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TC4000 Series

Product Name Function
TC4001BP/UBP QUAD 2-INPUT POSITIVE NOR GATE
TC4002BP DUAL 4-INPUT POSITIVE NOR GATE
TC4006BP 18-STAGE STATIC SHIFT REGISTER
TC4007UBP DUAL COMPLEMENTARY PAIR PLUS INVERTER
TC4008BP 4-BIT FULL ADDER

TC4009UBP HEX INVERTING BUFFER/CONVERTER
TC4010BP HEX NON-INVERTING BUFFER/CONVERTER
TC4011BP/UBP QUAD 2-INPUT POSITIVE NAND GATE
TC4012BP DUAL 4-INPUT POSITIVE NAND GATE
TC4013BP DUAL "D"-TYPE FLIP FLOP

TC4014BP 8-STAGE .STATIC SHIFT REGISTER
TC4015BP DUAL 4-STAGE STATIC SHIFT REGISTER
TC4016BP QUAD BILATERAL SWITCH

TC4017BP DECADE COUNTER/DIVIDER

TC4018BP PROGRAMMABLE DIVIDE-BY-N COUNTER
TC4019BP QUAD AND-OR SELECT GATE

TC4020BP 14-STAGE BINARY COUNTER

TC4021BP 8-BIT PARALLEL IN/SERIAL OUT S.R
TC4022BP DIVIDE BY 8-COUNTER/DIVIDER
TC4023BP TRIPLE 3-INPUT POSITIVE NAND GATE
TC4024BP 7-STAGE BINARY COUNTER

TC4025BP TRIPLE 3-INPUT POSITIVE NOR GATE
TC4027BP DUAL J/K MASTER-SLAVE FLIP FLOP
TC4028BP BCD TO DECIMAL DECODER

TC4029BP PRESETTABLE UP/DOWN COUNTER
TC4030BP QUAD EXCLUSIVE-OR GATE

TC4032BP TRIPLE POSITIVE SERIAL ADDER
TC4034BP 8-BIT LBIDIRECTIONAL BUS REGISTER
TC4035BP 4-BIT PARALLEL IN/PARALLEL OUT S.R
TC4036BP 4 WORD BY 8 BIT STATIC RAM
TC4038BP TRIPLE NEGATIVE SERIAL ADDER
TC4039BP 4 WORD BY 8 BIT STATIC RAM
TC4040BP 12-STAGE BINARY COUNTER
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TC4000 Series
Product Name Function
TC4042BP QUAD "D"-LATCH
TC4043BP QUAD POSITIVE NOR R/S LATCH
TC4044BP QUAD POSITIVE NAND R/S LATCH
TC404TBP ASTABLE/MONOSTABLE MULTIVIBRATOR
TC4049BP HEX INVERTING BUFFER/CONVERTER
TC4050BP HEX NON-INVERTING BUFFER/CONVERTER
— \
TC4051BP ]?éﬂg%lgé%ym ANALOG MULTIPLEXER/
TC4052BP géigi??g{éﬁ;R4 CHANNEL ANALOG MULTIPLEXER/
TC4053BP TRIPLE 2-CHANNEL ANALOG MULTIPLEXER
TC4054BP 4-LINE LC DISPLAY DRIVER
TC4055BP BCD TO 7-SEGMENT LC DISPLAY DRIVER
TC4056BP BCD TO 7-SEGMENT LC DISPLAY DRIVER
TC4063BP 4-BIT MAGNITUDE COMPARATOR
‘ TC4066BP QUAD BILATERAL SWITCH
TC4068BP 8-INPUT POSITIVE NAND GATE
TC4069UBP HEX INVERTER
TC4071BP QUAD 2-INPUT POSITIVE OR GATE
TC4072BP DUAL 4-INPUT POSITIVE OR GATE
TC4073BP TRIPLE 3-INPUT POSITIVE AND GATE
TC4075BP TRIPLE 3-INPUT POSITIVE OR GATE
TC4076BP QUAD "D"-TYPE REGISTER
TC4078BP 8-INPUT POSITIVE NOR GATE
TC4081BP QUAD 2-INPUT POSITIVE AND GATE
TC4082BP DUAL 4-INPUT POSITIVE AND GATE
TC4085BP DUAL 2-WIDE AND OR INVERT GATE
TC4086BP 4-WIDE AND OR INVERT GATE
TC4093BP QUAD 2-INPUT NAND SCHMITT TRIGGER
TC4094BP 8-STAGE SHIFT AND STORE BUS REGISTER
TC4099BP 8-BIT ADDRESSABLE LATCH
TC40107BP DUAL 2-INPUT NAND BUFFER/DRIVER
TC40160BP DECADE COUNTER WITH ASYNCHRONOUS CLEAR
TC40161BP 4-BIT BINARY COUNTER WITH ASYNCHRONOUS
CLEAR
TC40162BP DECADE COUNTER WITH SYNCHRONOUS CLEAR
2 TOSHIBA CORPORATION
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TC4000 Series

Product Name Function

TC40163BP 4-BIT BINARY COUNTER WITH SYNCHRONOUS
CLEAR

TC40174BP HEX TYPE D-FLIP FLOP

TC40175BP QUAD TYPE D-FLIP FLOP

TC40192BP PRESETTABLE UP/DOWN BCD COUNTER

TC40193BP PRESETTABLE UP/DOWN 4 BIT BINARY COUNTER

TC4500 Series

Product Name Function

TC4508BP DUAL 4-BIT LATCH

TC4510BP BCD UP/DOWN COUNTER

TC4511BP BCD TO 7-SEGMENT LATCH/DECODER/DRIVER

TC4512BP 8-CHANNEL DATA SELECTOR

TC4514BP 4-BIT LATCH/4-TO-16 LINE DECODER

TC4515BP 4-BIT LATCH/4-TO-16 LINE DECODER

TC4516BP BINARY UP/DOWN COUNTER

TC4518BP DUAL BCD UP COUNTER

TC4520BP DUAL BINARY COUNTER

TC4521BP 24-STAGE FREQUENCY DIVIDER

TC4522BP PROGRAMMABLE DIVIDE-BY-N 4-BIT BCD COUNTER

TC4526BP g};g}G\‘TRAIMABER LE DIVIDE-BY-N 4-BIT BINARY

TC4527BP BCD RATE MULTIPLIER

TC4528BP DUAL MONOSTABLE MULTIVIBRATOR

TC4531BP 12-BIT PARITY TREE

TC4532BP 8-BIT PRIORITY ENCODER

TC4539BP DUAL 4-CHANNEL MULTIPLEXER

TC4543BP BCD TO 7-SEGMENT LATCH/DECODER/DRIVER

TC4555BP DUAL 1 OF 4 DECODER (POSITIVE)

TC4556BP DUAL 1 OF 4 DECODER (NEGATIVE)

TC4560BP N BCD ADDER

TC4561BP 9'S COMPLEMENTER

TC4572BP HEX GATE 4-INVERTERS PLUS 2-INPUT NOR
GATE PLUS 2-INPUT NAND GATE

TC4583BP DUAL SCHMITT TRIGGER

TC4585BP 4-BIT MAGNITUDE COMPARATOR
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TC5000 Series

Product Name Function

TC5001P 4-DIGIT DECADE COUNTER

TC5002BP BCD TO 7-SEGMENT DECODER/DRIVER

TC5003P TV SYNC GENERATOR

TC5010P 4-DIGIT UP/DOWN COUNTER WITH TIMER

TC5012BP 3-STATE NON-INVERTING BUFFER

TC-5018P 4-STAGE BINARY COUNTER WITH R.C./0SC

TC5020BP HEX LOW TO HIGH TRANSLATOR

TC5022BP BCD TO 7-SEGMENT DECODER/DRIVER

TC5023BP 16 CHANNEL MULTIPLEXER

TC5024BP QUAD 3-STATE BUS BUFFER ("L" LEVEL)

TC5025BP QUAD 3-STATE BUS BUFFER ("'H" LEVEL)

TC5026BP DECADE COUNTER

TC5027BP BINARY COUNTER

TC5029BP QUAD 2-INPUT NAND +N CHAN OPEN DRAIN

TC5032P 6-DIGIT DECADE COUNTER

TC5036P 17-STAGE HIGH SPEED FREQUENCY DIVIDER (DYNAMIC)
TC5037P 4-DIGIT DECADE COUNTER

TC5048P 17-STAGE HIGH SPEED FREQUENCY DIVIDER (DYNAMIC)
TC5050P DUAL 50/64-BIT STATIC SHIFT REGISTER

TC5051P 4 DIGIT DECADE COUNTER WITH/BLANKING COUNTROL
TC5052P 4 DIGIT DECADE COUNTER WITH/CLOCK ENABLE
TC5053P 4 DIGIT UP/DOWN DECADE COUNTER

TC5054P 4 DIGIT UP/DOWN DECADE COUNTER

TC5055P 35 DIGIT DVM CIRCUIT

TC5064BP HEX HIGH VOLTAGE BUFFER WITH INHIBIT/NON INVERTING
TC5065PB HEX HIGH VOLTAGE BUFFER WITH INHIBIT/INVERTING
TC5066BP 7-HIGH VOLTAGE BUFFER/NON INVERTING

TC5067BP 7-HIGH VOLTAGE BUFFER/INVERTING
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TC7400 Series

Product Name Function
TC7400BP QUAD 2-INPUT POSITIVE NAND GATE
TC7404UBP HEX INVERTER

TC7476BP DUAL J-K MASTER-SLAVE FLIP FLOP
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[1] EXPLANATION
1. C2M0S IC Family

1.1 €2M0S

c2M0s (C Square MOS) is the abbreviation of Clocked CMOS which was
released as a circuit application of CMOS by TOSHIBA in 1973 and is
extremely efficient switching method used in CMOS circuit.

Therefore, the trade mark of C2MOS is commonly used for our CMOS
ICs incliuding ones which do unot have the clocked gates. C2ZMO3 ICs are

named as follows.

TC[REFE]P  or  TC [Fxxx] BP

The first two alphabetic characters are the abbreviation of TOSHIBA
CMOS and the following four or five digits of numeric characters are for

classifying the functions of products.

The last character, P indicates that the type of sealing is plastic
package and the products having "B" (including the products having "UB")
between the product number and "P'" have the unified operating voltage
range of 3 to 18 volts satiéfying the standard specifications of JEDEC,

namely so called "B Series" products.

c2mos 1€ family can be classified into the following four series
based on the compatibility.

(1) TC4000B Series (Pin to pin compatible with RCA CD4000B Series.)
(2) TC4500B Series (Pin to pin compatibel with MOT MC14500B Series.)
(3) TC5000B Series/TC5000 Series (TOSHIBA's original products)

(4) TC7400B Series (Same functions as TTL SN7400 Series.)

As descrived above, although there are products of "B Sereis" and
non "B Series" in TC5000 Series, all other series are compatible products

having the common operating voltage range of 3 to 18 volts.

The basic development concept of C2MOS IC family is as follows.
For the products of SSI/MSI classes, we develop TC4000B/TC4500B Series
because compatibility should be emphasized. On the other hand for the
LSI classec we develop original products in TC5000 Series because there

are few standard products available from other companies.

TOSHIBA CORPORATION
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A reason of having non "B Series'" products in TC5000 Series is that

it has big cost merit for LSI to design with the operating voltage range

of around 5 volts instead of standard 18 volts.

TOSHIBA B Series C2MOS IC

As in the past time there had not been any specification system

established by the official organization for standard logic CMOS ICs,

each IC Maker had guaranteed based on its own specification system.

In July 1976 the standard specifications for standard logic CMOS products

called "B" Series were publicized by EIA/JEDEC, and several companies

in the United States released already ''B" Series products in 1977.

TOSHIBA "B" Series C2MOS satisfy all the

of JEDEC and have the following features.

1)
2)

3)

4)

5)

6)

Wide operating voltage range of 3 to 18
All the outputs have buffers.

Directly drive two LTTL (low power TTL)
power Schottky TTL) input.

Electrical parameters are guaranteed at

5, 10 and 15 volts.

Classified to "B" and "UB'" based on the

the noise immunity.

standard specifications

volts.

inputs and one LSTTL (low

three supply voltages of

circuit configuration and

The noise immunity of "B'" Type is as follows.

IV (Min.) @ Vpp = 5V
2V (Min.) @ Vpp = 10V
2.5V (Min.) @ Vpp = 15V

TOSHIBA CORPORATION
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2. Operational Principle and Features of CMOS
2.1 Basic circuit and structure of CMOS

Inverter circuit is taken as an example of CMOS basic circuit. CMOS
inverter, as shown in Fig. 1-1, consists of the common input terminal
shared by P-channel enhancement (normally off) type MOS FET and N-chaanel
enhancement type MOS FET and the common output terminal shared by each
drain.

As shown in the same figure, CMOS inverter uses P-channel and N-
channel MOS FETs complementarily.

Usually, the source of P-channel MOS FET is connected to Vyp (+supply)
and the source of N-channel MOS FET is connected to Vgg (usually GND).

Fig. 1-2 illustrates the cross section using the basic process.

N-type silicon is used as substrate for CMOS basic process.

For normal P-channel MOS FETs, P-type

v
oD impure material is selectively diffused in

P-channel FET the domain of N-type substrate to form the

g D source and the drain. For CMOS, however,
Input D Output since N-channel MOS FET is also required to
G be formed in same substrate, after form-

N-channel FET
s ing P-type island domain (P-well) in N-type
substrate by means of ion implanation,

v
58 N-channel MOS FET is formed in this P-well.

And P-channel MOS FET is formed in the sub-
Fig. 1-1. Circuit Diagram of

trate is i
CMOS Tnverter s outside of this island domain.

VoD IN ouT Vss

A€ Wiring

I 1 d L 1
L] ] [ [nd [e] [nd [a] li]lf? N Oxide film

we

P-channel MOS Tr 4<<§ichannen MOS rf £

Channnel stopper
N substrate

Fig. 1-2 Structural Cross Section of A4 Gate CLOS

TOSHIBA CORPORATION 9
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N-type substrate and P-well are separated (reverse biased) by Vpp
and Vgg. Therefore, P-channel and N-channel FETs operate independently

each other with no mutual interferences.

Fig. 1-2 is the basic cross section of CMOS inverter. The static
protection circuit is inserted in the input gate as shown in Fig. 1-3 for

the actual products.

Input v Input Gate A

L »] L] [2]

P-well

N-substrate
VDD

Fig. 1-3 CMOS Input Protection Circuit

Fig. 1-4 shows the equivalent circuit of CMOS inverter including
the input protection circuit and the parasitic circuits. Fig. 1-4 actually
represents the circuits of TC4069 UBP and TC7404 UBP.

VoD

D1,D2; Input protection diode
D KX [4 D3 | Dg b R ; Input protection resistor
7

Dn,D, : Parasitic diode formed by
IN O o 3
R L4 ouT P-channel MOS Tr
DIR 5 | Dg ‘ Dg,Dg ; Parasitic diode formed by
2 N-channel MOS Tr

Dy

Parasitic diode formed by

V.
58 P-well

Fig. 1-4 CMOS Inverter taking Parasitic Circuits into Consideration

Although the diodes inserted in the equivalent circuit are all re-
verse bias during operation without causing any interferences for normal
circuit operation, caution should be observed since degradation and damage
of the elements may be resulted by making those diodes forward biased when
the power supply is connected with reverse polarity or the interface is

driven roughly.

10
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2.2 Basic characteristics of CMOS

CMOS is a classification based on the circuit configuration and the

characteristics of each MOS FET actually used are equal to common enhance-

ment type FETs.

Therefore, in the case of CMOS also, the characteristics of P-channel

and N-channel MOS FETs can be basically approximated by Shockley's

equation.
Ips = K [2Vpg(Vgs - VT) - Vps2], Vps< Vgs - V7 ..... (1.1)
Ips = K (Vgg - Vp)2 s Vps 2Ves = VT ..... (1.2)
Ips = 0 ,» Vgs £VT ceees (1.3)

Where the constant K is

W . _Eox
2L tox

(L 3 Channel length
w 3 Channel width

Using the above approximation equations
(1.1) ~ (1.3), the basic characteristics are

explained below taking inverter as an example.

(1) Transfer characteristic of inverter

The input voltage, the output voltage and
the power supply voltages are assumed to be
VIN, VoUT and +V volts respectively.

The threshold voltages are assumed to be Vpp
for P-channel FET and VTN for N-channel FET

respectively.

TOSHIBA CORPORATION

Eox ; Dielectric constant of gate oxide film

tox ; Thickness of gate oxide film

# 3 Mobility of electron or positive hole

Vps ; Potential difference between drain and source
Vgs ; Potential difference between gate and source
\VT s Threshold voltage

Vpp (Vo)
Vas \
Vps
Vrp 1
VIN Vour
VTN }
\ Vps
Vas /
Vss (0V)

Fig. 1-5 Relationshipsof
Various Bias

11
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Here, Vpp is considered to have negative value and Vyy to have positive
value. As it is clear from Fig. 1-5, Vps and Vgs which appeared in equations
(1.1) ~(1.3) are

Vps = Vout » Ves = VIN
for N-channel FET.

So, equations (1.1)~ (1.3) can be rewritten as shown below

Ipgy = KN [2Voyur (Vin-Vri) -Vour?ls VouT < VIN - VTN ... (1.4)
Ipsy = Ky (VIN - VTN)2 ,» Vour 2 VIN - VrN ..1.(1.5)
IpsN = O , VIN & VIy ..1.(1.6)

On the other hand, since
Vps = Vo - Vour AND Vgg = Vg - Viy
for P-channel, equations (1.1)~ (1.3) can be rewritten as follows.

Insp = Kpl2(Vo-Vour) (Vo-Viyn-| VTP|)- (Vo-Vour) 21,

Vour > VIN + |Vrp| ..... (1.7)
Ipsp = Kp(Vo-Vin-|VTP| )Z»VOUT S vy + [Vrp| ... (1.8)
Ipsp = 0 ,2VIN + IVTPI z2V) eenn (1.9)

When the input voltage of inverter varies from O volts to Vg volts,
the operating range of each MOS FET can be classified into the follow-

ing five regions.
® oysvVys VN
@ VvIN <VIN <Vour - |Vrp|
® Vour - IVrp| < VIN € Voyr + Viy
® voyr + VN <Viy <Vo - |Vrp|

® vVo- Vel £ VN E Vo

The currents in the above five regions for each FET forming the

inverter can be represented by equations (1.4)~ (1.9) respectively.

12 TOSHIBA CORPORATION
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When the input/output transfer characteristic is to be obtained, since
the current carried by P-chanmel, Ipgp is equal to the current carried
by N-channel, Ipgy, the transfer characteristic in each region is ob-

tained by making IpsN = Ipgp.

Especially, by making Ipgy = Ipgp in the equations (1.5) and (1.8) of

current in the region of () , the following equation is obtained.

K;
VN ( /%) + Vg - |va]
K;
L+ gy )

Fig. 1-6 shows the comparison between the theoretical values obtained

Vin =

by those equations and the measuring values.

TOSHIBA CORPORATION
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~ 10
>
Z
]
B 8
> Measuring
value
g Theoretical
3 value by
3 Shockley's
= equation
)
3
a
5
S
8

Input Voltage VIN (V)

Fig. 1-6 Input/Output Transfer Characteristic

(2) Step response of inverter

When step input which varies from 0 volts to +Vg volts is applied to the

inverter input, P-channel FET is turned off and N-channel FET is turned

on.

As a result, electrical charge stored in the load capacitor Cpoyr is

discharged through N-channel FET and the output voltage Vouyr varies from

+Vp volts to 0 volts as the discharge proceeds.

a)

When Voyt 2 Vo - VTN

The equation for current is given by (1.5) and since Coyr is dis-
charged by this current,

d Vour
- IpsN = Cour —q¢  » Vour=Vo at t =0

When this is integrated,

Vi C
t ouT OUT
-/(; dt -fVO ————-————TKN (VO'VTN) deUT

Namely, CouT

t =m (V() - VOUT) veeeseesss (1.10)

14
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If tgp is defined at Vour = Vg - VTN,

en = —cour - VIN
0 Ky (Vo = Vrn) 2
b) When Vout s Vo - VTN

If integrated similarly as a) using equation (1.4),

v
/S dae = __-Cour x L 00T

1
— L Xyo_y {~—+——-———} av,
° 2KN (Vo-VTN) 0-VIN Vour = 2(Vo-VouT)-Vour ouT
Then, ( )
c v ¢ Vo-VTN) -V
outr VTN oUT o (0¥ Vour, (1.11)
KN (Vo-VTN) 2Ry (Vo-VTN) VouT

As the fall time tf is the time required for the output voltage to vary
from 90% to 10%, if t; is assumed to be the time for the output

voltage to reach 90% of Vg and t) is assumed to be the time

to reach 10% of Vg, t; and t) are given from equations (1.10) and
(1.11) as follows.

Cout
t] = w7 x 0.1V
17 y@Wopp? ¥ 0
o = __0OUT VIN + —_cour 2, [Z(VO‘VTN)-O.IVO]
2 KN(Vo—VTN)Z 2KN (Vo-VTN) 0.1Vp
Therefore,
VIN-0.1V v
tf = to-ty ={——%§:%§%—9-+ 1/2 £n [20(1- 6559-14 X TN ...(1.12)
Cour

T = —_
where N KN(Vo‘VTN)

¢0X MN WN
K =1/2._——.__

N tox LN
The rise time ty can be obtained similarly and the result will be

the same as equation (1.12) except that N is replaced by P.

TOSHIBA CORPORATION 15
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2.3 Features of CMOS

Table 1-1 compares the characteristics of logic families including
CMOS. From this table it is clear that although the speed is slower
than others, the power consumption in quiescent state and the noise im-
munity are far superior to others.

And since CMOS has wider operating supply voltage range, the supply
voltage can be flexibly set according to the applications and where to
be used.

Table 1-1 Comparison of Various Logic Families
Parameter Standard|Low power|Low power DTL CMOS CMOS
(typical values) TTL TTL Schottky TTL (5Vv) (1ov)
Propagation Delay Time(ns) 10 33 5~10 30 70 35
F/F Toggle Frequency (MHz) 35 3 40 ~ 80 5 3 6
Quiescent Power Con- 10 1 8.5 2 | 5%x10-6 | 2x10-5
sumption (mW)
Noise Immunity (V) 1 1 0.8 1 2 4
Fanout 10 10 20 8 50 50

(1)

Propagation delay and F/F toggle frequency

As shown by equation (1.12) in 2.2, the propagation delay of CMOS
is proportional to Coyr (load capacitance) and inversely proportional

to the constant Ky which is determined by design and process.

Therefore, in order to make the propagation delay shorter, it is
necessary to make Coyr smaller and W/L in design considerations.
However, since the internal diffusion capacitance in CMOS is included
in CoyTr, the internal capacitance increases proportionally to W/L and

actually the propagation delay tends to have a limitation.

16
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In the standard C2MOS ICs the propagation delay time is determined
by balancing other electrical parameters since there are other limita-
tions such as the output current and the breakdown voltage causing to

have larger value than other logic elements as shown in Table 1-1.

However, the products for specific applications and CMOS ICs
having the capabilities of high speed operations for the high speed
frequency divider are currently being developed, and the speed of
around 10ns delay per internal stage of CMOS at 5 volts has been ob-
tained providing the expectation that the product range of such CMOS
will be expanded for the systems requiring the high frequency opera-

tions in the future.

Quiescent (Static) power consumption and operating power consumption

In the standard CMOS, when the input holds "L" (Vsg) level or "H"
(Vpp) level, N-channel FET or P-channel FET is kept turned off. So,
the current from Vpp to Vgg is limited to the reverse direction satura-
tion current of PN junction and the surface leakage current caused
mainly by contamination on the chip surface; consequently, the value

is only 1nA~2nA at the normal temperature for gate ICs.

TOSHIBA CORPORATION
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In the case of other logic circuits except CMOS, when the output
driving transistor is turned on, direct current flows down from
Vcec to GND through the load causing the power consumption in the
quiescent state to be approximately equal to the operating power con-

sumption.

The operating power consumption of CMOS can be considered to be only
the switching power loss which is generated to charge/discharge the load
capacitance while inverting the logical levels, so that the operating

power consumption is proportional to the switching frequency.

10

Standrad TTL //’ <4,/////

Low Power Schottky TTL ,//
Ll

10

NN
N

; "
5] ///
~ | Low Power TTL A __~
=
&
<
S
AN
A
[
0.1
001
10% 10* 10° 108 107

INPUT FREQUENCY (Hz)

Fig. 1-7 Operating frequency VS Power Consumption of CMOS/TTL

Fig. 1-7 shows the relationship between the operating frequency and
the power consumption of TTL and CMOS. As shown in the figure, the
advantages of CMOS will be fully utilized at the operating frequency
lower than 106Hz.
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(3) Noise immunity

For CMOS circuits as shown in Fig. 1-6, since the device threshold
voltage is ideally set to the mid-point of supply voltage, the maximum
noise immunity can be obtained among the various logic devices.It can be seen
from the same figure that the standard value of noise immunity for CMOS
is 2 volts (at Vpp = 5V) or 4 volts (at Vpp = 10V), which are consider-
ably larger than the value of 1 volt for TTL.

The device threshold voltage of CMOS, however, is determined by
ON-resistance ratio of P-channel and N-channel MOS FETs and directly
affected by the variations of those values. Therefore, the noise im-
munity guaranteed in the catalog of "B Series'" products is 1 volt (at
Vpp = 5V) or 2 volts (at Vpp = 10V), and attention shouldbe paid to this

point.

(4) Fanout

Since the protection diodes are reversely biased as long as rating
voltages (Vgs ™V Vpp) are applied, CMOS input has extremely high DC
impedance (Ryy * lOllQ).

Furthermore, since the gate of MOS FET equivalently funcitons as
one of electrodes of parallel plate capacitor, AC characteristic indicates

the capacitive value of approximately 5pF.

This situation can be illustrated as shown in Fig.l-8. These
resistive component and capacitive component are inserted in parallel

to Vpp side and Vss side.

Cy Ry 3 1010-~1012 g

Tnput Ctv; 3 ° 5 pF

Equivalent Circuit of CMOS Input
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Therefore, in order to drive CMOS input, only very little current
is required electrically to supply or to drain. This fact means that
the output impedance of normal CMOS is around 200 ~ 1K@ which makes it

possible to drive the almost unlimited number of CMOS in DC operation.

However, as the number of fanout increases (n,for example), all
of input capacitance CIN are connected in parallel,increasing the load
capacitance of output. So, the load capacitance viewed from the driving

side is,
CL=m * CIN+CS toveennacnannns et sesesecnnans (1.13)

Cg : Stray capacitance generated by wiring, etc.

and this Cj, causes the propagation delay time to increase.

Considering these situations, the practical number of fanout
for C2MOS has been determined to be 50. The fact that 50 fanouts can

be actually provided eliminates almost all restrictions in the wiring

arrangements of wired logic circuits.

3. Basic Circuit of CMOS
3.1 Positive logic and negative logic

The difference between positive logic and negative logic is only
conceptual difference and it can not be said that the positive logic
should be used for CMOS.

The negative logic is easier to consider about P-channel MOS de-
vice due to the fact that negative supply voltages are used and that FET
is turned on when negative potential is applied. Ho@ever in CMOS both P-
channel and N-channel are the driving MOS and also the load MOS, so

the conditions are same for the positive logic and the negative logic.
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3.2

It has been decided that C2MOS family is described in the positive
logic in the catalog because of the facts that the positive logic is
easier to handle for the design engineers who are familiar with the
design works of wired logic circuits especially with TTL and that re-
cently N-channel LSI become more and more popular and the positive

logic is more convenient for the interfaces.

In order to avoid any confusion on the positive logic and the
negative logic of the truth table, the potentially high logic level si
described to be "H" level and the low logic level to be "L'" level.
Therefore, "H" in the truth table corresponds to "1" of the positive

logic and "L'" corresponds to "0" of the same positive logic.

Basic logic circuits

The basic logic blocks used in C2MOS are shown in Table 1-2.
The logic diagrams illustrated in the technical bulletin of each
product and the logic diagrams in this manual are configured by the
basic blocks shown in Table 1-2. With partial exceptions, these logic
diagrams are based on MIL-STD806(C). (Special symbols are used for the

clocked inverter, the transmission gate, etc.)

TOSHIBA CORPORATION
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Table 1-2 Basic Logical Circuits

Circuit Function

Logical Symbol

Logical Equation

or Truth Table

Inverter A —Do-x A—4>~ X X = A
NAND Gate A :D_ A _ CTa%
: X B:D—x X = A B=A+B
A A - =
NOR Gat = =
ate B Dx BD X X A+B=4-3B
A A —
- X =A-B=A+B
AND Gate . :D—x B:Do—x
A e
OR Gate B :D—X Q:Dx X = A+B = A-B
A X
Clocked 7 3 ﬁ " T % ; Don’t Care
Inverter A —-M— X A-—c{>}——x = T H HZ,High
2 2 T ¥ [ uz ‘ Impedance
2 2z [ Al X ¥ ; Don’t Care
Transmission H H H .
A X A X HZ,High
Gate N H L L Impedance
4 2 L X | HZ
EXCLUSIVE - OR A 24T
= + . + B
Gate B :ID_ X x (a+B)-(a )
EXCLUSIVE - NOR A :)D°_ <. 5
X = . + .
Cate B X (A-B)+(A-B)
5 S R D CP Q
JS i H| L |[x]x]H
S 5 L[ BE|x | x|¢L
D - Type D—D Q-q D™D Qfq L L 5| 5 H
Flip - Flop B |- el I NN I
cP—CP; Q-q CPdcpg gla L L% ]| |[ane
T b
R R % ; Don’t Care
A5 No Change
— S R J K CP Q
L H X RS X L
J/K Type § 7475 g
P TPy’ e L ||| o | F] e
Flip - Flop CP cP CEHCF _ L L L H J L
K4k R Q|- Q K R QI Q L | L | B | L | F H
T Y L L H H| F [Q+™
R R LT[ x]x]][ane

X% ; Don’t Care
&5 No Change
< , Toggle

22
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3.3 Configuration of basic circuit

(1) NAND/NOR
CMOS NAND gate, as
illustrated in Fig. 1-9 i),
is formed by connecting P-
channel FETs in parallel
between Vpp and the output
and by connecting N-channel
FETs in series between Vss

and the output.

When both inputs A and
B are "H", both of N-channel
FETs in series are turned
on, causing the impedance be-

tween X and Vgs to be low.

at this time, both of P-

VoD

VoD
o——
X |
B O—
A
Bo— =4
Vs

X
Vss S
A
X
B
i)

NOR Gate

O

1
1
]
>

st

A

.

B
i) NAND Gate i

channel FETs are turned off
cutting off X from Vpp.
generating "L'" level.

channel FETS

the output to be "H'" level.

is turned on and one N-channel FETS

Fig. 1-9 NAND/NOR Gate

Therefore, the output becomes nearly equal to Vgg

In the case of other input modes, at last one of P-

are turned off causing

NOR gate of ii) in Fig. 1-9 is fabricated in the reversed way of NAND

gate i) to generate "H" output only when both of inputs A and B are "L".

The gates with 3 inputs or more can be realized with the same configura-

tion simply by increasing the number of stages of P-channel or

N-channel FETs

four inputs the device can be configured with one stage, but the gates with

in series or in parallel.

more inputs are realized by combining the basic circuits.

(2) AND/OR

In the case of C2MOS up to around

Since the output is always inverted by one stage of CMOS gate, AND gate

and OR gate are realized by adding an inverter to the output of NAND/OR of

(1).

TOSHIBA CORPORATION
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Therefore, it is important for CMOS MSI/LSI to effectively combine

NAND/NOR rather than to fabricate the gates with AND/OR, in order to re-

duce the number of elements.

(3) Transmission gate

Fig. 1-10 illustrates the basic circuit of transmission gate.

This circuit provides the function of reed switch which transmits the data

when both of P-channel and N-channel are "ON" (c="H'") and separates the

output from the input when those are "OFF'" (C="L").

Since both of P-channel and N-

channel are used, the capability of

cancelling the back gate bias effect is
one of advantages and the capability of
keeping the low impedance over the wide
signal range of Vgg~Vpp is another ad-

vantage.

The applications would be as follows.

=

i) Switching functions of sequencial

circuits, such as shift registers, counters, etc.

ii) Analog switches iii) 3-stage gates¥*

Fig. 1-10 Transmission Gate

*3-state gates: 3-state is named for the capability of providing three

states of output which are normal "H'", normal "L'" and high impedance

condition not being connected to Vpp or Vgs, namely not "H" nor "L".

This characteristic can be applied for the intervace with bus line of

process control systems and multiplexers.

(4) Clocked gate

When a delay circuit or a switching circuit is
required, the transmission gate is usually used.
However, this circuit has a disadvantage that the
pattern becoms more complicated with increased area
when the circuit is to be integrated in LSI. The
one which overcomes this disadvantage keeping the
characteristics of conventional transmission gate
is the clocked gate (clocked inverter) shown in
Fig. 1-11.

Vpp

§0»4 Q1
Q2
IN ouT

Fig. 1-11 Clocked Gate

24
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(5)

Q2 and Q3 are normal configuration of inverter, however by serially

inserting Q; and Q4 in the circuit, the function of normal inverter can

be obtained when Qi and Q4 are "ON" (4="H") and the output has high im-
pedance when Q] and Q4 are "OFF" (¢="L").

Although this circuit does not
have the functions of analog switch,
all the other functions of transmis-

sion gate are provided.

If the concept of this clocked
inverter is expanded, clocked NAND and

clocked NOR can be realized.

Exclusive OR/Exclusive NOR

Exclusive OR is also called
coincidence circuit which gives the

output of "L'" when all the inputs

i) BExclusive OR

o
W
>

i) Exclusive NOR

Fig. 1-12 Exclusive OR/NOR

are at "H'" or "L" level and gives the output of "H" when at least

one of inputs differs from others.

Exclusive NOR is the one with the inverted output of the above ex-

clusive OR and gives the output of "H" when all the inputs coincide at

"H" or "L" level.

Fig. 1-12 illustrates the configurations of these circuits.

D-type flip-flop/J-K type flip-flop

These will be explained in the chapter of Flip-Flops.
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4, Maximum Ratings and Recommended Operating Conditions
4.1 Maximum ratings

The maximum ratings are specified for each c2Mos product. Not only
for C2MOS, the maximum ratings are the values which should not be ex-
ceeded in order to guarantee the life and the reliability of integrated

circuits, and usually considered to be the absolute maximum ratings.

The absolute maximum ratings are the values which may not be exceeded
even for a short instance and none of any rating values may not be ex-
ceeded. When the circuits are used exceeding the maximum ratings, their
characteristics may not be recovered and in extreme cases permanent

damage may be resulted.

Therefore, when a circuit is designed, extreme attention should
be paid to variations of supply voltages, characteristics of con-
nected components, surges of input/output signal lines, environment tem-
perature, etc. Table 1-3 lists the common maximum ratings of B series
C2ZMos.

When the maximum ratings of each product differ from the common

ratings, the former takes precedence.

Table 1-3 Common Maximum Ratings of B Series c2mos

CHARACTERISTIC SYMBOL RATINGS UNIT
Supply Voltage VDD Vgs - 0.5 ~ Vgg + 20 \
Input Voltage VIN vVss - 0.5 ~ Vpp + 0.5 v
Output Voltage Vout Vgs - 0.5 ~ Vpp + 0.5 v
Input Current IIN + 10 mA
Power Dissipation Pp 300 mW
Storage Temp. Tstg -65 ~ 150 °C
Lead Temp./Time Tsol 260°C-10 sec
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(1)

(2)

Supply voltage

This is supply voltage applied between Vpp terminal and VSS termi-
nal. Usually biased to satisfy Vpp>Vgg and the reverse bias due to the
undershoot of power supply, etc, should be limited to -0.5 volts.

If higher voltage than this value is given in the condition of Vss>Vpp,
the parasitic diode D7 shown in Fig. 1-4 is forward biased causing ex-
cessive current to flow from Vgg to Vpp and in extreme cases, the ele-

ment may be damaged.

The upper limit of 20 volts is established based on the breakdown
voltages of parasitic diodes and transistors of various circuits, and
the value should never be exceeded. If voltage applied exceeding the
rating, CMOS device may reach to the secondary breadown region of
latch~-up, etc. from the primary breakdown region.

Since Vgg is set to GND (0 volts) in most cases, the voltage of Vpp ter-

minal should be considered to be in the range of -0.5 ~ 20 volts.

Input voltage and output voltage

The electrostatic protection diodes are inserted in the input as shown
in Fig.1-3 and Fig.l-4. These diodes are not installed to absorb the
current fed from outside but installed to protect the input oxide film
from the destruction caused by electrostatic charge.Therefore,the input
voltage is limited to the range that the input protection diodes are not
forward biased. The lower limit is Vgg -0.5 volts and the upper limit is
Vpp +0.5 volts.

The output terminal is used usually to drive CMOS and other electro-
nic components and although any voltage is not applied from outside,situa-
tions where the voltage transiently varies due to the external surge
or driving of a capacitive load or an inductive load may possibly exist,
If the output voltage exceeds the range of Vgg ~Vpp in this case, D4 and
Dg of Fig. 1-4 are forward biased causing excessive current to flow from

the output to Vpp or from Vgg to the output.
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As this current possibly causes primary damage of opening the out-
put line and secondary damage of latch-up, the output voltage is simi-
larly as the input specified as a rating to be in the range of Vgg - 0.5
volts ~ Vpp + 0.5 volts to prevent the parasitic diode to be forward

biased.

(3) Input current

This item may seem to be contradictory with the rating of input
voltage (2), but this indicates the critical value at which the input
protection diodes and other elements ywill not be destroyed or degraded
when voltages exceeding the ratings are applied due to surges caused by
interfaces. Therefore it is not recommended to design circuits which
flow DC current through the input protection diodes. Even when it can
not be avoided to apply voltage causing current to flow to the input,

the current should be limited to 1 mA or less.

(4) Power dissipation

As far as CMOS is used in a normal manner, the power dissipation
is extremely small not causing any problems concerning the allowable
loss. However, when LED is driven or big current is driven by the buffer,
power is consumed in CMOS. For CZMOS, the power dissipation is spec-

ified to be 300 mW per package.

Since the power consumption in the internal circuit can be neglected for
C2MOS in most cases comparing with that of the output stage, the power

consumption can be calculated only considering the output stage.

(5) Storage temperature

This indicates the ambient temperature at which degradation of
characteristics or reliability is not resulted even if the products are
exposed in the environment for long time without applying the
supply voltage. In the case of CZMOS, the storage temperature range

of -65°C~150°C is specified as the rating.
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(6)

4.2

(m

(2)

Lead temperature and time

These are conditions which should be limited when soldered after
mounting C2M0S on the printed circuit board. Regardless whether a solder

pot is used or a soldering iron is used, the lead temperature should be
limited up to 260°C and soldering

should be completed within 10 sec.
When a solder pot is used, the area
which is allowed to dip into solder
is up to the stopper of IC lead Stopper

frame.

R i itions
ecommended operating conditio Fig.1-13 External appearance

These are the ranges where the
operations of C2MOS IC are guaranteed and when the ranges are exceeded
the operations are not guaranteed even if such ranges are inside of
the maximum ratings. Therefore, it is important to use the products

inside of these ranges.
Table 1-4 Common Recommended Operating Conditions of C2M0OS(Vss=0V)

Item Symbol MIN. TYP. MAX. UNIT
Supply Voltage Vpp 3 - 18 \
Input Voltage VIN 0 - Vpp v
Operating Temp. Topr -40 - 85 °C

Table 1-4 lists the common recommended operating conditions of B
series C2MOS. When the recommended operating conditions of each product
differ from the common recommended operating conditions, the former takes

precedence.
Power supply voltage

Wide range of operating power supply voltage, 3 volts ~18 volts from
Vgg is guaranteed for B series C2MOS. The lower limit of 3 volts is
determined by Vy of P-channel and N-channel FETS and when the voltage
becomes lower than this value, Vgs gets so small that the normal
operations of CMOS can not be expected. The upper limit of 18 volts is

determined by the breakdown voltage.

Operating temperature
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This is the temperature range where the normal operations and
characteristics of IC are guaranteed. The operations of B series C2MOS
are guaranteed in the wide range of -40°C ~80°C.
Table 1-5 Electrical Characteristics of TC4001BP (VsS=0V)
SYM- TEST -40C 25C 85T
TTEM BOL CONDITIONS | VDD
(V)| MIN.| MAX. | MIN.| TYP.| MAX.| MIN.| MAX
5] a95| — [ a95| 500 — | ees| —
i Toyr! < 1uzA
High Level Vo | TOUT!S du 10| 295| — | e95|1000] — | ees| —
Output Voltage| 'O |viy=Vgg
15 |1495| — |1495(1500| — |1495| — v
5| — |Joos| — | aoo|aos — | aos
11 L 1A
Low Level VoL four!< s 10 — |oos| — | cooloos | — |cos
Output Voltage Vin=Vss, Vpp
15| — (005 | — | aoo|0o05 — |05
Vou=4.6V 5§|-02| — |[-016|-0a5| — [-012| —
High Level Vou=9.5V 10 | 05| — -04 | -12| — 03| —
Output Current| Iog |y . 155y 15| -14| — | -12|-60| — | -10] —
ViN=V
IN=Vss mA
VoL=04V 5| 052 — | o4a| 15| — | 036 —
Low Level VoL=05V 10 1.3 — 11 35| — Q9| —
Output Current [ 10L [y . _1 ey 15| 36| — 30| 15| — 24| —
Vin=Vss, VDD
Vour =05V 5 35| — 35| =275 | — 35| —
High Level Voyr=10V 10| 7of| — 70| 85| — 70| —
Input Voltage Vig
Vour=15V 15 | 110 — ] 110 825 — 110 | —
1Ty <luA v
Vour=05V,4.5V 5| — 15| — | 225| 15| — 15
Low Level Voyr=1.0v,90V | 10 | — 30 | — 45| 30| — 3.0
Input Voltage | Vip |y o 1sv sy | 15 | — a0 | — |&vs| a0 | — | 40
1Ioyr!<ilua
—
Input "H"Lev Ity |VIg=18V 18 — Q3 —_ 10 Q3 — 1.0 uA
Current |"L'"Level| 17y, |Vip=0V 18| — |[-03| — |F10°[-03| — |-10] #A
5| — 10| — |oooa| 10| — w5
guieicegtr . | %o | Vin=Vss.Vpp| 10 | — | 20| — Joood| 20| — | 15| #A
upply Curren * 15 | — 40| — Joooz| 40| — 30
5. Electrical Characteristics and Switching Characteristics
5.1 Electrical characteristics
Table 1~5 lists the electrical characteristics of TC4001BP.
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(1)

Excluding the products with special specifications, the guaranty of
electrical characteristics and the specifications are standardized, so

that each item of TC4001BP (QUAD 2-INPUT NOR GATE) will be explained here.

High Tlevel output voltage/low level output voltage (Vou/VoL)

Fig.l-4 illustrates the test circuits of VOH/VQL- Each input terminal
is connected to Vgg or Vpp to get the specified logic level at the
output. When the output level can not be determined in the cases of
counters, etc. the output logic is determined by applying pulses in ad-
vance . Since the load conditions are Igy=-1luA and IQL=1pA, and the mea-

surement is taken in the region where IpS of FET is extremely small,

Vop VoD VoD

—Iog=-1xa =— Ipp=1ua = IpL=1lut

Vou VoL VoL

Vss Vss Vss
1) VOH Test 11) VOL Test 111) VOL Test

(2)

Fig. 1-14 Test Circuits of VoH/VoL
usually Voyg % Vpp and VoL # Vgs. In the cases of interfacing CMOSs
each other, the input/output conditions will be approximately equal to the
above values. This fact indicated that the switching operation gives the
ideal swing from Vgg for "L" level of logic signal to Vpp for "H" level

in CMOS circuits.

High level output current/Tow level output current (Igy, IgL)

Fig.1-15 illustrates the test circuits of Igy/IoL. The input condi-
tions are set in the same manner as for measuring Vop/Vpr. In this case,
connecting a constant supply voltage to the output to be measured, the cur-

rent flowing out (IOH) through P-channel FET is measured for high level

o Vpp

o Vpp

- IoL

Vss Vss

Fig. 1-15 Test Circuits of Iou/IgL
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(3)

(4)

output and the current flowing in through N-channel FET is measured for low
level output. These currents are guaranteed at one point in the non-
saturation region (also called triode region) of each FET, and the minimum
values are guaranteed in the specification table for both Ipyg and IQL.
These can be a guidance to achieve current driving by CMOS output.
High level input voltage/low level input voltage (VIH/VIL)

Fig.1-16 illustrates the test circuits of Viy/Vip. Vyg and Vip are the

voltages which can be recognized as "H'" level and "L" level at the input of

VoD VpD
Ior,=1uA
VoL,

Vss

Fig. 1-16 Test Circuits of VIg/VIL
IC being measured, and the minimum value is guaranteed for Viy and the max-
imum value is guaranteed for Vyy. Whether or not IC being measured has cor-
rectly recognizes the input level is confirmed by the fact that the output
level is at the specified level (higher than Vpy or lower than Vpi, listed
in the measurement conditions).

High level input current/low level input current (ITH/IIL)

The input current in
the range of the ratings of
CMOS is considered to be the
sum of the reverse current

of input protection diode

and the surface leakage cur-

111 "ygg

rent. Since both of these Vss v
IL=0V

leakage currents are extreme-
ly small at the normal tem— Fig. 1-17 Test Circuit of ITy/IL
perature {10~5 ~10-4 (uA)}, the operating maximum voltage is applied for

the tests. However, the specified value of + 0.3uA (maximum) is guaranteed
considering stability of automatic testing. Other inputs except one being
measured are usually connected to Vgg for testing VI and to Vpp for testing

ViL-

32
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(5)

(6)

Quiescent supply current (Ipp)

When CMOS input holds Vpp level or Vgg level, as described in the
paragraph of Features of CMOS, P-channel FET or N-channel FET is always turned
off. So, the quiescent supply current is total of the reverse leakage cur-
rents at PN junctions in the chip. This value is also extremely small at
room temperature reaching only 1 nA (10-9 A) (standard value at Ta=25°C,
Vpp=5V) for gate IC. Since this quiescent supply current is guaranteed over
all possible combinations of logic conditions of input pins, the combina-

tions will be of very

i) i) )

Fig. 1-18 Test Circuit of IDD
large number and usually such quiescent supply current is guaranteed at the

point where the distribution is higher than the actual situations taking a

certain degree of margins for test precision and test method.

Fig. 1-18 illustrates examples of test circuits of Ipp. Since Ipp with
both of two inputs helding "H'" can be estimated by measuring at the condi-

tions ii) and iii), the test is omitted in many cases.

High Tevel disable current/low level disable current (Ipu/1Ipt)

This item is not required for TC4001BP but it is required for the pro-
ducts having 3-state output and the products with open drain to specify the
leakage current when the output is placed in the high impedance state.

Ipg 1s the leakage current when the signal of "H" level is applied to
the OFF output and Ipp, is the leakage current when the signal of "L" level is

applied.
I VoD IVDD
v —gN DUTj -——Tm VoD —d pur — IpL
L v our or —IN  ouT
Vss —4IN I Vss _dn f
|_..;L__J V?H l L_,l’___j V?L
Vss Vss
Fig. 1-19 Test Circuits of IDH/IDL
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Fig. 1-19 illustrates the test circuits of disable current.
Naturally, the inputs are connected to generate the high impedance state
at the output to be measured.
5.2 Switching characteristics

The switching characterisiscs are to guarantee the transient character-
istics of C2MOS and specified with the load capacitance of 50pF at the am-—
bient temperature of 25°C.

As the test circuits and the test waveforms are described in the
technical material for each product, only the basic items are explained
here omitting the detail explanations.

(1) Conditions of applying input pulse
Unless otherwise specified, pulse swinging completely from Vgg to
Vpp shall be applied as the input waveform. The rise time and the fall
time are the time required for the waveform to vary from 10% to 90%, and
both of tr and tf are adjusted to 20ns. (Fig. 1-20)
(2) Output rise time/fall time (tr/tf)
The rise time and the fall time of output waveform are the time re-
quired for the waveform swinging from VoH to Vpi, to vary from 10% to 90%.
(Fig. 1-21)
20ns 20ns tr t
Input 0% o VoD Output 90% 90% Von
waveform waveform
10% 10% Ves 10% 108% VoL,
Fig.1-20 Input Conditions Fig.1-21  Output tr / tf
VoD
Input waveform 50% ><’>01>
Vss
tpLy | tpHL
Von
Output waveform 50% 50%
—— VoL
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(3)

High level propagation delay time/low level propagation delay time
(tpLH, tpHL)

These are the propagation delays fromthe time when signal is given
to the input of IC being measured until the output responds. The time
delay from varying the input level to the output to respond varying from
"L" to "H" is called tpLH and on the contrary the time delay required
for the output to vary from "H" to "L" is called tpHL. In practice,
however, since the circuit threshold voltage of CMOS is 1/2.Vpp (theo-
retical value), the time delay is specified to be the time period between

50% point of the input waveform to 50% point of the output waveform.

It may be easy to understand concerning the gate ICs since the
measurement conditions are less complicated, but MSI has higher number of
input/output terminals and the delay time is specified designating the
input pins and the output pins.

Minimum pulse width (tw)

The counters and the registers have the clear and the preset inputs

to determine the initial state in many cases.

The minimum pulse width is the critical value of pulse width with
which these terminals recognize it as the normal signal, and since the
maximum value of distribution is specified, it is required to apply pulse
with the width wider than the value. The pulse width is specified by
the time period between 50% point of the leading edge and 507 point of
the trailing edge.

Maximum frequency (maximum toggle frequency)

This is the maximum frequency at which the flip-flops and the counters
perform normal operations, and the minimum value of distribution is
specified. It is required to design applications with the condition of

the minimum value or lower of the value specified.

TOSHIBA CORPORATION 35




oshiba

L~
R

INTEGRATEDCIRCUIT

TECHNICAL DATA

(7)

Unless otherwise specified, the duty cycle of clock input is 50%.

Maximum clock rise time/fall time (trg/tfd)

When the clock input waveform of a sequencial circuit, such as flip-
flop or counter becomes dull, the possibility of racing or mis-counting
(abnormal counting operations) arises. The critical values of tr¢ and
tfd are specified in the catalog and the clock inputs having rise time

and fall time shorter than the minimum value are required.

Data set-up time

The outputs of flip-flops and shift registers are determined by
the conditions of data inputs at the time of clock input transitionm.
Therefore, if the transitions of clock and data input occur at the same
time, the output may not be definite, so that the data inputs require
to be settled before the transition of clock input, and this required

settling time is called data set-up time.

The maximum value of distribution is specified in the catalog and
it is required to keep the set-up time longer than this value for ap-

plications.
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1.1
(1

[2] INTRODUCTION AND BASIC APPLICATIONS OF PRODUCTS
Gate/Buffer

Gate ICs are the fundamental ones of all the logic ICs, being used
for switching applications with i1SI and LSI. These devices are often
independantly used as a square wave generating circuit, a one-shot
pulse generating circuit. And in some cases it is composed of only
gate ICs like a sequence control circuit. Anyhow, Zt is very important
from the viewpoint of reduction in the quantity of parts used and of

interface circuit design to know the versions of C2MOS gate ICs.

In this chapter, therefore, the description of gute ICs shall be

outiined bufore explaining applications of them.

Outline of gate/buffer
) Gate IC

Table 2-1 is a list of C2MOS gates. In this table, simple one-
stage gate systems (UB types) suitable to analog applications have been
adopted as HEX IWVERTER and QUAD 2-INPUT NAWLC/NOR gaces, and
three-stage gate systems (B types) have been adopted as switching ele-

ments for usual NAND gate and NOR gate.

A proper use of UB types and B types makes it possible to increase
freedom on system design. These gate ICs can drive directly two low
power TTL or one low lower Schottky 7L input.

However, since a standard TTL can not be directly connected, it must be

driven by a buffer mentioned below.

(2) Buffer IC

Table 2-2 is a list of C2MOS buffer gates. All the c2M0S buffers
can perform direct drive of one standard TTL input except P-channel open

drain type.
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Four types, TC4009UBP/TC4010BP/TC4049BP/TC4050BP, are provided
with level converting function to drive the logic system of 5V (e.g.,
TTL/LSTTL) from CMOS of 5~18V (or other high voltage logic devices),

in addition to applications of a usual buffer function.

Three versions, TC5012BP/TC5024BP/TC5025BP, are provided with 3-
state outputs, permitting wired OR, which can be applied to the

multiplexer or interface interface for bus lines and a usual system.

The open drain buffer has been developed for a logic level com-

vertor, a fluorescent display tube driver, etc.
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Table 2-1 List of C2MOS Gate
Logical DC
Function Name Diagram Circuit Configuration Fan Out Others
Inverter TC4069UBP | —o- x6 o
1-Stage
TC4011UBP i Gate
e
TC4011BP
TC7400BP Dt
TC40238P | I P-x3 %
NAND Gate
3-Stage
Gate
TC4012BP | - x2 g—‘_’i}w
2 LTTL
TC4068BP 33* %j:ﬂ)—bw
or
TC4001UBP T 1LSTTL 1‘-;25286
T
TC4001BP o> Drivable
TC4025BP | J o-x3 P;D‘&’—
NOR Gate
DO-XZ 3-Stage
TC4002BP Gate
TC4078BP b g}ﬂ)‘w
Tc4081BP | 1) To——
AND Gate Tc4073BP | I - Tr—d—
Tc4082BP | T Lo—d>—
TC4071BP | 1 - T
OR Gate TC4075BP | 1 - FHo—>—
TC4072BP | § - Fo>—d—
EXCLUSIVE-OR
cate | Tcs030BP | I~ F—d>—
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TECHNICA List of C2MOS Buffer
Function N. Logical Equivalent Ci . BC oth
ame Diagram qulivalen ircuit Fan Out ers
TC7404UBP I
Inverting TC4009UBP } <6
Buffer High to Low
TC4049BP —Do-PD—Po— e
eve
B Conversion
Non-inverting TC4010BP Do—
Buffer D— x6 1 TTL
TC4050BP —Po—P— or
4 LSTTL
Tesorzee | {6 —(>°—c(>]—§j Drivable
3-State 3-State
Buffer TC5024BP _D(X4 —D"—fb"‘a Outputs
resoaspp | x4 | —Do—Phy
TC5029BP T x4| T Vs
IN VDD
{3 =6
TC5064BP ,
Open Drain : Tnm VoD
Buffer %) -
TC5065BP =6 é@ (*) -50v
i
Vbp
TC5066BP =7 | —o
v
TC5067BP =7 _bo_ap_qEﬁ_QDD

Note) (*) Output Breakdown Voltage

40
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(3)

Multifunction Gate

In addition to the basic gates/buffers shown in Table 2-1 and Table
2-2, the c2mos family has three types of versioms, that is, TC4019BP
(Fig. 2-1) which selects 2-channel 4-bit data,TC4085BP (Fig.2-2) contain-
ing two circuits which can be used as 2-channel data selector, and

TC4086BP (Fig. 2-3) which can select 4-channel data.

Vpp © 14
v v
o— 2
B
a1 c12 5
5o
4 18 %, Dls ouT
-
By 1o 1nE 20
OUT = A- B+C- D+ INH
2 © 5
A3 12 Xg A
] B
Br 3
3 o8 .
e ouT
Ap ¢ 11 X,
a TNyl
By 5
Fig. 2-2 TC4085BP
Ay 6 10 X ( DUAL 2 - WIDE 2 - INPUT
L] 1 AND / OR INVERT GATE )
By 79 INHIBIT/EXP
10
KA 9 o—
AIN
o ) Bin
Vpp : 16, Vgg: 8 C1n
DIN
EIn
Fin
GIN
Dp = Ap - KA+Bp - KB HIN :
( 1md) 1 D Vg 1 7
n=1~ .
ENABLE/EXP NC e
Fig. 2-1 TC4019BP Fig.2-3 TC4086BP
( QUAD AND-OR SELECT GATE) ( EXPANDABLE 4-WIDE 2-INPUT

AND / OR INVERT GATE)
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(4) Level converter

Further, the c2Mos family has TC5020BP, a special logic level con-
verter containing 6 circuits, which changes logic level of 5V, such as
TTL/LSTT, to the logic level of 10V ~15V, such as c2M0S. The equivalent
circuit of TC5020BP is shown in Fig. 2-4.

Usually a level converter

(1/6 TC5020BP )
is used by connecting Vgc ter-

minal to the power supply on

%

the side of low voltage, and

4
-

Vpp Vpp terminal to the power sup-

ply on the side of high voltage,

>

N o———!ﬁ

* parastic diode Ry, =160k

respectively.
ouT

TC5020BP is an ideal level
converter for logic conversion

from TTL level to CMOS level

LOW- TO-HIGH

— LEVEL
CONVERTER

T because the threshold voltage
v

8 of input terminal is controlled

to approx.2V~3V without using

Vec. From the viewpoint of in-

Fig. 2-4 TC5020BP ternal circuits, however,it is

( HEX LOW- TO- HIGH LEVEL CONVERTER ) important to keep the condi-
tion of Vcc £ VDD.

(5) Schmitt trigger

TC4093BP is a gate with 2-input

N\ 14
NAND type Schmitt trigger input. In case 14— —1— VDD
where noises together with input signals 1B 2 113 44
enter the ICs, it is often observed that 3 12
1X — — 4B

11

10

=

8

usual gate ICs amplify the noises by

themselves to interfere with the opera- 2X —] 4X
tion of internal circuits; however, TC 5
2B — =~ 3X
4093BP is an optimum IC as a line re- 6
ceiver which prevents such an unfavorable A ] 3B
7
phenomenon. Further, TC4093BP puts. out Vss zA
its power as a level slicer for differ-
ential and integral circuits having ex-
tremely large time constants. Fig. 2-6 TC4093BP
( QUAD 2-INPUT NAND SCHMITT
TRIGGER)
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TC4583BP is a 2-circuit
Schmitt trigger, and outputs
two-input exclusive OR in ad-
dition to forward output and

inverse output.

TC4583BP consists of the
circuits which generate input
hysteresis voltage by insert-
ing feedback resistors between
POSITIVE/NEGATIVE and COMMON.
Further the high level thres-
hold voltage, low level
threshold voltage, and hyste-
resis can be varied by chang-
ing these resistors. The

threshold voltage can be varied

within the range of hundreds of]

ohms through 100k® of external

A- A- A-
POSITIVE NEGATIVE COMMON

e @

ATN AouT

DIs

—>—4—(D) AouT

o1
—D——
BouT

DIS

EXCLU—

DISAELE SIVE OR

g U‘
=
0 n

Boyrt
Dis

POSITIVE NEGATIVE COMMON

resistors.

The methods of connecting
resistors are given in Fig.2-7.
Fig.2-7 (a) shows a connecting

method by use of one resistor,

and Fig. 2-7 (b) shows a con-
necting method which the
threshold voltages of high
level and low level can be
independently varied by using

two resistors.

TOSHIBA CORPORATION

Fig. 2-6  TC4583BP Dual Schmitt Trigger
R Ry
Rz
Pos. Neg. cCom. ‘ | Pos. Neg. Com. .
(a) ()
Fig. 2-7 TC4583BP Method of Connecting

Resistors for Vg Reguration
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1.2 Application of gate IC
(1)

Input expanding method of gate IC

For C2MOS, with the exception of special cases of connecting 3-

state buffer, open drain buffer, etc., no direct connection between outputs

can be permitted; therefore, if input has become insufficient by use of

the gate shown in Table 2-1, it is necessary to make a mutiple-input gate

by a logic combination of gates or to structure AND and OR by use of

diodes and resistors.

Fig.2-8 shows 16-
input AND and 16-input
OR circuits by use of
8-input NAND and 8-input
NAND and 8-input NOR

gates.

Fig.2-8 shows an
example of multiple-
input gate structured
by a combination of
gates. In addition,
there is a method which
a wired OR can be re-
alized by connecting
diodes to CMOS input or
CMOS output.

Fig.2-9 shows ex-
amples of 8-input NAND
gate and 8-input NOR
gate structured by use

of switching diodes.

L

2 TC4068BP
1{TC4001BP

2TC4078BP
1{TC4011BP

Fig. 2-8 Input AND/OR Gates
Vpp
d
151588 2R
[ 4R 151588
%TC4OJZBP L §T04oozsp
.

Fig.2-9 Expansion of Gate by Diodes and Resistors

R 9VDD

—i— —p—
__}Do—+ ]
14{TC4011BP | 1{TC4001BFP
181588 2R
181588 3
n”r

(¢D]

44

TOSHIBA CORPORATION

Fig.2-10 Expansion of_Gate by Diodes and Resistors(2)




INTEGRATEDCIRCUIT

i
Ri=

TECHNICAL DATA

(2)

Fig. 2-10 shows a method of increasing inputs in number by use of
diodes in the same way. In case of the gate expnasion methods by use
of diodes and resistors illustrated in Fig. 2-9 and Fig. 2-10, care
should be exerted to time the current drivesbecause the diode gates
themselves have no amplification function. Since the resistance value
R must be sufficiently large as compared with output impedance of CMOS
and must be so small that the level variation may not be caused by induc-
tion or the like, it is recommended that usually the resistance value

be approx. 10 k ~1MQ.

With this diode gate system, high level signal line voltage is Vpy
- Vg (Vg denotes diode forvard voltage) and low level signal line
voltage is Vpj, + Vg, resulting in a reduction of noise immunity
further direcct current filows in the resistors. Therefore, this
system should not be used with extraordinary frequency, by it should
be applied when the increase in package is prevented at time of shortage

of one gate only or when some gate

outputs are not sufficient in number. © ®
RT a Rg
IN ouT

Pulse delay circuit and hazard CTI Rg™ 10k()
absorption circuit

wm_ [
Pulse phase 1is relatively often N

delayed on a logical circuit, and

v
this circuit is generally often made & Vrnz
tpdl tpdz
up by inserting capacitors into the
signal lines. With C2MOS IC, a fairly 'OUT
long period of delay can be obtained Fig. 2-11 Pulse Delay Circuit

by using CR because input impedance is extremely high. Fig. 2-11 shows
the basic delay circuit of Cc2M0OS IC. In this figure, the input waveform
can be integrated by Ry and Cr inserted into the circuit (Waveform Va).
When this integrated waveform is sliced by the circuit threshold value
(VTH2) of the inverter C) , resultantly the waveform appears on the
output as a waveform being later by tpd2 in rising time than the input

waveform.
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This delay time is shown in the following formulas by ingoring the
internal delay of IC.

VTH2
tpdl = -RrCr-¢n Gjaﬁ;—ﬁ N € ceee. (2.1)
_ VDD-VTH2
tpd2 = -RpCr-2n ( VDD ) eeeeen (S) eeen (2.2)
Ry ; [el Cr ; [F]
1815883;c And, let Vry2 be an ideal
D T 5
a Rr  Rg @ state of 1/2Vpp, the delay time
——[>x>~ is determined by the expression
Cp tpdl = tpd2 = 0.69 CTRT.
Actually, however, when TC4049BP

(TC4001BP or TC4011BP may be used
Fig.2-12 Delay Time Regulating Circuit as inverter)
is used as an inverter, there may be a variation of 0.3 Vpp~0.7 Vpp in
VrH2; therefore, it is necessary to recognize that there is a variation

of 0.3 Vpp~0.7 Vpp in both tpdq1l and tpd2.

When a delay time is required to be defined, it is desirable to
use capacitor jointly with vatiable resistors, for example, as shown is

Fig. 2-12.

The resistor Rg shown in Fig. 2-11 or Fig. 2-12 is a resistor which
limits the input protected diode forward current of the inverter C) in
a transient state of power supply; therefore, approx. 10 ki is sufficient
for it. However, when Cp is less than 500pF, and when the inverter C)
is TC4049BP, this resister can be eliminated. Since the register Rt
used for deciding time constant is considerably affected by the output
impedance of inverter (:) being small value, it may be said to be satis-

factory that its registance is 10k ~10MQ.
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For this type of delay circuit, since the inverter @
slices the waveform which makes a slow change, the output
edge may be apt to oscillated by the influence of power supply ripples.
This effect becomes remarkable when the time constant of CyRy is espe-
cially large, so that mulfunction may be considered when the output of
inverter (@) has been connected to the clock input of counter F/F or the
like.

It is effective that the inverter () is repalced with Schmitt trig-

ger gate to prevent such mulfunction.

To return to the circuit shown in Fig. 2-11, since the potential
of point "a" cannot vary up to Vrgy when the signal of pulse width of
less than 0.36 CpRy has been applied to this circuit, the output does
not invert; therefore, the potential can be used as hazard killer or

noise killer.

Schmitt trigger circuit

When the inverters (NAND gate and NOR gate) are connected each
other in series, and positive feedback is applied to them by using proper
resistor (Rf) (Shown in Fig.2-13) it becomes possible to make up Schmitt

trigger circuit, which provides hysteresis to the input threshold voltage.

Fig. 2-13 shows Schmitt trigger circuit in which two inverters and
two resistors are used. With this circuit, the inverted voltage of the
circuit seen from the input terminal side becomes Vp at rise time and
Vy at fall time, resulting in having the hysteresis voltage equivalently

shown in the following equation:
Vg = Vp - Vy ceeereeeaes (2.31)

High level threshold voltage (Vp) and low level threshold voltage (Vy)

are expressed as follows:
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2
£1ca069UBP R R
Re 4 Vp =(—S§:——i) Vrg ¢ )
—
Rs Cr ' Rg + Rf RS
IN O—wW—s +—0 ouT VN =(—*—§E“—“) V- () Vop  (2.4)
a YD ) f

Therefore, the hysteresis voltage
Vg is then from the formulas of (2.31),
(2.32) _and (2.4).
S
VH =(—§;~)VDD et (2.5)

VouT Here, it is assumed that Rf

is sufficently large as compared

Fig. 2-13 Schimitt Trigger Circuit with the output impedance of the
inverter (2). The theoretical
values of Vp, and Vy in this case are shown in Fig. 2-14 and Fig. 2-15.

For these figures, full consideration is given to the fact that
Vryo has shifted from 0.3 Vpp up to 0.7 ¥pp. In case of this type of
Schmitt trigger circuit as clearly shown in the same figures, the im-
pedances should be used under the condition, Rg/Rf £ 0.4, which shows
that it is difficult to expect Vg of more than 0.4Vpp.

And, in case of Fig. 2-13 the input impedance is as follows:
RN ¥ Rs + Rf
Therefore, when the inverter is connected to the signal source impedance

being very higher than RIN, normal operation may not be expected.

In Fig. 2-13, the feedback capacitor inserted, in parallel, in the
feedback resistor Rf is used for improving the phase of positive feed-

back by the inverter () ; therefore, its ideal value is approx. 500pF.

Since TC4093BP in Fig. 2-5 and TC4583BP in Fig. 2-6 shown in 1.1(5)
of this chapter are Schmitt trigger IC equipped with general CMOS in-
puts, connection can be connected with no trouble even when the signal
source impedance is high. For practical circuits, it is important to

adapt which device in responce to applications and case by case.
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100 T - 100
Eanf
80 = 1 T 1 80
- o P s =L
a2 60 g 60 ==
£ 1 || = -
S - N. | R — v T
R 0 i RN I e S
o | 1 =
> 4 e ] ~
20 20 MJIV
o o | T
0 a1 a2 0& o0& 05 () a1 Qa2 Q3 04 05
Rg/ Ry Rg/Re
Fig.2-14 Rg/Rf-Vp Fig.2-15 Rg/Re-Vy
(Theoretical Value) (Theoretical Value)
100
(4) Astable multivibrator
80 The astable multivibrator may
~ 60 be called a square waveform oscil-
a
£ lator circuit in other words, be-
T w0 ing generally used for the follow-
= ing applications:
20
a) Clock pulse generating source
% 01 Gz 43 a4 as of electronic equipment
R
s/ Re b) Time base of timer, etc.

Fig.2-16 Rg/Rf-Vy
(Theoretical Value)
Fig. 2-17 shows the principle diagram of an astable multivibrator
by two stages of CMOS inverters. (For analyzing the circuit, the
effect by the input protection circuit of the inverter (:) shall not be

considered.)

Fig. 2-18 shows the voltage
Fz waveform of each portion of the cir-
cuit in Fig. 2-17. Now, conceive
al y v ¥ ““2 each time of tp, t1 and ty in Fig.
0)53 @ 2-18, and let us think of the opera-
i}

tion of circuit at each time.

Fig.2-17 Principle Diagram of
CMOS Astable Multivibrator
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tg~t1: Since the output of the
inverter () is at "L"
level, and that of the in-

Vpp+VrH1
N

va \ VbD

VTH1 verter (2) is at "H" level,
Vss
ﬂTHl‘VDD v the capacitor Cy gradually

descends by the differential

Vb 1 2 current flowing in the
Vss

direction of (Vpp-C-Cr-a

VoD
ve L Rr-a-Vgs), and Va gradually
Vss descends by the time con-

to ty tz(=tg)

stant decided by CtRT,

Fig. 2-18 Voltaﬁe Waveform of respectively.

Each Portion
t1 : When the potential Va, which has been decreased for the period

of tg ~t], reaches the circuit threshold ovltage Vrgj (in which
the potential on "C" side of Ct is at Vpp, and the potential

on "a" side is at Vyg1), the inverters (@) and (2) inverter, by
which the point "b'" falls to "H" level and the point "c" falls

to "L" level, resulting in lowering to VTH1-VDD.

t1~ty: In this case, the differential current in the direction of
(Vpp-C-Cr~a-RT-b-Vgs) flows in the direction opposite to tg ~
t1, resulting in a gradual rise of Va.

t2 : When Va reaches Vyyj, the inverters @ and (2) reinvert, which
raises Va to Vpp + VTH1. This mode is the same as tj.

Like this, the circuit in Fig. 2-17 continues oscillation in a

cycle constantly determined by the time constantsof Crt and Rr.

The oscillation cycle T of this circuit is expressed by the following
equation:

VTH1 VpDp - VrH1
)+ n (
Vpp + VTH1 2Vpp-VrH1

T =25 + %2 =~RCT [2n ( )1 ....(2.6)

(T, C1, §2 ..... [S], RT ceses [ﬂ], CT .....[F])

where, if it is assumed that Vrgl is 1/2 Vpp, the above formula becomes
the following equation:

T(0.5) = 1.1RTCT + 1.IRTCT = 2.20RTCT ....n... e eeeeeeeenaa, 2.7)
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Even if the worst cases where Vg is 0.7Vpp and 0.3Vpp,are considered,
they are as follows:

T(0.7) = 0.887R7CT + 1.466R7CT = 2.35RTCT

T(0.3) = 1.466R7CT + 0.887RTCT = 2.35RTCT

Theoretically, even if Vpyy deflects in any direction from 1/2 Vpp, the
cycle T is 106.8% against T(0.5) at the worst, though it is, more or
less, prolonged. Namely, the oscillation cycle is the sum of differ-
entiation on the plus side and that on minus side, so that if one side
makes change, another one shifts in the direction of offsetting the

changed portion. As the result, the oscillation waveform of relatively

o stable cycle can be expected.
20 \ Fig. 2-19 shows the regulation
of Vryp and oscillation cycle.
15 \ / In order to make up this astable
10 x\ // multivibrator by using actual
‘\ / C2MOS IC, it is necessary that
° \\\ //' the input protection diode of the
O 2o 30 40\ s /60/ 0 inverter (1) omitted in Fig.2-17
Vrg1  (%Vpp) is taken into considerationm.
Fig. 2-19 Regulation by Vry In other words, the potential of

of Oscillation Cycle Va in Fig. 2-18 exceeds cyclically
the input rating of inverter C) on both pluse and minus sides, there-
fore, it is necessary to insert the current limit resistor Rg between

the point "a" and the inverter C) input. When this Rg is made small,

the oscillation cycle T becomes

smaller than the theoretic value
R
o~ on circuit operation; therefore,

Rg it may be said that this Rg should
ouT be selected under the conditions
of Rg > 2RT.

c
T With the circuit in which the two

stages of inverter in Fig.2-7 is

Fig. 2-20 Astable Multivibrator of

used, the input and output of the
Oscillation Stability Type

inverter (:) become connected by

resistors.
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(a) With oscillation inhibiting input (bv) Variable type os oscillation

duty cycle
R Rra
¢£ RT2
Rg R L_o
s
N
Lo our _M-Do{>o——->0— ouT
Cp Cr
L._____.| L
i
() With oscillation inhibiting imput (c) Switchin type of oscillation
N frequency
R Rry
Rg T N
N 1
Lo out Rrz
cr re
! r—4M—[>xy{:>o———~£:x>~_4)OUT
Cr
i

Fig. 2-21 Various types of Astable Multivibrators

If there is no difference between Vrg of inverter () and that of in-
verter (), it may well be that all the passes in circuit have the

stability point where they are stable at Vryg to stop oscillation. When
the circuit in Fig. 2-17 is, in reality, combined with CMOS IC, such a
state is sometimes brought about by a combination of capacitor Ct and

resistor Rr.

Thus, it is recommended from the point of stability in oscillation
that the method of using the circuit with three inverters as shown in
Fig. 2-20 be adopted.

Fig. 2-21 shows various types of astable multivibrators.

Monostable multivibrator

The monostable multivibrator is a device which takes out the pulse
output of necessary width by catching the edge of logic signal at rise
or fall time. This device is widely used in a pulse stretcher, which
stretches pulse waveform with narrow width, and for making a long signal

pulse into a trigger pulse.
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Fig. 2-22 shows the basic circuit of monostable multivibrator

(hereinafter it is called 'monomulti" for short).

In this example, as

TC4001BP is used, the pulse of positive polarity can be obtained for the

output at the rise time of input pulse.

The output pulse width is determined by the

VoD

IN

ouT

>

« T

Rl VoD
VIn ll .
Vss

Point "a" ex-

% cesive voltage
: Vpp

VTH2
Vss

w——VDD
v

F_]

88
£ Lt_z.l

Fig.2-22 Basic Circuit of Monostable
Multivibrators

Here, let VTH2 = 1/2 Vpp, we can obtain

ty = 0.69CTRT

time constants of Cr
and R, and the following
equation is obtained

t
Va=V —EXP (- ——
a=Vpp (1-EXP ( RC ))

from the above formula, the

(PN}

formula "a'" is indued as

follows:

Va

t=—RpCr-in (1 -
Tertin 4 -y

)

Therefore, the output pulse
width can be expressed by means

of the following formula:

H

ty=-RgCp-2n(1- w2y (5 g)
VbD

(VTH2: Device threshold

voltage of inverter(:)).

Vop
N c R ouT N I: C Rg out
I FD" R I . Il

VoD Vo5
N ¢ 3R ouT o E ¢ Rg ouT
1 O—I-D'_‘ Pl 11 . N

Fig. 2-23 Various Types of Monostable Multivibrators
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If Vpygy varies to the worst level

of 0.3Vpp~0.7Vpp, it varies within

the range of the following

Ry
VoD
Rg Fr Rg .
1N ol equation:
a Cp b o c
o @ tw = 0.36CTRT ~1.2CTRT
ouT

Thus, if the output pulse width is

required to be put in the defined

Fig. 2-24 Pulse Width Variation time, it is necessary to use Rp
Guarantee Type of together with variable resistor
Monomulti

and fixed resistor.

It is desirable that Rg is

IN I
approx. 10k since this resistor
|
a Lo VoH1 is used for protecting the input
1 '

'ty of inverter C) against excessive

voltage at the point "a'". In

[
! Fig. 2-22, if the trigger pulse
b < VrH2
1

width is shorter than ty, the re-

covery time expressed by t1 is re-

quired, and if it is longer than

tws the recovery time expressed
Fig, 2-25 Voltage Waveform of by to is required. Therefore,
Each Portion when this recovery time is re-

quired to be made shorter, the speed-up circuits (r X 500Q) expressed

by D and r in Fig. 2-22 should be inserted into the monovibrator.

Fig. 2-23 shows various monomultivibrators. With monomultivibrators
of such types as shown in Fig. 2-22 and Fig. 2-23, their output pulse
widths are directly affected by Vry; therefore, if they are applied to
timers, etc., it becomes indispensable to use them in combination with

variable resistors.

The circuit shown in Fig. 2-24 is such a circuit as can utilize
Vryl being almost equal to Vry) because of being considered that C2M0S

inverter/gate are large in
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(6)

® 5 R | S | a|@Q
L L H H
L H L H
H L H L
(') A H H Q% Q *
a Q % HOLD
TC4011BP
S R =
R 5 Q Q
L L Q* Q*-
L H H L
é & H L L H
° H H L L
Q @ * HOLD
TC4001BP

Fig. 2-26 R-S Flip-Flops
variation in threshold values between packages, but the variation in
Vrg within the same package can be held down to 2 ~3%. Therefore, if
Va1 = Vryg2 = VrH, the output pulse width ty can be expressed by the
following formula:

DD-VTH
Vpp

A%
ty = ~RqCplin(— ) + 2n( Vg )T e (2.9)

in which if Vy=1/2Vpp, ty=1.38RTCT,
and if Vqyu=0.3Vpp or 0.7Vpp, ty=1.55RTCT

Thus, even in case of the worst level, the scatter can be held down by

the increase of 127 of the minimum value.

Bistable multivibrator (F1ip-flop)

The bistable multivibrator will be explained in details in [2]4,
but here as the example of flip-flop configurated by use of gate IC
its basic circuits only illustrates. Fig.2-26 shows R-S flip-flop for
which NAND gate TC4011BP and NOR gate TC4001BP have been used.

The flip-flop of this shape is extremely often applied to control

circuits, etc.
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(7) Latch circuit

D ST Q Q
L H L H
H H H L
* L Qn" | Qn
% Don’t care
(sT) 4,/4 TC4011BP Hold

Fig. 2-29 1-Bit Data Memory Circuit (1)

Fig. 2-29 shows the 1-bit latch by use of TC4011BP. With this cir-
cuit, when STROBE is at "H" level, DATA signal is inverted at the input s
of R-S flip-flop and noninverted at the input R, so that this circuit shows
the state of Q = D and Q = D. If STROBE is changed from "H" level to "L"

level in this state, both S and R reach "H" level, and R-S flip-flop
holds DATA at STROBE fall time.

DATA R _
Q D ST Q Q
L L L H
H L H L
S Q * H Qn' | Qn
STROBE * Don’t care
4,/4 TC4001BP Hold

Fig. 2-30 1-Bit Data Memory Circuit (2)

Fig. 2-30 shows the 1-bit latch by use of TC4001BP, in which the
STROBE logic becomes contrary to that shown in Fig. 2-29.

Each circuit in Fig. 2-29 and Fig. 2-30 is 1-bit circuit, but it is
recommended that TC4042BP (4 BIT D-LATCH), TC4508BP (DUAL 4 BIT D-LATCH)

or the like be used for processing the data of 4 bits or more.

(8) Foundation of operation circuit

S A s A B s C

Heao| ¢ L L L L
c L H H L

B H L H L

1/4 TC4030BP+ 1,4 TC4081BP H H L H

Fig. 2-31 Half Adder
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Fig. 2-31 shows a basic half-adder, and the logical expression of

SUM and CARRY outputs is as follows:

S=A®B, and C=A - B
CAp
1
A — A O— [—0 S
F.A. }— 8 = H.A. H.A.
B B o—
T Cao
CAT
CAT
A B [car | s Jcap
L)Ly o] L Fig. 2-32 Full Adder
L L H H L
L H L H L Fig.2-32 shows a full adder
L H H L H which is provided with both carry
H L L H L
function from lower order and carry
H L H L H
H H I I H output to higher order.
H H H H H The logical expressions of S and

S = (A®B) +cap
CAg = A-B + (A(®B)-CAT

CARRY OUT
——

Ap-——-ya CAo
F.A. 8—sp
Bn CcAT
:
,
Ap——Iia C40
F.A. s—Sg
Bg B CAT
CA
—a 0}
41 F.aA. Sf—8;
By B ca;
CARRY
IN

Fig. 2-33 N-bit Parallel
Adding Circuit

This method is followed by using LOOK AHEAD CARRY CIRCUIT.

TOSHIBA CORPORATION

CAp are as follows:

(2.11)
Basically,the addition of binary n-

bits can be realized by connecting
n-units of this full adder.

Fig.2-33 shows a basic parallel ad-
der of n-bits. Since the add time
in this circuit is delayed as the
CARRY signal holds higher-order
position, it is decided by this
delay time, resulting in disadvan-

tage to high-speed operation.

Therefore, for an ordinary binary
adder (e.g., TC4008BP of C2MOS IC),
such a method as carry out is
generated by taking CARRY signal

only in advance is often chosen.
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CAp
| A
A D
F.§. —D =
B—
A | B |car] D |cag 6 ca
L L L L L L{ TC4030BP 1Y% TC4011UBP
L L H H H Fig. 2-34  Full Subtractor
L H L H H
L H H L H Refer to the TC4008BP logical circuits of
H L L H L individual technical material which are not
H L H L L described in this chapter, if you take an
H H]L L L interest in this field.
H H H H H
Fig.2-34 shows an example of full sub-
tractor. In the same figure, the input A
denotes minuend, the input B denotes subtrahend, CAy denotes borrow input
from higher order, and CAp denotes borrow output to higher order,respectively.
Binary subtract circuit of n-bits can be structured by conmecting full
subtractors each other in the same way as shown in Fig.2-33. 1In this case,
% TC4069UBP, 3 TC4001UBP y B |ASB| A—B|a<B
A A>B L L | o H | L
A=B L H L L H
B A<B H L H L L
H H L H L
Fig. 2-35 4-bit Magnitude Comparator
if CARRY OUT is "H", operation result will be a negative number, and if
it is "L", the operation result will be a positive number.
(9) Comparator
Fig.2-35 shows a
Al o— comparator which
0 A<B compares the mag-
B; o__‘.:JD_‘ : nitude of two in-
D—C A>B puts, voltage A and B.
ro o TR e
‘]D i o—4———0 A=B
Bg o—4
%{ TC4030BP, 3 TC4011UBP, $; TC4001UBP
3% TC4069UBP
Fig. 2-36  2-bit Magnitude Comparator
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Fig.2-36 shows a magnitude comparator which detects the magnitude or

coincidence of data inputs (A) and (B) of 2 bits.

For detecting the magnitude of data (BCD or Binary) of more than 4
bits, it is advisable to use TC4585BP or TC4063BP of C2ZMOS MSI.

Fig. 2-35 and Fig. 36 show comparators which can decide the magnitude

and coincidence of inputs.

‘QS;‘:D— If coincidence only is
3

required, the idéntity

A2
Bg A=B unit shown in Fig.2-37
Ay is used. 1In Fig.2-37,
By

only when the data of

Ao
Bog:)D_— [A] and [B] have coin-

dided each other, the

Fig. 2-37 4-bit Coincidence Circuit output is at "H" level;

for other modes, the out-

(10) Auto reset initialized circuit put is at "L" level.

G 11 f

Power (Vpp) Power (Vpp) enerally, for an

electronic circuit, it
R R

L T W cL is often required to
CTJ: Rg=10kq| initialize the circuit

when the power is turned

Powe I
T on. Specially, for the
cL ['] counter, flip-flop,etec,.

the initialization is

ty established by tempo-
rarily making CLEAR

Fig.2-38 Auto Clear Initialized Circuit (1) terminals active when
the power is turned on; because it is uncertain whether output is turned

to "H" level or "L" level when the power supply has applied to them.

Fig. 2-38 shows the circuits to be used at time of relatively sharp
rise of the power supply. If the rise power supply is of step-like wave-
form, the output pulse width can be calculated by the following eauations:

VTH
..... .2,
VpD (2.12)

VTH
= =RrCr-n(l- — ceneee. (2.13
tw2 TCr - 2n( VDD) ( )

twl = ~-RTCT.4n
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For this circuit, however, the rise time of power supply should be

short enough as compared with ty.

On the contrary, in case of delay in rise time of power supply, it
is more advantageous to make up the circuit by use of three resistors

and one transistor as shown in Fig. 2-39 than to enlarge the time

constant of CrRrp.
Power In this case, since clear
I pulse is available when the

supply voltage has become

Ry V2 and unavailable at the
time of V1,C2OS circuit is
Ry 3 ;C required to have already
h

been operated at the time of

t
l__w- V{. Then Ry and R, are set at

proper values,
Since V; is expressed by

Fig. 2-39 Auto Clear Initialized

Circuit (2) this formula,

R1 + R2
R2

(Vgg: Vpg of transistor),

V1 % ( )VBE
V1 can be regulated by controlling Rj or Rj.
In the same figure, if C is added to both the ends of Ry, the output

pulse can be taken out in spite of fast rise time of power supply.
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2. Decoder/Encoder

The decoder is a code converter which decodes such code signals as
binary signal and binary coded decimal (BCD) signal, to such signals as

N signal and decimal signal.

There are various applications in an actual system, including a decoder

which converts the BCD code to the 7-segment desplay driving signal.

An encoder is a code converter which converts the signals, such as N
signal and decimal signal, to the code signals, such as binary signal and

binary coded decimal signal.

Since various decoders are available in the C2MOS family, it is ad-

visable to use them properly.

2.1 Outline of decoder/encoder

Table 2-3 List of C2MOS Decoder/Encoder

Function Name of Products
Binary — Quadrinary TC4555BP, TC4556BP
Binary — N Binary — Octal TC4028BP

Binary — Hexadecimal TC4514BP, TC4515BP

BCD — Decimal TC4028BP

TC4511BP, TC5002BP

LED DRIVE
TC5022BP,
BCD — 7-segment
TC4055BP, TC4056BP,
LCD DRIVE
TC4543BP
N — Binary Octal — Binary TC4532BP

Table 2-3 shows Decoder/Encoder of C2MOS.
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Table 2-4  C2MOS Decoder Truth Table
a) C2MOS Decoder Truth Table ("H" level output)
INPUTS OUTPUTS
D|C|B]|4ARo|A|22|’3]|%4 |36 |%6|7|q8 |0 |01t A 34k |
L|{L|L|L}|H
L|IL]|L|H H
L|{L|HE|L H
L|L|B|H H
L|H|L|L H TC&S;?}
L|IH|L|H H
L{H|E|L H TC4028BP
L|{H|H|H H
H|L|L|L H
H|L|L|H H
H|L|{H|L H TC4514BP
H|{L|HH H
H|{BE|L|L H
H(E|L|H H
H|H|H|L H
H|H|H|H H
% All blank columns are for "L".
b) C2MOS Decoder Truth Table ("H" level output)
INPUTS OUTPUTS
D | c| B| A]a0|R1{A2]|q3]% | 9| Q6| 97| G| Q0| a1l A5 ek
L|{L|L|{L|L
L|L|L|H L
L|L|H|L L
L|L|H|H L
LIR[L]L L Tcl 556
L|H|L|H L BH
L|H|H|L L
L|H|H|H L
HI{L|L|L L
H|L|L|H L
FIEAEIEY L TC4515BP
H|L|H|H L
H|{H|L|L L
H|H|L|H L
H|H|H|L L
H|H|H|H L
* A1l blank columns are for "H".
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A

B

D>
D>

1/2 TC4556BP

Qo

O—D>—9

(o>

ENABLE

@

D> @)%

Vpp s ©®, Vsg i ®

1/2 TC4556BP

HD-DD>-Hw

(1) Binary-N-nary and BCD-

decimal decoder

The truth table of
Binary — N-decoder is shown
in Table 2-4.

selected by means of a binary

The output

code input appears at "H"

level or "L" level.

TC4555BP and TC4556BP
are the binaryto quadrinary
decoder with two circuits,

and have function capable

(::}—4:>o—l«{>> %b Q2 of inhibiting selection by
B E«S setting ENABLE input to

"H" level. The logic dia-

ENABLE Vpp ; ©®, Vss i® grams of TC4555BP and TC-

Fig. 2-40 TC4555BP/TC4556BP 45556BP are shown in Fig.

(Dual Binary-to-10F4 Decoder) 2-40.
Vpp; ®, Vss i ®

TC4028BP is a BCD - QB

decimal decoder, and its
output is selcted at "H"
If the input D of
TC4028BP is set to "L"

level, this device can be

level.

used as an octal decoder
from a binary code of 3

bits of ABC.
if the input D is set to

"H" level, it can be used

as INHIBIT input becsuse all
of Qp~Qy are at "L" level.

In this case,

7)Qe

i;::)*{'»»—*ib~1ﬁ"ls

2@

TI O d>®as

D D>-Do

o@)

] o>
D@%—ﬁ-

== OH)D>Dwaw

Fig.2-41 TC4028BP (BCD-to-Binary Decoder)
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TC4514BP
INHIBIT (:}———4>°

19) 817
14) 812
13) 813
16)S14

Hr

H e

gbé‘ Hr
ST L@__oqj [l o

H

H -

o

15)s35

smmBEC}——%»—T:ﬂZZIZZST —D—Po——TF—os0~515
8T L J

Fig. 2-42 TC4514BP/TC4515BP (4 Line-to-16 Line Decoder)
Since the decode of TC4028BP is not of a full decoding type, if ten binary
code inputs or more are erroneously applied to this decoder, care should be ex-

erted to the fact that Qg and Q9 are alternately set at "H" level.

Fig.2-42 shows TC4514BP/TC4515BP, 4-to-16 Line Decoders, which convert
4-bit binary code to hexadecimal code. The output of TC4515BP is selected to

EIN(E)

INPUT OUTPUT

E1N |D7 |D6|Ps [Da |3 |D2 |P1{Do|3S|Q2{21 % [Eot

Lo 3| |x|x|x|x|x|L|L|s|L| L

FHEEAEAE? L v{vin|s| B

H |[H[x|x]|x x BlH|E|H| L

H [L[H x| X H{H{H{L| L

B |L|u]r]x x H|H|L|[HE| L

H[L|L|L|H x* H|H|L|L] L

H|L|L|L[L 3 H|L[H|H[ L

H|L|L[L]|L H B|L|H|L| L

)] Qo H|L|L|L|L L H[L[L[H[ I

D2 H|L|T]L|T]|T]D H|L|L|L| I
¥ Don'’t Care
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"H" level, and that of TC4515BP is selected to "L" level.

When INHIBIT input is set to "H" level, the selection is inhibited
regardless of other inputs. In addition, a 4-bit latch function is ad-
ded to TC4514BP or TC4515BP. If the STROBE input is set to "H" level,
this decoder can be applied as a general deccder; however, when the
STROBE input is changed from "H" level to "L'" level, the output cor-
responding to binary input at fall time is kept selected. No output

changes before STROBE input rise, though binary input changes.

Encoder

TC4532BP is an 8-bit priority encoder which detects "H" level signal
of the highest order among eight input signal lines, DOA—D7, and outputs
the binary signals of 3 bits. When the input signal is given, the out-
put GS produces "H" level. When ENABLE input is set to "L" level, all

the outputs becomes "L'" level, and the encode operation is inhibited.
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(3) BCD-to-7-Segment decoder

The LED, LC digitron, etc. are largely used for indicating decimal

numerical readout. In this case, it is ideal for reading the decimal by

human eys that the indication is made by the digital

a style. Fig. 2-44 shows 7-segment indication style

£ which is the most popular style of indication.
b
<:£::> In 7-segment indicator, the numerical of 0 to 9
e
<§7C are indicated by lighting or blanking the optical
<:;§::> segments of a to g.
Fig. 2-44 7-Segment For this purpose, the decoder for driving 7

Indication Style segment from 4-bit BCD input signals is usually

used. Further, since the indication is prerequisite for this type de-
coder, usually the decoder is of the so-called decoder/driver style in-

cluding the driver of indicator.

with Cc2M0S IC, TC4511BP/TC5002BP/TC5022BP are available
as the decoders/drivers for LED indicator, and TC4055BP/TC4056BP/TC
4543BP are available for LCD indicator.

For LED drive, LED elements require the constant current of several
mA + ~+ several 10mA(DC) for lighting;therefore, the decoder/driver out-
put is of the style capable of current driving.

Concretely speaking, as shown in Fig. 2-46, the configuration is
so arranged as to drive the source current of output in the form of ad-
ding NPN transistor to CMOS inverter output. Therefore, cathod common
type LED display is connected to the output through the resistors for
limiting current.

Fig. 2-45 shows the equivalent circuits of TC5002BP/TC5022BP.
These decoders/drivers are all provided with the ripple blanking function
for facilitating the reading zero suppress at the time of carrying out the
multi-digit static driving. And by setting the blanking input to "H"

level, all the outputs unconditionally become "OFF", and no display is made
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Fig. 2-46 shows the equivalent circuit of TC4511BP.
four BCD input lines are provided with latch function.

For TC4511BP,

If LE latch-enable

input is set to "L" level,the code applied to BCD input is output as it is,

but if LE input is set to "E" level,BCD input data at the rise time are

latched, and the output indication is fixed until LE is set to "L" level.

RBI

—————Do—a>—(1) RBO

DRIVER

] 1
sop 10 | P =@
() ! i
¥~ SEGMENT _D—HE-:—@d
1l)e
c(®) DECODER ) '
] O f
| |
@) g
Lo g

Fig. 2-45

Internal Equivalent Block Diagram

LT@

oo

Do—Po

BI@

D-—l:—®a | Vpp !
%D—D—@b ! :
A _—

O— 5 sop 10 [ FOAD—C 30 oor
2C 3 [ »-seomEnt O : L d : |

(:) B P (] )
c & [ o D@1 | |
DC>__—- * FE?*j ) l I (98 | |
| Vss
LE(:)—] e 4

Fig. 2-46 1Internal Equivalent Block Diagram
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] Because of low power consump-
COMMON .
(BACK PLANE) tion performance,recently the liquid
_______ crystal element has rapidly been
used in larger quantities together
a b c f with CMOS for electronic calculators,
SEGMENT watches, etc. as compared with other

Fig. 2-47 Liquid Crystal
Indication Element COMMON | I I I I
indication element The liquid SEG- Lightin
s. qu Ment | 18 g' l I
crystal element makes use of the ef- No- ‘L__f—“l__J“‘]——_[_—
lighting

fect that liquid crystals regularity

being arranged by the electric field

which is applied between the base plate Fig. 2-48 Eample of Drive Eaveform

called back plane and each segment electrode. For preventing deterioration
in element, the alternating of plus and minus is always necessary in this
electric field. 1In the liquid crystal drive element, therefore, the method

is used constantly to give output signals in pulse to each segment.

Fig. 2-47 shows the equivalent circuit of liquid crystal indication

element. As it is clear from the Fig.2-47,the relation between common_ input

| > > >®)=
] >—D>—@r

&
#7
?

a1y QPP

LD

By @ >—H

LD

ey @>—H

LD

7 SEGMENT DECODER

e
§

BCD TO

atits

D1y @—>—i—

LD

LD LD B1 (@)o—P
Y s

Fig. 2-49 TC4543BP Logical Circuit Diagram
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and segment is in the form of being connected to a constant capacity.

Fig. 2-48 shows an example of field effect type static drive wave-
forms. Lighting segment produces the waveform different in phase by
180° from common pulse, while no-lighting segment produces the same

waveform in phase as common pulse.

Fig. 2-49 shows the logic diagram of TC4543BP. TC4543BP is BCD-
to-7 segment decoder/LC driver haivng latch function and blanking input.
In case the phase input is at "H", each segment output becomes "L'" level
active; in case the phase input is at "L", each segment output becomes

"H" level active.

TC4055BP VoD TC4056BP VoD
16 16
5 9 T
E A g 1 @ — % A 2} a
& 3| 2 3 = 110 = < x
= P = = 1 8rr® |3 B & S b
- 2 I a || = |11 ¢ & E =
al C18E S H = = c H & c
o| 418G gl | 72 ° =
AL D a, ie > 3“ o D @ o a
DRy — " 28 E e S g § A
N S 6 = f 2 ST . = @
I e B 3f g )3 DRIy - A
—:DFOUT
8 7
vV,
S8 VEE Vss VEE
Fig. 2-50  TC4055BP/TC4056BP
Table 2-5 Decoder/Drivers Indication Modes
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
pesoozpp |V V| V| T T i T e o o e =
_l N [ R 1|1 _1 | 1 I _l
SUSETPP2: 38 I NN o e L g Oy
_ T [ | P i HiZ | 2 1|l
I e e e e
TC4511BP L (N O (S LS N S
1_ | [ L
TCAOSSBP | |y [ | 4| T | T2z b |
TC4056BP | I__| 1= | 2 il VLI Z— [ ]
Tc4s543pp |1 1 I T o e I P B A
1_l i— | Z L i Vi
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Therefore, phase signals must be provided in pulse to the back plane

and antiphase pulse for phase pulse be applied to each segment to light.

Fig. 2-50 is the block diagrams of TC4055BP/TC4056BP. Since both
TC4055BP and TC4056BP have two minus side supply voltages of Vss and VEE,
usually they are used as Vsg = Vgg. However, in case the rated voltage
of liquid crystal is higher than the voltage of logic current, it is
possible to make the logic swing large by using the two lines as Vgg<
Vss. For example, when the rated voltage of liquid crystal is 10V and
the voltage of logic circuit is 5V, it is possible to take out the
output logic  swing of -5V ~ +5V at the input amplitude of OV ~ 5V in
terms of Vpp = 5V, VSs = OV, and Vgg = -5V. TC4055BP has latch, while
TC4056BP has no latch.

These LC drivers are of usual CMOS inverter type output; therefore,
each of them can be used conveniently as simple BCD-to-7 segment decoder

by fixing the phase input or DF input to "H" or "L".

Table 2-5 shows the indication types of these decoders/drivers.

2.2 Application of decoder/encoder

(1) How to expand decoder

As explained in the preceding section, the decoders for binary (or
BCD) - N (decimal), are available for quadrinary~ hexadecimal. In the
practical application, however, in case of carrying out the decode for
more than septidecimal, if there is no proper decoder, it is possible
to expand the decoder by using its enable terminals and inhibit terminals

even thought it is a decoder for less than hexadecimal.

Fig. 2-51 shows the binary-to-octal decoder, with D input of
TC4028BP used as inhibit input. In this case, Qg and Qg are not used.
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Fig. 2-52 shows binary-t
In this case, one inverter is

for the highest order binary

o-octal decoder using TC4555BP (or TC4556BP).
required for substituting the enable input

input.

Fig. 2-53 shows the binary-to-16 line decoder using two devices of

TC4028BP base on the same conception as shown in Fig. 2-52.

A o——A Qo °
Qi—"°

Bo—|B .
c o—c Q6 0
Qv —o°

INHE 0——{D 48l

Qgf~

TC4028BP

Fig. 2-51 Binary-to-Octal
Decoder (1)
Fig. 2-54 shows the bina
to-64 line decoder using four
units of TC4514BP.

(2)

How to expand encoder

Similarly, by substituting in inhibit inputs
of TC4514BP/TC4515BP for most significant

bit (MSB), 32-bit decoders can readily be
configured. Here the explanation of the
relative circuits are omitted.
A O A Qo—o Qo
Qif—=o Q1
B o E Q2—0 Q2
Co E Qazf—>o Qx
s aoF—o
ry- —B Q—oas
- Q"0 Qg
B QS"-O Q'7
2/2 TC4555BP (2,2 TC4556BP)
1/6 TC4069UBP

Fig. 2-52 Binary-to-Octal
Decoder (2)
Ao A Q0 Q0 The encoder as MSI is TC4532BP
Q1—° Q3
] only. As TC4532BP is provided with
B o— B o
' mode input and output function such as
co c Qe[—o 6 ’ °
Qvf—o Q7 enable input and output, GS output,
D o D gg: etc., this encoder can easily expand
the input and output lines.
Lda Qo—> Qg
Q10 Qo Fig. 2-55 shows the decimal-to-
B ' E BCD priority gated decoder. It is
—o Q
c &S Qi; advantageous for conversion from ten
Do p gg: keys into BCD information.
2 TC4028BP
1/6 TC4069UBP
Fig.2-53 Binary-to-16 Line Decoder
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A B C D E F INH
o 9 o0 o Q
T 1/2 TC4556BP
1 l 4 TC4514BP
A B E
Q0214293
T [
T T 1
T 1 T 1 ] l
A B C D INH A B C D INH A B C DINH A B C D INH
Qs Qg Qis Qi
Qo Q192 Qiz Q5| |QoQ;Qz Q13 Qus| |R0Q1Q2 stlQlls onﬁl Qi Qis
Qo Q192 Qiz Qs Qi Qz1  Qae Qa7 Qus Qes
Qg
Fig. 2-54 Binary-to-64 Line Decoder
Fig. 2-56 shows the 16-bit priority encoder connecting two units of
TC4532BP
(3) Application as demultiplexer
Usually, inhibit input and enable input are provided with CMOS decoder
In general, these inputs are used for inhibiting decode. However, the
decoder can be used as the digital multiplexer by usine the inhibit
(enable) as a data input by using the code input as an address input.
D TC4532BP
0 o——Do 8S—T> 0065 3 Tca071BP
D1 4% TC4069UBP
D2 o—n] 7%
Dz o— Q0 <—D—° Qo
Dy 0——
D5 o—— Q1 © R1
Dg O— Q
Dy 0——D Q2 -0 Q2
ké 7 Ern
Dg ©0Qx
Dg o
Fig. 2-55 Decimal-to-BCD Priority Encoder
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(4)

IHI(VDD)
E
Poo—P0 "M o> o q
o |
T D
o—o] <1
o |
et & —J>—oaz
[lo Sm—
Dy O——rdD GS o)
7 7 EouT 3
pgo—ny FI¥
8 0 H
o] 4o 2 TC4532BP
O— Q- 3{ TC4071BP
o— |
o |
Omf Qz
o |
Dq5 00— D
15 7 Bout
1 © Eour

Fig. 2-56 16-Bit Priority Encoder

Demultiplexer is the circuit for taking out one input line signal as an
optional input in "N" units of output lines according to the address
input. This can be considerd as the substitution of a rotary switch.
Fig. 2-57 shows the 4-channel demultiplexer using TC4556BP. The same
circuit can be configurated by using TC4515BP or TC4028BP.

Static LED display drive circuit

Fig. 2-58 shows one digit LED drive circuit.

ADDRESS IN S
B A A|B| E|Qpla1]Qz|Qz
TT— viu|L|olE|E|E

A o—o L|L|H|E|E|H|H

L1z 33— {para our SRR

® 7 H|L|H|H|H|H|H

DATA INo—E a_——oc : : ;
vla|L|e|H|L]H

LlH|H|E|E|H|R

45 TC4556BP H|H|L|B|H|H|L
H|H|H|E|B|H|B

Fig. 2-57 4-Channel Demultiplexer
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Fig. 2-58 (a) shows an example of the circuit using TC5002BP
{TC50228P) which has zero suppress input for blanking indication.
In case”zero indication is required, the zero supptess input is set to
"L,

Fig. 2-58 (b) shows an example of the circuit using TC4511BP. If
'STROBE (LATCH ENABLE) is set to "L" level, the device can be used as a
usual decoder driver. If STROBE is set to "H", the BCD input is held

in the interior latch, whereby no indication changes even in the case
of the change in BCD input.

Cathode
e PP A AKKAKAXT
Za TLR308 1
TLR312
TLG312 ]
2 s 3 P. 2 2 3
2223 2 T 1T
Vb
BLANEING | & P ¢ ¢ e T g Labcdefg
o——BI TC5002BP [E— %
TC5022BP RBO}l-o BLANKING |  TC4511BP LE
ZERO o——RBI o——BI
SUPPLESS 4 B C D A B C D
—_—— —_—— STROBE
BCD INPUT BCD INPUT
(a) With zero suppress function (b) With latch

Fig, 2-58 One Digit LED Drive Circuit

In case of driving "N'" digits, fundamentally N units of the circuit
shown in Fig.2-58 have only to be used. In the case of TC5002BP (TC5022BP),
however, it is possible to carry out the leading zero suppress by using

RBT arid RRO.

LED DISPLAY
> <> <>
VoD
I-—-‘RBI RBO RBI RBOp— = == - - —{RBI RBO{—
<r <r T
BCD INPUTS

Fig.2-59 N-Digits Leading Zero Suppress Drive Circuit by TC5002BP
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When LED drive is carried out by using TC5002BP or TC4511BP, the current
limit resistance '"R" is decided by the drawing shown in Fig. 2-60.

In the figure, in case Tpp=5V, Vo and Igy curves of TC5002BP are pro-
vided by a and a' (a being 25°C standard characteristic and a' being 85°C
minimum characteristic). For example, therefore, if Ipy is flown by 10 mA,

Q5 on a' curve becomes the operating point. By drawing perpendiculary a line
from Q5 to axis of abscissa, the intersection point becomes the output voltage
VoH5 -

Therefore, the remaining voltage (Voy5-2V) after deducting the forward
voltage drop (approx. 2V) of GaP type LED from Vgys is applied to both ends
of "R", whereby, the triangle given by
_ _VoH5 - 2

R = -3
(at Vpp=5V) 10 x 10

and comprising Vg - Q5 - Vogs being in resemblance with the triangle comprising

VF - 15 - SV, 5v Vv
_ - VF - 3 3 2
R = 15 18 X 105 £ 170 [Q]

In the case of Vpp=10V,15V, the resistances are obtained in the same
manner as quoted above.
In general, the following formula is established:
Vep - Vp
i

Note) i point shall be obtained by drawing figures.

]

TC5002BP

N

ov

VoHy 5V Von,, 1oV Vou 15 15V
Vg of Gap LED

Fig. 2-60 How to Obtain Operating Point of Static LED Drive Cricuit
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(5) Dynamic LED display drive circuit

The dynamic LED display drive circuit is a circuit for using the
decoder driver by means of time sharing in the case of lighting multi-
digit LED. Fig.2-61 shows the 4-digit LED drive circuit using TC5002BP.

In the same figure, this circuit is configurated by the use of the latch
TC4508BP with three state output, whereby making 4-digit BCD input multi-
plex, making the enable signals of multiplexer DSj~ DS; correspond to the
base input of digit selecting driver TD62103P (Darlington transistor array)
at the ratio of 1 to 1.

In the case of practical applicatioms, if code input is fed in the state of
static input as shown in the same figure, the merits of dynamic drive are

reduced by reason of having to add multiplexer, driver, etc. to the circuit.
Hogﬁvgr,the practical application of circuit becomes a very effective driving
method.

TLR324 or etc ]

MSD LSD e

5 & 5 A

DS, - R3 3 3 3 3 3
o F N W
DSg M r a bcde g DSy0 101 %2 O304 | TDE2103P
BI DSz o1
TC5002BP 2
DSy L1 BT DSgo—1, GNDLjL
v A_ B _Cc D DSy 014
TC4508BP
[
- — 71 | e
1
LSD fq; @z Q3 Q4 Q Q@ Qs Q Q1 Q2 Q3 Qe Q1 Q2 Qs Qu}, o
DS; ——Po—{DIS CP DIS CP DIS CP| DIS cH nggs
S -
gsﬁ | Dy D2 Dy Dy Dy Dz Dz Dy Dy Dz D3 Dy Dy Dz Dz Dy
Ds44>‘—~l | !
6 ¢ ¢ 6 o ¢ ¢
A B C D A B c D A B CD A B C D
100 107 10% 103

Fig. 2-61 4 - Digit LED Drive Circuit
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It is very useful for the LSI output to be sent in the state of dynamic output

or data to sent to bus line by using time sharing,so that those peripheral
CMOS IC such as multipiexer are omited.

(6) Static liquid crystal drive circuit

Fig. 2-62 shows the single digit liquid crystal drive circuit using
TC4056BP/TC4543BP. The same square wave is given to common terminal of
liquid crystal and DF (or PH) input of driver. Fig. 2-63 shows the ex-

amples of square wave generating circuit.

Fig. 2-63 (a) shows an example of the oscillator using the variable
resistor for causing the duty cycle to 1/2, while Fig. 2-63 (b) shows an
example of the oscillator using flip-flop. Such an oscillator is, of

course, not required if there is approx.32Hz clock existing in the system.

In the practical use, most liquid crystal indicators are of multi-
digit, so that the displaying drivers are used in parallel according to
the number of digits. In this case, the capacitance of common terminal of

liquid crystal reaches approx. 1000pF ~5000pF; therefore, the current

COMMON COMMON

a c e I g a bcd e f g

T
A
B

% (= 32Hz Square Wave)

BI
TC4056BP TC4543BP

1]

CD INPUTS PULSE INPUT®

s

cC D DF cC D PH

Ty [T

C¢D INPUTS PULSE INPUT* LD

ST

Fig. 2-62 1-Digit LCD Drive Circuit
driver is required to refrain from directly driving of LCD by C2Mos output.
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(a) v
T Rep [

Ry
| Y L $ | OUTPUT
Rg OUTPUT Rg D°7Q
4 —-0 1 —
CF @
__.____._.4 ________‘ "
o e

Cr

3,/6 TC4069UBP Rg =2 R 3/6 TC4069UBP 1,2 TC4013BP

Fig. 2-63 Square Wave Oscillator

[
F2025 (or etc)
TT ﬁ TT TC4543BPX 4
a~g a~g a~g a~g
LD PH —{LD PH| LD PH LD PH
ABCDl ABCD_I ABC‘DF] ABCD_] Vpp
J T 1
Ll - T
T
[
112 T3 Ty ABCD ’
CLOCK o—{CP SIN fosc + 3%Hz
CLEAR o—{cL TC5052BP 1
TRANSFER O—TR ,Ir e
CE CARRY
i T CP|
K
PR —
VoD .
1/2 TC4027BP 3,6 TC4069UBP

Fig. 2-64 4 Digit Counter/LC Display System

Fig. 2-64 shows an example of the four digit-up liquid crystal display

counter using TC5052BP and TC4543BP, while Fig. 2-65 shows an example of the
four digit up-and-down liquid crystal display counter using TC5010P and TC5064BP.
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[

F2025 (LCD PANEL) or etc.

e AT T
B o LS ] Lo [t AT

CLOCK o—-r TC5010FP
CLEAR 0———
U/D O—ri

DH CE PC C/T FC CC
Lo = L 1

: VoD
SV _] TC4011BP

E - 1xQ) 50Q)

| foge = 32Hz

Fig. 2-65 4 Digit Up/Down Counter/LC Display System
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(7)

Dynamic encoder

In case of putting the key information as the input into the electrom-
ic circuit, if the inputs increase in number, the static type encoder con-

necting "N'" units of TC4532BP is not suitable for practical use because

of the increases in quantities of IC points and connections.

In such a case, the dynamic encoder, in which the switches are ar-

ranged in the form of matrix, is largely used.

Fig.2-66 shows the 8x8 bit dynamic encoder using TC4028BP and TC4532BP.
In case there is a key input in this circuit, the output GS rises, which is

used to detect the key.

tained as the 8 bit binary output from A to F.

Sixty-four pieces of switch information are ob-

Vpp
J TC4532BP
100kQ) EIN
T 1T T g o & o Po
R A U O N 4
A D Q A
A AKAKA 1 0
o W W W W »f P}(
v D ROW
T 2 1= 19 7 1T P2
o7 2 W P 0 o7 |7 oS Qf—— B [ SELECT
- AR A KA 7 1< T o s
o 7 2 7 7 7 2 [
~ D, Q c
T 1o T o o< & Pr 9
R D T A D N e
" D
CARICA g 11 g1 [°
W7 o2 [ [ W L P
Wty T T T T T P %S as
s W W W e
~ D
T T I T e T 12 1219 "
W W % TC4001BP
mr Qo Q1 Qz Q3 Qg Qs Qs Qn
TC4028BP
A B cC D
1
D | coLumn
¥ | SELECT
Qo Q1 Q2 cE— VDD
K
oy OLOC
- 3% TC4520BP

80

Fig. 2-66 8 x 8 C2ZMOS Dynamic Encoder
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3.1

Multiplexer/Demultiplexer

The multiplexer is the data selector selecting the information of one
arbitrary input line out of "N" number of input lines according to the ad-
dress input. Demultiplexer has the function of distributing the information
of one input line out of arbitrary outputs of "N" number of outputs accord-
ing to the address input. These functions can be regarded as those of

mechanical rotary switch manufactured electronically.

Address Input Address Input

4 4

I E .—_—ﬂy///)}————ﬁ_
npu ’“_"—__—__Q\\\\>_—_~_ Output Input Output

—_— 5 o—
E— o—_
(a) Multiplexer (b) Demultiplexer

Fig. 2-67 Multiplexer and Demultiplexer
Fig.2-67 illustrates the functions of multiplexer and demultiplexer

for easy understanding. 1In C2MOS IC there are digital level multiplexer
structuring logic functions and analog level multiplexer applying

the analog switch. As mentioned in the preceding Section,there are no ex-
clusive products for digital level multiplexer, which can be accomplished
with the application of decoder. The analog level demultiplexer is equivalent

to analog multiplexer,because the analog switch itself is bidirectional.
Approach to multiplexer/demultiplexer

Table 2-6 is the list of C2ZMOS multiplexers and demultiplexers.

Table 2-6 List of C2MOS Multiplexers and demultiplexers

Digital Analog
No.o Multiplexer | Demultiplexer | Multiplexer/Demultiplexer
Channels
2 channels TC4019BP - TC4053BP
(TC4555BP)
4 channels TC4539BP (TC4556BP) TC4052BP
8 channels TC4512BP (TC4028BP) TC4051BP
(TC4514BP) =
16 channels TC5023BP (TC4515BP)
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(1) Digital multiplexer

As is clear from the Table, the digital multiplexers are widely avail-
able ranging from 2 channels to 16 channels.

As shown in Fig. 2-1 in [2]-1, 1-(3), TC4019BP is a multiplexer with 2
channels 4 circuits. As shown in Fig.2-68,usually the 2-channel multi-
plexer selects Ap or Bp input by giving inversion signals to KA input and

KB input. TC4539BP is the 2-circuit 4-channel
ADDRESS multiplexer. Fig.2-69 shows the logic dia-
gram of TC4539BP. As is clear from the figure,
INHIBIT
in TC4539BP, the multiplexer is realized not
by using AND-OR select gate but by using the
XA %B wired OR clocked inverter (see Fig.1l-11 in
Ap o— [11-3,3-(4)).
TC4019BP Xn
Bn o— Fig. 2-70 shows the examples of circuits
under both systems. In this figure, (a) is
INPUTS OUTPUT R .
just the same in operation as (b).
Add INH An | Bn Xn
H L X | H H
H L X1 L L
3 Ve
L L H | % H oD Vss
L L L | % L A —> P A @©
% Don’t Care A
B
Fig.2-68 2-Channel Multiplexer B
X
o X0
py A
Q- Q
X1
X1
* l
(a) Clocked (b) AND-OR Gate
inverter system
system
Fig. 2-70 Multiplexer System Fig. 2-69 4-Channel Multiplexer
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A

A
PP
B

C

T

wired OR, etc.

ing the inputs in number.

Fig. 2-71 TC4512BP
8-channel Multiplexer

DISABLE input making the output high
impedance, TC4512BP is convenient to

Fig.2-72 shows the 1l6-channel
multiplexer TC5023BP further increas-

Unlike TC4539BP and TC4512BP,
TC5023BP can obtain the output in the
form of inversion. And TC5023BP
agrees in its operation and pin con-
nection with TTL74150/54150.

Xy, Xe¢ X5 X4 Xz Xz X Xo

A
Yz Y5 Y, Y, P Q) B
8— CHANNEL c @) c
MULTIPLEXER D @ »
> D
Y, Y5 Yg Y, | >—) Z
(9) STROBE

< L

© 6 6006 v @ ©

Xg Xp Xjo X1 X Xiz Xi¢ X5 Vpp Vss

Fig. 2-72 TC5023BP 16-Channel Multiplexer

Fig.2-71 shows the 8-channel mul-
tiplexer TC4512BP. Being provided with
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(2) Analog switch

As shown in Fig.2-73, the an-

CONTROL o—
IN

IN/OUT O—

VpD INOUT
CONTROL Qp ON
IN 0—y
il 3
Vgs OUT/IN

alog switch is the circuit in the
style of directly connecting the
OUT/IN drain source of P channel FET to
that of N channel FET.

When the control input is set
to "H",both QN and Qp forming the
switch are set to "ON",whereby the
portion between switch inputs be-
comes low impedance. In the case
of "L" level, both transistors are
set to "OFF'",whereby the portion
between switch inputs becomes very

high impedance.

Fig. 2-73 TC4016BP Analog Switch

The above shows that the analog

switch can be used as a substitute

for relay. The reason for using both P-channel and N-channel is to com-

pensate the sudden change of ON resistance due to the cutoff of FET in the
area of Vgs ¥ 0 in case of forming the analog switch in a signal channel.

(See Fig. 2-74.)

FET ON Resistance

Composed ON
Resistance

Vss

Vpp

Input Signal Voltage

Fig.2-74 '"ON" Resistance of
CMOS Switch

84

Therefore, CMOS analog switch shows
plain "ON" resistance characteristics on

all signal levels of Vgg~VDD.

Fig.2-73 shows the internal circuit
of TC4016BP. As to TC4016BP, one package
contains four switches. Fig. 2-74 shows
similar analog switch TC4066BP. TC4066BP
is the same in pin connection and working
as TC4016BP, but consideration is given to
keeping low the impedance of N-channel
transistor and P-channel transistor forming

the switch.
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Therefore, as compared with TC
4016BP, TC4066BP is plain in ON
resistance characteristics and

OUT/IN small in distortion rate at the

time of transmitting signals.

—]

These TC4016BP and TC4066BP
can be used not only as the
switch for degital signals but

CONTROL
IN also as the switch for analog

signals; therefore, they can be
used for switching and mixing
audio signals and as the input

Vss
switching signal for A/D converter.

L{TC4066BP

Fig. 2-75 TC4066BP Equivalent Circuit
However, in comparison with the

mechanical contact, TC4016BP/TC4066BP have the merits, such as
a) Rapid in response speed,
b) Small in power consumption,
c) Low in price,
d) High in actual installation density,

but have the demerits, such as

e) Limit in signal levels (Vgs~Vpp),
f) Have ON resistance (Small in allowable current),

g) Have stroke.

Therefore, full consideration should be given to these demerits at the

time of designing.

Analog multiplexer/demultiplexer

By using several units of analog switch shown in (2) and connecting
in common the one-side inputs, analog multiplexer/demultiplexer can be con-

figurated. Each switch is usually selected with decoder and others bult in.
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Fig. 2-76 shows the logic diagram of C2MOS analog multiplexer.
TC5051BP is structured by 8 channels, TC5052BP by 4 channels x 2, and
TC5053BP by 2 channels x 3. In these products, the power source of
control side is divided in Vgg and the power source of analog switch
side is divided in Vgg so that they can be used by separating the power
source of low electric potential. For example, therefore, when con-
nections are made as Vpp = +5V, Vgg = OV, and Vgg = -5V, the analog
signal multiplex can be made from -5V to +5V by using the signals of
the logic circuit operated at +5V and OV as the control input of analog

multiplexer.

And each switch in. TC4051BP, TC4052BP and TC4053BP are equivalent
in circuit system to TC4066BP, and "ON" resistance is kept at low value
close to that of TC4066BP.

86
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TC4051BP
A [ "7 - —:g.%— !—-OUI‘C IN @0
2 T s D—>— . H®:
: » O+l g D> L O - c
: | R = e I OLB
o = 1 —
LT T e ==
T e o L Do 1@ i
- T ED—>— H{ome oo -
e L- - - "_:I‘(:) C OMMON
Vss =
v
TC4052BP v T @ . N —
oD (36) {— 13) X COMMON
— . ﬁD’—o— Hoor ¢ wH(@®) ox
ok g polo> | 1x -
: 5 T D—>—| H H@) 2x g
= B (9 3 Do lop . H@) =x A
2 el pimm e | — O RO
o © D ' “‘I " RY ~
INH @-—Do——cb:]\— § —Do . ‘@ 3y
l_~ [—_ ; Y—COMMON

VsIs | A @ VEE

TC4053BP @VDD Analog Switch

- 1. X-COMMON Equivalent
@) ox
'

I}

l
: WV o .
@ & IO — £
- . © -
Joy ; Lo =0 ¢
= (8 B | +HDo—d>—— Z | co—
: Df : @ 3 >
N g D> -_ =
H N ’I § HDo—dD- 2= 7.0 @lz Ino——‘E}——oour
@—I-DnJ 0 _4 Z COMMON

] I_ A R ——ﬁ-@ Y cowonw

—

Vss @ VEE

Fig. 2-76 TC4051BP,TC4052BP,TC4053BP Analog Multiplexer
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If the expanded use
of multiplexer is desired,
this can be realized by us-
ing the inhibit input and
storage input as the pri-
ority address
in the same manner as in

the case of decoder.

Fig. 2-77 shows an
example of the configura-
tion of 16-channel multi-
plexer by using 2 units
of 8-channel multiplexer
TC4512BP.

As TC4512BP has three-
state output, it is pos-
sible directly to connect
outputs each other by us-

ing disable input.

Fig. 2-78 shows the
32-channel multiplexer
using TC5023BP, while
Fig. 2-79 shows the 16-
channel analog multi-
plexer using TC4051BP.

-~
ARSE  TECHNICAL DATA
3.2 Application of multiplexer/demultiplexer/analog
(1) Expansion of multiplexer
INHIBIT DCB A
T 6000
DISC B A DISC B A
INH INH
zZ z
Xy oo o Xy 22 X0 | 2 rcasizBP
ERREE l l ---- l 14 TC4069UBP
X1s Xg  OUT Xy Xo
Fig. 2-77 16-Channel Multiplexer
EDC B A
o
1 ot
STD C B A STD C B A
Z 1Z
Xy ------Xp X -------Xo
l l l 2 TC5023BP
2% TC4011BP
Xz X1 OUT X1s Xo
Fig. 2-78 32-Channel Multiplexer
D CB A
90
I o<}
INHC B A INHC B A
CcoM coM
CHy Co CHo CHo 2 TC4051BP
l l l 1§ TC406 9UBH
CHis CHs comMoN CH7 CHo
Fig. 2-79 16-Channel Multiplexer
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(2) Substitution to combination logical circuit

In addition to the series conversion of data, the multiplexer can be

regarded as the logical circuit of multivariable-one~output. Let us con-

sider the 4-channel multiplexer shwon in
SELECTOR ADDRESS

L Fig. 2-80.
_Ixo A B
DATA _Ix, A ourpurs The logical formula of this multi-
INPUTS ::%i plexer is expressed by

Z=XQ-A-B + X1-A-B + X9.A.B + X3.A.B

...... (2-14)
Namely, by using address inputs of A and B and data input of X, it is pos-

Fig.2-80 4-Channel Multiplexer

sible to take out the data given to input as the logic output at 2.

For example, let us consider the circuit having the truth value shown
Table 2-7

in Table 2-7. The Table can be expressed by the

<~
R

following logical formula;

F =By +aBey+a-Bey+aeBey vun.. (2-15)

Table 2-7 is rewritten to Fig. 2-81 by using

Karnaugh diagram. (In the Fig., "H" -1, "L" —
Blank.)

[l Bech Rl el Manl o] Mol

ol m e e e e
= e of Wl Wl fsof Hsof Mol Ml SN
sl Monl Noall ool Hunll leod Bt of Ml e

i)

By separating the logic variable o, Fig. 2-81

is divided into two Karnaugh diagrams as shown in Fig. 2-82.

Returning to Fig.2-80, by making the address inputs of A and B cor-
responded to 8 and y in Karnaugh diagram of Fig. 2-82, it follows that the

data inputs Xg~ X3 correspond to each square as shown in Fig. 2-83.

V4 4 7
— ——
a 1 1 ﬂ{ 1 ﬂ{ 1
1 1 1 1
T a. a
FYg. 2-81 Karnaugh Diagram Fig.2-82 Division of Karnaugh Diagram
(? By the combination of Fig.2-82 and Fig.
— 2-83, Xo=a, X1=a, X2=a, and X3=a are led out,
(A) /9{ X3 X, B > ’ ’
and it is found that the multiplxer has only
Xz | X
2]70 to be connected as shown in Fig. 2-84.

Fig.2-83 Correspondence to Muptiplexer
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s 7
L1
a X A B
X -
“DO—:Xl Z|-F F=a-B-T+a-f7+a-B-r+a-p-r
2
X3

Fig. 2-84 Example of 3-Variable Logic  Function Realized by Multiplexer

The comparison is made between formula (2-14) and formula (2-15).
In both formulas, it is found that the rewriting only was made as follows:
A->B, B>y, Xg >a, X] >a, X0 »>a, and X3 > a
In this example, the explanation was made in due order for easy under-
standing. In general, however, the logic function of three variable is

realized by using the above-mentioned procedures.

In the case of four variables, the 8-channel multiplexer provided
with three address inputs is used. In the case of five variables, the
16-channel multiplexer is used. Namely, if the binary addresses of multi-
plexer are four in number, it is possible to realize the logic function
up to 4 + 1 variables. The example was quoted from three-input exclusive
logic sum. In the case of other circuits, however, multiplex input may
be fixed to "H" or "L".

(3) Parallel series conversion circuit

For selecting one output out of "N" inputs, by scanning in due order
the address inputs by using a counter, the multiplexer can send in due
order the parallel inputs as the outputs of series data.

Fig.2-85 shows the parallel series conversion circuit using TC5023BP

and TC4520BP. By
PROGRAM DATA INPUTS
setting switably the
:: data input, this cir-
T T cult can be used as the 1€
X0 e e ee e e me X
cL g g 1 bit pattern generator
cp BB INH—O INHIBIT generating free serial
cE A1
pattern repeated in
[__DCL 16 bit cycles.
CLOCK -
o— CERQ —0 OUTPUT
[ ad

Fig.2-85 16-bit Parallel Series Conversion Circuit
16-bit pattern Generator Circuit
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(4) Bidirectional data selector
Analog switches

are capable of switch-

1 1 ing on and off linear
signals,and various

< ‘o switch alleys can be
- 2o E;:gl E;gl 02 —
o & Ql composed by combining
:> H these switches.
S 3o 03 &
= 8 2 Fig.2-86 shows the
bidirectional switch al-
40 -0 4 ley which can feed an ar-
2 TCc4016BP | bitrary output informa-
;:i___] r—_T::_ (2 TC4066BP) | tion out of data inputs
Qo Q1 Q2 Q Q Q Qz | (or outputs) [A] to an ar-
© 1 ? 3][% 1 & s TC4555BP
T A B 5 A B bitrary output out of
TL l i rL l i four outputs [B] (or car-
o B Ap B) ry out the reverse function

For example, it can per-

Fig. 2-86 4 Bits - 4 Bits Bidirectional form the operation like
Data Selector

telephone exchange.
(5) Programable attenuator

Fig. 2-87 shows the programable signal attenuator using TC4066BP.
TC4066BP consists of four-circuit analog data selector, and one input is
connected to the analog input and the other input is connected to GND.

When RADA network of R-2R is composed, the output makes it possible to
automatically divide voltage for each 1/16 from 0 to 15/16 according to the

control addresses of A to D.

(6) Data transmission circuit

In the case of carrying out data transmission, if the distance between
transmission side and reception side is long, it is rather advantageous to
transmit data under time sharing system than to prepare the transmission

lines equal in number to the signal lines.
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ANALOG IN ANALOG OUT

9 9
Poten-

Control Input tial
2R on (o] npu Ratio

Ao/ Ay

X

A

1/16
18
3/16
1/4
5/16
3/8
7/16

X

2R

A

X

9/16
5/8
1116
3/4
13/16
/8
15/16

2R

AMA

X

el heaiis ol feol feol ool foc R Kool Nl Heall Nl el Ml Mol Kl NG
el fecifacl bool Tl ol Rl Henl =R Rec R Be el e c R Rl Nl N el el Ko}
o=l el faul Tl Fol ool ol Nl e ol e B N R Nl e R < A N R N A N ]
s Lt =l ol ool Ll ol Nl ool N =l e e Dl o el -

r7 lead

R; 100kQ) 2TC4066BP

Fig. 2-87 Programmable Signal Attenuator

TC5023BP ? ......... ?

)
DATA IN |
\

|
o
| |
O e - o—@ oA
|

TRANSMITTER I RECEIVER

Fig. 2-88 16-Bit Data Transmitting System
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Usually, the data are transmitted serially according to the clock by us-
ing the shift register, etc. In this case, however, the extra control
is required for synchronization between transmission side and reception

side.

Fig. 2-88 shows the most fundamental data transmission system, for
which no clock is required. The data inputs corresponding to the address
inputs of A to D are obtained on the data outputs corresponding at the

same time.

Sine wave generating circuit

Fig. 2-89 shows the sine wave generating circuit capable of digitally
generating sine waves. In many cases the generation of sine waves by log-
ic circuit is made by using D/A converter, etc. Here, however, the
generation of sine waves is accomplished by using c2mos up-and-down counter
TC4510BP and analog multiplexer TC4051BP.

By using TC4510BP, TC4013BP and some gates, it is possible to accom-
plish the counter preparing the multiplexer control signals. This counter
reciprocates automatically between up-mode and down-mode, Namely, the
count condition is as given below:

4252627 >8->736 ...... >2->1-220->1->2,....
e >l

UP DOWN )

By adding the BCD data in due order to the 9-channel multiplexer composed
by TC4051BP and TC4066BP, the voltage in the range of Vj~ Vy can be obtained

in order as an output.

The level which was obtained by the quantization of sine waves
through resistance potential dividing is given to the multiplexer input,
in advance. In this case, however, Vi and Vo are required to be within
the supply voltage range of multiplexer. This circuit is sufficiently
suitable for practical use by means of inserting filter in the output to
reduce the distorsion rate of high frequency and to make impedance con-
version with voltage follower. By dividing the clock frequency into 1/N,
the output frequency becomes 1/N, resulting in the possibility of using

this circuit as a simple oscillator.
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TC4013BP

— V3

(V1—V2)

Va2

R
= TECHNICAL DATA
Vi ouT
Q Q
1
©
©0
1S 4% TC4066BP
gg
3 D
g [=3 [=3
:rt” CH~ S 8
j =)
=P S — 7
o 3 5
v S : CHa coM
> J—CHS T
g ” e
% 3 CH1  INH )
® CH
:9 2 B G 1
j& I
%; Ao Bo Co Do
S 3 HU/D L
CAI
g P CcL
2 < TC4051BP A1 Br C1 D1
o o v
CLOCK bp
TC4510BP
Fig. 2-89 Sine Wave Generating Circuit
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4. Latch/flip-flop

Generally, unlike such circuits of gates, decoders, multiplexers, etc.
(these are combined into logic circuit) as mentioned before, latch/flip-
flop and their applied products of counter and shift resister are of the cir-
cuit having memocry elements in the interior. In the combined logic circuit,
if the input logic function at arbitrary time is given, all the outputs are
decided by input logic condition only. In the sequential logic circuit,however,the
output is decided by the input information at arbitrary time and by the in-

ternal memory information. In other words, the output is decided by the

f
X~ Combined
Y —————={ Logical Q
Circuit

Q=1 (x(v), (1), £(t=1))

Memory
Circuit

Fig. 2-90 Sequential Logical Circuit

input funciton at arbitrary time and the input function at the bit time just
before the arbitrary time.

Fig 2-90 shows the conceptional diagram of the sequential logic cir-
cuit. Now, explanation is made on the flip-flop,which is the base of memory
circuit.

4.1 Latch/flip-flop circuits

In a broad sense,a latch circuit is a kind of flip-flop. The flip-
flop circuit is another name of bistable multivibrator (the circuit having
two stable states). In the binary logic circuits including C2MOS IC, the
above-mentioned two stable states correspond to "H" (Positive logic 1) and

"L" (Positive logic 0).

(1) Storage cell

Let us consider the circuit having two
stable states. As shown in Fig.2-91, in the
a b circuit where the input and output are con-
nected together, when the point "a" is "H",

the point "b" becomes "L", while the point "b"

b Myt n_n ny v
Fig. 291 Crossed Tmverter ecomes "H" when the point "a'" is "L".
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Therefore, in both outputs of "a" and '"b", the circuit keeps two stable
states. However, in this circuit, the state cannot be changed if the circuit

is stable in one state.

In the practical use, this strage cell is used as the base to which the

circuit for providing memory information is added.

(2) R-S Flip-flop (R-S Latch)

When the crossed inverter is substituted by NAND gate or NOR gate, it

s
R Q Q
S Q ® Q
Rls|q|Q s|Rlq | Q
LiLia|Q |Memory L |[L [H |[H | Inhibitory
L|H|H|L L|HE|H|L condition
H L L H H L L H
H|H|L|L Inhibitory | H | H | Q |Q | Memory
condition

Fig. 2-92 R-S Flip-Flop
is possible to forcibly decide the memory information.
These circuits shown in Fig. 2-92 are generally called R-S Flip-
Flops (or R-S Latches). If the R-S fli;;flop is composed of NOR gate, the
circuit has memory function with R=S="L",

On the basis of basic circuit shown in Fig. 2-92, it is possible to

R s Q
&1 R N
R|Ss|a |Q s|R |aq |Q
L|LjQaQq L1 | |Q
L H H L L H L H
H L L H H L H L
H H L L H H H L
R=R; +Rp
S=Sl+Sz

Fig.2-93 Multi-input R=S Flip~Flop Fig. 2-94 Set Priority Type R-S Flip-Flop

96 TOSHIBA CORPORATION




INTEGRATEDCIRCUIT

L~
R=

TECHNICAL DATA

R =1 = —

a c[rR s [a]q

L L L L L

_ 'd L H L H L
S

L L H L H

b L|H|B |& |Q

c H * * Q Q

* Don't Care

Fig. 2-95 Gated R-S Flip-Flop
compose the multi-input R-S flip-flop shown in Fig.2-93, set priority R-S
flip-flop in Fig. 2-94, and gated R-S flip-flop in Fig. 2-95.
D type latch
Let us again consider the crossed inverter shown in Fig.2-91. 1In R-S
flip-flop, the inversion was made by the substitution to gate IC, However,

the circuit for providing input information with switch is considered as
shown in Fig. 2-96.

— If S7 and Sy are always in opposite
Q phase repeating "ON" and "OFF", in the
b /51 N state of S1 is "ON" and Sp is "OFF", Q=D,
whereby Q output sends D input as it is
as the output, which in such a state as
S1 is "OFF" and S2 is "ON", the input in-
Sg2 formation is stored in the internal circuit.

Fig.2-96 Basic D Type Latch

In C2MOS IC, similar circuit is accomplished by the method shown in
Fig. 2-97 by using clocked inverter instead of S and Sp. This circuit

stores information in the state of ¢ = "L".

Vop

2|

e

H& 2
r o oD e
4 4

YT 4

t|m|e|o
| e o o1

g | D
L *
¢0——Do—<-Do—J H | H
H | L

* Don't Care

Fig. 2-97 D Type Latch by Use of Clocked Inverter
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(4) D Type master-slave flip-flop

By connecting by two steps D type latch in (3), D flip-flop in master/
slave operation can be composed. The input signal given to the data input

appears on the output with the delay of max. one clock. Therefore, this is

called the delay type flip-
flop.

MASTER SLAVE

Q
Fig. 2-98 shows the
basic circuit of D master/

slave flip-flop. As is clear

74
¢o—(>o&iﬁ g

B from the same figure, the
step of master stores informa-
Fig. 2-98 D Type Master-Slave Flip-Flop tion with ¢ = "H", while with
¢ = "L" the step of slave takes over the task of storage, so that without

reference to the level of ¢ is "H" or "L" the storage contents are not changed.

For understanding the operation of flip-flop, the equivalent circuit of

MASTER

Fig. 2-29 Principle Diagram
Fig. 2-28 is shown in Fig. 2-29.

In the above figure, if S and S3 as well as S1 and S4 interlock

respectively in opposite phase, the operation can be considered in the

order of @'V@ .

@ s1, S4 (ON) ; S2, S3 (OFF)
D input is transmitted from Ij to I3 through Sj. However, as S3 is
opened, the input does not appear as an output, and Q, a'keep the

storage contents of inverter crossed circuit comprising I4-I5-S4(ON).
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@ s1, S4 (ON =OFF); Sz, S3 (OFF = ON)
At the step of master, Sy closes simultaneously with the opening of Sj.
Therefore, the memory information of Cj is kept in the crossed circuit
of Ip-Ig-Sp(ON). And at the step of slave, S3 closes, whereby the in-
formation kept in master appears on Q, 6 outputs. (The information of

master renews the information of slave kept previously.)

® 51, s4 (OFF), s3, 53 (ON)
The storage is continued in the loop of master, and the output does not

change even in the case of change of D input.

@ sy, S, (OFF = ON); Sy, S3 (ON - OFF)
In the step of slave, S4 closes simultaneously with the opening of Sj3,

and the information is stored in the loop of slave. The information

D cP~| @ Q was stored in mas.:>r at the time
D—D Q}—Qq L | F|lo | = of 3. Namely, because of no
CP —CP B B H|F|H]|L new information, there are no
ol x| t]a |q] changes in Q, Q .

o Level Change

% Don't Care
.« No Change S1 closes and S, opens, whereby

Further, in the step of master,

Fig.2-100 D Type Master-Slave Flip-Flop new '"D" input is written.
Namely, the outputs of Q and 6 hold D input at that time in transient

domain, and the storage is continued until the state of @ occurs again.

Fig. 2-100 shows the block diagram and truth value table of D type

master-slave flip-flop.

J K |cPa| q q
K L L IS Q q |-
D Qq T 4J7 Qql-q L H ¥ L H
7— oP = CP cP H |1 | J|H|L
‘— Q- KK QqLgq H | H | F[Qa]aq |
I * * vl e|q (|-
CP ’ o Level Change, « Change
% Don't Care, » » No Change

Fig.2-101 J/K Master-Slave Flip-Flop

(5) J/K Master-slave flip-flop
Based on D flip-flop, J/K flip-flop can be composed as shown in Fig.2-101.
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Table 2-8 List of Latch IC/Flip-Flop IC
Function Latch Flip-Flop
Ro.of Bic D R-S D /K
TC40R7BP
2 Bits TC4013BP TC7ATERP
4 Bits Tos042BP | 1 C50%55T | 1cs01vsmR
6 Bits TC40174BP
8 Bits TC4099BP
TC4508BP
While D flip-flop output is OLOCK
decided by the D input state at POLARJTY ;.———IDOTDO_;
the rise time of clock (2 modes), cP CP
— . R
J/K flip-flop output is decided by i —.DO_%Q
the combination of J and K (4 modes) D L—‘Dé' |
whereby J/K master-slave flip-flop CP _
7 Q
is available for wider application -y T i
as compared with D flip-flop and is ) ’ ’ ’
extensively used in counter, etc. Fig.]-102 TC4042BP (4-Bit "D" Latch)
4.2 Outline of latch IC/
DISABLE @ > TS flip-flop IC
TS
CLEAR Gf) B D (1) D latch
TS TC4042BP is a 4-bit D
CcP |
DATA IN, . > ) Do $ @ latch having common clock
[e3 4 'ﬁ. input. Storing and rewrit-
— cP
CP 4 s ing of data input is made
DATA INg | Do $ D @
o W;‘ TS by the clock input. TC4042BP
oT CP TS can invert the clock
DATA INg % > “ P @ level by using the com-
cP %
- KA s mon polarity input.
DATA 1IN, % N . o> % latch is practicable in
cP “ T both "H" level and "L"
CP .
CLOCK . o T level at the clock input.
CP 3¢ TCca508BP
Fig.2-103 TC4508BP Dual 4-Bit 'D" Latch
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Fig. 2-102 shows the logical diagram of TC4042BP. TC4508BP is a 2-
circuit independent 4-bit latch.

Unlike TC4042BP, TC4508BP has no polarity input but is provided with
the clear input clearing 4-bit latch and the disable input making the out-
put high impedance, whereby it is possible to perform the Wired-"OR" of

output. This function is particularly advantageous in case of time sharing

~ LATCH O )
RESET i ‘I
pATA (D)o ' Qo
WRITE Ty +——d
DISABLE C)““D i D7 L
IR
L= ! LATCH 1 : .
» e[ 1] e =0
H > ] LATCH 2 :
‘__,.‘.—_—: B ’_Q2
—H 7 LATCH 3 :
B (:}—£x~~£> H"é:::'"—"—-—:'~———-t“——L—_d>_-__<:>QS
== I LATCH 4 ]
] > (@)
T T
L= . LATCH 5 : S @)
o (D—poqd> — - - 5
H LATCH 6 ——I
— _ b—d>——(5)as
_53@————] LATCH 7 —[
L ——v®)ay

Fig. 2-104 TC4099BP 8-Bit Addressable Latch
desired for the latched output or in case of connecting the latched output

to the bus line of microcomputer.

(*¥) x 4 circuits (*) x 4 circuits

Fig. 2-105 TC4043BP (NOR R-S Latch), TC4044BP (NAND R-S Latch)
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Fig. 2-103 shows the logical circuit of TC4508BP. TC4099BP shown in
Fig. 2-104 is the addressable latch leading one optional latch out of 8-
bit latches to perform storing. In case the number of output ports of

microcomputer are insufficient, it is possible to increase the number of
output ports by using TC4099BP.

R-S Latch

TC4043BP and TC4044BP are the R-S latches incorporating 4 circuits of

172 TC4013BP INPUTS OUTPUTS

CPaQp+1 [Tp+1
H

Q
(=]
o]
4}
g

=

js=l <2 I

=]

=]
== B < I O
[l == s < < o}

e ezl |w
P

t,
e L | 2 XX

BS

2|
]

Qn

X ; Don 't Cave
CLOCK ( :: }-——Do—Et CK & ; Level Change
CK

¢ ; No Change

Fig. 2-106 TC4013BP D-Type Master-Slave Flip-Flop
basic R-S flip-flop (latch) shown in Fig. 2-92 into 1 package.

Fig. 2-105 shows the logic diagrams of TC4043BP and TC4044BP. As is
clear from the figure, both TC4043BP and TC4044BP are provided with the com-
mon enable input for making the output high impedance.

D Type master-slave flip-flop

TC4013BP is a D type master-slave flip-flop having asynchronous clear
input and asynchronous preset input. Two flip-flop are perfectly indenpend-

ently incorporated in one package, which can be easily used.

TC40174BP is a 6-circuit Dtype flip-flop, while TC40175BP is a 4-cir-
cuit D type flip-flop. Each internal F/F of both flip-flops is controlled

by common clear and clock inputs.

102
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Do Qo Dy @ Dz Qz Dz Qz Dg Qs Ds Qs

Ll e el T T T

op &3 cP cp P 53
e | rMce| mMen] Mer) el A cL
R 1 1 7 7 I 7
CLOCK ©
TC40174BP
Do QpQo Dy Q; Q3D Q282 D3 Q383
[ o o [
.
Lo < L q L q S S—
CP_q o q ) cp g
o R oLt oL FoL 9
STEAR o 1 T 3
CLOCK ©

TC40175BP

Fig. 2-107 TC40174BP Hex D-Type Flip-Flop
TC40175BP Quad D-Type Flip-Flop

INPUTS CUTPUTS

CL |PR | J | K |CBA| Qu+1 | @p+1

H|L |X [X|X L H

Ll ||| 7| an an °
%Q L|L |L |H | T L H

v|L |8 |1 | & H L

L|L |8 |8 || q an”*
6 Ljn | % [1 Qn Qn

X Don’t Care

& Level Change

. No Change

e Change

Fig. 2-108 TC4027BP J/K Master-Slave Flip-Flop
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(4)

4.3

Fig. 2-106 shows the logic diagram of TC4013BP, while Fig. 2-107
shows the logic diagrams of TC40174BP and TC40175BP.

J/K Master-slave flip-flop

TC4027BP and TC7476BP are J/K master-slave type flop-flops having
asynchronous clear and reset functions. Two circuilts of each flip-flop are

perfectly independently incorporated in one package.

Fig. 2-108 shows the logic diagram of TC4027BP. In TC4027BP the
state of output is decided by the rise of clock,and clear and preset are
active on "H" level. Quite on the contrary, in TC7476BP the clock is

active at fall,and clear and preset are active on "L" level.

Conversion between flip flop ICs

S o————_] S o~———17

Vpp p ®al oaq VDD-EJWQ——oQ
or or cP
Vss L-CPCLE_—OE Vss K o, a0
R o___._] R o__J
1/2 TC4013BP 1/2 TC4027BP 1/2 TC7476BP

TRUTH TABLE

s R Q Q
L L Qn Qn
L H L H
H L H L
H H L H

Qp ; Holds Previous Mode

Fig. 2-109 R-S Flip-Flop by Flip-Flop IC
In flip-flop ICs as mentioned in 4.2, there are. 2-circuit D flip-
flop (TC4013BP) and 2-circuit J-K flip-flop (TC4027BP and TC7476BP). In
case any other flip-flop is desired, it is possible to readily compose such
flip-flop by using D flip-flop and J-K flip-flop.

104
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— Vop
[ N "-**i
l_L'»PHQ oq 7R qb—o0 g +—5 PR glo
T cP T o—"t—dCP
T o Pop, @ —0Q LK o, Q—o @ +—K o, &}—0
1/2 TC4013BP 1/2 TC4027BP 1/2 TC7476BP
T ] 1 J 1 J 1 J
Q

Fig. 2-110 T Flip/Flop by Flip-Flop IC

D PR TE PR TE 3 PR
TE Q —0 Q v Q a
cP cp
% ¢ T K op, Af—o08 T K¢y Qf—o0

[ * L

QpF—o0 9
oL@ Q
1/2 TC4013BP+1/4TC4030BP 1,2 TC4627BP 1/2 TC7476BP
TE 1 I
T_J | J | S R L J L 1 J

o L | I

Fig. 2-111 T Flip/Flop with controlling In;;ut
by Flip-Flop IC
For example, the use of gate IC makes it possible to perform the conversion
between J-K flip-flop and D flip-flop, whereby the surplus flip-flop in the

circuit can be converted to any other type.

R-S Flip-flop

By using clear (CLEAR) input and preset (PRESET) input of TC4013BP,
TC4027BP and TC7476BP, R-S flip-flops can be constructed. However, in case
both R input and S input have become ENABLE, unlike the R-S flip-flop composed
by gate IC, priority is given to R input.
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Do 3 FRaloq

:

—DO—JPR Qt——o0 E
cp cP
cpo_| ——Do———KCLar———Qa CPo—, K .. 3—o0 q

1/2 TC4027BP+1/6 TC4069UBP 1/2 TC4CR7BP+1,6 TC4069UBP

Fig. 2-112 Conversion from J-K Flip-Flop to D Flip-Flop

5 [+ ; [ >

K p PR ol o VD D PR g

CP o CPey, &f—1—0 CP o— CP_. Q

I

4,/4 TC4001UBP+ 1,2 TC4013BP 4/4 TC4011UBP+1,/2 TC4013BP
(1/4 TC4001BP) (4/4 TC4011BF)

/

Fig. 2-113 Conversion from D Flip-Flop to J-K Flip-Flip
(2) T Flip-flop (Binary counter/divider)

T flip-flop, which inverts for each clock input, becomes the basic

configuration element for counter circuit.

In the T flip-flop, there are

VDD [ I 1 two types, one being the type
I——D Ry p IR g of unconditionally inverting
IN o——cP ouT when the clock enters and the
oL @ r cL 8 other being the type capable
CLOCK o— % t of selecting inversion and non-~

inversion according to the state

chxm of TE (Toggle enable).

E

Fig. 2-114 Pulse Synchronizer (a)
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Fig. 2-110 and Fig. 2-111 show the examples of the connection of
T flip-flops. In the same figures, PRESET input and CLEAR input are
processed. In usual circuits, however, they are often connected to other

circuits for initializing or state setting at optional time.

(3) Mutual conversion between D flip-flop and J-K flip-flop

In case TC4013BP is desired to be used like TC4027BP or TC7476BP;
or on the contrary, in case TC4027BP and TC7476BP are desired to be used
like TC4013BP, the conversion is easily practicable by putting gate IC

externally.

Fig. 2-112 shows an example of the use of J-K flip-flop as D flip-
flop, while Fig. 2-113 shows an example of the use of D flip-flop as J-K
flip-flop.

4.4 Flip-flop/latch application circuits
(1) Pulse synchronizer (a)

Fig. 2-114 shows a pulse synchronizer synchronizing the signal
input at random by the clock of system.

In this circuit, whenever there is a rise of input signal ir-
respective of length of input signal, the pulse corresponding to
one cycle of clock is made by catching the rise edge of input signal.
Further, during the rise of output, the preceding step of F/F is reset,
whereby other inputs are inhibited to prevent mulfunctions, such as

chattering, etc.

(2) Pulse synchronizer (b)

Like (1), Fig. 2-115 shows the circuit for synchronizing the input
signals entering with the asynchronous state with the clock.In the case of thi
circuit, it is possible consicerably to remove chattering by setting the
frequency of clock properly, However, for reliabler operation, (II) three-

step system is more effective than (I) two-step system.
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(3)

Frequency divider by Johnson counter system

Johnson counter is accomplished by connecting D flip-flop in a shift
register form and connecting the inversion output of the last step to the
data input of the initial step. The special characteristics of this counter
are that the whole output is obtainable at 50% duty cycle and no hazard

appears in case whatever gate is added to the output.

Fig. 2-116 shows an example of a 1/4-frequency divider, while Fig.

. ' ! T
ouT ! I I ! : :
c N
ok ()% 1ca015BP
r‘-r] 1 ]
N g 1 ouT
S ) e R s eoox LML LML
CL CL cLQ " . T ' . q [
o ! I IVI our v 4 b1+
CLOCK 1, (i) 5 TCc4013BP

Fig. 2-115 Pulse Synchronizer (2)
2-117 shows an example of a 1/6 frequency divider.

In case no gate is added to the frequency divider shown in Fig. 2-117,
when the power is turned on, or the flip-flop becomes the state Q4 = "H",
Qg = "L", and Q¢ = "H" by the external noises, in the next clock, the flip-
flop becoems the state Qq = "L'", Qg = "H", and Qc = "L", in the second
clock, the flip-flop returns to the original state; thus the reciprocation
is made between two modes of "H"-"L"-"H" and "L"-"H"-"L'", and division of

frequency is not expected.

QA

LDPRQ cock M MMM
o w_| IR e S
CL 1 ‘ ' 1} 1\ "
b ! [ —
CLOCK -%TC4013BP

Fig. 2-116  1/4-Frequency Divider
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In the mode other than the normal counting work, in case there is any
closed loop not returning to the original, this loop is generally called

labyrinth loop.

In Fig. 2-117, the gate is installed so that the labyrinth loop may

automatically return to the normal count.

In general, at the time of designing the counter and divider, con-

sideration is required so as not to cause the labyrinth loop.

oA QB ac
]
,J,L 1 { i
R
SPR g S PRy o PR o)L
oP cp HCP
oL "’ cL oL ]
L= 2
2 7403
o — S TC4013BP
CLOCK r 4 TC4011UBP

Fig. 2-117 1/6 Frequency Divider

By the same procedure, the circuits for 8 dividing and 10 dividing
can be realized. In this case, however, it is advantageous to use

TC4018BP or TC4022BP and TC4017BP of MSI.

Synchronous type N up-and-down counter (ternary ~hexadecimal)

By using J/K flip-flop, various counters can be composed. Here,
by using TC4027BP (and some gate ICs), introduction is made from synchro-

nous type ternary-up-—counter to hexadecimal-down-counter.

Examples of connections of various counters are shown in Fig.2-118
to Fig.2-145.In the figures,CLEAR and PRESET of TC4027BP are all omitted;
therefore,CLEAR and PRESET shall be all processed as GND (Vgg). Count
sequence is described in all the drawings.

Namely,each flip-flop composing the counters is given weight 1-2-4-8
from the initial step,and all of the logical state forming the
counters are expressed by decimal. The mode other than normal count mode
shown by full line arrow mark returns to the normal loop as shown by

dashed line.

TOSHIBA CORPORATION 109




Foshiba

B
N

INTEGRATEDCIRCUIT

TECHNICAL DATA

Qa Q eBQ
[_ J Q J qQ ._’
cP cP
Vpp K VoD K Q

o

+9 %9

L_.. J Q ._]
CP CP
Vnnf K Q VDD:[': K

‘e

Fig. 2-118 Ternary Upcounter

Fig.2-119 Ternary Downcounter

QAT Qﬁvj)

VDD —1 J oQ JoQ
cP — cp
K K

CLOCK
75
O—®

QB_T

Qa
Vpp J Q rT J Q
cP —~{ cP
K Q K

CLOCK
09

Fig. 2-120 Quadrinary Upcounter

Fig. 2-121 Quadrinary Downcounter

cP cP cP
VDD-FK {K VDD‘][K Q
[om— !

CLOCK

Qs Q QB Qc
J Q
1 CP
—}VDD— K Q

LT

Fig. 2-122 Quinary Upcounter
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Fig. 2-123 Quinary Dowuncounter
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QaQ QB? ij VoD Qa QB Qij
Y, [T aH 1T Q—l_:D-J qQ T q ToQ T a
cP — cP —cp cP — CcP r°F
K K X th K q L K I——-1K §~l
[o} .
CLOCK o4
CLOCK
Jogo
©) O,
©® ©
OO
Fig. 2-124 Sexinary Upcounter Fig. 2-125 Sexinary Downcounter
QaQ ]BQ 9c 9 0
| o e
J Q T Qe 7 q
CP — CP cP
VDD rx Q—[':Do——-x FK Q—] ee oo
o—
CLOCK
Fig. 2-126 Heptanary Upcounter
©
@ ©
VDD c’ e’
®)
o
CLOCK

Fig. 2-126 Heptanary Downcounter
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Qa QB ch? QA QB Qg
v v
R o T q E) D, e 7 e 7 a
CP CP CP CcP l—.r-CP CP
K K K K Qp——HK K
o—i . o—i
CLOCK o a CLOCK 0 e
Fig. 2-128 Octal Upcounter Fig. 2-129 Octal Downcounter
QAT Qp o
—17 q I Q
, cP cP
Vpp FK EK VoD [l
S
CLOCK
Fig. Z-131 Ninedecimal Downcounter
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Qp
[ - _J
Vop T 4 JoQ _A,EDTJ Q 7 Q
CP cP ! cP — CP
v M Vp _J
L{: DDl ik D {1:K K Q

K K
o—
CLOCK
Fig. 2-132 Decimal Upcounter
QA Q QB © Qc @
[
cP —{cP cP
K Q@ K K
O 4
CLOCK

Fig. 2-133 Decimal Downcounter

QAQ QB Q QcQ QDT

I_L]:)j T oQ Toqp I YT a J

cP A°® |y CP —cp
DD

Vpp—k @ L-’F['_')»—— K K K E:I

CLOCK

Fig. 2-134 Onedecimal Upcounter

QaQ Qp QcOQ QD?
ul
J QH J QM JoQH J qQ
~{cP cP cP cP
Vpp K Q K K K
o l J
CLOCK

Fig. 2-135 Onedecimal Downcounter

TOSHIBA CORPORATION 113

iTIA12



INTEGRATEDCIRCUIT

iR TECHNICAL DATA

Qa0 QB o Qco an
Vo——7 @ 7 a Ioa DT e
cP cP cP —{cP
K AF K K Vm—T)Hx T
o-
CLOCK
Fig. 2-136 Duodecimal Upcounter
Qa T QB? Qe
Vpp J QJ J Qr J QM
cP cp cP
K Q K K
o—4 : !
CLOCK
Fig. 2-137 Duodecimal Downcounter
QaAQ °5:) Q¢ D9
J —4—] . HJJH:)_~ .J
‘_E} s e ok 7 e
— CP cP ~ CP — CP
Vpp K ‘f K ‘DT_D>—- K K Q -—]
1 o :
CLOCK
Fig. 2-138 Terdecimal Upcounter
Qa0 QB 0 Qc o
J Qd:EI:>u_J QH J Qi 7
cP — CP cP cP
VoD K @ K K K
o
CLOCK

Fig. 2-139 Terdecimal Downcounter
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QA o B o Qc Qp

Fig. 2-141 Quadecimal Downcounter

Qa o QB O Qc o Qpo
(F?H[)&J Q J Q ﬂuéf:)__J Q <1_ 7 aH
CP CcP |_|_] CP cP

CLOCK

Fig. 2-142 Quidecimal Upcounter
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Qa0 QBq Qco QD?

g>«>w f {7 a} ;
CP CP CP CP
VDD‘FK Q K K K

O- ‘ ,

CLOCK
Fig. 2-143 Quidecimal Downcounter
o Qo Qco ij
Vop EI) ) T 7 Q
FCP cP
_f: VoD cP CP
K K K K
o—i i |
CLOCK
Fig. 2-144 Hexadecimal Upcounter
QaQ 8B © QcQ Qﬁj
VoD J apH J Q J oQ J q
cP _{:CP cP cP
K Q@ LK K X
o—i l
CLOCK

Fig. 2-145 Hexadecimal Downcounter
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(5) 4-Bit bidirectional shift register

If connection is made as shown in Fig.2-146 by using TC40175BP and

TC4019BP(Quad AND/OR Select Gate), it is possible to realize the bidirec-

tional shift register capable of both right shift and left shift.

Further, by cascading this basic

circuit, it is easy to compase 8 bits

and 16 bits.
|
RIGHT
SHIFT IN O ) 1 17 -OLEFT SHIFT 1IN
A] By AgBpA3BzAsBy
KA OQ—I——@ LEFPT/RIGHT CONTROL
KB
TC4019BP x
¥1 Xz X3 X4 FUNCTIONAL TABLE
J, l ] 1 CL |L/R| CP MODE
Do D; Dz D —
0 1 s CLOCK L | % | % | CLEAR
CLEAR  © cL © B[ % | L | no cnance
TC40175BP Qp Q1 Q2 Q3 W] ® | | SHIFT LEFT
L] L H| L | F| SHIFT RIGHT
Fig. 2-146  4-Bit Right Shift/Left Register

(6) Ring counters

The ring counter, in which "H" level or "L" level pulses shift in

order according to the clock input, is the circuit having very extensive

uses. In the ring counters introduced here, the shift register is com-

posed by using TC40174BP or TC40175BP.

Fig. 2-147 shows the ring counter with the output being available at
"H" level active, while Fig. 2-148 shows the ring counter with the output
being available at "L'" level active.
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Qo Q1 Q2 Q3 Qg Qs
TC4078BP ° o o
y) 9 (?
E
\
D QF+—-p Qqf}+—D q}*—+D QD 4D g
—CP —cP —{cP —CcP —CP —icp
CL CL CL CL CL CL

TIEAR o b { 1 1 b
CLOCK © TC40174BF

- Timing Chart

CLEAR l

CLOCK

© [

“ 1 [

o . 1

% 1 L
o . —
v [ 1

Fig. 2-147 6-State Ring Counter ("H" level active)

Q) Q2 Q3
14 TC4002BP o o [e] Q
(
D g —l D D D Q
—cp | —cp | —cp | —cp _
cL Y cL Y cL Y— oL Y—
CLEAR O I b b TC40175BP
CLOCK O—
Fig. 2-148 4-State Ring Counter ("L" level active)
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(7)

Three-state connection

4X4

INPUT
PORT

2 TC4508BP
o——— Do Qo b—
o0——D1 Q1
o Dy Qg
o Dz Qg
DIS
O Do Qo0
Dy Q1
o= D2 Q2
o Dg Q3
’—— DIS
Oo— Do Qo —
o D1 Q1
o Dz @z
o Dz Qg
—{P1s
Do Qo -0 | 4 —BIT
o= D1 Q1 BUS LINE
o D2 Q2 O | (INPUT PORT)
O— Dg Qg
DIS
Q3 Q2 Q1 Qo 14 TC4556BP
Eo——0 ENABLE
B a
L ..
ADDRESS IN
l op) ADDRESS I

Fig.2-149 Expansion of Input Port
by TC4508BP

TOSHIBA CORPORATION

TC4508BP is capable of
making the output high im-
pedance by using the disable
input. By using this func-
tion, three-state connection
is practicable by con-

necting output to output.

Fig. 2-149 shows the
circuit for riding 16-bit
input signal on bus line or
input port of microcomputer
by using two devices of
TC4508BP. In general,
general-purpose processor,
such as microcomputer, is
provided with a fixed amount
of ports only. This circuit
is effective when the expan-
sion of input porst is

desired.
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5. Counter

The counter is a product which has the most broad range of application

among MSI, and is broadly used for counting and storing pulse input and for

dividing input frequency.

The counter may be classified into synchronous type (parallel carry

system) and asynchronous type (ripple carry system) according to how clock

input is given, and also, into binary counter, N-counter, BCD decode counter

etc. according to counting mode.

5.1

(1)

Counter circuit

The counter uses the flip-flop as the base element, which has been
described in Section 4. The peculiar mode of the counter is described in

the following before the counter is used.

Asynchronous type counter and hazard

The asynchronous type counter is, for instance, a counter in which
the flip-flops are connected in series one after another as shown in
Fig. 2-150. 1In this case, the initial stage flip-flop (F/F C)) is in-
verted by the clock. The second stage F/F (:) inverts by sensing change in
output from F/F () , and the third stage F/F () inverts by sensing output
from the second stage flip-flop. Thus, the later the stage in, the
larger the delay time will become.

The delay time between the flip-flop clock and output Q is specified
in the catalog. When this value is assumed to be tpd- The delay time of
output from clock input to n-th stage is n x (tpd).

If it is assumed that a gate detecting arbitrary counting state is
added by structuring, an octal up-counter using this asynchronous
counter, odd number detection output (e.g. "7") can be normally obtained,

but hazard is generated on even number detection output (e.g., "6").
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In this way, the asynchronous type counter may not function properly

if the logic  process of its output is easily carried out.

On the synchronous type actal counter shown in Fig. 2-151, no
hazard is generated even when a gate is added similarly. This is because
the clock is applied in parallel to each F/F structuring the counter, and
is more advantageous for generating control pulse (QA<QB-QC, QA-QB-QC in
Fig. 2-150) than the circuit shown in Fig. 2-150.

Therefore, with the exception of a simple frequency division circuit,
the asynchronous type counter is not often used. When asynchronous
type counter (e.g., TC4024BP, TC4020BP or TC4040BP) is used, care must be

exercised so that these hazards do not occur.
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Qa B Q¢
—PD Qj —p Q—T —D Q——T
CLOCK o cP@® [320)] cP@
o 2 |3 | e |5 |6 |7 0
CLOCK —_J I | ' | I I | I l l I
’ l
o l [ L [ | ]I
| ] ] I l
QB l[ ] ‘ ‘ ‘ ‘ |
I
s l | L
tpa(l) tpg(1+2) tpa(1+2+3)
Qa- QB &C
I
T-QpQc J—j -]/ Hazard
Fig. 2-150 Asychronous Type Octal Counter
QD QE QF
VDD 7 j
J Q 7 Q] J qf
cp@® —cr®@ cP®
K K LK
CLOCK O
0] | 1 | 2 | 3 | 4 | 5 | 6 | | 9]
CLOCK | I | l I | ' I l I I l | l ——l_
w I —h I
T [ i
% i I
o L
~H-tpa (1) 1
Qp-QE-Qr I |
Qp-Qe-Qr ] |

Fig. 2-151 Synchronous Type Octal Counter
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(2)

Counter and Toop

The counter is basically composed of several flip-flops (F/F).
As these F/Fs function as the information storage elements of the
counter, for n-counter, n-F/Fs satisfying

n-1 <

2 N s 2" (n: integral number)

are required.

That is, on a quinary counter
22< 5 <23

Therefore, n = 3, and 3 F/FS are required.

In this quinary counter, there are 5 modes available for the counter to
take under normal operating condition. However, as the counter has 3

F/Fs 23=8 modes are available for the system.

That is, it is necessary to give consideration to operation of the
counter when it is placed in the remaing 3 modes which are normally not
used. This is because the system may possibly be placed in unused mode
if resetting or setting is not complete at time the power is turned on or

normal operation is deisturbed by external noise during operation.

In the next, the loop is explained using 2-sexinary shift counters
shown in Fig. 2-152. Both circuits (a) and (b) in Fig. 2-152 operate

as sexinary counters shown in the count sequence.

Now, if the counting state is shown giving weight "1", "2" and "4"
to each of F/Fs composing the circuit in the sequence of A, B, and C,
operating of respective counters (a) and (b) can be shown in Fig. (a')
and (b').

In this case, a stray loop where states '2" and "5" invert each
other exists in (a') in addition to the normal count loop. Because of
this stray loop, if the frequency division circuit is placed in this

mode, permanent division of frequency into 1/6 becomes impossible.
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(a)

3
A
CLOCK
o—s

clock

Tlmlng that
(a")

g L
¢ —1_ 1

Stray loop

Qa QB Qc (®) Qa QB
9 ? T -~ ©
=l ealeal| Ll —
—c* —°F cP rce e
B C g A B CE
CLOCK
o
1 2 3 4 5 ¢ 1 Count Sequence
Clock (*) Qs | @B | Q@ (*) Equivalent
1 1 H L L decimal
2 3 H H L
R . 3 7 B | B H
4 6 L H H
5 4 L L H
6 o L L L

(b') Jump to normal loop

© L2 T

Normal loop

Normal loop

On the other hand,

Fig. 2-152 Loop Analysis

this stray loop does not exist in (b') as a jump cir-

cuit which is provided to restore the circuit to the normal loop im-

mediately from this mode.

Therefore, it can be said that the circuit (b) is better than (a).

In general, in structuring a counter system it is necessary to make sure

in advance that there is no abnormal loop in the circuit.
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5.2 Type of Counter
The counter of C2MOS IC has most many versions among c2Mos MSI/LSI.

Shown in Table 2-9 is a table of the asynchronous binary counters.

Those frequency dividing outputs with "O" mark in the table can be
taken out fromeach output pin. Further, TC4024BP, TC4020BP and TC4040BP
have no oscillation circuits, and TC4521BP, TC5036P and TC5048P are

built-in oscillation circuit types.

TC5036P and TC5048P are dynamic types in circuits up to the fourth
stage and frequency division up to 8 MHz at 5V is possible.

Shown in Table 2-10 is a table of the synchronous counters.

The synchronous counters may be classified into binary counter
decimal counter, BCD decode counter, N-counter, etc. Further, as up/
down count selectable type and presettable type counters are available
in addition to a counter that is used for simple up-counting only, it is

necessary properly to select counters that have expected functions.

Table 2-9 Asynchronous Binary Counters

Output Pin Circuit
B T o e
TC4024BP| C|OC|C|C|C|C|C
1ca0z08#| 0| — |o|o]o|ofo]o]o]e]o]o]o]
Static
1ca0s08?| O|0lo]olojolo]ojo]o]o]o
TC4521BP o|o|o]olec]o]o
TC5036 P a O —-[OIO o|o|c|c .
Dynamic
TC5048 P | —— |& O]OE)]— g — |O 0|0
Note) A ; duty cycle 34.47
O ; frequency check output
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Table 2-10 Synchronous Counters

unction Presettable | Presettable
U U Down Other
Function P »/ Up Up,/Down
TC40161BP TC4516BP
TC5018P
4 bits | TC5027BP TC40163BP | TC4029BP
Binary
2x4 bits| TC4520BP
Octal TC4022BP
Decimal TC4017BP

TC40160BP | TC4510BP

it| TC5026BP
1 digit| TC5026 TC40162BP | TC4029BP

2 digits| TC4518BP

BCD TC5001 P TC5010P

D

ecode 4 digits TC5037 P
TC5051 P
TC5052 P

No applicable product

6 digits| TC5032 P

N-counter TC4018BP

(1) Ripple carry binary counter

TC4024BP, TC4040BP, and TC4020BP are ripple carry binary counters
that have master-slave D-flip-flops connected in sequence as illustrated
in Fig. 2-153 ~ Fig. 2-155. All of the flip-flops can be reset to "0"
by CLEAR input.

Q) Q2 Qs

STOoK Ip QJJ_ED q{;_t

T

O

L_T_‘—__

—

G o
-]

D

y =11

2|
ey
o

CLEAR

Fig. 2-153  TC4024BP 7 STAGE RIPPLE CARRY BINARY COUNTER
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Q1 Q2 Q3 Qg

IR

L ‘

P o

Q2 Q11 Q10 Qg

Fig. 2-154  TC4040BP 12 STAGE RIPPLE CARRY BINARY COUNTER

Q1

Cp

—d '

2
Q14 Q3 Q2 Q11 Q10 Q9 Qg

Fig. 2-155 TC4020BP 14 STAGE RIPPLE CARRY BINARY COUNTER

TC5036P and TC5048P illustrated in Fig. 2-156 are 17-stage high-speed
ripple carry binary counters. As the flip-flops up to fourth stage are of
dynamic configuration, clock inputs up to 8 MHz can be divided at 5V.
Frequency division at fyyy (20 KHz) or below, however, is not guaranteed.
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VDDl Qg Qs Qg Qn p
T . ? 7 .3 ? q ; 9
[ :
Vpp2 O g, ' Vssi 8
A — 7
DYNAMIC STAGES Q Q Q Q
XT >C T T T T 3 '
1~4 — — — — & z
R R R R
Vss2 O—-— H STATIC STAGES 5~7 Z rore
STATIC STAGES 9~17
CLEAR R|[r][R R |[® R ® % ||[ ®
T T T by T T T T T
) Q Q Q Q Q Q Q
Qiv Qe Q15 Qig Qi3 Q2 A Vsal
R==200k()
TC5036BP TC5048BP
1 —{xT Qg —3 1—XT Qe [—3
L4 -
2 —{xT Q12 2 —xr Qs 4
Qizf—5 Qs [—5
6 —¢& Qygf— 10 6 —& Qy 10
9 —{FeC Qs 11 9—Fe Qe[ 21
Qe[ 12 Qe[ 12
14 —CLEAR o | 14 1¢—{CLEAR gL 13
Vppy » 16 Vgs1 : 8 Vpp1 ; 16 Vss1: 8
Vppz ¢ 15 Vssz ¢ 7 Vppz ;15 Vssz ¢ 7
TC5036P
. 2= 17 STAGE F VIDER
Fig. 2-156 TC5048P 7 ST REQUENCY DIVIDE
Further, a crystal oscillation inverter
is built-in each of these counters; there-
fore, oscillation is possible when the

crystal is connected to Xr and R-T terminals
as shown in Fig.2-157.

specified accuracy including constant and

However, since no

crystal that is used in a clock frequency

divider has been guaranteed, oscillation may

not be obtained even in the operating of

Fig.2-157 Example of Crystal counter depending upon a crystal and C1/Co

Oscillation Circuit being used
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Therefore, it may be essential to check stabilized oscillation in

advance using a crystal to be used.

Illustrated in Fig. 2-158 is TC4521BP ripple carry binary counter
containing 24-stage static flip-flops. TC4521BP has the crystal oscil-
lation inverter and RC oscillation circuit inserted into the input and

either of them is capable of generating oscillation pulse.
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Fig. 2-158 TC4521BP 24 STAGE FREQUENCY DIVIDER

TOSHIBA CORPORATION 129




INTEGRATEDCIRCUIT

FR3Z  TECHNICAL DATA

An example of the oscillation circuit of TC4521BP is illustrated in Fig.2-159..

C17
VoDl
Rg

1
fosc=
0SC™ 22RqCq

[ T ["IN; our; 1Np oUT
IN; OUT; INy OUT 2 2
. 1 1 7R L ; 1 1 Rg=2Rp

I
] TC4521BP ! TC4521BP '

(a) Crystal oscillation circuit (b) RC oscillation circuit

Fig. 2-159 Example of Oscillation Circuit of TC4521BP
(2) Synchronous counter

Since there are many types of synchronous counters and it is hard to

describe all of them here, some representative products are explained.

TC5026BP and TC5027BP are C2MOS ICs that have same functions as those
of 7490/7493 TTL. TC5026BP is separated to the binary counter and the qui-
nary counter, and can be used independently by separating binary and quinar

modes in addition to normal decimal mode. TC5027BP consists of binary
counter and octal counter.

Q2 Qo

b a4 b e — oH ' 4 e — e 7 ¢
1 | e || RPN i
LT T T T
i ]
) A )

CLEAR CLOCK L

(14TCe518BP) CLOCK ENABLE  (1,704520BP)

Fig. 2-160 TC4518BP DUAL BCD UP COUNTER
. TC4520BP DUAL BINARY P _COUNTER
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TC4518BP and TC4520BP shown in Fig. 2-160 contain 2 circuits of
BCD up-counter and 4-bit binary up-counter, and are advantageous in

counting BCD 2 digits on more, or binary 5-bits or more.

TC40160BP ~ TC40163BP are presettable 4-bit counters that have
cascade connection function. Pin connections and functions of these
counters are same as those of 74160 ~ 74163 TTL. Preset operations are
all synchronized with a clock, and these counters can be classified into
clock synchronous type (TC40162BP/TC40163BP) and asynchronous type
(TC40160BP/TC40161BP) .

TC40160BP and TC40162BP are BCD counters, and TC40161BP and TC40163

BP are 4-bit binary counters.

TC4510BP, TC4516BP and TC4029BP are presettable up/down 4-bit
counters. TC4510BP is of BCD type and TC4516BP is of 4-bit binary type.
TC4029BP can be used either for BCD/binary counting by the BCD/BINARY
switching terminal. TC4510BP and TC4516BP have clear input, while
TC4029BP is not provided with it.

Therefore, to clear TC4029BP, it is necessary to preset "0". With
all of these 3 types, clear and preset (load) inputs are of asynchronous

type. The logic diagram of TC4029BP is shown in Fig. 2-161.

TC4017BP is a decimal counter based on the 5-bit Johnson counter
and 10 decode outputs can be obtained, which are useful for control cir-
cuits as no hazard appears in the circuits. TC4022BP is an octal counter

in the same format.

A decimal counter may be used in one digit only, but in general it
is used in many cases with several digits connected in series to make

the maximum count value larger.

For application of these, 4-digit and 6-digit LSI decimal counters
are available for C2MOS.
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TC5001P, TC5037P, TC5051P and TC5052P are 4-digit decimal up-counters.
Each digit synchronizing with inner clock (scanner) are outputed with

the time sharing.

TC5010P is a 4-digit decimal counter of which all outputs are static
and obtained at 16 terminals.

LOAD

>

1 four By Bour Cin Cour Din Dour CARRY

our
@@ 1) (1) (13 (o) (s

i D—TYPE FLIP FLOP
LT LT LT | Ly L
K HCK K HCK L 1 |
CLOCK 1@ ’—“KCIQ_, [ 19 ['KCIE
1T 1 1]
5 )2 o1 CK CK
CARRY IN [ — J CK CK

. Do [| )| )i 1 J—K-—TYPE FLIP FLOP

Q
Mo e

ol

o 0|

Fig. 2-161 TC4029BP PRESETTABLE 4 BIT UP/DOWN COUNTER

TC5032P is a 6-digit decimal counter capable of high-speed initial
stage counting, and its output is of 6-digit dynamic format.

These counters can be broadly used in various systems such as total

counter, frequency counter, A/D converter, etc.
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The block diagram of TC5032P is shown in Fig. 2-162.

Ty T BCD OUT
4
Ty Tz TsTe BC ABCD
el TR
SIN " gcan | I | [ 11 ]
T 4 BLANKING |
osc DEC ODER
Rpxr O— COUNTER|{ BLOCK |
MULTIPLEXER
A I 8 I B I 1] I
I O O I g 11 111
LATCH LATCH LATCH LATCH LATCH LATCH
T T T . TTT L1 LI 11 | 11
MR & B 0 [IliJJITIJ 1T - |
cro— o | o K Ho o Mo h Ho Yo
IN1 o ’_—_|
INR O .
OVER FLOW
' CARRY BLOCK ~| LATCH I
Y g ) 3 3 S_J d
CAl CAZR CA3 CA4 CAS CA6 OVF
Fig. 2-162 TC5032P 6 DIGIT DECODE COUNTER

5.3 Application of counter IC

(1)

Cascade connection of counter IC

When pulse counting/division is performed using one counter IC, it

may not be practical in many cases to use only one counter IC being

provided with one digit as TC4020BP etc.

of cascade connection of counter ICs is generally used.

For this reason, a techenique

Shown in Fig. 2-163 is an example of the cascade connection of rip-

ple carry binary counters, and number of stages can be increased easily by

connecting arbitrary outputs to clock inputs at succeeding stages.

CLOCK o—Q

cL

cP
CL

Qn

Qn

CP

CL

-

I

i

CLEAR O—¢

Fig. 2-163 Cascade Connection of TC4020BP (TC4040BP, TC4024BP)

TOSHIBA CORPORATION

133




INTEGRATEDCIRCUIT

R

TECHNICAL DATA

To connect TC4518BP and TC4520BP counters that contain 2 circuits, Q3
output at the preceding stage is to be connected to the enable input at the
succeeding stage as illustrated in Fig.2-164; however, as the counters sub-
sequent to the second stage will change after detecting change in the preced-
ing stage in this case, this circuit is symchronous in same stage, but it be-

Comes asynchronous at every stage.

In order to synchronize these conters by the same clock of the preced-
ing stage, it is necessary to incorporate a Look Ahead Carry Block for detect-
ing state of carry at the preceding stage and for operating the succeeding
stage at the same timing as the preceding stage as shown in Fig. 2-165 for
TC4518BP and in Fig. 2-166 for TC4520BP.

I 1 1
iy Iy T
CLOCK o———cPcL ,,[,_ Ccp ,L—

CLEAR © l J l

Fig. 2-164 TC4518BP/TC4520BP RIPPLE CARRY UP COUNTER

???T o 0 [e] QTQO

j_/ I = L
Vpp Voo Vop
R0 9192 Q3 ' t |

CP, . cp

CLEAR
(e

Fig. 2-165 TC4518BP PARALLEL CARRY UP COUNTER

o 0 0 O Q Q o 0 o O

Vop

o0 21 Q2 Q3

Cl‘é CP

CLOCK

Fig. 2-166 TC4520BP PARALLEL CARRY UP COUNTER
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The presettable counters (TC40160BP ~ TC40163BP, TC4510BP, TC4516BP
and TC4029BP) have the look ahead carry block built in IC, and it is
therefore possible to structure a full digit synchronous counter simply

by connecting carry input/output.

Fig. 2-167 shows a parallel carry counter with TC40160BP ~ TC40163BP

cascade-connected.

o o o o o o o ° ¢ o
LOAD O— 1 )
PRESET T
ENABLE O——pp~ T1 T2 P3 g:o — _\_"'
TOGGLE o fo L_| ..
ENABLE : o
FL a1 Q2 a3 Qs 1

CLEAR o— Y Y i
CLOCK o— -

o o & o o & o o PSP P

PE TE FUNCTION

" H Count

L * No Count

* L No Count

Fig. 2-167 TC40160BP/161BP/162BP/163BP  PARALLEL CARRY COUNTER

Fig. 2-168 shows a parallel carry up/down counter of cascade-connected
TC4029BP (TC4510BP, TC4516BP). With these counters having the lood ahead
carry block, a counter at the succeeding stage is operated by carry informa-

tion given by the preceding stage; therefore, the more the stages are con-
nected, the larger cumulative carry transmission time becomes, and max.
System operating frequency is reduced.

© o o o ® 9 9o o © o o o
OLEAR
5/D) [cL [ I
caARRy O——docar AT BI CI DI 4 CAL P—9g P—

cP Cao CP
‘ "% 40 Bo co m ['—U/D F

CLOCK 0—dA | I
U/D O e
LOAD O I

J> © o o o o0 o J) <L [} é

Fig. 2-168 TC4029BP/TC4510BP /TC4516BP PARALLEL CARRY UP/DOWN COUNTER
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* n=1 (unit fMAX) is

1001 ‘\ set at 100%
75F x
® .
~ \
50
I
b
G
25F
ob— L L )
1 2 3 4

No.of stages connected n

Fig. 2-169 Reduction of fMAX by
Multi-stage Parallel Connection of

TC4516BP

Shown in Fig. 2-169 is max. operating
frequency reduction effect in a n-stage
parallel carry connecting circuit that
uses TC4516BP. As a matter of cource, it
is possible to constitute an asynchronous
counter shown in Fgi. 2-170 by connecting.
carry outputs from these counters to the
succeeding stage clock inputs. In this
case, as system response speed f(MAX) is
determined by cloek input of the initial
stage counter, it is not necessary to
consider reduction of fmpax as shown in
Fig. 2-169. However, as input delay time
of succeeding stages against clock are
accumulated one after another, it may be-
come difficult to match phase relations
of input/output.

Further in Fig. 2-170, when UP/DOWN or BINARY/DECIMAL control input is

changed during operation, CARRY output may change depending upon count mode

and advance count at the succeeding stage by one; therefore, timing for switch-

ing must be carefully selected.

o o o ® o o o ® o o o
CLEAR e
(B,/D) 1 1 !
CARRYO———q L AI Br Cr DI CAI b—
T ool 159 Cp 149
’ U,/ D
LD A Bp Co Do
CLOCK [‘ ’7 ( ——— - - -
u/DO ! -
LOAD O -
d o o6 ¢ <3 o o 6 o & o
Fig. 2-170 TC4510BP/TC4516BP RIPPLE CARRY UP/DOWN COUNTER

(2)

UP/DOWN Counter

TC4030BP

e}
DOWN,/UP
Q Q1 Q2 Q3
CLOCK 0—{cP
CE O—{CE
C¢520BP
sTCe CLEAR

Shown in Fig.2-171 is the UP/DOWN
counter using a 4-bit binary counter and
Exclusive-OR gate. When DOWN/UP input
is set to "H'", UP counter outputs are all
reversed, and the counter can be used in
DOWN mode, and when DOWN/UP input is set

to "L", the counter is placed in UP mode.

UP Counter and Ex-OR Gate
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Fig. 2-171 UP/DOWN Counter Consisting of
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Fig. 2-172 shows the reversible UP/DOWN counter using TC4510BP and R/S
flip-flop.

—)
A0 Bg Co DO sequence
CLOCK O— CP CL, —O CLEAR
CAI
Uﬁ% Bl C1 D L
TC4510BP

ps
Fig. 2-172 Reversible UP/DOWN Counter (I)

As shown in Fig.2-172, when counting is started from "0" and count con-
tent becomes "9", the counter is automatically shifted to DOWN-mode and

counts down to "0".

That is, UP mode and DOWN mode are automatically switched alternately.
If "0" detection and "9"ﬁetecthn1gatesarechangedtoothernumbercounterdetection
gates, the counter can be made to a reversible counter that reverses under
optional counting state. Further, if it is desirable to start counting from

optional state,set the initial state using LOAD terminal of TC4510BP.

A B C D CLEAR
o 0 0 0 Q
PR _J
LU/DAO Bo Co Do ; PR g
CAo
CLOCK
[eg CP oy CP
Hcat -
L AT Br Cr D1 Cy
I N Es Count sequence
} J l ] Y TCce027BP
Vead
TC4516BP

Fig. 2-173 Reversible UP/DOWN Counter (II)

Fig. 2-173 shows a reversible UP/DOWN counter that switches UP and DOWN

modes by detecting carry of the UP/DOWN counter.
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In this diagram, if TC4516BP is changed to TC4510BP, the counter becomes

the one that performs counting similar to that shown in Fig. 2-173.

Ay ANy AMA —o OUT

2R3 2R3 2R
3/ TC4030BP UEAR~1

ay

VoD
] VoD
A B c D
CE
ouT —— %Vpp
CLOCK O—{CP
CL
Vss
é Y4 TCc4a520BP
CLEAR

Fig. 2-174 Triangle Wave Generating Circuit

Fig.2-174 shows a reversible UP counter with the UP counter shown in Fig.
2-171 applied.

When a R-2R rudder network is connected to the output, a triangle wave
generating circuit that provides 8-stage analog output according to clock input
can be structured. 1In this case, however, it is necessary to set R at a suf-

ficiently large value comparing with output impedance of CMOS (R = several 10kQ).

TC4510BP/TC4516BP/TC4029BP are in a form of selecting UP count and DOWN
count using UP/DOWN switching input.

UP CLOCK UP/ DOWN
TC4029BP
TC4510BF
DOWN CLOCK CLOGE TC4516BP

TC4011BP

UP CLOCK l I | I | I l l I l
DOWN CLOCK l I I ’ I l I l | I

(UR/DOWN) l

(CLOCK) | I | | I I | | | ‘ | I l | | I | | | I

Fig. 2-175 UP/DOWN Separate Clock Counter
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However, it may be necessary in many cases to provide 2 clock input
lines; UP clock and DOWN clock input lines for selecting UP and DOWN

clocks.

The UP/DOWN selecting circuit as shown in Fig. 2-175 is available

for such applicaiton.

On this counter, when one of the clocks is being given, another clock

must be placed at "H". If it is at "L", the clock will be inhibited.

(3) Programmable 1/N divider

[

. [__ - [ ‘] VoD
E/ /{j Ez ] e

- 15TC4013BP
- [~
rr-—-CCAIA B¢ %Aoo——d Pﬂ——D =
+—{U D r’— TC4510BP
CLOCEK —CL — _
P, 5 ¢ L—I [—— —] [—Q»CPCLQ Q
| 1 ]| ] L I | { 4 Es
ISP s %

e [ UL e LU
e LJ

Fig. 2-176 Programmable 1/N+1 Divider

Shown in Fig.2-176 is a programmable divider using TC4510BP. By pre-
setting "N" with a digit switch, 1/N+1 clock frequency can be obtained at
output Q.

TC4018BP is 1/N programmable divider based on the 5-bit Johnson counter,
and arbitrary division 1/2 ~1/9 is possible as illustrated in Fig. 2-177.
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(4)

(5)

4x4 Bit FIFO register

DATA IN

CLOCK ©
+-d -
-1 @
- |
+1d @ ||
- —e
CLEAR O _; ® | |
Q1 Q2 Q3
A
TC40163BPX 4 °© o ©
DATA OUT
Fig. 2-179 4 x 4 Bit FIFO Register

‘TC40161BP and TC40163BP are
4-bit UP counters having SYNCHRO-
NOUS PRESET function. As these
counters read parallel data at
clock leading edge, a 4-bit x 4
FLFO Register can be structured
when n-units of the counters are,
in parallel, used as shown in Fig.
2-179. 4-bit input given to DATA
IN is taken by Register (D) at
clock leading edge and shifted

sequentially by clock in order of

Register @ - @ nd @.

n-Digit decimal counter LED driving circuit

Counting of decimal numbers is broadly used in various applications

of frequency counter, A/D converter, total counter, etc. TC5051P and TC

5052P are dynamic output type 4-digit decimal counters. For converting

to LED display system, it may be advisable to use BCD-7 segment decoder/
divider TC5022BP and LED digit selecting driver array TD62003P.

Fig.2-181 shows an example of similar system configured by using 6

digit decimal counters.

Counting up to 9999 is possible in the circuit shown in Fig. 2-180
and max. 999999 in the circuit in Fig. 2-181.
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L2 LIVIDEK
ATA
B TC4018BP
0;‘0?
cLoc
L Q1 Q2 Q3 Q4 Qs

Lﬁ__i_}_} i

f Freduency division of

Y% DIVIDER

CLOCK ©

DATA
CP

TC4018BP

Q; Q2 @z Q@ @s

EERRE

! Frequency division ofj

1
—E—%I— can be made by con- 5m  can be made by
n _—
necting 6h-Qn+l to DATA ! zonnecting Qm to DATA!
input (n=1~5) J I nput (n=1~5) l
Fig. 2-177 1/N Divider Using TC4018BP

o Q0 Qn Q9
CLOCK
C1, TC4017BP
[E
R
CLOCK l | | | | I | I | I

o L. TL

w

When output from TC
4017BP (or TC4022BP) is con-
nected to CLEAR input through
R/S flip-flop as shown in
Fig. 2-178, a programmable

divider can be composed.

A method to connect
output Q directly to CLEAR is
often used; however, CLEAR
pulse width becomes ex-
tremely short and operation
can possibly become unstable.
Therefore, this is not

preferable.

Fig. 2-178 Programmable 1/N divider
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TLR308X4 5

R3 332333 3R
| |

a g | %1 2 TD62003P

TC5022BP

A B COD 1, I, il

NN EEE ]

A B C D T4TST2T]EC
TC5051P

s
cP cL TRF N

1
T ’

CLOCK CLEAR TRANSFER

Fig. 2-180 4 Digit Counter/LED Display Circuit

N

= B |BBBlE %3

4

4 1141 J TD62003P

1, o

- [
TC4511BP & r__J
Ig ©
VoD TC4049BP

Tg Ts T¢ Tz Tz T1 SN :
1Ny RExT
TC5032P TR

ol—da
gp— v

[ Su—
wh—

INg BC

CP MR TR

i

CLOCK  CLEAR TRANSFER

Fig, 2-181 6-Digit Counter/LED Digplay Svstem
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(6)

Binary-BCD code conversion circuit (BCD - Binary)

Using presettable binary DOWN counters and BCD UP counters, a binary to

BCD code conversion circuit can be configured.

An example of its fundamental circuit is shown in Fig.2-182.

When SW is

turned on, binary data input is loaded to the binary counters and BCD counters

are cleared to "0

When SW is turned off, the oscillation circuit is acti-

vated and both the binary counter and BCD counter start counting simultane-

ously.

becomes "0", count value of BCD UP counter at that time is

output.

If clock is stopped when state of the binary counter under DOWN mode

converted to BCD

This type of code converter has more BCD input/output lines than input

binary lines.
number, 212=4096,

and it is required to prepare BCD counters for 4 digits.

That is, when binary input is 12 bits and converted to decimal

Therefore, counting capacity up to 4095 becomes necessary

Further, the con-

version time is indicated by 4096:T where Tis the oscillation period of the

oscillator.

In Fig.2-182, as T#5 us, 5x10~6x4096%20x10~3(20 ms) is required.

Code conversion of BCDto' hinary is possible when the presettable DOWN counter
shown in Fig. 2-182 is substituted with a BCD counter (TC4510BP) and UP counter

with a bipary counter (TC4520BP)

22k()

20 21 22 23

2¢ 25 26 27
Binary Input

sW VoD
o 100kQ)
R )
j—————=———— BCD Output
100 101 10% 103
A B C D A B C D A B C D A B C
o o0 o o e} ? o o Q 9 T T T T
- 1 -1
CLQRO Q1 Q2 Q3
- L , N — %
4 % 8BP
op 48TC4518BP l__ L4TCa518BP Y%TCas51 ’L—chaslssp
1 1 1
| T 1 1 1 .
L UD CL L D q
Cap TC4516BP caq TC4516BP TC4516BP ’ cP
’I—CP c_D cL
i i i i i i i i i i
o 9 % $o S Su  YTCe013BP

Fig. 2-182

TOSHIBA CORPORATION .

Binary - BCD Conversion Circuit

143




INTEGRATEDCIRCUIT

L -
R

TECHNICAL DATA

6. Register

In a broader sense, a register is a memory temporarily storing data.
Registers of C2MOS are classified into a shift register and a storage register.
The shift register is used for serial/parallel conversion and storage of data.

The storage register,as implicated by its name,is used for data storage.

6.1 Types of register
The shift register is classified into following 4 types according to

input/output methods of data:

i) Serial In - Serial Out

ii) Serial In - Parallel Out
iii) Parallel In - Serial Out
iv) Parallel In - Parallel Out

Each of these types of the shift register is not a fixed type but can

be converted to other types depending upon circuit configuration.

That is, PI/PO type in iv) can be changed to any type in i)~ iii) by

changing connection. SI/PO type in ii) and PI/SO type in iii) can be

changed to SI/SO type in 1i).

Grades of these types of the shift re-
s1/80

&

gister are shown in Fig.2-183 .

The most outside circle corresponds to SI/SO
type, the second circle to SI/PO type and
SI/SO type, and the center circle to PI/SO

type.

Fig.2-183 Grades of Shift Basically, the storage register is com-
Reei
egister posed of 4unit flip-flops but it has no shift

function as it is. Table 2-11 is a table of the registers.

2-11 Table of Registers
Shift Register Storage
S1,/50 SI,/F0 PI,/ SO PI/ PO register
TC40006BP TC4015BP TC4014BP TC4034BP TC4076BP
TC5050P TC4021BP TC4035BP

144

TOSHIBA CORPORATION




INTEGRATEDCIRCUIT

R

TECHNICAL DATA

(1) Serial input shift register
TC4006BP is a shift register
Dlo“__—“—D¢ s | o gQ‘ OD1+q consisting of 18 flip-flops com-
monly using same clock, and two
I’—_‘—OD2+4
Dg O ") QP  @—O Dats circuits of 4-bit register
glg|8|F & : .
5 y and 5-bit register have been
) © inserted, respectively. Depend-
Dy O— D
g1z |2 ing upon connecting methods,
this register can be used as a
Dy O——1 QF—ODgyq min. 4-bit or max. 18-bit register
g2 |8|#
Fig.2-184 shows the block
Fig.2-184 TC4006BP 18 Bit Static diagram of TC4006BP.
Shift Register
Y%TCcs5050P
I, -
Q
Iy F1 F50 F51 F64
. N 1 _ T
1s gr 0s
&
Fig. 2-185 TC5050P Pual 50/64 Bit Static S.R.
Fig. 2-185 shows the dual 50/64 bits static shift register
TC5050F. As either one of data input I or Iy can be selected by input
IS, data recirculation is easy. Furthermore, it is also possible to se-
lect 50 bits and 64 bits by input 0S. In addition, as two circuits are
incorporated in one package, it is possible to configurate 50, 64, 100,
114 and 128 bits.
SHIFT
18 VDDt IS
ONTROL
¢ L1 jTC5050p I lrcsosop
DATA IN o—I1 Q 11 Q
b 0s 4 0s
L S

CLOCK

O

Fig. 2-186 100 Bit Static Shift Register
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Fig. 2-186 shows the static 100 bits shift register using TC5050P.

If "H" level is applied on SHIFT CONTROL, serial shift operation is

achievable. Aad if "L" level is applied, data recirculation is

achievable.

4TCca015BP

Fig. 2-187 TC4015BP
Dual 4 Bit Static S.R.

Py Py Py Py P, Pg Pg P,
o o
Sy O D~ o[+ Qy
3
CLOCK
/S o

Fig. 2-188  TC4014BP

TC4021BP 8 Bit Static S.R.

—0 CLEAR
O T,/C

Q1 Q2 Q3 Qe

Fig. 2-189 TC4035BP 4 Bit Static S.R.

TC4015BP is a 4~bit shift register
consisting of 2 circuits. Output is ob-

tained, in parallel for all bits.

Shown in Fig. 2-187 is the logic
diagram of TC4015BP. It is possible
to use this register independently for

4 bits or 8 bits.

Fig.2-188 shows the
8 bit parallel shift re-~
gister. When B/S input is
switched, serial input SN

becomes enables.

TC4014BP is of syn-~
chronous parallel input
type, while TC4021BP is of
asynchronous parallel input

type.

Shown in Fig.2-188 is
a 4 bit-parallel in/paral-
lel out shift register.
Either normal or reversed
output can be obtained by
TRUE/COMPLEMENT input.
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TC4034BP is a 8 bit-shift register having 2 channels of 8-bit par-
allel data bus. Eight signal lines Ag ~A7 and BQ ~ B7 can be used as
either parallel input or parallel output. Since these data buses have

3-state function, they can be connected direct to bus line of a micro-

computer.
6,0 M N TC4076BP shown in Fig. 2-190 is a 4-
bit storage register. When both of Input
E; Disable input Gy and G2 are at "L" level,
D18 each F/F takes in data at the leading edge
D Q:l{ﬂ‘*DQl of clock.
Dy O 3

Output becomes enable when both of

Qg2 Output Disable M and N are at "L" level,
Dy O—

Dy o—%D_ DIS
O—EE%%§::>- qf Q. 6.2 Application of register
Dy 1 DIS

P
R (1) Basic connection of shift register

and if either one is at "H" level outputs
P

become high impedance.

g =}
=1 =
jo) 19]

Q3

r

0 .
CLOCK CLEAR A shift register can be expanded

simply by connecting the final stage data out-
Fig. 2-190 TC4076BP

4 Bit Storage Register put to the initial data input of succeed-

ing IC, and number of bits can be easily
expanded. Fig. 2-191 is a serial in and parallel out shift register con-
sisting of cascade-connected TC4015BP. Fig. 2-192 and Fig. 2-193 show
N bit parallel in/parallel out shift register consisting of cascade-
connected TC4035BP and TC4034BP, respectively.

As a matter of course, shift mode is synchronized with clock;
however, parallel input may be synchronous or asynchronous with clock.
In the example using TC4035BP shown in Fig. 2-192, parallel input is
synchronized with clock at its leading edge.

In Fig. 2-193, A/S input is asynchronous when it is at "H" level,
while it is synchronized with clock at "L" level.
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Q1 Q2 Q3 Q4 Qs Q6 Q7 Qg
[ 1] [1]
DATA O—DQJ Qe Q3 Qg DQ1 Qz Qz Qg o
CP cL, CP cL R
CLOCK o_r _} J— } r___
CLEAR O— R
Y4 TC4015BP Xn

Fig.2-191 N-Bit Serial In/Parallel Out Shift Register

Py Pp Pz Py Pg5 Pg Py
111 117
P/S o
I [ 11
L P) Pz Py Py L._I)épl P; P53
DATA O—f T/c 7
E ce
I’F Q) Q2 Q3 Q4 I_- Q3 Q2 Q3
CLOCK O—t !
© 0 o © o 0o o o
Qo Q1 Q2 Q3 Qs Q5 Q6 Qy TC4035BPXn

Fig.2-192 N-Bit Parallel In/Serial Out Shift Register

DATA O———

Q1 Qs ) Qg Q6
P/8 O—s¢ . -
A/B O- —_—
CLOCK O- R
TC4034BPXn

Fig.2-193 N-Bit Parallel In/Parrallel Out Shift Register
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(2) Data serial/parallel conversion circuit
When the serial in/parallel out shift register TC4015BP and the 2-
circuit, 4-bit ratch TC4508BP are used, it is possible to make parallel
conversion of 8-bit serial data. Shown in Fig.2-194 is an example of this
connection. In this diagram, direct connection with a 8-bit bus line is
possible using DISABLE input of TC4508BP.
CLEAR O 1
[ ! I \
CL CL
CLOCK cP cP
TC4015BP
DATA O——D D
Q1 Q2 93 Qg Q) Qg Qz Qg
STROBE O
LACKDI Dz Dz Dg L_CKDl Dz Dz Dy
L P TC4508BP
J DIS
J_msl az ag @ 4y Qg @z a
DISABLE o l
8—BIT
BUS LINE
Fig. 2-194  Serial/Parallel Conversion Circuit
(3) Data parallel/serial conversion circuit

8—BIT

BUS LINE

STROBE C—[_

B8

1 1
Dy Dz Dz Dy
ok

cL
DI S
£: Q7 Q2 Qz Q

D Dz D3 Dy
CK

CL
18
i; Q) Q2 Q

%Pl Py Pg Py

CLEAR 0—C1,
CLOCK 0——CLOCK

Ps Pg Py Pg

Qs Q7 Qg

TC4508BP

TC4014BP
(TC4021BP)

"'T Lo sEr1aL IN

Fig. 2-195 Parallel/Serial Conversion Circuit
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For parallel/serial conversion of data, a system for sequential
data output with the address counter using a multiplexer is described in
the foregoing; however, in this case, a 8-bit parallel in/serial out
register is generally used. Although one register in a circuit may be
sufficient, input may be given through a buffer register in many cases
as shown in Fig. 2-195 since next data cannot be read during the shift

mode. In this circuit, next data can be read during data transmission.

Shift counter

When output from the final stage of the shift register and Exclu-
sive - OR (or Exclusive - NOR) gate of arbitrary output from the suc-

ceeding stage are given to the data input of the initial stage,

CLEAR N-counter can be composed. For
T 14 TC4015BP instance, shown in Fig. 2-196 is
th[:ﬁ:f:kh cL a 4-bit shift register based
D
chgK cp quinadecimal counter.
Q) Qo Qz Qg
As shown in the count se-
| — ——) »—02 quence in this diagram, the count
*
returns to the original mode
after 15 clocks. However, since
Q z
Clock | %192 |5 |Qs this counter becomes static
0 olo oo |1 |y
1 1 ]o ol o 0 fe |-+ when all bits become
2 11|00 |o0 ; "H"  (plus logic "1"), it is
3 1jrjrjojo ! necessary to provide a forced
4 ofxrl1l2r]o [
5 1lol2l1]o I conversion circuit.
1
6 1l1]oj1]o | The gate with asterisk (*) in
7 ojrjrjojo ! the diagram inserted for this
8 ofofa1]1]o ! .
P s lolol1lo | purpose. Output is obtained at
|
10 oli1lololo this gate by checking arbitrar
| y
11 |1 fof1fo]o I state.
12 ofl1fo]a1}]o !
|
o|o
13 oo |2 | Now, let's return to the
14 ojlojlotar}o}d
| count sequence in Fig. 2-196.
x[ - JaJaJafaJo] -

Fig.2-196 shift Counter (Quinadecimal Divider)
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Under the state shown, the
CLEAR

counter only repeats the 1/15
T Y%TCca015BP

division. If the initial stage

CcL
JI:> 33 Do i to invert when the
CLOCK D bit is forced to inv

% Qz Q3 Qs counter is shifted from arbitrary

state to next state, jump in the

B 2 loop becomes possible. For in-

<:17 stance, the counter is shifted

C:g ;Zi from "0000" to "0011" mode in se-
quence by the 8th clock, and by next
Decimal shift counter one clock input to "1001" mode. If the

shift register input is turned
to "0", it is placed in "0001"
mode by the 9th clock. As this

CLEAR
T Y TC4015BP

'"0001" mode is equivalent to

c
CLOCK D - the 14th clock of the loop, it
© n%] Q2 Qz Q is returned to "0000" by next
clock. That is, as the counter
LCE T o0z is shifted to the 14th clock
from the 8th clock jumping 5
”‘C% modes of 9, 10, 11, 12 and 13th
Duodecimal shift counter clock, it performs the decimal

operation.

Fig. 2-197 Shift Counter (N-counter) Shown in Fig. 2-197 are a

decimal shift counter and a duodecimal shift counter with this jump gate

added. By changing this jump gate, various divisions become possible.

In general, shift counters up to 20 can be composed using n-bit
shift register. However, if number of bits is increased, the loop is
divided into several loops, and it may be therefore necessary to provide
an escape pass from an unused loop. Further, as the loop is divided,

number of count become equal to or less than 20,
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(5) Scratch pad memory

A mass storage shift register itself stores much informations and
therefore, it can be used as a serial access memory. TC5050P and TC
5004P have 2 data inputs that can be switched by INPUT MODE input and
it is possible to perform data recirculation (no information is lost
as same data is turned around in the shift register by clock) with ome

of the inputs connected to the output.

Fig. 2-198 shows a 64 x 4 BIT scratch pad memory system that uses
TC4516BP as the address counter.

Access time is expressed by max. 64T where T is the clock cycle.
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WRITE ENABLE

o)
b0 © D
Ay O
Ay O [
Az O
Ay O
Ay O— Y
| READ ENABLE
D
0 oH+—{7 o VoD LC‘A? B C R S
CP ICP
LFK _FK TC4027BP I—CP Vop
) TC4516BP ____;:Ezt]
L~I TCc5050P 1 CK
2 % al D, CX g3 —o D03
DI; o 1 CP OM IM Dy Q2 ——o0 Doy
T | I -
VoD Dz Q3 —o Dog
I____ D4CLDQ4 Cy DIS —0 DO,y

L T1CcB5080P
DIy O
] ) [

Vop

TC4508BP

Y Tcs050P

DIg O
] v
VoD
L4TC5050P l
DI, O
] v L
Vpp
o
CLOCK

Fig. 2-198 Scratch Pad Memory System (64 x 4 bits)

(6) Scan circuit

When n-bit shift register is structured using TC4015BP and NAND
of all outputs from the initial stage to ™1 bit or NOR gate output is

connected to the initial stage D input, a n-bit scan counter can be

structured.

Fig. 2-199 shows an example of 4-bit scan circuit.
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Y41C4015BP

Q1 Q2 Q3 Q
o o o
I
p 1 R Q3 Qe
CLOCEK O———CP oL
Y% TCca015BP -
Q) Q2 Q3 Q4
799
-
pd1 Q2 Q3 Qs
CLOCK O——————CP L
-

er MU
w ]

Q2

Q3

Qg _J7

Q1 _f—_j F_"L

Q2 1 1

Q3 1 J__-L_
Q] 1 [~

(7) Storage register

Fig. 2-199 4-Bit Scan Circuit

CLOCK  READ

WRITE ENABLE

TC4076BP
M N @) G2
cP
CLEAR O————CL,
Dy Q -0
Dg Qg —oO | 4—BIT
D3 Q3 O | BUS LINE
0

Fig. 2-200

4-Bit Storage Register

Shown in Fig. 2-200
is a 4-bit storage re-
gister using TC4076BP.

When READ is placed at
"L", data of 4 bit bus
line is stored at the
clock leading edge,
and when WRITE ENABLE
is placed at "L", the
storage content is

output to the bus line.
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7.

Arithmetic Circuit

The arithmetic circuit is normally a logic circuit that performs
arithmetic operation, and the most representative one is an adder. Both
binary and BCD adders are available for C2MOS. Since subtraction can be
achieved by adding complements from its algarism, no subtraction circuit

is made available.

There are various methods proposed for addtion, subtraction, etc.
Recently, there arithmetic operations are generally processed using a
microcomputer, etc. rather than using a combination of many ICs.

In this section, the basic arithmetic circuit is introduced and comparator

IC and others are explained.

Types of arithmetic circuit

Table 2-12 Table of Arithmetic Circuits

Function Product Name

Binary serial TC40328P
TC4038BP

Adder
Binary 4-bit parallel TC4008BP
BCD parallel TC4560BP
Complementer Complementer of "9" TC4561BP
Parity tree 12 bits TC4531BP
Multiplier BCD rate TC4527BP
Magnitude 4 bits TC4063BP
Comparator TC4585BP

Table 2-12 is a table of the arithmetic circuits.
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(1) Adder

TC4032BP and TC4038BP are 3-circuit binary serial adder. As both
of input and output are serially processed, it is normally required to

store added results with a n-bit shift register connected to the output.

TC4008BP is a 4-bit binary parallel adder.
The sums of 4-data inputs A]~A4 and 4 data inputs Bj ~ By are output at
S1~S4 and CARRY OUT. As Look Ahead Carry system is employed for CARRY

OUT, carry is performed quickly in case of cascade connection.
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Fig. 2-201 shows the
logic diagram of TC4008BP.

In this diagram, a total
sum of CARRY IN from the

lower order and the least

significant bit input Al,

and Ay is obtained at the

adding output Sj and inter-

TD—‘ nal carry signal to upper
| ﬁ >-D°'(::)S:s
azl3 order.
B " i;% 1)
r The logical expression of
#@-D
2 S1 is expressed by
210, s51=A1 ® B] @ CIN -...(2-16)
r The logical expression of
Al D C1 is expressed by

CIN(:}—~J C1=(A1+B1) -CTN+A]-B]

Fig. 2-201 TC4008BP 4 Bit Full Adder

Do—Po—(19) 5,

12) S

Fig.z—ZOZ TC4560BP BCD_Adder
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Similarly, the logical expressions of Sy and Cp are as follow;

Sp=Ay) @ By @ Cl .ovvnvvvnnnnnnns (2-17)
C2 = (A2 + By)-C1 + Ap*Bp

S3, C3, S4 and CARRY OUT (C4) are,

S3=A3 @ B3 ® Cp cvvvrrvinnnnnnnn (2-18)
C3 = (A3 + B3)+C2 + A3:B3

St =A4 @ Bt @ C3 evvvvnnnnnnnnnns (2-19)
CARRY OUT = (A4 + By)*C3y + A4*B4 ..... (2-20)

Fig. 2-202 shows BCD adder. The sums of BCD inputs A] ~A4 and BCD
inputs B] ~B4 are similarly output at Sy~S4 in BCD code. CiNy is a carry
input from the lower order, and Coyr is a carry output to the upper order.
In this case, as output is in BCD code, Coyr is output if the sum of [A]
and [B] exceeds "10" of decimal.

(2) Magnitude comparator

o 11 14 1 TC4063BP and TC4585BP are the
Blo B]l Blz Bls weighted comparators that outputs 4-bit
2 — (A<B)IN (A<B)OUT|— 7 input signal after detecting its magni-
3= (A=B)IN (a=B)ouT[— 6 tude and coincidence. In deciding the
4 A (A>B)IN (A>B)ouTh 5
Ap Ay Ap Ag magnitude, priority is given to
10 32 15 25 voD; 16 host bits (Az, B3). In Fig.2-203, the
88> truth table of TC4063BP is shown.
INPUTS OUTPUTS
COMPARATING CASCADING
Az ,Brn|Ag,Ba|A) ,B1|Ag,Bp|A<B | A=B | A>B | A<B | A=B | A>B
Az >Bg % B * S S ES L L H
Az =Bg [Ag>B2 * X DS Py * L L H
Az =Bz |Ag=Bg|A]1>B; % B b S L L H
A3=Bz |Ap=Bp|A;=B1|Ag>Bg B X B L L H
Arn =Bz |Ag=Bg|A;=B1|Ap=Bp L L H L L H
Az =Bz |Az=Bg|A;=B3|Ap=Bp L H L L H L
Az =Bz |Ag=Bg|A;=B31|Ag=Bp H L L H L L
Az =Bz |Ap=Bp| A1 =B1|Ag<Bp B B LS H L L
Az=Bg |Ag=Bo|A1<B; X % X ES H L L
Az =Bz |A<Bp ES X RS ES s H L L X
Az <Bg % X X X % X H L L Don’t Care

Fig. 2-203 TC4063BP 4 Bit Magnitude Comparator
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(3) Other functions
(a) Parity tree

In the course of processing such as data transmission, arbitrary
bit may be reversed due to noise or defective interface, causing er-
roneous operaiton. If these errors occur, it may be necessary to
change or suspend the system operation. Therefore, it is effective
for improving reliability of the system to provide some detecting
mechanism. As the most simple error detecting system, there is the
even (odd) parity system. To be concrete, parity bit of 1 bit is ad-
ded to data bits so that a total sum of "H" (or "L") levels of all

bits becomes always to an even (or odd) number as a whole.

Received data is checked at the data receiving side to determine
whether a total sum of "H" (or "L") levels of the received data is an
even or odd number, and when it is same as that at the transmission
side, it is decided to be normal, and if not, it is decided that there

is erroneous arbitrary one bit.

The parity tree is a
circuit used for parity
generation/detection, con-
sisting of Exclusive - OR

gate in a tree shape.

Fig. 2-204 shows 12-
bit parity tree TC4531BP.
When ODD/EVEN input is
placed at "H" level, Q =

"L" if a total sum of "H"

levels of data inputs is

an odd number, while Q =

ODD/EVEN(W)

"H" if a total sum is an

even number.

Fig. 2-204 TC4531BP 12 Bit Parity Tree
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When ODD/EVEN input is placed at "L" level, reverse result are obtained.

Therefore, the parity tree can be used for even and odd parity genera-

tion/detection.
2188 Jél (b) Complementer
g8 28 INPUTS |SO| OUTPUTS
SE %S 5% Although it is easy to take com-
=& [} B :
Rz |38 AalAnlAnlay Qg F4l|Fz|Fg[F1 | Plements in subtraction of binary
0 L|ioir|n] o |H|{L|L|H number (reverse all bits), it is neces-
T
1 LjpjLja) e (HILILIL sary to take complements of "9" in BCD
2 LIL|HE|L| 7 LIH|{H|L 1
3 L|L|H|H| 6 |L|H|HE|L subtraction. For producing complements
4 LIHILIL] S |LIEILIEL of "9" some gate circuits are re-
5 L|H|L|H 4 L|{H|L|H .
P TlTelglo] 5 |D|L|E |8 quired. A complementer capable of
7 L|H|E|H| 2 |LJL|H|L outputting complements of input code
8 BIL L L] 1 [L]L]LE] o ’
5 s el o ol lnlT 9" is available for C2MOS.
10 H|L|H|L| 7 L|H|H|H
11 |BL|E|H| 6 |D H HL TC4561BP is able to select either
12 HIH|L|L 5 L|{H|L|H
iz |E|E|L|B] 2 |L|H|L]L to output complements of "9" of 4-bit
14 |H|H|H|DL) 3 |[LIL|H|H BCD code given by 2 control inputs
15 H|H|H|H 2 LIL|H|L PR
(COMP and COMP) or to output the input
¥ ; Don’t Care

code as it is given.
Table 2-13 TC4561BP Truth Table
(Complement Mode)

When COMP = "H" and COMP = "L'", complements are output.

Table 2-13 is the truth table of TC4561BP when it is used under
the complement mode. When this TC4561BP is used together with the
above-mentioned TC4560BP, a BCD adding/subtracting circuit can be

easily composed.

(c) BCD multiplier

Basically, multiplier is achieved by repeating addition of
a multiplicand by number of multiplier. The B¢p multiplier is

a circuit used to obtain same number of pulse outputs as number preset.
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CIn Din
@A @ STROBE CASCADE

ENABLE @—D"——D“)——«-—"‘T\ ol
CLOCK (9)—{o—{>o L P

U _tr>

Q|
LHCP
HE &

T\L TS

T * PRESET Priority Type F/F

Fig. 2-205 TC4527BP BCD Rate Multiplier

For instance, when addition of a multiplicand is repeated by number
of outputs of a multiplier preset to the BCD multiplier, a result of
multiplication is obtained as an output. TC4527BP outputs number of

pulses corresponding to BCD input which is preset on a BCD multiplier.

As a matter of course, this TC4527BP can be also used as a program-
mable pulse generator/divider. 1In Fig. 2-205, the logic diagram of TC
4527BP is shown.

7.2 Application of arithmetic circuit
(1) Binary parallel adding/subtracting circuit

The 4 bit binary parallel adder TC4008BP is able to constitute a
binary 4 x n bit adder when CARRY OUT is connected to CARRY INPUT of a
host adder.
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CARRY
L
Ag A, Cho Ay
Ay O—————A3 e
hg O—JAz Az
Ap O—————A1 ® < Ay ®
B7 O] >—ps N [ D>—Bs S3—0 8y
B
6 O——3] >—1s2 22 I >—B2 S2f—0 8¢
By O— 1
° wilpe N CAT ] OB cay B1[°ss
I
Ay o- A, Cho A, C4o
A3z O— An Ag
A2 O— A2 Az
Ay O A1 Ay ©
s
By o— DN, @ 4 ) By 84084
By o—— 1 O—1Ps 53 | >—{Bs sa—o 53
s
By o— T OBz 2 ) OB Sgl—o 82
8 s
By O—EjD_“Bl CA 1] »—)D'—Bl 01]31 1083
ADD/SUB O— J~ -0 POS./NEG

ADD,/SUB SouT POS.,/NEG.
TC4008BPX4 . (A)+ (B) -
TC4030BPX4 "L" Positive
TC4011BPX1 H (a) - (3] "H" Negative

Fig. 2-206 8-Bit Parallel Binary adding/subtracting circuit

Subtraction is achieved by adding 1's complement of a subtrahend and
minuend. 1In this case, CARRY IN should be placed at "H" level. If CARRY
IN is at "L" level, the result of subtraction is less by "1" as there is a

demand for borrowing a digit from the lower digit.

Fig. 2-206 shows a binary 8 bit parallel adding/subtracting circuit.
When ADD/SUB input is placed at "L'" level, adding operation is executed and

at "H" level, subtracting operation is executed.

When [A] data is larger than [B] data and [A] is equal to [B] in the
subtracting operation, CARRY output becomes "H" level, and a result is ob-
tained at @ and@ Adder outputs and therefore,@ and @ are not re-
quired.
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o Ay Cour——=0 CARRY
o A
104 3
O, Sy ——0
Ay
r o—a, TP, By I
10B o Az T3 Bg 10t
o Az F2 By 83 ——o0
O- Ay F3 By
co , co c §; b—o0
1°° 2z 1 IN 1
|
o Ag Cour
IS A
A 3
(e} Ag S, F———oO0
O Ay
o Ay Py By §g ——0
B O Az Fa Bz 100
° Pz F2 Bp Sp —>0
o A, Py By
MTe° 2 cobl CIN S1b— o
ZERO O- I
ADD,/SUB O—
FUNCTION TABLE
ZERO ADD,/SUB RESULT
TC4560BPX 2 L L A+B
TC4561BP X 2 L H A—B
H * A

Fig. 2-207 2-Digit BCD Adding/Subtracting Circuit
On the other hand, when [A] is less than [B],CARRY output becomes "L" level
and digit borrowing from the upper digit is not possible and therefore, out-
puts (D and (@ do not show the result of operation. In this case, (3)and ® ad-
ders are required as 2's complement of output signal is output.
Needless to say, if a system is capable of making it an error if CARRY
output indicates '"L" level when [A] is less than [B], @and @are not

necessary.
BCD parallel adding/subtracting circuit

TC4560BP is a BCD adder. Subtraction is achieved by adding a minuend
and complement of "9" of a subtrahend and by setting "H" level for CARRY
input.
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Fig. 2-207 shows a 2-digit BCD adding/subtracting circuit composed
using TC4560BP and TC4561BP (9's complement). When ADD/SUB input is at

"L" level, addition is executed, and at "H" level, subtraction is executed.

When subtrahend [B] is larger than minuend [A] in subtraction, CARRY
output becomes "L" level and normal output cannot be obtained. In this
case, it is necessary to output complement of '"10" of output signal in

the same manner as in Fig. 2-206.

(3) Integrating circuit (1)

As an example of a method for integrating binary numbers, a method

composing, circuit using a binary adder and gate is shown in Fig. 2-208,

In this diagram, addition of 4 x 4 bits is underway. As a matter

of course, output becomes 8 bits.
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Sy Bg

¥y Y2 Y3 Yo
o o ° )
M
xlc»—-—~j:> ©° "
XJ“:D "1 g 0 M2
X3 o——HD B
_d —iA1
%o —H D82 s n S1 0 Mg
O B -
rpo—— - B Do
. 1 Sjf—o M
X3 3 s By
B
x4o—~—_D 3 X2 H{D—az
N 3 HD—as s 5 Sef—0 M5
X4_J s S, By 3 2
B
4 CAg X3 j —ag
X4 _{ )r—1{as S3——0 Mg

B
4 cag

Aa

:

S4b—0 M-~

TC4008BP X 3 B4 cag
TC4081BPX 4

(¥} = (x) x (Y] l o ua

"o

Fig. 2-208 Binary Adding Circuit Using Adder

(4) Cascade connection of BCD multiplier

When two BCD multipliers are cascade connected, output pulses
ranging 0 ~99 can be obtained. Fig. 2-209 is an example of two TC4527BPs
that are cascade-connected. In the same connection, n-digit BCD

multiplier can be composed.

101 109

o—{a o—a

o—B o—B

o—¢ ouT o—c ourp—o0 OUTPUT

o—{D 6—Dp

CLOCK Eqyr CLOCK Eour—0
—] casc
EIN '9't—o
L
ST CLEAR §
CLOCK © TC4527BPX 2

Fig, 2-209 Cascade Connection of BCD Multiplier
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(5) Integrating circuit (2)

Using a rate multiplier, presettable down and up counters, an inte-

grating circuit can be composed.

Fig. 2-210 is an example of a BCD 1 digit integrating circuit.
Preset a multipliecand on TC4527BP and a multiplier on TC4510BP. When
10 pulses of CLOCK input is given under this state, TC4510BP advances the
count by only one, and TC4518BP advances the count by multiplicand X.
When another 10 CLOCK inputs are further given, TC4510BP becomes [Y-2]
count and TC4518BP becomes [2X] count. When the count content of TC4510BP
becomes "0" after clocks have been applied successively, both up and
down counters stop to count, and output from TC4518BP at this time shows

[X] x [Y]. Therefore, a time for integration in this circuit is max.

Xy Xz X3 X4 Yy Yz Yz Y4 START
)
T TC4510BP
A B C D A B C Dy
CLOCK
o——cp EouT CP oD

CcL

ouUT {_4: CcAr caoppd> ] O END

[
CL cL
CE CE
CcP J:‘CP

TC4527BP

A B C D A B C D
14 TC4518BP l l l l J}‘/z'rc:;szesp
0 o0 o
My Mp Mg M, Mg Mg M, Mg

(M) = (x) x (¥)

Fig. 2-210 Decimal Interating Circuit Using BCD Multiplier and Counters

1
100 x W[Sec] .
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(6) Cascade connection of magnitude comparator

The magnitude/coincidence judging circuit for C2MOS has TC4063BP and
TC4585BP.

These are 4-bit magnitude comparators, and n-units of compa-

rator are cascade connected for expansion of number of bits as shown in

Fig. 2-211 or Fig. 2-212.

As being capable of comparing either binary or BCD

comparators have extremely broad range of applicationms.

signal, these

(LsB) (MsB)
Ay Az Ag A4 As Ae Ay Ag Ag  Aj0
w L] [T []
Ayl Az Az Ay
(A>B)7 (A>B)o A>B
(A=B)1 (a=B)o} A=B
(A<B)1 (a<B)o A<B
By Bz By By
By Bz Bz By =5 Bg By Bg By Bi0
(LsB) (MsB)
Fig. 2-211 Cascade Connection of TC4063BP
(LsB) (MsB)
A) Az Az A4 A5 Ae Aq Ag Ag Aj0
Al Az Az A4 L L
(A>B)1
(A=B)y (A=B))|
(A<B)7 (A<B)|
I By Bz Bg By
By Bz Bz By Bs Bg By Bg Bg Byo
(L8B) (MsB)
Fig. 2-212 Cascade Connection of TC4585BP
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(7) Counter using adder and register

By connecting output of an adder to a register and returning the

register output to the adder input, a counter can be composed.

in Fig. 2-213 is a binary up-counter witha binary adder and storage re-

gister used.

This counter counts up by one at every clock of TC4076BP.
In Fig. 2-213, the preset data is set at "1". As the count can be ad-

vanced by 2 at every clock if "2" is preset, this type of counter can

be used in broader applications than normal counters.

—
[ 1 [

Ry Q2 Qs Qg

CLEAR 0—{C1,
CLCCX G——CP TC4076BP

INETBIT o—f %1 N

P2 p; 1, Dz Dy

83 82 83 84

O CARRY

CAy TC4008BP cag
[ Ay By Az Bz Az B3 Ag By

T I

L

Preset Data "1'

Fig. 2-213 Counter Using Adder

When TC4008BP is substituted with TC4560BP, a BCD counter is

configured.
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8. Other devices

There are several other unique products in C2M0S family than those
described in the foregoing. Some of these products are described in this

section.

8.1 Multivibrator
TC4047BP is an astable multivibrator capable of deciding time con-
stant through a capacitor and resistors that are externally attached.

Output of this multivibrator becomes completely 50% duty cycle by the
built in flip-flops.

Further, as oscillator output can be directly obtained, two frequency

outputs foggc and fQ can be obtained by constants C and R.

Frequency at the output terminal is expressed as shown below:

-1
22CR

dle

fosc

£0.0 % —— 2
Q,Q ¥ T27x 2.2CR

[

Voo Rs3 %CT SRy
c

isT R-C R osc osC
ENABLE ~-TRIG Q b——o0 g
o—  lasT. RETRIG, T o g
+TRIG. E_RESET

TC4047BP

ENABLE J
a [ LT LT
S R s S B

T

o|

T = 4.4R7Cp ( Rg > 2Ry )

Fig. 2-217 Oscillation Circuit Using TC4047BP
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TC4047BP can be used as a monostable multivibrator by changing

its connection.

In Fig. 2-218, the basic connection of TC4047BP is shown. For

trigger operation, + trigger retrigger input shall be connected.

i) Basic Monostable Multivibrator ii) Triggerable Monostable
Multivibrator

[ T] i
Vpp Rg3 Cr 2Ry VoD Rg3 Cr 3Ry
L T L r T
.
TR % ¢ R ooscl zsTRC ¢ R gg¢
o——}+TRIG Q o O_E +TRIG. Q Q
TRIGGER |RETRIG. —TRIG T |—oQ TRIGGER “HRrETRIG. -TRIG. Q Q
AST. E ®IczT AST E_RESET

TRIGGER

EE

1
 —

t

« |
—

TRIGGER

o

(CIT
LT

Ty Ty
tl,t2<<TM

Ty = 248RqCq

Fig. 2-218 Monostable Multivibrator Using TC4047BP

TC4528 BP is a triggerable monostable multivibrator having 2 built-in

circuits. This multivibrator can be used in various circuits such as

edge detector, pulse stretcher, chattering preventing circuit, etc.
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8.2 TV Synchronizing signal generating LSI

TC5003P is a synchronizing signal generating LSI of 525/60 system
color TV standard system (NTSC).

This LSI generates synchronizing signal, scanning signal, erase

signal, etc. required for color TV camera and VIDEO camera.

In addition, various control signals required for TV camera are ob-

tainable, this LSI is suited for making them in small size.

As power consumption is as less as 100 mV for color operation (14
MHz input) and 10 mV for white and black operation (2 MHz input), equip-
ment can be powered by battery. This LSI is also most suited for generat-

ing synchronizing signal for CRT application circuits and TV games.
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[3] CHARACTERISTICS OF C2MOS AND ITS INTERFACE
1. Characteristics of C2MOS
1.1 Current consumption
(1) Static current consumption

In ¢2MOS IC, P-channel énhancement type (normally off type) FET and
N-channel enhancement type FET are connected together so that they may
constantly compensate each other. Namely, under the condition where the
input voltage is stationary on Vpp or Vgs level, FET is certainly cut
off in either P-channel type or N-channel type; therefore there is no
passing of DC current flowing from Vpp to Vgg, with the exception of an

extremely small leak current.

Thus, the supply current of input being fixed to Vpp or Vgg is called
the static current consumption (Quiescent current consumption), and in
c2Mos 1C, excepting special ICs, the worst value is guaranteed. Table
3-1 shows the standard guaranteed values in general SSI/MSI.

Table 3-1 Standard Guaranteed Values of CZMOS
IC Static Current Consumption

Classification | Vpp(V) | 25°C MAX. | 85°C MAX. | UNIT
5 1.0 7.5
GATE 10 2.0 15 HA
15 4.0 30
5 4.0 30
i 10 8.0 60 oA
15 16.0 120
5 20.0 150
MSI 10 40.0 300 HA
15 80.0 600

In practice, the values of this static current consumption, which
is structured only by PN junction saturation current in IC chip and chip

surface leak current, are far small as compared with the standard values.
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Fig. 3-1 shows the static

current consumption character-
istics of TC7400BP. From this
figure it is clear that the

™TTTTT

static current consumption in-

e
creases in the form of expo- 10

TC7400BP

TTTTTT

nential function to the rise

N\

in ambient temperature. In
the neighborhood of Ta=25°C, V.

there are relatively large

MW

0'8

b1
variation, but at the time of

NN _\

7,
high temperature, such varia- P77

tions become small by focusing. S/

This indicates that in normal

temperature the surface leak

NN
N

107° VA

or the like in addition to PN

RS

Static Current Consumption/Package Ipp (A)

junction leak occupy a large ;/

portion, but that in high tem-

perature the junction leak is

dominant over all the others.

k- 30 40 50 60 70 80 0

The static current con- Ambient temperature Ta (°C)

sumption of MSI or others has a Fig. 3-1 Static Current Con-
tendency similar to the above. sumption of CMOS Gate
However, the absolute value is

considered to be proportional to the sum total of PN junction areas of IC
chips rather than the number of IC internal elements. In MSI, the absolute

value will be only about several times as large as that in gate IC.

(2) Operating current consumption

Usually, in case of using CMOS IC, as mentioned in (1) above, the
input is connected neither to Vgg nor to Vpp, some pulse signals are

given and also scme pulse signals are sent as outputs.
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In this case, if input signals are of an ideal step form, it follows
that no DC current is in existance in the power supply, but that at the
transition time of inversion of CMOS output current is in existance for
charging and discharging the internal drain capacitance and load

capacitance.

o T
Vpp ™ !

\z NN
.

CLoUT . [L k
] N N

IN

Vss

Fig. 3-2 Step Response of CMOS Inverter

Fig. 3-2 illustrates conceptionally such a state by quoting CMOS

inverter as an example.

In the same figure, the sum total of IC internal capacitance, wir-
ing capacitance, etc. is considered as Cj, in the approximation. In the
case of the inversion of CMOS output from "L" to "H", the actual output
voltage cannot rise unless the load capacitance is charged to Vpp.
Therefore, it follows that the charge equivalent to CpVpp is supplied by
Vpp through P-channel FET.

The above sets forth the reason for the flow of Ip in case of out-

put rising from "L" to "H" in Fig. 3-2.

Quite similary, in case of falling of output from "H" to "L", there
exists the pulse current flowing in Vgg. The loss by these currents
(power consumption) is obtained by integrating the transient power for

one cycle when the cycle of input pulse is expressed by T.

T
Then o %Ig IP-(VDD—VOUT)dt-f% Jy INVouT dt ...l (3-D)
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hence,
i v
i oD d (Ypp-VouT)
e
-~ L — /.
g " b /)V Lmcy - 4V0UT
a 07 2 N"ML dt
[=] n Z
- i we have now the formula
e [ /;/
o L / £ CL .0
3 7 Pp= = Sy (Vpp~Vour)d
= | Ta=25TC A T < Vpp
]
o P.AG. ty =ty =20ns /
8 10 / Vpp-Vour)+ <= ¢°
g 1 r — (Vpp-Vour)+ = fVDD
2 T Y, 7
g SAZ v av (3-2)
S DAL out dVour - --
) Q
g j?: SN so that the following
o 7 /// © formula is deduced:
3 o
107 4 A C1,.Vpp2

o Z Pp=—2PP% e cpvpp2. . (3-3
] 7.8 D=7 L-Vpp©. . (3-3)
L q
g A
[} 1/
& As is clear from the for-

i/ mula (3-3), the current

/

107 consumption of CMOS is
2ot 10° 10° proportional to the square

Input frequency f (Hz) of input frequency, load

Fig. 3-3 Operating Current Consumption

of TC4081BP capacitance and supply

voltage.
Fig. 3-3 shows the characteristics of input frequency and operating
current consumption in the case of making the load capacitance constant

by using 2-input NAND gate, TC4081BP.

As is clear from the same figure, the current consumption is only
about 1 mA even when the input frequency is 1 MHz, and this bespeaks
the fact that low power consumption capacity is fully displayed in the
application field where the input frequency is below 1 MHz.

Every in logic circuits such as MSI, etc., the power consumption
is proportional to the input frequency in quite the same as mentioned

before.
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(3)

In general, however, the load capacitance in the internal circuit of IC
is extremely small as compared with that in the output terminal, whereby
in many cases the internal loss may be ignored as compared with the loss

in output buffer.

Therefore, in reality the current consumption seems to be decided
accroding to the number of output terminals in operation (under inver-

sion), which is taken as a criterion.

With MSI, the output frequency rarely corresponds to the input fre-
quency at the ratio of 1 to 1, and the output frequency is divided

severally. This is one of the factors for lowering the loss of MSI.

In the actual MSI, the power consumption is about several times as

much as that of gate IC.

Current consumption by input waveforms other than square waveforms

From the propagation characteristic formula of inverter described
in 2.2 (1) of Chapter I, the operating area of CMOS inverter is broadly

classified into three domains as illustrated in Fig. 3-4:

I) oV € Viy S VIN ceeeevenneennnnneess (3-4)
II) VNS VINS VDD = IVTP| «eveeeennss (3-5)
III) Vpp - |VTP| S VINS VDD cveececeess (3-6)

In the domains of I) and III), either of N-channel FET and P-channel

FET is cut off. 1In the domain of II), however, both FETs are turn On.

[The domain of II) is further divided into three domains depending
on the fact that each FET operates in the saturation area or in
the non-saturation area. On this point, explanation is omitted

here.]
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Namely, when the input voltage of

the CMOS inverter is situated on the

intermediate level between Vss and Vpp,

DC current flows from Vpp terminals to

Vgs terminals. For example, in the crys-

T
i
i

tal oscillation circuit feedback from the

output to the input of CMOS inverter

— Vour

through resistors, and in the simple

Ipp ——

]
|
SN DU RO T DS N

AU type amplifier, the input is always on
/ \ N _ VTP the intermediate level requiring larger

power for a CMOS. The same may be said

of the circuits processing gentle wave-

= Vin

forms such as integrating/differentiating
Fig. 3-4 Voltage Character- circuit, oscillation circuit, etc. using
istics of CMOS Inverter .
capacitors and resistors.

Fig. 3-5 shows the supply current

e =25 T l characteristics of HEX INVERTER TC4069BP,
8=
20mA while Fig.3-6 shows
Vpp

the supply current

B

10V,15V)

characteristics of

—

I Vpp=15V

[/ 16
" AR\

gate TC4011BP with

=1
To0 10 o (V90

o buffer. As is clear
Z
g Vpp= 10V from Fig. 3-6, since
10 .
LS / = the gate with buffer
1‘ has a shaping action
— Vpp =5V 7 . . e
5 in the preceding stage
8
circuit, the DC current
I is less than that of
[o]
° 5 S —~Vvin(v) 1% the one stage gate.
t 10mA DD™
o ~ 10V
E VoD >
=5V N
<
s ** 25N\
a
= e \\ N

o

10

15
—Vin (V)

Fig. 3-5 VIN - Vpp Characteristics of TC4069UBP
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T
~ Vpp=15V
> 15
g 10V
L 10
! 5V
5
;\ I
5,
T o 2 4 6 8 10 12
2 — Vin (V)
~ 18
]
)
s
Z 16
14
~
=3
0
I
- 12
[=]
=
107 10
<
£
N
2 as 8 |
o —_
N Vpp=5V | 10V il 15V
a
S asd € ‘
asd 2 |
17 \F==.._._
od o 4!%5!!“ =
0 2 p 6 8 10 12
vin (V)

Fig. 3-6  Viy - Ipp Characteristics of TC4011BP

Generally,in MSI and the like, the transfer characteristic is close
in shape to that shown in Fig. 3-6. Namely, in C2MOS, DC peak current
flows at the transition time in inversion of inverter at the output stage.
However, in Fig. 3-5 and Fig. 3-6, Ipp is measured by changing the input

voltage relatively slowly.
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-
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Fig. 3-7 Operating Current Consumption of Trapezoidal Input Waveform

Therefore, in case the input signal rise time and fall time are very short
transition time, the output cannot respond to the inversion action of FET,
Vin-Ipp characteristics is applied the current characteristics at the time

when the square wave input has been given.

Fig. 3-7 shows average supply current characteristics in the case
of having given the trapezoidal waves to the inputs of TC4069UBP and
TC4011BP. As is clear from the Fig., at the one-stage gate of TC4069BP,
etc., it 1s necessary to consider DC current effect to the input waveforms
which have rise time and fall time exceeding 100 ns. Further, in the
three state gate represented by TC4011BP, the boundary is the range of
approx. 300 ns - 500 ns.
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1.2 Input characteristics
(1) Input protection circuits
In C2MOS IC, the protection circuits with resistors and diodes are
inserted in all the inputs for protecting the gate oxidation film from
static electricity.
- Vop VoD Fig. 3-8 shows
c2Mos input pro-
Inpu Tnput . tection circuits.

Vss v

ss

(b)

(a) Input protection

circuit I circuit II

Input protection

Fig.3-8 C2MOS Input Protection Circuits

Input Voltage (V) [Vss = OV]

-12 —10 —-08 —06 -—Q4 -Q2

100 / /

) (Vi
JANal 3
. &
g e — O o —40
" of o 8 g o 5 5
3 gl 8| ¥ v “’/ °©
o B
2 / 2
2 2
T /l N -

T /j // // h

// / / / —100
02 04 Q6 068 10

Input Voltage (V) [Vpp=0V]

Fig. 3-9 1Input Protection Diode Forward Characteristics
(Protection Circuit I)
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For the two kinds of products, TC4049BP and TC5040BP, which are
provided with the level shifter function, the circuit (b) in the same
figure is adopted, while the circuit (a) in the same figure is inserted
in all the C2MOS IC inputs.

Fig. 3-9 shows the input protection diode current characteristics
of regular C2MOS IC. As is clear from this figure, the input voltage
over Vpp is clamped at the usual silicon diode forward voltage and under

Vss is clamped through 1-2 kQ resistor and silicon diode.

Fig. 3-10 shows the input voltage and input current characteristics
of TC4049BP and TC4050BP. The input voltage below Vss is clamped by

silicon diode, but for higher input voltage this protection diode breaks
down at VSS + (30~40)V.

Input Voltage (V) [Vgg=0V]
o —10 -8 —Q6 -a4 -02

(Ll
LI
I

I

Input Current (uA)
&
e

Input Current (uA)

0

— 100
0 10 20 30 40 50

Input Voltage (V) [Vgg=0V]

Fig. 3-10 Input Protection Diode Forward Direction/
Inverse Direction Characteristics (Protection Circuit II)
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These input protection diodes are not used to flow current like
the usual switching diode. In designing the system, therefore, it is
essential to use these input protection diodes within the rating of
Vgs - 0.5V~ Vgg + 20V in case the input voltage is usually Vgg - 0.5V ~
Vpp + 0.5V for TC4049BP and TC4050BP. Even when current flows in these
diodes, consideration shall be given to keeping the current value at
1~2 mA or below.

Input impedance

For the input voltages ranging from Vg§ to Vpp, all the protection
diodes are in the state of inverse bias, therefore, the input impedance
of CMOS is extremely high, and is only 10=4~10-5 (uA) calculated in

terms of leak current.

Thus, for actuating CMOS IC, unlike other bipolar devices, no cur-
rent matching is required. Extremely speaking, CMOS IC can operate on

any voltage level.

However, the input terminal of CMOS is of capacitive (3 ~5PF) type
by reason of configuration, and in the actual interface fanout is fre-

quently restricted at the said capacitive value.

Threshold voltage (VTHc) and noise immunity

In CMOS IC, this circuit threshold voltage (Vyyc) is defined by
the input voltage value when the output voltage comes to 1/2 Vpp.

Ideally, the design is made so that the Vygc may come to 1/2 Vpp.
In reality, however, the decision is made by P-channel and N-channel ON
resistance ratio, whereby there are some variations in the initial
characteristic, influenced directly by the variations of these FETs.
Fig. 13-11 shows the data for variations of QUAD2-INPUT NAND gate
TC4011BP.
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As shown in the same figure, in NAND/NOR gate the VTHC changes
more or less depending on the connection method. For example, the input
terminals, etc. of inverter and MSI have a similar degree of variation
width. This variation shows the difficulty in application of CMOS IC to

analog comparator/level slicer without externally additional circuit.

However, Vryc is relatively stable to temperatures and the shift
width can be ignored as compared with the variation in initial character-

istics.

Fig. 3-12 shows Vryc temperature characteristics of TC4011BP. As
is clear from this figure, the temperature coefficients of Vryc are

approx. -2 ~3 mV/°C (at Vpp=5V) and -4~ -6 mV/°C (at Vpp=10V).

As mentioned above, there are variations in the initial character-
istics of Vpyc of CMOS IC; therefore, the guaranteed levels are specified
to high level input voltage (Vig) and low level input voltage (Vip) of

products.
Vop
Vpp = 5V Vpp = 10V
Circuit A Circuit A
Circuit A
x £ %
2 3 (V) 4 5 6 (V)
VoD
X
Vpp=5V Vpp = 10V
Circuit B Circuit B % Circuit B
RN _ oot
2 3 (V) 4 5 6 (V)

Fig. 3-11 Examples of Vpyc Variations of TC4011BP

ViH (min) and Vyy (max) are guaranteed for all the products of
c2Mos IC, so that it is essential to use the products within the range
of Vig (min) to Vpp on "H" level and within the range of Vgg to VIL (max).
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0
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Fig 3-12 Input/Output Voltage

Characteristics of TC4011BP
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Fig.3-13 Noise

Immunity of "B" Type C2MOS IC
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Namely, it is guaranteed
that Vryc is within the
range of Vi (max) to
Vig (min), and C2MOS IC
products are essentially
different from the pro-
ducts, such as comparator

and the like.

Fig. 3-13 shows the
noise immunity of C2MOS IC.
The noise immunity Vy7 is
expressed by the following

formulas;

VN1 (H) = Vog(min) -
Vig(min)....(3-7)
VNI(L) = VIL(max) -
VoL (max) - . . . (3-8)
In the case of "B" type
C2MOS, the same value is

guaranteed to Vyy(H) and
VNt (L).

If VNr=Vyn(H)=VNI(L),
Vyr= 1V(min)/@Vpp= 5V
VNI= 2V(min)/@Vpp=10V

VNT=2.5V (min) /@Vpp=15V
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1.3 Output characteristics
(1) Output current

The output of common C2MOS IC is of complimentary type of P-channel
FET and N-channel FET; therefore, it is possible to take out any of

source current and sink current.

The current value which can be driven by the output, as described
in [1], is decided by the FET process parameter and the design constant.
In C2MOS family, as the output current value is designed by classifying
it into two series of general goods and buffer, unification is made on

the standard value.

VoD VoD Table 3-2 shows the output current
éj standard values of B series C2MOS IC,
ox (EOH while Table 3-3 shows the output current
- ouT - ouUT standard values of B series C2MOS buffer.
_— {}OL With the exception Ipy at Vpp = 5V in
e Table 3-2, these standard values are all
Vss

Vss guaranteed at the point of non-saturation;

therefore, the voltage/current character-
Fig. 3-4 Output Current istics (Vpg-Ip) in the vicinity of
measuring condition can approximate

with almost straight line. Therefore,
at the time of output current driving, it is advisable to calculate the
worst Vpg by means of linear approximation taking the standard values in

Table 3-2 and Table 3-3 as the reference values.

However, in the domain where Vpg is large, no linear approximation
is permitted for the saturation of current. From the viewpoint of power
consumption, it will be advisable to refrain from using C2MOS in the

saturation domain where Vpg is large.
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Table 3-2 Output Current Specifications of B Series C2MOS (General Products)

SPECIFIED MIN. VALUE

ITEM SYMBOL TEST CONDITIONS 200 25C 85°C UNIT
Vpp= 5V, Vou=46V —02 —Q16 —012
Vpp= 15V, Vog= 135V —14 —12 —1.0
Vpp= 5V, Vor=0Q4V 052 044 0.36
Low Level Io;, | Vop=10V, Vor= a5V 13 11 09 mA
Output Current Vpp = 15V, Vor =15V 36 20 a2

Table 3-3 Output Current Specifications of B Series C2MOS (Buffer)

SPECIFIED MIN. VALUE

I NS B B 1y
TEM SYMBOL TEST CONDITIO 200 25°C P UNIT
Vpp= 5V, Vog= 25V —14 —125 —10
High Level
= = 9.5V —14 —1.25 —1.0 mA
Output Current Ton Vpp= 10V, Vog= 95
Vpp= 15V, Vog= 135V —4.0 —375 —30
Vpp= 5V, VoL =04V 35 32 2.5
Low Level
A% =10V, V, = Q5V 60 80 3.6 mA
Output Current Tor Db » YOL
Vpp= 15V, VoL= 15V 260 240 180

Fig. 3-15 and Fig. 3-16 show the output current characteristics
(standard values) of the representative buffer TC4049BP and gate TC4011BP.

As is clear from the same figure, output current decreases by approx.
15% ~20% in the state of high temperature as compared with the normal

temperature condition.
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N-Channel Output P-Channel Output Current Characteristics
Current Characteristics Potential difference between drain and
-6 —4 -2 0 source|
100 T T b
Vag =15V 2 Vs (V)
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Fig. 3-15 Output Current Characteristics of TC4049BP
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Fig. 3-16 Output Current Characteristics of TC4011BP
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(2) Three-state output

Usually, c2Mo0s IC produces the outputs in the complimentary type
shown in (1). 1In case the outputs are connected together directly, the
current flows from "H" level output to "L'" level output as shown in
Fig. 3-17. Such output connection should be absolutely avoided, partly
because the meaningless power is consumed and partly because the loss may

exceed the permissible loss when the supply voltage is high.

The above is not desirable because the excessive circuits are re-
quired at the time of connection of bus line and C2M0S IC as the I/0

port or at the time of trying to reduce the number of parts.

Three-state output is the circuit provided with the three kinds of
states, two kinds of states of "H" and "L" plus the high impedance state
where both P~ and N-channels come to OFF. When these state outputs are
connected together each another, if one of the outputs is arranged for
high impedance, current doesn't flow between outputs.

This makes it possible directly to connect the outputs.

Fig. 3-18 shows an example of three-state output circuit. The out-
puts of TC4508BP(4-BIT LATCH) and TC5012BP(HEX 3-STATE BUFFER) can per-

form three-state operation. The number of terminals which can be

VoD Vop
VoD [}
OFF ! E]
DIS —
— ,
o ) e )

— Dls-—*—{>**+

Fig.3-17 Connection of Outputs Fig.3-18 Example of Three-state Output Circuit

connected together directly with three-stage outputs is decided by three-
state leak current, Igyg and Igy,.
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In reality, however, it will be advisable to use approx. 10 terminals in
consideration of the delay in switching time because the disable output
(high impedance output ) has a capacitance of approx. 15 PF per piece.

Open drain output, Bi-MOS output

Cc2M0S IC has TC5029BP, TC5030BP, TC5064BP, TC5065BP, TC5066BP, and
TC5067BP which are provided

VoD VDD
oUT with the open drain output
- capable of conducting level
oUT and wired OR in addition
to (1) and (2). These

N-channel Open Drain P-channel Open Drain} ., 4ucts shows the general

output current character-
Fig. 3-19 Open Drain Output System istics in the case of out-
put FET being ON, but since no current flows until they reach the drain
breakdown voltage in the case of output FET being OFF, this makes it pos-

sible to carry out the conversion of logical level.

For the current driving device like LED lighting, bipolar type out-
put is more effective than MOS transister. In C2M0S, there are LED drivers

L‘ Ton
If IoL

TC4511BP Output

Vop

Fig. 3-20 Bi-MOS Type Driver

using Bi-MOS output type; they are TC4511BP, TC5002BP, TC5022BP, and TC
5042BP. In these products, by incorporating NPN transistor into the out-
put stage of CMOS chip, it is possible directly to drive LED indicator
with drain current.

However, by reason of circuit construction this NFN bipolar tran-
sistor is of emitter follower type; therefore, the voltage corresponding to
Base-Emitter Voltage of NPN transistor drop. Namely, for drawing out the

output current Ipy, the output voltage, VDpD-VBE or below, is required.

190
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1.4 Switching characterisitcs

(1)

Propagation delay time

The propagation delay time of MOS IC is decided by the drain cur-
rent characteristics (ON resistance) of internal FET and the capaci-
tances formed in each part of the device. In general, the larger the
number of gate stages connected between input and output, the larger the

delay time becomes.

The propagation delay time of C2MOS IC is defined by high level
propagation time (tppy) and low level propagation time (tpyp). The
former is the transition time requiring for inversion from '"L" level
to "H'" level with the response of output after input, and the latter

is the transition time requiring for the output inverted from "H"
level to "L" level.

These propagation times vary depending on the supply voltage

(Vpp-Vsg), load condi-

tion (load capacitance),
Cy inerease input waveform condi-
tion, etc. In measur-

ing, therefore, it is

tpLH »tpHl, ——
TpLH» YpHL —e
9

required to define these

VDD increase

X
Vpp —_ cL

parameters.

Fig. 3-21 Propagation Time of C2MOS IC Fig.3-21 shows the
example of characteristics of Vpp-tpry, tpHL in case the load capacitance
is constant and the example of characteristics of Cp-tpLH, tpyL in case

Vpp is constant.

As seen from the figure, the propagation time increases iinearly to
the increase of load capacitance. This shows that the propagation time

is expressed by the following formula:

tPLH> tPHL T AX + ¥ ceiiiiiiierrniiiennnsas (3-9)
x ; CL (pF)
y ; Propagation time (mns) C1=0

A ; Capacitance dependency of propagation time (ns/pF)
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TC4085BP tpLy TC4085BP tpHL
Ta = 25C =9 /’ Ta = 25C
Cf, = 50 pF VoD~ 1, = 50 pF
300 ~ 300
—~ // © _ v |
° =5
E // E VpD //
200 200
x Y 25—
3 0 =
aﬂ 10 |t P 10 wov [
,—r/—_—__—_.—-——-—_‘— . PR e, L
T 15V T 15V
0 50 100 150 ° 50 100 150
cL (pF) ¢y (pF)
Fig. 3-22 Propagation Time of C2MOS IC (TC4085BP)

Namely, the first term of (3-9) formula represents the delay in output

response characteristic by load capacitance and the second term re-

presents the internal delay.

Fig. 3-22 shows the standard propagation time characteristics by
quoting TC4085BP (AND-OR INVERT GATE) as an example.

From the same figure, each standard propagation time

Ta = 25°C is as

follows:

tpLH = 1.1:Cx + 200 (ns)
tplH = 0.52:Cx + 60 (ns)
tpLg = 0.33.Cx + 40 (ns)
tpHL = 0.55:Cx +175 (ns)
tpHL = 0.3 .Cx + 65 (ns)
tpHL = 0.2 .Cx + 45 (ns)
10M
[ Ta=25C
[ Ty
N
< 3
=
<
=
LY
1
0 3 6 9 12 15 18 21
Vpp (V)
Characteristics

Fig .3-23 fM$¥¢
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TC4027BP

R R

of TC4085BP at

ceesesse.s at Vpp = 5V
eieeeeasss at Vpp = 10V
ceveeses.. at Vpp = 15V

at Vpp = 5V
at Vpp = 10V

at Vpp = 15V

Returning to formula (3-9), it
is found that the coefficient A in
the formula is inversely propor-
tional to the current driving ca-

pacity of output buffer.

The temperature characteristics
of each propagation time have re-
lations with the temperature charac-

teristics of output current,

TOSHIBA CORPORATION




INTEGRATEDCIRCUIT

L
R

TECHNICAL DATA

and comes to approx. 120% of normal temperature at high temperature

(85°C) and also comes to approx. 80% of normal temperature at low tem-—

perature (-40°C).

Max. clock frequency (fMAX@)

In the products which have clock input such as flip-flop, counter,

shift regist, etc., there is the max. value of clock input frequency.

In C2MOS family, these products are of static operation with the

exception of some products, therefore, the clock input frequency condi-

tions range from DC to fMAX@.

Actually, the max. clock frequency is defined in the separate data

sheet; therefore, the products have to be used at the standard value or

below.
TC4516BP
Ta=25TC
h Ty p.
1000 atie
X b
A X
\
> 2N36%
E]
)
] /\X Miss operation
o 100 4 §\u omain
A
— Z X
= X
« £ X\
& 4 V' PAILEaS
g N
= :zy %
~ Normal X7y R, g
8 operation doma?ﬁ ¢
g 1 =
’
g
1
% n 8 12 15

Supply Voltage (Vpp)

Fig. 3-24 Clock Rise and Fall Times

Fig. 3-23 shows the max.

clock frequency characteristics

of TC4027BP (DUAL J-K FLIP
FLOP) .

(3) Max. Clock rise time and
fall time
As the flip-flop of CMOS

holds the data by changing
over the internal switch, if
the switch change-over opera-
tion is not performed as ex-
pected, the operation of
master stage does not cor-
respond to the operate of
slave stage, whereby erro-

neous operation is caused.
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In the flip-flop CZMOS, the change over of internal gate is carried out
by the clock input signals (CP and CP). If the rise time and fall time
of clock signals become long, the divergency of phase is caused in CP

signal and Ei-signal, resulting in miscount and racing.

As the clock input rise and fall times by products are
prescribed in the data sheet, it is necessary to input clock signals
which have rise and fall transition time characteristics within the
standard value.

Fig. 3-24 shows the clock rise and fall time threshold character-
istics, quoting TC4516BP as an example. It is necessary to pay particular
attention to the shaping of clock at the domain where supply voltage is
high.

Interface

Interface of C2M0S IC
Fanout of C2i10S

The input impedance of CMOS has an extremely large value, whereby
at the current driving capacity has few limits of fanout. Actually,
therefore, the factors for restricting the fanout of CMOS in the system
will be a decrease in propagation time and a increase in power consump-

tion due to the addition effect of load capacitance.

The input capacitance of Cc2MOS is approx 5pF per input. If the fan-
out is ten pieces, this means 50pF load capacitance. Further, it is
necessary to calculate the wiring capacitance on the printed base board.
This shows that the system process speed is influenced by the fanout

in addition to the method of forming circuits.

This point should be taken into consideration in configuring a
system with c2mos IC, and the fanout should be kept within 50 at the
maximum. In the special cases shuch as clock signal line, etc. it will
be advisable to keep the fanout at 10~15 or below because of the

limits of rise time and fall time.
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(2)

(3)

Input output interface

In case some processing is made with CMOS systems almost all of the

systems communicate with external circuits and mechanisms through sig-
nals. In many cases, these input and output signal lines are long
and they themselves have the distributing inductance and

reactance. Therefore, if they are directly connected to CMOS, it may

cause many troubles.

Concretely speaking, the greatest troubles will be malfunction by
induced noise and breaking of input and output elements by surge. For
the former, the measures are taken so as to lower the signal line im-
pedance (driving impedance) and to insert the noise removal circuit in
the receiving side. For the latter, surge protection countermeasures

are taken.

Fig. 3-25 shows the noise surge protection made on the input side.
In the fig., (a) and (b) are the examples for absorbing noises by in-
tegrating input waveform by R and C. In same figure, (c) and (d) are

the examples of protecting C2M0S from the input surge.

Fig.. 3-26 shows an example of output interface. These are only
few examples. 1In any case, in general the interface with long signal

lines is protected in some way or other.

Interface with separate power supply system

In case of connecting c2mos systems operating by separate power
supply, if input and output of CMOS are connected directly, disorder

may occur, even though the two supply voltages are same.

This is because the difference in rise time and fall time in the
two power supplies may cause the possiblility of generating the state
where the CMOS input voltage receiving signals transiently exceeds the

rating.
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(a) Noise Killer 1 (b) Noise Killer 2
VoD

Voo

i
(d) Surge protection 2

(c) Surge protection 1

Fig. 3-25 Examples of C2MOS Input Protection Circuit

Vop

(a) Surge protec-

(b) Output
tion 1 driver 1
Vpp %
ﬁ%,
i
(c) Output driver 2 (d) Surge protection 2

Fig. 3-26 Output Protection/Drive Circuit

Fig. 3-27 shows the example. The waveform "1" in the figure has

no problem because the relation of Vpp2 >Vppi is always established.

In waveforms '2" and "3", the state of Vpp] >Vpp2 is generated. In such

a state, if the signal line is on "H" level, the current i flows through

the input protection diode of CMOS with mark*.
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1. Good

example

Rating-over

2. Bad VoDl

example Vppz l |

Rating over

3. Bad Vbp1 %% |

example VDD2____I_———__—‘—1__

Fig.3-27 Two-Power Supply Interface

VD) Vpp2
TC 40 49BP
(or TC4050BP)

Vss

Vop1 Vpp2

General CMOS|
R

(R=(Vpp1—Vss)k Q)

Vss

Fig.3-28 Example of Two-Power

Supply Interface

TC4049BP and TC4050BP are capable of

This current can cause the
deterioration in circuit with
markx and the latch-up. It is
advisable, therefore, to use
TC4049BP or TC4050BP which has
special input protection circuit

as shown in Fig.3-28.

In case it is impossible to
use the above circuit in Fig.3-28,
current limt resistance shall be
inserted in series in the signal

line as shown under Fig.

(4) Logical level converter

In many cases the separate
power supply system interface
usually requires the logic level
converting function. In C2ZMOS,
therefore, TC4049BP, TC4050BP
and TC5020BP are available as

the logic level converters.

performing the level conversion from high
voltage
while TC5020BP is capable of conducting the

system to low voltage system,

level conversion from low voltage system to

high voltage system.

Fig. 3-29 shows the example of inter-
face using these devices. The level con-
version can be made by pulling up or pull-
ing down the open drain output,
such as TC5029BP, TC5030BP, etc. through

resistors.

VD1 Vop2
cMos
or ete TC4049BP

"

In case of Vpp1 = VDD2

Vop Vpp2

g

cos
or etc

TC5020BP

"

In case of Vppl € Vpp2

Fig.3-29 Logical Level Converter
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2.2 Interface with other logic elements
(1) Interface with TTL/LSTTL Vee
3 (Vpp)
(a) Connection of C2M0S and standard [
TTL IoL = 16mA Vog =35V
In caseof driving TTL from C2MOS, ! i GND
e cMos TTL cos (Vss)
the "L" level input current of TTL is BUFFER
defined at max. -1.6 mA. Therefore, Fig. 3-30 C2MOS—TTL Interface
the low level output current should have
the specifications capable of flowing the current over 1.6 mA under the condi-
tion of Vg, = 0.4V,
In general, Ipgp is not guaranteed up to 1.6 mA in c2Mos IC. This makes
it impossible to drive the standard TTL. Therefore, the standard TTL is driven
through the buffers such as TC4049BP and TC4050BP. Table 3-4 shows the buffers
capable of connecting one piece of TTL.
Table 3-4 Products with TTL Driving Buffers
TC4009UBP TC5012BP TC5001P *
* Only BCD
TC4010BP TC5018P TC7404UBP
TC4049BP TC5024BP output
TC4050BP TC5025BP
TC5000P TC5029BP
TC5050P TC5050BP
In case of connection of TTL
from C2MOS, there is another method
of connecting discrete or monolisic \ -
& c2Mos L | L
NPN transistor to C2MOS output. For TDE2504D
example, by using DIP transistor allay Fig. 3-31 C2MOS-TTL Interface
TD62503P, it is possible to drive TTL from C2MOS as shown in Fig. 3-31.
In case of driving C2MOS from TTL, as the high level output voltage of
standard TTL is 2.4V(min.), the transfer of "H" level comes to impracticable
at the input voltage Vig (min.)=3.5V of c2mos. Therefore, usually the pull-up
resistance is inserted between Vgc and output for raising the high level
voltage of TTL to over 3.5V.
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The pull-up resistance value is

decided by the leak current Igcgr at

the time of OFF of output transistor
[ 3 Q of TTL. This value is not guaran-

teed for the usual TTL. However,

from the guarantee level of open col-
IN
Q ouT lector TTL, it is estimated that the
max. 250uA will be sufficient. In
IcER

GND order to make the voltage drop by

Fig.3-32 Pull-up of TTL Output Rp (5-3.5)=1.5V or below, it follows
that;

Rp = x 103 = 6 (kQ)

1.5
0.25
Accordingly, approx. 3 ~5 ki seem to be usually selected.
In the case of open collector TTL, the driving is carried out

through the pull-up resistors in the same conception as mentioned above.

(b) Interface of C2MOS and LSTTL

In the case of LSTTL, fundamentally, the connection is made in the
same conception as the standard TTL. IN LSTTL,however, Iy, is as small
as 0.4 mA (max.), so that one piece of LSTTL can be driven directly from
usual C2MOS. 1In buffer CZMOS, it is possible to directly drive up to
4 pieces of LSTTL. 1In case of driving C2MOS from LSTTL, the connection
is made through 3 ~5 k§ pull-up resistors in the same manner as the
standard TTL.

(2) Interface with MOS LSI

+5V P-channel/N-channel MOS
? . LSIs are different in sup-
Vpp Vié ply voltage and input/out-
5k() put specifications depend-
-- IN T3190 OUT .- °
i roducts; theref
cMos oND o cAo0s ng on products erefore,
Jw it is necessary to compose
l the interface circuit suit-
-5V able for the device.

Fig. 3-33 Connection to T3190
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Fig.3-33 shows the re-

+5V
T presentative P-channel LST.
An example is shown on the
Vpp Vls Vbp P
| 10x0 interface together with
- IN TMM142C OUT
cMos Vop c2Mos T3190 (12-bit parallel pro-
cessing microprocessor) and
l c2Mos 1C.
—15V
Fig. 3-34 Connection to TMM142C As the output of T3190

deflects up to the minus side, in case C2M0S is driven, it is necessary
to clamp the output at OV. Fig.3-34 shows the interface side of MNOS
memory TMM142C.

In the case of TMM142C, the output also swings up to the minus side,

and this makes it neces-
Vpp Vop sary to construct the

clamping circuit.

Most N-channel MOS
LSIs are 5V single

Vpp Vop

power supply systems,
and both input and out-
put can be connected to
C2MOS as they are.
Toshiba's N-cheannel
static RAM memories, TMM

VoD
311/312/313,314P, etc.can

VoD
be directly connected to

5V C2MOS systems.

2.3 Interface with
Transistor

Vop

(1) Transistor driv-
ing system

N ok
AR

Fig.3-35 Examples of Current Driver Circuits by Transistors
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The output of C2MOS can take out both sink current and sorce cur-

rent; therefore, the interface with transistor is easily made.

Fig.3-35 shows an example of the current driving circuit using PNP/

NPN transistors.

etc. which cannot be driven by output current of CZMOS.

These circuits are effective for driving relay, lamp LED,

And the open collector type driving method is used for the conversion

of the above-mentioned logic level and the driving of fluorescent indica-

tion tube.

Transistor allay

Table 3-5 Table of Toshiba's Transistor Allays

Name Ic VCE(Us)| hFE CIRCUIT Base Circuit Clamph@bwg.
(VCEO) Diode
EQ
TD62001P —_
TD62002P Darlington | 10.5k()+7V(ZENOR, Built-| A
500mA 35V 1000
TD62003P min | 7-circuit 27 kQ) in
TD62004P" 10.5 k()
TD62064P As shown in the a
1500 35 goo | Darlington | of next page (a] B
TD62074P (typ)| 4-circuit | Fig, [b]
TD62101P —_
TD62103P Darli 27 kQ
500 25 1000 arlington [b] A
TD62104P min | 7-circuit 105kQ ’
TD62105P 20.0kQ
DarIington
TD6 P 7 — 8
2107 50 45 hecitcoit TTL condition [a] c
TD62301P 2k
200 15 1000 Darlington [a] D
TD62302P 7-circuit 84k
TD62501P 70 -_
TD62502P 10.5kQ+7V(ZENOR) E
TD62503P 50 R7kQ
i Single
TD62504FP 200 35 J-circuit | 105kQ [b]
TD62505P _
F
TD625067P 70 _27kQ
Single —
TD62507P c_circuit a
Note) [a] = Built-in [b] = Not built-in
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COMMON ES
3 COMMON
2300 ouT
IN
8.2k 3
COMMON GND r 1.1k COMMON GND
e —O ‘ —0
* Only TD62001P Series * Only TD62064P
A) TD62001P~TD62004P B)TD62064P , TD62074P
TD62101P~TD62105P
D, Input Output
——O
> 01 equivalent circuit equivalent circuit
Dz o— oo Vee
L H 2 COMMON
PO DS 1o o oo
Dy 00— -
S Do = 04 w
.
o
E Eg COMMON GND
C) TD62107P
COMMON
=70Q) Ry Ry
Ry ouT
IN TD62301P 2k 20k
TD 6230 2P 84k 15k
2k
COMMON GND
D) TD62301P, TD62302P
COMMON o
ouT
IN B
IN
anp " % our e
COMMON GND COMMON GND
E) TD6250 ~T62504P F) TD62505P,TD62506P G) TD62507P
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2.4
(1)

Available for using these drivers are DIP 16-pin type driver allays
as shown in Table 3-5. That is, available are various types ranging from
single NPN transistor allays (TD62501 series) to high voltage resisting
large current driving Darlington allays (TD62064/62074) and these products

are optimum to the output drivers of C2MOS.

Table 3-5 shows the list of these driver ICs.

Interface with mechanical contact

Chattering of mechanical contact

l+E
ON +E
; ov
Chattering at ON Chattering at OFF

Fig, 3-36 Chattering Phenomenon

In General, in the mechanical contacts of relay, switch, etc. there
is a contact bouncing phenomenon called chattering. In case "ON" and '"OFF"
of contact are converted into electric signals, the bouncing becomes a
signal as it is as shown in Fig. 3-36. Namely, in case the contact once
becomes "ON" ("OFF"), several times of "ON" and "OFF" signals are caused.
Usually, as to the contact interface, chattering removal circuit is in-

serted in the electronic circuit.

v
o VoD & Vpp

7 1]
« [ T N

Fig. 3-37 Chattering Removing Circuit (1)

TC4093BP Ry

¢ II TC4093BP

R1>Rg
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(2) Chattering removing circuit (2-terminal contact)
(a) Method of integrating signal waveform by capacitor and resistor

Fig. 3-37 is an example of the circuit for removing chattering by
integrating signal waveform by capacitor and resistor. As the integrat-

ing time of signal is decided by the time constant

l T2 ﬁgf !
o L

tw = Ton

%TCA—SZSB?

Fig. 3-38 Chattering Removing Circuit (2)

and C, it is necessary to select the constant matching the chattering
time of switch.

Vpp ouT

!

p %1 9283 Q4

CLOCK

Fig. 3-39 Chattering Removing Circuit (3)
(b) Method of producing monostable pulse. by retriggerable monomulti
It is also possible to remove chattering by using the retrigger-
able monostable multivibrator. In this case, the removal of chatter-
ing is made by setting the monostable pulse width of monomulti larger
than the switch "ON" time (ToNn).
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Contact - Contact
Q1 Q2 Az Q4 L e 1pQ1Q2 Q3 Q4
signal Rl signal D
r— cP CL l————CP CL
Clock . 1 Clock .
-Z'TCZ;OlSBP
(i) Generation of rising (i1) Generation of falling
detection pulse detection pulse

Fig. 3-40 Shaping Circuit
(c) Shaping by the shift register
In the methods (a) and (b), chattering is removed by
using the passive elements. Fig. 3-39, however, shows the cir-
cuit sending the output of "ON" at the several continuance of "H" level
and sending the output of "OFF" at the several continuance of "L" level

by sampling the input data by use of the shift register.

o
o|

2|
o

Rp ; 20~ 100k()

Fig. 3-41 Chattering Removing Circuit by R-S Flip-Flop
For converting the contact signal into the electric signal more simply,
available is a method of sending the output of one clock by the shift
register and gate IC as shown in Fig. 3-40.
(3) Chattering removing circuit (3-terminal contact)
In the case of 3-terminal contact, chattering can be removed relatively
simply.
Fig.3-41 shows the circuit preventing output from inversion by

using R-S flip-flop when the contact is in the intermediate state being

not any side.
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[4] CAUTIONS ON HANDLING

By reason of its configuration, C2MOS IC behaves itself in the manner dif-
ferent from Bipolar Lé)gic centering around the conventional TTL. Although C2MOS
IC has many advantages over TTL, unsuitable method of use may result in the
failure of full use of these advantages. In this chapter explanation is made
on the cautions in handling €2M0S IC and the cautions in designing circuits by
using C2MOS IC.

1. Configuration of C2MOS Necessary to know before handling and designing

Cc2M0S 1IC input is connected to the gate electrode of MOS configuration
having extremely thin oxide. As shown in Fig. 1, MOS configuration is de-

fined in general as the sandwich

G(AL)
/ configuration consisting of metal,
(_\JV/ (81i0,) oxide and semiconductor.
. Y
4 P P The thickness (tox) of oxide insulator
ox (si)
N located directly under the gate
S D

electrode is usually as thin as

Fig. 1 MOS Configuration 0.1~0.2u; therefore, even when the

(Example of P-Channel MOS) voltage of 100V ~ 200V is applied

between gate and N-substrate the

electric field strength of oxide
insulator just under the gate reaches as large as 107V/cm, causing dielectric

breakdown by discharge.

For protecting the gate from the above-mentioned dielectric breakdown,

TOSHIBA C2MOS IC is provided at each

-VDD input terminal with the protective cir-

LD, cuit consisting of diode and resistor

| _ To Input as shown in Fig. 2. According to the
Input Terminal R Gate same figure, the voltage applied to the
D*f Vss input terminal is clamped by Dj and Doy

= at Vpp and Vgg, whereby the input gate

is protected. However, the input pro-

Fig. 2 TInput Protection Circuit tective circuit has its limit.
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As an example, the static electricity remaining in the fibers by the
friction of fibers and needle of industrical sewing machine for synthetic
fibers or that generated by men and women walking on a carpet may reach
several kV~ some dozen kV, though the voltage differs depending on relative

humidity and surface condition.

The above-mentioned static electricity is stored in the storing case of
fibers or in human body, which is equivalent to the fact that the above-

mentioned voltage is charged to the electrostatic capacity or human body

capacity (200 ~300PF). When this elec-

VoD
tric charge discharges to c2mos input,

it is transformed into the energy suf-

ficient to break down C2MOS input.

Input |Output

D In addition to the input protective
2

diode, parasitic diodes are formed be-

tween each terminal in C2MOS IC, and all

these diodes are of inverse bias at the

s . 'y . 2
Fig. 3 Parasitic circuit of C4MOS ICvoltage within the max. rating.

However, when the voltage exceeding the max. rating is applied between each

terminal, excessively large current flows to these diodes.

Fig. 3 shows the parasistic circuit formed between each terminal of
c2M0S IC. 1In same figure, D1 and D2 are the input protective diodes, D3 is
the diode formed by P-well diffusion, D4 is the diode by the drain formation
of P-channel MOS FET, and D5 is the diode by the drain formation of N-channel
MOS FET. S is the parasistic thyristor formed between each diffusion area.

For example, when the voltage exceeding the range of Vgg ~Vpp is applied
to C2MOS input or output and the excessively large current flows to these
diodes, firstly the fusing of input and output wiring or power supply wire
will occur and secondly, short-circuit phenomenon between Vpp~ Vss (this is
generally called the Latch-up, resulting in fusing of power supply wire as
the destruction mode) will be induced by the "ON" working of parasistic
thyristor.

Therefore, it isnecessary to use the voltage on input and output terminals

within the rating without fail.
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2. Cautions on Handling C2MOS IC
2.1 Transportation and storing

The input and output of c2Mos IC which is not actually installed are
in the state of high impedance. It is, therefore, necessary to protect
the C2MOS IC from the external electric stress, such as the discharge

from ambient charged body, the induction from space electric field, etc.

Therefore, in transporting and storing C2MOS IC, it is necessary to
use the conductive mat, metallic box, the box lined with aluminum foil,

etc. so that each terminal of IC may become the same electric potential.

TOSHIBA C2MOS IC is inserted in the conductive case or conductive
mat at the time of shipment. Therefore, IC should not be removed from
the case or mat with the exception of the case where the removal is re-
quired. In particular, refrain from using plastic cases or vinyl bags on

which static electricity is liable to be generated.

Store the IC at the location where it is not exposed to the direct
sunlight. Pay careful attention to store at the location of the relative

humidity which should be neither extremely high not extremely low.

2.2 Acceptance inspection

In case of conducting acceptance test on c2MoS IC, first of all it

is necessary to ascertain that there is

no transient phenomenon as overshoot or
Test Q
System

undershoot etc. between each terminal of

test system by using synchroscope. Next,

(EEE: conduct test by using the calibration IC

? for ascertaining that there is no error in
1MQO
]_ the test program. In the case of giving

test pulses, it is necessary to give input

Fig. 4 Grounding signal after turning on the power supply.
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't is necessary to take out the IC on the grounded work table. In
conducting the test, ground the test system and inspector. For prevent-
ing the electric shock accident by the electricity leak from electric

equipment, ground the inspector through approx. IMQ resistor without fail.

Be sure to turn off the power supply when IC is inserted in IC socket
or IC is drawn out of the socket. The accident of test system may give
fatal damage to IC. It is, therefore, advisable to carry out the self-

diagnosic program in advance before test.

Assembling

As mentioned in 2.2, in case of installing €2MOS IC on the printed
base board, it is necessary to make protection from the static electricity
by grounding electric equipment, work tables (desks), and work men. It
is advisable to ground a work table by putting metal plate or aluminum
foil on the surface. Refrain as practicable as possible from wearing
chemical fiber work cloth. Electricity leak from electric equipment
shall be prevented by reason of safety. So, it is necessary to perio-

dically check to see that there is no leak in the electric equipment.

In case of shaping the lead frame for installing IC,it is recommended
that pincette and other jigs be used for preventing the stress from being
imposed on the root.

It is ideal that the jigs are grounded.

Soldering and cleaning

In case of carrying out soldering by using soldering iron and solder-
ing tank, perform the soldering work within 10 seconds at the temperature
260°C below. It is confirmed that TOSHIBA CZMOS IC has no problem on
reliability even in case the temperature stress is given to the stopper

of lead at 260°C for 10 seconds.

210
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Use the soldering iron with no leak on its tip. It is advisable
to use A class soldering iron, the dielectric resistance of which is

over 10 MQ.

In using the soldering tank, it is necessary to ground the tank for
preventing the unstable electric potential. After soldering IC to a
printed base board, for removing flux and others, accelerating cleaning

method is adopted in many cases by using detergent and ultrasonic wave.

In this case, full attention should be given to the selection of
solvent so that the cleaning may have no influence on the outer case and
mark of CZMOS IC. 1In general, it is advisable to use FUREON series de-
tergent, FUREON TE, and DAIFURON solvent S3-E. In the ultrasonic clean-
ing, consideration should be given to the cleaning method so that the
main body may form a shadow to the oscillator. This is for preventing
IC and base ‘board from the stress by resonance. At the same time, con-
sideration should be given to the cleaning time which shall be within 30

seconds.

2.5 Adjustment and test

In conducting adjustment and test of set on completion of printed
base board, before turning on the power supply it is advisable to ascertain
that there are no errors in polarity and others of power supply,
etc. As to the printed base board, ascertain that there are no solder
bridge, cracks, etc. Usually, the c2Mos system requires only a small sup-
ply current, so that the abnormality of system can be checked, from the
excessive supply current. In case of conducting test by using the com-
mercially available constant-voltage power supply, it is recommended that

the current limit be imposed on the power supply.

For the system consisting of several sheets of printed base boards,
the printed base boards should be drawn out of and insert in the mother
board for checking the system. In this case, the work shall be made after

turning off the power supply.
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In observing each part of printed base board with an oscilloscope at
the time of test, it is necessary to be careful so that the tip of probe
may not contact other signal wires and supply wire. In case the location
to be observed is decided in advance, it is one of the methods to stand
the test pin for exclusive use. Do not lead out this test pin directly
from the signal wire. It is advisable to protect C2ZMOS circuit from
static electricity and erroneous connection by inserting over 10KQ re-

sistance in series.

In case of conducting test at high temperature and low temperature,
it is necessary to ground the thermostatic oven. The set in the oven

should be installed on the conductors.

3. Cautions on Designing Circuits

3.1 Input processing

Vop
As the input of CMOS IC is very

high impedance (RIN % 10120), the

logic level is not constant in the

open state. In this case, if the in-

put is in the medium level, both P- [: |
channel and N-channel transistors are FG:—
T

in the state of connection, whereby

the unnecessary supply current flows.

(* Disused Gate) Vss

Therefore, be sure to connect

the unnecessary input line to Vpp,
Vgs or other input/output wires, for which logic level is decided, as
shown in Fig. 5. Unstable contact of soldered parts causes erroneous
working of CMOS system or increase in supply current. Therefore, care

should be taken to wiring.

212

Fig.5 Example of Input Processing
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3.2

Ceramic Capacitor 0.01~0.1 uF

N r‘—

Tantalum (electric field) Capacitor
10 uF ~100 uF

Fig. 6 Example of Printed Base Board

Designing power supply

In general, CMOS is small in current consumption as compared with
other bipolar digital IC; therefore, it can be used by the small capa-
city power supply. By reason of its operation, however, CMOS consumes
electric power in the form of spike. This makes it necessary to make
the high-frequency impedance of power supply lower. Concretely speaking,
it is necessary to make supply (Vpp) wire and GND (VSS) wire thick
and short and insert 0.01 uF~ 0.luF capacitors as the high-frequency

filters in the inportant areas between power supply and GND on the printed

base board. As to the low-frequency filter. 10 uF~100 uF/printed base
baord will do for the purpose. Fig. 6 shows an example of printed base

boards.

And average supply current varies considerably depending on such

factors as the working frequency, load on capacitor, supply voltage,

Input terminal
© AN {>c>
Ri
Re R; = 10KkKQ
Rp £ 100KQ

Fig. 7 Input Processing of Printed Base Board
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3.3

3.4

rise and fall of input signals, etc. Therefore, particular attention is
required in the case of driving by simple power supply of Zenor diode of
battery driving. 1In case there are overshoot and undershoot at the
transient time of power supply, arrangement shall be made by using filters,

etc. so as to avoid exceeding the max. rating.

Input processing of printed base board

Vop Protection
circuit Outside
Vpp | [of base
o board
Outside
of base -
board

=V
Protection circuit L___.__JEL

D,,D,: 1S1588
(b) Protection of
(a) Protection of input wire output wire

Fig. 8 Protection of Input/Output Wires

When the input terminal of printed base board consists of c2Mos input
only, like the individual CMOS device, the input terminal is in electrically
floating condition, whereby there is a possibility of receiving damage
by static electricity, etc. Therefore, as shown in Fig. 7, by inserting

over 10 K resistance in series in
R Rs

advance, it is possible to protect ___{:>o_~w~iI_Mw__£>x>__
[¢]

C2MOS from the overcurrent.
R : Output current con-

trolling resistor

And, it is more effective if the Rs: Input current controll-
ing resistor with power
input terminal can be pulled up or supply turned off
down by approx 100 K2 resistance. Fig.9 Method of Inserting Capacitor

Measures for noise and surg of signal input/output wire

In many cases the signal input wire coming in the printed base board
and the control output wires coming out the printed base board are con-

nected with other electronic parts.
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In general, it can be said that the signal wire is long in many cases.
In case the surge is applied to these input/output wires by induction,

there is a possibility of deterioration or breakdown of CMOS IC being

caused by overcurrent (overvoltage). Therefore, in case the input/output

signal wires are long and when the high voltage wire exists in the out-—
side printed base board, it is necessary to insert the protective circuit
as shown in Fig. 8. The method of separating the base board through

photocoupler and lead relay contact is also effective.

In case of making test pin, it is advisable to make protection in

advance as shown in Fig. 5 to Fig. 8.

Signal wire and capacitor to be connected to Vpp or Vss

In case the capacitor is connected directly to signal wire for re-
moving the delay and noise in signal, the capacitor up to 500pF in
capacity can be connected directly, but capacitors larger in capacity
shall be connected through such resistors as shown in Fig. 9.

These resistors are used for restricting the flow of current to the
parasitic circuit of CMOS input/output at the time of "ON'" and "OFF" of
power supply and for preventing CMOS output from short-circuiting for a
long time. It can be said that 10 KQ or over will be suitable as the

resistance value for both R and Rg.

Qutput short-circuiting

In C2MOS IC, buffer is added to the output, whereby it is possible
to carry out the current driving of both sorse (Ipy) and sink (Igy).
Therefore, in case "H" level output wire is short-circuited with GND
(Vgg) wire or "L" level output wire is short-circuited with Vpp wire,
overcurrent flows to C2MOS output. In particular, if supply voltage is
high, this current may cause the package to exceed the permissible power
disipation; therefore, attention shall be given to prevention of the out-

put short-circuit.

TOSHIBA CORPORATION

215




INTEGRATEDCIRCUIT

L~
R

TECHNICAL DATA

3.7

3.8
(a)

Of course, it is impossible to connect normal outputs together, but
concerning the C2MOS which has three-state output, wired OR is permitted
under the condition that more than two-wire outputs do not come to enable

simultaneously.

Influence of input slow in rise or fall time

In case the waveform slow in

rise time or fall time is applied Vpp
to CMOS input, the output of gate C o
nput CP

IC,etc. may tend to oscillate in 3
the neighborhood of Vqy (device

Vv
threshold Voltage) of input wave- ™
form. This is because, in the Fig. 10 Example of Clock Input

Shaped by Waveform
neighborhood of Vg, CMOS gate becomes equivalently linear amplification,

whereby the minute supply ripples and noise appear on the output after

amplification.

For suppressing the above phenomenon, consideration should be taken
to insert the high-frequency filter capacitor between VDD and Vgg of
oscillating IC or to use Schmitt trigger IC, 1In particular, attention
should be given to the clock input of sequence circuit.

Fig. 10 shows an example of clock shaping.

Variation of various characteristics
Circuit threshold voltage

The circuit threshold voltage of C2MOS is designed for 1/2 VDD
ideally, but in reality the voltage is influenced directly by the varia-
tions of both P/N FETs because the voltage is decided by the voltage
dividing effect of both P/N MOS FETs. As compared with the bipolar IC,
therefore, the variation is considerably large. For example, differentia-
tion circuit/integration circuit by CR and timer circuit are greatly
influenced in terms of time by this variation, and in reality compensa-

tion effect is required by the use of variable resistors.
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VoD

Variation range

Vop=5V N ouT

10V

QA

15V

X
L | | 1 1X§§§XX§ 1 1 1 1 L

105 12 15

vl

Ta=25"7C
Fig. 11 Variation Data of TC4011BP Vg

Fig. 11 shows the variation data for TC4011BP circuit threshold
voltage.
to TC4011BP.

As to other types, variations can be considered to be similar

Qutput current

The variation of output current can be considered to be Max. +30%
to the standard value.
(standard value) of TC4007UBP.
follows that considerable drain current flow at the domain where Vpp

is high.

Fig. 12 shows the output current characteristics

So far as this figure is concerned, it

However, if output current is large,internal loss of FET
becomes large at the same time, resulting in lowering the thermal re-
liability.

saturation domain up to |Vps| < 1.5V.

In reality, therefore, it is suitable to use at the non-
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P-Channel Drain Current Characteristics

Drain Voltage Vpg (V)

-1z -10 -8 -6 -4 -2 o,
Ta=25TC I P
L
(TYP.) “Vag=-5V g
as— // PR~
/ -
e oy
-10
V / o)
d g
-
1’//4 / S5 B
~10 / 5]
/ g
T
-20
/) 5
A e

N-Channel Drain Current Characteristics

50 '
Ta=25"C As=l5v
= (TYP.
Z . )/
N
: /
—
30
&
5 10
=
5 20 ///
°© /
=
o
8
a 10 s
0
o] 2 4 6 8 10 12

Drain Voltage Vpg (V)

Fig. 5-12 Output Current Character-
istics of TC4007UBP

(c) Switching time

Propagation times such as tpLH, tPHL, etc., toggle frequency of

counter, etc. have max. +30% variation to the standard value.
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However, these parameters vary depending on the interface conditions of
load capacitance, etc., therefore, it is necessary to consider fanout

at the portion where operating speed is high.

3.9 Temperature parameters of various characteristics

(a)

(b)

(c)

Device threshold voltage

The device threshold voltage is considerably stable to the temper-
ature because the temperature coefficients of ON resistance of P-channel
and N-channel FETs become the plus values. The temperature coefficients

are approx. -2~-3 mV/°C at Vpp = 5V and approx. -4 ~-5 mV/°C at Vpp=10V.

Output current

The output current has the minus temperature coefficients for both
P/N FETs, which are approx.-04%/°C. Namely, under the temperature con-
dition of approx. 85°C the current value becomes small by about 25% as
compared with the normal temperature (about 25°C). This is an important
point in deciding the overdrive coefficient in case of driving transistor,

etc. by current.

Input current, static current consumption, and output 3-state leak
current

These leak currents are theoretically the leak currents in the
opposite direction of PN junction, and are extremely small in value at
normal temperature. With the rise in temperature, however, the values

increase at exponential function.

In reality, it is convenient to remember that with the rise in am-

bient temperature by 25°C the leak current increases by about 1 digit.

However, in reality the input current is approx. 10-10~10-11 [A]
at normal temperature and the static current consumption is approx. 109
[A] at gate IC. These are the levels which have no problems on the

practical use at high temperature.
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(d)

Propagation time and max. frequency

As the propagation time may be regarded as the time for charging
and discharging the internal capacitance and load capacitance of ON
resistance of FET, the propagation time is considered to be equivalent
to the temperature coefficient of ON resistance. Therefore, the
temperature coefficient becomes approx. 0.4%/°C, while, in the neighbor-
hood of 85°C, tpry and tpy], increase by approx. 25% to the normal
temperature value. On the contrary, the max. frequency decreases by

approx. 25%.
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TC4001BP /UBP

1 14VDD

2 13

3 12

4 1n

5 10

3 9
Vss7 8

QUAD 2-INPUT POSITIVE
NOR GATE
PACKAGE;5-21F

Pin Connection

TC4002BP

1 14VDD

2 13

3 12

‘ 1

5 10
NC6 9
Vss7 BN.C

DUAL 4-INPUT POSITIVE
NOR GATE
PACKAGE:5-21F

TC4019BP
D4 D3 D2 D1
13 12 1 10
| 1 Il |
VDD’—B"‘
L 8
1 1 T Vs
; 1
1 15 9
KB A B A3 B3 A2 B2 Al B) KA
QUAD AND OR SELECT GATE
PACKAGE;5-22E
TC4030BP TC40688BP
1 14VDD N.C 1+ 14 Vpp
2 13 2] 13
3 12 3+ t-12
4 n e -1
5 10 51 t-10
3 9 N.C6- -9
Vss7 8 Vss7 - 8N.C

QUAD EXCLUSIVE-OR GATE
PACKAGE:;5.21F

TC4073BP

l—’_v——ll\'DD

2+ 13

3 12

« -1

5 10

6 -
Vss 7+ L

TRIPLE 3-INPUT POSITIVE
AND GATE
PACKAGE:S-21F

8-INPUT POSITIVE NAND
GATE
PACKAGE;5-21F

TC4075BP

=" Fievoo

2 13 °

3+ 12

« -1

5 10

6 -9
vss? -8

TRIPLE 3.INPUT POSITIVE
OR GATE
PACKAGE:5-21F

TC4011BP /UBP

1+ ~ t14vpD
2—@ 13
3 @-IZ
4~ =11

10 o

Vss7-4 - 8

QUAD 2-INPUT POSITIVE
NAND GATE
PACKAGE:5-21F

TC4023BP

1 14VDD
13
12
) 11,
5 10
6 9
Vss 7. — 8

TRIPLE 3-INPUT POSITIVE
NAND GATE
PACKAGE;5-21F

~

w

TC4071BP

5
6

A e e -
« 3 = % = =
<

o

S

Vss 7

QUAD 2-INPUT POSITIVE
OR GATE
PACKAGE;S-21F

TC4078BP
NC1 [~14VDD
Az 13X
B3 120
ce o e
DS t-10F
NCE - 9E
vss? - 8x.c

8-INPUT POSITIVE NOR
GATE

PACKAGE;S-21F

TC4012BP

1 14VDD

2 13

3— 12

4= n

Iy
NC6— 9
Vss7—1 8NC

DUAL 4-INPUT POSITIVE
NAND GATE
PACKAGE;5-21F

TC4025BP

1 %u\'nn

2+ 13

3-1 t-12

4 11

51 110

61 -9
Vss7- - 8

TRIPLE 3-INPUT POSITIVE
NOR GATE
PACKAGE:5-21F

TC4072BP

1 14VDD

2 13

3 12

4 n

H 10
N.Cé: 9
Vss7 ENC

DUAL 4-INPUT POSITIVE
OR GATE
PACKAGE:5-21F

TC40818BP

1 14VDD

2 13

3 12

‘4 n

s 10

6 9
vss? ]

QUAD 2-INPUT POSITIVE
AND GATE
PACKAGE;5-21F
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TC4082BP TC4085BP TC4086BP TC4093BP
VDD
14
-14VDD
! ko T
2 13 1
7] e I voo
3 12 2| 113
cig " @ 1,
4 > pL3 3 = —C
13 1
5 10 -2 ! x4 —M
F—s— Ci@ IOL
N. -9
ce o] d 1 F
Vss7 - 8N.C el vssY 18 ¢
Nall
! 2 "
7 N
vss \,5}57 N.Ci4
DUAL 4-INPUT POSITIVE DUAL AND OR INVERT GATE QUAD 2-INPUT NAND SCHMITT
AND GATE PACKAGE:5-21F AND OR INVERT GATE TRIGGER
PACKAGE:5-21F PACKAGE; 5-21F PACKAGE;5-21F
TC4531BP TC4583BP
VDD
|6
, 1
goE AOUT. BOUT
! AoOUT  EX-OR  BouT
m% 4l 1| w4 0] 22|
D3-H vopl&h
3
Di—5
D54
1
D com Al L com B
D1 o
peld —e NEG A3 12 NEG B
a3} pos a4 12 pos B
Dlo% -ivss
D1—
opp/EVEN W22 o] 13 15|
4 AIN  DIS BIN
]
vss
12-BIT PARITY TREE DUAL SCHMITT TRIGGER
PACKAGE;S- 22E PACKAGE;5-22E
TC5029BP TC74008BP
3 1001
| 1 14Vpp
i 2 13
voolY 1T vss 3 12
N 11
ITTrrrrl
128 ! 89 1312 5 10
QUAD 2-INPUT NAND GATE WITE 6 9
N-CHAN OPEN DRAIN
PACKAGE;S5-21F § 7
Vss 8

QUAD 2-INPUT POSITIVE
NAND GATE
PACKAGE;5-21F
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INTEGRATEDCIRCUIT

R TECHNICAL DATA

TC4007UBP TC4009UBP TC4010BP TC4049BP
VDD 1DP 25p 2Dp 3Sp
——
‘J‘ 13 i vee Vop1{ Lienc
LT 2] 2 15
El 3—Z g—u
1N 30UT 4 — Fisnc
. - &
: 1 AT
E'j : 12 T
2 1 AT
Vss8 - 9
10 vss |
VSS 2N 2DN_ 3SN
1DN 25N 3IN
HEX INVERTING BUFFER/ HEX NON-INVERTING BUFFER/ HEX INVERTING BUFFER/
DUAL COMPLEMENTARY PAIR PLUS INVERTER CONVERTER CONVERTER CONVERTER
PACKAGE:5-21F PACKAGE:5-22E PACKAGE:5-22E PACKAGE:5-22E
TC4050BP TC4069UBP TC45728BP TC5012BP
Vpp VoD
|1 16]
Vopi- ~ 16N.C - DIS L—|>0~
i 1 14VDD A—z' LA 4 3
24 His ' w2 Y413 oum
} é 2 13 >0 . 5
3] L o mz-——d ouT2
3 12 B3
o Lisnc 52 ) > N3] 7 ouTs
4 11
5_} L1 E’—"—-Do— N 2Y 19 ouTs
5 10
- 2 1
o ZE_,, PR O {2 ours
3 9
7_} L 10 G%ZD—I—JATE ms'_‘__D" 13 e
& Vss7 8 Hj 15 D
vsss] Lo ! bIs2—=]
18 8]
Vss Vvss
HEX GATE 4.INVERTER PLUS
HEX NON- INVERTING HEX INVERTER 2-INPUT NOR GATE PLUS 3.STATE NON-INVERTING
BUFFER CONVERTER PACKAGE:5-21F 2 -INPUT NAND GATE BUFFER
PACKAGE;5-22E PACKAGE;5-22E PACKAGE;5-22E
TC5020BP TC50248BP TC50258BP TC5064BP
vce  Vpp VD VoD AIN vbp
Y| 1] 1] 1] lis
) —
1Nl—3—-{>O—LOUTl pIs1—= DIS1—| n\‘)is—.@_ﬁouﬂ
. . w3 13 oum1 w2 2 oum w3 S Pour,
mz————Do—-—ou‘rz pisz.4] —1 . .,
s —>o—18 ours w22 L ou2 mz—’—Eiomz {4 —Roums
w2 TS0 {10057 pis3l2 mm@ we S 1 Mours
) 8 9 s
w2 - outs s 2 ouTs 5] I,
st TS0 112 ours 1 13 s ouTs
o1 1 . 1o
N6 OUT6
e >0 oute 2 L oure el M ours v
0
8] 7] 7| v, g
vss NC:13 vss vss ss BN
HEX LOW TO HIGH VOLTAGE QUAD 3.STATE BUS QUAD 3.STATE BUS HEX HIGH VOLTAGE BUFFER WITH INHIBIT/
TRANSLATOR BUFFER ("L™LEVEL) BUFFER (“"N"LEVEL) NON INVERTING
PACKAGE;S- 22€ PACKAGE; 5-21F PACKAGE:S.21F PACKAGE;S.22E
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P INTEGRATEDCIRCUIT

==

TECHNICAL DATA
TC5065BP TC5066BP
AIN Voo VII,’I;

1] |16

8] Jo

Vss Bix

HEX HIGH VOLTAGE BUFFER WITH INHIBIT/

INVERTING
PACKAGE;5-22E

TC4013BP

DUAL “D"TYPE FLIP
PACKAGE;5-21F

12 2Q
11 2¢p

10 2CL

8 2PR

FLOP

9 2DATA

{1 Boum
weH—{=1MouT2
IN3 i"E—EOUT3
w2 ours
s —{==1"outs
ms—s-——{E——l"—oma
1N7-7——§—iou'r1

o]
vss

7-HIGH VOLTAGE BUFFER/
NON 'INVERTING
PACKAGE;5-22E

TC5067BP

von
13

I
e
o 2| [SSp-feam
o 2| [SSp-{tiovs

Bl
Vvss

7-HIGE VOLTAGE BUFFER/
INVERTING
PACKAGE;5-22E

TC4027BP

R e = i)
lN7~7——§— 9 507

TC7404UBP

1 14VDD

2 13

3 12

4 n

5 10

® )
vss? ]

HEX INVERTER
PACKAGES-21F

TC7476BP

DUAL J/K MASTER-SLAVE

FLIP FLOP
PACKAGE;5-22E

DUAL J/K MASTER-SLAVE
FLIP FLOP
PACKAGE;5- 22E

TC40174BP 16 TC40175BP
T
o
m-4
1,6
Ll i rerm | 0
cr
R
o | 2,
cr
"
e
crd
HEX TYPE D FLIP FLOP
y PACKAGE 5-22€
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QUAD TYPE D FLIP FLO
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INTEGRATEDCIRCUIT

SR  TECHNICAL DATA

TC4028BP TC4054BP TC4055BP TC4056BP
Voo Voo Vo Von
16 16 16 16
10 g s g
A 8 [ AT = g BCH
5 w31z = INPLTS
= 2 = 2 . g
Bﬂ HCD [ - -~ SEGMENT
+— E INPUTS el I % SEGMENT oUTITS
g or 8] |7 2 OUTILTS
: i m Ei I
= 2 3
i ] v -
:
PLUE £
B4
0 IO 7 0 7
vss Vss VEE \ss VEE
BCD TO 7-SEGMENT DECODER/ BCD TO 7-SEGMENT DiCODER/
BCD-TO-DECIMAL DECODER 4-SEGMENT LC DISPLAY DRIVER LC DISPLAY DRIVER LC DISPLAY DRIVER
PACKAGE;5-22E PACKAGE;5-22E PACKAGE;5-22E PACKAGE;S- 22E
TC4514BP/TC4515BP TC4532BP TC40107BP
TC4511BP Y
T
Von
16 Von
|#
T
a0
3 o . 13 - o
— 2 6
4 ——BI b 12 < +—Q2
5 ——]LE ef—mn < N
7 —A a0 g zn 15 et
1—B ey 4 19 s i
2—c t—1s M, EN I
13 "
6 D s LY vss
15,
Von:l6. Vaui8 w2 T
fz
Vss
7-SEGMENT LATCH/DECODER/DRIVER 4-BIT LATCH/4-T0-16 LINE 8-BIT PRIORITY ENCODER DUAL 2-INPUT NAND
PACKAGE;5-22E DECODER PACKAGE;5-32A BUFFER/DRIVER
PACKAGE;5-22E PACKAGE; 5.10
TC4543BP TC4555BP TC4556BP TC5002BP/TC5022BP
vim von Vi Vo
{16 |16 i 1]
1 t
14 145 ‘.
22 S Qo a2 . t_n A
3 Q) 3 =1 13
: Ly Lu? " ""“(_2
g ERA-H ] ERA-H 7 Y
s 3
2 4
h 12 12
P L
Ay “uo ALYy T,
13 —ur 13 — 2
L 10 = 19 Ritl—
EsalY [ kAl [s "
- a3 ” 12y
4 }
I8 10 0
Vs Vss \ss

BCO TO 7-SEGMENT LATCH/DECODER/
DRIVER
PACKAGE:S.22E

DUAL 1 OF 4 DECODER
(POSITIVE)
PACKAGE:S. 22E

DUAL 1 OF 4 DECODER
(NEGATIVE)
PACKAGE;5.22€

BCD 7O 7-SEGMENT DECODER/
DRIVER
PACKAGE:5-2€
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INTEGRATEDCIRCUIT

L~
R

TECHNICAL DATA

TC4006BP

VDD
1e

py-H{7Br] 12

D2 AR{EBIT{IBIT}--D2+5

cp L
p3-2H{iBr 1 D3vs

DS BT IBITH—De+5

7 N.C:2
Vvss

18-STAGE STATIC SHIFT
REGISTER
PACKAGE;5-21F

TC4035BP
INo NI Nz IN3
of 10f | 12
4
] STAGE
kS ‘
o
P REGISTER
Trc2—
L3+
s W 13
Qo Qr  Q QY
T/C oUT

TC4014BP/TC4021BP TC40158BP
sl P/S VoD M
paran 4 _ o
‘
9 A e
cr 2 e
cy 1004

B
Vss

8-STAGE PARALLEL
IN/SERIAL OUT SHIFT
REGISTER
PACKAGE;5-22E

DUAL 4-STAGE STATIC
SHIFT REGISTER
PACKAGE:5-22E

TC4076BP

4.BIT PARALLEL IN PARALLEL OUT SHIFT

REGISTER
PACKAGE;5-22E

DATAinl DATAin2

3 4 5 6
N 2 16
" 1 — VDD
1 voo + D-TYPE FLIP/FLOP
ok WITH | {15 ¢y
AND-OR LOGIC
8
Vss 10}
e e
14 13 12| 1|
D D2 D3 D¢
QUAD “D” TYPE REGISTER
PACKAGE;5-22E
TC5050P
DATAOUT DATAOUT
51 1]
oM Y oM
z3
BIT 8/T
cp & 19¢cp
30 $o -
87| |air
op] Vss
3 1M
ol 1wl &g 715

DATAin2 DATAinl

DUAL 50/64-BIT STATIC SHIFT
REGISTER
PACKAGE; 5-22E
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TC4034BP

P/S A/B
s CP A/S "A" ENA
10 15 [13 14 N |9

STEERING LOGIC
Ell
5 Bl A)
By 6,
Q
El
2L 174,
BsE - 18
5 B2 A2l 9,
o [ ' 2,
Bed B Al— 2,
B2 1 2,,
Q
B
) -
By Bs  As 23
As
4 L
P2 |24
Vvss VoD

8-BIT BIDIRECTIONAL BUS REGISTER
PACKAGE;5-32A

TCA4094BP
Vop
16
T
2 10
oata=1 s.sTace |19
SHIFT .
crLock-3} | REGISTER | 19 oo
1 8-BIT
STROBE——| STORAGE
REGISTER

Lo .

I

6_q.

oUT T 13 3.STATE 74
X AALE = out puts| Tu o
13,

12 0,

LI

1

Vss

8-STAGE SHIFT-AND-STORE
BUS REGISTER
PACKAGE ;5. 22€
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INTEGRATEDCIRCUIT

L —
R

TECHNICAL DATA

TC4017BP

8
vss

DECADE COUNTER/

DIVIDER
PACKAGE;5-22E

TC4022BP

VDD

[16
cpy |
A
ot

TTTTTT]

I

18 NC6.9
Vvss

DIVIDE BY 8- COUNTER/DIVIDER

PACKA!

TCa5108P;
TC4a5168P

GE;5-22E

TC4510BP/TC4516BP

CD UP/DOWN COUNTER
BINARY UP/DOWN COUNTER
PACKAGE:S- 22t

TC4018BP

YILNNOD

«N.-Ag-3dlAlQ
I18YLLISIUL

vss

PROGRAMMABLE DIVIDE BY N-COUNTER
PACKAGE;5-22E

TC4024BP

Vop
[14

3ADVLS-L

Y3IINNOD 3TddI¥

T7 NC:s 1013
vss

7-STAGE BINARY COUNTER
PACKAGE;5-21F

TC4029BP

CAR
Q Q2 Q3 Q¢ OUT
6| 1] 1| 2| 7]

CAR IN

5] 9] 10| 15|
u/D
BIN/DEC CP

Sl

s

TC40208BP

LX)
13 05

14Q10
13qu
P
t2 Qi3
B

HALNNOD
S.LNd_LNO audddmi 2t

18
Vss

14-STAGE BINARY COUNTER
PACKAGE;5-22E

PRESETTABLE UP/DOWN COUNTER

PACKAGE;S-22E

TCA4518BP/ TC4520BP

t
1 3
CcP— +—Q1
2 :‘401
cp- r:ru\—ﬁ_D> H5q
-0
ald— 7
cr HYa
1
10 '-T;Ql
CP-ENA [ 130,
| {140,
o
0
vss

DUAL BCD UP COUNTER/DUAL BINARY

UP COUNTER
PACKAGE:S-22€

TC4040BP

cL cp Vop
11 10 {16

egpeecee
YILINNOD ITJdIN
3DVLS

=

F_{E} elelole]s]e
LITTTTT

o
S

12-STAGE BINARY
COUNTER
PACKAGE;5.22E
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INTEGRATEDCIRCUIT

TECHNICAL DATA

%Iz\i/)a
R=

TC40160BP/TC40161BP
TC40162BP/TC40163BP TC5051P
VDD
[
T
PE I Q1 o, L By
e it o
1 113 Q T3 5] D
CL 2 3 3]
LD 2 o3 e
cp 2 L 03 T1 3] m—
3] ) SIN A
P1 ; —L ]
=3 1 TRF BC
P2 n 7 10
P3 CL] 5 CP
Py [ |15 CAR Vgg CAO
ouT
l
18
Vss
TC40160BP/ DECADE WITH ASYNCHRONOUS CLEAR 4 DIGIT DECADE COUNTER WITH/
TC40161BP/ BINARY WITH ASYNCHRONOUS CLEAR BLANKING CONTROL
TC40162BP/ DECADE WITH SYNCHRONOUS CLEAR PACKAGE;5- 22E
TC40163BP/ BINARY WITH SYNCHRONOUS CLEAR
PACKAGE;5-22E
TC5052P TC4521BP TC4522BP
TC4526BP
oS vop
v ) 16
1 16 o 13 Tz
Te—4 F—Vun .6 CF: @
723 LS 3 np- 12,
Vs 1
T4 H3 g 15
six-2 112 -2 Dl‘:—z— —u3
TRE-E LI PP
ol 0 RLRY -
o My -4 "
Vs A0 o 2o
|
8
Vss
1
8
\L TC4522BP/PROGRAMMABLE DIVIDE BY N
4.BIT BCD COUNTER
4 DIGIT DECADE COUNTER WITH/ TC4526BP/PROGRAMMABLE DIVIDE BY N
CLOCK ENABLE 24-STAGE FREQUENCY DIVIDER 4-BIT BINARY COUNTER
PACKAGE:5-22E PACKAGE;5-22E PACKAGE;5-22E
TC5036P TC5048P TC5053P
TC5054P
TiT2T3TeBLCs b ¢ 4 « | x VDD
‘oz Vi s fo Jiofts i3 |1 [2 {3 fe|sfs |7 J2u
vonz Vom VDD2 VDDI T
Jis Ji 15 b6
U F! L Y 1
- F-a siv=— e SCAN BCD TO 7-SEGMENT
LN x4 L4 qs RrexT24 COUNTER DECODER
S0 - a6 TR
0, 6 0 [ MULTIPLEXER ]
—un V- ] —Q7
l‘-ms FC-L Flawn 2 4] ﬁ——
12 1] 1 TRE—{ LATCHS ]
e cL—4 F-we 73
13 13 » K g P .
F~un o urd 122 poirow
1 17 ‘T i pown-4 «-DIGIT COUNTER I n
s |7 ~ X cARRY
Vss) Vss2 Vss) Vssy TL::.”
l
12
VNS

4.DIGIT UP/DOWN COUNTER

17-STAGE HIGH SPEED FREQUENCY DIVIDEK
PACKAGE:S-32A

17.STAGE HIGH SPEED FREQUENCY DIVIDER
PACKAGE:S-22€

PACKAGE:S-22E
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INTEGRATEDCIRCUIT
R

TECHNICAL DATA

TC40192BP/1938BP TC5001P
SiN CEX REX T1 T2 T3 T« ABC VDD
oo |4 3 {2 [22]21 |20 |19 WG
TE2 -
" "s SCAN L
PRESET ENABLE —1
5 MULTIPLEXER P8 yike
Jl—;-—« PN TRF- B O P O -
) Q
1,10 6 o LaTcHYraTcn LATCH l LATCH
-2 -——--—7—Q4 cp-2
up-2. 113 soRROW - )
pown-4 ——{imm o] 1710 1710 1/10 1710 1= OVvF
eser ) ] RioLL
. I [ S s S
s =T [ CARRY BLOCK ]
Vss |
T 1 1
12] 7] 6f 5|
Vss CAy CA2 CA3
TC40192BP; PRESETTABLE U/D BCD COUNTER
TC40193BP; PRESETTABLE U/D 4-BIT BINARY COUNTER 4-DIGIT DECADE COUNTER
PACKAGE ; 5-22F PACKAGE;5-32A
TC5010P TC5018P TC5026BP
VDD QA QB QC QD
1 o] nf a2 13
1B_1D 282D 3B 3D 4B 4D
1A 1C 2A 2C 3A 3
VoD cL MODE
14 6 8
EXTI”
- 7] s| |6 3] ln
[=3-1 Vss  Ro Ro
es g 0 B e
9 Zx 31 |2
EXT2 EE Qo BCD UP COUNTER
=% [ WERN PACKAGE;5-21F
2 1.
End E 8 ?01 TC5027BP
SHsrT @ VDD QA
NT143 4 10
nf 10f 7|
INT2 INT3  VSs
4-DIGIT UP/DOWN COUNTER WITH TIMER 4-STAGE BINARY COUNTER WITE RC OSC Ho Ro
PACKAGE;S5-37 PACKAGE;S-21F M) @) NC:1.3.4.8
o BINARY UP COUNTER
TCs032P PACKAGE;S5-21F
Tom-TexT6
T ‘T3 'Ts BC VDD BC OVF
" elsldsle]  m| 2] 10hihz 2] Tcsosre
| [
Slr\ Ctx‘r T1T2T3 T+« VDD c
3] 1] 2| apshiaisd 16 12)rihd 9
. - - T .
SCAN
=3 3 - == COUNTER -
J ann‘ LATCHLATCH ‘ LATCH WULTIPLERER
1-r- o - 8 -y TRF-3 r -—-- T
481 LATCH LATCN LATCH {LaTcH]
Ny 23 1185 111
IN23; - [
[ CARRY BLOCK ] =
I T I I T I L ~
15 16] 17| 18] 1] 200 1] at
cal Az ca CA CAs Che Vss Vs

6-DIGIT DECADE COUNTER
PACKAGES-37

4.DIGIT DECADE COUNTER
PACKAGE:S-22E
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INTEGRATEDCIRCUIT

L -
R

TECHNICAL DATA

TC4016BP/TC4066BP

Voo
[1e

3
o

i
o

andy

‘ TN 3
e

2 jour

o o
Your OVVIN

8 SouT L
¥ fout OUT/in|—-=30uT

—aw 10
Wour OUV/iN[——4ouT

7
vss

QUAD BILATERAL SWITCH
PACKAGE 5-21F

DIFFREENTJAL 4-CHANNEL ANALOG
MULTIPLEXER/DEMULTIPLEXER

TC4052BP
KB A
6 |s |10
[OeL —
LoGic
VEL
JCONVERSION|
vir P v
BINARY TO ) OF ¢
:CODER
WITH INHIBIT
) .
Y cHaNNEL 1S T X CHANNEL
ro 2 - o
=il ,
|ENE)
COMMON.Y 0 1 COMMON X 01 PACKAGE;S- 22F
TC4a512BP TC4539BP
von VoD
16 |16
A .
4
B 12 14
2 >
13 B 3 -
c— ) >
- ST- w2 ’
) o Xo-& ® 3 t—zour
Xo— s s hz
s m
H X m
. I o’ 3F
3 ) o
X2-4 c X =
X3— s ﬂnl‘T
5 -
Xe=4 > —1"‘
xs-Y 4 ]
xwd & sTi2 N
) 3 vold our
X1 8 ofT)
» \In
V2
ms L vl
w2
Is '
Vss vss

B-CHANNEL DATA

SELECTOR
PACKAGE:S-22€

DUAL 4.CHANNEL MULTIPLEXER
PACKAGE:S-22E
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TC4051BP

CHANNEL
1o

nu
le
.
Locic
LEVEL
7
vee e vou
BINARY TO ) OF &
CODER
WITH INNIBIT
PR
2.
S
Ve,
.
s e
| fe,
f b

I3
COMMON 0 1

TC4053BP

SINGLE 8-CHANNEL ANALOG MULTIPLEXER
DEMULTIPLEXER
PACKAGE;5-22E

LAY

TC4527BP

TRIPLE 2.CHANNEL ANALOG
MULTIPLEXER
PACKAGE;5-22E

TC5023BP

Vss

BCD RATE MULTIPLIER
PACKAGE;S-22€

X1
X2-¢1 _
X341 &
. e
2w

z -
6 z £
X7 h I
B~ €7 § He
e ER-1 3 .
xna—3 o S ST
X12 v o
x13 ]
Xl =
X1

16-CHANNEL MULTIPLEXER
PACKAGE;S-32A




INTEGRATEDCIRCUIT

R TECHNICAL DATA

TC4047BP TC4528BP
TRIG. __ v
TRIG. AST. AST. i’lue
s le M0 e
zn
= L T2
D e q
EH 3 4
= = A4
S o B-2]
e 2 7
—Q
-z L3 Re-com. el
7
vssH g 3 e
= 20 s
o Her,
10
82 12 —Q
- 85 Al2
S 220 |u )
~ = —Vop B— 9
] —aQ
el
1o o 12 [13 |8
EXT. RESETQ Q RET. 0SC OUT vss
ASTABLE/MONOSTABLE MULTIVIBRATOR DUAL MONOSTABLE
PACKAGE;5.21F MULTIVIBRATOR
PACKAGE:S- 22E.
TC4042BP TC4508BP TC4043BP TC4044BP
Vbp VDD
24 Vfﬂ 13
L 3
F-DIs @ . Rl
A1 Si—— Latcn] |2 3| |MATH B,
T R T 1]
el
DINz—= 1 T

se2tH aren] |s rerfiaren] |s.
] 2 t—Q2 Sl 2

i" 12
12 R=LatcH| o
10 S3=r11 LATCH| [10 —Q3
oine §~£Q, N 05 s [ HRe

16
DINI—] 7 1 Rl
s LatcH] 1 i) [T H
18 RS J ‘4 —Q S
- DIN2 LI J s
ENA.
ENAS
cp- Dins22 2,

Q2

IN3 ! T Ne
h J8 nc:i3 I g
. L vl vss
2
poLE Dine ﬁ Q QUAD POSITIVE NOR QUAD POSITIVE NAND
cpa 4 5 R/S LATCH R/S LATCH
I 13 DIS® PACKAGE;5-22E PACKAGE5-22E
vss cL: "
2 VDD
vss |16
QUAD “D" LATCH DUAL 4-BIT LATCH
PACKAGE:5-22€ PACKAGE:S-32A
ACKAGE wRI-DIs- 42qo
03 10
2 1
cL 2
TC4099BP v 12
Q
AoS 5 130,
. 2 2 Mo,
JYB-2 g T
Azl 2 Loy
10
vss

8-BIT ADDRESSABLE LATCH
PACKAGE;S-22€
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INTEGRATEDCIRCUIT

L~
R

TECHNICAL DATA

TC40088BP

4.BIT FULL ADDER

PACKAGE;5-22E

TC4063BP
VDD
16
L}
-
At =

IN (A<BI

IN (A=B¥ 31—

IN (A>Br—11

}

-Z-(A<B) ouT

'E'M-B) ouT

*s—(A>B) ouT

8
vss

4-BIT MAGNITUDE COMPARATOR

PACKAGE;S5-22€
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TCA4032BP/TC4038BP
VDD
16
Ao
Bt ADDER N
w2 SUM1
1
13
B2 ADDER B
VoS SUM2
INV2 2
AslS
B34 ADDER )
M
Va2 s SUM3
cpd
car cLd
8
Vss

TRIPLE POSITIVE SERIAL ADDER/TRIPLE
NEGATIVE SERIAL ADDER
PACKAGE;5-22E

TC4585BP

VpD
16

IN(A> B
IN(A=B)-—

IN(A<B)}{— |1 A>B)0UT
10

FYRASS |13 (A=B)oUT

Te
vss

4.BIT MAGNITUDE COMPARATOR
PACKAGE;5-22€

8]
-2
B2 L 112 A<B)OUT
15
5]
14

9'S COMPLEMENTE
PACKAGE;5-21F

TC4560BP
Voo
16
T
P 3,
JYRLIEN
Bl {25,
Az
B2-2 L g3
A
B4l | 0,
W5
B2 2-cour
1
|
Vss
N BCD ADDER
PACKAGE:5. 22€
TC45618BP
VDD
14
T
s “Fl
A2l |
A
comp-{— Dey
comp-4—
Zi—-‘ )orl
1
17 N.C:8
Vvss

R
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INTEGRATEDCIRCUIT

L
R

TECHNICAL DATA

TC4036BP
A 124 vpp
WRITE-2 123 a9
134 12 c.1NH
24 12 pLINH
45 119,
BIT IN
5 l’i—a
8
64 H ¢
BIT OUT
7 e 5
n s
MBlL (14,
vss—4 118

4 WORD x BBIT STATIC RAM

(BINRY

ADDRE SSING)

PAKRAGE;5-32A

TC5003P
INIT. VDD VR
|10 |24 lu

CP(14M ;—
C/B\\'— 1/525
sc%
/ T

1/70U
cpiam3l V. DECODER ROM
HREL
H. MIXI c
12[ 7 8] 9] 5[ 6] 13] 2119 20[ 15| 16[ 17] 18]
Vss CP1 CP3 DHD C.S % VD
CP2 HD C.BL B.BL D.VD F1

TV SYNC GENERATOR
PACKAGE;5-32A

NCi

TOSHIBA

CORPORATION

TC40398BP
WwoRD1- 14 vpp
wrITE-2 ilwonna
-3y 122 woRDy
24 12 woRD,
35 _zﬂl
BT IN| ¢ = 22
5] e
8 17
6 -2 T
Y [1s ¢ |BiT our
i n s ¢
M.B.—'l- 14,
vssi4 L

4 WORD X BBIT STATIC RAM
{ DIRECT WORD -LINE ADDRESSING)
PAKRAGE;5-32A

TC5055P

Vbp
42

EXT—

C- CLOCK—
A/D CLOCK-+
TEST—
Conp-2

IHI

YALNNOD
NVIS

HOLV'1 viva
13
YIXIAILINW
MILNNOD-1|

TOMLNOD a/v

L9
HILINNOD 3aVO3a_LIDIg-*
93

OO

STOPIN ':T
STOPOUT—+4—

TOYINOD ONVY

¥3LNN0D FONVY
l l..l L

{21
Vvss

34 DIGIT DVM CIRCUIT
PACKAGE: 5. 54
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TECHNICAL DATA

INTEGRATEDCIRCUIT
R

235

PACKAGE; 5-37

o w
> e % o %
= - co = Fol - <
I + | = = 42 =
2 ] = S - ~
o S E =
XVWZ' I XVWS, . NIWS'Z XVIZ' Y XVIS INIWZ'E
ol
alo : S ala | -
~ = § < [l w i _ H} = f >
- =~ g 0 =1 Be 3 3
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