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FIGURE 6. Mid-Supply Centered Reference using Buffered Resistors

Figure 5 shows a center referencing technique, using two
equal resistors to symmetrically offset an LM336 2.5V ref-
erence, from both supplies. The offset from either supply
is:

Voo =V
YCC~ YREF _ 4 o5y

Vorr =
These resistors should be chosen so that they limit cur-
rent through the LM336 to a reasonable value, say 5 mA.
The total resistor current is:

Ir=Irer + ILaDDER + ITRAN

where I apper is the 256R ladder current, Itgan is the cur-
rent through all the transducers, and Iggr is the current
through the reference. R1 and R2 should be well matched
and track each other over temperature.

For odd values of reference voltage, the reference could
be replaced by a resistor, but due to loading and
temperature problems, these resistors should be buffered
to the REF(+) and REF(-) inputs, Figure 6. The power
supply must be well bypassed as supply glitches would
otherwise be passed to the reference inputs. The refer-
ence voltage magnitude is:
R2
VRer = — =
Rer = Voo <2R1 + R2> R3 =Rt

There are several op amps that can be used for buffering
this ladder. Without adding another supply, an LM358
could be used if the REF(+) input is not to be set above
3.5V. The LM10 can swing closer to the positive supply and
can be used if a higher, Vger( ) voltage is needed.

As the REF(+) to REF(-) voltage decreases t‘he in-
cremental voltage step size decreases. At 5V one LSB
represents ~20 mV, but at 1V, one LSB represents ~4 mV.

As the reference voltage decreases, system noise will
become more significant so greater precaution should be
enforced at lower voltages to compensate for system
noise; i.e., adequate supply and reference bypassing, and
physical as well as electrical isolation of the inputs.

2.2 Absolute Analog Inputs

The ADC0808/ADC0809 may have been designed to easily
utilize ratiometric transducers, but this does not preclude
the use of non-ratiometric inputs. A second type of input is
the absolute input. This is one which is independent of the
reference. This implies that its absolute numerical voltage
value is very critical, and to accurately measure this
voltage the accuracy of the reference voltage becomes
equally critical. The previous designs can be modified to
accommodate absolute input signals by using a more ac-
curate reference. In Figure 4 the power supply reference
could be replaced by an LM336-5.0 reference. R1 and R2 of
Figure 6, and R1 and R3 of Figure 7 may have to be made
more accurately equal.

In some small systems it is possible to use the precision
reference as the power supply as shown in Figure 7. An
unregulated supply voltage >5V is required, but the
LM336-5.0 functions as both a regulator and reference.
The dropping resistor R must be chosen so that, for the
whole range of supply currents needed by the system, the
LM336-5.0 will stay in regulation. As in Figure 4 separate
supply and reference traces should be used to maintain a
noiseless supply.

If the system requires more power, an op amp can be used
as shown in Figure 8 toisolate the reference and boost the
supply current capabilities. Here again, a single unregu-
lated supply is required.
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2.3 Differential Inputs

Differential measurements can be obtained by playing a
little software trick. This simply involves sequentially con-
verting two channels then subtracting the two resuits. For
example, if the difference voltage between channel 1 and 2
is required, merely convert channel 1 and read the result.
Then convert channel 2, input the result, and subtract it

from the first result. (See Figure 9.) When using this pro-
cedure, both input signals must be stable throughout both
conversion times or the end result will be incorrect. One
way to get around this is to use two sample/holds which
are sampled at the same time. .

+V
- ° o TOOTHER
_ . Iﬂ g;z&% s o T CMOS CIRCUITS
R I n 1 vee
W= Vee W ——AAA = REF (+) 0 f—)
REF (+) o€ }—)
CLOCK | (] IN0 CLOCK fme
e— ]
07 p ) — N1 07 f—
— N1 D6 p— D6 p—
D5 e N2 D5 f—
e IN2 D4 frem D4 fen
1N457 03 } 03 fm
— N3 D2 fome FROM | ———1 IN3 D2 e
= 9 FROM T0.CPU OR ANALOG )
20k _TRANS- 4 ADCOB08/ D1 e [/ TRANS- aApcosos/ D1F— | T0cPUOR
DUCERS 'ADCOB09 CONTROL LOGIC 20k DUCERS
LM3365 — INg 00 p— - L ——1ina ADC0803  pg p [ CONTROL LOGIC
Thas? —_— s START | Nas7 - Eoc p—
— IN§ ALE fomm START jm
1N457 1 INE
e N7 cl— ' ALE f—
- b — IN7
REF (-) A= cl—
- S
GND
REF (-) A
e ) o TOOTHER
- hd "7 CIRCUITS GND
: l o TOOTHER
- e © 7 CIRCUITS

FIGURE 7. Precision Reference used as a Power Supply

FIGURE 8. Precision Reference Buﬁered for Power Supply

5V
T0 &= ReF (4 -
REFERENCE DATA LINES A
— N0 EOC [
CHANNEL 1
N1
CHANNEL 2 w2 T0C
: P
N3 START [ coun‘z‘uuLn
ADC0808/ Logic
ADC0809 .
—— | NG "——
CHANNEL 3 N frocx
— 1Y OF [
c <——
——] N6 8 |
CHANNEL 4
s 101 A [¢—— ]
REF (~) GND

0 o _ |
REFERENCE

4L

FIGURE 9. Software Controlled Differential Converter
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oc
A second method is to use two chips to convert a differen- parallel data acquisition scheme. Figure 11 shows this cir- g g
tial channel, Figure 10. Typically each channel 1 would be cuit in which ali the input channels are connected in pairs <@
connected to opposite sides of the differential input. Both through LF398 monolithic sample/holds. Under normal % -
converters are started simultaneously. When both con- operation a sample/hold is accessed through an o® =
verters’ EOGC outputs go high the output of the AND gate - MM74C42 which will pulse an MM74C221, generating a b7 o
will go high indicating that the data is ready to be read. sample pulse. After a sample/hold is done sampling the >
signal, the appropriate channel is started. If this process § O
The circuit in Figure 10 can be slightly modified to provide is alternated between two converters the sample rate can 5-" 8
increased data throughput by using two converters in a be doubled. 0o ®
O
(@)=
: —
o>
30
30
28
>
10 5 o
ReFeRence €—P—] REF () o g
CHANNEL 1 IND D0-D7 DATA OUTPUTS I Q=
=%
CHANNEL 2 1 0 |« 3 ;
-t
MM74C08 =
CHANNEL3 Nz =2 g
: )— )
IN3 ADC0808/ EOC {
CHANNEL 4 ——————————— ADCOB09 g g
P " -
CHANNELS LU START [« — | =
CHANNEL 6 IN5 ALE |[¢—@— > ;
CHANNEL 7 Ing CLOCK [4— f IZ o
CHANNEL 8 IN7 ~
N
REF (-) A B,C
TO CPU OR
> CONTROL
LOGIC
bt REF (+)
IND D0-D7
N1
IN2 EOC
IN3 START |¢=
ADCO0808/
IN4  ADCOS0S ALE |«
INS CLOCK |« —
ING OF |4~ y
IN7
T0
REFERENCE 4@ REF () ABC

FIGURE 10. Dual Converter Differential Circuit
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2.4 Analog Input Considerations

Analog inputs into the ADC0808/ADC0809 can handle any
input signal that is maintained within the supply limits,
but some careful consideration must be given to the out-

put impedance of the transducer or buffer. Using
transducers with large source impedances can cause er-
rors due to comparator input currents.

2444 l

@I

ﬁ

|

1
REF () | OC
CHANNEL 1 IN LF388 OUT INO DATA
HOLD CAP —t INT
A _J_ — N2 0E
1000 pF 10 | ——m3 START
T oTheR § ——fme (T e
= —] NG CLOCK
— NG EOC
— N7
A,B,C
<«4— REF (-)
GND
sv |
Vee
€] REF (1) DATA
IN LF398 OUT INO
HOLD CAP
f L
j-\umon
T (——™" acososs
— N2 ADC0803 g
10 | ——{m3 START
OTHER { st NG ALE
SR [ cLOCK
— NG EOC
5V . 5V fu— T
< REF () A,B,C
10k 10k GND
L
RCEXT RCexT W
100 pF [ 1/2 MM74C221 T 100 pF | 1/2 MM74C221 I
CexT  p ' CE)r:T A Vee
T T : .
= = 1 c
(—2 . B
— Y A
—
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OTHER{ el 6
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H

FIGURE 11. Parallel Data Acquisition with Sample/Holds
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To understand the nature of these currents a short discus-
sion of comparator operation is required. Figure 12 shows
asimplified model of the comparator and multiplexer. This
comparator alternately samples the input voitage and the
ladder voltage. As it samples the input, C; and Cp are

charged up to the input voltage. It then samples the ladder .

and discharges the capacitor. The net charge difference is
determined by a modified inverter chain and resultsina 1
or 0 state at the output.

Eight samples are made per conversion, resulting in eight
spikes of varying magnitude on the input.

If the source resistance is large, it adds to the RC time con-
stant of the switched capacitor which will inhibit the input
from settling properly, causing errors. As one might ex-
pect, the maximum source resistance allowable for ac-
curate conversions is inversely proportional to clock fre-
quency. This resistance should be < 1 kQ at 1.2 MHz and
<2 kQ at 640 kHz. If a potentiometer-type ratiometric
transducer is used it should be <5 kQ at 1.2 MHz and
=10 k2 at 640 kHz.

If large source impedances are unavoidable (=2 kQ at
640 kHz), the transient errors can be reduced by placing a
bypass capacitor =0.1 uF from the analog inputs to
ground. This will reduce the spikes to a small average cur-
rent which will cause some error as well, but this can be
much less than the error otherwise incurred. The max-
imum voltage error for a potentiometer input with a
bypass capacitor added is:

Rpot Ck
V, =~ — —_— \"
ERR | 5 () 640 kHz

where Rpot=total potentiometer resistance; |y = max-
imum input current at 640 kHz, 2 pA; and Ck=clock
frequency.

For standard buffer source impedance the maximum error
is:

ck \
Verr= | InRs (X ) |v
ERR ['N s (640kHz>]

where ‘Rg = buffer source resistance; Iy =the maximum
input current at 640 kHz, 2 uA; and Ck = clock frequency.

3.0 MICROPROCESSOR INTERFACING

The ADC0808/ADCO0809 converters were designed to inter-
face to most standard microprocessors with very little
external logic, but there are a few general requirements
which must be considered to ensure proper converter
operation.

USER’S BUFFER ANALOG MUX

I I
I I

= | = |
—_l 1
FROM SWITCH
LADDER

Most microprocessors are designed to be TTL compatible
and, due to speed and drive requirements, incorporate
many TTL circuits. The data outputs of the ADC0808/
ADCO0809 are capable of driving one standard TTL load
which is adequate for most small systems, but for larger
systems extra buffering may be necessary. The EOC out-
put is not quite as powerful as the data outputs, but nor-
mally it is not bussed like the data outputs.

The converter inputs are standard CMOS compatible in-
puts. When TTL outputs are connected to any of the digital
inputs a pull-up resistor should be tied from the TTL output
to Vg, ~ 5 kQ. This will ensure that the TTL will pull-up
above 3.5V.

Usually the converter clock will be derived from the
microprocessor system clock. Some slower microproces-
sor clocks can be used directly, but at worst a few divider
stages may be necessary to divide microprocessor clock
frequencies above 1.2 MHz to a usable value.

The timing of the START and ALE pulses relative to chan-
nel selection and signal stability can be critical. The
simplest approach to microprocessor interfaces usually
ties START and ALE together. When these lines are
strobed the address is strobed into the address register
and the conversion is started. The propagation delay from
ALE to the comparator input of the selected input signal is
about ~3.0 us (input source resistance << 1k). If the start
pulse is very short the comparator can sample the analog
input before it is stable. When using a slow clock =500
kHz the sample period of the comparator input is long
enough to allow this delay to settle out.

If the ADC0808/ADCO0809 clock is >500 kHz, a delay be-
tween the START and ALE pulses is required. There are
three basic methods to accomplish this. The first
possibility is to design the microprocessor interface so
that the START and ALE inputs are separately accessible.
This is simple if some extra address decoding is available.
Separate accessibility of the START and ALE pins allows
the microprocessor, via software, to set the delay time be-
tween the START and ALE pulses.

If extra decoding is not available, then START and ALE
could be tied together. To obtain the proper delay, the
microprocessor would cause START/ALE to be strobed
twice by executing the load and start instruction twice.
The first time this instruction is executed, the new channel
address is loaded and the conversion is started. The sec-
ond execution of this instruction will reload the same
channel address and restart the conversion. But since the
multiplexer address register contents are unchanged the
selected analog input will have already settled by the time
the second instruction is issued. Actual implementations
of these ideas are shown in following sections.

L

Cc l
>,
l CONTROL

I ‘ LOGIC

COMPARATOR FRONT END

[
CONTROL LOGIC

FJGURE 12. Analog Multiplexer and Comparator Input Model
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A third possibility when ALE and START are tied together
is to stretch the microprocessor derived ALE/START pulse
by inserting a one-shot at these inputs and creating a
positive pulse >3 us. Since ALE loads the multiplexer
register on the positive going edge of the pulse and START
begins the conversion on the falling edge, the width of the
pulse sets the ALE to START delay time.

Most microprocessor interfaces would be designed such
that a START pulse is issued by a memory or /O write in-
struction, although a memory or I/O read can be used. The
ALE strobe on the other hand, requires a write by the CPU
when A, B, and C are connected to the data bus, and could
use a read instruction if A, B, and C are connected to the
address bus, but the software could get confusing. The
logic to derive the OE strobe must be connected to the
microprocessor so that a memory or I/O read instruction
will cause OE to be pulsed. A read is required since the
ADCO0808/ADC0809 data must be read.

| sv

3.1 Interfacing to the INS8080

The simplest interface would contain no address
decoding, "which may seem unreasonable; but if the
system ports are /O mapped, up to 8 of them can be con-
nected to the CPU with no decoding. Each of the 8 I/O ad-
dress lines would serve as a simple port enable line which
would be gated with read and write strobes to select a par-
ticular port. This scheme is shown in Figure 13. A7 is the
address line used and, whenever it is zero and an 1/O read
or write is low, the port is accessed. This implementation
shows A, B, C connected to DO, D1, D2 causing the infor-
mation on the data bus to select the channel, but A, B, and
C could be connected to the address bus, with aloss of on-
ly 3 ports. Both decoding schemes are tabulated in Figure
14.(Remember A, B, C inputs are only valid when selecting
a channel to convert, and are not used to read data.)

Vee
TO REFERENCE = REF (+) EOC INT (8080)
D7 07 RESETTABLE INTERRUPT
06 D6 r'_'sv 5V _‘
D5 D5 L
I ® |
D4 04 ! MMm74C74
EOC —=] CK [i} 2N2905
—mo 03 D3 | CTEAR l
] INT D2 D2
— N2 D1 o1 | o [ wr |
FROM ) ——1N3  apcogoes DO oo | 10k |
TRANSDUCERS | wmeeed 1N4  ADC0809
e ING c 5V I |
[— T = _I
o 'H . Lo ——_=_
I70R
UE——-——————O 5V 7_
mMm74C02 5k
START G: 'Zgw
.
TO REFERENCE 4—— REF (-) ALE TOW
GND CLOCK
a1 1/ZMM74C74_J
- a [}
= INSB080 CLOCK
0 K > 62 (2 MHz)
FIGURE 13. Minimum INS8080/INS8224/INS8228 Interface
Output Port
A7 A6 A5 A4 A3 A2 A1 AO| D2 D1 DO Description =
Output Port
T 1111 11 0fX X X| SparePort AT A6 AS A4 A3 A2 A AD| poccrintion
111 1 11 0 1} X X X/} SparePort
P11 1101 1]xxx SzarePort 0 1 1 1 1 0 0 0 |Channel0Port
[ 1 1 1 0 0 1 |Channel1Port
111 1 0 1t 1 1} X X X | SparePort
0 1 1 1 1 0 1 0 | Channel 2 Port
11101 1 1 1]X X X | SparePort
0 1 1 1 1 0 1 1 | Channel 3 Port
1T 101 1 1 1 11X X X | SparePort
1011111 10% x x| spareport 0o 1 1 1 1 1 0 0 | Channel 4 Port
ol 0 1 1 1 1 1 0 1 |GChannel5Port
0111111 110 0 0| Channel0Port
o 1 1 1 1 1 1 0 | Channel 6 Port
01 1 1 1 1 1 110 0 1| Channel1Port
0 1 1 1 1 1 1 1 | Channel 7 Port
0111 11 1 110 1 0| Channel2Port
1 1 1 1 0. X X X | Spare Port
o1.11 1t 11 110 1 1 Channel 3 Port .
. . 1 1 1 0 1 X X X |SparePort
01 11 1 1 1 111 0 0 | Channel4Port
- 1 1 0o 1 1 X X X |SparePort
011111 1 111 0 1| Channel5Port 10 1 1 1 %X x xls Port
01 1111 1 1)1 1 0] channelsPort pare Por
0 1 1 1.1 1 1 1)1 1 1 | Channel7Port X =don’t care

FIGURE 14a. Write Address Decoding for INS8080 Output

.Ports (A, B, C Connected to DO, D1, D2)

FIGURE 14b. Modified Write Address Decoding for
INS8080 Output Ports (A, B, C Connected to A0, A1, A2)

8-70




Two LSTTL NOR gates are used to generate to the
ADC0808/ADC0809 read/write strobes. When the INS8080
writes to the ADC0808/ADCO0809 the ALE and START in-
puts are strobed, loading and starting the conversion.
When the CPU reads the ADC0808/ADC0809 the OE input
is taken high, and the data outputs are enabled.

Figure 13 implements a simple interrupt concept where
EOC is tied directly to the INS8080 interrupt input. When
the INS8228 is used and the INTA pin is tied high through a
1kQresistor, the interrupt will cause a restart, RST, instruc-
tion to be executed, which will then cause a jump to a
restart vector and execution of the interrupt routine. It a
very simple multi-interrupt system is desired, a wire OR’ed
configuration employing resettable latches as shown in
Figure 13’s inset can be used. In this simple design
the MM74C74 is reset when the ADC0808/ADC0809 data is
read. If more complicated interrupt structures are
required, then an interrupt controller is usually the best
solution.

5V

The I/O port address structure for Figure 13’simplementa-
tion is shown in Figure 14a. If the A, B, C inputs are tied to
AD, A1, A2 inputs the port structure is as shown in Figure
14b. The later method makes each channel look like a
separate port address whereas, if A, B, C are tied to the
data bus the ADC0808/ADCO0809 looks like one start con-
version port address, whose channel is selected by the
3-bit status word written to it on the data bus.

Figure 15 shows a slightly more complex interface, where
the address is partially decoded by a DM74LS139, dual 2-4
line decoder which creates the read and write strobes to
operate the converter. This design interfaces to the proc-
essor in a polled type of interface. An MM80C97 TRI-
STATE® buffer is used to buffer the EOC line to the data
bus, as well as provide the correct level for the START,
ALE, and OE pulses. The converter clock is a divided
INS8080 system clock. B

Vee
REF (+) 07 7
—
1 uF 08 Dé
‘ I > DS D5
= b4 04
D3 03
RATIOMETRIC § 02 2
TR ER S¢— NG
(JOYSTICK & 0 D1
FOR EXAMPLE) \ . Do 0o
< ™
‘b
[ A2
] N2
[ B Al
A A0
——— |N3 o
ADC0808/ r ] v
ADC0803
— || EOC _I._-——D <
FROM 0 | S5k S5k
TRANS- > b3 1/2 DM74L$139
DUCERS s |
O —I—o 10 18 A7
| | w1
—] N6 ! T0 1A A6
| | umsn{ 2
1v3 16
L W ' PORTS 5 T/0R
START J'—o ' 5V
<
k 5k
l ' s b3 * Iz ummsm’
T * 2v0 28 |t
REF (-} ALE —I—o 2v1 n
T0 2v2
- Description I ' OTHER { .
Addross AT-A0 P = mmsoce7 | PORTS 2v3 26 | 7w
GND CLOCK __I
00XXXXXX | Write-Start Conv. — — —
00XXXXXX Read-Input Data
01XXX000 Channel 1 Select -t J —T— 5V J 5V
01XXX001 | Channel 2 Select a Q ;Ns(gﬂmc)lﬂ“
2
01XXX010 | Channel 3 Select an ;_.| on " 2
01XXX011 | Channel 4 Select MM74C73
01XXX100 | Channel5 Select __l__ -l-
01XXX101 | Channel 6 Select -
01XXX110 Channel 7 Select
01TXXX1t11 Channel 8 Select
01XXXXXX | Read-Input EOC

FIGURE 15. INS8080/INS8224/INS8228 Interface using Partial Decoding
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Typically, the software to use Figure 15 would first select
the desired channel by writing the channel address to the
ALE port address, 01XXXCBA, where X =don’t care, and
CBA is the channel address. Next the conversion is
started by writing to the START address, 00XXXXXX. Now
the processor must wait a few instruction cycles to allow
EOC to fall. Once EOC falls, its status can be checked by
reading the EOC line, address 01XXXXXX. When the EOC
line is detected high again (a low on DO), the data can be
read by accessing the OE port, address 00XXXXXX. As in
the previous example the A, B, C inputs can be tied to DO,
D1, D2 rather than A0, A1, A2, so that the information on

; START CONVERSION (A, B, C CONNECTED TO DO, D1, D2)

CHANN1 EQU 7

START1 EQU 7FH

DATA EQU 7FH

START: LDA CHANN?1
ouT START1
ouTt START1
El

; INTERRUPT HANDLER ROUTINE

INTRP: IN ' DATA
El
RET

the data bus selects the channel to be converted. Figure

. 15canbe connected in an interrupt mode by incorporating

the interrupt flip-flop of Figure 13.

A few typical utility routines to operate the ADCO0808/
ADCO0809 application in Figure 13 are shown in Figure 16a.
These routines assume that the resettable interrupt flip-
flop is used. Figure 16b illustrates some typical polled IO
routines for Figure 15. Notice that in Figure 16a the OUT
START1 instruction is executed twice to allow the analog
input signal to settle as discussed earlier.

; LOAD CHANNEL ADDRESS INTO ACE

; STORE IT TO ADC0808/ADC0809 AND START

; RESTART ADCO0808/ADC0809 TO ACCOUNT FOR
; MULTIPLEXER DELAY

; ENABLE INTERRUPTS IF NOT ALREADY

; PROCESS PROGRAM

; READ DATA AND RESET INTERRUPT
; PROCESS DATA .

; ENABLE INTERRUPTS IF DESIRED

; RETURN TO MAIN PROGRAM

FIGURE 16a. Typical 8080 Resettable Ihterrupt 1/0 Routines

; START CONVERSION (A, B, C CONNECTED TO A0, A2, A3) AND POLL EOC

; (FIGURE 15)
SELECT EQU 40H
START EQU 00H
EOCIN EQU - 40H
DATA EQU Q0H
START: ouTt SELECT
ouT START
NOP
-NOP
NOP
NOP
NOP
; READ AND TEST EOC
STATUS: IN EOCIN
ANI 01H
. Jz READY
; OR
; CONTINUOUS POLLING ROUTINE
STAT 2: IN EOCIN
ANI 01H
. JNZ STAT 2
READY: IN DATA

; SELECT CHANNEL 0

; START CONVERTER

; READ EOC

; READ DATA

; SELECT CHANNEL

; START CONVERSION

; INSERT INSTRUCTIONS TO WAIT 0-8

; CLOCK PERIODS OF ADC0808/ADC0809 CLOCK
; FOR EOC TO DROP (8 NOPs MINIMUM)

; INPUT EOC BIT

; MASK OUT OTHER BITS

; IF INPUT BIT IS ZERO JUMP READY

; ELSE CONTINUE EXECUTING PROGRAM

; INPUT.EOC STATUS BIT

; MASK OUT ALL BITS BUT DO

; JUMP TO TRY AGAIN IF NOT READY
; IF READY INPUT DATA'

; CONTINUE EXECUTING PROGRAM

FIGURE 16b. Typical 8080 Polled 1/O Routines for ADC0808/ADC0809




The application in Figure 17 uses a 6-bit bus comparator
and a few gates to decode a read and write strobe. Viewed
from the CPU this interface looks like a bidirectional data
port whose address is set by the logic levels on the T, in-
puts of the DM8131 comparator. When data is written to
the ADC0808/ADC0809 the 3 least significant bits on the
address bus define the channel to be converted. The rest
of the bits are decoded to provide the START and ALE
strobes. When the conversion is completed EOC sets the
interrupt flip-flop, and when the data is read the interrupt
is reset.

Both the decoder and the bus comparator methods of ad-
dress decoding have their own advantages. Bus com-
parators will more completely decode addresses but are
capable of only a limited number of port strobes.
Decoders, on the other hand, provide less decoding but
more port strobes. There is a trade off for minimum parts
systems as far as which route to go, and it will depend on
the CPU and type of system.

3.2 Interfacing to the 6800

The ADCO0808/ADC0809 easily interface to more than one
microprocessor. The 6800 can also be used to control the
converter. The 6800 has no separate /O address space so
all /O transfers must be memory mapped. In general more
address decoding logic is required to ensure that the /O
ports don’t overlap existing memory. For small systems a
partial address decoding scheme is shown in Figure 18.
Generally, if several ports are desired, a small block of

)

V

TO‘

REFERENCE REF (+)

0E

AAA
\ 4

START

ALE

FROM
TRANSDUCERS

ADC0808/
ADC0809

ING
EOC

m
4( (: out T2

memory would be set aside, as is accomplished by the
DMB8131. Figure 18 also illustrates a typical 6800 interrupt
scheme using a flip-flop and open collector transistor. The
interrupt is reset when the data is read. If more ports are
needed, a decoder could be added as shown in Figure 19.
Figure 19 also illustrates a polled /O mode using TRI-
STATE® buffer to gate EOC onto the data bus. As with the
INS8080 the A, B, C inputs of the ADC0808/ADC0809 can
be connected to the address bus or the data bus.

The 6800 differs from the INS8080 in that the 6800 has a
single read/write (R/W) strobe and a valid memory address
(VMA), whereas the INS8080 has separate read and write
strobes (J/OR and I/OW). Normally, to obtain a read pulse,
VMA, RW and ¢o are gated together and, for a write,
RW is inverted. ¢, is the 6800 phase 2 system clock. Also
notice that the 6800 INT interrupt input is active low. This
enables a standard wired-OR open collector design to be
implemented.

Figure 20 illustrates some typical 6800 software utility
routines for either polled or interrupt interfaces. Again
notice double start instructions.

3.3 280 Interface

Interfacing the Z80 to the ADC0808 is much the same as in-
terfacing to an INS8080/INS8224/INS8228 CPU group.
CPU instruction timing is very similar, except the
read/write control signals are slightly different. Instead of
the IJOW write strobe there is the IOREQ and WR and in-
stead of IJOR, [OREQ and RD are supplied.

=)
Eel

DM74L502

j—!’:v

T3 s 5V
T4 o= GND
T5 e 5V
TE o 5V

B
8. l A7

o fpr— G
B4 e AS
B5 prm—— A4
BE e A3

DMB131

IN7°

i
| 1/2 MM74C74

T0 8080
INTR

A3
A2

Al

T0
REFERENCE & REF (-)

CLOCK

1/2 MM74C74 INS8080 CLOCK

$2 (2 MHz)

FIGURE 17. Interrupt-Type INS8080/INS8224/INS8228 Interface using 6-Bit Bus Comparator
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Using the ADC0808/ADC0809 8-Bit uP Compatible A/D
Converters with 8-Channel Anlog Multiplexer — AN-247

g

sy 1/2MM74C74 LU
- T0 L D [} 2N2222
REF (+]
REFERENCE € REF (+) £oc K -q
D7 =07 e |
06 =05 CIEAR = ' ﬁ
T2 p— 5V
(— IND T3
N1 T
5
J— %
2 DMB131
out
From | —]'3  aocosos/ B1 b— a13
TRANSDUCERS ADC0803
— N8 B2 |— A12
< DM74LS02 o
— ® 5k B
s b3 84 f=— A1S
—d NG ALE 85 o 62
: B6 f— VMA
| —™
START STROBE
Af— A2 _L
B A1 -
10 cb—no
nererence ¢ REF () RN
CLOCK 1/2 MM74C74
¢ 00
6800 CLOCK
LIRS 62 11 MHz)
D
TR
ALE/START Port - DOOOH-D007H
Data Read Port -~ DOOOH -:I_-
FIGURE 18. Typical 6800 Interface with Partial Address Decoding
lsv
7
o, .
-T0
nererence €] REF () 0§ D6
5 D5
D4 04
D3 D3
D2 5V
o1 "
- _1 o D0 f—
c 02
— it B 01 7
A T
N2 1/6 MMBOC9B 5
ome136  T6
—] N3 EOC 0
FROM | N ]'1?0_0'—_ STROBE -l-
TRANSDUCERS ADC0808/ W L
———qIN4  ADCO0809 L _[_ B1 e A15
< = B2 e A4
e 5k &
e 3 B3 e A13
—— B s A 12
ING ALE wo
5V B5 e AT1
N7 v 61 86 p—— A0
START
= 10 out
= OTHER { =met=ed 12 B1
PORTS 1/6 MM80C98
5k
16mmsocee | — 1113 omraisize Al
0 i;
. ReFerence €1 REF (=) 0E > -O 2vo DM74LS00
CLOCK L G2
= 21 g
| 6800 CLOCK
¢2 (1 MHz) 10 [——f2v2 B2 A9
OTHER
PoRTS | | ,vs a2 at

FIGURE 19. Fully Decoded 6800 Interface Address
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*

*UTILITY ROUTINES FOR ADC0808/ADC0809 INTERFACE

*

*

*LOAD AND START CONVERSION (FIGURE 18)

*

STATUS
DATA

*
*

*

START

*

*INTERRUPT HANDLER (FIGURE 18)

*

VECTOR

*

*START AND TEST CONVERSION POLLED MODE (FIGURE 19)

*

DATA2
CHANN?2
EOCIN
START 2

*

* CONTINU

*

*

POLLIT

READY

EQU
EQU

STA
STA
LDX
STX

CLI

WAI

LDAA -

CLI

RTI

EQU
EQU
EQU
LDAA
STAA
NOP
STAA
NOP
LDAA
ANDA
BEQ

LDAA
ANDA
BNE

LDAA

$D800
$D800

STATUS
STATUS
#VECTOR
$FFF8

DATA

$F800

02

$F900
CHANN 2
STATUS

STATUS

EOCIN

01
READY

OUS POLLING OF EOC (FIGURE 19)

EOCIN
CHANN 2
POLLIT
DATA

START ADDRESS FOR CHANNEL 0
CONVERTER DATA ADDRESS

SELECT CHANNEL 0 AND START

DO AGAIN TO LET INPUTS SETTLE
LOAD INTERRUPT VECTOR ADDRESS
STOREIT

EXECUTE MISC PROGRAM

ENABLE INTERRUPT IF NOT ALREADY
EXECUTE MISC PROGRAM
WAIT FOR INTERRUPT

LOAD DATA RESET INTERRUPT
ENABLE INTERRUPTS (OPTION)
EXECUTE PROGRAM

RETURN TO MAIN PROGRAM

CONVERTER DATA ADDRESS
CHANNEL 2 ADDRESS

EOC INPUT PORT

LOAD A ACCUMULATOR
LOAD ADDRESS AND START
WAIT

RESTART TO LET MUX SETTLE
8 NOPS TO WAIT FOR EOC

TO GO LOW

LOAD EOC STATUS BIT

MASK BITS 1-7

IF A=0THEN CONVERTER DONE

EXECUTE MISC PROGRAM

LOAD EOC STATUS

MASK MSBs

IT ACC=+ 0 NOT READY, LOOP
ELSE READ DATA

CONTINUE PROGRAM

FIGURE 20. Typical I/0 Routines for ADC0808/ADC0809 and 6800 Interface
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uP Compatible A/D

- Converters with 8-Channel Anlog Multiplexer — AN-247

t

Using the ADC0808/ADCO0809 8-B

Figure 21 shows a very simple Z80 interface, which is
similar to the INS8080 interface of Figure 13, except that
the interrupt flip-flop design is closer to the 6800 designs.
This is because the Z80 INT is active low as is the 6800, but
the INS8080 INT is active high. :

Figure 22 shows a fully decoded bus comparator design
where the DM8131 decodes 5 address bits and the IOREQ
1/0 request strobe. Two NOR gates gate the RD and WR
strobes for ALE, START and OE inputs.

4.0 CONCLUSION

Both the ADC0808 and the ADC0809 can be easily used in
microprocessor controlled environments. Many sophisti-
cated medium throughput appiications can be handled
with a minimum of extra hardware, but additional hard-
ware can increase flexibility and simplify software. Put-
ting both the multiplexer and A/D on the same chip frees
the designer from matching multiplexers and A/Ds to
implement a 7 or 8-bit accurate system. Design time and
overall system cost can be reduced by using these low
cost converters.

5V
10k
5V
NT
5V 1/2 MM74C74
Vee b @ 2N2222
10 ,
REFERENCE ] REF (+) Eoc cm
D7 = 7
D6 D6
D5 D5
Da D4
[ —— N0 03 03
- D2 j—¢- D2
D1 T D1
DO Do
m——— |N2
B
IN3
ANALOG ADcosos/ A
WPUTS ) ADC0809
— NG
ING
o TOREQ
ING RD
L N7 DM74L512
5K o A7
- .
ALE . Wi
T0 : N
pererence @ REF () START )
— — L 3
D i 0

Z80 CLOCK

CK C cK

MM74c74 (2MHz)

FIGURE 21. Simple Z80 Interface
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TRANSDUCERS NG
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5k
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L N7
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START
T0 ——{ReF (1) ALE
REFERENCE
CLOCK
[ a D
0 CK |
MM74C74
a D
0 K|
5k
5V ——AAN—O

1/2 DM74LS02

|——2

out

Vee

DM8131

STROBE

GND

m
T2
T3
T4
T5
T6

B1
B2
B3
B4
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B6

FIGURE 22. 780 Partial Decoding Interface
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Input Protect

ion —
Circuits and Handling Guide for CMOS Devices — AN-248

Electrostatic Discharge Prevent

Electrostatic Discharge
Prevention — Input Protection
Circuits and Handling Guide
for CMOS Devices

Introduction

During the past few years, there have been significant
increase in the usage of low-power CMOS devices in
system designs. This has resulted in more stringent at-
tention to handling techniques of these devices, due to
their static sensitivity, than ever before.

All CMOS devices, which are composed of complemen-
tary pairs of n- and p-channel MOSFET'’s, are susceptible
to damage by the discharge of electrostatic energy be-
tween any two pins. This sensitivity to static charge is
due to the fact that gate input capacitance (5 picafarads
typical) in parallel with an extremely high input resis-
tance (10'2 ohms typical) lends itself to a high input im-
pedance and hence readily builds up the electrostatic
charges, unless proper precautionary measures are
taken. This voltage build-up on the gate can easily break-
down the thin (1000A) gate oxide insulator beneath the
gate metal. Local defects such as pinholes or lattice
defects of gate oxide can substantially reduce the dielec-
tric strength from a breakdown field of 8-10 x 108 vicm
to 3-4 x 108 V/icm. This then becomes the limiting factor
on how much voltage can be applied safely to the gates
of CMOS devices.

When a higher voltage, resulting from a static discharge,
is applied to the device, permanent damage like a short
to substrate, Vpp pin, Vsg pin, or output can occur. Now
static electricity is always present in any manufacturing
environment. It is generated whenever two different
materials are rubbed together. A person walking across
a production floor can generate a charge of thousands
of volts. A person working at a bench, sliding around on
a stool or rubbing his arms on the work bench can devel-
op a high static potential. Table 1 shows the results of
work done by Speakman’ on various static potentials
developed in a common environment. The ambient rela-
tive humidity, of course, has a great effect on the amount
of static charge developed, as moisture tends to provide
a leakage path to ground and helps reduce the static
charge accumulation.

Table 1. Various Voltages Generated in 15%-30%
Relative Humidity (after Speakman?)

Most Common Highest

Condition Reading Reading
(Volts) (Volts)
Person walking across
carpet 12,000 39,000
Person walking across
vinyl floor 4,000 13,000
Person working at bench 500 3,000
16-lead DIPs in plastic
box 3,500 12,000
16-lead DIPs in plastic
shipping tube 500 3,000

National Semiconductor
Application Note 248
Vivek Kulkarni

June 1980

Standard Input Protection Networks

In order to protect the gate oxide against moderate levels
of electrostatic discharge, protective networks are pro-
vided on all National CMOS devices, as described below.

Figure 1 shows the standard protection circuit used on
all A, B, and 74C series CMOS devices. The series resis-
tance of 200 ohms using a P* diffusion helps limit the
current when the input is subjected to a high-voltage
zap. Associated with this resistance is a distributed
diode network to Vpp which protects against positive
transients. An additional diode to Vgs helps to shunt
negative surges by forward conduction. Development
work is currently being done at National on various
other input protection schemes.

INPUT

O
OUTPUT

2009
" DIODE BREAKDOWN
Dy =25 VOLTS
D2 =60 VOLTS
Dy =100 VOLTS
*THESE ARE INTRINSIC DIODES

" Figure 1. Standard Input Protection Network

Other Protective Networks

Figure 2 shows the modified protective network for
CD4049/4050 buffer. The input diode to Vpp is deleted
here so that level shifting can be achieved where inputs
are higher than Vpp.

TVnD
b, 2D,
cMos °
INPUT -0 0uTPUT
A GATE \
DIODE BREAKDOWN  © D o

0= 25 VOLTS
03— 60 VOLTS
052100 VOLTS

*THESE ARE INTRINSIC Dlonzsl
Vss

Figure 2. Protective Network for CD4049/50
and MM74C901/2

Figure 3 shows a transmission gate with the intrinsic
diode protection. No additional series resistors are used
so the on resistance of the transmission gate is not af-
fected.

All CMOS circuits from National’s CD4000 Series and
74C Series meet MIL-STD-38510 zap test requirements
of 400 volts from a 100 pF charging capacitor and 1.5kQ
series resistance. This human body simulated mode! of
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2 GATE (P-CHANNEL)
.l | .
1< i<
Dy [
Voo
IN/OUT O—4¢ v ——O 0UT/IN
SS
e | e {5
= . .
Dy =25 VOLTS 11 ' g

LT
*THESE ARE INTRINSIC DIODES
GATE (N-CHANNEL)

Figure 3. Transmission Gate with Intrinsic Diodes to
Protect Against Static Discharge

100 pF capacitance in series with 1.5kQ series resistance
was proposed by Lenzlinger? and has been widely ac-
cepted by the industry. The set-up used to perform the
zap test is shown in Figure 4.

Vzapis applied to DUT in the following modes by charging
the 100 pF capacitor to Vzap with the switch Sy in posi-
tion 1 and then switching to position 2, thus discharging
the charge through 1.5kQ series resistance into the
device under test. Table 2 shows the various modes
used for testing.: '

Table 2. Modes of High-Voltage Test

Mode + Terminal — Terminal
1 Input Vss
2 Vbp Input
3 Input Associated Output
4 Associated Output Input

Pre- and post-zap performance is monitored on the input
leakage parameter at Vpp =18 Volts. It has been found
that all National’s CMOS devices of CD4000 and 74C
families can withstand 400 volts zap testing with above
mentioned conditions and still be under the pre- and
post-zap input leakage conditions of +10nA.

Handling Guide for CMOS Devices

From Table 1, it is apparent that extremely high static
voltages generated in a manufacturing environment can
destroy even the optimally protected devices, by reach-
ing their threshold failure energy levels. For preventing
such catastrophies, simple precautions taken could save
thousands of dollars for both the manufacturer and the
user.

In handling unmounted chips, care should be taken to
avoid differences in voltage potential between pins. Con-
ductive carriers such as conductive foams or conduc-
tive rails should be used in transporting devices. The
following simple precautions should also be observed.

1. Soldering-iron tips, metal parts of fixtures and tools,
and handling facilities should be grounded.

2. Devices should not be inserted into or removed from
circuits with the power on because transient voltages
may cause permanent damage.

3. Table tops should be covered with grounded conduc-
tive tops. Also test areas should have conductive floor
mats.

MW 19 pevice
HIGH VOLTAGE UNDER TEST
SUPPLY (ouT)
-T_ 100pF | .

I

Sy =Hg — WETTED “'BOUNCELESS"RELAY

Figure 4. Equivalent RC Network to Simulate Human
Body Static Discharge (After Lenzlinger?)

Above all, there should be static awareness amongst all
personnel involved who handle CMOS devices or the
sub-assembly boards. Automated feed mechanisms for
testing of devices, for example, must be insulated from
the device under test at the point where devices are
connected to the test set. This is necessary as the trans-
port path of devices can generate very high levels of
static electricity due to continuous sliding of devices.
Proper grounding of equipment or presence of ionized-
air blowers can eliminate all these problems.

At National all CMOS devices are handled using all the
precautions described above. The devices are also trans-
ported in anti-static rails or conductive foams. Anti-
static, by definition® means a container which resists
generation of triboelectric charge (frictionally generated)
as the device is inserted into, removed from, or allowed
to slide around in it. It must be emphasized here that
packaging problems will not be solved merely by using
anti-static rails or containers as they do not necessarily
shield devices from external static fields, such as those
generated by a charged person. Commercially available
static shielding bags, such as 3M company’s low resis-
tivity (< 10% ohms/sq.) metallic coated polyester bags,
will help prevent damages due to external stray fields.
These bags work on the well-known Faraday cage
principle. Other commercially available materials are
Legge company’s conductive wrist straps, conductive
floor coating, and various other grounding straps which
help prevent against the electrostatic damage by pro-
viding conductive paths for the generated charge and
equipotential surfaces.

It can be concluded that electrostatic discharge preven-
tion is achievable with simple awareness and careful
handling of CMOS devices. This will mean wide and
useful applications of CMOS in system designs.

Footnotes

1. T.S. Speakman, “A Model for the Failure of Bipolar
Silicon Integrated Circuits Subjected to ESD,” 12th
Annual Proc. of Reliability Physics, 1974.

2. M. Lenzlinger, “Gate Protection of MIS Devices,” IEEE
Transac. on Electron Devices, ED-18, No. 4, April 1971.

3. J.R. Huntsman, D.M. Yenni, G. Mueller, “Fundamental
Requirements for Static Protective Containers.” Pre-
sented at 1980 Nepcon/West Conference, Application
Note — 3M Static Control Systems.
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it LED Display Design Using MM74C911/
MM74C912/MM74C917 Display Controllers — AN-257

fied Multi-

Simpl

Simplified Multi-Digit LED
Display Design Using
MM74C911/MM74C912/
MM74C917 Display
Controllers

I. Introduction

The MM74C911, MM74C912 and MM74C9127 are CMOS
display controllers that control multiplexing of
8-segment LED displays. These devices each have an
on-chip multiplex oscillator and associated logic to
easily implement multi-digit displays with minimal addi-
tional hardware. These controllers were designed to be
easily interfaced to a microprocessor as a small 4-or
6-byte area of write-only memory (WOM), but they are
not limited to this environment.

The MM74C911 is the simplest of these devices. It has
one data input for each of its eight segment outputs,
allowing direct control of any LED segment. Both the
MM74C912 and MM74C917 have five data inputs which
accept either BCD (MM74C912) or hexidecimal
(MM74C917) data, plus decimal point. The MM74C911
can interface up to four 8-segment displays and the
MM74C912/MM74C917 can control up to six 8-segment
displays.

—

National Semiconductor
Application Note 257
Larry Wakeman

January 1981

Il. Functional Description — MM74C911

The functional block diagram for the MM74C911 is
shown in Figure 1. The eight data inputs are buffered -
and bussed to the four dual-port latches. To write data
into a particular latch, K1 and K2 address inputs are
decoded and the proper latch is enabled when CE and
WE are taken low.

The latch outputs are controlled by the multiplexer
(MUX) logic. All four latch data outputs are commonly
bussed, and are sequentially read by the MUX logic. The
bussed 8-segment outputs are then buffered by bipolar
segment driver transistors, which are enabled when
SOE is low, and are tri-stated when Segment Output
Enable (SOE) is held high. This allows easy display
blanking without loss of data.

The multiplexer logic controls all of the timing for the
MM74C911 and also generates the digit output strobes.
The timing diagram is shown in Figure 2.

Ki—>!  ApDRESS »|  ADDRESS
K2 —P] BUFFER —p DECODE
7'y
- SOE
v - l
a—p| — — s,
b—p] > S
8-BIT INPUT BUS
¢ —P —>S;
d ==} INPUT 1} 1} 4 9 NPN b S
. DATA N SEG !
—P>|  BUFFERS Kz —> M2 m3 ma DRIVER [P Se
= —»| st s2 3 s4 —> s;
1—p| L | 11 | | ] 1 — s,
0P —p} 8-BIT OUTPUT BUS — Sop
I_ o +—> |01
wx o e DIGIT +—>02
- ble <> oUTPUTS  |e—pD3
SELECT [ q—p le—> 02

T A

0sc

h
g

Figure 1. MM74C911 Block Diagram
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I TMUX = M181 E

T

D2 i

*.‘ |¢— g = 104
D3

Dg

Figure 2. Mux Timing for MM74C911

By raising the Digit In-Out (DIO) input high, the internal
oscillator .is disabled and the digit outputs become
inputs which control reading of the 4-digit latches. This
allows the MM74C911 to be slaved to other multiplex
timing signals. If both SOE and DIO are held high, both
the display and oscillator are disabled causing the
MM74C911 to be in a low-power mode where it typically
draws less than 1uA. Figure 3 shows the truth table for
these control inputs.

DI0/0SE

a

- o - o8&
my

MODE
NORMAL DISPLAY MODE

DISPLAY BLANKED
WILL DISPLAY ONE DIGIT*
LOW POWER MODE

0
0
1
1

Figure 3. Operating Modes for the MM74C911/
MM74C912/MM74C917 (*The 74C911 Digit
Outputs become inputs.)

lll. Functional Description —
MM74C912/MM74C917

The functional block diagram for the MM74C912 and
MM74C917 is shown in Figure 4. These devices are very

We

|

similar to the MM74C911. There are only five data inputs
on the MM74C912 and MM74C917 which are buffered,
then bussed to six 5-bit dual-port latches. The address
present on K1, K2, and K3 will dictate which of the six
latches will be loaded when both CE and WE are low.
The outputs of all of the latches are commonly bussed
and fed into a decoder ROM which converts BCD
(MM74C912) or hexidecimal (MM74C917) code to seven
segment. The fifth bit is the decimal point, which
bypasses the ROM. The 8-segment bits are then
buffered by eight NPN-segment drivers. Like the
MM74C911, these outputs are tri-stateable and will
blank the display when SOE is held high.

All of the multiplexing is controlled by an internal oscil- .

lator and control logic. The logic sequentially reads each
latch and activates the digit outputs. The oscillator can be
disabled by raising the Oscillator Enable (OSE) input high,
but the digit outputs do not become inputs and thus the
MM74C912, and MM74C917 can not be slaved. However, by
raising both SOE and OSE high, these parts can be putinto
a low-power mode similar to the MM74C911. Figure 3
shows the controller operating modes.

The MM74C912 and the MM74C917 are identical except
for the last seven ROM locations. The ROM outputs are
shown in Figure 5 for both parts.

IV. Display Interface Design

A. Common Cathode LED’s

Since the MM74C911/MM74C912/MM74C917 contain all
the multiplex circuitry necessary to operate a 4- or
6-digit display, all the designer must do is choose apro-
priate segment resistors and digit drivers to properly
illuminate the LEDs. A typical LED connection is shown
in Figure 6. Based on the selected display, a certain
segment current will be required. This current. will
determine the value of the segment resistor and the type
of digit driver necessary. The design for the MM74C911 is

K1 —| >
ADDRESS > ADDRESS
K2=>1 “gurrer > DECODE
K3 =P > Hi3
4 ] 1 I ] ] I
r 5 BIT INPUT BUS. -y s
—> s,
C ——4 ;_‘ _—l » s
v g
2 —p] > [ =P ?&'f > NPN y
>S4
—>| 4 —>| SEGMENT
b=—> npuT I @ DRIVER =P Se
c—p| DATA > > 5
BUFFERS 5-BIT QUTPUT BUS ]
d—p| —» 5,
0P —P| | R > Sp
> —> 01
oIt b —> 02
Mux LT S
& ™ enaLe o3
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osc (N3

13-BNN paylidwis

16

=
=
N
£
Q
(o]
—
N
_—
=
=
N
H
(9]
(1]
—
N
=
[7]
°
[
<
O
o
=
=
e
)
-
(]
>
P4
1
N
o1
N

-
-
m
o
=
o
=2
)
<
o
@
@,
Q
S
c
@,
: N
@
=
=
N
™
(9]
©
—
=

Figure 4. MM74C912 and MM74C917 Display Controller
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nearly the same as for the MM74C912/MM74C917 except
that due to multiplexing the 6-digit controllers must be
designed to a higher peak current value.

As an example, suppose the the NSN781 (2-digit, 0.7”
common catholde LED display) has been selected.
These displays require an average current of 8mA per
segment for good illumination. The MM74C911 multi-
plexes four digits; thus, any one digit is on % of the
time. Each digit must have a peak current four times its
average current to achieve the same brightness. The
MM74C911 must supply about 32mA per segment, and
the MM74C912/MM74C917 would have to supply a cur-
rent six times the average current or about 48mA.

The maximum digit driver current is the maximum num-
ber of “on” segments multiplied by the segment cur-
rent. For the MM74C911 design, the digit current is
~260mA, and is ~380mA for the MM74C912/MM74C917.
Using this digit current value, the digit driver can be
selected. Figure 7 shows possible digit driver ICs, but
discrete transistors or Darlingtons may also be used,
and may be desireable in some higher current
applications. It is also important to keep in mind that
the output voltage of the driver at the designed current,
as this voltage can affect the display controllers current
drive. For most designs, an output voltage of <2V is
reasonable. g

Once the digit driver has been chosen and the output
voltage at the desired current is known, the segment
resistor, Rggg can be calculated using:

Rgq =86~ Vien ~ Voo
Isea

where V gp is the voltage across the LED, 1.8V; Vpg is
the digit driver output voltage at the chosen current;
Iseg is the peak segment current; and Vggg is the
MM74C911 or MM74C912 segment driver output voltage
at the peak segment current, which can be determined
from the curves in Figure 8.

In most cases, Rgeg can be more quickly determined
from Figure 9 which plots Rggg vs. average segment
current. These curves are plotted for various digit driver
output voltages using current values from Figure 8.
Thus, for the above example, if a DS75492 driver I.C. is
used with the MM74C911 to interface to the NSB781
LEDs Rggg = 38 Q assuming the drivers output voltage is
1.0 V. Note that Figure 7 tabulates minimum output drive
where the above Vpg is an approximation of the
DS75492s typical Vpg at 260 mA.

Part Number of Minimum
Number Driver Type Drivers Output Drive
DS75492 Darlington Driver 6 250mA@1.5V
DS75494 Multiple Transistor Driver 6 150 mA@0.35V
DS8646 Transistor Driver 6 84mA@0.55V
DS8658 Transistor Driver 4 84mA@0.55V
DS8870 Darlington Driver 6 350mA@1.4V
DS8871/2 Transistor Driver 8/9 40mA@0.5V
DS8877 Transistor Driver 6 35mA@0.5V
DS8920 Transistor Driver 9 40mA@0.5V
DS8963 Darlington Driver 8 500mA@1.5V
DS8978 Transistor Driver 9 100mA@0.7V
DS8692 Transistor Driver 8 350mA@1.0v
Figure 7. Typical LED Digit Drivers and Théir Characteristics
(a (b)

g 0 /, pr— E 0 Il vl

E 30 E 30

g S Ny Zi

3 Ty=125°C / / 3 =125c /|,

5 60 /’ 5 6 v

5 ///, / 5 //// /

=) / / =) 7

& % & %€ = 3

= // Ty=25°C % 7 =125

£ 120 4 S 120 4

= 7 = //

1= /7 = -

@150 8150

25 3.0 35 40 45 5.0
SEGMENT DRIVER OUTPUT VOLTAGE (V)

25 30 35 40 A5 50
SEGMENT DRIVER OUTPUT VOLTAGE (V)

Figure 8. Typical Segment Driver Current vs. Output Voltage for (a) MM74C911 (b) MM74C912/MM74C917

8-83

=
=
N
N
(9]
©
—
N
—
=
=
N
S
(9]
©
—
N
=)
7]
§=2
<)
<
(@)
o
=3
=
=4
o
-
»
>
Z
]
N
o
N

@
3
§=1
=
®
Q.
=
=4
=
=4
Q,
-
r
m
O
o
[2]
=2
1Y)
<
O
D
@,
«Q
=}
c
®,
3
(e}
=
=
N
F-Y
Q
o
—t
=t




gn Using MM74C911/
ers — AN-257

i
lay Controll

isplay Des

Simplified Multi-Digit LED D

MM74C912/MM74C917 Disp

@

100 TIU [
LRI l
& 80 ‘\//Vnn =IDV
= 10 TN > V0p=05V ——
E 60 1 ‘\ VDn=1.ll)V—-
é 50 < VDo:}.SV -
= 4 \ \‘ CLvoo=2.0v
£ \ SN '
8 Q
10 N
NN

0 5/20 10/40 15/60 20/80 25/100
AVERAGE/PEAK SEGMENT CURRENT (mA)

SEGMENT RESISTOR (Q)

(b)

o My
= i
T po-or
70 \\/ VD0 =05V
60 \ Vpo =1.0V —|
50 \\\ \‘\‘S( I)"lm)=1'.5v —
2 \ Vpo=2.0V 4
N
2 AN
10
NN ~
0 5/30 10/60 15/90 20/120

AVERAGE/PEAK SEGMENT CURRENT (mA)

Figure 9. Average LED Segment Current vs. Segment Resistor for (a) MM74C911 (b) MM74C912/MM74C917

Figures 10 and 77 tabulate some typical segment resis-
tor values for various National LED displays. (See Opto-
electronics Databook for detailed specifications.) This
table was compiled for a well lit room, but variation in
ambient lighting may require some slight modification
in the typical segment resistor values.

If a transistor digit driver is being used, it is sometimes
desireable to use a base current limiting resistor
between the controller's output and the transistor’s
base. This will help limit the power dissipation of the
display controller in critical situations. The digit resis-
tor, Rpg can be calculated using:

Voig — Vi
Rpig = ~RI6 ~ YDl

where Vp, is the digit driver input voltage, 0.7V for a
transistor, Ip, is the desired digit driver current and Vp,g
is the controller’s digit output voltage for the chosen
current which can be found from Figure 12.

When the MM74C911 is to be used as a “master” to
drive another MM74C911 or other logic, the digit outputs
must have a high output voltage of 3.0V to driver ano-
ther MM74C911 or 3.5V to drive standard CMOS logic.
The digit resistor should be > 300 for Vo = 3.0V and
Rpig > 350 for Vo > 3.5V.

A final design consideration is power dissipation. When
designing a low-power system where the total current is

“to be minimized, the total system power consumption is

Ipi simply:
PT =Vecllpo + Il
DISPLAY | oawen TYPICAL RANGE OF
PART NO. | HEIGHT (IN.) |NO. OF DIGITS SEGMENT RESISTORS
NSA1298 0.110 9 DS75492 300-1000 Q
300-2000 Q*
NSA1558 0.140 8 DS75492 200-800 @
: 200-1800Q*
NSN381 0.3 2 DS75492 15-80Q
2N3904
NSB3881 0.5 T4 . DS75492 15-80 Q
2N3904
NSN581 05 2 DS75402 10-60Q
_ 2N3904
NSB5881 0.5 4 DS75402 10-60Q
2N3904
NSN781 0.7 2 DS75492 10-50Q
2N3904
NSB7881 0.7 4 | DS75492 10-50Q
: : 2N3904

Figure 10. MM74C911 Segment Resistor Values for Various Displays (Voc =5V) (*Using Red LED Filter over

Display) .
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DISPLAY DRIVER TYPICAL RANGE OF
PART NO. HEIGHT (IN.) [NO. OF DiGITS| (Rp=0) SEGMENT RESISTORS
NSA1298 0.110 9 DS75494 200-800 Q
300-1500 Q*
NSA1558 0.140 8 DS75494 150-700 Q
150-1000Q*
NSN381 0.3 2 DS75492 5-50Q
NSB581 0.5 2 DS75492 5-50 Q
NS5931 0.5 6 DS75492 5-40Q
2N3904
NSN781 0.7 2 DS75492 5-30Q
2N3904

Figure 11. MM74C912/MM74C917 Segment Resistor for Average Intensity for Various Displays (*Using Red LED

Filter qver Display)
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Figure 12. Typical Digit Driver Current vs. Output Voltage for (a) MM74C911 (b) MM74C912/MM74C917

where lpg is the maximum digit driver output current,
Vg is the power supply voltage, and Ip, is the digit dri-
ver input current.

When a circuit design employs large segment currents,
the maximum dissipation should be calculated to
ensure that the power consumption of the controller or
digit driver is within the maximum limits. The display
controller power dissipation is:

Pc = S(lsea)(Vee — Vsea)

where Iggg and Vggg are the peak segment current and
segment voltage, as previously determined; and S is the
maximum number of segments lit per digit. The maxi-
mum package dissipation for the controllers vs.
temperature is shown in Figure 13.

To gain an understanding of how segment current
affects the controllers power dissipation, Figure 14
plots average and peak LED segment current vs. pack-
age dissipation for both the MM74C911 and the
MM74C912/MM74C917. These typical curves are plotted
using the typical segment driver output currents and
voltages from Figure 8.

As the digit driver output voltage Vpg becomes larger,
the driver dissipates more power, thus the designer
should also ensure that the driver’s dissipation is not
exceeded. Generally, the standard digit driver IC will
dissipate around %2 watt. (See specific data sheets.) Dri-
ver power dissipation can be calculated by:

Po = (Voo)lpie)

where Vpg and Ipig are the digit driver output voltage
and current. In a standard digit driver, one output will be
active all the time, but if discrete transistors are used,
each transistor is turned on 25% of the time. The ave-
rage power dissipation for each discrete transistor digit
driver is % of the above equation.

B. Common Anode LED Display

Althoughconnectingthe MM74C911/MM74C912/MM74C917
to common anode displays is somewhat more difficult
than to common cathode displays, it can be done.
These controllers still provide all the necessary timing
signals, but some extra buffering must be added to
ensure the correct logic levels and drive capability.
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Simplified Multi-Digit LED Display Design Using MM74C911/

MM74C912/MM74C917 Display Controllers — AN-257

(a)
g 1.0
=
=]
=
E .75
w
]
o 05
(=]
<
k4
(=]
= 0.25
-50 25 0 25 50

75 100 125
AMBIENT TEMPERATURE ( °C)

PACKAGE DISSIPATION (W)

(b)
2.0
15
1
0.5
-55 —25 0 25 50 75 100 125

AMBIENT TEMPERATURE ( °C)

Figure 13. MM74C911/MM74C912MM74C917 Maximum Power Dissipation for (a) Plastic “N” Package (b)
Ceramic “J” Package (Note TJ(M . 125°C Maximum Junction Temperature)

2.0

/
/

0.5 //
§/20 10/40 15/60 20/80 25/100
AVERAGE/PEAK SEGMENT CURRENT (mA)

PACKAGE DISSIPATION (W)
b=

Figure 14.

To drive common anode displays, the display
controller's segment outputs must be inverted and the
digit outputs must be current buffered. Figure 15 shows
a simple circuit to interface to most common anode dis-
plays. An 8-digit calculator digit driver IC, DS8871, is
used to drive the display segments. Segment resistors on
the controller's segment outputs are not necessary but
may be necessary on the outputs of the DS8871 driver.

For higher current displays, the choice of digit driver
transistor is important as the digit current will depend
on how high the digit driver output of the display con-
troller can pull up due to the emitter follower configura-
tion. For good display brightness, a high gain medium
power transistor should be used.

PACKAGE DISSIPATION (W)

J ]

L/

Y
v

5/30 10/60 15/90 20/120
AVERAGE/PEAK SEGMENT CURRENT (mA)

Typical Power Dissipation vs. Segment Current for (a) MM74C911 (b) MM74C912/MM74C917

C. Vacuum Florescent (VF) Displays

The MM74C911/MM74C912/MM74C917 are not directly
capable of driving VF displays, but serve as a major
functional block to ease driving 4- or 6-digit displays.
The controllers provide the multiplex timing for this dis-
play, but the segment and digit outputs must be level
shifted, and a filament voltage must be applied.

In Figure 16, a DS8654 or similar device is used to trans-
late the segment and digit voltages to 30V to drive the
segment plates and digit grids. The AC filament voltage
is derived from a separate low-voltage transformer
which is biased by a zener. Since there is no pull-down
in the DS8654, pull-down resistors must be added. The
exact anode and cathode voltages and the bias zener
will depend on the display used, but the basic circuit is
the same.
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Figure 15. MM74C911 to Common Anode LED Interface Using 9 Digit Driver
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Figure 16. MM74C912/MM74C917 to Vacuum Fluorescent Display Interface
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Simplified Multi-Digit LED Display Design Using MM74C911/
MM74C912/MM74C917 Display Controllers — AN-257

V. MM74C911 Display Applications

Of the three CMOS display controllers, the MM74C911 is
the simplest, but also the most versatile. Since the char-
acter font is not predetermined, many non-numerical
characters can be displayed using standard 8-segment
displays. In many cases, it may be desireable to enable
a small microprocessor to display prompt messages
where the use of more complicated alpha-numeric dis-
plays is not justified. For these cases, the MM74C911 is
ideal, because any combination of segments can be
controlled. Figure 17 shows many of the possible letters
and numbers that can be displayed along with their
binary and hexidecimal values on 8-segment displays.

There is no reason to restrict the MM74C911 to
alpha-numeric displays, as the controller allows direct
control of individual LEDs. The MM74C911 can be con-
nected to a mixture of numerical and discrete LEDs as
typified by Figure 18. Thus status and numerical data
can be simultaneously controlled.

Taking this one step further, all the LEDs could be
discrete as shown in Figure 19. This type of arrangement
is multipurpose. The LEDs could be configured as a 4 x 8
matrix or possible two-bar graphs of 16 LEDs, Figure 20,
or maybe some sort of binary data display. There are
many variations possible. ’

VI. Slaving The MM74C911

As mentioned, the MM74C911 has the unique feature of
being able to be slaved to extérnal multiplex logic or a
“master” MM74C911. This feature is useful when the
controller is to be synchronized with a master. Figure 21
shows a typical application where two MM74C911s are
used to drive a 16-segment alpha-numeric display. In
order to drive this display, synchronization is required to
ensure that both controllers are outputting the same
digit information at the same time.

A more subtle advantage to slaving MM74C911s occurs
when trying to use multi-controllers to drive more digits.
This case, illustrated in Figure 22, allows fewer, more
powerful digit drivers to be used. This can be advanta-
geous when using smaller displays that require little
power to begin with.

VIl. MM74C912/MM74C917
Display Applications

Both the MM74C911/MM74C912 have predetermined
character fonts and this limits their versatility, but
greatly simplifies their application in hex and decimal
display application. Still, there are a few small “tricks”
that can be used to stretch the controller’s capabilities.

In many applications, the decimal point segment is not
needed, particularly when the MM74C917 is used: Gene-
rally, this part is used to display hexidecimal address
and data information where decimal points are rarely
needed. These segments could be used for status infor-
mation. Figure 23 shows a typical implementation. The
status LEDs could indicate power, run and halt status
information of a host uP or could indicate the type of
instruction being executed. Although the MM74C912
applications would tend to use the decimal point more
often, it is equally capable of implementing Figure 23.

Another possibility, if all six digits are not required, is to
use the unused digits for status indicators. A possible
example using the MM74C917 is shown in Figure 24,
and another possible implementation for the MM74C912
is shown in Figure 25. In both of these applications, four
bits of data is loaded into digits 1 and/or 2. Depending
on the data loaded, various combinations of discrete
LEDs would be lit. The tables included in these figures .
illustrate numerical combinations and their results.

£ HEX CODE HEX CODE
CHARACTER FOR 74C911 DISPLAY CHARACTER FOR 74C911 DISPLAY
0 FC a J 78 f
1 60 / L 1C L
2 DA Z N 2A "
3 F2 3 0 FC o
4 66 Y 0 3A o
5 B6 5 P CE 7
6 BE 5 R 0A e
7 E0 i S B6 5
8 FF g T 8C E
] F6 g u 7C U '
u 38 i
A EE H Y 76 Y
B 3E E Y 4E o
c 9C r
D - 7A - (Blank) 00
E 9E £ . 01
F 8E - — 02 -
G BC 0 = 12 . =z
H 6E H ? CA i~
H 2E h > D1 =
| 0c / < 9B C
| 20 /

Figure 17. Segment Codes for Various Characters Using 8-Segment Displays (MSB of I-iex Code is segment a,
LSB is Decimal Point ie for 0 (a=1,b=1,c=1,d=1,e=1,f=1,g=0, dp=0)=FC)
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Figure 23. 7-Segment Displays with 6-Discrete LED Indicators for MM74C912/MM74C917 Using “DP” Ségment
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Figure 24. MM74C917 (a) Display with 8 Discrete LED’s (b) Inputs for LED Output Table
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isp
isp

MM74C912/MM74C917 D

fied Multi-Digit LED Di

Simpl

a
5V
I 30Q
(8 PLACES)
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A2 —— K3 Sd “Wy —— — — —
A1 ——] K2 Se A 11 11 11 11
AD—— K1 St WA 11 11 I 1 11
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VWA
OSE Sop Wy
l So NSL5808
e = (10 PLACES)
INTERFACE MM74C912
|l
B—yop ] v 2v 3y & 5Y oY
B— ¢ D2 DS75492 DIGIT DRIVER
D2 — D3
B 1A 27 3A A 5A 6A
01— A 4
oo —{ op 05 —l
GND 06
b .
“'ON'* SEGMENTS BCD INPUTS
P GDBA |DCBA [
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170 0001 | 1100 1/
10 0010 [ 000 1 1/
170 0011 | 0111 1/
170 0100 | 1110 1/
70 0101 | —=—==1| 1/
170 0110 | — === | 1
10 00111 | 0000 1/
170 1000 | 1101 1/
1001001 | —=—==| 1/
170 1010 [ 0100 1/
10 1011 | 1011 1/
170 1100 | 1010 |1/
170 1 101 [ 0101 1/
1701110 | —=—==1| 1/
170 1111 | 1000 1/

Figure 25. MM74C912 (a) 4 Digit Display with Discrete LEDs (b) I/O Data Table

Viil. Interfacing To Microprocessors

The CMOS LED display controllers can be easily inter-
faced to most of the popular microprocessors with the
addition of only a few ICs. Most microprocessor data
and address bus logic is specified to be TTL compatible.
A standard TTL logic high, Vgy is supposed to be > 2.4 at
full load which is not compatible witha CMOS V|y > 3.5V.
Although microprocessor inputs will typically pull-up
above 3.5V, this is not guaranteed over the entire tem-
perature range. It is recommended that pull-up resistors
be added to raise this level above 3.5V. Under most con-
ditions, a 5-10K resistor should suffice.

The write timing of the display controllers is illustrated
in Figure 26. The minimum write access time is 430ns
for the MMT74C912/MM74C917 and 450ns for the
MM74C911. A write to the controller is accomplished by
placing the desired data on the data inputs, lowering
the CE and WE inputs, and then raising them to com-
plete the write. Even though CE and WE are inter-
changeable, CE is usually derived from the address
decoding logic and WE is connected to the CPU write

strobe. Other than the slight timing differences between

the MM74C911 and the MM74C912/MM74C917, the only
other major microprocessor interfacing differences are
that the MM74C912/MM74C917 have an additional digit
address bit which must be connected to the micro-
processors address bus, and the MM74C911 has eight
data inputs whereas the MM74C912/MM74C917 have
only five.

A. Interfacing To The INS8080

These controllers can be connected to the
INS8080/INS8224/INS8238 CPU group with no external
logic if no more than a minimal amount of address
decoding is required. Since the INS8080 has a separate
memory and I/O port address spaces, one of the I/O port
address bits could be directly connected to the CE
input. Figure 27 illustrates this using an MM74C911.
Whenever an OUT instruction is executed causing the
IIOW (INS8080 write enable signal) to go low and the
address is such that A7 is low, A0 A1 will select the digit
to be written. If more decoding is required, some exter-
nal gating logic may be added to the CE input.

8-94




The MM74C912/MM74C917 would be interfaced by con-
necting the A, B, C, D and DP to bit D0-D4 of the data
bus and connecting K1-K3 to Ay-A,. Writing data to these
controllers would be the same as writing to the MM74C911

B. Interfacing to the Z80™*

To connect these display controllers to the Z80 micro-
processor, only a minor modification to the INS 8080
need be made. The Z80 control signals are slightly dif-
ferent from the INS8080. Instead of the INS8080 I/O
write strobe, the Z80 has an I/O request line (IOREQ),
which goes low to indicate an I/O port is to be accessed,
and a write (WR) strobe which indicates that a memory
or l/O write is to be done. By OR-ing, these together an
equivalent /OW signal is generated as shown in Figure 28.

C. Interfacing to the NSC800

The NSCB800 has very different timing because the lower
eight address bits and the data bus are multiplexed. But
when connecting the display controllers as 1/0 ports,
the interface is only slightly different from the INS8080
design. When an /O instruction is executed, the port

address that appears on AO0-A7 is duplicated on

AB-A15, and this address can be used directly. The con-
troller WE input must be decoded from a WR (write
enable) and 10/M (/O or memory enable) as shown in

Figure-29. Note that since the NSC800 is a CMOS micro- .

processor, no pull-up resistors are needed.

Figure 29 uses address bit A15 which is equivalent to bit
A7 on the previous examples. As with the previous
examples, if more address decoding is required, either
gates or decoders could be connected to the CE input.

D. Interfacing To The 6800

When using the INS8080, Z80, or NSC800, these proces-
sors have separate /O and memory address spaces.
This usually allows simpler interfaces to be designed.
The 6800 has no separate 1/O addressing so I/O ports
are usually mapped into a small block of memory. This
requires more address decoding to ensure that memory
and |/O don’t overlap.

Figure 30 shows a DM8131 6-bit address bus compara-
tor whose B, inputs are a combination of A15-A12
address bits, the ®, (6800 system clock) and the VMA
(Valid Memory Access) control signal. When these
inputs equal the corresponding T, inputs, the output
goes low. The 6800 R/W signal is connected to the WE.

E. Interfacing To The INS8060/INS8070

Like the 6800, the INS8060/8070 series of microproces-
sors don’t have any separate /O addressing, so the
MM74C911/MM74C912/MM74C917 must be memory
addressed, but unlike the 6800 both the INS8070 series
and the INS8060 have separate read/write strobes,
which can simplify interfacing the display controllers.
Figure 31 illustrates a typical INS8060 interface. The

NWDS (write_enable) is directly connected to the:

MM74C912s WE input and the DM8131 provides the
address decoding for the controller. The INS8060 has
only 12 address bits (unless using paged addressing) so
bits Ag-Aq; are decoded by the comparator.

The INS8070 series microprocessor has the identical
NWDS signal but has 16 address bits. Thus Figure 31
would connect the A10-A15 address bits to the DM8131.

ADDRESS
K1, K2, K3

ADDRESS VALID

X

[

<—Twc—-|

—w—|

‘ﬁ_——\&_—//

l<—— toW ————

Figure 26. MM74C911/MM74C912/MM74C917 Timing Diagram (See data sheets for numbers)

*Z-80 is a trademark of Zilog Inc.
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MM74C912/MM74C917 Display Controllers — AN-257

Simplified Multi-Digit LED Display Des
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Figure 27. INS8080/INS8224/INS8238 Interface to MM74C911
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Figure 28. Z80 Interface to MM74C912/MM74C917
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F. Multiple Display Controllers

In systems where multiple display controllers are to be
used, the simple addressing schemes of the previous
examples may prove to be too costly in I/O capabilities,
so some extra decoding is necessary to derive the CE
signals. A typical method uses a 2-4 line decoder or a
3-8 line decoder. Whegye the total time from a stable
address to the write pulse goes inactive is > 1S, a
CMOS decoder such as the MM74C42 or MM74C154 can
be used, but if faster accessing is required, their LS
equivalents should be employed.

Figure 32 shows a typical implementation of a 16-digit
display using half of a DM74L§139 decoder to provide
the CE signals for each controller.

G. Making The MM74C911/MM74C912/
MM74C917 Look Like RAM

So far, the discussion of addressing the controllers has
been to separate the devices from memory, but there

are certain advantages to not doing this.

In many

instances, microprocessor software requirements are
such that data outputted to the controller also must be
remembered by the microprocessor for later use. Since
data cannot be read from the display controllers, the
processor must also write the data in a spare register or

CPU DATA
BUS D0-D7

CPU
ADDRESS
BUS

r

Ao
At

A2
A3

A8

CPU WRITE
NABLE
(ACTIVE LOW)

a memory location. This extra writing and ‘“book-
keeping” software can be eliminated by addressing the
MM74C911/MM74C912/MM74C917 over existing RAM.
When data is written to the controller, it could also be
stored in RAM simultaneously and can be read later by
the CPU.

Figure 31 shows a simple example of this using an
MM74C912 controller and two MM2114 1K x 4 memory
chips. A DM74LS30 is used to detect when the last eight
bytes of this memory is being accessed and enables the
controller display. Thus, the last eight bytes of the RAM
contains a duplicate copy of what the display controller
is displaying.

IX. Conclusion

All three controllers provide simple and inexpensive
interfaces to multiplexed multidigit displays. These
devices are particularly well suited to microprocessor
environments, but any type of CMOS compatible control
hardware can be used. The MM74C911/MM74C912/
MM74C917 can most easily drive common anode dis-
plays. By providing most of the multiplex circuitry into
one low-cost integrated circuit, the burden of designing
discrete multiplexing has been eliminated.
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Figure 32. Multi-Digit Array
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Data Acquisition Using the
ADCO0816 and ADCO0817 8-Bit
AID Converter with On-Chip
16 Channel Multiplexer

I. Introduction

The ADCO0816 and ADC0817, CMOS 16-Channel Data
Acquisition devices are selectable multi-input 8-bit A/D
converters. In addition to a standard 8-bit successive
approximation type A/D converter, these devices
contain a 16 channel analog multiplexer with 4-bit
latched address inputs. They include much of the
circuitry required to build an 8-bit accurate, medium
through-put data acquisition system.

These two converters are similar to the ADCO0808/
ADCO0809 A/D converters except that the ADCO0816/
ADCO0817 have 16 analog inputs instead of 8, and the
multiplexer output and the A/D comparator input are
externally available. (The ADC0808/ADC0809 connect
these internally.) This feature is useful when connecting
signal processing circuitry to the A/D. Also the
ADCO0816/ADCO0817 have an expansion control pin to
allow addition of more multiplexers, hence more input
channels.

COMPARATOR IN (18)

National Semiconductor
Application Note 258
Larry Wakeman

January 1981

The ADCO0816 is identical to the ADC0817 except for
accuracy. The ADC0816 is the more accurate part, having
a total unadjusted error of =% LSB. The ADC0817 has a
total unadjusted error +1 LSB. In many applications
where a slightly lower accuracy is tolerable, the ADC0817
represents a more economical solution.

Il. Functional Description

The ADCO0816/ADC0817 can be subdivided into two
major functional blocks; a multiplexer/latch and an A/D
converter, Figure 1. The multiplexer/latch is composed
of a 16 channel multiplexer, a 4 bit channel select regis-
ter, and some channel select decoding circuitry.

The channel select address is loaded on the positive
transition of the Address Latch Enable (ALE) input.

MULTIPLEXER (15)
out
38 (16)
wo 8, SO R Y
1
IN1 -{%Lh CONTROL LOGIC ———}3—» END OF CONVERSION (EOC)
IN2 ~ | e————————— cLock
IN3 —=
IN4
3
o ] -
N7 2l % (2 _ Quteur
ABLE
IN8 __:7)r> Mgrﬁwj&m _‘ COMPARATOR { (0E)
""':3 @) SUCCESSIVE (31) 21D
o APPROXIMATION T30 27107
N1 REGISTER (SAR) g > 2~ 206)
IN12 ™ 2-305)
IN13 o= T / OUTPUT 7y 2-04)
IN14 T 78 LATCH e 2-5(03)
IN15 #» 2-6(D2)
™ 270
2-8(pp)
a L8
g 135
PN
33 MUX TRANSISTOR
D-@™|  aoomess SWITCH TREE
AoRess {22 REGISTER
LATCH ENABLE
(ALE)
EXPANSION _(37)
CONTROL — | ————
(19| 3R R RESISTOR LADDER R R |23

REF(+) 2

2 REF(—)

Figure 1. ADC0816/ADC0817 Functional Block Diagram
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with On-Chip 16 Channel Multiplexer — AN-258

Data Acquisition Using the ADC0816 and ADC0817 8-Bit A/D Converter

Figure 2 shows this addressing scheme. A multiplexer
enable pin called Expansion Control (EC) is also pro-
vided. Taking this pin low will disable the on chip
multiplexer, allowing other multiplexers to be used,
thus expanding the number of inputs.

ADDRESS | EXPANSION | SELECTED
D C B A | CONTROL | CHANNEL
0000 1 INO
0001 1 IN1
0010 1 IN2
0011 1 IN3
0100 1 IN4
0101 1 INS
0110 1 NG

1 0111 1 IN7
1000 1 IN8
1001 1 INS
1010 1 IN10
1011 1 IN11
1100 1 -IN12
1101 1 IN13
1110 1 IN14
1111 1 IN15
X XXX 0 NONE

Figure 2. Analog Input Selection Table

The output of the multiplexer usually feeds the input of
the second major functional block, the A/D converter.
This converter is a successive approximation type con-
verter that is composed of a comparator, 256R type
resistor ladder, successive approximation register
(SAR), control logic, and output data latch.

Under normal operation the control logic of the A/D will
first detect a positive going pulse on the START input.
On the rising edge of this pulse the internal registers

ALE

A

are cleared, and will remain clear as long as START is
high. When the START input goes low, the conversion is
initiated. The control logic will cycle to the beginning of
the next approximation cycle at which time End of Con-
version goes low and the conversion is started. During a
conversion, the control logic will select a tap on the
resistor ladder, and route the signal through a transistor
switch tree to the input of the comparator. The
comparator will decide whether this tap voltage is
higher or lower than the input signal and indicate this to
the control logic. The control logic then decides which
tap is to be selected next. Meanwhile, the SAR main-
_tains a record of the conversion’s progress. This algo-
" rithm takes 8 clock periods per approximation and
requires 8 aproximations to convert 8 bits. Thus 64
clock periods are required for a complete conversion.

Once the entire conversion is completed the data in the
SAR is loaded into the output register. This is a TRI-
STATE® register which requires that its outputs be
enabled by raising the Output Enable (OE or TRI-STATE)
input. The data can then be read by the controlling logic.

During operation, the EOC output must be monitored to
determine whether the device is actively converting or is
ready to output data. Once the channel address is
loaded, a positive going pulse on START will start the
conversion and cause EOC to fall. When EOC goes high
again the data is ready to be read, which, as was pre-
viously stated, is accomplished by raising the OE input.
The data can be read any time prior to one clock period
before the completion of the next conversion. The
ADCO0816/ADC0817 timing is shown in Figure 3. (See
data sheet for exact specifications.)

START

N\

¢

EYY

—

ts|th I-—-

¢

ADDRESS
A, B, CD

T

W

LQI STABLE ADDRESS

MULTIPLEXER
OuTPUT

Ry
¢

ANALOG INPUT STABLE

o
¢

| teac= 0.8 cLocks-|
E0C \
|

1
~64 CLOCKS

¢

I\

ouTPUT
ENABLED
) .
A4
DATA (TRI-STATE)® _D_
OUTPUTS = _—
ouTPUT _—"

Figure 3. ADC0816/ADC0817 Timing Diagram

TRI-STATE is a registered trademark of National Semiconductor Corp.
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lil. Analog input Designs

~ A. Ratiometric Conversion

. The external availability of both ends of the 256R
resistor ladder makes this converter ideally suited to
. use with ratiometric transducers. A ratiometric trans-
ducer is a conversion device whose output is propor-
tional to some arbitrary full scale value. In other words,
the actual value of the transducers output is of no great
importance, but the ratio of this output to the full scale
reference is valuable. For example, the potentiometric
transducers of Figure 4 have this feature.

The prime advantage of these transducers is that an
accurate reference is not required. However, the
reference should be noise free because voltage spikes
during a conversion could cause inaccurate results.

Perhaps the simplest method to obtain a reference
would be to use a voltage already present in the system,
the power supply. As shown in Figure 4 the 5V supply
can be easily conected as the reference, but care must
be taken to reduce power supply noise. The supply lines
should be well bypassed with filter capacitors and it is

recommended that separate PC board traces be used to
route the 5V and ground to the reference inputs and to
the supply pins.

B. Absolute Conversion

Absolute conversion refers to the use of transducers
whose output value is not related to some other voltage.
The “absolute” value of the transducer’s output voltage
is very important. This implies that the reference must
be very accurately known to be able to accurately deter-
mine the value of the transducers output. Figure 5
shows a typical grounded reference connection using
the LM336-5, 5V reference. Note that ratiometric trans-
ducers can also be used in this application along with
absolute transducers.

In most of the following applications either absolute or
ratiometric transducers can be used. The only differ-
ence being that when absolute transducers are
employed, more accurate references should be used.

T0 REST OF
T svstem
REGULATOR vee
OR POWER REF(+) MUX oUT
SUPPLY ]
INO comp
—] IN1 - EOC f—
—] IN2 START
—J N3 ALE p—
—t IN4 0E p—
—] IN5
—1 IN6 D7 —
T0 OTHER | — IN7 ADC0B16 D6 [—
RATIOMETRIC { —] IN8  -ApCO817 D5 p—
L TRANSDUCERS | —] |Ng D4 p—
RATIOMETRIC & <— —4 IN1D 03 }—
TRANSDUCER & —J N1 02 b—} 0uP
e 01 |— [ INTERFACE
—{ IN13 00 p—
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Figure 4. Simple Ratiometric Converter Using Power Supply as Reference
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C. Reference Manipulation

In some small systems (particularly CMOS systems)
where a reference is required, one can use the reference
as a supply as shown in Figure 6. In this case the
LM336-5 is used to generate the 5V reference and also
the 5V supply. An unregulated supply greater than 5V is
required to allow the reference to operate. The series
resistor, R, is chosen such that the maximum current
needed by the system is supplied while keeping the

"LM336-5 in regulation. The value of this resistor is simply:

- Vs—Veer
lap + ltr+ Ip +1g

where Vg =unregulated supply voltage; Vger =reference
voltage; |l ap=Vgee/1KRQ, resistor fadder current;
lrr=transducer currents; I, =system power supply
requirements; and Iz =minimum reference current.

Figure 7 shows a simple method of buffering the refer-
ences to provide higher current capabilities. This elimi-
nates the I, term in the above equation. In Figures 5, 6,
and 7, it is advisable to add some supply bypass capaci-
tors to reduce noise, typically 0.1uF.

D. Reference Voltage Variation

In some cases it is possible to eliminate the need for gain
adjustments on the analog input signais by varying the
Ref(+) and Ref(—) voltages to achieve various full scale
ranges. The reference voltage can be varied from 5V to
about 0.5 volts with the one restriction that
IVRef(+)—VRef( _')]/2=(Vcc—GND)12t0.1' volts. In other
words, the center of the reference voltage must be within
+0.1V of mid-supply. The reason for this is that the refer-
ence ladder is taped by an n or p-channel MOSFET
switch tree. Offsetting the voltage at the center of the
switch tree from Vsc/2 will cause the transistors to incor-

rectly turn off, resulting in inaccurate and erratic con-

Simple Absolute Converter Using LM336-5.0 Converter

versions. However, if properly applied, this method can
reduce parts counts as well as eliminate extra power
supplies for the input buffers.

"Figure 8 shows a simple supply centered reference where

R1 and R2 offset Ref(+) and Ref(—) from Vgg and
Ground. An LM336, 2.5V reference is shown here, but any
reference between 0.5V and 5V can be used. For odd

_ reference values the simple op amp scheme shown in

Figure 9 can be used. Single power supply op amps such
as the LM324’s or LM10’s would work well. R1, R2, and R3
form a resistor divider in which R1 and R3 center the
reference at Vgc/2 and R2 can be varied to obtain the
proper reference magnitude.

E. Analog Channel Expansion

The ADCO0816/ADC0817 have an expansion control (EC)
pin which is actually a multiplexer enable. When this
signal is low, all the switches are inhibited so that ano-
ther signal can be applied to the comparator input.
Additional channels can be implemented very simply,
as shown in Figure 10. This design has expanded the
number of channels from 16 to 32. To address the chan-
nels, 5 address lines are required. The lower 4 bits are
directly applied to the A/ID’s A, B, C, and D inputs. All 5
bits are also applied to an MM74C174 Hex “D” flip-flop
which is used as an address latch for the two CD4051’s.
The 1Q, 2Q, and 3Q outputs of the MM74C174 feed the
CD4051 address inputs 4Q and 5Q are gated to form
enable signals for each CD4051. 5Q is also routed to the
EC input to properly enable the A/D’s multipiexer.

The CD4051s are used with a 5V supply, so their specifi-
cations are very similar to the ADC8016/ADC0817 muiti-
plexer. Thus, anything that can be done with the
ADCO0816/ADCO0817 multiplexer can be done with the
CD4051’s. This includes making use of the previously dis-
cussed input designs as well as others.
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F. Differential Analog Inputs

An easy, and sometimes overlooked method for imple-
menting a differential input scheme is shown in Figure
71. This approach actually implements the differential
in software. All 16 channels are paired into positive and
negative inputs. Then the controlling logic or micro-
processor will convert each channel of a differential
pair, load each result, and then subtract the two results.
This method requires two single ended conversions to
do one differential conversion, hence the effective dif-
ferential conversion time is twice that of a single chan-
nel or a little over 200 us (Ck = 640 kHz). The differential
inputs should be stable throughout both of the con-
versions to produce accurate results.

10 vee
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cHanneL7 { ] nis o0 f—
— N1
CHANNEL 8 { ] N15 o b—
[ o -
B o
T0 _} gep(— Af—
REFERENCE — | "E'( m:o oK

Figure 11. Simple 8 Differential Channel Converter

A 16 channel differential system can be realized by
modifying Figure 10. This is accomplished by changing
the CD4051's addressing and adding a differential
amplifier in between the multiplexer outputs and the
comparator input. The select logic for the CD4051’s has
been modified to enable the switches to be selected in
parallel with the ADC0816/ADC0817. The outputs of the
three multiplexers are connected to a differential ampli-
fier, composed of 2 inverting amplifiers with gain and
offset trimmers. A dual op amp configuration of
inverting amplifiers can more easily be trimmed and has
less stringent feed-back resistor matching require-
ments, as compared to a single op amp design. The
transfer equation for the dual op amp amplifier shown
in Figure 12 is:

"~ |R2Rs Rs
Vo= [FH Ra] Vi~ [H4 Va2
Propagation delay through the op amps should be con-

sidered to provide sufficient time between the analog
switch selection and start conversion to allow the ana-

log signal at the comparator input to settle. Using the
LF356 op amp, this delay should be about 5us.

G. Input Signal Buffering

There are three basic ranges of input signal levels that
can occur when interfacing the ADC0816/ADC0817 to
the “real world”. These are: a) signals which exceed V¢
and/or go below ground; b) signals whose input ranges
are less than Vg and Ground, but are different than the
reference range; ¢) and signals that have an input range
that is equal to the reference range. Each of these situa-
tions require different buffering.

The last situation, case ‘“c” is usually trivial. No buf-
fering is required unless the source impedance of the
input signal is very high. If this is the case a buffer may
be added between the multiplexer output and com-
parator input pins. If a high input impedance op amp is
used, the input leakage looking from the multiplexer
input can be greaily reduced. This circuit is shown in
Figure 13. Using a buffer like this eliminates the neces-
sity for large capacitors on the multiplexer inputs
(explained later), but these buffers usually require two
supplies and can contribute their own conversion errors.

If the input signal is within the supply, but the reference
cannot be manipulated to conform to the full input
range, the unity gain buffer of Figure 13 can be replaced
by another op amp as shown in the Figure 13 inset. This
type of amplifier will provide gain and/or offset control
to create a full scale range equal to the reference.

The third case, ¢, where the input range exceeds Vg
and/or goes below ground, the input signals must be
level shifted before they can go to the multipiexer with
the only exception being when the magnitude of the
input voltage range is within 5V, but outside the 0-5V
supply range. In this case the supply for the entire chip
could be shifted to the analog input range, and the digi-
tal signals level shifted to the system’s 5V supply.

A typicél example would be bipolar inputs from —2.5V

© to +2.5. If the ADC0816/ADCO0817 have their supply and

reference derived as shown in Figure 14, then the +2.5V
logic outputs need only to be level shifted to 0 and 5V
logic levels, Figure 15. .

H. Digital Data Acquistion

The ADC0816/ADCO0817 make good analog data acquisi-
tion subsystems, but there are many instances where
these converters are good digital data acquisition sys-
tems as well. If a system has unused channels, digital
inputs can be connected to these channels instead of
being separately buffered into the system. In the case
of a microprocessor system this could eliminate an /O
port and associated logic. The speed at which this input
is accessed is one conversion cycle, but many times
this will be fast enough. These inputs can be used as
input switches, power supply indicator devices, or other
system status flags. The microprocessor converts the
digital input channel and reads it. Software then
decides whether the input is high enough or low enough
to cause a particular action. )
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I. Input Considerations

In most instances interfacing analog circuitry is very

straightforward, but there are some constraints that
should be observed if a reliable accurate system design
is to result. One major consideration, input source
impedance is actually somewhat more complicated
than it appears. One would expect that the input current
would be a small D.C. current, but due to the nature of
the comparator, it is not. The A/D’s comparator is a
capacitor sampling comparator whose input current is a
series of spikes. Figure 16 shows a simplified model of
the comparator input.

When determining a single bit value during a conver-
sion, S1 will.close causing C¢ and C, to charge to the
input voltage. Then S1is opened and S2is closed samp-
ling the ladder. The input current is an RC transient
charging current whose magnitude and duration is
dependent on the values of G, Cp, Rs, Ry and RL. The
duration of the transient must be shorter than the input
sample period, and the sample period is dependent on
the converter's clock frequency. Thus the maximum
source impedance is dependent on the clock period. At
a clock frequency of 1MHz, Rg < 1k; and at 640kHz, Rg<
2k. The source impedance of potentiometric transdu-
cers vary as a function of wiper position. Thus transdu-
cers with a value of <10k at a frequency of 640kHz and
<5k at 1MHz are suitable.

When a sample-and-hold or some other active device is
inserted between the multiplexer and comparator pins,
the output impedance of the transducers are no longer
as restricted and depend more on the particular Sample/

Hold or op amp chosen. The critical parameter now is
the source impedance of the buffer which should be <
3k at a clock frequency of 1TMHz and < 5kQ with the
clock equal to 640kHz.

If higher impedances are unavoidable, RC charging
errors can be reduced to an average current error by
placing a capacitor =1uF, from the multiplexer input to
ground. Adding this capacitor will average the transient
current spikes and cause a small DC current error which
for a potentiometric transducer is:

R Ck
VERr = Tp(lm)m Volts

where Rp =total potentiometer resistance; Ijy=2uA
(maximum input current at 640kHz); and Ck =clock fre-
quency. For a standard buffer source impedance the
voltage error is: )

Ck

B840KHz Volts

Verr=lin(Rs)

where Rg=buffer source impedance; ljy=2uA (maxi-
mum average input current at 640kHz); and Ck =clock
frequency.

In addition, whenever analog signals are present in a
digital system, several precautions should be exercised
to reduce noise on the analog inputs. The analog input
signals and the reference input should be kept physi-
cally isolated from the digital signals and a single point
analog ground should be employed.
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J. Protecting the Analog Inputs Against
Over Voltages

During nérmal operation, it is important to keep the ana-
log input voltages to the multiplexer or comparator

- between Vg and Ground to ensure proper operation.

There may be some occasions where over or under volt-
ages cannot be avoided. Protecting the analog inputs,
due to their unique nature, can be more difficult than
digital inputs. The most effective method is to use exter-
nal Schottky diodes as shown in Figure 17a. Since the
Schottky knee voltage is 0.4 volts the IN5166 diodes of
Figure 17a will safely shunt currents up to several milli-
amps. To shunt possible currents larger than several
milliamps some series resistance may be added to

limit these currents as shown in Figure 17b, but this
value resistor must be no greater than the values speci-
ied in the previous section.

A less expensive solution would be to replace the
Schottky diode with some standard switching diodes,
Figure 17b, but since these diodes could only partially
shunt the input current from the internal clamp diodes,
some series resistor should be used as in Figure 17c. If
the external diode must shunt a large amount of current
the two series resistors of Figure 17d should be used. If
the input design is such that the input can exceed only one
supply the diode going to the other supply can be omitted.

ANALOG MULTIPLEXER
SIGNAL SOURCE “‘ON** CHANNEL COMPARATOR INPUT
s cc | come
Rs R USERS L 1 c
L AAA SIGNAL AAA 1t
YT eaocessin "cr'r/l__ 1
Vs CM I
I RR =82
= = CR X -cp
= I I
FROM MULTIPLEXER FROM SWITCH  FROM CONTROL
ADDRESS LOGIC TREE LOGIC
Figure 16. Simplified Multiplexer/Comparator Equivalent Circuit
+5V +5V
IN5166 %
CONVERTER/ CONVERTER/
BUFFER BUFFER
-0 MULTIPLEXER MULTIPLEXER
outpuT & L QUTPUT porih
IN5166
= (@
+5V +5V
CONVERTER/ 5009 CONVERTER/
BUFFER BUFFER
MULTIPLEXER MULTIPLEXER
ouTPUT INPUT ouTPUT INPUT

Figure 17. Analog Input Protection Circuitry
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IV. Signal Conditioning

There are many applications where it is desirable to add
some signal processing circuitry to improve circuit per-
formance. Typical additions would be filter circuits,
sample/holds, gain controlled amplifiers, and others.
Here again the external accessibility of the multiplexer
output and comparator input pins can greatly reduce
the amount of circuitry required by enabling the use of
only one circuit required by enabling the use of only one
circuit all 16 outputs instead of 1 for each input.

A. Gain Control

Previous examples of gain manipulation have dealt with
one fixed gain for all 16 channels, but there are occa-
sions where variable gain or selectable gain may
improve accuracy and simplify hardware and/or software.

Figure 18 shows a typical method for gain control. The
CD4051, analog multiplexer, is placed in the feedback
loop of a simple non-inverting op amp. The gain of this op
amp is controlled by selecting one of the CD4051’s ana-
log switches.

This will switch a resistor in and out of the feedback loop.
If these resistors, Ry, are of different values, different
gains are realized. These gains are given by:

R.
Av=1+RL1N

A microprocessor or some control logic would select a
gain by latching the channel address into a MM74C173. It
is important to ensure the output of the LF356B does not
exceed the power supply, so before a new channel is
selected the gain of the op amp should be reduced to a
safe value. The 1k resistor on the output of the LF356 is
to help protect the comparator inputs from accidental
over or under voltages. Two back biased diodes placed
from the input to Vgc and Ground (IN914 or Schottky) will
offer further protection.
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Figure 18. Microprocessor Controlled Gain
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with On-Chip 16 Channel Multiplexer — AN-258

Data Acquisition Using the ADC0816 and ADC0817 8-Bit A/D Converter

B. SQmpIeIHo|ds

The only major data acquisition element not included on
the ADCO0816 is a sample/hold circuit. If the input signals
are fast moving then a S/H should be used to quickly
acquire the signal and then hold it while the
ADCO0816/ADCO0817 converts it. This circuit can be easily
implemented by inserting it between the multiplexer out-
put and the comparator input.

' The simplest solution is to tie a capacitor on the multi-

plexer output and then tie this pin to the comparator
input pin. The expansion control pin is used as a sample
control. When this pin is high one switch is on and the
capacitor voltage will follow the input. However, when
the expansion control pin is pulled low, all switches are
turned off and the capacitor holds its last value, almost.
The input bias to the comparator is about 2uA (worst
case with Ck=640KHz). Thus the droop rate for a
1000pF is approximately 2000 V/S or about 0.2 Vicon-
version. This is totally impractical. If a 0.01uF capacitor
is used instead then the droop rate is 20mV, which may
be satisfactory. Unfortunately, the acquisition time is
on the order 100uS, or about the length of a conversion.

The problem is that the comparator input leakage is too
high for this sample and hold. To eliminate this, the input
can be buffered by using an LM356B. Figure 19. The
leakage, now due mostly to multiplexer leakages, is
reduced to approximately 100nA. The droop per con-
version is typically less than 1.0mV per conversion when
using a 1000pF capacitor and the acquisition time is
approximately 20uS.

A more accurate solution would be to isolate the
capacitor from both the multiplexer comparator pins of
the ADCO0816/ADC0817. This is easily accomplished by
using the LF398 monolithic sample/hold, as shown in

Figure 20. The acquisition time for this part is typically
4uS to 0.1%, and the droop rate is 20 uViconversion. This
circuit has its own hold control thus the expansion con-
trol is free to be used normalily.

The choice of the hold capacitor is critical to the per-
formance of the sample/hold circuit. Some capacitors
are composed of dielectrics that will have an initial
droop after the hold is strobed. This is due to dielectric
absorption. Polypropylene and polystyrene dielectrics
have very little dielectric absorption and thus make
excellent sample/hold capacitors. Such materials as
mylar polyethylene have higher absorption properties
and should not be used.

C. Filtering Analog Inputs

Under some conditions the analog input may have come
from a noisy environment and to recapture the original
signal some filtering may be required. Typically high
frequency noise must be filtered. The
ADCO0816/ADCO0817 can easily accommodate the addi-
tion of many standard low pass filters. Another useful
filter is a 50 Hz or 60 Hz notch filter to eliminate the nose
contributed to the circuit by A.C. power lines.

It is particularly easy to place a single passive filter
between the multiplexer output and comparator input
pins, but passive filters must be carefully designed to
reduce input loading. The filter capacitor will tend to
average the comparator sampling current as mentioned
in the Input Considerations section. To eliminate this,
the passive filter can be buffered by an op amp or an
active filter could be used.

LF356

+5V
L +
0 vee I p e
REFERENCE — REF(+) MUX 0UT ;]_:1000 pF
comp =
EXPAND SAMPLE/HAOLD
—1 IND
— N1 E0C
—1 IN2 START
— N3 ALE
— IN¢ i3
— INs
ADCOB16
— N6 Apcosi7 D7
10 ] = N7 D6
TRANSDUCERS | — IN8 5
—{iNg 04 10 4P
— iN1D 03 INTERFAGE
— IN11 D2
— 12 n
— iN13 00
— iN14
— IN15 D
c
0 8
—1 REF(-) A
 REFERENCE ' oD ok

ﬂ}-—

Figure 19. Op Amp Sample Hold Circuit
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— 3 00
— N4
—] b
IN15 b=
B p
T0 REFERENCE —| REF(~) Al
GND . CLK

Figure 20. Sample/Hold Converter Using LF398

V. Microprocessor Interface

The interface requirements for the ADC0816/ADC0817
interconnection to various microprocessors are essen-
tially the same as the ADC0808/ADC0809 requirements.
The devices can be connected to the CPU so that it
looks either like a memory location or /O port. The data
transfers can be initiated by either an interrupt to the
CPU or the CPU can periodically interrogate the A/D.
When trying to implement an absolute minimum compo-
nents count system, the I/O port (as opposed to memory)
addressing will usually require fewer components.

There are several design considerations that apply to
most microprocessor systems when interfacing the
ADCO0816/ADC0817. Even though the actual timing of CPU
read and write cycles vary, in general, a microprocessor
will output the address and data (if write operation) onto
its busses. A certain time later the Read or Write strobes
will go active for a specified time. The interface logic
must detect the state of the address and data busses
and initiate the specified action. For the
ADCO0816/ADC0817 these actions are; 1) load channel
address, 2) start conversion, 3) detect end of conversion
and 4) read resultant data. These actions are performed
by decoding the read/write strobes, address, and data
information to form the and ALE and START puises, then
detect EOC, and finally read the data.

For the most part the decoding and strobe generation is
straight forward. The START, ALE, and OE strobes will
generally be of the same duration as the CPU read/write
strobes and positive going (ALE can be negative going).
One subtle choice is where to derive the A, B, C, and D
channel select address. These lines can be connected to
either the address bus or the data bus. The advantage of
connecting them to the data bus is that in minimum sys-
tems, more |/O address lines are available for simple
decoding. When the A, B, C, and D inputs are connected
to the address bus each analog channel becomes a
separate |/O port.

In most designs it is very tempting to tie START and ALE
together, enabling one pulse to both write the channel
address and then start the conversion. However, it is
very important that the signal on the comparator input
be stable before the conversion starts, otherwise the
first and most important successive approximation
could be in error. Usually the START and ALE pulses are
the same length as the CPU read and write strobes
which are normally between 0.2 to 1.uS long. Thus the
conversion may start within 1uS of the address select
latching. (Remember the channel is selected on the
rising edge of ALE and the conversion begins within 8
clock periods of the falling edge of START.) For con-
verter clocks greater than 500KHz, 1uS may not be
enough time to allow the analog input signal to propa-
gate through the multiplexer and any additional signal
conditioning circuitry such as buffers, S/H’s, etc. There
are, however, a couple of easy fixes that can correct this
possible problem. First, the START/ALE pulse could be
stretched to the proper length by using a one-shot
(MM74C221 or similar) to generate a pulse as long as
the total delay from multiplexer input to comparator
input. Secondly, the problem can be circumvented by
“double pulsing” the converter. This can be easily
accomplished in software by writing to the START/ALE
address twice. The first pulse latches the desired chan-
nel address and starts the conversion. The second
pulse must again load the same channel address, which
will not change the multiplexer's state, and will then
restart the conversion. Of course, the second pulse must
occur after the comparator input has settled.

Even though the  hardware to interface the
ADCO0816/ADC0817 to various microprocessors will dif-
fer and the system software will vary, the basic routines
to operate the ADCO0816/ADCO0817 are usually similar.
There are many variations, but Figures 21 & 22 illustrate
flow charts that typify these routines. These routines
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Data Acquisition Using the ADC0816 and ADC0817 8-Bit A/D Converter

the ADC0816/ADC0817 is tied directly to the address and
data bus (as opposed to using a peripheral controller).
Generally, the hardware to create START and ALE pulses.
This does not necessarily have to be true, but write
instructions are conceptually easier and little is gained
by designing the logic such that read instructions intiate
these pulses. The OE pulse must be created by an I/0 or
memory read as the converter’s data must be read.

The major design consideration is whether EOC should
be polled by the microprocessor or whether EOC should
cause an interrupt. This decision is system dependent,
however the following applications illustrate both
methods.

INTERRUPT
HANDLER

1

POLL 1/0 DEVICES
FIND INTERRUPTING
DEVICE

USER PROGRAM

SELECT CHANNEL
TO CONVERT

/\

el
. TIME AFTER DEVICE INTERRUPT IS RESET

Figure 21. Flow Chart for Interrupt Control
of ADC0816/ADC0817

SERVIGE

// \
v
T ADCOMG/ADCU&W)—-) OTHER
<\\ DEVICES
Ives
OUTPUT ADDRESS RAISE OE,
T0 A, B, C&D INPUTS LOAD DATA
AND
PULSE ALE T
(LOAD ADDRESS)
RESET
T INTERRUPT
WAIT FOR il
MUX TO SETTLE
RE-ENABLE CPU
, INTERRUPTS
hd l
PULSE START
(START CONVERSION) PROCESS DATA
y RETURN TO
WAIT FOR
oo R ow MAIN PROGRAM
J.; - *THESE BLOCKS USED ONLY WHEN EOC
, TIED DIRECTLY TO CPU INTERRUPT INPUT
ENABLE **THESE BLOCKS USED ONLY WHEN
INTERRUPTS MULTIPLE mrsnnurrs ARE
T WIRE-ORED TOGETHE!
«+THIS BLOCK USED WHEN INTERRUPT
EXECUTE PROGRAM L 0P AMUST BE RESET
++++INTERRUPTS MAY BE ENABLED ANY

A. Interfacting to INS8080

Interfacing the ADCO0816/ADC0817 to an INS8080
system is extremely simple, because the INS8080/
INS8224/INS8228 CPU group have separate l/O read
(ITOR) and I/0 write (HOW) strobes which imply that the
INS8080 has separate I/O addressing. In small systems
this means that very little or no address decoding is
necessary. Figure 23 shows a very simple interface
which uses two NOR gates to gate the 1/0 strobes with
the most significant address bit A7. The INSSOBO has 8
bits of port address which will yield a maximum pf 41/0
ports if inputs A, B, C, and D are connected ‘to the
address bus. A MM74C74 flip-flop is used as a divide-by-2
to generate a converter clock of 1MHz. If the INS8080
system clock is <1MHz this flip-flop is unnecessary.

EXECUTE PROGRAM

SELECT CHANNEL
TO CONVERT

OUTPUT ADDRESS
TO A, B, C, D INPUTS
AN

(LOAD ADDHESS]

WAIT FOR
MUX TO SETTLE

”
¢

A4

PULSE START
| (START CONVERSION)

WAIT FOR EOC
10 GO LOW

HAS
EOC GONE HIGH?,

RAISE OUTPUT
ENABLE READ DATA

!

EXECUTE PROGRAM
e

Figure 22. Flow Chart to Control ADCOB16/ADC()817
in a Polled /0 Mode
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—1 N2 -
—{na 0 —OG:_ WA
—] N4 M74C02
— IN5 ADC0816 D7 M D7
—4 N6 ADCD817 D6 D6
T0 ) — N7 D5 D5
TRANSDUCERS | —] IN8 04 04 | INssoso
— g 03 D3 | DATA BUS
— N0 D2 D2
— N1 D1 D1
— N2 00 Do
— N3
— In1a D A3
—] IN15 c Az | INSBOE0
10 8 A1 { Bus
REFERENCE ——] "ET( ) A————
CLK —j
L a b

NOTE: PULL-UP RESISTORS SHOULD BE
ADDED TO CMOS INPUTS TO IMPROVE TTL

COMPATIBILITY

~ 0 CK 2 (SYSTEM CLOCK 0 < ¢ < 2MHz)
)

2 74C74

Figure 23. Simple INS8080/8224/8228 to ADC0816/ADC0817 Interface

Typical software would first write the channel address to
the converter and start it. As mentioned before, two start
pulses should be sent to the ADC0816/ADC0817 to allow
the comparator input to settle. After the second start
pulse the CPU could execute other program segments
until it is interrupted by EOC going high. Depending on
~ the interrupt structure, program control would then be

given to the interrupt handler which reads the converter’s .

data.

The second interface circuit, Figure 24 utilizes a
DM74LS139 dual 2-4 decoder in which one-half of the chip
is used to create read pulses and the other half write
pulses. The START and OE inputs are inverted to provide
the correct pulse polarity. This interface partially
decodes A6 and A7 to provide more 1/O capabilities than
before. This circuit also implements a simple polled 1/O
structure. The EOC output is placed on the data bus by a
TRI-STATE® inverter when the inverter is enabled by an
INS8080 read.

B. Interfacing to the Z80™ -

The Z80™, even though architecturally similar to the
INS8080, uses slightly different control lines to perform
1/0 reads and writes. In Figure 25 a NOR gate approach
similar to Figure 22 is shown to interface the Z80 to the
ADCO0816/ADC0817. Instead of I/OR and [fTOW strobes
the Z80™ has RD (read) and WR (write) strobes which
are gated with [OREQ (/O request). In the Z80™ inter-
face, to show a slight variation, START is connected to
OE instead of ALE. This will cause a new conversion to’
be started whenever the data is read which may seem
280 is a trademark of Zilog.

unusual, but can actually be useful if the converter is to
be continually restarted upon completion of the pre-
vious conversion. Address bit A6 is used to derive a
strobe which will place EOC on the data bus to be read
by the CPU.

Figure 26 uses a 6 bit comparator to decode A4-A7 and
IOREQ. Two NOR gates are used to gate the ALE/START
and OE pulses. This design functions the same as Figure
23 except that the DMB8131 provides much more
decoding.

C. Interfacing to the NSC800

The NSC800 interface is actually very similar to the
INS8080 /O interface, even though their timing is very dif-
ferent. The NSC800 multiplexes the iower 8 address bits
on the data bus at the beginning of each cycle. When
accessing memory, A0-A7 must be latched out at the

beginning of a read or write cycle, but for I/O accessing; -

the NSCB800 duplicates the 8 bit /O addresses on A8-A15
address lines and latches are not necessary since these
lines aren’t multiplexed. The /O read and write strobes
are derived from a RD (read) and WR (write) line and the
10/M signal.

Figure 27 shows a design using a dual 2-4 line decoder
which decodes A15, and A14 and is enabled by the
read/write strobes. TRI-STATE® inverters are used to
implement a scheme similar to Figure 24. This scheme
has START and ALE accessed separately so that “double
pulsing” isn’t required.
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the ADC0816 and ADC0817 8-Bit A/D Converter
with On-Chip 16 Channel Multiplexer — AN-258
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Figure 24. Partial Address Decoding INS8080/8224/8228 to ADC0816/ADC0817
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Figure 25. Simple Z80 Interface to ADC0816/ADC0817
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Figure 27. Partially Decoded NSC800 to ADC0816/ADC0817 Interface
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8-Bit A/D Converter

Chip 16 Channei Multiplexer — AN-258

ith On-

Using the ADC0816 and ADCO0817
wi

Isition

Data Acqu

The next design, Figure 28, uses the same simple NOR
gating scheme as Figure 23, except the NSC800 control
signals are slightly different. A simple interrupt scheme
for EOC is employed using an MM74C74. When EOC
goes high the flip-flop is set and INTR goes low. When
the NSCB800 acknowledges the interrupt by lowering
TNTA, the flip-flop will reset. If more than one interrupt can
occur simultaneously either INTA should be gated with

_ 'EOC, or some other signal instead of INTA must be used.

This is required since it is possible for the NSC800 to
detect another interrupt and clear the ADC0816/ADC0817
interrupt before it’s detected.

D. Interfacing to the 6800

The 6800 has no separate I/O addressing capabilities, so
the system 1/O must be addressed as though it is memory.
As mentioned before, memory mapping can require more
address decoding in order to separate memory from /O,
but in small systems very minimal parts count is still
attainable.

Figure 29 illustrates an interface which uses a DM8131

comparator to partially decode the A12, A13, A14, and A15

address lines with the &, clock and Valid Memory Address

(VMA), to provide an address decode pulse for the two

NOR gates which in turn generate the START/ALE Pulse

and the output enable signal. This design will locate the .
A/D in one 4k byte block.

This design tied EOC to IREQ interrupt through an inverter.
This is only usable in single interrupt systems since the
6800 has no- way of resetting this interrupt except by

+5V

starting a new conversion. Since EOC is directly tied to the
interrupt input, the controlling software must not re-enable
interrupts until 8 converter clock periods after the START
pulse when EOC is low.

The memory control signals are very different from the
INS8080 type CPU’s. One line indicates whether the ope-
ration is a read or write, R\W instead of separate read/write
outputs on the INS8080/Z80/NSC800. This signal along
with VMA indicate a valid read/write operation.

Figure 30 is slightly more complex, but provides more /O
port strobes. A NAND gate and inverter are used to decode
the addresses, VMA and ®, clock. The I/O addresses are
located at 1110XXXXXAABBBB (Binary); where X=don't
care; A =00 (Binary) for ALE write or Data read and A =01
for START write or IREQ reset/EOC read; and B =channel
select address if A, B, C and D are connected to the
address bus and ALE is accessed. A dual 2-4 line
decoderis used to generate these strobes and inverters are
used tocreate the correct logic levels.

The 6800 supports only a wired-OR interrupt structure. In a
multi-interrupt environment only one interrupt is received
and the interrupt handler routine must determine which
deveice has caused the interrupt and service that device.
(Although the INS8080/Z80/NSC800 can implement a
similar structure, hardware interrupt controllers can also
be used which will automatically vector the uP to the
correct service routine.) To do this EOC is brought out to
the data bus so the CPU can check it.

+5V
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’ |

Vce EXPANSION

0 (= MUX 0UT
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PROCESSING | —] comp

0 ‘
REFERENCE REF(+) ALE
IND ,
N0 START

IN2
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1 |
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.

2-MM74C74

[} D $(SYSTEM CLOCK 0 < & < 2 MHz)

Figure 28. Minimal NSC800 to ADCO0816/ADCO0817 Interface
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‘the ADC0816 and ADC0817 8-Bit A/D Converter
with On-Chip 16 Channel Multiplexer — AN-258

ing

Us

isition

Data Acqu

E. Interfacing to the INS8060 or INS8070

Like the INS8080 type microprocessors the INS8060
(SC/MP) and INS8070 have separate read (NRDS) and
write (NWDS) strobes, but like the 6800 these micropro-
cessors have no separate /O addressing thus all /O
ports must be memory mapped. The INS8060 has 12 bits
of direct addressing (16 bits with paged addressing) and
may require less decoding that a 16 bit vP when not
using more than one page. The INS8070 has a 16 bit
address bus and will have similar decoding require-
ments as the 6800, except that there are no equivalent

_®, or VMA signals.

Figure 31 shows an interface using the DM8131 bus
comparator to decode A11-A6 address bits. The output
of the DM8131 is gated with NRDS and NWDS to gene-
rate the START/ALE and OE strobes. START and ALE
are tied together and should be pulsed twice to ensure a
proper conversion. The EOC output is applied to the
INS8060 SENSE A input. This input can be used as a
polled input where its level can be determined by
reading the uP status flag register. If the CPU’s interrupt
enable is set, then the SENSE A input becomes an
active high interrupt input which will transfer control to
the user’s handler routine.

The INS8070 timing is very similar to the INS8060. Read
(NRDS) and write (NWDS) enable lines are provided and

since the INS8070 does not have separate 1O~

addressing, all /0 is memory mapped.

Figure 32 shows an interface where a DM74LS139 dual
2-4 decoder and DM74LS30 are used for address
decoding. When NWDS is low, CPU writes to memory
and 1Y0-1Y3 outputs will be decoded depending on A4
and A5 address lines. During a read operation NRDS
will be low again enabling 1Y0-1Y3 outputs. The
INS8070 also has SENSE inputs like the INS8060,

+5V

" except that these inputs are falling edge triggered when

used as an interrupt, and that the INS8070 has two
inputs, SENSE A and SENSE B.

F. Parallel Interface Circuits

In some cases uP support chips can be used to interface
the ADC0816/ADC0817 to microprocessors. Most paral-
lel 1/0 chips can be used, and provide enough flexibility
to enable all functions to be under software control.
Typical parallel /0 chips that could be used are
INS8255, 6820, Z80-PIO and others. Typically these sup-
port IC’s would be connected directly to the data and
control pins and the software would manipulate the
START and ALE pins via the interface chip. In some
cases the chips provide handshaking and/or interrupt
capabilities which can ease the converter interface. In
some cases, the interface circuits will not provide a
clock, and therefore must be provided externally.

While use of parallel 1/O circuits simplify designs and
increase versatility, they are more expensive than the 1
or 2 SSI or MSI circuits that they would replace, and
thus not always the best choice.

VI. Conclusion

The ADCO0816/ADCO0817 are easy to use general purpose
AID converters with the additional benefit of a 16 chan-
nel analog multiplexer. The IC’s can become a simple
standard 8-bit data acquisition circuit or the basis of a
more powerful data acquisition system. Both integrated
circuits provide features to enable easy microprocessor
interface, yet also allow hardwired control logic to be
used. In those applications which require less accuracy,
the less expensive ADC0817 can be used to reduce
overall system cost.
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Digital Weight Scales

Digital Weight
Scales

The application of digital systems to detect weight
provides for low cost, accurate weight scales.

A developed system using the 3%-digit DVM I[C,
ADD3701,* shown in figure 1, allows for conversion of
an analog voltage to digital information linearly related
to the weight being sensed.

Support circuitry for the DVM IC consists of a voltage
regulator, a reference voltage, a weight sensing element,
display drivers, and an LED display. Additional circuitry
may be implemented for added features.

The weight scale circuit of figure 1 employs a poten-
tiometer as the weight sensing element and functions as

National Semiconductor
Carson Chen
March 1978

a variable voltage divider from ground to VREF, 2 volts.
An object placed upon the scale displaces. the poten-
tiometer wiper, which is connected to the scale
mechanics, an amount proportional to its weight. Con-
version of the wiper voltage to digital information is
performed, decoded, and interfaced to the numeric
display by the ADD3701. The LM340 regulates the Vg
supply voltage and the RAQ7 resistor array is connected
as a voltage divider to generate the ADD3701 2V
reference voltage. The NSB7881 is driven by the
ADD3701 segment drivers and the DS8976 digit drivers.

*See ADD3701 data sheet for details of DVM operation.
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1. R1, C1 defines POWER ON display blanking interval. R2, C2 defines display ON time.
2. All V¢ connections should use a single Vg point and all ground/analog ground connections should use a single ground/analog

ground point.
3. Display sequence for Rev A ckt implementation:

t=0sec e power ON A
t=0—5sec e display blanked
® system converging
t=5—10sec ® conversion complete
e display ENABLE
t > 10 sec e display blanked
L]

wait for new POWER UP cycle

Figure 1
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Q2, the MM74C02 and surrounding circuitry generate
the display sequence explained in Note 3 of figure 1.

The ADD3701 3%-digit DVM displays a maximum of
3999 counts, full scale, having a resolution of 500 uV
per LSD.

With the decimal point of digit 3 forced “ON’’' by Q1
the maximum displayed reading of figure 1 would
equate to 399.9 units of weight.

Figure 2 is a weight scale sensor similar to.that in figure
1, differing only in the weight sensing element and its
related support circuitry.

The transformer of figure 2 is rectified to a DC voltage,
proportional to a weight displacement, and then con-
verted to its digital equivalent with the ADD3701.

The purpose of setting analog ground two diode drops
above digital ground is to help cancel the inherent air
coupling offset voltage generated by the transformer.

Figure 2 is also connected to display a maximum of
399.9 units of weight. The accuracy of both systems
without the transducer elements is +1 LSD at 25°C
+15°C.
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Notes:

1. Excitation to the LVDT (i.e., outputs of the MM74C93 and MM74C74) may be altered to compensate for the varying frequency

ranges of LVDTs.

2. All Ve connections should use a single Vg point and all ground/analog ground connections should use a single ground/analog

ground point.

Figure 2
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de-by-N Counter

ivi
with Symmetrical Output — DB-5

Keyboard Programmable D

Keyboard Programmable
Divide-by-N Counter with
Symmetrical Output

A CMOS key encoder combines with a couple of Dual D
flip-flops and an exclusive OR package to form a simple
but versatile programmable divider. The input frequency
can be divided by any number n between 1 and 16 by
simply pressing the appropriate key. The counter output
is symmetrical for both odd and even divisors.

MM74C74

= ——— ————

MM74C86

National Semiconductor
Digital Brief 5
Gerald Buurma

This circuit is useful for simple frequency synthesis or as
an oscilloscope triggering unit where the displayed signal
is applied to the counter input and the external trigger of
the oscilloscope is connected to the counter output. The
trigger signal is then some submultiple of displayed
signal which often results in a more stable trace. Different
divisors can be easily keyed in as the input signal varies.

MM74C74

]
I
[

H °
. MM74C922 fo = fin
= Yo, "
- 014F 4 X3 X2 X1 Ys Y3 le Yq 1<n<i6
7 8 10 1 Jafsfz |1
1 2 3 4
5
4x4 ARRAY 5 ! 8
OF SPST
SWITCHES 9 w!laula
13 ) 14|15 ] 16

Simply press the key and the input frequency is divided by that number. The output frequency is symmetrical for odd
and even divisors. Use it for simple frequency synthesis or as a keyboard controlled oscilloscope triggering unit.

8-126 .




The key encoder scans the key array which is set up so
the key labeled “16"" is in the matrix position which
causes ‘0" to be encoded, the key labeled 15’ causes
1" to be encoded, and so on until we find that the key
position labeled “1’* causes a binary “15,” or all ones, at
the output of the encoder. The key arrangement converts
a key position so that any number n from 1 to 16 is
encoded as 16 - n at the encoder output. For example, if
the key labeled 5 is pressed the binary number 1011 = 11
appears at the encoder output. The MM74C922 key
encoder scans the keys, detects, debounces, and encodes
any entry. An internal register remembers the last key
pressed and presents it to the Tri-State® outputs.

The input to the exclusive OR is a ““zero’” when the
respective encoder output is a ‘“zero’’ or when the feed-
back signal from the last counter stage forces the encoder
outputs into Tri-State. When in Tri-State the pull down
resistors feed a ‘‘zero’ into the exclusive OR inputs.

When the output is an active “one,”” the clock signal from
one flip-flop to the next is inverted by the exclusive ORs.

When the outputisa ‘‘zero’” or the encoder is in Tri-State,
due to the feedback signal, the clock signal from one flip-
flop to the next is the same phase. For every n/2 input
time period, the counter output and feedback change
state. Whenever the feedback signal changes .state, all
flip-flops programmed with a ‘‘one’”’ by the encoder
change their phases; this effectively adds a clock pulse to
that stage of the counter. The addition of clock pulses to
the 20, 21, 22 or 23 stages allows us to divide by any
number between 1 and 16. Since the feedback changes
state every n/2 input time period, the output frequency
is symmetrical for any divisor.

The unit operates over the standard CMOS supply range

of 3 to 15 volts and has a typical upper frequency limit
of one megacycle with a 10 volt supply.

REFERENCE

1. M. V. Subba Rao, ‘Programmable Divide by n
Counter Provides Symmetrical Outputs for all
Divisors,” Electronic Design, no. 2, January 19, 1976,
p. 82. i
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MM54C/MM74C Voltage Translatio'nIBuffering — MB-18

MM54C/MM74C Voltage
Translation/Buffering

INTRODUCTION

A new series of MM54C/MM74C buffers has been designed
to intgrface systems operating at different voltage levels.
In addition to performing voltage translation, the
MM54C901/MM74C901 through MM54C904/MM74C904
hex buffers can drive two standard TTL loads at
Vce = 5V. This is an increase of ten times over the two
LpTTL loads that the standard MM54C/MM74C gate can
drive. These new devices greatly increase the flexibility
of the MM54C/MM74C family when interfacing to other
logic systems.

PMOS TO CMOS INTERFACE

Since most PMOS outputs normally can pull more nega-
tive than ground, the conventional CMOS input diode
clamp from input to ground poses problems. The least
of these is increased power consumption. Even though
the output would be clamped at one diode drop (—0.6V),
all the current that flows comes from the PMOS negative
supply. For TTL compatible PMOS this is —12V. A PMOS
output designed to drive one TTL load will typically sink

(+5V)
Vee

/*E@ﬁ\
| emaeve |

o | |

(-12v) I l

L1
FLIV

TYPICAL PMOS TTL
PUSH-PULL QUTPUT

<

FoT VI T¥L

STD CMOS INPUT

FIGURE 1.

National Semiconductor
Memory Brief 18

John Jorgensen

Thomas P. Redfern

5 mA. The total power per TTL output is then
5 mA x 12V = 60 mW. The second problem is more
serious. Currents of 5 mA or greater from a CMOS
input clamp diode can cause four-layer diode action on
the CMOS device. This, at best, will totally disrupt
normal circuit operation and, at worst, will cause
catastrophic failure.

To overcome this problem the MM74C903 and
MM74C904 have been designed with a clamp diode from
inputs to Ve only. This single diode provides adequate
static discharge protection and, at the same time, allows
voltages of up to —17V on any input. Since there is
essentially no current without the diode, both the high
power dissipation and latch up problems} are eliminated.

To demonstrate the above characteristics, Figures 1, 2,
and 3 show typical TTL compatible PMOS circuits
driving standard CMOS with two clamp diodes, TTL
compatible PMOS driving MM74C903/MM74C904, and
the TTL compatible PMOS to CMOS system interface,
respectively.

s
JFLTS

PUSH-PULL OUTPUT

O—|‘ Isink
~0mA
TYPICAL PMOS TTL "1 I l

MM?74C903/MM74C904

FIGURE 2,

NOTE: Vg + Vpp < 17V
Vee <15V

MM54C903/MM74C303 or
MM54C904/MM74C904

FIGURE 3. PMOS to CMOS or TTL Interface
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CMOS TO CMOS OR TTL INTERFACE

When a CMOS system which is operating at Vg = 10V
must provide signals to a CMOS system whose Ve =5V,
a problem similar to that found in PMOS-to-CMOS inter-
face occurs. That is, current would flow through the
upper input diode of the device operating at the lower
Vce. This current could be in excess of 10 mA on a
typical 74C device, as shown in Figure 4. Again, this will
cause increased power as well as possible four layer diode
action.

FIGURE 4.

1AM74C901/MM74C302
Ve =5V

FIGURE 5.
Using the MM74C901 or MM74C902 will eliminate this

problem. This occurs simply because these parts are
designed with the upper diode removed, as shown in

Figure 5. With this diode removed the current being
sourced goes from about 10 mA to the leakage current
of the reverse biased input diode.

Since the MM74C901 and MM74C902 are capable of
driving two standard TTL loads with only normal input
levels, the output can be used to directly drive TTL. With
the example shown, the inputs of the MM74C901 are in
excess of 5V. Therefore, they can drive more than two
TTL loads. In this case the device would drive four loads
with V= 10V. If the MM74C902 were used, the output
drive would not increase with increased input voltage.
This is because the gate of the output n-channel device is
always being driven by an internal inverter whose output
equals that of V¢ of the device.

The example used was for systems of Vcc = 10V on one
system and Ve = BV on the second, but the MM74C901
and MM74C902 are capable of using any combination of
supplies up to 15V and greater than 3V, as long as Vec1
is greater than or equal to Vcco and grounds are
common. Figure 6 diagrams this configuration.

F

Veer cvas

Vee
GND T GND
- B
L\

MM54C901/MM74C901 or.
MM54C902/MM74C302

|||
NG

all

NOTE® Vecr 2 Veca

FIGURE 6. CMOS to TTL or CMOS at a Lower Vg

The inputs on these devices are adequately protected
with the single diode, but, as with all MOS devices,
normal care in handling should be observed.
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Ordering Information

MM74C Series

Order Temperature
Number Package R%nge
MM74CXXN Molded DIP (N) —40°C to +85°C
MM74CXXJ Cavity DIP (J) —40°C to +85°C
MM54CXXJ Cavity DIP (J) —55°C to +125°C
MMS54CXXD Cavity DIP (D) -55°C to +125°C
MMSB4CXXW Cavity Flat Pack (W) —-55°C to +125°C
MMBOCXXN Molded DIP (N) —40°C to +85°C
MMBOCXXJ Cavity DIP (J) —40°C to +85°C
MM70CXXJ Cavity DIP (J) —55°C to +125°C
MM70CXXD Cavity DIP (D) -55°C to +125°C
MM70CXXW Cavity Flat Pack (W) -55°C to +125°C
CD4000 Series
Order F!CA Mogorola Temperature
Number eq.uvalent qu.nvale.m Package Range
Designation Designation
CD40XXCN CD40XXAE MC140XXCP Molded DIP (N) —40°C to +85°C
CD40XXCJ CD40XXAY MC140XXCL Cavity DIP (J) ~40°C to +85°C
CD40XXMJ CD40XXAF MC140XXAL Cavity DIP (J) ~55°C to +125°C
CD40XXMD CD40XXAD Cavity DIP (D) -55°C to +125°C
CD40XXMW CD40XXAK Cavity Flat Pack (W) -55°C to +125°C
CD40XXBCN CD40XXBE MC140XXBCP Molded DIP (N) —40°C to +85°C
CD40XXBCJ CD40XXBY MC110XXBCL Cavity DIP (J) —40°C to +85°C
CD40XXBMJ CDA40XXBF MC140XXBAL Cavity DIP (J) -55°C to +1256°C
CD40XXBMD CD40XXBD Cavity DIP (D) -55°C to +125°C
CD40XXBMW CD40XXBK Cavity Flat Pack (W) © —55°C to +125°C
*CD40XXCN CD45XXBE MC145XXBCP Molded DIP (N) —40°C to +85°C
*CD45XXCJ CD45XXBY MC145XXBCL Cavity DIP (J) —40°C to +85°C
*CD45XXMJ CD45XXBF MC145XXBCP Cavity DIP (J) -55°C to +125°C
*CD45XXMD CD45XXBD Cavity DIP (D) ~55°C to +125°C
*CD45XXMW CD45XXBK Cavity Flat Pack (W) -55°C to +125°C

*Equivalent to Motorola MC145XX Series

Dual-in-Line Packages

(N) Devices ordered with the “N” suffix are supplied in plastic molded dual-in-line packages. Molding
material is a highly reliable compound suitable for military as well as commercial temperature
range applications. Lead material is copper or alloy 42 with a hot solder dipped surface to allow
ease of solderability.

(J) Devices ordered with the ““J” suffix are supplied in cer-dip packages (ceramic lid and base sealed

with a high temperature vitreous glass). Lead material is solder dipped alloy 42.

(D) Devices ordered with the ““D” suffix are supplied in side braze, multi-layered ceramic dual-in-line
packages. The leads are Kovar or alloy 42 and either tin-plated, gold-plated, or solder-plated.
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CMOS Packages

CMOS Packages

inches

All dimensions expressed as ————=——
millimeters
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