=4.6 V -0.8 6 —
(Source) Current Vop=8 V, Vo=7.5V -1.6 9 —
Zener Voitage 1z=10 mA 6.2 6.8 7.4 v
Zener Dynamic Impedance 12=10 mA — 10 30 Q
Zener Temperature Coefficient — 0.5 — mv/°C
Digital Output Delay, ta Vop=8 V — 20 — ns
Aperture Time Voo=8 V — 25 -

EO[CONDITIONS i

TEMP = 25°C
50 |__ARE NOT INCLUDED

LADDER AND ZENER CURRENTS

Fig. 2 - Typical current drain versus sampling rate

" || J
3 ;
1 40l i T\
% T
S I /
=] |
= 30l ;
g ! l 4
& ! | [P
=1
3 . | vppr!O VOLTE 5 A
x5 |
& vpp=8voLts | | T
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ELECTRICAL CHARACTERISTICS

CA3300 Types

LIMITS :
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300CE UNITS
MIN. TYP. MAX.
Resolution — — 6 Bits
Linearity Error Voo=8V, Vae;=7.'68 V. _ 105 +0.8
CLK=9 MHz, gain adjusted
Differential Linearity Error Vop=8 V, Vaer=7.68 V LS8
CLK=9 MHz — 30.5 10.8
Quantizing Error -% — %
Analog Input: Vpp=8 V
Full Scale Range CLK=9 MHz 2.4 — Voo+0.5 \
Input Capacitance — 50 — pF
Input Current — 450 1000 HA
Gain Temperature Coefficient Voo=8 V, CLK=9 MHz — 0.016 — LSB/°C
Maximum Conversion Speed Vop=5 V &M _ - SPS
Vpp=8 V oM 19M —
Device Current Vop=5 V (CLK=7 MHz) — 4 -
(Excludes lger, 12) Vpp=8 V (CLK=9 MHz) - 12 _ mA
Vpo=5 V (Auto Balance State) — 6.4 16
Voo=8 V (Auto Balance State) — 24 40
Ladder Impedance 1000 1400 1800 Q
Digital Inputs:
Low Voltage Vpp=5 V — — 1.5 Vv
Vpp=8 V — — 25
High Voltage Vpp=5V 3.5 — —
Voo=8 v 55 _ —_ v
Input Current Voo=8 V — +1 — HA
Digital Qutputs:
Output Low Voo=5 V, Vo=0.4 V 1.6 10 —
(Sink} Current Voo=8 V, Vo=0.5 V 3.2 15 -
Output High Voo=5V, Vo=4.6 V -0.8 6 — mA
{(Source) Current Voo=8 V, Vo=7.5V -1.6 9 -
Zener Voltage 12=10 mA 6.2 6.8 7.4 \
Zener Dynamic Impedance 12210 mA — 10 30 Q
Zener Temperature Coefficient — 0.5 — mV/°C
Digital Output Delay, t4 Vop=8 V — 20 —
Aperture Time Voo=8 V — 25 — ns
z;coc:::;l?sss B —;’m~ CONDITIONS \:’.;E:P x\;D:-c
TEMP = 25°C ' ERROR=* ACTUAL-THEORETICAL
4}— - ALL C;)UNYS PRE?SENT _‘,‘}_ [ | ~ l } l VALrE ’
5 [ R N ] " '; o5 | v(‘,oxzvou’s
I T —TL r/ i Vpp* 5 VOLTS | N \
E o1 - l 4 i AJ g ° Vpp 28 vou"s /
e i e U
F 4—“r~ f f g<os T
R N S S N aH LI
L | ! ] 1 J 1
< 2 8 1o 3 2 E) 8 2 8

Fig. 4- Typical maximum sample rate versus supply voitage.
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Fig. 5 - Typical offset error versus sample rate as a function

of supply voltage. (See literature for offset trim.)
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Fig. 6 - Timing diagrams for the CA3300.
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as a function of supply voltage. as a function of supply voltage.

624



T T T
CONDITIONS : Voo *5VoLTS |
VREF* VDD | vpp=e vours

3| TEmp s 25°C t
ERROR =ACTUAL-THEORETICAL

@ 2 1 |

8 |

I ! Vi SV/

g DD

4

z 4

.1 | M

]

2 -2

3

r

-3
2 4 8
0.l ® I [« N 00

SAMPLE RATE MSPS 92CS- 34231
Fig. 9 - Typical gain error versus sample rate as a function
of supply voltage. (See literature for gain trim.)

CONDITIONS ;

VREF* VDD

TEMP.=25°C
LINEARITY=BEST LINE
1

[ 1

Vpp: S VOLTS
Vpp = 3 VOLTS / Voo=8 VoLTS
it

=3
»

= !

[=]

LINEARITY - LSB'S, ABSOLUTE VALUE

4 2 4 6 2 4 8 8

[} } 1 [[+] 100
SAMPLE RATE - MSPS

92C8-34232
Fig. 10 - Typical linearity versus sample rate as a
function of supply voltage.
CONDITIONS 1

TEMP.=25°C
LINEARITY=BEST E

TTTT
Tie

t
&
]

.

" 5
<
3
r

T

T

T

0T -
2
m
©
)
H
NN
#{1
jun)
T

[~}

[TTYPICAL LINEARITY- LSB'S, ABSOLUTE VALUE
o
»

INEERS SN S SER e 1T

Tt
10

2 3 5 6 7 8
REFERENCE VOLTAGE, (Vggr)- VOLTS

92CS-34233
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Device Operation

A sequential parallel technique is used by the CA3300
converter to obtain its high-speed operation. The sequence
consists of the “Auto Balance” phase ¢1 and the “Sample
Unknown” phase ¢2. (Refer to the circuit diagram.) Each
conversion takes one clock cycle.* With the phase control
(pin 8) low, the “Auto Balance” (¢1) occurs during the High
period of the clock cycle, and the “Sample Unknown” (¢2)
occurs during the low period of the clock cycle.

During the "Auto Balance” phase, a transmission switch is
used to connect each of 84 commutating capacitors to their

This device requires only a single phase clock. The terminotogy of
@1 and @2 refers to the High and Low periods of the same clock.

CA3300 Types

associated ladder reference tap. Those tap voltages will be
as follows:

Viep (N) = [(Vaer/64) x N] - [Vaer/(2 x 64)]
= Vaer[(2N - 1)/128]
Where: Vi (N) = reference ladder tap voltage at point n
Vrer = voltage across R to R*
N = tap number (1 through 64)

The other side of the capacitor is connected to a single
stage amplifier whose output is shorted to its input by a
switch. This biases the amplifier at its intrinsic trip point,
which is approximately, (Voo-Vss)/2. The capacitors now
charge to their associated tap voltages, priming the circuit
for the next phase.

Inthe “Sample Unknown’ phase, all ladder tap switches are
opened, the comparator amplifiers are no longer shorted,
and Vin is switched to all 64 capacitors. Since the other end
of the capacitor is now looking into an effectively open
circuit, any voltage that differs from the previous tap voltage
will appear as a voltage shift at the comparator amplifiers.
All comparators with tap voltages greater than Vi will drive
the comparator outputs to a “low” state, all comparators
with tap voltage lower than Viy will drive the comparator
outputs to a “high” state.

The status of all these comparator amplifiers are stored at
the end of this phase (¢2), by a secondary latching amplifier
stage. Once latched, the status of the 64 comparators is
decoded by a 64+to 7-bit decode array and the results are
clocked into a storage register at the rising edge of the next
@2.

A 3-state buffer is used at the output of the 7 storage
registers which are controlled by two chip-enable signals.
CE1 willindependently disable Bt through B6 when itisina
high state. CE2 will independently disable B1 through B8
and the OF buffers when it is in the low state.

To facilitate usage of this device a phase-control input is
provided which can effectively complement the clock as it
enters the chip. Also, an on-board zener is provided for use
as a reference voltage.

Continuous Clock Operation

One complete conversion cycle can be traced through the
CA3300 via the following steps. (Refer to timing diagram
Fig. 6a.) With the phase control in a ‘High' state, the rising
edge of the clock input will start a “sample” phase. During
this entire ‘High' state of the clock, the 64 comparators will
track the input voltage and the 64 latches will track the
comparator outputs. At the falling edge of the clock, all 64
comparator outputs are captured by the 64 latches. This
ends the “sample” phase and starts the “auto balance”
phase for the comparators. During this ‘Low’ state of the
clock the output of the latches propagates through the
decode array and a 7-bit code appears at the D inputs of the
output registers. On the next rising edge of the clock, this
7-bit code is shifted into the output registers and appears
with time delay tq as valid data at the output of the 3-state
drivers. This also marks the start of a new "sample” phase,
thereby repeating the conversion process for this next
cycle.

Puise Mode Operation

For sampling high-speed nonrecurrent or transient data,
the converter may be operated in a pulse mode in one of two
ways. The fastest method is to keep the converter in the
Sample Unknown phase, ¢2, during the standby state. The
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device can now be pulsed through the Auto Balance phase
with as little as 33 ns. The analog value is captured on the
leading edge of ¢t and is transferred into the output
registers on the trailing edge of ¢1. We are now back in the
standby state, ¢2, and another conversion can be started
within 33 ns, but not later than 1 us due to the eventual
droop of the commutating capacitors. Another advantage
of this method is that it has the potential of having the lowest
power drain. The larger the time ratio between ¢2 and ¢1,
the lower the power consumption. (See timing diagram Fig.
6b.)

The second method uses the Auto Balance phase, ¢1, as
the standby state. In this state the converter can stay
indefinitely waiting to start a conversion. A conversion is
performed by strobing the clock input with two ¢2 pulses.
The first pulse starts a Sample Unknown phase and captures
the analog value in the comparator latches on the trailing
edge. A second ¢2 pulse is needed to transfer the data into
the output registers. This occurs on the leading edge of the
second pulse. The conversion now takes place in 67 ns, but
the repetition rate may be as slow as desired. The
disadvantage to this method is the higher device dissipation
due to the low ratio of ¢2 to ¢1. (See timing diagram Fig.
6c.)

Increased Accuracy

In most cases the accuracy of the CA3300 should be
sufficient without any adjustments. In applications where
accuracy is of utmostimportance, three adjustments can be
made to obtain better accuracy; i.e., offset trim, gain trim,
and midpoint trim.

Offset Trim

in general offset correction can be done in the preamp
circuitry by introducing adc shiftto Vin or by the offset trim
ofthe op amp. When this is not possible the R™ (pin 10) input
can be adjusted to produce an offset trim. The theoretical
input voltage to produce the first transition is % LSB. The
equation is as follows:

Vin (0 to 1 transition} = ¥ LSB = '4(Vrer/64)
= VnEF/128

If Vin for the first transition is less than the theoretical, then a
single-turn 50-ohm pot connected between R and ground
will accomplish the adjustment. Set Vin to 2 LSB and trim
the pot until the 0 to 1 transition occurs.

If Vin for the first transition is greater than the theoretical,
then the 50-ohm pot should be connected between R and a
negative voltage of about 2 LSB's. The trim procedure is as
stated previously.

Gain Trim

in general the gain trim can also be done in the preamp
circuitry by introducing a gain adjustment for the op amp.
When this is not possible, then a gain adjustment circuit
should be made to adjust the reference voltage. To perform

" this trim, Vi should be set to the 63 to overflow transition.

That voltage is 2 LSB less than Veer and is calculated as
follows:

Vin (63 to 64 transition) = Vaee — Vaer/128
= Verer (127/128)

To perform the gain trim, first do the offset trim and then
app'vthe required Viy for the 63 to overflow transition. Now
adjust Vaer until that transition occurs on the outputs.

Midpoint Trim

The reference center (RC), pin 16, is available to the user as
the approximate midpoint of the resistor ladder. The actual
count that is brought out is count 33. To trim the midpoint,

the offsetand gain trims should be done first. The theoretical
transition from count 32 to 33 occurs at 32" LSB’s. That
voltage is as follows:

Vin (32 to 33 transition) = 32.5 (Vrer/64)

An adjustable voltage follower can be connected to the RC
pin or a 2-K pot can be connected between R* and R~ with
the wiper connected to RC. Set Vi to the 32 to 33 transition
voltage, then adjust the voltage follower or the pot until the
transition occurs on the output bits.

The Reference Center point can aiso be used to create
some unique transfer functions. For example, if R™ is
grounded, RCisconnected to 3.25volts, and R" is connected
to 4.8 volts then the lower order counts, 1 through 33, will
have an LSB value of 100 mV while the upper order counts,
34 through Overflow, will have an LSB value of 50 mV. This
effectively provides twice the sensitivity in the upper counts
as compared to the lower counts.

7-Bit Resolution

To obtain 7-bit resolution, two CA3300's can be wired
together. Necessary ingredients include an open-ended
ladder network, an overflow indicator, three-state outputs,
and chip-enabler controls—all of which are available on the
CA3300.

The first step for connecting a 7-bit circuit is to totem-pole
the ladder networks, as illustrated in Fig. 13. Since the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage may be required.

The overflow output of the lower device now becomes the
seventh bit. When it goes high, all counts must come from
the upper device. When it goes low, all counts must come
from the lower device. This is done simply by connecting
the lower overflow signal to the CE1 control of the lower
A/D converter and the CE2 control of the upper A/D
converter. The three-state outputs of the two devices (bits 1
through 6) are now connected in parallel to complete the
circuitry. The complete circuit for a 7-bit A/D converter is
shown in Fig. 14.

8-Bit to 12-Bit Conversion Techniques

To obtain 840 12-bit resolution and accuracy, use a feed-
forward conversion technique. Two A/D converters will be
needed to convert up to 11 bits; three A/D converters to
convert 12 bits. The high speed of the CA3300 allows 12-bit
conversions in the 500 to 900-ns range.

The circuit diagram of a high-speed 12-bit A/D converter is
shown in Fig. 15. In the feed-forward conversion method
two sequential conversions are made. Converter A first
does a coarse conversion to 6 bits. The outputis appliedtoa
6-bit D/A converter whose accuracy fevel is good to 12 bits.
The D/A converter output is then subtracted from the input
voltage, multiplied by 32, and then converted by a second
flash A/D converter, which is connected in a 7-bit configu-
ration. The answers from the first and second conversions
are added together with bit 1 of the first conversion
overlapping bit 7 of the second conversion.

When using this method, take care that:

® The linearity of the first converter is better than ' LSB.

= Anoffset bias of 1 LSB (1/64) is subtracted from the first
conversion since the second converter is unipolar.

s The D/A converter and its reference are accurate to the
total number of bits desired for the finat conversion (the
A/D converter need only be accurate to 6 bits).

The first converter can be offset-biased by adding a
20-Qresistor at the bottom of the ladder and increasing
the reference voltage by 1 LSB. If a 6.40-voltage
reference is used in the system, for example, then the
first CA3300 will require a 6.5-V reference.
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OUTPUT CODE TABLE
INPUT VOLTAGE" BINARY
ICODE DESCRIPTION| Vrer Vaer VRer Vrer OUTPUT CODE DECIMAL COUNT
7.68 6.40 5.12 3.20 (LSB)
V) V) (V) V) OF B6 B5 B4 B3 B2 Bt
Zero 0.00 0.00 0.00 0.00 0 [§] 0 o] o] Q Q Q
1LSB 0.12 0.10 0.08 0.05 0 0 0 0 (o] 0 1 1
2Ls8 0.24 Q.20 0.16 0.10 0 0 0 0 0 1 0 2
% Full Scale — 1 LSB 3.72 3.10 2.48 1.55 0 0 1 1 1 1 1 3
% Full Scale 3.84 3.20 2.56 1.60 0 1 0 0 0 0 0 32
% Full Scale +1 LSB 3.96 3.30 2.64 1.65 0 1 0 U Q 1 33
Full Scale — 1 LSB 7.44 6.20 4.96 3.10 0 1 1 1 1 1 0 62
Full Scale 7.56 6.30 5.04 3.15 0 1 1 1 1 1 1 63
Overflow 7.68 6.40 5.12 3.20 1 1 1 1 1 1 1 127

*The voltages listed below are the ideal centers of each output code shown as a function of its associated reference voltage.

120 127
|

92-100
(2.337-2.540)

0- —

4-10
(0.102-0.254) J
124- 132
(3.150-3.352) |

92CM-33324

Dimensions and pad layout for CA3300H.

The photographs and dimensions of each CMOS chip
represent a chip when it is part of the wafer. When the waleris
Dimensions in parentheses are in millimeters and are derived from separated into individual chips, the angle of cleavage may vary

the basic inch dimensions as indicated. Grid graduations are in with respect to the chip face for different chips. The actual
mils (107 inch). dimensions of the isolated chip, therefore, may differ slightly

from the nominal dimensions shown. The user should consider
a tolerance of —3 mils to +16 mils applicable to the nominal
dimensions shown.
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CMOS Video Speed 8-Bit Flash
Analog-to-Digital Converter

For Use in Low-Power Consumption,
High-Speed Digitization Applications
Features:

®» CMOS low power with SOS speed

» Parallel conversion technique

m 15-MHz sampling rate (66-ns conversion time)
® 8-bit latched 3-state output with overfiow bit
w + % LSB accuracy (typ.)

» Single supply voltage (4 to 8 V)

® 2 units in series allow 9-bit output

® 2 units in parallel allow 30-MHz sampling rate

The RCA CA3308° is a CMOS 200-mW parallel (FLASH)
analog-to-digital converter designed for applications
demanding both low-power consumption and high-speed
digitization.

The CA3308 operates over a wide full-scale input-voltage
range of 4 volts up to 8 volts with maximum power
consumptions as low as 200 mW, depending upon the clock
frequency selected. When operated from a 5-volt supply at
aclock frequency of 15 MHz, the power consumption of the
CAB3308 is less than 150 mW.

The intrinsic high conversion rate makes the CA3308
ideally suited for digitizing high-speed signals. The overfiow
bit makes possible the connection of two or more CA3308s
in series to increase the resolution of the conversion system.
A series connection of two CA3308s may be used to
produce a 9-bit high-speed converter. Operation of two
CA3308s in paraliel doubles the conversion speed (i.e.,
increases the sampling rate from 15 to 30 MHz). CA3308s
may be combined with a high-speed 8-bit D/A converter, a
binary adder, control logic, and an op amp to form a very
high-speed 15-bit A/D converter.

256 paralleled auto-balanced voltage comparators measure
the input voltage with respect to a known reference to
produce the parallel-bit outputs in the CA3308.

255 comparators are required to quantize all input voltage
levels in this 8-bit converter, and the additional comparator
is required for the overflow bit.

The volitage supply for analog circuitry is termed VA A and
AGND. The voltage supply for digital circuitry is termed
VDD and Vgs.

The CA3308 type is available in a 24-lead dual-in-line
ceramic package (D suffix).

¢ Formerly Developmental Type No. TA11279.

CA3308, CA3308A Types

(D) SUFFIX
24-Lead Dual-In-Line
Side-Brazed Ceramic Package

Applications:

® The CA3308 is especially suited for high-speed con-
version applications where low power is also important

s TV video digitizing (industrial/security/broadcast)

= High-speed A/D conversion

» Ultrasound signature analysis

» Transient signal analysis

® High-energy physics research

» High-speed oscilloscope storage/display

a General-purpose hybrid ADCs

= Optical character recognition

® Radar pulse analysis

m Motion signature analysis

& yP data acquisition systems

(TOP VIEW)
(LsB)B1 —] 1 zat Vaa (ANALOG SUPPLY)
B2— 2 23 3/4R
83— 3 22— +R
B84 — 4 21 VIN
85— 5 20— 1/2R
86— 6 19— PHASE
B7T— 7 18— cik
(MSB1 88— 8 17— AGND (ANALOG GROUND)
OVERFLOW —{ o 16— Vin
/4 R—10 15— -R
(DIGITAL GROUND) vgg " 14— TH
(DIGITAL SUPPLY) vpp 12 13— TE2
92CS- 34789
TERMINAL ASSIGNMENT
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MAXIMUM RATINGS, Absofute-Maximum Values:
DC SUPPLY VOLTAGE RANGE (Vpp AND VaA)

(VOLTAGE REFERENCED TOVGS TERMINAL) . e vvvvniineiinarnieticieittuatonuneeccunccnreoseronee —-05t0 +8V
INPUT VOLTAGE RANGE

ALLINPUTS.......... S R —0.5to Vpp +0.5V
DC INPUT CURRENT

GLK, PH, GET, GE2, VIN - « « ++ en e e v et v ssaa e aaennnessnansoasanansesannsotasssessnasseotasecnonsos +10 mA
POWER DISSIPATION PER PACKAGE (Pp)
FORTA=401055%C + o vvvvenvnnnernnateeasssssssssansasttssossasssonatunatoctetn ninnnrrerassasasss 315 mwW

FOR TA=55°C t085°C 1 v anvvavaveanessvossuesnesrssssassoncasennesusnatoonsonacss Derate linearly at 3.3 mW/°C
TEMPERATURE RANGE

OPERATING ........ et arseseseneans TR R R R R R —40 to +85°C

STORAGE . 4iviisiivenansesesrosssssssnanasssactassaasosassssassassssnense Ceies e —65to +150°C
LEAD TEMPERATURE (DURING SOLDERING)

AT DISTANCE 1/16 £ 1/32 in. (1.59 £ 0.79 mm) FROM CASE FOR 108 MAX. ... .chveirientneeeirnnrrrnecens +265°C
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Fig. 1-Block diagram for the CA3308.
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ELECTRICAL CHARACTERISTICS

CA3308, CA3308A Types

TEST CONDITIONS LIMITS
CHARACTERISTIC VaA-= VDD MIN. TYP. MAX. UNITS
Resolution — — 8 Bits
Linearity Error VDD=3V. VREF=,6'4 V — - 05 | (CA3308AD)
CLK=15 MHz, gain adjusted +1 (CA3308D)

i L ) VpD=5 VREF=6.4V 0.5 (CA3308AD)
Differential Linearity Error CLK=15 MHz — — +1 (CA3308D)
Quantizing Error —Ys — Y2 LSB
Analog input: Vpp=5V

Full Scale Range CLK=15 MHz 4 — 8 V'

Input Capacitance — 50 - pF

Input Current VIN=6.4V — 1000 2000 pA
Maximum Conversion Speed Vpp=5V 15M 17M - SPS
Device Current (Excludes IREF) VpD=5 V (CLK=15 MHz) - 50 — mA
Ladder Impedance 300 600 900 0
Digita! Inputs:

Low Voltage — — 1.5 \

High Volitage Vpp=5V 35 — — \

Input Current (Except Pin 18) — +1 — HA
Digitai Outputs:

Output Low (Sink) Current Vpp=5V, Vp=0.4V 3.2 10 —

Output High (Source) Current Vpp=5V,Vpo=4.6 V 1.6 -6 - mA
Digital Output Delay, tg Vpp=5V — 25 — ns

‘
PHASE COMPARATOR DATA
o PINID IS LATCHED
DATA IS _SHIFTED
INTO' OUTPUT REGISTERS
\ 02 o
CLOCK \ SAMPLE AuTO SAMPLE AUTO SAMPLE AUTO
o (PN i BALANCE 2 BALANCE 3 BALANCE
'
81 >68 & DATA VaLlD DATA VALID DATA VALID
0 t 2
°
—b‘ 4 lﬂ~ ’{'d
I
PHASE
(PIN 19) DATA IS SHIFTED
INTO OUTPUT REGISTERS
o
COMPARATOR DATA
) ol IS LATCHED
ctock SAMPLE SaMPLE AUTO SAMPLE
o (PINIB) 2 BALANCE 3
|
|
1
BI>88 4 [
oF l DATA VALID DATA VALID DATA VALID
o ' 2
°
"‘" - 92CM-34242R1

Fig. 2-Timing diagram for the CA3308.

633




CA3308, CA3308A Types

_ Vaa 24 % 5 VOLTS (ANALOG SUPPLY)
<—{ 1 BI(LSB)
3/4R 23
+— 282 RI QR2
<
— 383 +R 22 + 6.4 VOLTS (REFERENCE VOLTAGE)
0= 6.4V INPUT SIGNAL
4—| 4 B4 ViN 2} r (USE LH 0033 OR EQUIVALENT)
>
A+ +5 OPEN
DIGITAL OUTPUT{ «— 5B5 V2 R 20 g'“ 02:FT |« coLTLTELc'rOR
<+— 6 86 PHASE 19 TO2pF 1K
@ 0.01uF
+— 787 CLK 18 i 7406 cLock
<+« a8 AGND 17 % tk
4— 90F Vi 16 — gm
~
—110174R “-RI5
1" v, TEl 14
% 0.2,F.L ss
+3 VOLTS « -+ 12 Vpp CEZ I3 [—p +5V
(DIGITAL SUPPLY)
NOTES
. RI— R4:1000 0.1 % I/8 WATT { DELETE WHEN USING
B
"CONNECTED TO EACH OTHER 92CN- 34818R2
NEAR THE CHIP.
3.Vaa>+6V WILL IMPROVE LINEARITY
Fig. 3-Typical circuit configuration for the CA3308.
(15-MHz sampling rate)
Veererence 110V

Veeg (PIN 22)

3/4 Vpep(PIN23

Ioli,.f-‘

| ALL RESISTORS ARE 5 % 1/8 WATT

2. ALL POTS ARE MULTITURN

3 ALL CAPACITORS ARE CERAMIC
DISC, 50 Vype.

4 U1=CAI24 QUAD OP- AMP

5 ADJUST Vgep FIRST (GAINTRIM)
THEN ADJUST 1/2 Vggp: 3/4VREF
AND 1/4 Vpep POINTS.

172 VREep(PIN 20)

Io.l,.F

T—— t/4VQep (PIN 10}

92CM-34790

Fig. 4-Reference driver circuit.
(Use for maximum linearity)

634



Device Operation

A sequential paraliel technique is used by the CA3308
converter to obtain its high-speed operation. The sequence
consists of the “Auto Balance” phase, 81, and the “Sample
Unknown” phase @. (Refer to the circuit diagram.) Each
conversion takes one clock cycle.* With the phase control
(pin 8) high, the “Auto Balance” (B1) occurs during the High
period of the clock cycle, and the “Sample Unknown" (%)
occurs during the low period of the clock cycle.

During the “Auto Balance” phase, a transmission switch is
used to connect each of the first set of 256 commutating
capacitors to their associated ladder reference tap. Those
tap voltages will be as follows:

Vtap (N)=[(N/256) VRgFIH(1/512) VRgF]
=[(2N—1/512]VREF
Where: .
Viap (n)=reference ladder tap voltage at point n.
VREF=voltage across —REF to +REF
N=tap number (1 through 256)

The other side of these capacitors are connected to single
stage amplifiers whose outputs are shorted to their inputs
by switches. This balances the amplifiers at their intrinsic
trip points, which is approximately, Vpp—Vgsg/2. The first
set of capacitors now charge tc their associated tap
voitages.

At the same time a second set of commutating capacitors
and amplifiers are also auto-balanced. The balancing of the
second stage amplifier at its intrinsic trip point removes any
tracking differences between the first and second amplifier
stages. The cascaded auto-balance (CAB) technique, used
here, increases comparator sensitivity and temperature
tracking.

In the “Sample Unknown” phase, ail ladder tap switches
and comparator shorting switches are opened. At the same
time Vi is switched to the first set of commutating

*Thisdevice requires only a single phase clock. The terminology of
01 and 02 refers to the High and Low periods of the same clock.

CA3308, CA3308A Types

capacitors. Since the other end of the capacitors are now
looking into an effectively open circuit, any input voltage
that differs from the previous tap voitage will appear as a
voltage shift at the comparator amplifiers, All comparators
that had tap voltages greater than Vi, will go to a “low” state
at their outputs. Al comparators that had tap voltages
lower than Vin will go to a “high” state.

The status of all these comparator amplifiers are ac
coupled through the second stage comparator and stored
at the end of this phase (@), by a latching amplifier stage.
Once latched, the status of the comparators are decoded
by a 256 to 9-bit decode array and the results are clocked
into a storage register at the rising edge of the next 2.

A 3-state buffer is used at the output of the 9 storage
registers which are controlled by two chip-enable signals.
CE1 willindependently disable B1through B8 whenitisina
high state. CE2 will independently disable B1 through B8
and the OF buffers when it is in the fow state.

To facilitate usage of this device a phase control input is
provided which can effectively complement the clock as it
enters the chip.

Continuous Clock Operation

One complete conversion cycle can be traced through the
CAB3308 via the following steps. (Refer to timing diagram
No. 1.) With the phase control in a “low” state, the rising
edge of the clock input wili start a “sample” phase. During
this entire “high” state of the clock, the comparators will
track the input voltage and the latches will track the
comparator outputs. At the falling edge of the clock, all 256
comparator outputs are captured by the 256 latches. This
ends the “sample” phase and starts the “auto balance”
phase for the comparators. During this “low” state of the
clock the output of the latches propagates through the
decode array and a 9-bit code appears at the D inputs of the
output registers. On the next rising edge of the clock, this
9-bit code is shifted into the output registers and appears
with time delay tq as valid data at the output of the 3-state
drivers. This also marks the start of a new “sample” phase,
thereby repeating the conversion process for this next
cycle.
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CD22100 Types

CMOS 4 x 4 Crosspoint
Switch with Control Memory
High-Voltage Types (20-Volt Rating)

The RCA-CD22100 combines a 4 x 4
array of crosspoints (transmission gates) with

by putting the strobe high and data-in low,
and then addressing all switches in

@ 4-line-to-16-line decoder and 16 latch cir- succession.

cuits. Any one of the sixteen transmission Features:

gates (crosspoints) can be selected by apply- Low ON resistance — 75 2 typ. at
ing the appropriate four line address. The Vpp =12V )

selected transmission gate can be turned on
or off by applying a logical one or zero,
respectively, to the data input and strobing
the strobe input to a logical one. Any number
of the transmission gates can be ON simul-
taneously When the required operating
power is applied to the CD22100, the states
of the 16 switches are indeterminate.
Therefore. all switches must be turned off

= “Built-in"* control latches

® Large analog signal capability — + Vpp/2

® 10-MHz switch bandwidth

® Matched switch characteristics
ARQp = 1892 typ. at Vpp=12Vv

® High linearity — 0.5% distortion (typ.) at
f=1kHz, V=5V, -pr VDD =10V,
and R =1 kQ

® Standard CMOS noise immunity

® 100% tested for maximum quiescent
current at 20 V

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (VDD)

(Voltages referénced to Vgg Terminal) . . -05to+20V
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vpp 05V
DC INPUT CURRENT, ANY ONE INPUT™ . . $£10 mA
POWER DISSIPATION PER PACKAGE (Ppy):

ForTp=-4010 +60 C (PACKAGE TYPE E) . 500 mwW

For Ta=+60t0 +85° C (PACKAGE TYPE E) . Derate Lmearly at 12 mW/ C to 200 mW

For T, = -55to +100° C (PACKAGE.TYPES D, F) 500 mW

For TA =+100 to +125 C (PACKAGE TYPES D, F) Derale Llnearly at 12 mW/ C to 200 mW

DEVICE DISSIPATION PER TRANSMISSION GATE

FOR T4 = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mw
OPERATING-TEMPERATURE RANGE (TA)

PACKAGE TYPES D, F, H .o —556 to +125:C

PACKAGE TYPE E —401t0 +85 C

STORAGE TEMPERATURE RANGE (T
LEAD TEMPERATURE {DURING SOLDERING)
At distance 1/16 £ 1/32 inch (1.58 £ 0.79 mm) from case for 10 s max.

—65 to +150°C

+265°C

hd Maximum current through transmission gates (switches) = 25 mA.

DATA
STROBE N

O3
1 F L B R
—] Z 7 7
—-— 7 7
so— [
A 1"
2
8 — % 7 7 7
§ s =F—F
o—| —] 3
% ° 3 Q0
£ il ¢ | ]
] > — o 7 ya 7
e Z 7
30— £ [ — "
(4 2
‘ [ fo [ fa
— 4 74 7
— Z 7
lO—{ — —
6 L.t o} | orr OB
Xt x2 x3 x4

I2CM- 27346R)
Fig. 1 — Functional diagram.
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SUPPLY VOLTAGE (Vpp)=+2.5 V, Vgg o=
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$
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®
<
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IT
T
T T
T

INPUT  SIGNAL (V")-V 92cs- 30281

Fig. 2— Typical ON resistance as a function of
input signal voltage at Vop=— VSS’

25V

SUPPLY VOLTAGE (Vppl)=+5V,Vsg=-3V

HaESIsia: TR
< T T
:
% AMBIENT TEMPERATURE 1]
& . (Ty dei25°C H
8
i
@
]
g
H ”25'(
; HHH
-S -85°C
z
4
E
=
H

0
-0 .75 -5 -2% 0 2. 7 )

INPUT SIGNAL (Vy j=v
92cs- 30262

Fig. 3— Typical ON resistance as a function of
input signal voitage at Vpp=—Vss=
5V.

SUPPLY VOLTAGE ‘VDD,"7'5V-VSS"7'SV

o'

3

an:

TEMPY
(Ta ) =i25%

v

SWITCH "ON" RESISTANCE (R
3

o

B L -2% 2.3 k2 o
UT SIGNAL (v )=V

92C$-30263

Fig. 4 — Typical ON resistance as a function of
input signal voltage at Vpp= ~Veg=
75V, 58
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CD22100 Types

RECOMMENDED OPERATING CONDITIONS AMBIENT TEMPERATURE (T, )=25°C
For maximum reliability, nominal operating conditions should be selected
$o that operation is always within the following ranges: I
LTS § HHH suppLY VOLTAGE (vppi= +2.5v
IM = (vgg)=-2.8V
CHARACTERISTIC MIN MAX. UNITS g
Supply-Voltage Range (For T4 = 5
Full Package-Temperature Range) 3 18 v ;
tav
17
g 50 o S eaisaiaaie

-0 -T5 - -2. 25 . N

INPUT SBN‘L(VII)—V 92¢3-30204

O Fig. 5— Typical ON resistance as a funcation of

. i input signal voltage at T4 =25 C.
e AMBIENT TEMPERATURE (Ta) »28°
c SUPPLY VOLTAG
¢ St .
O
o vz“
*5Q ;5 ] $
—
8 TO OTHER DECODER e - -]
GAYES/LATCHES O 5
3 S
DETAIL OF LATCHES §
z 3 8
* 3 5
<
< -O !
Y4
16 T L (]
[x] <] o
INPUT VOLTAGE {Vjg)~V 22¢5-30268
Fig. 7 — Typical switch ON transfer charac-
M ? 92' 9,' 2 94" teristics { 1 of 16 switches).
DETAIL OF TRANSMISSION GATES
by Y B SR e,
INPUT SIGNAL VOLTAGE (V-l' 5Ve-p}
Voo J— 4 | SINE WAVE (177 v RMS)
; 3 DATA-IN VOLTAGE (VpaTa- N} "+5V
hla > ,5|L0AD CAPACITANCE (C\)« 15 pF
INPUTS Q 1 H ‘
EoResr Enlecrion 3‘ 5 U L of tomo mesisrince
NETWORK - J T3l K (Ry )+ 1M
1 5 "
1 g '8 iosa, |/
Vss 92CL-30299R1 t 1YY \
RF VOLTMETER
vss 5 ! BODNTON RADIO|
& MODEL 91-CA
) 3 OR EQUIV.
Fig. 6— Schematic diagram. 0.
o 4
10% 10% 104 108 w0t
INPUT SIGNAL FREQUENY (f;4)~ kM2
22CS -30208
TRUTH TABLE Fig. 8 — Typical switch ON frequency response
‘ characteristics.
Address Select Address Select
O] AMBIENT TEMPERATURE (T 1+ 25°
B C D A B ¢C D supeLY VOLTAGE (v:of,,;ﬁ, e
20] 04D capkITANCE tovie Bopn © *T" (4 )
0 0 0 0 X1Y¥1 0 0 0 1 X1Y3 (945 GeSISTANCE @Y g TTT1
3
1 0 0 4 xX2v1 1 0 0 1 X2Y3 Tl 1 /
0 1 (o} 0 X3Y1 0 1 0 1 X3Y3 8] L1
g
1 1 [} 0 X4Y1 1 1 0 1 X4Y3 g BEIBEE //
0 0 1 0 |xi¥2 {6 0 1 1 | xiv4 W 5t
1 0 1 o0 X2Y2 1 0 1 1 X2Y4 g A
»
o 1 1 o0 X3Y2 o 1 1 1 X3v4 S et
Y
X
1 1 1 0 X4Y2 1 1 1 1 4Y4 p
o i 4 i0 02 103 04
INPUT SIGNAL FREQUENCY (#,}— Hz s2c3-30287

Fig. 9 — Typical crosstalk between switches as a
\ fi ion of signal fr

q 14
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CD22100 Types

STATIC ELECTRICAL CHARACTERISTICS
LIMITS at Indicated Temperature { C)
CHARAC- CONDITIONS Values at —55,+25,+125,apply to D,F,H pkg | Units
TERISTIC Values at —-40,+25,+85,apply to E pkg
Vin |VpbD[-55 |40 +85 |+125 +25
v) [ (V) Min.| Typ. | Max.
CROSSPOINTS
Quiescent -~ 15| 5] 5] 150] 150] — [ 0.04 5
Device Cur- — J10 | 10] 10 | 3o00| 300] — | 0.04 10] uA
rent, Inp — {15 | 20! 20 | e00[ 600 — [0.04 | 20
Max. — 120 [100 | 100 | 3000(3000| — | 0.08 100
ON Resist- . — 5 | 475 | 500 725 800 — 225 600
ance Any Switeh 175 T35 [ 145 | 20| 230] — | 85 | 180 q
Vig= — -
RoN Max. oIS v 12 100 | 110 1551 175 75 135
o Vpp — |15 [ 70] 75 | 110]125[ - | 65 96
— 5 — - - —_ — 25 -
AON Resist- | Between — |10 - | - [ S 10 - o
ance, any two - |12 - - — N 8 -
ARon switches — {15 1 =-1< N 5 —
CI)_FFkSwitch
eakage All switch
Current | orr 11818 | 100 | x1000 |- | #1 [+100% na
i ||_ Max.
CONTROLS
- 5 15 - - 1.5
Input Low OFF switch
Voltage 1 <0.2 uA|l— 10 3 — — 3
Vi Max. L= - |15 4 -1 - 4| vy
Input High [ ON switch — 5 3.5 3.5 — —
Voltage, see Ropy — 110 7 7 — -
ViH Min. | characteristic[” _ | 1g 11 1 — _
Input
Current, | Any control } 0,18} 18 [+0.1 | 20.1 1] 1] - #1075 | 201 | pa
ItN Max.
* Determined by minimum feasible leakage measurement for automatic testing.
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C
CONDITIONS LIMITS
CHARACTERISTIC UNITS|
fis | RL| Vis®| VDD
kHz | kQ2 | (V) | (V) Min. | Typ. | Max.
CROSSPOINTS
Propagation Delay Time, (Switch ON}) 5 5 - 30| 60
Signal Input to Qutput, tpy, tpLH — 10 | 10 10 — 15| 30 ns
15 15 - 10| 20
C =50pF;t, t=20ns
Frequency Response, t I 1 l 5 I 10 - 401 — MHz
(Any Switch ON) Sine wave input ,
\%
201og —>=> = -3dB
is
Sine Wave Response, (Distortion) 1 1 5 10 — 05 — %
Feedthrough 1.6 1 5 10 - [-80} - ds8
(All Switches OF F) Sine wave input

v
oD
®Peak-to-peak voltage symmetrical about

10°¢] AMBIENT TEMPERATURE {Tpre28ec|
l‘ M INTE T ! |
i I i v
£ !
& 4 N
w % -
g s mELy LA
4 L+ Q9
5 t S /
& 2 (,9 (5740
) S ALT KL
&% 2 T ps
6 ~ AL 3
g . T L 1T
£ e/ 4 1
g 2 b i
H LA U L 50 pF
2 103 A a. =
29y ——enC 15 gF
6] 4 ~
g * iAA
o1 A L
A T
0 V|4
o i 0 102 03 Y %P0
SWITCHING  FREQUENCY {14 )~kHz
92C3- 30268

Fig. 10 ~ Typical dynamic power dissipation as a
function of switching frequency.

Voo
Voo 18
2 %
°
Vss 3 14—
4 13p—
s 22—
€ npE—
14 10—
8 9f—
Vs 92CS- 30269

Fig. 11 — Quiescent current test circuit.

Voo
Voo —1 16
;\—@—) «jz 15
Vs <3 1ef— NOTE
MEASURE INPUTS
e 13— SEQUENTIALLY TO
<«s 12}— BOTH Vpp AND vgg
<« CONNECT ALL UNUSED
€ "' INPUTS TO EITHER
7 10— Vpp OR Vgs
r—-7
= 92Cs- 30270
Fig. 12 — Input current test circuit.
2
500 7
PES D) OluF
L dlem
11712 s 1
cLk 3 1 le
cLK Q4 4 13— €y
2! s i2)
Al-— e n =
T 1
8 ol L Te
L. I
=Vss = =
NOTE
CLOSE SWITCH S AFTER 92¢s-~ 3027}

APPLYING VDD

Fig. 13 — Dynamic power dissipation test circuit.

638




CD22100 Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C Yoo
Voo
CONDITIONS LIMITS \I I_‘—Jﬁ
CHARACTERISTIC UNITS| ) 6
fis | BL| Vis®| VDD . -
kHz | kQ | (V) | (V) | Min.| Typ.|Max. M - H
CROSSPOINTS (CONT'D) . g
Frequency for Signal Crosstalk —i 1 I 10 I 10 : :LE
Attenuation of 40 dB — 15| — | MH:z 8 9
Attenuation of 110 dB Sine wave input 0.1 kHz L s2cs- 30272
Capacitance, Vss
X, to Ground - ]—- |51 | — | 18} ~ Fig. 14 — OFF switch leak
_ _ _ _ ig. - switch input or output leskage
:n ;throu:d 5-15 804 pF current test circuit.
eedthroug - |- - - X -
CONTROLS See =
Fig. v;s O n OVey
Propagation Delay Time: 5 - | 300 [600 own 50 pF
R =1kS2,
Strobe to Output, tpzy Cy =50pF 18 | 10 — | 125 |250
(Switch Turn-ON to High Level) L™t p 15 — | 80 (160 i
t,,t4=200ns =
SW= ANY CROSSPOINT
Data-In to Output, tpzh 5 — | 110 )220 STROBE = DATA- IN *Vpq
{Turn-On to High Level) 19 {10 - 40180 | ns Vo
15 — 25| 50 Vi, 50% 0%
o
Address to Output, tpzy 5 — |350|700 pLm tont
{Turn-ON to High Level) 20410 — (135 (270 Voo
15 — 90 [180 Vos o so% s0%
Propagation Defay Time: 5 — | 165 (330 92cs- 30273
Strobe to Output, tpyz 18 110 - | 85170 Fig. 15 — Propagation delay time test circuit and
{Switch Turn-OFF) 15 — 70 {140 waveforms (signal inpUt to signal output,
switch ON).
Data-in to Output, tp7( 5 - 210420 CONTROLS
{Turn-ON to Low Level) 1910 - |10 220 | ns
15 — 1100 200
Address to Output, tpyz 5 - |435 [870 Y You
(Turn-OFF) 20| 10 — |210 J420 ko oxa
15 — 1160 {320 i i
_ SW =ANY CROSSPOINT
Minimum Setup Time, 5 g: lgg Vpp —
Data-In to Strobe, Address, tgy 10 - 5 ns CONTRoL w ‘
15 = 15 { 30 ° \
Minimum Hold Time, 1(5] - :?g ggg o
- - ns v o
Data-In to Strobe, Address, ty Y 15 ~ 13517 PR —
5 0.6 121 - 92CM-30277 ‘
Maximum Switching Frequency, f¢ 10 1.6 3.2 — MHz Fig. 16— Test circuit and waveforms for crosstalk
R =1k, C =50pF | 15 25 5] — fcontrol input to signal output).
tr. t = 20 ns 5 — {300 [600
Minimum Strobe Pulse Width, ty 10 — | 120 {240 ns
15 — | g0{180 on
- - 75| - \
Control Crosstalk, | 10 I 19 10 (pr:ak) Vis oFF
Data-1n, Address, or Strobe to Qutput | SAuare wave input e tkn
t. ty=20ns 1 1 Vos
Input Capacitance, Cjy Any Control Input | — - 5|75 | pF ne $he |
® Peak-to-peak voltage symmetrical about VDD' SW= ANY CROSSPOINT 92cs-30278
- Fig. 17 — Test circuit for crosstalk between switch

circuits in the same package.
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s e
>ty

Voo

DATA-IN

STROBE VD:_ 0% k Jml—\_ 30%:

0%
[ -
4 tezn

Voo 90%
Vu
0 0%

1 *teuz

SW = ANY CROSSPOINT

92CM-30274

Fig. 18 — Propagation delay time test circuit and waveforms (strobe to signal
output, switch Turn-ON or Turn-OFF).

v
oo
Voo Voo
DATA IN
K 0% L uAerm 50 %
tozn 2L

92CM-30275

DATA IN

SWe ANY CROSSPOINT
STROBE » Voo

Fig. 19 — Propagation delay time test circuit and waveforms (data-in to signal output,
switch Turn-ON to high or low level).

ADDRESS=0 ADORESS= |

SW=ANY CROSSPOINT oo /
STROBE= Vop vos? 70# s2cM-302
- 76

Fig. 20 — Propagation delay time test circuit and waveforms (address to signal output,
switch Turn-On or Turn-OFF).

O 10 20 30 40 30 6 70 80 90 00103
S N Y Y A I N
120 — 10 9 8 7
1o ~—|
It
100
6
90 —|
80—
70—J'2 125133
SHN (3.175-3378) i R i .
Dimensions in parentheses are in millimeters and
80— are derived from the basic inch dimensions as in-
o )3, dicated. Grid graduations are in mils (10—3 inch).
40— )
The photographs and dimensions of each CMOS chip
30— M 3 represent a chip when it is part of the wafer. When the
waler is separated into individual chips, the angle of
20— cl ge may vary with respect to the chip face for
different chips. The actual dimensions of the isolated
chip, therefore, may differ stightly from the nominal
10| 5 6l 0 > dimensions shown. The user should consider a tolerance
of —3 miis to +16 mils applicable to the nominal
o— dimensions shown.
l—— 4 -10
(0.102-0.254) .
100108
Ll -
(2.540-2.743) 920M-30279

Dimensions and pad layout for CD22100H.
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CMOS4x4x2
Crosspoint Switches

With Control Memory

The RCA-CD22101 and CD22102 crosspoint
switches consist of 4 x 4 x 2 arrays of cross-
points (transmission gates), 4-line ta 16-line
decoders, and 16 latch circuits. Any one of
the sixteen crosspoint pairs can be selected
by applying the appropriate four-line ad-
dress, and any number of crosspoints can be
ON simultaneously. Corresponding cross-
points in each array are turned on and off
simultaneously, also.

In the CD22101, the selected crosspoint pair
can be turned on or off by applying a logical
ONE or ZERO, respectively, to the data in-
put, and applying a ONE to the strobe in-
put. When the device is ‘“‘powered up”, the
states of the 16 switches are indeter-
minate. Therefore, all switches must be
turned off by putting the strobe high,
data-in low, and then addressing all
switches in succession.

The selected pair of crosspoints in the
€D22102 is turned on by applying a logical
ONE to the K, (set) input while a logical

Features:

& Low ON resistance — 75 {2 typ. at
Vpp=12V

® “Built-in”’ latched inputs

® Large analog signal capability —
+Vpp/2

= 10 MHz switch bandwidth

B Matched switch characteristics
ARON=82typ.at Vpp = 12V

u High linearity — 0.25% distortion (typ.) at
f=1kHz, ViN=5Vp.p. VDD — Vsg =10V,
and R) =1kQ

® Standard CMOS noise immunity

ZERO is on the Kp, input, and turned off by
applying a logical ONE to the Kp (reset)
input while a logical ZERO is on the K,
input. In this respect, the contro! latches of
the CD22102 are similar to SET/RESET
flip-flops. They differ, however, in that the
simultaneous application of ONEs to the K,
and Kp inputs turns off (resets) afi cross-
points. All crosspoints in both devices must
be wrned off as Vpp is applied.

The CD22101 and CD22102 types are sup-
plied in 24-lead hermetic dual-in-fine ceramic
packages (D and F suffixes), 24-lead dual-in-
line plastic packages (E suffix), and in chip
form (H suffix).

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vyp)
{Voltages referenced to Vgg Terminal)
INPUT VOLTAGE RANGE, ALL INPUTS .
DC INPUT CURRENT, ANY ONE INPUT".
POWER DISSIPATION PER PACKAGE (Pp):
For Ta = —40 to +60°C (PACKAGE TYPE E)
For Ta = +60 to +85°C (PACKAGE TYPE E)
For T = —56 to +100°C {PACKAGE TYPES D,F)
For Ta = +100 to +125°C (PACKAGE TYPES D, F}
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)

OPERATING-TEMPERATURE RANGE {Ta):
PACKAGE TYPESD, F, H e
PACKAGE TYPE E e e e

STORAGE TEMPERATURE RANGE (Tseg) -

LEAD TEMPERATURE {DURING SOLDERING):

. —051t0+20V
—0.5 to Vpp +0.5 V
. 10 mA

e e e 500 mW
Derate Linearly at 12 mW/°C to 200 mW
P 500 mW
Derate Linearly at 12 mW/°C to 200 mW

100 mW
~55 to +125°C

—40 to +85°C
—~66 10 +150°C

At distance 1/16 £ 1/32 inch (1.69 * 0.79 mm) from case for 10s max. . +265°C
* Maximum current through transmission gates (switches) = 25 mA.

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be selected so that oper-

ation is always within the following ranges:

LIMITS
CHARACTERISTIC - UNITS
Min. Max.
Supply-Voltage Range {For Ta = Full Package-
Temperature Range) 3 18 v

CD22101, CD22102 Types

CONTROL iN (QUT}
AL
1 axs b lour
R DECODER SWITCH : (1)
° LATCH
D
R 18]
E
s
s —
4xd [~ |ouT
3 SWITCH —{ 0}
TTTT
W oUT)
secs 2o
€D22101, CD22102
Functional Diagram

Applications:

® Telephone systems

8 PBX

& Studio audio switching

a Multisystem bus
interconnect

TOP VIEW
920529839

CD22101 Terminal Diagram

QB NDO Db GN—

TOP VIEW
92C5-29840

CD22102 Terminal Diagram
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CD22101, CD22102 Types
[

) [ I
0 1 2 3
cp2210t
ONLY 2
STROBE DATA @ E].‘ i,‘ 20 SIGNALS
OUT (IN)
*la *is Y3
" g > EHEH 4 Y
A va
7
s e ; [3H [ [
s—1 £ 4
T 15 22 8 19|
AooRess| S ] ¢ 3 Xi xz2 X3 x4
c—8 & E SIGNALS IN {OUT)
s s
* rY
o—" g o g 9 ‘
18 o 1 2 3
5Y?
u . SIGNALS
- OUT (IN)
INPUTS PROTECTED ¥
BY C0S/MOS PROTECTION 5
NETWORK k —--& [¢] u m
b AAA- »
| mHEmEE [
10 3 T 3
At x2 A3 x4
SIGNALS IN (OUT}
92CM - 29836
Fig. 1 — Functional block diagram.
*sTROBE “OATA IN
H "
2
b
—0 (%
TO X "
o
Voo 3 >—§ a4
T z
*; i 3
3 A 5 D 20
° ATEH %)
* TO 13 OTHER TO 15 OTHER vz
A NANDS LATCHES 16
co22101 .
5 44— ——
6
’ ® o
(v!‘)
Ko (SET) Ky (RESET) o v
[
., 9 ————
g 10
"
¢ g (e
c er Ya ("')
1015 0T!
i ] D
”
*n 3 13
4
B 15
£ Qe 022 O O
TO 18 OTHER | Xz x3 b
LATCHES (U] ) (1) (&)
@ coezioz
(e e a— OETAIL OF TRANSMISSION GATES
Vss DE TAIL OF LATCHES W Vpo
o9
. |
P E——jw
PROTECTED BY O ’_l
COS/MOS PROTECTION {
NETWORK Q j— a our
vos s 3 T
[=]
vss

Fig. 2 — Logic diagram.

926L-33103
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DECODER TRUTH TABLE

CD22101, CD22102 Types

Address Select Address Select
A B C D A B C D
o 0 0 o X1Y1 & X1'y1 o 0 o0 1 X1Y3 & X1'Y3’
1 0o o0 o X2Y1 & X2'Y1 1 0o o 1 X2Y3 & X2'Y3'
0o 1 o0 o X3v1 & X3'v1 0 1t 0 1 X3Y3 & X3'y3'
1 1 0 0 X4Y1 & X4'Yt 1 1 0o 1 X4Y3 & X4'Y3
o 0o 1 0 X1Y2 & X1'Y2' o 0 1 1 X1Y4 8 X1'v4
1 0 1 0 X2Y2 & X2'v2' 1 0o 1 1 X2Y4 & X2'v4'
0o 1 1 0 X3Y2 & X3'Y2' 0o 1 1 1 X3Y4 & X3'Y4'
1 1 1 0 X4Y2 & x4'Y2' 1 1 1 1 X4Y4 & X4'v4'
CONTROL TRUTH TABLE FOR CD22101
Function Address Strobe Data Select
A B C D
Switch On 1T 1 11 1 1 15 (X4Y4) &
15’ (x4'vq’)
Switch Off 1 T 1 1 0 15,(X4Y4) &
15’ (X4'Y4)
No Change X X X X 0 X X X XiX
1 = High Level; 0 = Low Level; X = Don‘t Care
CONTROL TRUTH TABLE FOR CD22102
Function Address Ka Kp Select
A B C D
Switch On 11 1 1 0 15 (X4Y4) &
15' (X4'v4')
Switch Off 1111 0 1 15 (X4Y4) &
15' (X4'Y4')
All Switches X X X Xx 1 1 All
ottt
No Change X X X X 0 o XX XX

1= High Level; 0 = Low Level; X = Don"t Care
#In the event that K, and Ky, are changed from levels 1,1 to 0,0 Kp should not be altowed to go to 0 before Ka,
Otherwise a switch which was off will inadvertently be turned on.
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STATIC ELECTRICAL CHARACTERISTICS

LIMITS at Indicated Temperature { C)

SUPPLY VOLTAGE (Vpp) » +2.5V; Vgg = 2.5V

CHARAC- CONDITIONS Values at —55,+25,+125,apply to D,F,H pkg | Units T
TERISTIC Values at —40,+25,+85,apply to E pkg ;?a
Vis |Vop|-55 [—40 | +85[+125 +25 8
V) 1 (v) Min.| Typ. | Max. 2 200
CROSSPOINTS -
o
Quiescent ~ | 5] s] 5] 150] 150] - [oo4 5 g
Device Cur- ~ {10 | 10 10 | 300[300] - [00a | 10] ,a s
rent, Ipp — |15 [ 20} 20 | e00| 600{ — { 0.04 20 e
Max. ~ |20 [100] 100 |3000{3000[ - | 0.08 | 100 - TNPUT SIGNAL(Vig 1V
92¢s-31828
ON Resist- Anv Switch = 5 (475 | 500 725) 800| — 225 600 Fig. 3 — Typical ON resistance as a function of
ance Y Swi - |10 [ras14s | 2057230l - [ e T1s0] input signal voltage at Vpp = ~Vss=
Ron Max Vig= ~ |12 J1oo] 110 155} 175] — 75 | 135
Oto VDD _ 15 70 75 110] 125} — 65 96 I SUP:’LY VOLTAGE (Vpp) = #5V; Vg + —5V
o T R -|-1-12 |- T oot
1 1s
AON Resist- | Between — 110 - | - — | -1~ 10 - §' ° H
ance, any two _ 12 _ _ _ _ _ 8 _ Q g AMBIENT TEMPERATURE (T,
ARgN switches ~Ts — 1 _ N R 5 — 5
£ rsp
OFF Leak- | ) switches s THHT
age Current| * ) - 0,18 )18 +1000 - 1 #1004 nA 5 50 okl
1L Max. H
CONTROLS o
- 4
Input Low OFF switch - 5 1.5 - - 1.5 . ) NeuT s‘mNAL(v;,)—v 92¢8-31830
Voitage - 10 3 — - 3 Fig. 4 — Typical ON resistance as a function of
VL Max. 1 <0.2 uA; P 2 3 v input signal voltage at Vpp = —Vgg=
- = - 5V
Input High | ON switch — 5 3.5 3.5 — — [00] SUPPLY VOLTAGE (Vop) ++7.5V: Vgs +~7.8v [T
Voltage, | seeRgy | — [10 7 7] - - “ bt Teust R oRE eyt ST
V) Min. . | characteristic|” _ [ 15 1 ITH = _ 1 ] 2
37
[=]
{nput : e
Current, Any control | 0,18] 18 [+0.1 ] 0.1 1] +1} — |#10-5 [ +01 HA § Y
Iy Max. g L
* Determined by minimum feasible leakage measurement for automatic testing. é E
T 251
; =
Eessasishie
s} @ T
-0 -8 -6 -4 -2 0 2 4 8 B8 ]

INPUT SIGNAL (Vig)— Vv 92¢s- 31629
Fig. 5 — Typical ON resistance as a function of
input signal voltage at Vpp=—Vss=
7.5 V.

00| Emanssuassanma;
AMBIENT TEMPERA . 280 TR
BIENT TEMPERATURE (Ty) = 25°C | ANMBIENT TEMPERATURE [7,) «25° AMBIENT TEMPERATURE (Ta )= 25°C
SUPPLY VOLTAGE (Vpp)* 10V SUPPLY VOLTAGE : Vppe +5, Vgs«~ 8V
= INPUT SIGNAL VOLTAGE (VMg)" 8V p-p L
I, td | SINE WAVE (1.77 V RMS)
~ ] DATA-IN VOLTAGE (Vpara-|N)=+8V
x% 2 : 2.5|LOAD CAPACITANCE (CL)*15pF Ciog* 0.4 pF
o TISUPPLY VOLTAGE (Vpp) = 3 H l ‘ ‘ | ! r"““j
% !{vgg) = z L 5| LOAD RESIST is Vou (RMS}
2 w 5 (R_)eiMA O—L-st
2 i 5 3 T
4 s g P 0ka,
Z 5 e [ = =
x - ] F VOLTMETER
£ H 25y 5 z ‘ BOONTON RADIO
x 5 MODEL 31~Ca
@ +7.5v 3 o OR _EQUIV.
e
T
HHHT
= ~! 10 Q
INPUT SIGNAL (Vig) =V ) 2 4 8 8 10
INPUT VOLTAGE {Vig)—V¥ s2c5-30265 102 103 104 10° 10§
o & i R i 5 i " INPUT SIGNAL FREQUENY (f;y)~ kHz 92¢S-30266
Fig. 6 — Typical ON resistance as a funccrlan of Fig. 7 — Typical switch ON transfer characteristics Fig. 8 — Typical switch ON frequency response

input signal voltage at Ty =25 C.

{1 of 16 switches).

characteristics.
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DYNAMIC ELECTRICAL CHARACTERISTICS st T4 = 26°C

CD22101, CD22102 Types

<140 AMBIENT TEMPERATURE (T i 25%C
SOURCE RESISTANCE [Rg}v600 0

~120| LOAD RESISTANCE (R )=6000

co“o"r'o“s L'MlTs 2 INPUT SIGNAL (Vig)> | V RMS
CHARACTERISTIC T Tr Tvelv uNITS| |7 S E
is L Vis DD T
kHz | kQ | (V) | (V) Min.| Typ.]Max. ‘i"_so X <
Q 8y
CROSSPOINTS 3 B N
S ol | | ‘o2
Propagation Delay Time, (Switch ON) 5 5 - 30| 60 E N
Signal Input to Qutput, tpy . tpL 1 - 110 |10 10 - 15| 30 | ns g"c’" 1 "r <
15 15 - 10| 20 O I S _N,,_,“,,. —t
CL:SOpF;tr'tf=20ns ol 4 gyl oy i bl s
o 2 3 a
FrequenCY Response, .1 l ! ] 5 l 10 - 40| - MHz * mpu'r SIGNAL r;sousucv(:?,) - hHz ] Isozcs-alul v
{Any Switch ON} Sine wave input, Fig. 8 ~ Typical crosstalk between switches as a
- \") os function of signal frequency.
20log — = -3 dB
Vis
-140 AMBIENT TEMPERATUNE(TAPZQ‘C
OURCE RESISTANCE (Rgj =600
Sine Wave Response, (Distorti : : 2‘: : _ 0 2; _ S ;:D RES'STIANCE (RL)fsoo 2
. ion 10 - jo.2s| - % g L T ;
1 1 75115 — 0.15] — I‘_ +1}>T.—7.5v, v Rws
de‘ +8V,~5V, 2VRNS
Feedthrough 16 | 0.6 2|10 - [-96 | ~ | dB @ ~80|
All Switches OFF (See Fig. 24) Sine wave Input g BN
. - ] Vop*+2.5 v, Vg=—2.8 V \
Frequency for Signal Crosstalk - l 0.6 l 1T 10 2 a0
Attenuation of 40 dB - | 25) - [wmHz | 2T \
Attenuation of 95 dB (See Fig. 23) Sine wave input 0. kHz ¥ o0 ﬁ
Capacitance, s el
X, to Ground - |- i- - 25| - ot ! 0 lo? o ot
Y to Ground _ _ B _ 60 _ F INPUT SIGNAL FREQUENCY (f;g) — kHz 92C5-31626
n p Fig. 10 — Typical feedthrough, any OF F switch as
Feedthrough - - - - 06} ~ a function of frequency.
CONTROLS ,S:fge
- 10°8| AMBIENT TEMPERATURE (T, ye2stc | _|
Propagation Delay Time, High Impedance] Ry = 1 k2, § [= 500 [1000 RN >
to High Level or Low Level, tpzpy, tpzy. | €| =50 pF, 10 — 230 | 460 e . [ ! IR
Strobe to Output, CD22101 t, 4=20ns |16 | 15 - J170| 340 3" HEE S =
x Qo
5 |- |s15 1000 g 1; gl
Data-In to Output, CD22101 17 110 |- {220/ 440 R e A My
15 |— 170 340 R Enei i i
§ |- 500 |1000 Sl A p—prry
K, to Output, CD22102 10 |- |215{ 430 3 FHE -
15 |- |160 | 320 § L1
5 480 | 960 to iy d JH | + s
-_— 8 4 -
Address to Output, 18 |10 - 225 | 450 o SWITCHING | FREQUENCY u,)—nu; szcsv;:;ll
CD22101, CD22102 15 _ 155 | 300 ns Fig. 11 — ;‘ypic.'vl dy:;am{c power dissipatio;r as s
[} tching freq for
Propagation Delay Time, High Level or 5 — 450 { 900 €D22101. i’
Low Level to High Impedance, tpyz, tp| 7 10 - 200 | 400 y
Strobe to Output, CD22101 16 | 15 - {135 | 270 °
[ — 450 | 900 Voo
Kp to Output, CD22102 10 - 200 | 400 A '
15 - |30 { 260 ves :
.
5 - 450 | 900 :
Data-in to Output, CD22101 10 - 165 | 330 7
15 - 116 { 220 :
5 - 280 | 560
Ka* Ky to Output, CD22102 J 10 |- {130 | 260
15 - a0 | 180
* RMS 92¢S-31627

® Paak-to-peak voltage symmetrical about VDD unless otherwise specified,

2

Fig. 12 — Quiescent current test Circuit.
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CD22101, CD22102 Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C (cont'd)

Voo
COND S vn°'~,.<° >
ITION LIMITS [ 24
CHARACTERISTIC UNITS! 2 pam 23
fis | RL Vis®| VDD Vss :: :f [ wote:
kHz| KQ | (V) | (V) [Min.| Typ.|Max. o L S P
CONTROLS (cont'd) pee e e useo
—8 17— INPUTS T0 EITHER
5 425 | 850 Ho s
- 1" 1
Address to Output, RL=1k, 18 |10 — | 190| 380 e M S
CD22101, €D22102 Cy =50 pF, 15 — 130 ] 260 Ess 92¢s - 31632
- , t,,t:=20
Minimum Strobe Pulse Width ty it ns 5 — | 260 | 500 Fig. 13 — Input current test circuit.
CD22101 10 - 120 | 240
15 — 80 | 160
Address to Strobe Setup or Hold Times, 5 - |-160 0
tgy. the CD22101 19 110 |- |-70| o
15 — | -50 0
Strobe to Data-In Hold Time, 5 - 200 | 400
Time, thyy(; thH. CD22101 20 {10 |- | 80] 160
15 |[— | 60] 120] pe
Address to K, and Ky, Setup or Hold Tirmes, 5 - |-160 0 Yoo
tgy, tH, €D22102 10 - | -70 0 0.1 uF
SUH 15 |- l-s0| o soowrT :
Minimum KKy, Pulse Width, ty 5 - 375 | 750 A TN
€D22102 10 |- | 160 320 e sL
15 — 110 | 220 cp4o29 - Q! Q3 —2 23}—sat
CLK Q2 [ 3 2
Minimum K, Pulse Width, tyy 5 - 425 | 850 oLk o3 >——i4" : 215
€D22102 10 |- |175] 380 ¢ L b u
15 — 120 | 240 oy : :7 L]
Minimum Ky, Pulse Width, tyy 5 [- |200] 400 U A
CD22102 \J 10 |- | 9| 180 os nooe
15 — 70 | 140 2K
Control Crosstalk, 100 l 10 5 - s - vest FAAS
Data-In, Address, or Strobe Square wave | 21 m NOTE
to Output, input =5V, {peak), CLOSE SWITCH 5 AFTER AFPLYING Voo
t.,t5=20 ns, Fig. 14 — Dynamic power dissipstion test circuit
R.=1kQ2 for CD22101.
s
Input Capacitance, Cypy Any Control - - 5| 75| pF
Input
Voo
) 24 Q3
42 23— v
3 3 I oN Vie Doso% 50%
) 20, : 0_1 o
$ cozeroz |3 | Vis Vo .
: 174 ! ok 80 pf VP;DH fPHL
10 5 o v, 50% 50 %
it 1 as °
12 13 =
iy 92¢5- 30273
SW= ANY CROSSPOINT
“vss 92¢s-31633 STROBE = DATA-IN =Vpp

Fig. 15 — OFF switch input or output leakage
current test circuit (16 of 32
switches).

Fig. 16 — Propagation delay time test circuit and wave-
forms (signal input to signal output,
switch ON).
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Voo
STROSE

L
:

DATA~IN o

STROBE
Voo

SW = ANY CROSSPOINT

Vop
DATA-IN
v o
Vis sw o8
Y 50 pF Voo
VDS
o J
-

fso% \ / 50% F5ox \
s
]
= Pz
90%
10%
tonz
92CM-30274

Fig. 17 — Propagation dela) y time test circuit and wavefarms [strobe to signal
output, switch Turn-ON or Turn-OFF).

DATA (N
v,
Voo o0
pata N fso%
0
pzn
Via sw Vos Yoo
vol
1%q 50pF o— 0%

Sws ANY CROSSPOINT
STROBE » Vpy,,

Voo
Voo
DATA IN
1ka Ao So%
frzt
Vis sw Vos Voo — =Y g0y
= Vo‘

150 pF o

92CM-30275

Fig. 18 — Propagation delay time test circuit and wavefarms (data-in to signal output,

switch Turn-ON to high or low level).

ADDRESS=)

ADDRESS=0

SW=ANY CROSSPOINT
STROBE = Vgo

VoD
ADDRESS S0%
4

92CM-30276

Fig. 19 — Propagation delay time test circuit and waveforms (address to signal output,

switch turn-ON or Turn-OFF).

stroee { A\

ADDRESS

OUTPUTOF SWITCH
ADDRESSEQ

€:
IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF
SIMULTANEOUSLY WITH THE ADORESSED SWITCH.

92CS-31634

Fig. 20 — Address to strobe setup and hold times.

NOTE:
SET ALL SWITCHES TO OFF INITIALLY. APPLY ng'o
TO ALL X INPUTS AND RETURN ALL Y QUTPUT:

Vgs THROUGH IK. ADDRESS XiY2 (ABCD) WITH y= 10Kz

92C5-31638

Fig. 21 — Strobe to Data-In hold time ty. for CD22101.
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CONTROLS

X(N) Sw YN

1k 1ok

SW «ANY CROSSPOINT

lthu-]
Voo —
CONTROL
0

92CM-30277RI

Fig. 22 — Test circuit and waveforms for crosstalk ({contro! input to signal output),

v, SW

OFF

60010 600
SW V,

600 8. €000

o

SW=ANY CROSSPOINT 92Cs- 31657

Fig. 23 - Test circuit for crosstalk between switch
circuits in the same package.

qredter |

™ (3.887-4.089) ]
92CS- 31659

Dimensions and pad layout for CD22101H.

Dimensions in parentheses are in millimeters
and are derived from the basic inch dimensions
as indicated. Grid graduations are in mils (1 03
inch).

ANY
. OFF v,
i SWITCH os

6000 600 a

_ Vos
ISOLATION {dB)+ 20 LOG v
is

92CS- 31658

Fig. 24 — Test circuit for feedthrough
{any OFF switch).

80 100 120 140 156

154 - 162
(3.912-4.114}

° |.._ 4-10
(0.102-0.254)
k

153 - 181
(3.887-4.089)

92C$-31660

Dimensions and pad layout for CD22102H.

The photographs and dimensions of each CMOS
chip represent a chip when it is part of the wafer.
When the wafer is separated into individual
chips, the angle of cleavage may vary with
respect to the chip face for different chips. The
actual dimensions of the isolated chip, therefore,
may differ slightly from the nominal dimensions
shown. The user should consider a tolerance of
-3 mils to +16 mils applicable to the nominal
dimensions shown.
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Preliminary Data

CMOS HDB3 (High Density Bipolar 3)
Transcoder for 2.048/8.448 Mb/s

Transmission Applications

Features:

s HDB3 coding and decoding for data rates from 50 Kb/s to 10 Mb/s in a
manner consistent with CCITT G703 recommendations.

s HDB3/AM! transmission coding/reception decoding with code error
detection is performed in independent coder and decoder sections.

» All transmitter and receiver inputs/outputs are TTL compatible.

s Internal Loop Test capability.

The RCA CD22103 is an LSi SOS integrated circuit which
performs the HDB3 transmission coding and reception
decoding functions with error detection. It is used in 2.048
and 8.448 Mb/s transmission applications. The CD22103
performs HOB3 coding and decoding for data rates from 50
Kb/s to 10 Mb/s in a manner consistent with CCITT G703
recommendations.

HDB3 transmission coding/reception decoding with code
error detection is performed in independent code and
decoder sections. All transmitter and receiver inputs/outputs
are TTL compatible.

HOB3/AM1

CD22103 Types

92CS-33990RI

Terminal Assignment

The HDB3 transmitter coder codes are NRZ binary unipolar
input signal (NRZ-In) and a synchronous transmission
clock (CTX) into two HDB3 binary unipolar RZ output
signals (+HDB3 OUT, -HDB3 OUT). The TTL compatible
output signats +HDB3 OUT, -HDB3 OUT are externally
mixed to generate ternary bipolar HDB3 signals for driving
transmission lines.

HDB3 reception decoding is performed on ternary bipotar
HBD3 signals which have been externally split to provide
binary unipolar receiver input signals, (+HDB3 IN, -HDB3
IN), and a synchronous receiver clock signal, (CRX) into
binary unipolar NRZ signals (NRZ - Out).

CTX

»*HDB3 OQUT

TRANSMITTER
CODER

NRZ —~IN

LTE

» HDB3 OUT

D—» CKR

l

.S?
* HDB3 IN ——— N
o
RECEIVER
< % NRZ-OUT
CDB3 I 0 DECODER
CRX
ERROR
petect [ * ERR
AlS
» L » ais
RATS DETEGT
92C5-3399IRI|

Fig. 1 - Block diagram of the CD22103.
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CD22103 Types

Received signals not consistent with HDB3 coding rules are
detected as errors. The receiver error output (ERR) is active
high during one CRX period of each bit of received data
which is inconsistent with HDB3 coding rules.

An input string consisting of all ones (or marks) is detected
and signaled by a high level at the Alarm Signal (AIS)
output. The AIS output is set to a high level when less than
three zeros are received during two consecutive periods of
the Reset Alarm inhibit Signail (RAIS). The AIS output is
subsequently reset to a low ievel when three or more zeros
are received during two periods of the reset signal (RAIS).

A diagnostic Loop-Test Mode may be entered by driving the
Loop Test Enable Input (LTE) high. in this mode the HDB3
transmitter outputs (+HDB3 OUT, -HDB3 OUT) are
internaily connected to the HDB3 receiver inputs, and the
external HDB3 receiving inputs (+HDB3 IN, -HDBS3 IN) are
disabled. The NRZ binary output signal (NRZ - Out)
corresponds to the NRZ binary input signal (NRZ - In)
delayed by approximately 8 clock periods.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpo)

(Voltages referenced toVss Terminal)..................coinnnt.
INPUT VOLTAGE RANGE, ALLINPUTS ... .oooviin e
DC INPUT CURRENT, ANY ONEINPUT .............ciivien.n,

POWER DISSIPATION PER PACKAGE (Po)

For TA = <40 to + 80°C (PACKAGE TYPEE) ...oovvvnnnrennn..s
For TA = + 60 to +85°C (PACKAGE TYPEE) .......cvveennennn..
For TA = 55 to + 100°C (PACKAGE TYPED) «....eovveiveann.ns
ForTa=+100 to + 125°C (PACKAGE TYPED) .................

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

The Clock Receiver Output (CKR) is the product of the two
HDB3 input signals or-ed together. The CRX clock signal
may be derived from the CKR signal with external clock
extraction circuitry. Inthe Loop Test Mode (LTE=1) CKRis
the product of the +HDB3 OUT and -HDB3 QUT signals
or-ed together.

The CD22103 may also be used to perform the AMI to NRZ
coding/decoding function. To use the CD22103 in this
mode, the HDB3/AMI control input is driven low.

The RCA CD22103 operates with a 5V power supply voltage
over the fuil military temperature range at data rates from 50
Kb/s up 10 10 Mb/s.

The RCA CD22103 is similar in function and pin
configuration to type MJ1471,

The CD22103 types are supplied in 16-lead hermetic duai-
in-line ceramic packages (D suffix), 16-lead dual-in-line
plastic packages (E suftix), and in chip form (H suffix).

For Ta = FULL PACKAGE-TEMPERATURE RANGE (Al Package TyPes) ........outiuiiiennit i iraciaenatiaeatintennnes 100 mW

OPERATING-TEMPERATURE RANGE (TA)

PACKAGE TYPES D, H ... ..ot
PACKAGETYPEE .......iii ittt
STORAGE TEMPERATURE RANGE (Tstg) «..ovvuvivvnnninnnnnnns

LEAD TEMPERATURE {(DURING SOLDERING):

At distance 1/16 £ 1/32 inch (1.59 £ 0.79 mm) fromcase for T0 S MaxX. ... .. ...ttt iriiiiioerrerriiiettteraniroarrerrnsncsss +265°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be selected so that operating is aiways within the

following ranges:

CHARACTERISTIC

LIMITS

Min. Max. UNITS

DC Supply Voitage Range

4.5 5.5 v

650

+ 10 mA

500 mW

-65to + 125°C
-40 to + 85°C




STATIC ELECTRICAL CHARACTERISTICS

CD22103 Types

LIMITS
CHARACTERISTIC SYMBOL Min. Typ. | Max. [UNITS
Quiescent Device Current [o]s] — - 100 uA
Operating Device Current fCL = 10 MHz — - 8
HDB3 Output Low (Sink) Current (VoL = 0.5 V) loLt 1.6 — —
HDB3 Output High (Source) Current (VOH = 2.8 V) loH1 -10 — — mA
All Other Outputs Low (Sink) Current (VoL = 0.5 V) loL2 1.6 — —
All Other Outputs High (Source) Current (VOH = 2.8 V) loH2 -1.6 — —
input Low Current ho — - -1
MHA
Input High Current IH — — 1
Input Low Voltage (Max.) viL — - 0.8 v
Input High Voltage (Min.) ViH 2 - —_
Input Capacitance CIN — — 5 pF
DYNAMIC ELECTRICAL CHARACTERISTICS
at Ta range of -40° C to 85° C for plastic package
-55° C to 125°C for ceramic package
VoD range of 45Vto55V
CL=15pF
LIMITS
CHARACTERISTIC SYMBOL Min. Typ. | Max. |UNITS
INPUT
CTX, CRX Input Frequency fcrx, ferx .05 -— 10 MHz
CTX, CRX Input Rise Time * trel — — 1 us
Fall Time * ttel _— — 1 us
NRZ-IN to CTX
Data Setup Time * ts — — 15 ns
Data Hold Time * tH — — 15 ns
HODB3 IN to CRX
Data Setup Time § ts — — 55 ns
Data Hold Time * tH — — 0 ns
CRX to CKR
CRX = 8.448 MHz
Pretrigger ° tp _ —_ 20 ns
Detay td — — 20 ns
* See Fig. 4 § See Fig. 5 ° See Fig. 6
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DYNAMIC ELECTRICAL CHARACTERISTICS
at Ta range ot -40° C to 85° C for plastic package
-55°C to 125° C for ceramic package
Voorangeof45Vto55V

CL =15 pF
LIMITS
CHARACTERISTIC SYMBOL Min. Typ. Max. UNITS
QUTPUT
Transmitter Coder
CTX to HDB3 OUT:
Data Propagation Delay Time * tpo — — 90 ns
Handling Delay Time tHD — 4 — clock period
HDB3 OUT Output Pulse Width *
(Clock duty cycle = 50%)
fcL = 2.048 MHz tw 238 — 260 ns
fCL = 8.448 MHz tw 53 — 65 ns
Receiver Decoder
CRX to NRZ OUT:
Data Propagation Delay Times § toD — — 90 ns
Handling Delay Time #° tHD — 4 — clock period
HDB3 IN to CKR
HDB3 Propagation Delay Time t
LTE=0 tIN CKR — — 65 ns
LTE=1 — —_ 30 ns
§ See Fig. 5 * See Fig. 4 T See Fig. 2 # See Fig. 3

TRANSCODER OPERATION

Transmitter Coder (See Fig. 2)

The HDB3/AMI transmitter coder operates on 4 bit serial
strings of NRZ binary data and a synchronous transmitter
clock (CTX). NRZ binary data is serially clocked into the

transmitter on the negative transition of the (CTX) clock.
HANDLING DELAY

cTX

HDB3/AMI coding is performed on the 4 bit string, and
HDB3/AMI binary output datais clocked out to the (+ HDB3
OUT, -HDB3 OUT) outputs on the pasitive transition of the
transmitter clock (CTX) 4 clock puises after the data
appeared at the (NRZ-In) input.

gy o

NRZ-IN 1 | L
+HDB3 OUT i 1 11 iy
HDB3
CODED
~HDB3 OUT n M M
EXTERNALLY GENERATED
TERNERY HDB3 _] l
LI LI Ly
+upB3 ouT [ J + I
AMI
CODED
~HDB3 OUT ipl Il
EXTERNALLY GENERATED
am L J'LU
—Lr

92€5-33992

Fig. 2 - Transmitter coder opseration timing waveforms - NRZ to HDB3/AMI coding.
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Receiver Decoder (See Fig. 3) of the (CRX) clock. HDB3/AMI decoding is performed on
The HDBJ/AMI receiver decoder operates on 4 bit serial the 4 bit string, and NRZ binary output data is clocked out to
strings of binary coded HDB3/AMi signals, and a the (NRZ-OUT) output on the positive transition of the
synchronous receiver clock (CRX), HDB3/AMI binary data receiver clock (CRX) 4 clock pulses after the data appeared
is serially clocked into the receiver on the pasitive transition at the (+ HDB3 IN, -HDB3 IN) inputs.

HDB3 RECEIVED
SIGNAL -Jl————lr————]rJL-lrJ'—JL__

+HDB3 IN gt n mn I't
EXTERNALLY {
SPLIT
~HDB3 IN ip | [ Ny
ckr = Lo I I 1 1 N o S
CRX EXTERNALLY
GENERATED Bl lme o
HANDLING DELAY
NRZ - QUT 1 1 I L

92CS - 3398%
Fig. 3 - Receiver decoder operation timing waveforms - HDB3 to NRZ decoding.

tocL

- —
o ts - R R }Z_*j_*i‘r_

NRZ —IN
_tgo -
tw
92CS - 33993R|
Fig. 4 - Transmitter coder timing waveforms.
|
tecL ‘
——1 toL ’-—'ICL

CRX
+HOB3 IN
~HDB3 IN

cKR —__]'INCKR J 1 L

92CS-33994R|

Fig. 5 - Receiver decoder timing waveforms.
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CRX

92CS- 36666
Fig. 6 - CRX Reconstruction Requirements.

+Hoaz N _{1| m M g g

“HDB3 IN M

ERR

L rrr

92CS - 33995

Fig. 7 - Receiver error-signals timing waveforms.

Definition of HDB3 Code Used In CD22103 HOB3 Transcoder (As Per CCITT G703 Annex

Recommendations) and Error Detection

Coding of a binary signal into an HDB3 signal is done

according to the following rules:

1. HDB3 signal is pseudoternary; the three states are
denoted B+, B-, and 0.

2. Spaces in the binary signatl are coded as spaces in the
HDB3 signal. For strings of four spaces, however, special
rules apply (See item 4 below).

3. Marks in the binary signal are coded alternately as B+
and B-in the HDB3 signal (alternate mark inversion).
Violations of the rule of alternate mark inversion are
introduced when coding strings of four spaces (See item
4 below).

4, Strings of four spaces in the binary signal are coded
according to the following rules:

A) The first space of a string is coded as a space if the
polarity of the preceding mark of the HDB3 signal has
a polarity opposite to the preceding violation and is
not a violation by itself; itis coded as amark, i.e., nota
violation (i.e., B+ or B-), if the preceding mark of the
HDB3 signal has the same polarity as that of the
preceding violation or is by itself a violation.

This rule ensures that successive violations are of
alternate polarity so that no dc component is
introduced.

B) The second and third spaces of a string are always

coded as spaces.

—

C) The last space of a string of four is always coded as a
mark, the polarity of which is such that it violates the
rule of alternate mark inversion. Such violations are

denoted V+ or V- according to their polarity.

-~

The CD22103 is designed to code and decode HDB3 signals
which are coded as binary digital signals (NRZ-In) and (+
HDB3 IN, -HDB3 IN), accompanied by sampling clocks
(CTX) and (CRX). The two binary coded HDB3 outputs, (+
HDB3 OUT, -HDB3 OUT) may be externally mixed to create
the ternary HDB3 signals (See Fig. 2).

The two binary HDB3 input signals have been split from the
input ternary HDB3 in an external line receiver.

Error Detection

Received HDB3/AMI binary input signats are checked for
coding violations, and an error signal (ERRY) is generated as
described below.

HDBS3 Signals HDB3/AMI = High

The error signal (ERR) is flagged high for one CTX period it
aviolation pulse (+V) is received of the same polarity as the
last received violation pulse.

A violation pulse (1V) is considered a reception error and
does not cause replacement of the last string of 4 bits to
zeros, if:

The received 4 data bits previous to reception of the
violation pulse have not been the sequence BX00 (where X =
don't care). The error signal (ERR) remains low.

NOTES:

The data sequences BOOOV and BBOOV are valid HDB3
codings of the NRZ binary sequence 10000.

The error signal {(ERR) count, is the accurate number of all
single bit errors.
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AMI Signals HDB3/AMI = Low

A coding error {(ERR) is signaled when a violation puise (+V)
is received.

In either the HDB3 or AMI mode:

When high levels appear simuitaneously on both HDB3
inputs (+ HDB3 IN, -HDB3 IN) a logical one is assumed in
the HDB3/AM! input stream and the error signal (ERR) goes
high.

CD22103 Types

Alarm Inhibit Signal

The alarm output (AIS) is set high if in two_successive
periods of the external Reset Alarm Signal, (RAIS), less
than three zeros are received.

The alarm output (AIS) is reset low when three or more
zeros are received during two reset alarm signal periods.




CD22104, CD22104A

CMOS Four-Digit LCD
Decoder-Drivers

6-V Rating

Features

a 6-V supply-voltage rating

® No external components necessary

a 4-digit segment drive capability

& Backplane input/output allows
synchronization for cascading
devices to drive morae digits

8 Decodes muitiplexed binary to
hexadecimal (CD22104) and decimal
{CD22104A) outputs

Applications

The RCA-CD22104 types are non-multiplexed, four-digit,
seven-segment, liquid-crystal display decoder-drivers.

The CD22104 types contain all the circuitry necessary to
drive conventional LCD displays (no external components
required). Outputs are four sets of seven-segment driver
signals and a backplane driver signal. The backplane
signal, derived from an on-board free-running oscillator, is
common to all four-digit displays.

The backplane and segment drives are designed so that p
and n channels have the same ON resistances and thus
equal rise and fall times. This equality eliminates any DC
component, thereby maximizing display life. in addition to
feeding the internal display drivers, the backplane signal
can also be used as a master to drive a number of slave
devices. The number of slaved devices should be limited to
the load that keeps the backplane rise and fall times from
exceeding 5 us. If this limit is to be exceeded, the master
backplane drivers should be disabled (by connecting pin
36, the oscillator input, to Vss) and pin 5 should be fed from
an external oscillator and all devices slaved to it. The
maximum frequency of the external signal should be 125
Hz at room temperatures.

The on-board oscillator, which operates at 16 kHz when
free-running (pin 36 floating), provides a backplane signal
whose frequency is approximately 125 Hz. This frequency
can be reduced by connecting an external capacitor to pin
36. Plots of backplane frequency vs. supply voltage at
various values of external capacitance are shown in Fig. 3.
The oscillator may be overdriven by an external signal but
care must be taken to keep the lower voltage level above Vss
by at least 20 per cent of Voo (for Vop=5 V the signal should
osciliate between +1 and +5 voits). This precaution prevents
the backplane driver from being disabled, a condition that
would present a DC component to the LCD display. A signal
swinging from rail-to-rail can also be used to overdrive the
oscillator but in this case the duty cycie should be such that
the lower portion of the signal must be less than one-
microsecond duration (the backplane disable sensing circuit
will not respond to signals of this duration).

s Digital meters and calculators
u General-purpose displays

a Wall and table clocks

= Automobile dashboard displays
® Appliance control panels

Preliminary Data

“E” Suffix

There are four data inputs and four digit-select inputs. The
tour-bit binary input is decoded by means of a PROM into
seven-segment hexadecimal outputs for the CD22104 and
into decimal seven-segment display outputs for the
CD22104A. These devices are pin-compatible with the
Intersil ICM7211IPL and ICM7211AIPL, respectively.

The CD22104 types are supplied in the 40-lead dual-in-line
plastic (E suffix) package.

Vop |
D! a2 SEGMENT
SEGMENT 3 OUTPUTS
OUTPUTS a
BACKPLANE R
(BACKPLANE > 5 OSCILLATOR INPUT
=16 Vss
ca| ! DIGIT
D2 8
SEGMENT D2/ ¢ p2 [FSELECT
OUTPUTS
&2 DATA
INPUTS
03
SEGMENT A
OUTPUTS D4
SEGMENT
OUTPUTS

04 SESYFRT

92CS-32933RI

CD22104, CD22104A
Terminal Assignment
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CD22104, CD22104A

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)

(Voltages referenced to Vas TOMMINAI .. .. ....euvesonrnrsunnsuisauan et st 03to+85V
INRUT VOLTAGE RANGE, ALL INPUTS ... otiiiii it rm B s 2000 ~0.31t0 Voo +03V
DG INPUT CURRENT, ANY ONE INPUT® ... uttiniinnisinaseansa st rsin st s s n st r s s st e s e e +10mA
POWER DISSIPATION PER PACKAGE (Po):

FOF TAZ=200 #B0%C . n v e eeeenteanaasean s et e aaas e r e e ns s st s s S 500 mW

FOrTas+B0 0 #70%C L.\t et et e vt et e e e ettt et .Derate Linearly at 12 mwW/°C to 380 mw
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR TasFULL PACKAGE-TEMPERATURE RANGE .......viivnneiteiiiiiinrracrnn gt st rss e n s s et 100 mwW
OPERATING-TEMPERATURE RANGE (Ta)i. vcvireriniriariuiniuitinnaisarerrsannanerees -20to +70°C
STORAGE TEMPERATURE RANGE (Tatg) v vt varecnnasrnanaanen s cauntannue st enantrsnssrneernoteinssssnss -55 to +125°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 108 MAX.  ........coovrriaaessrmrrrrnnneersrrrrrrenyer st ssse +265°C

*Pin 36 limited to 5 mA.

STATIC ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp=5 V, Vss=0 V

LIMITS
CHARACTERISTIC SYMBOL CONDITIONS MIN_ T TYP. | MAX. UNITS
Operating Supply Voltage Range Voo Vss =0V 3 5 6 \
Operating Current lop Display Operating -— 10 50 LA
Oscillator Input Current loc, Jou Pin 36 — +2 *10 pA
Segment Rise and Fall Time tes, ts C. = 200 pF — 0.5 — us
Backplane Rise and Fall Time tea, ta C. = 5000 pF — 1.5 — us
Oscillator Frequency fosc Pin 36 Floating — 16 — kHz
Backplane Frequency fap Pin 36 Floating ~ 125 — . Hz
Input High Voltage Vin 3.5 — — Vv
Input Low Voltage Vi — — 15 v
Input Leakage Current he Pins 27-34 — +0.01 +1 MA
Input Capacitance C Pins 27-34 —_ 5 — pF
Backplane Input Leakage huees Pin 5 with Pin 36 @ Vss —_ +0.01 +1 pA
Backplane Input Capacitance Cuer — 200 — pF
DYNAMIC ELECTRICAL CHARACTERISTICS
Ta=25°C, Vop=5 V, Vss=0 V
CHARACTERISTIC SYMBOL CONDITIONS TYP. UNITS
VALUES

Digit-Select Active Pulse Width tea See Timing Diagram 0.5 us
Data Setup Time tas See Timing Diagram 250 ns
Data Hold Time tan See Timing Diagram 100 ns
Inter-Digit Select Time tios See Timing Diagram 1 us
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D4 D3 D2 J]
SEGMENT SEGMENT SEGMENT SEGMENT
QUTPUTS OUTPUTS OUTPUTS OUTPUTS
. 1 4 r IP
ZOT 212223 24T26 25 ISTMTI:JIGT |7T IST IBI GI7T aT 9TtoT lzT Hf  37/38|39]40] 2| 4] 3|
A4/B4|C4|D4[E4IF41G4| A2|B2iC2|D2iE 2|F 2/G2] All Bt € DI EI| Fi{ 61
7 7
WIDE — DE WIDE —1
DRIVER DRIVER DRIVER
|
7 wiok LatcH 28] 7 wibe LaTcn N8 L 7 wioe LATCH  [538] 7 wipe catcn [ENS
I 1 T11]
Voo
27| B8O B
PROGRAMMABL E
pata —25 BI ROM
*{INPUTS 29 B2 4-T0-7
30{ B3 DECODER
v
34| D4 x £33
DIGIT _33] D INPUT
SELECT _ 32 D. PROTECTION
INPUTS__31|_ D NETWORK
OSCILLATOR
OSCILLATOR __ 36 . BACKPLANE
16 kHz “~128 —»  *
*{ INPUT FREE RUNNING DRIVER BACKPLANE
INPUT/QUTPUT
ENABLE [ENB
DETECTOR
) L}s
92CL~33048RI|
VDD Vss
Fig. 1 - Block diagram of CD22104 and CD22104A.
‘; AMBIENT TEMPERATURE (Tpi=2seCc I AMBIENT TEMPERATURE (Ta)e25°C
; '] = T TR 1
% & 115 e
a HESES! -3 T
g hi Eaicaceek 3 i
b 12 H
2 8! I 2100|
A § R T
Z a0 5 HH [ 5 HHH
3 Sa3e 5 w ['100 pF
3 ot g s
< I T P A 0 oF
5 ol H g2
& H H N
w o B 1 H
=3 I sasisunan ° -
! 4 8 SUPPLY VOLTAGE (V- V
SUPPLY VOLTAGE (VDD)-V 92C3-36470

92CS- 36469

Fig. 2 - Typical operating current as a function
of supply voltage.

Fig. 3 - Typical backplane frequency as a

function of supply voitage and
external capacitance on pin 36.
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DIGIT SELECT
Dp-t

dh

|

DIGIT SELECT \
Dn

tds ——

On-1 Dn
DATA VALID DATA VALID
) = DON'T CARE
92CM-36473

Fig. 4 - CD22104, CD22104A timing diagram.

o1
L7
yav
Voo
[ 40—
o1 — 2 39— [ DI
-— 3 33;
— 4 37
BPI/O — 5 36— “osc
—6 4 35— GND
— 7 3 34—o04)
02 — 8 & 33— 03| bteIT
—{s 8 32— op2[SELECT | ooy
—jio g 31— 0l LOGIC
—n 30— 8 COUNTERS
b4 AND CONTROL
—Ji2 2 2op— p2| DATA CIRCUITS
N FINPUTS
—13 & 28— Bl
—j1e  © 27— BO
~
D3 —15 26— 1
— 186 25—
—] 17 24— D4
—18 23—
—t9 22—
20 21—
J
92CM-36468

Fig. 5 - Test circuit.
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Table | — Output Codes

DIGIT SELECTION TRUTH TABLE

Display
Binary Input | Hexadecimal | Decimal Pins
B3 B2 B1 B0 | CD22104 | CD22104A 31 | 32 | 33 | 3a Digit Selected
0 0 0 o o o 1 0 0 0 D1 (LSD)
00 0 1 ! ! 0 1 0 0 D2
0 0 1 o 2 Z (] 0 1 0 D3
0 o0 1 1 El 2 0 0 0 1 D4 (MSD)
0 1 090 = ]
0 1 0 1 S 5
0 1 1 o0 5 =
0 1 1 1 / !
1.0 0 o0 & =
10 0 1 = = DISPLAY SEGMENTS
10 1 g - -
10 1 1 = -
11 0 0 i H
11 0 1 o i -
11 10 = - ,I I b
11 ~ (BLANK)
]
e <
92CS-33050 —_—
92CS-31376
sess TS LTLLALPULIL
"‘ﬁ’*IZB CYCLES————®m
BACKPLANE _L_—J—*‘
INPUT/ OUTPUT L

OFF SEQMENTS

ON SEQMENTS —h___r—

t-‘64 CYCLES -i4>64 CYCLES"

92CS$-36471

Fig. 6 - Display waveforms.
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Preliminary Data

CMOS Four-Digit LCD

Decoder-Drivers
6-V Rating

Features

s 6-V supply-voltage rating

=» No external components necessary

» 4-digit segment drive capability

m Backplane input/output allows
synchronization for cascading
devices to drive more digits

n Direct microprocessor interface

CD22105, CD22105A

Applications

» Microprocessor-controlled digital
meters and calculators

» General-purpose displays

u Microprocessor-controllied auto-
motive dashboard dispiays

s Microprocessor appliance contro/
panels

n Decodes binary into hexadecimal
(CD22105) and decimal {CD22105A)
outputs

The RCA-CD22105 types are non-multiplexed, four-digit,
seven-segment, liquid-crystal display decoder-drivers.

The CD22105 types contain all the circuitry necessary to
drive conventional liquid-crystal displays (no external
components required). Outputs are four sets of seven-
segment driver signals and a backplane driver signal. The
backpiane signal, derived from an on-board free-running
oscillator, is common to all four-digit displays.

The backplane and segment drives are designed so that p
and n channels have the same ON resistances and thus
equal rise and fall times. This equality eliminates any DC
component, thereby maximizing display life. In addition to
feeding the internal display drivers, the backpliane signai
can also be used as a master to drive a number ot slave
devices. The number of slaved devices should be limited to
the load that keeps the backplane rise and fall times from
exceeding 5 us. If this limit is to be exceeded, the master
backplane drivers should be disabled {by connecting pin
36, the oscillator input, to Vss) and pin 5 shouid be fed from
an external oscillator and all devices slaved to it. The
maximum frequency of the external signal should be 125
Hz at room temperatures.

The on-board oscillator, which operates at 16 kHz when
free-running (pin 36 floating), provides a backplane signal
whose frequency is approximately 125 Hz. This frequency
can be reduced by connecting an external capacitor to pin
36. Plots of backplane frequency vs. supply voltage at
various values of external capacitance are shown in Fig. 3.
The oscillator may be overdriven by an external signal but
care must be taken to keep the lower voitage level above Vss
by at least 20 per cent of Voo (for Vpo=5 V the signal should
oscillate between +1 and +5 volts). This precaution prevents
the backplane driver from being disabled, a condition that
would presenta DC componentto the LCD display. A signal
swinging from rail-to-rail can aiso be used to overdrive the
oscillator butin this case the duty cycle should be such that
the lower portion of the signal must be less than one-
microsecond duration (the backplane disable sensing circuit
will not respond to signals of this duration).

“E” Suffix

A four-bit data-input latch and a two-bit select-code latch
under the control of two chip-select inputs permitinterfacing
with a microprocessor. This device simplifies desighing a
seven-segment display into a microprocessor system,
without requiring extensive ROM or CPU time for decoding
and display updating. The four-bit binary input is decoded
by means of a PROM into a seven-segment hexadecimal
output for the CD22105 type and into a decimal display for
the CD22105A type. These types are pin-compatible with
the Intersil ICM7211MIPL and ICM7211AMIPL, respectively.

The CD22105 types are supplied in the 40-lead dual-in-line
plastic (E sutfix) package.

Voo 1 o1
SEGDJIENT 1 § SEGMENT
OUTPUTS 3 OUTPUTS

BACKPLANE ATOR INPUT
INPUT/OUTPUT A2) 2 %scn.\.
5s
7 CHIP SELECT
02 8
SEGMENT A s DI6IT
OUTPUTS DO | SELECT CODE
L ATA
(5 INPUTS
D3
SEGMENT
OUTPUTS ba
SEGMENT
OUTPUTS

D4 SEGMENT™E
ouTPUT

92CS - 32932RI

CD22105, CD22105A
Terminal Assignment
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CD22105, CD22105A

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)
(Voltages referenced to Vss Terminal)

.......................................................................... -03to+85V
INPUT VOLTAGE RANGE, ALL INPUTS ~0.3 to Voo +0.3 V
DC INPUT CURRENT, ANY ONE INPUT™ .. ittt it ittt et et e e e e +10mA
POWER DISSIPATION PER PACKAGE (Po):

FOrTaz-2010 +80°C . ...\ttt et et e 500 mwW

FOrTaz+B0 10 +70°C ..o oottt e Derate Linearly at 12 mW/°C to 380 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE . ......\itt ittt e e e e e e 100 mw
OPERATING-TEMPERATURE RANGE (Ta)t .ttt e e e e e e e e e -20 to +70°C

STORAGE TEMPERATURE RANGE (Tg)

................. -55 to +125°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 £ 0.79 mm) from case fOr 108 MAX.  ...ovvvenrn e e ettt e e e e e e, +265°C
*Pin 36 limited to +5 mA.
STATIC ELECTRICAL CHARACTERISTICS
Ta=25° C. VDD=5 V, Vss=0 V
LIMITS
T
CHARACTERISTIC SYMBOL CONDITIONS MIN. T TYP. | MAX. UNITS
Qperating Supply Voltage Range Voo Vgs =0V 3 5 6 \'/
Operating Current lop Display Operating - 10 50 uA
Oscillator Input Current lo, lon Pin 36 — +2 +10 UA
Segment Rise and Fali Time tes, tis CuL = 200 pF —_ 0.5 — us
Backplane Rise and Fall Time te, te Cu = 5000 pF - 15 = us
Oscillator Frequency fosc Pin 36 Floating — 16 — kHz
Backplane Frequency fap Pin 36 Floating —_ 125 —_ Hz
Input High Voltage Vin 3.5 — — \']
Input Low Voltage Vio - — 15 \J
Input Leakage Current lie Pins 27-34 -— +0.01 11 uA
Input Capacitance C Pins 27-34 — 5 — pF
Backplane Input Leakage liee: Pin 5 with Pin 36 @ Vss — +0.01 +1 uA
Backplane Input Capacitance [ - 200 = pF
DYNAMIC ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpo=5 V, Vss=0 V
ARACTERISTIC SYMBOL CONDITIONS TYP. UNITS
CHARA VALUES
Chip-Select Active Pulse Width teaa See Timing Diagram 100 ns
Data Setup Time tasm See Timing Diagram 50 ns
Data Hold Time tanm See Timing Diagram 25 ns
Inter-Chip Seiect Time tics See Timing Diagram 1 us
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D4 D3 D2 DI
SEGMENT SEGMENT SEGMENT SEGMENT
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
4 4 4 s 4 4 T T 4 4 IT 4 ﬂ 4
20| 2i[22|23[24{26]25p 13 |4l |5l |sL7 19) IBT J rTs g{10] 12{ 1| 37{3s|39la0! 2| 4| 3|
A4iB4|ca{DafE4IF4) A3B3C 3ID3IE3F 3I63) azjpelczipzle2lF2l2| Al B cif DILEY Fil Gl
7 7 7 7
WIDE WIDE WIDE WIDE —
DRIVER DRIVER DRIVER DRIVER
7 WIDE LATCH I 7 WIDE LATCH L 7 WIDE LATCH }-« L7 WIDE LATCH
Vbp
271 BO
PROGRAMMABLE
paTA —28 :2' 4-gIT ROM
* { INPUTS 290 B2] | aycy 4-T0-7
B3 DECODER
ENB
DISABLE
1 0SCH DISABLE ¥
SELEET 2-BIT 2-T0-4 DISABLE Vss
* CODE DSC2| LATCH DECODER DISABLE *
INPUT
ENB ENB PROTECTION
NETWORK
CHIP 3: c:; ONE
SELECT SHOT
SCILLATOR __36 OSCILLATOR . BACKPLANE 5
16 kHz +128 2, *
INPUT FREE RUNNING DRIVER BACKPLANE
INPUT/OUTPUT
ENABLE | ENE
DETECTOR |
'é g"’s 92CL-33049R}E ‘
Vpp Vss
|
Fig. 1 - Block diagram of CD22105 and CD22105A.
I
|
AMBIENT TEMPERATURE (T, )s25%C AMBIENT TEMPERATURE {Tple25%C b I
HHHA
b
e £ [ oFF +
T isofEEHH £
E: HH \
5 B o v
z 1
3%0 !
H 4 H |
H E s 1T
. E] T .1'00 oF
3 |
g B - 2200F
g 25
2 s |
T I B
T 1
s g ° SUPPLY VOLTAGE (!Vu; v
SUPPLY VOLTAGE (Vpp)—V -
‘oo 92C3-36489 $2C8-36470
Fig. 2 - Typical operating current as a function Fig. 3 - Typical backplane frequency as a
of supply voltage. function of supply voitage and |

external capacitance on pin 36.
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CD22105, CD22105A

cs1 (cs2) \
cs2 (csl) /222%23 k '

] fics
DATA + DIG IT
SELECT CODE
22222; = DONT CARE tdsm tdhm

PAN-38474
Fig. 4 - CD22105, CD22105A timing diagram.
D4 D3 D2 Di
/_’__ / (7 17 7
Y L7 yavj
Voo
Top
1 40—
2 39— ot |
L i 38—
— 4 T
BPI/0 — 5 36— "0sc
(% 3 =5
1 2 33— 1 }SELECT
D2 P
—le @a b DIGIT
\ e 3 sECECT FROM
—{l0 & 31— CODE LOGIC
b % smo—s COUNTERS
j g T AND CONTROL
2 2 29 p2| DATA CIRCUITS
\ § I " inpuTs
N
(—13 & ez8}— 8!
—ta  ° 27}— eo)
03 —Iis 26—
i —]e 25—
—_ 17 24— "2}
—18 23—
L —1o 22—
20 21 p—
~
92CM-38472

Fig. 5 - Test circuit.
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CD22105, CD22105A

Table | — Qutput Codes CHIP-SELECT TRUTH TABLE
] Display
Binary input | Hexadecimal | Decimal Pins Function
B3 B2 B1 BO CD22105 CD22105A 33 34
o 0 o o 5 I 0 0 New inputs from 4P are
0 0 0 1 [ [ written into input latches
0 0 1 o0 2 .;" 0 1 Inputs from P are latched
0 0 1 1 ] 2 In Input latches, decoded,
0 1 0 o i il 1 R and passed through
0 1 0 1 ::. :.:: selected (1 of 4) output
b 1 10 = 2 latch o update selected
0 1 1 1 | ) 1 1
o] = digit
1 0 0 ¢ =] b}
10 0 E] 5
10 t 0 K -
10 1 1 ) E:I DIGIT SELECTION TRUTH TABLE
11 0 0 X '
1 1 0 1 = A
T 1 1 o = P T Pins 3 Digit Selected
IR 3 IBLANK) 2
1 1 D1 (LSD)
92Cs-33150 o 3 D2
1 0 D3
0 0 D4 (MSD)

A JUSLLILAUULUUT
’-—123 CYCLES—o]

— BACKPLANE
,I I b INPUT/OUTPUT | | L__
____ '-so cvcn.ss-t«eo CYCLES™

9
e c
OFF SEQMENTS

ON SEQMENTS I I l . |

92CS5-3647!

92CS-31376

Fig. 6 - Display waveforms. !
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CD22301
PCM Line Repeater

Features:

s Automatic line buildout
a 5.1 Vsupply voltage

w Buffered output

Applications:

8 T11.544 Mbits/s bipolar carrier system
u T148 2.37 Mbits/s ternary carrier system

The RCA-CD22301 monolithic PCM repeater circuit is
designed for T1 carrier systems operating with a bipolar
pulse train of 1.544 Mbits/s. it can also be used in the T148
carrier system operating with a ternary pulse train of 2.37
Mbits/s. The circuit operates from a 5.1 V = 5 % externally
regulated supply.

ALBO ALBO
GND SUBSTRATE BIAS

P> ¢

Preliminary Data

ALBO GROUND — SUBSTRATE

AL8O 1 OUTPUT ALBO BIAS

ALBO 2 OUTPUT 0SC BlAS

—
ALBO S OUY!UV—W LC TANK INPUT
-~

PREAMP INPUT + vee

PREAMP INPUT — CLOCK LIMITER OUTPUT

PREAMP OUTPYT+— TIMING PULSE INFUT

PREAMP DUTPUT - — OUTRUT PULSE ¢

Vee OUTPUT PULSE 2

*2cs- 34928

CD22301

TERMINAL ASSIGNMENT

The CD22301 provides active circuitry to perform all
tunctions of signal equalization and amplification, automatic
line buildout (ALBOQ), threshold detection, clock extraction,
pulse timing, and buffered output formation.
The CD22301 is supplied in an 18-lead duai-in-line plastic
package (E suffix).

0sC

TANK

Vee

T |
®—
ALBO 3
OUTPUTS & ALBO
@
ALBO
DETECTOR
CLOCK LIMIT i3
LPHASE
— == SHIFT
PRE- CLOCK TIMING
AMP DETECTOR PULSE ~(—
PaEAMe @: >
r FF

DATA GATE PULSE

DETECTOR ouTPUT
PREAMP On > GATE | FF
. OUuTPUT @} Y 0

92CM-34927
Fig. 1 - Functional block diagram 2
ig. 1 - Functional blo ram.
g VEE Vee
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CD22301

MAXIMUM RATINGS, Absolute Maximum Values:
At ambient temperature (Ta) = 25°C

DO SUPPLY L1ttt ttte et e ettt e va e s e s e e st et et aa s ettt a sttt oV
DC CURRENT (INtO PIN G Or 10) ...ttt itiiinereeerattittstsatasnariacacosuontonmnanesrarascettsanarionnsesencses 25 mA
PEAK CURRENT (INt0 PiN 8 OF 10) .ttt ttt ittt raetuaee st ssesnanasaneaeestriassttnastteessteirosesornnense 100 mA
INPUT SURGE VOLTAGE (Between Pins 5and 6, 1= 10MS) ... ..c.oiviiiriiioiiiiiiiinicneniinoteriinetoncrnsuenearaness 50V
OUTPUT SURGE VOLTAGE (Between Pins 10and 11, 1= TMS) ....iiieiiiiiiiiitiintiititnriiesntrnucntcenaanerrnaosy 50V
POWER DISSIPATION PER PACKAGE {Pp)

FOF TA = =400 +B0° G vttt t e teat e et e teaeanaaan e s estsntaseasssssssssasssvosssasstossetsstsasetonsnansecns 500 mW

FOrTA = +60°C t0 +85%C 1\t iit it i tiieeineincannesns e riaasiansonassesantssnsoannnses Derate linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = Full Package-Temperature RANGO ... .. .......ceriarrnseseetutssanseiarsartesaenostosttnmtttisstnnasesanees 100 mW
OPERATING TEMPERATURE RANGE (TA). ..ttt iaieinioesee e ...-40 to +85°C
STORAGE TEMPERATURE (T8g) . . . e ettt eternetsansaeanauaneaaenresnensaneussssiatsasostatasisssttnstnsnnes -85 to +150°C
LEAD TEMPERATURE (DURING SOLDERING)

At distance 1/16 = 1/32 inch (1.59 £ 0.79 mm) from case for 108 MAX. ... ... .vuiuiiiiiiiiiiiiiieniivicseranaricanenens +256°C

STATIC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Vec = 5.1V + 5% (See Flg. 2)

LIMITS
CHARACTERISTIC UNITS
Min. Typ. Max.
DC VOLTAGES
Pins 2, 3, 4and 17 — 0 0.1 v
Pins 5,6, 7and 8 2.4 29 3.4 \
Pins 10 and 11 — 51 - \
Pins 12,13, 15 and 16 3.1 3.6 4.1 v
DC CURRENTS
Pin 14 — 22 30 mA
Pins 10 and 11 — 0 100 uA
1 —=
v I,F; JoesuF
|£
* %
s LU3 LT Song
0.4 uF
|< . 14 Ve =51V
. 383k8 {00uH ;O‘I“F
8.2kQ B
12 3
" 300 PP
1300
10
9!
PULSE OUTPUT
% C; AND L, RESONATE AT 1.272 MHz 92C8-34932

Fig. 2 - DC and output pulse test circuit.
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CD22301

DYNAMIC ELECTRICAL CHARACTERISTICS
Ta=25°C,Vcc =5.1V £ 5%

LIMITS
CHARACTERISTIC UNITS
SYMBOL FIG. | NOTE | MIN. | TYP. | MAX.
Preamplifier input Imedance Zin 3 20 — — kQ
Preampilifier Output Impedance Zout 3 — — 2 kQ
Preamplifier Gain @ 2.37 MHz Ao 3 47 50 — dB
Preamplifier Qutput Offset Voltage AVout 3 1 -50 0 50 mV
Clock Limiter Input impedance Zin(CL) 4 2 10 — — kO
ALBO Off Impedance ZaLso(off) 4 3 20 - — kO
ALBO On impedance ZaLeo{on) 4 4 — — 10 0
DATA Threshold Voltage V(D) 5 5,8 0.75 08 0.85 v
CLOCK Threshold Voltage VTH(CL) 5 6,8 — 1.12 — \
ALBO Threshold VTH(AL) 5 7.8 15 16 17 v
VTH(D) as % of VTH(AL) 42 45 49 %
V¥r(CL) as % of VTh(AL) 65 70 75 %
Buffer Gate Voltage (low) Vou 9 0.65 0.8 0.95 \
Differential Buffer Gate Voltage AVou 9 -0.15 0 0.15 v
Output Pulse Rise Time tr 2,6 9,10 - — 40 ns
Output Pulse Fall Time tr 2,6 9, 10 — — 40 ns
Output Pulse Width tw 2,6 9,10 290 324 340 ns
Puise Width Differential Atw 2,6 9,10 -10 0 10 ns
Clock Drive Current lev - 2 - mA
Notes:
1. 6. Continueincreasing AV until the DC level at the clock

No signal input. Measure voltage between pins 7 and
8

terminal drops to 4 voits.

2. Measure clock limiter input impedance at pin 15. 7. Continueincreasing AV until the ALBO terminal rises
3. Adjust potentiometer for 0 volts. Measure ALBO off to 1 volt,
impedances from pins 2, 3 and 4 to pin 1. 8. Turn potentiometer in the opposite direction and
4. Increase potentiometer until voltage at pin 17 =2 Vdc. measure negative threshold voltages by repeating
Measure ALBO onimpedances from pins 2, 3and 4 to tests outlined in notes 5, 6 and 7.
pin 1. 9. Set ein = 275 mV(rms) at f = 1.185 MHz. Adjust
5. Adjust potentiometer for AV = 0 volts. Then slowly frequency untit maximum amplitude is obtained at pin
increase AV in the positive direction until pulses are 15, Observe output pulses at pins 10 and 11.
observed at the DATA terminal. 10. Adjustinput signal amplitude until pulses just appear
in outputs. increase input amplitude by three dB.
———{ 1 18 "
—2 17—
N.C. S ol NC
4 15—
n 19 uF —_‘ 5
O~ i 14 a e O vee=51Vv
O.iuF
504 200 0 s 13— :_L:
k2 c
,,r:_]: 200k | 7 ol
- 8 N.C
= 128 nd
r 9 10p—
B 92CS—-34929

Fig. 3 - Preamplifier gain and impedance measurement circuit.




CD22301

1
CcD22301

92C8-34930

o]

Fig. 4 - Test circuit for impedance measurement.

13 " cLock
I e 2ka

v B <
_ 8.2k e o b—O vepe 8.1V
_‘—C-“I'LWv 13— oc”
- O.[uf 750 2.7% Vrms
8.2k 12 F—O@!.185 MHz
" INGI32
8.2kq1. = 13090
Skn = 10
DATA 92CS-34931 ‘

Fig. § - Test circuit for threshold voltage measurement. |

100% ——
90%
: tw ] ‘
50% -_T‘ | ‘
I {
I [ ‘
0% -1 I
0% T i ' |
—- -1, = |

92CS-34933 ‘

Fig. 6 - Output pulse waveform.
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CD22401

CMOS 16-Channel Precision Timer/Driver

Features:
w  Provides 17 precision-timed output -
pulses
& Variable output pulse width as a
function ofan external timer clock L]
frequency registers can be cascaded
m High source current drive output L
pulses- up to 15 mA using bipofar data conversion
drivers L
m Serial data interface via shift using inhibit features
register s Low power CMOS logic
& EP inputs provide added control -

logic flexibility for output
selection in addition to shift
register data

The RCA CD22401 is a precision timer/driver. it is an
interface circuit and has been designed to provide critically
timed output pulses for high-speed printers. The device is
fabricated using CMOS enhancement-mode technology
with the resulting low power consumption.

The circuit consists of a 16-stage (optionally 17) shift
register with each register output connected to a latch and
its respective timer and output buffer stage. Thus, there are
17 latches, timers, and driver (output buffer) stages. The
output driver pulse width is a function of the timer clock
frequency, since it depends upon a fixed countin hardware.

Data is fed serially into the shift register by means of the
shift register clock. Then the input sequence is strobed out
in parallel to the shift register latch. A particular output is
turned on (pulsed high) if the associated latch holds a logic
“1” and when the proper enable signal is activated.

© Simuitaneously, the enable signal starts the associated

timer which controls the output pulse width. After a time
period of 100 negative edges of the clock (99 to 100 clock
pulses), the output is turned off. This provides timing
accuracy within 1%.

The CD22401 is supplied in the 40-lead dual-in-line plastic
package (E suffix) and in chip form (H suffix). It is useful in
apptications requiring precision pulse widths.

Register Operation

In operation, a serial string of 16 (17 using the optional
flip-flop) bits is fed into the shift register (see Fig. 4 for shift
register timing). Ones (“1s”) determine an output drive
pulse and zeros (“0s”) indicate no drive. Any one output
enable (EP) line is connected to four selected timers giving
the potential for four outputs per one EP pulse with the
exception that EPS connects one timer only. EP lines may
be connected to each other.

Static operation- shift register and
timers can operate at DC and still
retain counts and data levels

For multiple device use, shift

Provides inherent serial-to-parallel

Offers output disable capability

Input/output protection circuitry

“E” Suffix

40-Lead Dual-in-Line
Plastic Package

H-1892

After a sequence of 16 bits (or 17) is serially loaded into the
shift register, a strobe pulse activates the latch so that the
register data “word” is transferred out in paratiei into the
register latch. Here the data waits until an active enable
signal combines with a “one” from any latch at which time
the counter begins and the respective output driver goes
high. The output will continue high until the counter
achieves 100 negative edges. It has been assumed that the
output inhibit control has not been activated. The inhibitisa
control which gates the output “OFF” and can thereby
prevent start-up or transient situations.

The register latch has 17 outputs each of which feeds its
respective timer (one timer circuit for each output from the
register latch). Also, each timer provides access 10 an
output driver.

Timer Operation

When the timer begins counting and the output goes high,
the latch is held reset to prevent retriggering before the
count is finished.

During start-up (before reliable count operation), the timers
need 128 clock pulses at the timer inputs to guarantee a
reset condition before enable pulses are applied.

After an output pulse goes low (becomes inactive), seven
clock pulses should be applied at the timer clock input
before any timer is retriggered by means of an enable and
data “one” combination (repeat of another output pulse at
same pin).

The data and ihe enable pulses together control which
combination of timers and driver stages become activated
to produce output pulses.
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CD22401

3 O—{ >
T O— >
&3 o_-{>.,-’
w2 o——[>—J
1 O— >
o Q D ¥ ¥oo}—Jo
Bi7 1 — 3T R - ET — INH 0 Qi7
(¢ TEST) D I D ] Q a4 — :
. €ST) { T T t “
(o st O—efa}—4 H L L
S H o=
o, O—[>—> = i
{NOTE 2) - . 1] a3
BO1 O—°<}—°q—— - 3
= x= T o
- o L1
- JH ] - —QOas
SR - F—— - .
cLK O—I>°_‘l>’—_‘ ] 6 : Oo
1 sHIFT T -
- REGISTER | ¢ LATCEH TIMER TTTT OUTPUT L (o7
-l — 1
S O W H - O
TLR —| - -
- 9 - - - -—OQS
- - O
- 10| 1 . o
-
- L1 -
o] H ga —Qeu
-
1 » - . ——or
- 13 ’j_ - —COai
] ol = . —Qae
DI§ e ol | |
{INPUT DATA TO 2o ] - —Qais
16- BIT REGISTER) | k5 oo
st R T, e ot—(ole
NG
R D g
SO
WHO—{>—
TMR D D ]
CLK 92CL-3522iRt
NOTES: I DATA ENTERS SHIET REGISTER AT FFI6.FF! HOLDS
TO MAIN REGISTER AT FF].
2 DI7-DATA IN TO I- BIT REGISTER.
Fig. 1- CD22401 block diagram.
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vop)
(Voltage referenced 10 VSS 101mINal ) . ..........ouuuiniiiet e -0.5to6.5V
INPUT VOLTAGE RANGE, ALL INPUTS ... ittt e e e -0.5 to Vop +0.5 V
POWER DISSIPATION PER PACKAGE (Pp):
ForTA=0°C10 70°C (PACKAGE TYPE E} ...ttt ittt e e e e 500 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR
For TA = FULL PACKAGE-TEMPERATURE RANGE ... ... 0ttt iret et e 100 mwW
OPERATING-TEMPERATURE RANGE (TA) ...\ouiit ittt e 0°Cto 70°C
STORAGE-TEMPERATURE RANGE (T518) + ..\ttt ittt vttt ite e et e e -85 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 = 1/32 in. (1.59 £ 0.79 mmM) from caSE fOr 10 S MBX. ... .uevtneeenee et +265°C
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CD22401
RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be selected so that operation is always within the

following range:

LIMITS
CHARACTERISTIC UNITS
Voo Vss
Supply Voltage Range (For Ta = Full Package Temperature Range) 5 0 v
STATIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Voo =5V
LIMITS
CHARACTERISTIC CONDITIONS UNITS
Min. Typ. | Max.
Input Low Voltage Vie — - 0.8
Input High Voltage ViH 2.4 — -
Output Voltage Low-Level VoL ViN = ViH or Vit — — —
loo=0uA" — — 0.05
fo,=16mA % — — 0.4
loL=1mA™ - — 0.5 v
Output Voltage High Level Vou ViN = VIH or Vit —_ — —_
lon=0puA" 3.5 — —
lon=5mA"* 3.2 — —
lon=10mA * 25 — —
lon=15 mA * 2.2 — —
lon=0uA t 49 — -
* Qutput Pins 23-39
{ Output Pins 8, 10 EPS v~ aol— vpp
EP4 — 2 39— Qt7
ENABLE! &p3 |
puLSE | EP3 3 35[ at
EP2 — 4 37 Q2
EPI — 5 36— Q3
CLOCK TEST OUT $TO —{ 6 35— Q4
DATA TEST OUT DTO —] 7 34— o5
BITI70UT BI7Z — 8 33— Q6
pATA® D17 — 9 32— a7
BIT | ouT*B0o!1 —{1i0 3 E Q8 NOTE: WHEN USING CD22401
PIN 19 SHOULD BE
SHIFT REGISTER CLOCK SRC —{11] 30 Q9 TIEDTO Vss (OR VD).
SHIFT REGISTER CLEAR TCR —12 29— 0QiI0 PINS 6,7,17,18.21, AND
DATA 16 BITS *¥pig — |3 28— all 22 SHOULD BE LEFT
STROBE IN T8 —]i4 27— Ql2 OPEN.
TIMER CLOCK TMC ——{15 26 f— QI3
INHIBIT TNH — 16 25}— Ql4
T2 —{17 24— Qis
TesT outeutsy | o 23— ats
TEST INPUT TG6) —119 22— TEI g&?gU%ELL
Vss 20 2t TBI TEST CELL
. INPUT
INPUT TO!BIT REGISTER
% oyUTPUT OF 16 BIT REGISTER
**NPUT TO l6 BIT REGISTER 92C5-35201R1

TERMINAL ASSIGNMENT
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CD22401

DYNAMIC ELECTRICAL CHARACTERISTICS At Ta = 25°C, Input tr, tt = 20 ns, CL = 50 pF

TEST CONDITIONS LIMITS
CHARACTERISTIC FiG. UNITS
Voo(V) [} Min. Typ. | Max.
Timer Clock Frequency trroL 3 5 - 0 0.7 1 MHz
Timer Clock Pulse Width twret 3 5 - 500 — — nsec
Timer Clock Rise and Fail Time trex, tiek 5 5 - - - 2 usec
Output Inhibit Pulse Width twol 5 5 - 500 - - nsec
Inhibit Output Turn-Off Delay tPHLI 5 5 50 - - 550 nsec
Output Turn-On Delay after _ _
Inhibit is OFF oLk 5 5 50 850 nsec
Enable Puise (EP) Width twHep 3 5 - 500 — - nsec
Transfer Strobe Pulse
Width * twrs 3 5 — 350 — — nsec
Output L-H Transition Time trin 5 4.5 50 — _ 85 nsec
Output H-L Transition Time trHe 5 4.5 50 — - 150 nsec
Output Turn-On Prop. Delay Time teLH 5 4.5 50 - _— 1200 nsec
Output Turn-Off Prop. Delay Time tPHL 5 45 50 — — 1200 nsec
High-Level Output Driver Timer Clock
Pulse Width tout 3 45 so 99 - 100 Pulses
Shift Register Input Clock 2.4 5 _ _ 2 25 MHz
Frequency tisrcL
Shift Register Clock Pulse ‘
Width twsRcL 2 5 - 200 )} — - nsec ‘
Shift Register Data Set-Up !
Time tsotup 2 5 - 100 - - nsec |
Shift Register Data Hold
Time tsRHOLD 2 S - 200 - - nsec
Shift Register Data Pulse
Width twsAp 2 5 - e I nsec
Shift Register Data Output
Prop. Delay Time troLH 2 5 50 - - 200 nsec
Shift Register Clear Pulse
Width tSRCLR 2 5 - 200 - - nsec

* Data from shift register must be stable at time of transfer.

673



CD22401

AC Waveforms

U LI
DI j [
n

o7

T 1 _IL

{a) FULL TIMING CYCLE

YFSRCL
twsrecL l‘

| |
-~ A ——— . —— . — —— - ——— }
Tl j I I |
\ . | *'SrioLD |
SETUP
| tpoLn — ™
oot |
D7 | i
I
8le —>{ | *twsrD i
| |
f ————— e e e
817 |
|
|
™ ™ ‘'eoLn
(b)EXPANDED TIMING CYCLE DETAIL 92CL-35203RI

Fig. 2 - Functional timing diagram-shift registers function.

__Ll..Ll_.__- * tour !S TO BE 99-100 TCK PULSES LONG
SRC | I | I

! i 5 929 100 101 107
TIMER ‘!’1 'WTCL"‘ t;’ ‘q—y i
fTcL
|
‘ !
i

| [ - I

e '
TIMER CLOCK IS TO EXPERIENCE —ai | PLH — YonL
128 CLK PULSES BEFORE STARTING

tour®
tour COUNT (BEFORE EP IS ACTIVATED).

ouT

92CM-36462

Fig. 3 - Functional timing diagram-shift registers function.
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CD22401

AC Waveforms (cont’'d)

a 6 7 8 9 10 1 {2 13 (4 15 (6 (T (2 3 4 5 6 7 8 9 10 i {2 _
™ e N RN i
CLEAR

PULSE »H-l—
Ut

A 1.
CLR \'R !
b rh
m__ -
DATA IN ..{_fll '—ln—lT" kv : |
' o T o
|

FFl6 '_,_L | Ny B “‘ ==
FE1s | T [ B | N e
FFia ; m i e T N J_I'L_I_.J—L__.
FFI3 L i "‘
erz o il Mmoo N\ M

Fiz — \ —
FFI —t— L | U N i
FFI10 —-— 1 | N— L 1
Fro o e | I L
Fro M N
FF7 J L r\‘_l—L
FFe ! '\‘
Frs o— ' M i 'l
FFa —— J L L‘ N g
e — N M
FF2 Jl; l_'l_____r‘T I L
FF1 = JL"“

92CM-35204R1
Fig. 4 - Functional timing diagram-shift registers function.
) 2 15 16

SRC

33 U
— 'fCK —- }‘— t,ck
| l 2 99 100
— 90% ‘
TCK \B | !
0% \
—4 "——'wo: :
TNH }
| I
|
'PLH—.J [4—  tPHLT —™~ - k—'pLHl — o —1py
i
1 — } 90 % |
outpPUT Iy |
! ! 10 % ‘
- +4 | S 1| ———— ‘
o l-— = trae

PROPAGATION DELAYS ARE MEASURED 50%- 50%
92CM-35205RI ‘

Fig. 5 - Functional timing diagram-shift register function detail.

675 |



CD22413, CD22414 Types

CMOS Pulse Code
Modulation Sampled —
Data Filters

The RCA-CD22413 and CD22414 are
sampled-data, switched-capacitor filters
intended for use in PCM CODEC systems
or other telecommunication systems re-
quiring band limiting. Transmit and receive
filters in both devices are 5-pole slliptical
types, operating ata sample rate of 128 kHz.
In addition, the CD22413 contains a 3-pole
Chebyshev high-pass filter in the transmit
section that provides 50/60 Hz and 15 Hz
rejection. Both devices also include two op-
erational amplifiers which may be used as
building blocks in a system.

A 50% duty-cycle clock on the convert-
clock input (CCl) determines the cutoff
frequencies for the filters. The cutoff fre-
quency (fo) is given by the equation; f, =
0.02422 X Clock Frequency. Normalily, the
clock frequency is 128 kHz for a cutoff fre-
quency of 3100 Hz. The master sync input
(MSI} should be 8 kHz and have it's low-to-
high transition coincide with each new
PAM sample received at Receive-Filter-In
(RX1). RXI wili accept 19% to 100% duty
cycle PAM at 8 kHz.

Timing and synchronization signals (CCi
and MSI) may be made either TTL- or
CMOS-compatible through use of the
Logic-Shift Voitage (VLS) input. Specific
input conditions are listed in the table of
Logic-Shift-Voltage inputs. The analog
ground (VAG) should be held at approxi-
mately (Voo-Vss)/2. if VAG is within one voit
of Voo2 the chip will be powered down. The
CD22413 is pin-compatible with the
MC14413; the CD22414 is pin-compatible
with the MC14414.

The CD22413 and CD22414 are supplied in
16-lead hermetic dual-in-line ceramic
packages (D and F suffix), 16-lead dual-in-
line plastic packages (E suffix), and chip
form (H suffix).

s
vaG— | 16 — Vpp
+A— 2 15 — RXI
-A— 3 14 ~—~RX0O
AO—1 4 13— TXL

BO— 5 i2 == LPO/TXO
-B— & it p=—CCI
+8— 7 10 }— MSI
vgs— 8 9 VLS

TOP VIEW

92CS8-33233

TERMINAL ASSIGNMENTS

Preliminary Data

At
o | A
INPUTS) B~

14

Features:
s Single supply {(10V-16V) or dual supply operation Vm-(ﬁ):i
= Transmit bandpass and receive low v

pass filters (CD22413) il s
=« Transmit and receive low pass filters (CD22414)
= 30 mW (typ.) operating power

FUNCTIONAL DIAGRAM

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpo)

(Voltages referenced to Vas Terminal) ......covvviiiniaiii i -05to+18V
INPUT VOLTAGE RANGE, ALL INPUTS ... oviiiiiiriniciiaiieinniaisaisanaes -0.5to Voo +0.5 V
DC INPUT CURRENT, ANY ONE INPUT L.\.iviitiinieiniiiasiriniitaiesirenisscsaasasnes +10 mA
POWER DISSIPATION PER PACKAGE (Pp)

For TA=-4010 +80°C (PACKAGE TYPEE) ....ovvruiriiiuarroriorsunnronnnrssocassonss 500 mwW

For Ta = +60 to +85°C (PACKAGE TYPEE)............ Derate Linearly at 12 mW/*C to 200 mW

For T =-55 to + 100°C (PACKAGE TYPES D, F)} ...ooviiiniiiiiiiniisieiinsnaisnes §00 mW

For Ta = +100 to +125°C (PACKAGE TYPES D, F) ..... Derate Linearly at 12 mW/°C to 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)......ccocenvaves 100 mW

OPERATING-TEMPERATURE RANGE (Ta)

PACKAGE TYPES D, F, H .. -85 to +125°C

PACKAGE TYPE B ..ttt itinieiaineiniaraaiiseratiainietasracsoniosesenones —-40 to +85°C
STORAGE TEMPERATURE RANGE (Tatg) ++ v vccevrentnrnenrerciiniairioranannns -85 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1716 £ 1/32 inch (1.59 £ 0.79 mm) fromcase for 10 s max..........ovvvennuns +265°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be selected so that operation is
always within the following ranges:

Terminal LIMITS
CHARACTERISTIC Designation| Min. Typ. Max. | UNITS
DC Supply Voltage Vob - Vss 10 12 16 Vdc
(For Ta = Full Package
Temperature Range)
Convert Clock Frequency CCI 50 128 400 kHz
Master Sync Frequency MS) - 8 32
™t O——H YRFAI'L"I'SE'?Q‘T > —Ot )
-4 0 ™~ — > —QO TX( 3)
+A O——+
A0 81AS —O vae
AND
) o
-8
- L oo
< [——O cexr
RXO O < 3
Vpp O———i O wst
TIMING LEVEL SHIFT
vgg O—————{ j— VLS 92C8- 33228

Fig. 1 - Biock diagram of CD22413 and CD22414.
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DIGITAL ELECTRICAL CHARACTERISTICS (Vss =0 V, Ta = 25°C)

Voo —_LIMITS
CHARACTERISTIC vde | Min. Typ. Max. | UNITS
Operating Current t ] 12 — 25 35 mA
Power-Down Current, (PDI = Vgs) o | 12 - 10 50 HA
Input Capacitance Cin | 12 -~ 5 7.5 pF
MODE CONTROL LOGIC LEVELS
Voo CIMITS
CHARACTERISTIC vde | Min. Typ. Max. UNITS
VLS Power-Down Mode Vi | 12 11 - - \
15 14 - -
VLS TTL Mode 12 H - 10 v
15 2 — 13
VLS CMOS Mode Vie | 12 — — 0.8 V)
15 - - 0.8
VAG Power-Down Mode Vim | 12 1" - - v
15 14 — -
VAG Analog-Ground Mode Vi | 12 - - 8 v
15 - — 11
CMOS LOGIC LEVELS (VLS = Vss) |
Voo LIMITS
CHARACTERISTIC Vdc | Min. Typ. Max. UNITS
tnput Current Lin ‘
CCi 12 — +0.00001 +0.3 A
MSI “1” Level — — 30 — u
(Internal Pulldown Resistors) “0” Level — -_ -0.00001 -0.3 |
Input Voitage CCI, MSi |
“0"” Level Vie 12 — 5.25 3.6
15 - 6.75 4 Vv
“1” Level Vin 12 8.4 6.75 -
15 11 8.25 —
|
TTL LOGIC LEVELS (VLS =6V, Vss = 0 V)
Voo LIMITS
CHARACTERISTIC Vde | Min. Typ. Max. UNITS
Input Current I
CCit 12 — +0.00001 +0.3
MS) “1" Level - - 3 —_ LA
{Internal Pulldown Resistor) “0" Level — — -0.00001 -03
input Voltage CCI, MSI
“0" Level Vie 12 — — VLS +0.8 Vv
"1" Level Vin 12 |VLS+2 — —

677



CD22413, CD22414 Types

ANALOG ELECTRICAL CHARACTERISTICS (Voo = 12V, Ta = 25°C)

LIMITS
CHARACTERISTIC Min. Typ. Max. | UNITS
Input Current, (RXI, TXI, VAG) lin — +0.00001 | +0.03 HA
AC Input Impedance Zin
(1 kHz) (RXI, TXi, VAG) — 2 - MQ
lnput Common Mode Vicn
Voltage Range
(TXI, RXI, +A, -A, +B, ~B) 15 —_ 105 Vv
Input Offset Current lio
(+Ato~-A, +B to-B) — +10 —
Input Bias Current lie nA
(+A, -A, +B, ~B) — +0.10 +1
Input Offset Voltage Vio
(+A to-A, +B to -B) — +10 +25 mV
Output Voitage Range Vor
(AO, BO, TXO, LPO, RX0)
(R = 20 k() to VAG. Rg = =) 15 — 10.5 Vv
(R = 600 Q) to VAG, Rs = 1.6 kQ to Vop) 43 — 79
(RL = 900 Q to VAG, Rs = 1.8 k2 to Vop) 4 — 8.2
Small Signal Output Zo
Impedance (1 kHz) (TXO CD22413) — 50 —
(LPO CD22414) - 50 — Q
(RXO} — 50 —
Output Current
(Vou = 11V) lon
(TXO, LPO, RXO, AO, BO) — -400 — HA
(VoL = 1V) lou
(TXO, LPO, RXO, AO, BO) — 5 — mA
RECEIVE FILTER SPECIFICATIONS (Voo - Vee 12V, CCl = 128 kHz, MSI = 8 kHz.
includes sinx x correction, Vi, = 0 dBmO, full scale = +3 dBmO, 7 Vp-p, Ta = 26°C)
“LIMITS

CHARACTERISTIC Min. Typ. Max. UNITS

Gain (1020 Hz) -0.2 0 +0.2

Pasgsband Ripple — 0.24 0.3
(50 Hz to 300 Hz)

Out of Band Rejection See Note 1 dB
3400 Hz - -08 -15
4000 to 4600 Hz -14 -15.5 -

4600 to 64 kHz -30 -33 —

Output Noise See Note 2 — 10 15 dBrnc0
(RXi = VAG)

Dynamic Range 78 83 — dB

Differential Group Delay
1150 to 2300 kHz Delay - 12 22 us
1000 to 2500 kHz Delay - 25 35
800 to 2700 kHz Delay — 31 41

Note 1: Referenced to passband minimum.

Note 2: Referenced to 900Q.

|
-
—= A5

Your/Vin-dB

i <

N

2
I 10k s

fin INPUT FREQUENCY-Hz
92CS 33234

Fig. 3 - Recasive filter typical and minimum per-
formance for CD22413 or CD22414 with
sinx x correction included.

VouT/ VNGB

!
]

8 ]
i
fin 'IONPUT FREQUENCY- D’x

92€5-33235

Fig. 4 - Receive filter typical and minimum
passband performance for CD22413 or
CD22414.

678




CD22413, CD22414 Types

TRANSMIT FILTER SPECIFICATIONS (Vpo-Vee = 12 V, CCI = 128 kHz
MSI = 8 kHz, Vin = 0 dBmO, full scale = +3 dBmO, 7 Vp-p, Ta = 25°)
LIMITS R~ N
CHARACTERISTIC Min. Typ. Max. UNITS g ¢
Gain (1020 Hz) -0.15 — +0.15 z
Passband Ripple - 0.22 0.3 £ 128
(300 Hz to 3000 Hz) > %
Rejection See Note 1 /
60 Hz CD22413 only -20 -24 — dB
180 Hz CD22413 only — ~0.6 -1 L
3400 Hz — ~0.8 ~15 :o?m INPUT FREQUENCE-He
92CS-33238
4000 to 4600 Hz -4 -155 - Fig. 5 - Transmit filter typical and minimum
4600 to 64 kHz -32 -33 — performance for CD22413 or CD22414
Output Noise CD22413 - - — using Figs. 11 and 12.
(300 to 3400 Hz) CD22414 — 8 12 dBrnco
Dynamic Range 81 87 — dB
{7 Vpp Max) ors
Differential Group Delay
1150 to 2300 kHz Delay - 12 22 us 3
1000 to 2500 kHz Delay — 25 35 ;
800 to 2700 kHz Delay — 31 41 ;g' V
Note 1: Referenced to passband minimum. o8| E

|

SWITCHING CHARACTERISTICS (Voo - Vss = 10 V, Ta = 25°C) O e r
fin INPUT FREQUENCY-Hz

LIMITS ) o ) Wi
CHARACTERISTIC Min. | Typ. | Wex | uwirs| F9CT[rumt Dler bpica) and mimimum
Input Rise and Fall Time, t, & ccLMsl | — — 4 s CD22414 using Figs. 11 or 12. |
Pulse Width, twn CCl, MXI 100 50 — ns
Clock Puise Frequency, fc. CCI 50 — 500 kHz |
Set Up Time, tsy 08 > ¥ £ |
MS! Rising Edge to CCl Rising Edge -3 — +3 us

(CCl = 128 kHz)* L v

“Specifications assume use of 50% duty cycle for clocks.

L

=~ oneuT rn:uu:ucv'- N

+1gy su
c0-33280 ‘
CCI {CONVERT CM Xk: Fig. 7 - Transmit filtter typical and minimum |

passband performance for CD22414.

MSY {MASTER SYNC} JZ i ; b ‘
92CM-33542 0| ‘
Fig. 2 - Switching characteristics wave forms. |
. v
hd /.
g
>
N A4 y
H 7 “
> *"\ |
2 ‘
LOGIC SHIFT VOLTAGE INPUTS 7 N |
VLS PIN LOGIC INPUT (CCI AND MSi)
]
VSS < VLS < VSS + 0.8V CMOS i weor mmzouentg
VDD -1V < VLS < VDD POWER DOWN Fig. 8 - Transmit filter typical and mini ‘
VSS + 2V < VLS < VDD -2V | TTL (VLS + 0.8V < INPUT < VLS + 2V) G 0 pertormance for Spooata T Pimum
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A TIIITY
>
b3
<
vour |
out
ol T
+8 +6
ch22413 cD22407
i ! I
WL_Z— VAG Voo ': zl VAG VoD 24
i+ RXI 2 apr  ccr FE2 128 kHz
- RXO :‘ 2000 {3: crl Rop |22 | x oam
:5 A0 >z 2 2{c12 Ree p2L RX ENABLE
+1%° 0 :Iz ZOgOJ'.—:" czi ROC ?: - DATA CLOCK
— -8 cor |l 128 kHz S 1 cz2 ToC o |
48 wsr Ho%a 8z L Top |8 X DATA
8lves  vis|2 8 g2 ToE |-~ TX ENABLE
we—24.a  wsrP'® - 8Kz
-6 e e 101 aco poT |2 POWER DOWN
4000:'—'— col Taes .
176C04069 PP g2 ] 0o, vgs 24

-6

*
Rgp CAN BE ADDED FOR 600 1 OR 900 () LOAD TO INCREASE SOURCE CURRENT.

92CM-33229

Fig. 9 - Typical circuit configuration using the CD22407 CODEC and CD22413 filter (split supply).

vour | 30k
v
m{ | uF
m
= +12
cD22413 022407 |
¢~ vae Voo 18 ! vae voo P22
L2 4a Rxx P2 Z 1 aox cer H22 -~ 128 kHz
3 14 3 22
—A RXO 2000 p—= C1I ROD RX DATA
[3 13 pF 4 21
' ™I T4 fere RCE RX ENABLE
5 leo %0 |2 2000_—— cz1 roc (22 -~ DATA CLOCK
I 6 1" pF 6 9|
— -® cex w128 knz e T cz2 ToC
48 MST |0t 8 kH2 7 R oo -2 TX DATA
Elves  vis|2 8 lre ToE |- —— TX ENABLE
_1 ne—2dum  mszfS - 8z
= = 0 laco  FoT 2 s FOWER DOWN
4
4000 Hocor  Tger -~
* THESE BYPASS CAPACITORS SHOULD BE P 2 1 coe ves [ s2oM-33230

LOCATED PHYSICALLY CLOSE TO THE
IC PACKAGES.

Fig. 10 - Typical circuit configuration using the CD22407 CODEC and CD22413 filter (single supply).

RI
\—
M TX LOW PASS
vTX ——"'_" c3 s 12 N
it o AD!
HIGH ZIy 7V pTOp
R R4
va@ VAG
LOW Z OUT 7VPpTOp
RX LOW P@
C1,€2,C3 4700 pF +1%
c4 0.2 uF -20% +80%
R 112 k() W 1%
R2 620 k) YW 1%
R3 223 k) AW 1%
R4 100k} YW 10%

92CM- 33231

Fig. 11 - Fifter schematic for CD22413 with 60-Hz reject filter.

VAG — (Analog Ground) This pin should
be held at approximately (Voo-Veey2 All
analog inputs and outputs are referenced to
this pin. If this pin is brought to within ap-
proximately 1 V of Voo, the chip will be po-
wered down,

+A Non-inverting input of op-amp A.
-A inverting input of op-amp A.

A0 Output of uncommitted op-amp A
B0 Output of uncommitted op-amp B
-B inverting input of op-amp 8

+B Non-inverting input of op-amp B

Vas This is the most negative supply pinand
digital ground for the package.

VLS (Loglc Shift Voltage) The voltage on
this pin determines the logic compatability
for the CCl and MS| inputs. If VLS Is within
0.8V of Vas, the thresholds will be for CMOS
operating between Vpp and Vgs. it VLS is
within 1 V of Vpp, the chip will power down.
I1f VLS is between Voo - 2 V and Vss 2 V, the
thresholds for logic inputs at CCl and MS!
will be between VLS + 0.8 Vand VLS + 2V
for TTL compatability.

CCI (Convert Clock Input) Normaily, a 128
kHz clock signal should be applied to this
pin to operate both filters at f, = 3100 Hz.
For other break frequencies use the follow-
ing equation: f, = 0.02422 f clock.

MSI (Master Sync Input) This pin should
receive a low-to-high transition concurrent
with each new PAM sample received at the
receive filter input, ADL. A new transmit fil-
ter output sample will be presented at this
time.

TXO (Transmit Bandpass Output
CD22413) This is the output of the transmit-
bandpass filter. Itis 100% duty cycle PAM at
8 kHz.

LPO (Transmit Lowpass Output
(CD22414) This is the output of the
transmit-lowpass filter. it is 100% duty cycle
PAM at 128 kHz.

TXI (Transmit Input) This is the transmit-
filter input.

RXO (Recelve Output) This pin is the out-
put of the receive filter. Itis 100% duty cycle
PAM at the same frequency as the CCl pin,
normally 128 kHz.

RXI (Receive Input) This is the receive filter
input. it will accept 3/16 to 100% duty cycle
PAM at 8 kHz.

Voo Nominally 12 volts.

NOTE: Both VAG and VLS are high-
impedance units.
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TX LOW PASS
ce
i 12 ADI
L
ZjN*9008 cl
VN MAX = + 3 dBm
N RIO ! Re
. . VAG
Zour* 8002 RX LOW PASS
VouTt MAX+ 3 dBm
—_—AAA——
R
C1,€2,C3 4700 pF 1% RS 200 kQWW 1%
Cs 0.2 ;':F -20% +80% RS 169 KkQ YW 1%
RY 238K UW 1% R7  20kn¥UW 1%
R2 204 kQUW 1% RE  3BKOUW 1%
R3  23KQUW 1% RO 18kOUW  10%
Re 100k %W 10% R10 9000 UW 1%
R 900 QUW 1%
92CM-33232
Fig. 12 - Filter schematic for CD22414 with 60-Hz rejection and 900-Q termination.
— o+ 12
cot==
T | Co22407/4
3 =] VAo VDDF——JZ 3
HP3I5IA +jaor  coxiEs 128 KMz CLOCK
c [554] ROD VE DATA
Hpesole +4] T2 ReELE! FROM SIMILAR
=* s 20 ToD
v O3 ¢c8 N 5]z ROC 1=+
c2t—{cze  ToC[y
He ] ce 5] Rt To0hs TRANSMIT
113 o m /2 ToEl 24 DATA TO SIMILAR
| (] 3 ROD
D MuA  FOI Ns
€73 TH{av0  msziZ 8 kHz CLOCK
c3 2] Irerfls
T—{co2_ vsg M
R2
WA
CIGITAL GND
‘FILTER BLOCK DIAGRAM
cs | ce R4
ANALOG IN —f AN i3 1254
= TO ADI
3.5 VP IN=+3dBm0
RS R6 L
ANALOG GND TO VAG
3.5 VPOUT=43 dB mO
ANALOG OUT 14 D_ 8w FROM ADD
WITH SIN
c1, c2 2000 pF  -20% +80% X7R
c3 3900 pF  -20% +80% X7R
c4 0.2 4F  -20% +80% X7R
C5,C8,C7 4700 pF 1% NPO
c8, Co* 01 uF  -20% +B0% X7R
”1 3k 1%
A2 30 k 1%
A3 24k 10%
R4 M2k 1%
RS 820k 1%
RE 20k 1%

*C8 and C# should be physically clone fo the
CD22414 and CD22407/4 respectively.

92CL -33219

Fig. 13 - Analog transmission test circuit for CD22414 PCM lilter and CD22407/CD22404 PCM CODEC.
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TYPICAL END TO END PERFORMANCE OF RCA CODEC & FILTER

]
All measurements made using HP3779B PCM Test Set. See Fig. 13. ; 0 40
Performance of | Bell System CCITT & % TN %
CD22407/4 D3 Volice Freq. G7.12 B QW )
CODEC & Requlreme:l‘: Voice Freq. g 20 R\\iﬁ:r’gg;s 7?%Lsgéc.\\ 20
SPECIFICATION CD22414 Fliter PUB 43801 Requirements R \\ T \\
Channel Saturation +3 dBmo +3 dBm0 +3 dBm0 9 N\ 0
Gain Tracking with 1 kHz tone 2 N N
+3 to —40 dBm0 +0.3dB <+05dB <+05d8 )
-40 to -50 dBmO +0.6 dB <+1 dB <+1 dB INPUT LEVEL (B Aeos e 10 © *8mO
-55 dBm0 +2 dB <+3 dB =+3 dB 9205-33212
Quantizing Distortion @ 1 kHz
*+2 1020 a3 OB | 2B | 3B | g B 1o
- m > =
-~40 dBm0 31dB =27 d8 =27 dB
-45 dBm0 26 dB =22 d8 =>22dB
Idle Channel Noise with
VTX = VAG 17 dBrnc0 <23 dBrncO <-64 dBmOP
Quiet Code Noise (all 1's at
decoder (RDD) Input) 15 dBrncO <15 dBrncO <-75 dBmOP
Selective Response @ See Frequency
multiples of 8 kHz -60 dBm0 Response <-50 dBm0
Frequency Response @
0 dBm0 input
50 Hz gain ~26 d8 — <-24dB
60 Hz gain ~-22 dB <-20dB —
200 to 300 Hz ripple 45 dB <0.6 dB <1 dB
3400 Hz gain -16dB =>-3 dB =-18dB
4000 Hz gain -35 dB <-28 dB =-28dB
=4600 Hz gain <-62 dB <-60dB =-60dB
Single Frequency Spurious
Response
In band with input 1 kHz
@ 0 dBm <-44 dB <-40dB <-40dB
Qut of band with input 0
to 12 kMz @ 0 dBm =-32.5dB <-28 dB =-25d8
Ditferential Delay Distortion
1150 to 2300 58 us <60 us —
1000 to 2500 72 us <100 us —
900 to 2700 91 us =200 us —
+0.348
0 d8
~0.3 ¢8
INPUT LEVEL (4Bm) REFERENCED T 0 dBmo Z
g =50 -40  -30 -10 -3 d8 [+ -1.8 08
gm_s* —zo’_r}és g: t 23 /r. | 12 20 FREQUENCY
x o
z _os O3AND ST oo - 2848
g _.| SPECIFICATION
RCA PERFORMANCE BANO . .. .. o 0B s

Fig. 15 - Gain tracking error for CD22407 and

CD22414. (See Fig. 13.)

Fig. 16 - Frequency response of CD22407 and
CD22414 CODEC and filter. {See Fig. 13.)

682




CMOS

Preliminary Data CD22859 Types

Dual-Tone Multifrequency

Tone Generator

For Use in Dual-Tone Telephone
Dialing Systems

Features

& Mute drivers on chip

m Device power can either be
regulated dc or telephone loop
current

B Use of an inexpensive 3.579545-MHz
TV crystal provides high accuracy
and stability for all frequencies

General Description

The RCA-CD22859 is a CMOS dual-tone
multifrequency (DTMF) tone generator for
use in dual-tone telephone dialing
systems. The device can easily be inter-
faced to a standard pushbutton telephone
keyboard, to provide enabling operation
directly with the telephone lines.

The CD22859 generates standard DTMF
sinusoidal dialing tones from an on-chip
reference crystal oscillator. The reference
oscillator uses an inexpensive
3.579545-MHz color TV crystal to create
highly stable and accurate tones. The
sinusoidal tones are digitaily synthesized
by a stair-step approximation.

One of four low-frequency band row tones
and one of four high-frequency band col-
umn tones are selected by driving one of
the four row inputs and one of the four
column inputs low. Simultaneous selec-
tion of more than one row input andfor
more than one column input will inhibit
tone generation, or generate a singie-tone
sinusoid. These operating modes are de-
scribed in the functional truth table.

Control lagic is included to allow easy in-
terface to standard K500-type telephones.
Two CMOS outputs Tx, Rx, capable of
driving external p-n-p receiver and
transmitter muting transistors are pro-
vided. A low input to the CD pin, inhibits
tone generation, turns off the reference
oscillator, and causes Tx and Rx outputs
to logic ‘0”. During tone generation mode,
CD =1 and Tx, Bx =logic 1.

All row, column, and CD inputs are pro-
vided with puii-up resistors to allow the
use of SPST switch matrixes.

The CD22859 types are supplied in a
16-lead hermetic dual-in-line side-brazed
ceramic package (D suffix), and a 16-lead
dual-in-line plastic package (E suffix), and
in chip form (H suffix).

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE RANGE (VDD —VSS) - -+t veeeiiieiiiie i -05t0 +12V
INPUTVOLTAGERANGE . ... ..oy ~05to0Vpp+05V
POWER DISSIPATION, Pp:
AtTa=~40°Cto +80°C ... ... e 500mw
AtTaA=+60°Cto +85°C .................. ... Derate Linearly at 12mW/°C to 200 mW
POWER DISSIPATION PEROQUTPUT ... ... e 100 mW
OPERATING TEMPERATURERANGE ......... ... ..o ~40°Cto +85°C

LEAD TEMPERATURE DURING SOLDERING:
At distance 1/16 £ 1/32in. (1.59 + 0.79 mm)

fromcease for 10 S Max. ... e e +265°C
DTMF Generator Functional Truth Table
Inputs Outputs
Number of Number of
Column inputs  Row Inputs - 0scC
Keyboard Mode Activated Activated CcD Tone Run- RX TX
“Low” Low ning
X X X “0” None No “0” “0”
No key de- qr agr gy
pressed 0 0 1 None No “0 0
qn Duat Tone qn gn
0 1 1 Ra,C1 Yes ‘1 1
1,2,3,0or 4 0 "y None No “0” *“Q”
Normal Dialing 1 1 1 Dual Tone
One Key De- wqnr gm
pressed (See Ra,Cb Yes 1 1
Note 1)
Two or More 23,0r4 1 1"  Single Row Yes “17 1"
Keys In Tone
Same Row Ra
(See Note 2)
Two or More 1 23,0r4 “1” Single Column Yes “1” *1”
Keys In Same Tone
Column Cp
Two or More 230ré4 1 e None Yes “17 17
Keys in Dif-
ferent Rows
& Columns 1 1 None Yes 17 ‘17
Where:

X =Do Not Care
Ra,Cp refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3,
Row 4, Column 1, Column 2, Column 3, Column 4
a=1234 b=1234 a=b,0ra#b
1. Corresponds to normal duai-tone operation.
2. Corresponds to singletone generation mode.
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STATIC ELECTRICAL CHARACTERISTICS at To = —~25°C to +60°C

CHARACTERISTIC Vpb Vo LimITs UNITS
V) w) Min. l Max.
Tone Qutputs (R = 82)
Vo, Dual-Tone Output 3.7-9.3 350 700 mV rms
VoI(CL); Single-Tone

Output, Column* 3.79.3 300 mV rms
VO(RL); Single-Tone _

Output, Row" * 3.79.3 260 mV rms
Distortion (Note 1) 3.9-9.3 — 10 %
Rise and Fall Time

Dual-Tone Out) (Note 2) | %93 N 5 me
Pre-Emphasis (Note 3) 3.993 1 3 dB
Output Frequency (Note 4) 3.99.3 (Nom. — 1%)(Nom. + 1%) Hz
Mute Output Current
Transmitter

1.7 1.2 -05 —

loH (Source) 10 95 _ag4 _ mA

1oL (Sink) 10 25 - 10 uA
Receiver

1.7 1.2 -05 —

IOH (Source) 10 95 _34 _ mA

oL (Sink) 10 25 — 10 uA

*Two or more row inputs low, and one column input tow.
* *Two or more column inputs low, and one row input tow.

Notes:

1. Distortion is defined as: The ratio of
all extraneous frequency com-
ponents generated in the voiceband
0.5 kHz to 3 kHz, to the power of the
dual-tone signal, measure across R[_.

(V12+Vp2=_ . . +Vp?)
= VL2 4+ V2
where V4,V2, . . . Vy are extraneous

frequency components in the voice-
band 0.5 kHz to 3 kHz, V[_is the low-

band frequency tone, and Vi is the
high-band frequency tone.

Tone rise time is defined as the time
for each of the 2 DTMF frequencies to
attain 90% of full amplitude,
measured from the time when a row
and column signal are driven low.
Pre-emphasis is the ratio of the high-
group level to the low-group level.
Refer to Fig. 1for standard DTMF fre-
quencies.

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp= -25°C to +60°C

All voltages referenced to Vgg =0 V.

LIMITS
CHARACTERISTIC Vop L UNITS
Min. Max.

DC Supply Voltage
Tone Generation Mode with 25 10

Valid Input* i v

Non-Tone Generation** 1.7 10
Operating Current
Tone Generation Mode 3.7v 1.7

(Outputs Unloaded) 93V 13 mA
No Keydown Mode g:;x o WA
Input Pull-Up Current 310V 400 uhA
Input Low Voltage (V| ) Max. 310V 0.2 Vpp \'4
nput High Voitage (ViR) Min. 310V 0.8 Vpp v

*All logic and counters functional.
“*Mute switches remain open.
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CoL! coL 2 coL3 COL4
ROW | D E B E 697(695.1)
vop ' 18 [——Vour
2 770 (76 ™ o
olo N N
c2 . 13— &2
3 j s 12 f—r3
ROW 3 [E] 852(847.4) ves —1 & 1 |— se
osct — 7 10 p— RX
osce — 8 9f—rca
ROW 4 E] E E] 941(948.0) 92C8-32987
NOMINAL
1209 1336 1477 1633 €4— OUTPUT
(12159)  (1331.7) (1471.9) (1645.0) FREQUENCY Torminal Assi .
nmen
92¢s- 32958 erminal Assignm

Fig. 1- Bell and nominal output frequencies (in
parenthesis) for 3.579545-MHz crystal.

Voo
l
% COUNT _CONT.
(3 COL_DIVIDER -
& Cl-46° C€3-3 —32
—| Co-a2  Ca-34
2@ T
coL D—=A
sohee COL INH.
C3® "_T ‘
cé ROW DIVIDER ‘
RI-80 R3-66 |
- R2-73  R4-59
|| |
TO(s, 1 D—*A
.J_coum
CONT.
o |
\
n @ ROW INH. Voo
ROW ENABLE |
Rz (B3 SENSE \
% op AMP ‘
ra(i2 O
@~ Vout |
R4 RX ‘
osc 1 (7 T oL X
osc {2 ®
osc2(@—————— Vss

920M -32939

Fig. 2 - Touch-tone generator.

685



CD22859 Types

d a of 1 ‘és 1K
L J >t lIT
1K 02 Voo
o2 r
Rx
165K
Tx KEYPAD
[} .
l~41 23
2.55K 0sc!
_ 4586
(— {
789
| osc2 8
() L = % 0 3
L Yout
e L3,
3 Sra|t [
¢ ‘| A3 ss
03 |,
2 s
-0 ke G
s P
92CM-3299)
Fig. 3 - Interface with standard K500 telephone
network.
o 20 40 60 80 100 120 140 150
125 — | [ -
120~
100~
80
122-130
3.099—
02)

B = =

o- I -
(0.|02-254)
Lﬁ

147155,

(3.734-3.937)

Dimensions in parentheses are in millimeters
and are derived from the basic inch dimen-
sions as indicated. Grid graduations are in
mils (103 inch).

92CM-32956 !

The photographs and dimensions of each CMOS chip
represent a chip when it is part of the wafer. When the
wafer is separated into individual chips, the angie of
cleavage may vary with respect to the chip face for
different chips. The aciual dimensions of the isolated
chip, therefore, may differ slightly from the nominal
dimensions shown. The user should consider a tolerance
of —3 mils to +16 mils applicable to the nominal
dimensions shown.

Dimensions and pad iayout for CD22858H chip.
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Preliminary Data

CMOS High-Speed 8-Bit
Bidirectional CMOS/TTL Interface

CD40115

Level Converter

The RCA-CD40115 is a high-speed 8-bit
integrated circuit designed to interface CMOS
logic levels with TT L logic levels on the data
bus of microprocessor-based systems. CMOS/
TTL interface is provided by eight parallel
bidirectional buffer/level converters. Buffer
INPUT/OUTPUT terminals are either inputs
or outputs depending on the desired direction
of data flow. A low on both the ENABLE
and DISABLE control inputs selects the
direction of data flow from CMOS Inputs to
TTL Outputs. A high on both control inputs
selects the direction of data flow from TTL
Inputs to CMOS OQutputs. A low on the
ENABLE and a high on the DISABLE
inhibits data flow in either direction and
places the CMOS Outputs in a high-imped-
ance (3-state) mode.

The TTL Input/Qutput terminals and the
ENABLE and DISABLE control inputs are
TTL-compatible without the use of external
pull-up resistors. The TTL input logic 0 to
logic 1 transition occurs at a level of
approximately 1.5 volts. The ENABLE and
DISABLE inputs may be driven to the Vpp
rail; therefore, either TTL or CMOS flogic
drivers, capable of sinking one TTL foad,
may be used to determine the direction of
data flow. The large CMOS and TTL output

Features:
& Eight inverting channels with 5V-to-12V
or 12V-to-5V level conversion
® Three operating modes:
CMOS-to-TTL level conversion
TTL-t0-CMOS level conversion
Interface off; high-impedance
CMOS input/output
® {ow propagation delay time:
CMOS-to-TTL conversion — 10 ns typ.
TTL-to-CMOS conversion — 30 ns typ.
High TTL sink current — 30 mA typ.
No external TTL input pull-up resistors
required
® High speed drive of large data bus
capacitances
Input/output and power supply terminals
located for ease of PC board layout

buffers in this device have high output sink
and source current capability and can drive
the data bus capacitance with a transition
time of approximately 0.1 ns/pF. This fast
output transition time, together with the
small propagation delay time of the device,
allow high-speed operation.

The CD40115 is supplied in a 22-lead
hermetic dual-in-line ceramic package.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE (Voltages referenced to VSS Terminal)

Vpp -
Vee - - - .

INPUT VOLTAGE RANGE:
Data inputs, CMQOS to TTL
Data inputs, TTL to CMOS
Enable, Disable Inputs

POWER DISSIPATION PER PACKAGE (PD)
For Tp = —65°Cto +100°C .
For T4 = +100 to +125°C

DEVICE DISSIPATION PER OUTPUT TRANSlSTOR

For T 5 = Full Package-Temperature Range .
OPERATING TEMPERATURE RANGE (TA)
STORAGE TEMPERATURE RANGE (T,

LEAD TEMPERATURE (DURING SOLDgRING)

At distance of 1/16 T

from case for 10 s max.

1/32inch (159 % 0.79 mm)

—05t0 +126V
—05t0+6V

—0510 Vpp+05 V
0510 V05 V
—05t0 Vgp+0.5 V

. 500 mW
Derate Lunearly at 12 mWPC to 200 mW

100 mW

—55 to +125°C
—65 to +150°C

+265°C

TRUTH TABLE
ENABLE | DISABLE FUNCTION
0 0 Convert CMOS Level to TTL Level
1 1 Convert TTL Level to CMOS Level
0 1 High 1mped (2)
1 0 Iavatid*
0 = Low Level 1 = High Level

Z = High Impedance on CMOS Output side; TTL side are inputs.
INVALID = Both CMOS and TTL sides are ON as outputs.

See Operating and Handling Considerations — Bypassing and

Unused Inputs.

DISABLE_|
5]

CMOS
INtOUT)

ENABLE
o]

voo*! 92C5-30246
vegr 22
Vgg* !l

Functional Diagram

* Excessively high currents from VD
in this mode during power turn-on or turn-off if other
IC’s drive into the bus lines (on either the TTL or CMOS
side). This high current condition could occur during a

Applications:
¥ interface CMOS microprocessor with

TTL memories and peripheral devices

® Interface between and within Jogic

systems which combine CMOS
and TTL devices

Vo t
5 [a 2 .
g A2 3 2
3 | a3 4 £
5 e s 3
a6 5
z &

AB T z
S |ar—e 5
2 I
© {ae 9 -

m
z
< £
w
mr:
=4
g
>
o
z
.

NC = NO CONNECTION
92C5-30245

TERMINAL ASSIGNMENT

10 Vgg could fiow

transient or steady-state invalid mode.
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CD40115

Al LEVEL TTL
cMOs SMIFTER OUTPUT(INPUT)
INPUTIOUTPUT) o
1 2) (20,1918,
23,456, | LEVEL 1%,16,15, 14)
7.8,9) SHIFTER
ry 3
Vss
Vss 10F 8 IDENTICAL CIRCUITS vss
tnput (Qutput} Output {Input)
Data | Yorminal No_ | _Gata | Terminal No.
A 2 81 21
a2 3 82
A3 4 B3 19
a4 5 B4 18
A5 6 85 7
A 7 86 16
a7 8 87 15
A8 9 B8 1

[-1)

ENABLE AND DiSABLE ARE
TTL TYPE INPUTS

O AND £ OQUTPUTS ARE
COMMON TO ALL 8 CHANNELS

92CH- 30247

Fig. 1 — Functional block diagram.

STATIC ELECTRICAL CHARACTERISTICS At Tp = 26°C, Vpp = 12V, Ve =5 V

CHARACTERISTIC

r TEST CONDITIONS

TYPICAL
VALUES

IUNIT;I

Data Flow — CMOS Inputs to TTL Outputs

Quiescent Device Current,
From Vpp Supply, ‘D 4 mA
From Ve Supply, lce 5 uA
{nput Current, N ViN=0.12 V; Any CMOS input | 50 HA
Output Current, ‘OH Von=3V, ViL=2Vv 15 mA
loL |Vor=04V, Vig=10V 30
Data Flow — TTL Inputs to CMOS Outputs
Quiescent Device Current,
From Vpp Supply, IpD a4 mA
From Ve Supply, Ice 5 uA
Input Current, e Vi1=01t0 0.7 V; Any TTL input| —250 A
e |ViH=2.3 Vi Any TTL input 50 | *
Output Current, loH [|Vow=115V, V| =07V 20 mA
loL VOL=0.5 V, Viy=23V 20
CMOS 3-State Output Leakage
Current, lout Vo=0,12 V, ViN=0,5 V +50 uA
iE\able and Disable Inputs
Input Current, it [ViL=0to 0.7 V —250
||H V|H=2.3 v (TTL) -50 [IA
I'H V|H=12V (CMOS) 50
DYNAMIC ELECTRICAL CHARACTERISTICS At Ty = 25°C, Vpp = 12V, Vee=5V
TEST CONDITIONS | TYPICAL VALUES
CHARACTERISTIC INPUT OUTPUT Cy =50 pF { C; =200 pF UNITS
Propagation Delay Times,
Data-In to Data-Out, CMOS TTL 10 15 ns
tPHL tPLH TTL CMOS 30 40
Enable or Disable to
Data-Out, 35 ns
tPHZ: tPZH: tPLZ. tPZL
Transition Time, tTh, tTLH CMOs TTL 10 15 ns
TTL CMOS 10 15




CMOS High-Speed 8-Bit
Bidirectional CMOS/TTL
Interface Level Converter

Features:
® Eight inverting channels with conversion from Vpp to
VecorVeeto Vpp
(4V<Vpp<12Vand4 V< Vce <VpD)
»  Three operating modes:
CMOS-to-TTL level conversion
TTL-to-CMOS level conversion
Interface off; high-impedance on both sides

The RCA-CD40116 is a high-speed 8-bit integrated circuit
designed to interface CMOS logic levels with TTL logic
levels on the data bus of microprocessor-based systems.
CMOS/TTL interface is provided by eight parallel
bidirectional buffer/level converters. Buffer
INPUT/OUTPUT terminals are either inputs or outputs
depending on the desired direction of data flow.

A low level on the DISABLE input with the ENABLE input
either high or low, permits conversion of CMOS inputs to
TTL outputs. A high level on both the DISABLE and
ENABLE inputs permits data flow from TTL inputs to CMOS
outputs. A low level on the ENABLE input and a high level
on the DISABLE input sets both inputs/outputs to the high-
impedance state.

The TTL Input/Output terminals and the ENABLE and
DISABLE control inputs are TTL-compatible without the
use of external pull-up resistors. The TTL input logic 0 to
logic 1transition occurs at a level of approximately 1.5 volts.
The ENABLE and DISABLE inputs may be driven to the
Vpp rail; therefore, either TTL or CMOS logic drivers,
capable of sinking one TTL load, may be used to determine
the direction of data flow. The large CMOS and TTL output
buffers in this device have high output sink and source
current capability and can drive the data bus capacitance
with a transition time of approximately 0.25 ns/pF. This fast
output transition time, together with the small propagation
defay time of the device, aliow high-speed operation.

Pin 12is an additional Vgg Pin which is connected directly
to the TTL-to-CMOS converters to avoid oscillation in these
amplifiers. Pin 12 is connected to Pin 11 through a poly
resistor which isolated Pin 12 from Vgg switching noise
(groung noise).

The CD40116 is supplied in a 22-lead hermetic dual-in-line

ceramic package (D suffix), 22-lead plastic package (E
suffix), and in chip form (H suffix).

CD40116 Types

DISABLE
3

CMOS TTL
IN(OUT) OUT(IN)

2-9 14- 21

ENABLE
[

Vpp*!
Veer22

Vgg*!f 12 92CS-32569R)

Functional Diagram

® Low propagation delay time:
CMOS-to-TTL conversion - 25 ns typ.
TTL-to-CMOS conversion - 30 ns typ.
(Vbp=12V,vec=5V)
High TTL sink current - 11 mA typ.
Nq external TTL input pull-up resistors required
High speed drive of large data bus capacitances
Input/output and power supply terminals located for
ease of PC board layout

Applications:

® Interface CMOS microprocessor with TTL memories
and peripheral devices

m Interface between and within logic systems which
combine CMOS and TTL devices

Vi — | zzt vee

5 [a1—2 21 B
-
g |az—3 20— 82 | >
3 (a3 — 4 19p— 83 | &
~ 2
5 jae — 5 18— 8e | B
Flas—s iTt—o8s 5
L jae—7 16— B8 | ¥

o —— —

g |ar 8 15 87 | o
o (A8 —9 t14}— 88 J +
ENABLE ~—] 10 13— DISABLE

Vss It 12 f— Vgs

TOP VIEW

92CS—~ 30245

TERMINAL ASSIGNMENT
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE (Voitage reference to Vss Terminal)

DD+t 0510 +128 V"

................... -0.5to Vpp

................................................................................. -05toVpp +0.5V

...-05to Voo +05V

..................................................................................... -0.5toVpp+0.5V

FOPTA=-40°C 10 +B0°C (E) ...voiitiii ittt e e e e e e e e e e 500 mW

FOrTA=+B0°C 10 +85°C (E) .uurnineieii it e Derate linearly at 12 mW/° C to 200 mwW

Ll s o L L1 o () 500 mw

FOrTA=+1001t0+125°C (D) ..ineriienitt it e Derate linearly at 12 mW/° C to 200 mwW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For TA = Full Package-Temperature Range .. .......coooiitiiuut ittt e et e e e 100 mW

OPERATING TEMPERATURE RANGE (Ta)
Package TyPe D ... i -55 to + 125°C
PRCKAGE Ty D E oo -40 to + 85°C

STORAGE TEMPERATURE RANGE (Tstg) -8510 +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance of 1/16 + 1/32 inch (1.59 + 0.79 mm)

frOM CaSe FOr 10 8 MAX .. ..e it ittt ettt e +265°C
“At 125°C Vpp should not exceed +12 V.

Vob Vee Voo

SABL
. DISABLE  LEVEL N ]
A e 3 v SHIFTER
CMOS OUTPUT(INPUT) 00
INPUT(QUTPUT)
21(20,19,18,
2(3,4,5,6, LEVEL |%,5.|5' 14) Vss
7,8,9) SHIFTER ENABLE
LEVEL €
0 SHIFTER
Vss
v
ss | OF 8 IDENTICAL CIRCUITS Vss ENABLE AND DISABLE ARE
TTL TYPE INPUTS
Input (Qutput) Output (Input) D AND E OUTPUTS ARE
D:\(‘a Termiznal No. D;:a Termizv;al No. COMMON TO ALL 8 CHANNEL S
A2 3 B2 20 92CM-32570
A3 4 83 19
A4 5 B4 18
AB 6 BS 17
A6 7 B6 16
A7 8 B7 15
A8 9 88 14
Fig. 1 - Functional block diagram.
TRUTH TABLE
ENABLE DISABLE FUNCTION
X 0 Convert CMOS Level to TTL Level
1 1 Convert TTL Level to CMOS Level
0 1 High Impedance (Z)
0 = Low Level 1 = High Level X = Don’t Care

Z = High Impedance on both CMOS and TTL sides.

See Operating and Handling Considerations — Bypassing and
Unused Inputs.




TTL y
1/0

12

TTL 1O
CMOS #

2|(2o,|9,|a,|7,|e,xs,|4)O~»r\/VV_1
CONVERTER

I OF 8 CIRCUITS

ENABLE

Vop
DISABLE
Voo
©

TTL TO
CMOS #
CONVERTER

TTL TO
-—7 CMOS #
CONVERTER

L T

# PROPRIETARY CIRCUIT

Fig. 2 - Logic diagram for CD40116.

STATIC CHARACTERISTICS Vpp=12V,Vec =5V

CD40116 Types

CMOS
I/0

2(3.4,5,6,7.8,9)

TRUTH TABLE

FUNCTION

—
CONVERT CMOS TO TTL

CONVERT TTL TO CMOS
HIGH IMPED. (Z)

X =DONT CARE

m{

FLCURRENT FLOW THROUGH
TTLTO CMOS CONVERTER

<WHEN "F“1S HIGH |T smps)

92CM~34534R(

Limits at indicated Temperatures (°C)
CHARACTERISTIC TEST Values at -55, +25, +125 for D, H Packages UNITS
CONDITIONS Values at -40, +25, +85 for E Packag
+25
-55 -40 +85 +125 | MIN. | TYP. | MAX.
Quiescent Device Current, ENABLE = 1 5 5 5 5 — 1 5 mA
From Vpp Supply, fpp MAX | ENABLE = 0 5 5 5 5 — 0.2 5
From Ve Supply, lcc MAX 100 100 200 200 — 5 100 uA
Data Flow — CMOS inputs to TTL Outputs
Input Current, N MAX | VIN = 0, 12 V; 60 | +60 | 60 | +60 - +5 +60 uA
Any CMOS input
Output Current, loH MIN | VoH = 3 V, 75 -7 49 42 6 12 _
Vi =2V mA
loL MIN [ VoL = 04 V. 75 7 49 42 6 1 —
Vig = 10 V
TTL 3-State Output Leakage ENABLE = 1 -500 -500 -500 -500 — -250 -500 HA
Current loUT MAX | ENABLE = 0 +100 +100 | +100 | +100 — +5 +100 uA
Data Flow — TTL Inputs to CMOS Outputs
Input Current, fiL MAX Vi =0to 07 Vv, -500 -500 ~500 -500 - -250 -500
1i1H MAX ViH=23V; -450 | -350 | -350 | -350 - -175 | -350 uA
Ilh MAX  {vig=5V; +100 +100 | +100 +100 - +50 +100
Any TTL input
Output Current, VoH = 115 V, _ N N _ _ N _
I0H MIN C\>/'L —o7 v 43 4.2 2.9 25 3.5 6.5 mA
IOLMIN  JvoL = 05V, 43 42 2.9 25 35 65 -
Vi = 23V
CMOS 3-State Output Vo =0, 12 Vv, . .
Leakage Current  louT MAX O\IIN = 0,5V 60 +60 £60 +60 5 =60 pA
Enable and Disable Inputs
L Max [viL=0too7 v |-500 -500 -500 -500 — 250 -500
Input Current, IIH MAX Vip = 2.3 (TTL) -450 -350 ~-350 ~-350 — -175 -350 pA
HH MAX Vi =12V (CMOS) | 60 60 60 60 - 5 60
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DYNAMIC ELECTRICAL CHARACTERISTICS AT Tap = 25°C; Vpp =12V, Ve =5V

TEST CONDITIONS LIMITS
CHARACTERISTIC UNITS
INPUT OUTPUT Cyp =50 pF CL = 200 pF
TYP MAX TYP
Propagation Delay Times,
Data-In to Data-Out, CMOS TTL 25 35 35 ns
tPHL, tPLH TTL CMOS 30 45 50
Disable to TTL Out,
tPHZ/LZ 30 45 30 ns
tPZH/ZL 35 50 35
Enable to CMOS Out,
tpHZ/LZ 20 30 20 ns
tpZH/ZL 45 60 45
Transition Time, CMOS TTL 20 40 55 ns
tTHL, tTLH TTL CMOS 20 40 55
[~ TOOT AMBIENT TEMPERATURE (T, 1% 29°C AMBIENT TEMPERATURE (T, 15 20°
« e ]
£ R i
L ATE- TO- SOURCE VOLTA 3 G
27 & GATE- TO- SQURCE T o9 * 2V ]
P Z 0
& H 3
£ HH £
3 o
5 5 5
3 : : 3 H :
[ 5 75 10 ’s 15 : 2 4 - 8 ©
DRAIN-TO-SOURCE VOLTAGE ( Vps)—vgzcs.“su' DRAIN- TO - SOURCE VOLTAGE { vDS)_!tCS-MSSI
Fig. 3 - Typical N-Channel output low (sink) Fig. 4 - Typical output low (sink) current
current characteristics - CMOS to TTL. characteristics - TTL to [CMOS.
1 S0[ AMBIENT TEMPERATURE (T 1< 25°C T AMBIENT TEMPERATURE (T, 1=25°C
TR e ]
] (e aAENN Ry T
3 rrir'é-#;r{-ﬁsﬁdacs VOLTAGE (Vggi= 12V 1 -':,
H 7S 'S 30] R a
: — GATE- TO- SOURCE TAGE (Vgg =12V
g 5 o
S H
S I 3
: s
;’uz‘ v g 10 H
3 A
] 5 10 15 2 : 4 s 10
DRAIN- TO - SOURCE VOLTAGE ( Vpg)~V DRAFN-TO - SOURCE VOLTAGE ( Vpg}—V
92CS-34537 92C8-34828
Fig. 5- Minimum N-Channel output low Fig. 6 - Minimum output low (sink) current
{sink) current characteristics - CMOS characteristics - TTL tol CMOS.
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Fig. 7 - Typical P-channel output high
(source) current characteristics - CMOS
to TTL.
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Fig. 9 - Minimum P-Channel output high
(source) current characteristic - CMOS
to TTL.

AMBIENT TEMPERATURE (14 ) = 25°C
SUPPLY VOLTAGES Vpp*!2V, VgcaBV

1 YR "
HH t t
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TIME (g oy py1=1s
e

8

TTT

DATA-IN TO DATA-OUT PROPAGATION DELAY

o 50 100 150 200
LOAD CAPACITANCE (Cp }—pF 520534543
Fig. 11 - Typical DATA-IN to DATA-OUT
propagation delay as a function of foad
capacitance.
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92CS-34540

Fig. 8 - Typical output high (source) current
characteristics - TTL to CMOS.
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Fig. 10 - Minimum output high (source)

current characteristics ~ TTL to CMOS.
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Fig. 12 - Typical transition time as a function
of load capacitance CMOS-to-TTL or
TTL-to-CMOS.
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Fig. 13 - Power dissipation as a function of

The photographs and dimensions of each CMOS chip representa
chip when itis part of the wafer. When the water is separated into
individual chips, the angle of cleavage may vary with raspect to
the chip tace for different chips. The actual dimensions of the
isolated chip, therefore, may differ slightly from the nominal
dimensions shown. The user should consider a tolgrance of —3
mils to +16 mils applicable to the nominal dimensions shown.

frequency - CMOS to TTL.
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Fig. 14 - Power dissipation as a function of
frequency - TTL to CMOS.
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92CM-34547

Dimensions in parentheses are in millimeters and are derived from
the basis inch dimensions as indicated. Grid graduations are in
mils (10-3 inch).

Dimensions and Pad Layout for CD40116H
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