


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TTL to negative MOS capacitors. Not only do the
capacitors perform the level shift function without
inherent delay and power dissipation, but as will be
shown later, the capacitors also enhance the performance
of these circuits.

CONCLUSION

The practical aspects of driving MOS memories with low
cost clock drivers has been discussed in detail. When the
design guide lines set forth in this paper are followed and
reasonable care is taken in circuit layout, the DS0025,
DS0026 and DS0056 provide superior performance for
most MOS input interface applications.
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APPENDIX |

DS0025 Circuit Operation

The schematic diagram of the DS0025 is shown in
Figure Al-1. With the TTL driver in the iogic 0" state

Q1 is “OFF” and Q2 is “ON"” and the output is at
approximately one Vgg below the V' supply.

v
SR
>
<
Sk
%
AT O
| [ ouTPUT
INPUT ? €R2
1 a1
>
RIS
%S CR1
-0 V*

FIGURE Al-1. DS0026 Schematic (One-Half Circuit)

When the output of the TTL driver goes high, current is

"supplied to the base of Q1, through Cyy, turning it “ON."”

As the collector of Q1 goes negative, Q2 turns “OFF."”
Diode CR2 assures turn-on of Q1 prior to Q2's turn-off
minimizing current spiking on the V' line, as well as
providing a low impedance path around Q2’'s base emit-
ter junction.

The negative voltage transition (to MOS logic 1) will
be quite linear since the capacitive load will force Q1
into its linear region until the load is discharged and Q1
saturates. Turn-off begins when the input current de-
cays to zero or the output of the TTL driver goes low.
Q1 turns “OFF” and Q2 turns “ON"’ charging the load
to within a Vgg of the V? supply.

Rise Time Considerations
The logic rise time (voltage fall) of the DS0025 is pri-

marily a function of the ac load, C__, the available input
current and total voltage swing. As shown in Figure Al-2,

v+

RIS
250 $

FIGURE Al-2. Rise Time Model for the DS0025

/
the input current must charge the Miller capacitance of
Q1, Cyc, as well as supply sufficient base drive to Q1
to discharge C,_ rapidly. By inspection:

Iy =y +1g + 1gq (AI-1)
I 2 Iy + lg, for Iy >> 1py &g >> lay
o=~ Cre oo (A1-2)
T . Al-
8= hinThve
If the current through R2 is ignored,
lc=lghpea1 =1L +iym (Al-3)
where:
- AV
L Ll

Combining equations Al-1, Al-2, Al-3 yields:
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AN-76 Applying Modern Clock Drivers to MOS Memories

AV Co .
E[CL +Crc (heear + 1] = heear Iin (Al-4)

or

o [Co +(hegar *+ 1)Crcl AV

(=]

(Al-5)
heear Iin

Equation (Al-5) may be used to predict t, as a function
of C_ and AV. Values for Cr¢ and hgg are 10 pF and
25 respectively. For example, if a DM7440 with peak
output current of 50 mA were used to drive a DS0025
loaded with 1000 pF, rise times of:

(1000 pF + 250 pF) (17V)
(50 mA) (20)

or 21 ns may be expected for vt = 5.0v, V7 =-12v,
Figure Al-3 gives rise time for various values of C, .

—
g 20 —fvi-v-=20y, ]
- Vi-vos /,
ui / P
= 16 7 >
- L 1/
g ATV -ve=1v
o« 8 l/
7
4

0 200 400 600 800 1000
LOAD CAPACITANCE, C, (pF)

FIGURE Al-3. Rise Time vs C_ for the DS0025

Fall Time Considerations

The MOS logic fall time (voltage rise) of the DS0025 is
dictated by the load, C,, and the output capacitance of
Q1. The fall time equivalent circuit of DS0025 may be
approximated with the circuit of Figure A/-4. In actual

vt Crcar = OUTPUT CAPACITANCE OF Q1
< 10pF

I hreaz = CURRENT GAIN.OF Q2
ave
20

lave = Ayg CURRENT THROUGH R,
b vty
| hreoztt 2R2

Crcat T 10pF

FIGURE Al-4. Fall Time Equivalent Circuit

practice, the base drive to Q2 drops as the output volt-
tage rises toward V. A rounding of the waveform occurs
as the output voltage reaches to within a volt of V'. The
result is that equation (Al-7) predicts conservative values
of t; for the output voltage at the' beginning of the

voltage rise-and optimistic values at the end. Figure
Al-5 shows t¢ as function of C, . .

200

T T T
vtov-=20v
Ta=25°C
160
=
£
E 140 ol
= >
3 L
<
o L7
120
100

0 200 400 600 800 1000
LOAD CAPACITANCE, C, (pF)

* FIGURE Al-5. DS0025 Fall Time vs C_

Assuming hggo is a constant of the total transition:

av vE-vT
At 2R2 )

Crca1 +CL/hpeqim

C. )
heea+1

DS0025 Input Drive Requirements

(AI-6)

or

(A7)

te= 2R2 <CTCQ, +

Since the DS0025 is generally capacitively’ coupled at
the input, the device is sensitive to current not input
voltage. The current required by the inputis in the 50—
60 mA region. It is therefore a good idea to drive the
DS0025 from TTL line drivers, such as the DM7440 or
DMB8830. It is, possible to drive the DS0025 from stan-
dard 54/74 series gates or flip-flops but tgy and t, will
be somewhat degraded.

Input Capacitor Selection

The DS0025 may be operated in either the logically
controlled mode (pulse width out = pulse width in)
or Cjy may be used to set the output pulse width. In
the latter mode a long pulse is supplied to the DS0025.

b

Imax |- ——

Ro Civ

N-OFF OF Q1
Y I TURN-OFF OF @
MIN T 2500

FIGURE Al-6. DS0025 Input Current Waveform
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The input current is of the general shape as shown in
Figure Al-6. Iyyax is the peak current delivered by the
TTL driver into a short circuit (typically 50—60 mA).
Q1 will begin to turn-off when |y decays below Vgg/
R1 or about 2.5 mA. In general:

I = lwax e 70 Cy (Al1-8)

where:
RO = Output impedance of the TTL driver

Cn = Input coupling capacitor

\
Substituting iy = Iyin = —;’15 and solving for t, yields:

I
t; =ROCyy In —22X%
Iy

(Al-9)

The total pulse width must include rise and fall time
considerations. Therefore, the total expression for
pulse width becomes:

¢ - t, + t¢ e
PW 2 1
t, +t, |
= ' 4ROCyIn 22 (AI-10)
2 Imin

QUTPUT PULSE WIDTH VS. €,y FOR LONG
1100 | INPUTPULSES.
FOR INPUT PULSE < 65 + ROC,y In 44X b

Iwin
800 | OUTPUT PULSE WIDTH = INPUT PULSE WIDTH J——T——1
PLUS 90 .

]
I

E)
E 100 } ]
H w2 gRiven —ruren >
- |t
8 500 =
) z=
2/ * 500PULL UP
100 |3

200 GO0 1000 1400 1800 2200
Cin (oF)

FIGURE Al-7. Output PW Controlled by Cyy

0.0F 0A4F
by H
l'_—'—'—"l :Euu I'—EI— =
¢D D - |s 2] 7%
3 l ‘L | DC O
, | g I
: 9 a DC 5 %
13 O
| B—LL N l L MHou25CN
_[__ |z —1"‘ B\ -0 -12V
= aL_\u,ur %wr

FIGURE Al-9. DC Coupled Clock Driver Using DS0034

1

A
l TO MOS SHIFT
I & REGISTERS
|

-

The logic ““1"” output impedance of the DM7440 is
approximately 65§ and the peak ‘current (lyax) is
about 50 mA. The pulse width for C,y = 2,200 pF is:

25 ns + 150 ns

tpy = + (6582) (2200 pF) In

50 mA
2.5mA

=517 ns

A plot of pulse width for various types of drivers is
shown in Figure Al-7. For applications in which the
output pulse width is logically controlled, Cjy should
be chosen 2 to 3 times larger than the maximum pulse
width dictated by equation (Al-10).

DC Coupled Operation

The DS0025 may be direct-coupled in applications
when level shifting to a positive value only. For exam-
ple, the MM1103 RAM typically operates between
ground and +20V. The DS0025 is shown in Figure
Al-8 driving the addres or precharge line in the logically
controlled mode.

If DC operation to a negative level is desired, a level
translator such as the DS7800 or DS0034 may be
employed as shown in Figure Al-9. Finally, the level
shift may be accomplished using BRNP transistors are
shown in Figure Al-10.

+5.0V +20V

0.1uF 0.1uF
‘Mf——’
r—'—
L _DEIM!]
U

I"—""I

2] |
>
J I,
|{>°|°

L oo

T0 RAM

| IR P, S

FIGURE Al-8. DC Coupled DS0025 Driving 1103 RAM

- TTL
INPUTS

FIGURE Al-10. Transistor Coupled DS0025 Clock Driver
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APPENDIX 1

&

DS0026 Circuit Operation

The schematic of the DS0026 is shown in Figure All-1.
The device is typically ac coupled on the input and
responds to input ¢urrent as does the DS0025. Inter-
nal current gain allows the device to be driven by stan-
dard TTL gates and flip-flops. .

With the TTL inputin the low state Q1, Q2, Q5, Q6 and
Q7 are “OFF" allowing Q3 and Q4 to come “ON.” R6
assures that the output will pull up to within a Vgg of
vt volts. When the TTL input starts toward logic “1,”
current is supplied via Cyy to the bases of Q1 and Q2
turning them ““ON.” Simultaneously, Q3 and Q4 are
snapped “OFF.” As the input voltage rises (to about
1.2V), Q5 and Q6 turn-on. Multiple emitter transistor
Q5 provides additional base drive to Q1 and Q2 assur-
ing their complete and rapid turn-on. Since Q3 and
Q4 were rapidly turned “OFF” minimal ‘power supply
current spiking will occur when Q7 comes “ON.”

o v*
i By s
EXTERNAL She Sas )
Cin < < SRY
<
]
INPUT 05
R ¢ a7
[l Ny 08 y )
06
ldd N
D1 ¢
ld
1€ o7
Aj'z. l/‘15 1d-
. 4
02
ld
I
R3
A 0 ouTPUT
e <
03 D8
& Bl
1% I Pt
R4
VW '/M ]-
04 N _Apono
e :
4
w Fas
SRS S
S 10k b3l
é - ¢ —ov-

FIGURE All-1. DS0025 Schematic (One-Half Circuit)

Q6 now provides sufficient base drive to Q7 to turn it
“ON.” The load capacitance is then rapidly discharged
toward V™. Diode D4 affords a low impedance path to
Q6’s collector which provides additional drive to the
load through current gain of Q7. Diodes D1 and D2 pre-
vent avalanching Q3’s and Q4's base-emitter junction as
the collectors of Q1 and Q2 go negative. The output of
the DS0026 continues negatlve stoppmg about 0.5V
more positive than V™

When the TTL input returns to logic “0,” the input
voltage to the DS0026 goes negative by an amount
proportional to the charge on Cjy. Transistors Q8 and
Q9-turn-on, pulling'stored base charge out of Q7 and Q2
assuring their rapid turn-off. With Q1, Q2, Q6 and Q7
““OFF,” Darlington connected Q3 and Q4 turn-on and
rapidly charge the load to within a Vgg of V¥

Rise Time Considerations

Predicting the MOS logic rise time (voltage fall) of the
DS0026 is considerably involved, but a reasonable
approximation may be made by utilizing equation
(Al-5), which reduces to:

t,=[C_ +250x 107'2] Av (All-1)

For C_ = 1000 pF, V¥ = 5.0V, V™ ==12V, t, = 21 ns.
Figure All-2 shows DS0026 rise times vs C_ .
%
o 2
~
5 /5/(—
4 v v =2V P Vv iy
E 15
H /
g
% 0= 500
[ Ta=25C
5 1114 .

0 200 400 60O 800 1000 1200
LOAD CAPACITANCE (pF)

FIGURE All-2. Rise Time vs Load Capacitance
Fall Time Considerations
The MOS logic fall time of the DS0026 is determined

primarily by the capacitance Miller capacitance of Q5
and Q1 and R5. The fall time may be predicted by:

C
=(2.2)(R5) {Ccg + L
ty = (2.2)(R5) (s hse?)
. (A11-2)
- c
=(44x10% (Co+ -
(@4 x10% (S hFEz)

where: ‘
Cs = Capaéitancé to ground séen at the base of Q3
=2pF v
- hee? = (hegaa + 1) (hegga + 1)
=500

For the values given and C_ = 1000 pF, t; = 17.5 ns.
Figure All-3 gives t¢ for various values of C, .

2

T
V- V7= 15V 10 20V
P}
g
=
!
z, ]
g " T
=
"
FERT) //
LA Ro =502
; Ta = 25°C
5 L
0 200 400 600 800 1000

LOAD CAPACITANCE (pF)

FIGURE All-3. Fall Time vs Load Capacitance
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DS0026 Input Drive Requirements

The DS0026 was designed to be driven by standard
54/74 elements. The device's input characteristics are
shown in Figure All-4. There is breakpoint at Vg =
0.6V which corresponds to turn-on of Q1 and Q2. The
input current then rises with a slope of about 60052

(R2 Il R3) until a second breakpoint at approximately

1.2V is encountered, corresponding to the turn-on of Q5
and Q6. The slope at this point is about 1509 (R1 Il
R2 Il R3 1| R4).

Tp=25C
1% |- vt=20v

z 1 Ll

E

=R

&

£ g

=

e s

e

2 P4

Z 4 %
2 /
0 !

0 05 10 15 20 25
INPUT VOLTAGE (V)

FIGURE All-4. Input Current vs Input Voltage

The current demanded by the input is in the 5—10 mA
region. A standard 54/74 gate can source currents in
excess of 20 mA into 1.2V. Obviously, the minimum
1" output voltage of 2.5V under these conditions can-
not be maintained. This means that a 54/74 element
must be dedicated to driving 1/2 of a DS0026. As far as
the DS0026 is concerned, the current is the determining
turn-on mechanism not the voltage output level of the
54/74 gate.

Input Capacitor Selection

A major difference between the DS0025 and DS0026 is
that the DS0026 requires that the output pulse width
be logically controlled. in short, the input pulse width =
output pulse width. Selection of C;y boils down to
choosing a capacitor small enough to assure the capacitor
takes on nearly full charge, but large enough so that the
input current does not drop below a minimum level to
keep the DS0026 ““ON.” As before:

Imax

t; = ROCy In (Al1-3)
MIN
or
1y -4
Cin = __I___ (All-4)
ROIn 48X
Imin

In this case RO equals the sum of the TTL gate output
impedance plus the input impedance of the DS0026
(about 15082). Iy n from Figure All-5 is about 1 mA.
A standard 54/74 series gate has a high state output
impedance of about 150€2 in the logic 1" state and an
output (short circuit) current of about 20 mA into 1.2V.
For an output pulse width of 500 ns,

500 x 1072
Cin =

=560 pF
20m
(1502 + 15092 )in

50 T
Ve =5.0V

Vour (V)

lout (mA)

FIGURE All-5. Logical “1” Qutput Voltage
vs Source Current

In actual practice it's a good idea to use values of about
twice those predicted by equation (All-4) in order to
account for manufacturing tolerances in the gate, DS0026
and temperature variations.

A plot of optimum value for C, vs desired output pulse
width is shown in Figure All-6.

0
0 100 200 300 400 500 600 700 800
QUTPUT PULSE WIDTH (ns)

T
=
z
% 2400
; 2200 | V-V =20V
Ta=25°C
= 2000 [T 7
< =
£ 180 | Cu = 1000 pF /
S v
< 1600 —7
< 1400 'DM74S00
S
2 1200 // DRIVING __|
=
Z P! 50026
§ 800
600 7
2 a0 A L TRANSISTOR _|
2 200 Pt WITH 50 OHMS __|
g T0 +5V DRIVING DS0026
H
@
8
3

FIGURE AIl-6. Suggested Input Capacitance
vs Output Pulse Width

DC Coupled Applications
The DS0026 may be applied in direct coupled applica-

tions. Figure All-7 shows the device driving address or
pre-charge lines on an MM 1103 RAM.

v

100 pF
[
2 7
b
1K
100 pF TO ADDRESS
DS0026CN LINES ON
MEMORY
SYSTEM
a 5
] m—1
*
1/2 DM7400

1

FIGURE All-7. DC Coupled RAM M y Address or
Precharge Driver (Positive Supply Only)
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For appﬁcatibns requiring a dc level shift, the circuit of
Figure All-8 or All-9 are recommended.

+5.0V
o

lw < >

<
: “e ik
* <
1
o1 2
weut 2

P
npuT 4]

0.14F

pl

L2 51 outeur

>o- 562 ouTPUT

DS0026CN
3

%
le
<
-

S.uF

p—z
—‘1

o

v’

i

FIGURE AlI-8. Transistor Coupled MOS Clﬁck Driver

T
INPUTS

+5V

150 150
pa S
- —— 100 pF
o

><>——>
i_ww v ><>-—>

$ s
g Ds0026

TO SHIFT
REGISTERS

s v

-12v

FIGURE AlI-9. DC Coupled MOS Clock Driver

APPENDIX 11

MOS Interface Circuits

MOS Clock Drivers

MHO0007 Direct coupled, single phase, TTL
compatible clock driver. N
MHO0009 Two phase,\ direct or ac coupled
clock driver.
MH0012 10 MHz, single phase direct coupled
clock driver.
MHO0013 Two phase, ac coupled clock driver.
DS0025 Low' cost, two phase clock driver.
DS0026 Low cost, two phase, high speed
N clock driver.
DS1671 Dual bootstrapped MOS driver.
DS1672 Dual TTL bootstrapped MOS driver.

DS1673
DS1674
DS75361
DS75365

Quad decoded MOS clock driver.
Quad MOS clock driver.

Dual TTL-to-MOS driver.

Quad TTL-to-MOS driver.

MOs Oscilllator/C|ock Drivers

DS7803/DS7807,
DS7813/DS7817

Complete two phase clock system
for MOS microprocessors and cal-
culators.

MOS RAM Memory Address and Precharge Drivers

DS0025
DS0026

Dual address and precharge driver.

Dual high speed address and pre-
charge driver.

TTL to MOS Interface

DH0034
DS7800

DS7810/DS7812/
DS7819

DS78L12

DS1640/DS1670
DS1645/DS1675
DS1646/DS1676

DS1647/DS1677

DS1648/DS1678

'DS1649/DS1679

Dual high speed TTL to negative ,
level converter.

Dual TTL to negative level con-
verter,

Open collector TTL to positive
high level MOS converter gates.
Active pull-up TTL to positive high
level MOS converter gates.

_ Quad MOS TRI-SHARE™ driver.

Hex TRI-STATE® MOS driver.
6-bit TRI-STATE MOS driver re-
fresh counter. o

Quad TRI-STATE MOS driver 1/0
register. .
TRI-STATE MOS driver multi-
plexer.

Hex TRI-STATE MOS driver.

DS16149/DS16179 Hex TRI-STATE MOS driver.

MOS to TTL Converters and Sense Amps

'DS7802, DS7806* Dual sense amp for MM5262 2k

DS165 Series™

DS163, DS75107,
DS75207*

MOS RAM memory.
Hex sense amp MOS to TTL.

Dual sense amp for MM1103 1k
MOS RAM memory.

Voltage Regulators for MOS Systems

LM109, LM140
Series.

LM120 Series
LM 125 Series*

*To be announced

Positive regulators.

Negative regulators.
Dual +/— regulators.
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: Applications

NATIONAL

DATA BUS AND DIFFERENTIAL LINE DRIVERS AND RECEIVERS

INTRODUCTION

Monolithic circuits designed specifically to trans- much lower input currents, permitting more driver/
mit and receive digital data via buses and differen- receivers pairs per bus line; input hysteresis to raise
tial cables have been available for two or three noise immunity; higher speed with better control
years. But important changes in transmission con- of bus levels; and eliminating of terminating
cepts and IC designs have been made recently. - pull-up resistors by the TRI-STATE® designs.

This note will bring designers up to data on
circuits developed at National Semiconductor.

Table | and Figure 1 outline the devices to be The DS7620/DS8820 and DS7830/DS8E30 were

described in Application Note AN-22. This note

H pue sieAuQ aur] [enuaiayd pue sng eled £8—NV

discussed. R . X N
ussed adds to the previous discussion of termination
In general, the new bus circuits offer these ad- techniques and reports on new tests of their long-
vances: self-isolation of powered-down receivers; lines drive capability and crosstalk immunity.
TABLE |. Table of Devices Discussed
LINE DRIVERS LINE RECEIVERS POWER
DEVICE NO. DEVICE NO. DESCRIPTION SUPPLY COMMENTS
DS1488 . DS1489/DS1489A Communication to EIA 12V Twisted pair single ended.
. standard RS 232C. DS1489A +5.0V| Unidirectional. g
DS7830/DS8830 'DS7820A/DS8820A Dual differential line driver +6.0V True differential. 15V common g_
and receiver. mode rejection. Unidirectional. <
Use of internal receiver termina- o
tion recommended up to 100 feet. a
DS7831/DS8831 DS7820A/DS8820A Dual differential line driver +5.0V True differential, bidirectional.
and receiver. Driver includes upper and lower
level clamps to combat transients.
Use of internal receiver termination
optional.
DS7832/DS8832 DS7820A/DS8820A Dual differential line driver +5.0V As above, but without upper level
and receiver. ) clamping, so party line busses may
be used, even with some peripherals
powered down.
DS7831/DS8831 DS7837/DS8837 Quad single-ended line driver +5,0V 1f used unidirectionally, receiver
(hex) or DS7836/ and hex receiver, or a quad should be terminated. In party line
DS8836 (quad) 2 input NOR receiver. applications disabled driver clamps
line. Receiver input current is 15uA
typical, has 1.0V hysteresis.

TRANSCEIVER POWER
DEVICE NO. DESCRIPTION SUPPLY COMMENTS
DS7838/DS8838 ' Quad open collector transceiver. +5.0V Receiver has typical 15uA input
. current 1.0V hysteresis. Driver will
pull down double terminated 1202
tine.

DS7839/DS8839 Quad TRI-STATE® transceiver. +5.0V Drivers have 10.4 mA forward drive
Four transmitters all disabled by at 2.4V, sink 32 mA at 0.4V. Receivers
control NOR gate. have 1.0V hysteresis, input current is

15uA typical. Disabled driver clamps
undershoots. A transceiver on the bus
may be powered down without affect-
ing bus logic levels.

DS7833/DS8833 : . Quad TRI-STATE transceiver. +5.0V

One control disables all trans-
mitters; one control disables ali
receiver outputs.

DS7834/DS8834 Quad TRI-STATE transceiver. +5.0V
Controls same as DM7839 but
driver and receiver are inverting.

DS7835/DS8835 Quad TRI-STATE transceiver. +5.0V
Controls same as DM7833 but
driver and receiver are inverting.
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DS7820/DS8820, DS7820A/DS8820A
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14 13 12 11 10 9 8
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VWA
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VWA
1 2 3 a 5 6 7
~INPUT TERMINATION +INPUT STROBE RESPONSE QUTPUT GND

TIME
NOTE: PIN 7 CONNECTED TO BOTTOM OF CAVITY PACKAGE.

TOP VIEW -

DS7831/DS8831, DS7832/DS8832
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FIGURE 1.

PSR
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DS7836/DS8836
ouT3 ouT4 INaA IN4B IN3A IN38 Vee
14 13 | 12 1" | 10 I 9 8
| 2 3 [ 6 1
GND DUTi ouT1 INTA IN1B IN2A IN28

TOP VIEW
DS7838/088838)
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'AN—83 Data Bus and Differential Line Drivers and Receivers

Not rnuch need be. said about the EIA RS232C
designs. They meet or exceed a standard which is
below today’s attainable performance levels.

UNIFIED BUS

A typical unified bus is a flat, multiconductor
cable interconnecting the CPU and peripherals of
a minicomputer - (Figure 2). The lines are single-
ended (non-differential), ground-referenced, bi-
directional, and terminated at each end in 1202
to 3.2V. The line level is high except when an
open-collector driver pulls the line low. Drivers
take turns transmitting, as controlled by “‘polling”
or other control sequences.

Single-ended communications are susceptible to
common mode voltage induced by ground currents
between chassis. In a computer room, the problem
is_usually minimized by linking the chassis with
heavy-gauge grounding cables. Communications
with remote points go through differential trans-
mission links, or modems coupled to phone lines.

In early unified bus designs, open-collector TTL
buffers were used as drivers, and standard gates
as receivers. However, the low threshold voltage of
the receiving gate (it can be as low as 1.0V) is too
close to ground potential, which can itself be
carrying: transients of almost a volt. In addition,
the gate’s input current can be as high as. 1.6 mA,
severely limiting the number of receivers which
can be controlled by one driver. This is true
particularly if the driver has an open collector out-
put, and must also be sinking the current from a
1202 termination at each end of the unified bus.

That problem was solved by the SP380 gate. Its
signal input is the base of an NPN emitter-follower,
giving a higher threshold and lower. input current.
Unfortunately, the input transistor’s collector-base
junction becomes forward-biased when Vcc goes
down. If a peripheral is shut off, the bus lines are
clamped near ground unless the bus cable is
disconnected manually.

The new unified bus designs in Table | have a
receiver that is self-isolating when power is down.
The main. bus is still usable if peripherals are
turned off.

Other improvements include: very low input
current, typically 15uA whether V¢ is 5.0V or
zero; input hysteresis of 1.0V, providing 1.8V
noise immunity; thresholds of 1.3V and 2.3V; and
temperature compensation to keep thresholds and
noise immunity constant.

The DS7836/DS8836 is pin-compatible with the
SP380 and adds the advantages of hystersis. The
DS8640 is an exact replacement for the SP380.
Each receiver trio in the DS7837/DS8837 has an
enable control, so the system can force receiver
outputs to zero whether the bus is pulled down or
not. The four drivers in the DS7838/DS8838
transceiver are disabled by a NOR gate control.

Each open-collector driver in the transceiver sinks
50 mA at 0.7V. It has the power to pull down
the double-terminated bus and drive 20 of the
low-éurrent receivers.

TRI-STATE BUS

TRI-STATE logic (or TSL) outputs are active in
both the “1’" and ‘0"’ state. This greatly improves
risetimes and allows many more driver/receiver
pairs to be connected to a bus since power is not
wasted in terminations. Switching delays can be
halved during certain data exchanges.

A disabled output switches into a third, high-
impedance state. Only small leakage currents flow
in the output in this state, virtually disconnecting
the output from the bus. TSL outputs do not
“wire-OR” — the bus is operated by one set of
outputs at a time.

Figure 3 is a TSL bus line. Although there are no
terminations, reflections are less of a problem than
in a unified bus. The bus is tightly controlled
without terminations because the disabled drivers
actually clamp undershoots.

+5.0V

| 1200 | ] ] ] I .
. b CPU | FLEXIBLE] PERIPHERAL | | PERIPHERAL | 1 PERIPHERAL 2
180 STRIPLINE, =1 = N 2180 <
) I 1 1 | 1 1 3 3
Bl 1 1 [ I Il ] 14
41 o I i i i T 7T 1
h 4 b ! | [ | 1 | Im Yy
T 3 oo P P 3 T
= = = | | | I | 1 = = =
| | I i 1 I
I | | I i |
DATA 1 | oaTA 1 | DATA| ] | oATA]
CONTROL - CONTROL
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FIGURE 2. Unified Open Collector Bus




CPU PERIPHERAL #1 PERIPHERAL #2 PERIPHERAL #N
~——T—— -
| |
I | ‘
I |
| |
S — |
1/4 DS7833

FIGURE 3. TRI-STATE Bus

+5.0V

&
2
2

=AM
2
()

390

1
—

1

FIGURE 5. TRI-STATE Line With Stub

Tests indicate the transceivers can drive bus lines
longer than 25 feet. They are guaranteed to source
10.4 mA at the minimum ‘“‘one’ level of 2.4V.
Small-signal source impedance is typically 500
to 5.0V compared with 1202 to 3.2V on the
unified bus. That explains TSL's higher speed —
the active-pull-up output charges the line capaci-
tance much faster. |f even greater source current
capability is needed, the DS7831/DS8831 and
DS7832/DS8832 are available. As quad single-
ended drivers they can source and sink at least
40 mA (and have a source impedance of only
11Q). They can drive lines with characteristic
impedance down to 40%2.

When a peripheral equipped with a transceiver is
powered down or disabled, no current (apart from

microamps of leakage) will flow in the input/
* output while the data levels move between ground
and +5.0V. Other peripherals can still use the bus
without their signals being shunted or degraded.
The receivers are isolated like the unified bus
designs. (The DS7832/DS8832 has the same

degree of freedom, However, the DS7831/DS8831
has an output diode to V¢ to control transients
when used in .its differential mode. It will clamp
the bus lines when powered-down, so it is not
recommended for use in a peripheral which might
be switched off in isolation from the rest of the
system).

In the TSL transceiver family, typical receiver
input characteristics are 17uA current, 400 mV
hysteresis, and 1.4V noise immunity. All types
are completely compatible with standard TTL.

Figure 4 shows a line with a stub (actually a
branch of equal length, to ease analysis). It is
terminated in the line's characteristic impedance
at all three ends.

Figure 5 shows an identical hook-up, this time
‘‘terminated’’ only by a disabled TRI-STATE gate
at the receiving _end and the stub end.
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AN—83 Data Bus and Differential Line Drivers and Receivers

The result of driving the circuit of Figure 4 is
seen in Figure 6. The current pulled from the line
by the driver (top trace) was determined by the
effective impedance of the termination in parallel

with ‘the 12082 line charged to 3.2V. When this ..

wavefront reached the fork, half the current was
drawn from each leg. So when the half-current
front arrives at the stub only half the voltage
pull-down results (Figure 6 lower trace).

A series of these timed halvings and quarterings
produces the bathtub effect shown. The duty

cycle distortion experienced by a receiver at the )

stub termination is obvious. |f we take off the
stub termination network, the situation gets no
better. Figure 7 shows it (time base and sensitivity
unchanged). The undershoot in the lower trace is
followed by an overshoot which reaches 1.0V above
ground: and the stub continues to ring (which
isn’t surprising since its two ends have terminations

AT TRANSMITTING END Seape}

@ —-GND
AT RECEIVING END

~GND

FIGURE 6. Open Collector Bus With Two Terminated
Stubs 2.0V/div 20 ns/div .

"AT TRANSMITTING END

AT RECEIVING END

AT TRANSMITTING END B!

VERTICAL: EXPANDED TO 1V/DIV. |

in 6082 and infinity respectively). A receiver at
the end of .the stub would have to be ignored
until the ringing had decayed, and its output
had become valid.

Contrast this with Figure 8, demonstrating the

results of the TRI-STATE driver of Figure 5. The
same rapid falling edge at the receiving end is
brought to a- halt very sharply, and instead of
reflective overshoots, there is a shallow series of
level adjustments which never cross the maximum
zero level of 0.4V above ground.

How is this achieved?

Figure 9 shows the schematic of the output stage
of a TRI-STATE transceiver. Now if the output is
disabled, point A is held by the TRI-STATE con-
trol at Vcgsat + Vgg, or 1.0V at 25°C.

AT RECEIVING END %1

FIGURE 7. Open Collector Bus at an Unterminated Stub

HORIZONTAL: 20 ns/DIV

FIGURE 8. TRI-STATE® Bus at a Stub — Demonstration
of the TSL Non-Linear Termination
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FIGURE 9. DC Levels in a Disabled TRI-STATE Element

So to turn on the Darlington pull-up stage will take
an undershoot below ground on the bus line of
2 Vge lower than point A. Or at 25°C, 1.0 - 1.6,
= —0.6V. Allowing for a chip temperature some-
what above ambient, the output will begin to
clamp at -0.4V. Figure 10 shows a typical result of

-Vour

14 12 10 08 06 04 02 0

Wl

Y

(vw) INZHYND

FIGURE 10. Current Available as a Function of Bus
Voltage at a Disabled TRI-STATE Output

a test of pulling current out of a disabled TRI-
STAT‘E output. .
0. A. Horna™ has pointed out the effectiveness
of a non-linear termination in emitter-coupled

logic transmission lines. The ability of the disabled
TSL outputito turn on very hard in a precisely
similar way in an otherwise uncontrollable situation
has been conclusively demonstrated.

A further advantage for an unterminated line
appears under certain special conditions of archi-
tecture. Figures 11 and 12 compare two test
circuits, simulating two peribhg_rals one on each

-—

+5.0V. +5.0V 1/6 057837 E
OPEN COLLECTOR Q2 180 180
BUSDRIVER
| | 390 & o
DSB830
“CONTROLLER”

FlGURE 11. Central Controller in an Open Collector
Environment

*0. A. Horna — “Non-Linear Termination of Transmission Lines”” |EEE Transactions on Computers,

Sept. 1972, pp. 1011-1-15.
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AN—83 Data Bus and Differential Line Drivers and Receivers

side of a CPU, linked by, in the first case an
open collector terminated bus; in the second case
a TRI-STATE bus.

"y

1 9o

DS8830

“CONTROLLER"
FIGURE 12, Central Controller in a TRI-SSTATE
Environment

In both cases, the bus drivers are holding the bus
in one state, and not switching data during the
experiment.

Looking at Figure 13, in the open collector case,
relinquishment by one driver and immediate taking
up by the other at the low state still leaves. the
termination to pull the bus high for two line

FIGURE 13. Open Collector Bus Signals With Central
Controlier

- . m
0MB093 oMB083 v

delays. And the receiver, waiting for data from
the far end, must obviously be ignored until a
safe amount of time after the glitch seen in Figure
13 trace 3 has died down. Contrast this with the
TRI-STATE case shown in Figure 14. The relin-
quished bus, seeing only extremely low leakage
current, does not move. It may be safely assumed
that very shortly after the changeover, a change on
the line will be a signal being propagated on the °
bus.

TRUE DIFFERENTIAL TRANSMISISON

Often, a zero ground reference can’t be established
between remote subsystems. One can overwhelm
the ground difference with a high-amplitude, single-
ended transmission. But a differential transmission
not referenced to ground is more efficient (Figure
15). The data is complemented at normal logic
levels, transmitted over a twisted-pair cable, and
received with a comparator sensitive enough to over-
come signal degradations, yet rejecting common
mode voltages.

@ |-
@ L.
o Lom

med

FIGURE 14. TRI-STATE Bus Signals With Central
Controller

g

"_n

FIGURE 15. Differential Drive — Ideal
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FIGURE 16. DS7830 Schematic

We implemented the differential concept several
years ago with the DS7830/DS8830 driver and
DS7820/DS8820 receiver. More recently, the
two TRI-STATE drivers have been used in such
applications. DS7831 output characteristics in the
differential driving mode are shown in Figure 17.

a0

s Tooa" I
g 0OAD 500 T
2~ N ¥ LoaD
S
- \‘ +26°C—1
E 0 4 ™N
3 1], \ 12w
= T 7 5
E g [NLA S \
g e | ) 1
@ L0AD
£ oy
0 % s 75 100

OUTPUT CURRENT (mA)

FIGURE 17. Differential Output Voltage as a Function of
Differential Output Current in the DS7831

The DS7820 and DS7830 designs were explained
in AN-22. Rather than repeat the information in
that note, the following sections will answer
questions frequently asked by users.

First, how does the new DS7820A differ from the
DS7820? They both have the same schematic.
One of the two receivers on the chip is shown in
Figure 18. However, the A" version’s fanout is
10 TTL or DTL loads rather than 2, the strobe
input is specified fully and is guaranteed to be
driven by saturated logic, and the speeds are
guaranteed.

Second, what establishes the driver current require-
ment? The receiver's non-inverting input is at the
center of a voltage divider between Vcc and
ground. This sets the voltage into the terminal at
1/2 Vge, or 2.5V in a 5.0V system. The small-
signal input impedance is the parallel combination
of the two 5.0 k2 +167%2 paths, or about 2.5 k2.
When the input swings from high to ground, the
current transient is about 1.0 mA. A similar
analysis shows the driver must source about 1/2 mA
to bring the inverting input up to 2.4V.
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Note: Schematic shows one-half of unit.

. DS7820 Schematic

FlGURE 19. DS7830 Driving Daisy-Chained DS7820’s

The DS7830 and DS7831 output curves are
similar. Either can .drive up to 12 DS7820
receivers strung along a cable, as in Figure 19, and
have ample overdrive at the last receiver.

TERMINATING THE DIFFERENTIAL LINE

There are three modes of operation of the differ-
ential line, each of which demands a different
answer to the commonly asked question of how
to terminate the Iirié. AN-22 only went into one
case, namely, terminating a short line where data
period exceeds two line lengths. The second case
covers those lines where the period is less than
two line lengths, and the third the case where the
line is long.

Why is two line dejay times significant? It's a
question of power dissipation only. When the line

is short, so that effectively no voltage is lost in
the copper of the cable, running without a termina-
tion, where the differential capability of the driver
exceeds 3.5V will produce reflections of 7.0V
magnitude in the line.

This situation is best avoided, so a termination in
the characteristic impedance of the line is advisable. .
When data rates are slow, this means that the
driver, if the termination is dc, will continue
to dissipate the power plotted on the load line of
Figure 17, quite unnecessarily. If instead a capaci-
tor is included.in series with the dc termination,
at the leading edge the termination appears dc,
so Radio Frequency: Interference (RFI) doesn’t
get generated. But as the capacitor charges, the
voltage on the higher line rises, and the current in
the driver drops, until at one Vgg below V¢,
line power ceases to be dissipated.




So long as the rise is controlled, RFI won’t be a
problem. And the rule of thumb of R,C =3
line lengths works very well. Where the driver is
running so fast as never to be waiting for the
reflection, it will be continuously dissipating the
power indicated by the load line continuously.

As the line gets longer, the loop resistance gets
up to the same order as the terminating resistor.
That translates into an attenuation of the differ-
ential drive voltage at the receiver. Once the lead-
ing edge of the received voltage gets below 2.5V,
the reflection ceases to have RFI significance, and
a progressively worse mismatch is acceptable as
the line gets longer, since the higher the termina-
tion resistor value, the more signal is available.
For a typical cable, 1000 feet marks the point
where any termination serves only to weaken the
signal and narrow the channel bandwidth.

The bandwidth of the DS7820 receiver may be
reduced by use of a shunt capacitor. The response
curve is shown in Figure 20.

FVee =5V
[Ta=257C

[ Voirs = 2.5V PUL

&

MAX. NOISE PULSE WIDTH (ns)
g

I

10 100 1000 10,000

L1l

Cresponse Time controt. (PF)

FIGURE 20. Noise Rejection in the DS7820A

MAXIMUM LINE LENGTHS

The tests in Table || were made with a DS7820
and DS7830 to settle questions about maximum
line lengths and frequencies. Characteristics of the
test cable were: 24 AWG gauge; 11082 impedance;
5.6§2/100 ft loop resistance; and 14 pF/ft capaci-
tance.

Receiver inputs were complementary pulses with
25/75% duty cycles. These simulate a string of
alternating ones and zeros in an RZ (return to
zero) format. The first results column indicates
safe maximum data rates. The second column
shows the rates at which attenuation reached a
point where the signal could not switch the line
receiver. These are typical, not maximum or safe
rates.

Figure 21 illustrates the weaker signals which
will switch the receiver. There is obviously no
noise margin. For maximum performance, a single
twisted-pair line should meet all three of these
criteria:

1. High characteristic impedance (to maximize
initial voltage step and voltage across the termin-
ation at the receiver)

2. Low capacitance {minimizes the “’line charging’
effect, which attenuates the signal’s high-
frequency components and makes dc loss worse
by degrading the response to fast transients)

3. Low resistance to dc (use heavier-gauge cable
for long runs driven at high frequency)

TABLE 11. DS7830/DS7820A 24 Gauge 1102

w +INPUT

N Point of Duty Point of Failure
Line Length Cycle Distortion To Invert
25 16 MHz 25 MHz
200 5.0 MHz 12 MHz
1000" 1.25 MHz 3.2 MHz
5000" 0.125 MHz 0.275 MHz

—I L——I L—-INFUT

2575

g

"

FIGURE 21. Differential Drive Long Distance
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7

CROSSTALK IMMUNITY -

One more question concerns crosstalk in multi-
pair cables. The tests reported in Table 11l indicate
that the individual pairs rarely, if ever, need
individual shielding. One shield over all the pairs
in the sheath should be adequate.

TABLE Hil.
NOISE THRESHOLD AT POINT A
. (VOLTS) FREQUENCY
LOWER UPPER

1.22 1.26 500 kHz
1.22 1.27 100 kHz
1.24 1.30 10 kHz
1.24 1.30 1.0 kHz

Two side-by-side runs of twisted pairs in the
cable were selected to provide two 800-foot
lengths adjacent to each other in the bundle for
their whole length. A DS7830 driver and a
DS7820 receiver were connected to each pair. One
driver’'s input was a pulse train and the other
driver’s input was a dc voltage. Tests were made
to determine the susceptibility of the receiver on
the dc’ line to signals cross-coupled into it from
the pulsed line. '

This driver/cable/receiver combination is suscepti-

. ble in a transition region about 60 mV wide

between the ‘1"’ and ‘0" states, indicated by the
tabulated thresholds for the dc line. Signals from

. the ac side coupled-in sufficiently to trip the

dc pair's receiver.

+5.0V

HH—AAA
=
&

However, in a real system both driver outputs
will swing through this region rapidly. The mini-
mum swing is 2.0V. Therefore, the sensitive region
is 60 mV/2,000 mV, or 3% of the swing .and of
the logic switching time. The minimum risetime
of a-non-damped DS7820 receiver output is 50 ns.
Assuming this is the result of a straight voltage/
time ramp input, the receiver is susceptible to
crosstalk only if it is being driven with transition
times greater than 50 ns/3%, or 1.6 ms.

In fact, the longest driver risetimes observed
when the DS7830 was driving the longest cable
in the previous test (Table 11) were always less
than 10 ns. We can conclude that a twisted pair
with the driver and receiver is immune to cross-
talk from another DS7830—DS7820 combination
operating with any adjacent twisted pair.

. EIA STANDARD CIRCUITS

The drivers and receivers listed as EIA RS232C
circuits in Table | meet the specifications of that
standard. It might be noted, however, that the
standard’s provisions antedate the availability of
integrated circuits for such communications. Thus,
it tends to restrict further development.

Compare the results in Table I, for example,
with paragraph 1.3 of the standard. The standard
indicates 20 kilobits/second is a nominal data
transfer rate. And paragraph 1.4 requires single-
ended, ground-referenced links even though true
differential communications are demonstratedly
more efficient in data exchanges between chassis.

TEST
EQUIPMENT

Ds7820

/ =

FIGURE 22. Crosstalk Between Close Twisted Pairs
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NATIONAL

Applications

DRIVING 7-SEGMENT GAS DISCHARGE DISPLAY
TUBES WITH NATIONAL SEMICONDUCTOR CIRCUITS

INTRODUCTION

Circuitry for driving high voltage cold cathode
gas discharge 7-segment displays, such as Sperry
Information Displays* and Burroughs Panaplex 11,
is greatly simplified by a complete new line
of monolithic integrated circuits from National
Semiconductor. The new products also make
possible reduced cost of system implementation.
They are: DS8880 high voltage cathode decoder/
driver; DS8884A high voltage cathode decoder/
driver; DS8885 MOS to high voltage cathode
buffer; DS8889 low power cathode driver; and
DS8887 8-digit anode driver.

In addition to satisfying all the displays’ parameter
requirements, including high output breakdown
voltage, the new circuits have capability of pro-
gramming segment current, and providing constant
current sinking for the display segments. This
feature alleviates the problem of achieving uni-
formity of brightness with unregulated display
anode voltage. The National circuits can drive the
displays directly.

Sperry Information Displays™ and Burroughs Pan-
aplex |l are used principally in calculators and
digital instruments. These 7-segment, multi-digit
displays form characters by passing controlled
currents through the appropriate anode/segment
combinations. The cathode in any digit will glow
when a voltage greater than the ionization voltage
is applied between it (the cathode) and the anode
for that digit. In the muitiplexed mode of opera-
tion, a digit position is selected by driving the
‘anode for that digit with a positive voltage pulse.
At the same time, the selected cathode segments
are driven with a negative current pulse. This
causes the potential between the anode and the

. selected cathodes to exceed the ionization level,
causing a visible glow discharge.

Generally, these displays exhibit the following
characteristics: low “‘on’’ current per segment—
from 200uA (in DC mode) to 1.2 mA (in multiplex
mode); high tube anode supply voltage—180V to
200V; and moderate ionization voltage—170V.
Once the element fires, operating voltage drops
to approximately 150V and light output becomes
a direct function of current, which is controlled
by current limiting or current regulating cathode
circuits. Current regulation therefore
desirable since brightness will then be constant
for large anode voltage changes. Tube anode to
cathode “‘off” voltage is approximately 100V;
and maximum ‘“‘off’’ cathode leakage is 3uA to
SuA.

*Now called Beckman Displays

is most

Correspondingly, specifications for the cathode
driver must be complimentary, approximately as
follows: A high “off” output breakdown voltage
80V minimum; typical “on’ output voltage of
50V; maximum “‘on” output current of 1.5 mA
per segment; and maximum ‘‘off’’ leakage current
of 3uA to 5uA.

To allow operation without anode voltage regu-

lation, the cathode driver must be able to sink a
constant current in each output, with the output

(a) Cathode Driver Output Characteristic

T T
| Vee=sv
Ta=25°C
-
E OUTPUT ON ! 1
3 | o
:j 0.5mA
2
g ||
g TYPICAL OPERATING POINTS
[~
I~
QUTPUT OFF >
5nA
0 30 60 90 120

OUTPUT VOLTAGE (V)

(b) On Currents vs Temperature
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o
Ry ! ’/
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S 102 &
2 O
o @/
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g o 74N S
2 o0 / Voo =8V ]
e YV Vour =50V
< o0ss / - Rp=0TEMP.COEF. A
§ . 02mA < loyr < 12mA
0 10 20 30 40 50 60 70
Ta °C)
FIGURE 1.

“on" voltage ranging from 5V to 50V (see Figure
1). The following is a brief description of the
circuits now offered by National:

DS$8880 High Voltage Cathode
Decoder/Driver

The DSB880 offers 7-segment outputs with high
output breakdown voltage of 80V minimum;
constant current-sink outputs; and programmable
output current from 0.2 mA to 1.5 mA.
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Application

The circuit has a built-in BC
interface directly to Sperry

D decoder and can
and Panaplex Il

displays, minimizing external components (Figure
2). The inputs can be driven by TTL or MOS
outputs directly. It is optimized for use in systems

with 5V supplies.
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power supply voltage is 5V. The device -can be
used for multiplexed or DC operation.

Available in 16-pin cavity DIP packages, the
DS7880 is guaranteed over the full military
operating temperature range of —55°C to +125°C;
the DS8880 in molded DIP over the industrial
range of 0°C to +70°C.

DS8884A High Voltage Cathode Decoder/Driver

The DS8884A offers 9-segment outputs with high
output breakdown voltage of 80V minimum;
constant current-sink outputs, programmable from
0.2 mA to 1.2 mA. It also offers input negative
and positive voltage clamp diodes for DC restoring,
and low input load current of —0.25 mA maximum.

Application -

DS8884A decodes four lines of BCD input and
drives 7-segment digits of gas-filled displays. There
are two separate inputs and two additional outputs
for direct control of decimal point and comma
cathodes. The inputs can be DC coupled to TTL
(Figure 3) or MOS outputs (Figure 4), or AC-
coupled to TTL or MOS outputs (Figure 5) using
only a capacitor. This means the device is useful

FIGURE 2. DC Operation From TTL N s AR ;
in applications where level shifting is required. It

can be used in multiplexed operation, and is

The DS8880 decoder/driver provides for uncondi- available in an 18-pin molded DIP package.

tional as well as leading and trailing zero blanking.

It utilizes negative input voltage clamp diodes. Other advantages of the DS8884A are: typical
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Typically,

output current varies only 1% for

output voltage changes of 3V to 50V. Operating

output current variation of 1% for output voltage
changes of 3V to 50V; and operating power supply
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FIGURE 5. Cathode BCD Data AC Coupled
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voltage of 5V. Inputs have pull-up resistors to
increase noise immunity in AC coupled applications.

The DS8884A is guaranteed over the 0°C to
+70°C operating temperature range.

DS8885 MOS to High Voltage Cathode Buffer

The DS8885 features seven constant current-sink
outputs; programmable output current of 0.2 mA
to 1.5 mA,; high output breakdown voltage of 80V
minimum; and capability for blanking through
program current input. It operates from a +5V
supply.

Application

DS8885 is best suited for interfacing 7-segment
fuily decoded MOS chips to digit displays. It is
also useful for driving polarity, overrange, and
decimal point segments.

DS8885 has 6 inputs and 7 outputs. Qutput c is
decoded internally; the other 6 outputs are directly
controlled by the 6 corresponding inputs. A typical
application of this device is interfacing between an
MOS calculator chip with 7-segment decoded
outputs (open-drain or push-pull) and Sperry/
Panaplex |l displays (Figure 6).

5V
o

7.SEGMENT LINES

When the DS8885 is used to drive minus and
plus (polarity) cathodes, overrange, and decimal
points, output ¢ should be tied to V¢ so it does
not saturate (Figure 7). This leaves 6 inputs and
6 outputs related one-to-one. The inputs can be
driven directly from TTL or MOS outputs.

v
o

200V
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]
.
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MOS, TTL
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SWITCHES.
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L

—12v o
(FORMOS)
*Output may be paralleled for cathodes requiring more current, providing the

corresponding inputs are also paralleled.

FIGURE 7. Polarity, Overrange, Decimal Point Driving

The DS8885 is available in 16-pin molded DIP
package, and is guaranteed over the operating
temperature range of 0°C to +70°C.

DS8889 Low Power Cathode Driver

The DS8889 requires no power supply since
power is derived from program current. It offers
extremely low standby power—only 1 mW inter-
nally. Features include programmable output cur-
rents 0.3 mA to 1.7 mA; 8 constant current-sink
outputs; and input negative voltage clamp diodes
for DC restoring. Outputs have 80V minimum
breakdown voltage.

The device is suitable for multiplexed operation
from fully decoded chips and is capable of driving
decimal point segments simultaneously with nu-
meric segments.

Application

The DS8889 has 8 inputs and 8 outputs, and
interfaces directly between 7-segment decoded
MOS outputs and numeric display tubes (Figures
8 and 9). It is optimized for use in systems with a
limited number of power supplies.
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The program input is characterized in terms of
input current, -therefore any supply (greater than
5V) can provide proper operation by connecting a
single resistor to the program pin from the supply.

The DS8889, guaranteed for the 0°C to +70°C
operating temperature range, is offered in the 18-
pin molded DIP.

DS8887 8-Digit Anode Driver

The DS8887 interfaces directly to MOS chips
and operates from a =40V to —80V power supply.

The DS8887 can operate virtually any multiplex
display system requiring more output performance
from the MOS chip than is available (Figures 4, 6,

. 8 and 9). It has low input current and voltage

swing requirements but can drive up to 16 mA,
and exhibits -55V minimum output breakdown
voltage.

The DS8887 is available in the 18-piﬁ molded
DIP package; and is guaranteed over the operating
temperature range of 0°C to +70°C.
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NATIONAL

DRIVING 7-SEGMENT LED DISPLAYS WITH

NATIONAL SEMICONDUCTOR CIRCUITS

INTRODUCTION

There are many different information display
technologies available today, including liquid
crystals, gas-discharge tubes, fluorescent tubes,
incandescent lamps, and light emitting diodes
(LEDs). Each technology has its own particular
drive requirement. This note will focus on 7-
segment LED display drive requirements and
demonstrate that National Semiconductor has
a full line of display drivers that meet the
requirements for most any 7-segment LED drive
application. :

WHY ARE LED DRIVERS NEEDED?

The purpose of 7-segment LED drivers is to act
as an interface element betweéen data input and
the display. This interface is necessary when either
the input data format or circuitry current capabil-
ities do not allow direéct connection between input
and display. To satisfy these needs, National's
7-segment LED drivers are divided into two basic
categories.

1. Internally decoded (BCD to 7-segment)
DS5446A/DS7446A

Applications

2. Non-decoding, direct drive (MOS to LED)

DS75491 DS8864
DS75492 DS8865
DS8861 DS8866
DS8863

Thus, National has circuits that will drive 7-segment
LEDs from either fully decoded circuits or from
non-decoded outputs.

CONFIGURATIONS AND CONSTRUCTION OF
7-SEGMENT LEDs

LEDs are segregated into two groupings with
regard to construction, see Figure 1.

Common anode displays are constructed on a
common substrate which forms the anode of the
diodes, while each of the seven cathodes are
bonded out to separate pins. The second type,
common cathode, has the cathode fabricated on
a common substrate with the anodes bonded out
to individual pins. Due to these radically different
configurations, drive circuits are usually tailored
in their design for one or the other type. Tailoring

DS5447A/DS7447A in this respect means either sinking current (active
DS5448/DS7448 low) or sourcing current (active high) when ref-
DS7856/DS8856 erenced to segment drive. In addition, drive
DS8857 requirements are quite variable because of LED
DS7858/DS8858 light intensity requirements as well as digit size
COMMON CATHODE COMMON ANODE
SEPARATE
ANODES
(SEGMENT
D sum, souon o
Q CURRENT SOURCE DIGIT foiaim &
see ? CURRENT
}[ !!"’* eee
sk ot /) J) L cee $

CURRENT COMMON CATHODE

1 (DIGIT ENABLE)

—— \ SINK SEGMENT
SEPARATE CURRENT
CATHODES
(SEGMENT

ENABLE)

FIGURE 1. 7-Segment LED Construction
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FIGURE 3. A Typical Multiplexing Scheme

and efficiency. Thus the system designer needs a
degree of latitude not only with respect to the
type of display used but also the drive current
available.

7-segment LEDs can be purchased in either single
or multi-digit display packages. Single digit displays
have individual segment and common’ pins while
multi-digits have paralleled segment pins and
separate digit pins equal to the number of digits
in the package, see Figure 2.

Multi-digit displays, due to their configuration,
must be driven in a multiplex mode of drive, where
segment drivers are time shared by all the digits.
This is contrasted to the single digit displays which

may be driven in either the multiplex or the non-
multiplex {(direct drive) mode. The nonmultiplex
mode uses separate segment drivers for each digit
of the display. Multiplex operation has a decided
cost saving advantage over nonmultiplex operation
especially when the number of digits being driven
is large.

MODES OF 7-SEGMENT LED DRIVE

In the multiplex mode of drive the LED digits
in a multi-digit format are driven by a single set
of segment drivers while each digit is selected by
its own digit driver. Figure 3 shows the circuitry
needed to implement a typical six digit multiplexed
display.




Each digit is selected individually by enabling its
digit driver whose control is determined by a
counter or equivalent circuitry operating at some
clock frequency. Strobed data, by way of the
counter and multiplex circuitry, is then displayed
on the selected digit by the single set of segment
drivers. If the strobe rate is high enough, from
about 250 to 1,000 Hz depending on external
conditions, the display will appear flicker free to
the human eye. The BCD-to-7-segment decoder
converts BCD data to the desired 7-segment output
format.

In the multiplex mode each digit has a reduced
duty cycle and is operated at somewhat higher
than average or typical dc operating current levels.
The amount of current will be a function of the
number of digits, duty cycle, and the type
and efficiency of the display used. Since currents
are higher than average so also will be the LED
brightness due to the nearly linear brightness
versus current curve for most LEDs. The human
eye will detect the brightness peaks and through a
partially integrating and peak detecting action will
perceive a higher display brightness at some average
current level in the multiplex mode than the same
average current in the nonmultiplex (direct drive)
mode. The result is that a multiplexed display will
operate at a lower total power than the same
display operated in the nonmultiplex mode with
the same apparent brightness.

In the nonmultiplex mode of 7-segment LED drive
each digit has its own set of segment drivers
thereby dropping the digit driver select require-
ment of multiplexed operation. In this case, the
common digit pin may be tied to the highest
potential if common anode or the lowest if
common cathode. It is evident that in a non-
multiplexed display the driver package count
would be high since each digit requires its own
set of segment and possibly decoder drivers.
If a large number of digits are used the segment
driver package count would equal the number of
digits while in the multiplex mode this count
is equal to one. Granted, in the multiplex mode
additional control circuitry is required. Considera-
tion of the relative cost of this circuitry in
comparison to the segment decoder driver circuitry
in the nonmultiplex mode results, in general, in
the fact that if the number of digits in the display
equals or.is more than four, total package count
and/or cost is less in the multiplex mode of drive.

In most MOS circuits multiplex operation is ideal
since the counter, multiplexer, and BCD to 7-
segment decoders or equivalent circuitry can
usually be incorporated on the same chip along

with calculator, clock or other function. In this

case the only external interface components
required would be the digit and segment drivers
since MOS circuits are generally unable to sink
or source the higher current required for most
multiplex operations.

In summary, LED driver requirements for multi-
plex or nonmultiplex drive operation require
either segment, digit or BCD to 7-segment drivers.
Analysis of the particular system needs with
regard to the number of digits and relative circuit
costs should be the determining factor for multi-
plex or nonmultiplex operation. Circuit require-
ments for multiplex operation will in general
require relatively high current capabilities.

NATIONAL'S 7-SEGMENT LED DRIVERS

Table | lists the 7-segment LED drivers available
from National. Each circuits application is divided
into groupings with respect to common anode or
cathode, digit or segment, multiplex or nonmulti-
plex areas. Additionally, current capabilities are
also specified for each product.

From the table it is evident that some of the
circuits may be used in dual roles — both multiplex
or nonmultiplex; common cathode or anode. In
general, what will determine whether one drivers
application is multiplex or nonmultiplex is that
drivers current capability. The direction of current
flow through the driver (source or sink) is the
determining factor in dual application with regard
to common anode or cathode.

Table Il lists the operating temperature range and
package types for the 7-segment LED drivers.

In the following sections each circuit is described
in greater detail and typical applications are
given.

BCD TO 7-SEGMENT DECODER DRIVERS

DM5446A/DM7446A, DM5447A/DM7447A, |
DM5448/DM7448

This family of BCD to 7-segment decoder drivers
was designed for the most general possible dis-
play drive applications including display techno-
logies other than LEDs. The difference between
the circuits is in their output stage configurations.
These differences will be discussed separately later,

The circuits convert the standard 4-bit BCD input
to the popular 7-segment output format. All
input BCD codes above 9 are decoded into unique
patterns that verify operation. The circuits are
TTL-DTL compatible and operate off of a single
5.0V supply.

Added features included in all circuits are a ripple
blanking input pin as well as a lamp test pin for
display turn on. In addition the blanking input/
ripple blanking output pin may be used to modu-.
late display intensity.

8-45
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TABLE I. National 7-Segment LED Drivers

Refer to LED Driver Guide in Front of Catalog

DEVICE' COMMON CATHODE COMMON ANODE DIGIT | SEGMENT | INTERNAL| CURRENT CAPABILITY
NUMBER DRIVER DRIVER DECODING AND FEATURES
DM5446A/DM7446A X X X X Up to 40 mA Sink, Open Collector
DM5447A/DM7447A , High Breakdown (30/15V)
TTL Input Compatibility
DM5448/DM7448 X X* X* X X 1.3 mA Source, Adjustable
Externally, TTL Input
Compatibility
DS7856/DS8856 X X X" X X 6.0 mA Typical Source, TTL
' Inp,ut‘Compatib\ililv
DS8857 X X X X 50 mA Typical Source, Exter-
nally Adjustable, TTL Input
Compatibility
DS7858/DS8858 X X X X Adjustable Source Current 0 to
50 mA, TTL Input
Compatibility
DS75491 X X X X X X 50 mA Source/Sink, 4 Drivers
| per Package, MOS Input Com-
patibility
DS75492 X X X X X* 250 mA Sink, 6 Drivers per
Package, MOS Input Compatibility
DS8861 X X X X X X 50 mA Source/Sink, 5 Drivers per
: Package, MOS Input Compatibility
Ds8863 X X X X xX* 500 mA Sink, 8 Drivers per Package,
MOS Input Compatibility
Ds8864 X X X X X** 50'mA Sink, 9 Drivers per Package,
MOS Input Compatibility
DS8865 X X X X X** 50 mA Sink, 8 Drivers per Package,
MOS Input Compatibility
DS8866 X X X X X 50 mA Sink, 7 Drivers per Package,
MOS Input Compatibility

*With the use of an external transistor/segment.

**For common anode LED’s.

TABLE !, Operating Temperature Range and Package Type

DEVICE
NUMBER

OPERATING
TEMPERATURE RANGE

NUMBER OF PINS

PACKAGE TYPE

0°C to +70°C

~55°C to +125°C

-
o

Plastic Mol
DIP (N)

Flat Pack
w)

ded Ceramic

DIP (J)

DM5446A, DM5447A
DM7446A, DM7447A

DM5448

DM7448
DS7856
DS8856
DS8857
DS7858
DS8858
DS75491
DS75492
DS8861
DS8863
DS8865
DS8866
Ds8864

x

X X X X X X X X

X

X X X X X X X X X

X X X X

22

X X X X X X X X

X

X X X X X X X X X X X
X X X X

X X X -Xx
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The following equation may be used to determine the appropriate value of Ry
(segment current limit resistor) for some LED current/segment Is (mA).

Ry =
x s

(s < 40 mA)

_ Vec - 03 - Viep @ 1)

where V_ o (@ Ig) s the diode (LED) voltage drop at operating current 5.

Example:
Is = 20 mA
Viep (@ Is) = 3.8v*
Ve = 5.0V
Ry = 65Q

*MAN-1 or equivalent

FIGURE 5. Nonmultiplex Application of the DM7447A

DM5446A/DM7446A, DM5447A/DM7447A

These circuits feature active-low, open collector
high current outputs (Figure 4a). Each output is
capable of sinking up to 40 mA at a maximum
internal drop of 0.4V. This high current capability
makes these circuits particularly well suited for
driving the large NSN71 or equivalent type displays
directly. The circuits are also applicable, with or
without the use of external current limit resistors,
to driving lower current displays in the multiplex
mode of drive.

The DM5446A and DM7446A outputs are capable
of withstanding 30V at a maximum leakage of
250uA over  temperature. The DM5447A and
DM7447A have a 15V output capability at a
maximum leakage over temperature of 250uA.
This standoff voltage ability makes the circuits
applicable for direct drive to indicator lamp type
displays. Figure 5 shows a typical application of
the circuits with LEDs.

Refer to Table Il for the operating temperature
range and package types for the DM5446A/
DM7446A and DM5447A/DM7447A.

DM5448/DV7448

The DM5448/DM7448 has active high passive
pull-up outputs (Figure 4b) with a TTL fanout of
4. The typical output source current is 2.0 mA at
an output voltage of 0.85V. Each output is
capable of sinking 6.4 mA with a maximum
internal drop of 0.4V. Since the output current
level is low the circuit can be used to drive low
current common cathode displays operating in the
nonmultiplex mode.

The major application of the DM5448/DM7448
is to drive logic circuits, operate high-voltage
loads such as electroluminescent displays through
buffer transistors or SCR switches, or high-current
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Rx may be calculated using the following equation

5.0 -Vigp
Ry = L kg =
X s ~16

33
Is~16

where:

Ry = PULL-UP RESISTOR VALUE

Is = CURRENT PER SEGMENT IN mA
Example:’

Is = 5.0 mA

Rx = 970Q

Vieo =1V @50 mA
Ry > 6500

FIGURE 6. Nonmultiplex Application of the DM7448

loads through buffer transistors. Figure 6 shows
the DM7448 in a low current direct drive LED
application.

The operating temperature range and package
types for the DM5448/DM7448 are given in
Table II. '

BCD TO 7-SEGMENT LED DRIVERS
DS7856/DS8856, DS8857, DS7858/DS8858

This series of three circuits was designed to pro-
vide a wide range of current capabilities in driving
common cathode 7-segment LEDs operating in the
multiplex or nonmultiplex mode. The circuits,
discussed individually below, have output stages
with varying source current capability designed
for specific as well as general applications.

All circuits accept 4-bit BCD and decode this input
to the desired 7-segment output format for direct
drive to LEDs. In addition, the circuits feature a
lamp test pin for display turn-on check, ripple
blanking-input pin and  blanking input/ripple
blanking output pin° which ‘may be used to
modulate display intensity.

The three circuits are TTL-DTL compatible and
provide full decoding of the 16 possible input
combinations. All parts operate off of a single
5.0V supply.

DS7856/DS8856

The DS7856/DS8856 output stages, passive-
pullup (active high, Figure 4b), provide a typical

source current of 6.0 mA at an output.voltage of
1.7V. This current level was designed for directly
driving, without the use of external current limit
resistors, the NSN74 or equivalent type displays in
the nonmultiplex mode of operation.

Each output has a fan-out of 4 and is capable of
sinking 6.4 mA with a maximum internal drop of
0.4V making the circuit suitable for use with logic
circuits. With the use of an external buffer tran-
sistor per output the circuit may be used to drive
high current common anode LED displays as well
as high voltage electroluminescent displays. Figure
7 shows a typical application of the DS8856.

Vee = 5.0V O~ 16

aunio O——d
DECIMAL
et L e | o o |

.‘.!![¥!! YYVY|

!
=

14 -

Ig = 6.0 mA
(TYPICAL)
(]

-

ldd

NSN74
OR EQUIVALENT

FIGURE 7. Nonmultiplex Application of the DS8856
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Operating temperature range and package types
for the DS7856/DS8856 are given in Table 1l.

DS8857

The output stages of the DS8857, active puli-up
(active-high, Figure 4c), source a typical current

SEGMENT
—O outpuT

DS8857

FIGURE 4c. Output Stage

of 50 mA at an output voltage of 2.3V. The
circuit was designed to be used with NSN74 or
equivalent type displays operating in the multiplex
mode of drive. With this high current capability
the circuit can drive up to 16 such digits.

The applications of this circuit obviously are not
limited to just the NSN74 type of display. Common
cathode displays with high dc current require-
ments or lower multiplex current levels may be
driven by this circuit with the use of an external
current limit resistor per segment. A typical appli-
cation of the DS8857 is given in Figure 8.

Vee = +5.0V O==4 16 58857 8 —-1

13 1 15 _ 14 =
1«5“

3 l

fuai v~ ani I I
HTT TTHT 1

oIGIT DIGIT DIGIT
1 2 N
sgt‘seg STROBE STROBE STROBE

INPUT INPUT INPUT

TRANSISTOR

For multiplex or nonmultiplex applications where an external current limit resistor
per segment is required, see the output current vs voltage curve for the DS8857 and
use the equation given in Figure 9 to calculator the resistor value.

FIGURE 8. DS8857 Typical M

Table |1 gives the operating temperature range and
package type for the DS8857.

DS7858/DS8858

The DS7858/DS8858 output stages are active
pull-up (active-high, Figure 4d) like those of the

SEGMENT
o OUTPUT

>
>
>
-

DS$7858/D58858

FIGURE 4d. Output Stage

DS8857. The output stages are exactly the same
as the DS8857 except that the internal current
limit resistor per output has been removed.
External current limit resistors must then be used.
This allows the circuit to be customized for a
particular common cathode multiplex or non-
multiplex application. Each output stage, through
its own external resistor, can be programmed to
some current from 50 mA down to 0 mA. Care
must be taken in not shorting the outputs to
ground because of the excessive current flow that
would result from the Darlington upper stage. See
Figure 9 for a typical application of the DS8858.

DS8857 Output Current

vs Voltage
80 C T T
DS8857 |
50 Vec = 5.0V
N Tp=25°C |
40 ™ Vir=08V
3
oy
5 N
2 N
» AN
1 3
]
15 28 25 30 35 40
Vour (V)

ultiplexinq Scheme
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Maximum .output source current per segment for
the DS7858/DS8858 is 50 mA. Operating tem-
perature range and package types are given in
Table Il.

Special care must be taken in the use of the
DS7858 ceramic and the DS8858 plastic DIP’s
with regard to not exceeding the maximum operat-
ing junction temperature of the devices. The maxi-
mum junction temperature of the DS7858J is
150°C and must be derated based on a thermal
resistance of 80°C/Watt, junction to ambient. The
maximum junction temperature for the DS8858N
is 160°C and must be derated based on a thermal
resistance of 140°C/Watt, junction to ambient.

DS75491, DS8861 MOS TO LED SEGMENT
DRIVERS

The DS75491 and DS8861 were designed for
MOS calculator applications. Both circuits feature

low input current, 3.3 mA maximum at 10V
input, making them suitable for direct drive from
MOS circuits. The circuijts are used to drive the
paralleled segments in multi-digit displays. Since
both circuits feature accessable collectors and
emitters they may be used as either common .
cathode or anode segment drivers. They feature a’
source or sink current ‘capability of up to 50 mA
with a maximum collector to emitter drop of
1.5V over the operating temperature range. In
addition, each output is specified to have a maxi-
mum leakage of 100uA at an output voltage of
10V over temperature. Both circuits operate from
a single supply that can have a maximum voltage
of 10V.

DS75491 FOUR SEGMENT DRIVER

The DS75491 is a four-segment driver whose main
application is with multi-digit LEDs operating in
the multiplex mode of drive. Each package con-
tains four separate segment drivers, each driver

- DS8858 Output Current
BCD vs Voltage
INPUTS
A B C D LT R8I 60 T T
29979 7?9 / Dsssse |
50 Vee = 5.0V
71 2 6 35 \\ To = 25°C
Vee = +5.0V O 16 DS8858 8 40 Vir =08V
- 1 2 \
a1 12 1w 1518 = £ 3 N
-
m/nsno—' e e e e e e 3
DECIMAL "3 $3$3S 3 Sk s
point © ] T 9797997 9% 1"
10 N
YYYYYYYY ., <
—o- 32 33 34 35 36 37
£ Vour (V)
{:‘I.l‘l:’:ﬁ;‘mnmﬂu ‘of the segment current limit resistor Ry the following

Vour - Vo
By =22
s

where:

Is = Segment current

Vo = LED diode drap at cumrent Iy

‘Vour = DSBESS output voltage at current I (see graph)
Example:

Is =50 mA

Vo = 1.7V (AT 5.0 mA)

From graph (Vec = 5.0V, Tp = 25°C)

Vour = 353V (AT 5.0 mA)

_ 353V -1V

R
X somA

Ry = 3600

The same equation may be used when either the DS7858 or the DS8858 are operating

mode of drive. If

tage drop due to igi is

taken into consideration,the new equation would have the following form:

_ Your = Vo - Von
L

Vor = Digit driver drop at current I

FIGURE 9. DS8858 Applications




with free collector and emitter points, see Figure
de.

TOOTHER SUB (GND)
DRIVERS TO OTHER
DRIVERS

DS75491 (4 per package)
DS8861 (5 per package)

FIGURE 4e. Circuit Schematic

In the multiplex mode of drive, a six digit calculator
needs only two DS75491's to drive the segments
in the display, see Figure 10. The total of eight
segment drivers allows drive to each of the indi-
vidual seven segments plus logic control for the
decimal point. Figure 11 shows the DS75491
used in an 8 digit calculator application.

Table Il lists the package type and temperature
range of the DS75491.

DM8861 FIVE SEGMENT DRIVER

The DS8861 is a five segment driver which like the
DS75491 is used with multi-digit LEDs operating
in the multiplex mode of drive. Each package
contains five separate drivers, each driver with
free collector and emitter points, Figure 4e.

A typical application of the DS8861 is given in
Figure 11 where the DS8861 is combined with
the DS75491 to provide a total of nine inde-
pendent sources of LED segment current from an
MOS calculator. This allows control of the 7-
segments plus decimal point and minus sign. This
combination of circuits is not solely applicable to
just the 8 digit calculator configuration shown but
can be used with a display having as many digits
as desired as long as the multiplexed segment
current requirement does not exceed 50 mA.

As with the DS75491, the DS8861 is also appli-
cable to use with common anode displays as well
as common cathode since each driver has its
collector bonded out to a separate pin.

Vs O
L L 4 L
r1 T r [
> 3
l'ssgss | $ 3l e
I <2321 | ¢ € | gesistons
[ E E i S | L 444
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3
1 5
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I 0575491 [h
|- 6
a foed 1Y cn— 9 2
d
b 10 13—
¢ 12 1
SEGMENT { 4 0575491 -l:
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f 7 6
9 8 o
[
op " 13
a4
MM5736
SIX
DIGIT
CALCULATOR
[ 3 a e v e
1 - 1) = ARRAY OF
02 EI L.I [ ._.l - SIX NSNT4
0IGIT |03 Ny DISPLAY
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LINES " 02 |03 oa  [os  [os
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FIGURE '10. 6-Digit Calculator
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Refer to Table |l for operating temperature range
and package type for the DS8861.

D$75492, DS8863 MOS TO LED
DIGIT DRIVERS

The DS75492 and DS8863 are digit drivers
designed to drive multi-digit common cathode
LEDs directly from MOS circuits. Since digit
currents are quite high in multiplex operation
MOS circuits usually cannot sink the required
digit select current, therefore these circuits pro-
vide the required current buffering. The two
circuits have different current handling capability
as well as different numbers of drivers per package,
each will be discussed individually later.

The circuits are totally compatible for use with
both the DS75491 and the DS8861. The most
common usage of the circuits is in MOS calculator
applications where the DS75491 or the DS8861
source the segment current and either the
DS75492 or the DS8863 sink the digit current.

DS75492 SIX DIGIT DRIVER

The DS75492 is a six digit LED driver designed
to be used with common cathode multi-digit

displays operating in the multiplex mode of drive.

The circuit features six high gain Darlington
connected transistors, with collectors open and
emitters tied to ground (Figure 4f), capable of

SUB (GND)
T0 OTHER
DRIVERS

Vs ——g

> T0 OTHER
DRIVERS

DS75492 (6 per package)
DS8863 (8 per package)

FIGURE 4f. Circuit Schematic

sinking up to 250 mA with a maximum collector
to ground drop of 1.5V over the operating
temperature range. Low input current of 3.3 mA
maximum at 10V makes the drivers suitable for
direct connection to MOS circuits. Qutput leakage
is 200uA maximum at 10V over temperature.
Maximum Ve is 10V.
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FIGURE 11. 8-Digit Calculator
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In Figure 10 the DS75492 is shown along with
the DS75491 in a typical six digit calculator
application. Since the calculator circuit shown is
operated in the multiplex mode of drive only
one DS75492 is required, replacing at least six
transistors and resistors for the equivalent discrete
circuit.

The operating temperature range and package
type for the DS75492 is given in Table 11.

DS8863 EIGHT DIGIT DRIVER

The DS8863 is an eight digit LED driver designed
to be used in conjunction with either the
DS75491 and/or the DS8861 in driving eight
common cathode LED digits operating in the
multiplex mode of drive.

This circuit features eight separate high gain
Darlington connected transistor circuits, see Figure
4f. Each Darlington transistor pair is capable of
sinking 500 mA with a maximum collector to

ground drop of 1.6V, Each collector can withstand

10V at a maximum leakage of 250uA in the off
state. Maximum input current is 2.0 mA at 10V,
making the circuit particularly well suited for
direct drive from MOS circuits.

Figure 11 shows the DS8863 used in a typical
8-digit calculator application. The important
feature of the DS8863 is the very high sink
current capability. This allows multiplex operation
of large digits or large numbers of digits without
the use of discrete high current transistors.

Another application of the DS8863 is shown in
Figure 12. In this case the DS8863 is used along
with the MM5314 series digital clock circuits in
the implementation of a 6-digit clock display.
Here the DS8863 is used as a segment driver for a
common anode display. The use of the DS8863 in
this manner replaces a total of 14 resistors and
7 transistors.

The DS8863 uses a single supply with a maximum
voltage of 10V. Table 1l specifies the operating
temperature range and package type for the
DS8863.

Ves =11V

.J 2N4403 OR

i

50/60 Hz
INPUT

S1 S10 My Mg Hy Hyo

f—os

DIGIT SELECT g

FREQUENCY
ELEMENT

MM5314 SERIES
DIGITAL CLOCK

SEGMENT LINES Voo

a—

EQUIVALENT

HOLD SLOW FAST “a b c d e | g

o

!

HOURS SECONDS
NSNT1 OR
105 e TS
ies oy | Eauvaient
LU IH I
L
II

il
SUBS

+

Ry =200,

variable depending on desired display brightness

FIGURE 12. Digital Clock Using DS8863
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DS8864, DS8865, DS8866 MOS TO
LED DIGIT DRIVERS :

" The )088864, DS8865, and DS8866 were de-

signed to drive common cathode nine, eight, and
seven digit displays respectively. The applications
of these drivers are similar to those of the DS75492
and DS8863 except that operating current levels
are lower. . .

All circuits feature maximum input current of
2.0 mA at a voltage of 6.5V. Output sink capabil-
ity is 50 mA at a maximum collector to ground
drop of 1.5V. Output leakage is 40uA (max) at
an output voltage of 6.0V. All circuits operate
from a supply that can vary from 5.0V to 9.5V.

D$8864 NINE DIGIT DRIVER

The DS8864 is a nine digit common cathode LED
driver. Each package contains nine separate digit
drivers. The circuit also features a “low battery”
indicator driver which will light a decimal point
whenever a 9.0V battery drops below 6.5V typical.

Figure 13 shows the DS8864 in a typical calculator
drive application. The operating temperature range

and -package type for thg DS8864 is. given in
Table I1. o

083865 EIGHT DIGIT DRIVER

The DS8865 is,an eight digit common i:athode‘
LED driver. Eight separate drivers are contained
within each package. As with the DS8864 and
DS8866, the DS8865 can also be used as a seg-
ment driver for common anode displays in the
multiplex or nonmultiplex mode as long as the
segment current does not exceed 50 mA and is
current limited with external resistors.

Table 1l gives the operating temperature range and
package type for the DS8865.

DS8866 SEVEN DIGIT DRIVER

The DS8866 is a seven' digit common cathode
LED driver. Each package contains seven separate
digit drivers. -Logic is also provided for a “low
battery’’ indicator which will detect a 9.0V battery
drop to below 6.5V typical and drive a decimal
point.

Table Il lists the package type and temperature
range of the DS8866.

SIGN DIGIT
LAST'DIGIT

MM5738

Mos
CALCULATOR
CIRCUIT

S

FIRST DIGIT

DS8864

Veer

Vecz

O 490V
. .
SIGN DIGIT s,
LAST DIGIT
NSA1208 ¢
LED BISPLAY
FIRST DIGIT

e

1

5F

FIGURE 13. A Typical Application of the DS8864, Showing a Complete 8-Digit,
ion Cal with M y.
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TRANSMISSION LINE CHARACTERISTICS

INTRODUCTION

Digital systems generally require the transmission of
digital signals to and from other elements of the system.
The component wavelengths of the digital signals will
usually be shorter than the electrical length of the cable
used to connect the subsystems together and, therefore,
the cables should be treated as a transmissions line. In
addition, the digital signal is usually exposed to hostile
electrical noise source which will require more noise
immunity then required in the individual subsystems
environment.

The requirements for transmission line techniques and
noise immunity are recognized by the designers of sub-
systems and systems, but the solution used vary con-
siderably. Two widely used example methods of the
solution are shown in Figure 1. The two methods

UNBALANCED METHOD

DS75452 DM7400

DS7820A

FIGURE 1.

illustrated use unbalanced and balanced circuit tech-
niques. This application note will delineate the char-
acteristics of digital signals in transmission lines and
characteristics of the line that effect the quality, and will
compare the unbalanced and balanced circuits perfor-
mance in digital systems.

NOISE

The cables used to transmit digital signals external to a
subsystem and in route between the subsystem, are
exposed to external electromagnetic noise caused by

Applications

switching transients from actuating devices of neighbor-
ing control systems. Also external to a specific sub-
system, another subsystem may have a ground problem
which will induce noise on the system, as indicated in

Figure 2.
ELECTRIC
Momrba/

P

e

HEAVY GROUND CURRENT

Induced noise along cable route
Ground problems in associated equipment

FIGURE 2. External Noise Sources

The signals in adjacent wires inside a cable may induce
electromagnetic noise on other wires in the cable. The
induced electromagnetic noise is worse when a line ter-
minated at one end of the cable is near to a driver at the
same end, as shown in Figure 3. Some noise may be

CABLE

4300

FIGURE 3. Internal Noise Sources

induced from relay circuits which have very large tran-
sient voltage swings compared to the digital signals in the
same cable. Another source of induced noise is current
in the common ground wire or wires in the cable.

8-55
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DISTORTION

The objective is the, transmission and recovery of digital
intelligence between subsystems, and to this -end, the
characteristics of the data recovered must resemble the
data transmitted. In Figure 4 there is a difference in the
pulse width of the data and timing signal transmitted,
and the corresponding signal received. In addition there
is a further difference in the signal when the data is
“AND"’ed with the timing signal. The distortion of the
signal occurred in the transmission line and |n the line
driver and receiver.

TRANSMITTED
NRZ DATA
TRANSMITTED ’
TIMING
RECEIVED
TIMING
RECOVERED
DATA

. 7/
FIGURE 4. Effect of Distortion

RECEIVED
DATA

A primary cause of distortion is the effect the transmis-
sion line has on the rise time of the transmitted data.
Figure 5 shows what happens to a voltage step from the

_driver as:it travels down the line. The rise time of the

signal increases as thé signal travels down the line. This
effect will tend to affect the tlmmg of the recovered
signal.

—EL BOFT ey

__ ——LINEIR DROP

’ <= 1.3y | TimE

“* FIGURE 5. Signal Response at Receiver

-

I —erff

THE STEP RESPONSE OF A TRANSMISSION
LINE RESEMBLES A COMPLEMENTARY
ERROR FUNCTION RATHER THAN AN
EXPONENTIAL FUNCTION

TIME
FIGURE 6. Signal Rise Time

The rise’ time in a transmission line is not an exponential
function but a complementary error-function. The high

. frequency components of the step input are attenuated

and delayed more than the low frequency components.
This attenuation is inversely proportional to the fre-
quency. Notice in Figure 6 particularly that the signal
takes much longer to reach its final dc value. This effect
is more significant for fast risetimes.

The Duty Cycle of the transmitted signal‘also causes

distortion. The effect is related to the signal rise time as
shown in Figure 7. The signal doesn‘t reach one logic
level before the signal changes to another level. If the
signal has a 1/2 (50%) Duty Cycle and the threshold of
the receiver is halfway between the logic levels, the dis-
tortion is small. But if the Duty Cycle is 1/8 as shown in
the second case the signal is considerably distorted. In
some cases, the signal may not reach the recelver thresh-

old at all.
1/2 DUTY
CYCLE DATA

1/2 DUTY CYCLE /\/WWV
LINE RESPONSE i ™

1/8 DUTY
CYCLE DATA o]

B DUTY CYCLE N\ l;“;vm
LINE RESPONSE

S ———

FIGURE 7. Signal Distortion Due to l?utv Cycle

In the previous example, it was assumed that the
threshold of the receiver was halfway between the ONE
and ZERO logic levels. If the receiver threshold isn't
halfway the receiver will contribute to the distortion of
the recovered signal. As shown in Figure 8, the pulse
time is lengthened or shortened depending on the
polarity of the signal at the receiver. This is due to the
offset of the receiver threshold.

l I TIME
——
+6.0
/\ RECEIVER
RECEIVER THRESHOLD
INPUT

DRIVER
© INPUT

\ — 0
RECEIVER e
OUTPUT l I POSITIVE PULSE
b 1 NEGATIVE: PULSE
ouTPUT L .J :

FIGURE 8. Slicing Level Distortion

UNBALANCED METHOD

Another source of distortion is caused by the IR losses
in the wire. Figure 9 shows the IR losses that occur in a
thousdnd” feet of no.22 'AWG wire. Notice in this
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example that the losses reduce the signal below the
threshold of the receiver in the unbalanced method. Also
that part of the IR drop in the ground wire is common
to other circuits—this ground signal will appear as a
source of noise to the other unbalanced line receivers in
the system.

DM7400

|

|

0875452

I'LMV/

1R DROP GENERATES
GROUND LOOP NOISE

‘iR DROP SUBTRACTS
FROM NOISE MARGIN

FIGURE 9. Unbalanced Method

Transmission lines don’t necessarily have to be perfectly
terminated at both ends, (as will be shown later) but the
termination used in the unbalanced method will cause
additional distortion. Figure 10 shows the signal on the
transmission line at the driver and at the receiver. In this
case the receiver was terminated in 120%2, but the char-
acteristic impedance of the line is much less. Notice that
the wave forms have significant steps due to the
incorrect termination of the line. The signal is subject to
misinterpretation by the line receiver during the period
of this signal transient because of the distortion caused
by Duty Cycle and attenuation. In addition, the noise
margin of the signal is reduced.

AT DRIVER
—_—

2v/piv
AT RECEIVER
——

100 FT TWISTED
PAIR SHIELDED

————
200 ns/DIV

FIGURE 10. DS75451, DM7400 Line Voltage Waveforms

The 'signal waveforms on the transmission line can be
estimated before hand by a reflection diagram. Figure 11
shows the reflection diagram of the rise time wave
forms. The voltage versus current plot on left is used to
predict the transient rise time of the signal shown on the
right. The initial condition on the transmission line is an
IR drop across the line termination. The first transient
on the line traverses from this initial point to zero cur-
rent. The path it follows corresponds to the character-
istic impedance of the line. The second transient on the
diagram is at the line termination. As shown, the signal
reflects back and forth until it reaches its final dc value.

Figure 12 shows the reflection diagram of the fall time.
Again the signal reflects back and forth between the line

termination until it reaches its final dc value. In both the
rise and fall time diagrams, there are transient voltage
and current signals that subtract from the particular
signal and add to the system noise.

+5.0V

COLLECTOR

SIGNAL AT DRIVER
—— SIGNAL AT RECEIVER

—
TIME

FIGURE 11. Line Reflection Diagram of Rise Time

+5.0V -

2o =369

_— SIGNAL AT DRIVER

TERMINATOR | =«—SIGNAL AT RECEIVER

120

——
TIME

FIGURE 12. Line Reflection Diagram of Fall Time

BALANCED METHOD

In the balanced method shown in Figure 13, the tran-

sient voltages and currents on the line are equal and

DS7830

DS7820A

I\

INPUT

XX T\

BALANCED LINE SIGNAL OUTPUT

The ground loop current is much less than signal current

FIGURE 13, Cross Talk of Signals

opposite and cancel each others noise. Also unlike the
unbalanced method, they generate very little ground
noise. As a result, the balanced circuit doesn’t contribute
to the noise pollution of its environment.
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The circuit used for a line receiver in the balanced
method is a differential amplifier. Figure 74 shows a noise
transient induced equally on line A andline B from line
C. Because the signals on line A and B are equal, the
signals are ignored by the differential line receiver.

Likewise for the same reason, the differential signals on
line' A&B from the driver will not induce transients on
line C. Thus, the balanced method doesn’t generate noise
and also isn't susceptible to noise. On the other hand
the unbalanced method is more sensitive to noise and
also generates more noise.

DS7820A

LINE B

SIGNAL ON LINE C ___/—
SIGNAL ON LINE A __—[—\—
SIGNAL ON LINE B ___/__L

DIFFERENCE SIGNAL (A—8) et e oo

FIGURE 14. Cross Talk of Signals

The characteristic impedance of the unbalanced trans-
mission line is less than the impedance of the balanced
transmission. line. In the unbalanced method there is
more capacitance and less inductance than in the bal-
anced method. In the balance method the Reactance to
adjacent wires is almost cancelled (see Figure 15). As. a
result-a transmission line may have a 6082 unbalanced
impedance and a 9082 balanced impedance. This means
that the unbalanced method, which is more susceptible
to IR drop, must use a smaller value termination, which
will further increase the IR drop in the line.

S

UNBALANCED

RELIN
Zocoax = N 9%

BALANCED

OOOO ‘ M a OOQO

o = —— log—

FIGURE 15. ZQ Unbal

d < 2g Bal o

The impedance measurement of an unbalance and balance
line must be made differently. The balanced impedance
must be measured with a balanced signal. If there is any
unbalance in the signal on the balanced line, there will be

an unbalance reflection at the terminator. Therefore, the
lines should also be terminated for unbalanced signals.
Figure 16 shows the perfect termination configuration
of a balanced transmission line. This termination method
is primarily required for accurate impedance measure-
ments. '

UNBALANCED
o—

. o
Zou Q 1: Rou

BALANCED Rx

Zoe< 1
O

Rou.
ZGUE> : 60 Rou

! =

Rog = Bx// 2 Roy = 90

FIGURE 16. Impedance Mea_surement

The unbalanced method circuit used in this application
note up to this point is the unbalanced circuit shown in
Figure 1. The termination of its transmission line was
greater than the characteristic impedance, of the unbal-
anced line and the circuit had considerable threshold
offset. The measured performance of the unbalanced cir-
cuit wasn’t comparable to the balanced method. There-
fore, for the following comparison of unbalanced and
balanced circuits, an improved termination shown in
Figure 17 will be used. This circuit terminates the line in
6082 and minimized the receiver threshold offset.

5V

0875452 10S ommano

FIGURE 17. Improved Unbalanced Method

A plot of the Absolute Maximum Data Rate versus cable ‘
type is shown in Figure 18. The graph shows the dif-
ferent performances of the DS7820A line receiver and

B

100

T
+—t i
SINGLE
aay fwlb‘l tilliPA

NINE TWISTED PAIR
10 1T 3t
INGLE TWISTED NTsg
PAIR SHIELDED

INEET
| ALLWIRE #22 [
AWG STRANDED | \
™ DS7820A/DS7830

1/8DUTY CYCLE

1.0

ABSOLUTE MAXIMUM DATA RATE (X10° BAUD)

10 100 ‘ 1000
LINE LENGTH (FT)

FIGURE 18. Data Rate vs Cable Type
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FIGURE 19. Data Rate vs Duty Cycle

the DS7830 line driver circuits with a worse case 1/8!
Duty Cycle in no. 22 AWG stranded wire cables. In a
single twisted pair cable there is less reactance than
in a cable having nine twisted pairs and in turn this
cable has less reactance than shielded pairs. The line
length is reduced in proportion to the increased line
attenuation which is proportional to the line reactance.
The plot shows that the reactance and attenuation has a
significant effect on the cable length. Absolute Maxi-
mum Data Rate is defined as the Data Rate at which the
output of the line receiver is starting to be degraded. The
roll off of the performance above 20 mega baud is due
‘to the circuit switching response limitation.

Figure 19 shows the reduction in Data Rate caused by
Duty Cycle. It can be observed that the Absolute Maxi-
mum Duty Rate of 1/8 Duty Cycle is less than 1/2 Duty
Cycle. The following performance curves will use 1/8
Duty Cycle since it is the worst case.

Absolute Maximum Duty Rate versus the Line -

Termination Resistance for two different lengths of
cable is shown in Figure 20. it can be seen from the
figure that the termination doesn’t have to be perfect in
the case of balanced circuits. It is better to have a termi-
nation resistor to minimize the extra transient signal
reflecting between the ends of the line. The reason the
Data Rate increases with increased Termination Resist-
ance is that there is less IR drop in the cable.

The graphs in Figure 21 shows the Data Rate versus the
Line Length for various percentage of timing distortion
using the unbalanced DS75452 and DM7400 circuits
shown in Figure 17. The definition of Timing Distortion

100
g
2 ABSOLUTE
2 iyl
< ! ‘\MA)' IMUM
) Y
™~ e
= H H
& 10% 25%)
Z I 15%
3 | DS7820A,/DM7830 5
NINE TWISTED PAIR
1/8 DUTY CYCLE
1.0
10 100 1000

LINE LENGTH (FT)

FIGURE 22. Data Rate vs Distortion of DS7820A, DS7830

LINE TERMINATION RESISTANCE (OHMS)
FIGURE 20. Data Rate vs Line Termination

LINE LENGTH (FT)
DS75452, DM7400

is the percentage difference in the pulse width of the
data sent versus the data received.

Data Rate versus the Line Length for various percentage
of timing distortion using the balanced DS7820A and
DS7830 circuit is shown in Figure 22. The distortion of
this method is improved over the unbalanced method, as
was previously theorized.

The Absolute Maximum Data Rate versus Line Lengths
shown in the previous two figures didn’t include any
induced signal noise. Figure 23 shows the test configura-
tion of the unbalanced circuits which was used to

5V

100 NEAR
1/8 DUTY CYCLE END RECEIVER

10 YZDuTY CYELE

<
150 &

1l

.  CABLEWITH . .
NINE TWISTED PAIR

. 100
5v<—'\0\/v—1

<
150 €

B NEAR END'
NOISE GENERATORS

FIGURE 23. Signal Cross Talk Experiment Using
DS75452, DM7400
measure near end cross talk noise. In this configuration
there are eight line drivers and one receiver at one end of
the cable. The performance of the receiver measured in

~ the presence of the driver noise is shown in Figure 24.

FIGURE 21. Data Rate vs Distortion of
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Figure 24 shows the Absolute Maximum Duty Rate of
the unbalanced method versus line length and versus the
number of line drivers corresponding to the test con-

figuration delineated in Figure 23. In the noise measure- .

ment set-up there was a ground return for each signal
wire. If there is only one ground return in the cable the
performance is worse. The graph shows that the effective
line length is drastically reduced as additional Near End
Drivers are added. When this performance is compounded
by timing distortion the performance is further reduced.
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FIGURE 24. Data Rate vs Signal Cross Talk of
DS75452, DM74Q0

Figure 25 shows the test configuration of the balanced
circuit used to generate worst case Near End cross talk
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<
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FIGURE 25. Signal Cross Talk Experiment Using
DS7830, DS7820A

noise similar to the unbalance performance shown in the
previous figure. Unlike the unbalanced case, there was
no measurable degradation of the circuits Data Rate or
distortion.

CONCLUSION
National has a full line of both Balanced and Unbalanced

Line Drivers and Receivers. Both circuit types work well
when used within their limitations. This application note

_shows that the balanced method is perferable for long

lines in noisy electrical evironments. On the other hand
the unbalanced circuit works perfectly well with shorter
lines and reduced data rates. It should be kept in mind
that when you are spending $500,000 for a CPU and
$75,000 for peripherals, it pays to investigate the best
way to transmit data between them.

DEFINITION OF BAUD RATE

—l T, ]<—
—————— 7, ———]
1 1
INTERVAL PERBIT T,
1

. 1
BAUD RATE= —————— = —
MINIMUM UNIT INTERVAL T,

BIT RATE =

The data in this note was plotted versus Baud Rate.
The minimum unit interval reflected the worse case
conditions and also normalized the diagrams so that
the diagrams were independent of duty cycle. If the
duty cycle is 50% then the Baud Rate is twice the
Bit Rate.
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NATIONAL

DRIVER UPDATE—NEW DRIVERS FOR LED
DISPLAYS

INTRODUCTION

Many new LED drivers have been introduced in the past
year. This application note picks up where AN-99 left
off and expands into recent developments in LED
displays. If the particular display requirements are
known, inspection of Table | will narrow down the
selection of drivers to the most appropriate few, or
the one that will do the job. Reading the description
provided in this note, or on the data sheet for a parti-
cular driver should help complete the design project.
If more information on drivers in general is desired,
then read on. Since this is an application note, as many
circuit applications as possible for each driver are
included.

GENERAL CONSIDERATIONS

To multiplex or not to multiplex is an important consid-
eration. Some of the reasoning and arguments, pro and
con, are covered very well in AN-99 and reading of that
application note is recommended. An important factor
affecting display operation is that most multi-digit
displays - presently available are interconnected for
multiplexing only, removing any choice by the systems
designer.

The mathematics of multiplexing is fairly straightfor-
ward. The drive requirement for most LED displays is
stated in the form of an average segment current. Peak
segment current—the current a driver has to supply—is
derived by dividing the average segment current by the
duty cycle. For instance, it may be desirable to drive a
9-digit LED display, like National’s NSA1298, with an
average segment current of 0.7 mA. If the duty cycle
were 10%, derived by driving the 9 digits for equal
periods plus a 10% of period interdigit blanking time,
then the peak segment current would be 7 mA (0.7 mA
+10%). Digit current is then the peak segment current
multiplied by the number of segments that are ““ON.”
Including the decimal point, the maximum digit current
would be 56 mA (7 mA x 8 segments). In addition to
this rather simple example, the designer needs to account
for the specified variation in segment currents due to
resistor tolerance, etc. and its effect on the digit driver
specification. However, the example serves to show the
basic mathematics involved.

Applications

CATEGORIZING DRIVERS

Drivers may be categorized by various functions and
conditions. Some of these are:

a) Segment drivers or digit drivers

b) Anode drivers or cathode drivers

c) MOS compatible or TTL compatible inputs
d) Inverting or non-inverting outputs

e) Decoded or straight through drivers

f) Number of outputs

g) Current handling capability

h) Design supply voltage, particularly if an integral low
battery indicator is included

The design guide in Table | should help in locating
devices in most of these categories.

FEATURES

There are many features available on the newer segment
and digit drivers which help make the overall cost of
production lower or make the end product more appeal-
ing or both.

One of these features is pinout. The newer segment and
digit drivers have all the inputs grouped together and all
the outputs grouped together, usually on opposite sides
of the package. This vastly simplifies circuit board layout
often eliminating costly jumper wires and very tight cir-
cuit board traces that lead to troublesome solder
bridging.

Another feature is that some of the newer segment
drivers incorporate the current setting resistors inter-
nally, saving the cost of purchasing, stocking, forming,
inserting and board layout for discrete resistors.

On many of the newer digit drivers, a new feature is the
self-contained low battery indicator. These indicators are
generally set for 9V battery systems or 6V (4-cell) or
4 1/2V (3-cell) battery systems. They are an appealing
sales feature that warns the purchaser when to recharge
the batteries (if ni-cads) or replace them if they are
throw-aways. ’
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AN-148 Driver Update—New Drivers for LED Displays

. TABLE I.
‘ . Refer to LED Driver Guide in Front of Catalog

Output  [Off-State | Package . R .
National Curront | Output | Size | Number Nom Driver Driver For For | mos | TTL
Part Status (Note 1) | Voltage |(Number| of [Decoded | Inverting ' Common | Common | (o 4y oo Comments
Number . Min Max of | Drivers et e | Cuthode] it | Seqmont| Anote | Cathode | 01} 17t
. (mA) ) Pins) . node | Cath igit | Segm
DM7446A [Production | 40 30 16 7 X 3 X X X
DM7447A [Proguction | 40 15 16 7 X x Y X X
DM?7448 |Production | -2 NA 16 7 X xt X xt X tThrough External Transistor
DS8646 | Development | 84 5 Dice 6 X 3 x x x For CMOS Watch Circuits
058647 _| Development | -7 = Dice 9 X X X X X For CMOS Watch Circuits
DS8648 | Development | —7 = Dice 9 X X X X X For CMOS Watch Circuits
DS8650 |Production | 50 5 Dice 4 X x X X X For CMOS Watch Circuits
DS8651  [Production | -5 -4 Dice 7 X X X X X For CMOS Watch Circuits
DS8658  |Production | 84 5 Dice 4 x X x X X For CMOS Watch Circuits
DS8659 _|Production | -7 4 Dice 7 X x X X X For CMOS Watch Circuits
DS8844 |Production | 50 10 6 7 X X X X X
DS8855 |Production | 50 10 22 9 X X X X X
DS8856 |Production |6 max| 55 16 7 X xt X xt X *tThrough External Transistor
DSB857  |Production |50 max| 55 16 7 X X X : X X
DS8858 _lProduction | 50 max| 55 16 7 x X X X x
DS8859 | Production | 0-40 55 16 6 X X X X = X Tamp Driver With Latch
DS8861 |Production | +50 10 18 5 x* X X x* X+ X X x *With Emitter Grounded
058863  |Production | 500 10 18 8 X " x X X X .
DS8864 | Production | 50 10 22 9 X X X X X For 9V Battery With Low Battery
DS8865__| Produ 50 10 18 8 X X X X X
DS8866 | Production | 18 70 8 7 X X X X X For 9V Battery With Low Battary
DS8867 | Production | ~10 8 18 8 X X X X X Praset IouT
DS8868 | Production | 110 5 18 12 X X x X X For 4.5V Battery With Low Battery
DS8869 |Production | 0-40 | 55 - 16 6 X X X X I x Lamp Driver With Latch
DS8870 _|Production | 350 10 14 6 X X X X X
DS8871 | Production | 50 0 18 8 X X X X b3
Ds8872  |Production | 50 10 22 9 X X X X X
DS8873  |Production | 50 10 22 9 x X X X X For 9V Battery With Low Battery
DS8874  |Development | 50 10 14 9 X X X X X For 9V Battery; Shift Input
DS8876 _ {Development | 50 10 14 9 X X X X X For 6V Battery: Shift Input
DS8877 |Production | 40 10 12 6 X X X X X 575492 Pin Out
Ds8879 50 10 14 9 X X X X X For 4.5V Battery; Shift Input
DS8895  |Production | ~14 10 16 4 X X X x X Internal Set louT
DS8973  |Development | 100 10 22 9 X X x X X For 4.5V Battery With Low Battery
10 22 9 X X X X X For 6V Battery With Low Battery
0 22 9 X X X 3 X For OV Battery With Low Battery
10 14 4 x* X X" x* X+ b3 X X *With Emitter Grounded
10 14 6 X X X X X
DS75493 |Production | —30- 10 16 4 X X X X X louT Set By RExT
D§75494 {Production | 180 10 16 6 X X X X X Ni

Note 1:Positive current is into the device (sinking).

- Watch Circuits Using LED's

Two new drivers designed to drive LED displays in
watches are the DS8658 and DS8659. The DS8658 is a
4-digit driver which is basically 4 NPN transistors on a
chip with their emitters tied together. The 4 bases are
brought out on one side of the chip and the 4 collectors
on the opposite side to make assembly easier. The
DS8659 is a constant current segment driver designed
to supply 10 +3 mA. To accomplish this with only a
2.4—-2.7V battery, the circuit uses a PNP current mirror
driven by a PNP emitter-follower. This is believed to be
the first all PNP integrated circuit in large scale produc-
tion. Figure 1 shows a typical watch circuit using these
drivers. If, for reasons of battery life or for a smaller

CASE
BACK )
L e o 1l
15V 15V
_-In —-IS
DISPLAY  SET
4.01GIT
CMOS DS8659
wofof s |l b el b
CHIP DRIVER NSCO101
| ‘ I : 1
I . DSB658
ADJUST 4 n?zll':rlsrn

/ FIéUfIE 1. Typical Watch Circuit

ladies type watch, a smaller display is used, then lower
segment currents can be generated. The watch circuit in
Figure 2 shows just such a circuit. The DS8651 will
supply 6.5 £1.5 mA per segment.

The NSCO0175 are 75% the height of the NSCO101 used
in Figure 1 and can be spaced closer together. An even

. smaller, brighter display can be made using the NSC0155
which are 55% the height.of the NSC0101.

If the CMOS watch chip is designed to drive non-invert-
ing segment drivers, then the DS8649 8-segment driver
can be used. The output current of the DS8649 has a
much higher battery voltage dependence than the
' DS8651 or DS8659, but is more efficient since all dis-
play driver current goes through the display. Figure 3
shows how the DS8649 would be connected in a watch
circuit. With a fresh set of batteries, the DS8649
delivers typically 10—12 mA per segment, dropping to
5 mA typically at 1/2 battery life. :
As might be expected, digital watches are being designed
with more and more features. One of these features
includes the provision for an alpha-numeric representa-
tion for day of.the week. This requires a 9-segment
driver, such as the DS8647 (inverting) or DS8648
(non-inverting). Also some 'designs show a third pair of
digits to show seconds or date at the same time hours
and minutes are being displayed. For these applications,
a 6-digit driver such as the DS8646 (inverting) can be
used. An example of the application of these circuits
is shown in Figure 4.
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AN-148 Driver Update—New Drivers for LED Displays

AAA

0|

- vt 32768 H2 =
CRYSTAL,
>
b3
< >
Vss OR Vpp
0SCIN 05C 0UT
Voo DATE
WATCH CHIP TIME
v
= SET |-
l e
 YVYYYVYY
—-o VDD

SEGMENT DRIVER
omaz

DIGIT DRIVER —
DS8846 Vs

&

YYVYVVY vli_

cIommoo®>

=]

FIGURE 4. Alpha-Numeric Date Watch

Clock Applications of LED Drivers

“Clocks are generally- viewed at some distance, and there- )
fore require larger displays. Larger displays in turn require -
higher operating segment currents. Figure 5 shows a -

typical clock circuit—in this case a clock for automobiles.
In this circuit, the segment currents are set to approxi-
mately 45 mA by the 4 resistors connected to each
DS75491. The DS8870 hex digit driver will ‘sink the
360 mA maximum digit current.

Clocks for home use don’t require .the high degree of.
For these

light output that an auto clock requires.
applications it becomes more cost-effective to use two
DS8867's in parallel to produce a- typical segment
current of 28 mA. The digit driver in this case can be a
DS75492 and each - digit driver will "sink typically

208 mA with a figure 8 displayed and the colon dis- -

played. This application is illustrated in Figure 6.

If a high brightness, large display is desired, then the
application shown in Figure 7 can be used. In this circuit,
2-segment drivers rated at 50 mA each are paralleled to
Supply 100 mA of segment -current to the large 0.6 inch
NSN64R display. The digit drivers are also paralleled
to sink the required 700 mA.

Calculator Appli&ations of Display Drivers

The key to low cost calculators has been to reduce the
number of components required to an absolute mini-
mum. An example of an extremely simple, low cost
calculator is shown in Figure 8. The DS8877 driver will
sink 35 mA min and consists of 6 drivers per package.
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Just because the calculator gets more complicated
doesn’t mean that the component count has_to increase.
In Figure 9, the calculator circuit has 2 /ess components
than the circuit in Figure 8 (one switch and one resistor).

Yet this calculator provides an 8-digit floating point dis-
play with memory and constant. In addition the DS8864
display driver supplies a low battery indication besides
driving 9 digits. This low battery indicator supplies cur-
rent to turn on the decimal point segment in the digit 9
position whenever the battery voltage drops into the
6—7V region. It is specified to be “ON" if the V¢ is
BV or less and to be “OF F" for any voltage over 7V.

Even a sophisticated circuit as the Programmable Finan-
cial Computer shown in Figure 10 doesn’t require any
driver circuitry more complicated than a single DS8864.

If for some reason, such as ac operation, or different
battery voltage, etc., a low battery indicator is not
desired or needed, then the DS8855 can be used. It is
identical in specification and pin out to the DS8864,

except for the absence of any specification regarding a
low battery indicator.

Rechargeable Battery and 3 or 4 Cell Systems

All of the previous discussion and applications have
applied to a single 9V throw-away battery system.
Rechargeable cells are expensive, and it would require
6 cells to work in the previously described circuits.
It is even cost effective to replace an expensive recharge-
able cell with a less expensive segment driver. Also dc-to-
dc converters can be obtained for less than the cost of
two cells. The following applications apply to just such
systems.

But first let us consider the question of just how many
cells to use. Any calculator system using less than 6 cells
will supply less than 6.6V end of life (assuming 1.1V per
cell to be end of useful life for a nickel-cadmium
rechargeable cell.) Most calculator chips require at least
6.5V to work. Therefore any system of fewer than
6 cells will require a dc-to-dc converter to raise the
voltage for the MOS calculator chip.

-
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FIGURE 9. Memory Calculator
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Next, a GAAs LED display requires a 1.7—2.0V drop to
operate. If we could get segment and digit drivers that
dropped less than 0.3V each, the required supply for the
display would be 2.6V min. This eliminates the use of
1 or 2 cells to operate the display directly. The most
efficient, least power wasting system would use 3 cells
to operate the display directly (since ‘it takes 3/4 or
more of the power in a calculator) and use a 3V to 8V
converter to run the MOS chip.

Any 3-cell system also requires the use of a segment
driver, otherwise all of the segment current, e.g., display
current, would have to be generated by the MOS chip
off of the dc-to-dc converted 8V supply and all of the
efficiency we hoped to gain from using 3 cells would be
lost. Battery current drain would at least double and
typically triple with the resultant drastic decrease in
battery life:-

A compromise system using 4 cells can be constructed.

. In.this system the calculator chip’s Vgg terminal is
connected to the positive battery terminal, so that the
MOS calculator chip supplies direct segment drive, yet
all of this current flows from the battery, not the dc-to-
dc converter. Such a system is shown in Figure 11. The
reason 4 cells are required is that the MOS chip requires
at least 2V across its segment drivers in order to gener-
ate the required segment current.

This system does require a digit driver with a lower out-
put drop than the DS8864's Darlington outputs. The
DS8864 is specified to be less than 1.6V which is ade-
quate in 9V systems. Therefore a saturating output
driver like. the DS8872 or DS8873 is required. Their
outputs are specified at less than 0.5V. Their pinouts
gre identical to the DS8864 and the DS8872 has no low
battery indicator, while the DS8873 dqes.
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In a 3 cell system, one cell of the 4 cell system above is
traded for a segment driver (Figure 12).

The DS8867 segment driver has 8 drivers, each designed
to supply 14 mA segment current, independent of sup-
ply voltage. The DS8973 9-digit driver will sink 100 mA
typically and has a low battery indicator set to turn on
the decimal point segment at the digit 9 time if the bat-
tery voltage drops below 3.1V. It will be off for any
battery voltage greater than 3.5V.

Some .other drivers that have particular uses. are the
DS8844, DS8865 and DS8871. The DS8844 is a 7-digit
driver with Darlington outputs which are specified
like the DS8864. The DS8865 is an 8-digit driver which
just adds one driver to the DS8844 and is in an 18-pin
package instead of the DS8844's 16-pin package. The
DS8871 has a saturating output similar to the DS8872
and DS8873 (specified at 0.5V) and has 8 drivers in an

18-pin package. These drivers are useful for smaller
6-digit calculators (Figure 6). They are also useful for
the newer scientific calculators that have 12 or more
digits. One example of this application is shown in
Figure 13.

Some Newer Driver Circuits

One scheme to reduce the number of drivers or the
number of pins on a driver resulted in the DS8868 which
is a 12-digit driver with low battery indicator all in an
18-pin package. This bit of magic is accomplished by
incorporating a 4 input decoder on chip with the drivers
and by feeding the low battery condition information
back into the MOS calculator circuit through one of the
input pins. Of course this requires a special calculator
chip to drive the DS8868. One such calculator circuit is
the MM5758 Scientific Calculator shown in the applica-
tion block diagram in Figure 14.

SEGMENT DRIVE (8) | Vec |
DSBB67 SEGMENT DRIVER anp
NSA1298 LED DISPLAY -
. @ = 45V
[ Ves MM5760 , = / ] _
CONVERTER |  CcaLcuLATOR (1, 121, 13,1, I_ _I /_I = L
Voo
KEYBOARD Ve
DS58973 DIGIT DRIVER
DIGIT DRIVE (4)
lﬁnu

FIGUREI12. Typical 3-Cell Mathematical Calculator Circui‘t
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FIGURE 13. 14-Digit Caiculator’
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Another interesting scheme to reduce package size and
number of ‘interconnections is shown in Figure 15.

The digit driver in this application, the DS8874, is a
shift register that only requires a SET input to set the
first digit driver and clock to step the “ON’’ signal from
the first to the second and on down to .the 9th driver.
The SET signal also resets the 9th driver. One added pin
is used for a low battery output. This allows a 9-digit
driver to be put in a 14-pin package. In the DS8874, the
low battery indicator is set'for a G-cell' (9V) battery
system, The DS8876 is a DS8874 with a 4-cell low
battery system and a 3-cell version is the DS8879. This
driver also requires a special compatible and comple-

mentary MOS calculator chip. One of these is the
MM5784. The interconnection diagram is shown in
Figure 16. '

CONCLUSION

In this application note we have tried to stay away from
a cookbook approach. Rather, we have tried to stir the
interest and ingenuity of the reader in applying various
LED drivers to the system design problem that may be
facing the reader. You are invited to inspect the specific
data sheets of any devices that seém to apply to your
application to enable you to complete your design cal-
culations. May your new design be a winner!
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OPTO BRIEF 1

SWITCHING TIME TESTING OF OPTO-COUPLERS

NATIONAL
INTRODUCTION

Simple opto-couplers, such as those with transistor and
darlington outputs, have improved much in the last few
years, however the circuitry and the manner of obtaining
switching times have not changed, thus leaving a lot to
be desired. After all, the only real purpose of such
measurements is to convey, via the spec sheet, the top
speed of your device to a design engineer. This top
speed must, however, be defined in a reasonable manner,
and by logical terms, and to meaningful levels.

Present methods of specifying switching times are at
some completely unknown LED drive from which of
course no engineer can design. The LED forward
current (Ig) is varied until the transistor collector
current (lc) reaches some specified limit (typically
this is at 1 or 2 mA). The rise and fall times (t, and t;)
are defined as the time it takes the I¢ to reach-from 10%
to 90%, and 90% to 10% respectively its specified
level. The t, and t; of the detectors I is not adequate
in defining opto-coupler speed as both /ack reference
to the input, emitter waveform. A 1us rise time of the
detector’s |c is meaningless if | must flow for 2us
(delay time, tq) before any I begins. As such, “on-time,
ton. which is ty + t,”" and “off-time, togg, which is
ts* + t¢" will better define opto-coupler speed. Note,
that unlike t, and t¢, ton and topg both have reference
to the input emitter waveform. .

Since most transistor type opto-couplers are driven from
TTL type logic, the input current to the LED is constant.
Thus, | feel the following conditions are the most mean-
ingful in testing opto-coupler speed. All emitter drive
characteristics are fixed and constant in pulse width,
pulse amplitude and duty cycle. This, also implies a
completely fixed I for the emitter of the opto-coupler.
The base terminal of the detector must have some elec-
trical . definition rather than the usual—no connection.
A very high value resistor is connected between the
base and the emitter of the detector. This resistor has
a very minor effect on the speed and the current transfer
ratio of the device. The Vg of the detector must also
be held as constant as reasonably possible. | have elected
the following specific conditions for the measurement
of National Semiconductor’s opto-coupler’s toy and
topr Parameters. !

The emitter | pulse is fixed and constant at 10 mA
peak (—0%, +10%), 8us in duration and a duty cycle of
no greater than 10%. The Vcg of the detector is fixed
and constant at 4.0 Vpc (0%, +10%). The apparent
Ry (detector load) is to be no greater than 50 ohms.
Using these test conditions, the measured parameters
are defined as: ’

® The At between the beginning of the on drive I
pulse and time when lc exceeds 1 mA. This is
defined as toy.

® The At between the end of the on drive I pulse
and time ‘when I decreases below 1 mA. This is
defined as topg.

*1g is storage time and is usually small compared to fall time (t¢)

TO ANY
TTLINPUT

PULSE
GENERATOR

Al esistors 1/4 W, £5% composition.
01 = 02 =2N3304 or 2N2369A or equiv. =

FIGURE 1.

'I}—Jﬁ-k

The following circuit is used for the measurement of
switching times with the conditions just stated.

The output of Q2 when compared to the input TTL is
directly comparable to toy and toge of the optocoupler
as follows:

. OUTPUT OF TTL DRIVING
THE NCT200

1 - T OUTPUT OF 02

ton* —=| [ ] |~ tore*

*Rs referenced to 1.0 mA | when 10 mA I is supplied to the emitter.

FIGURE 2.

If the user so wishes, the LED drive level, the I¢ sort
level and the R_ can be varied.

To change the LED Ig, the series limiting resistor
(R1, 300S2) can be increased or decreased to obtain
less current or greater current respectively. If R1 is
decreased in value, be sure the TTL can sink the particu-
lar 1 thatis requirec,l.

The input impedance of the base-emitter of Q2 defines

the apparent R_. Little can be done to decrease this
value. R_ can be increased at your discretion by
inserting a resistor directly in series with the base of Q2
only. | feel, however, there is no reason to decrease the
Ry below 25 ohms and no advantage can be seen in
increasing this resistance.

The present I¢ sort level is determined by R3. The 1 mA
level presently used was arrived at by dividing 0.75V
by the R3 value. The 0.75V is the Vgg(on) voltage
of Q2 hence, if a 2 mA I level is desired, R3 must be
halved, if a 1/2 mA level is desired, R3 must be doubled.
Note that R4 must be approximately the same resistance
as that of R3 at any sort point to assure a logic ‘1"
‘level Q2 output. I sort points of T00uA to 10 mA can
be obtained this way. :

This method of measuring switching times is directly
comparible to the methods used to obtain simple
transistor switching times (i.e., fixed base drive, fixed
collector current). In addition to switching time testing
the circuit in Figure -1 could be functional as an opto-
coupler to TTL interface buffer ‘amplifier.
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Opto-Brief-2 The Odd Coupler

OPTO BRIEF 2

THE ODD COUPLER
NATIONAL

INTRODUCTION

The opto-coupler is not such an odd device as one would
think. This simple opto-electronic system is an out-
growth of the LED technology which has matured in the
last few years.

The basic opto-coupler consists of gallium-arsenide LED,
which emits infrared light through a clear coupling media
onto a photosensitive detector. The emitter and detector
are both mounted in a sealed package, the most popular
being the 6-lead plastic mini-DIP. A close analogy of an
opto-coupler is the electro-magnetic relay. R

LOAD O

o—
CONTACT

coiL r—
l LT

Electro-Magnetic Relay

. LOAD O
LED . a [ ; - PHOTO DETECTOR
(D)
Ot

Opto-Coupler

In a relay, the coil is energized, the contact closes and
starts conducting current through the load. In the opto-
coupler, the LED is forward biased, emitting photons,
which are intercepted by the detector causing it to con-
duct current. Electrical isolation is achieved in the
coupler because there is no electrical connection between

the LED terminals and the detector terminals. Isolation

voltages up to 3500 volts dc can be achieved in a 6 lead
DIP package.

The photon source of the coupler is an efficient gallium-
arsenide die which, when forward biased, emnts light in
the 9000 angstrom region.

Most couplers have silicon phototranswtor detectors
that respond most efficiently to the infrared wavelength

of 9000 angstrom region. In-addition to phototransistors,

photodiodes, photodarlingtons and photo SCRs are
being used as detectors. The most important character-
istics to consider in each device are:

= Current transfer ratio (CTR)

. m Switching speed

® |solation voltage
® Breakdown voltage of the detector
Most of these terms are self-explanatory, but It would

be helpful to review current transfer ratio (CTR). CTR is
the efficiency of current transfer from the input to the

“output of the opto-coupler. CTR is expressed as a per-

cent ratio of the collector current compared to the input
LED current. Generally, CTR has an inverse relationship
with speed and bandwidth. In other words, the greater
the CTR the less is the bandw:dth and the Iower the
switching speed.

Photodiode couplers offer very low-current transfer
ratios (usually less than 1%) and extremely high switch-
ing speeds in the 10 to 20 nanosecond range. Moreover,
leakage is very low in these devices, usually less than a

nanoamp. Photodiode couplers are especially desirable
for dc coqpling applications where very low-level circuitry
is coupled to high-input signal level circuitry. ‘

- Photodarlington couplers offer high-current transfer

ratios from 50% to 500%. This seeming paradox occurs

" because of the high gain of the paired transistor output

stage. However, there. is a trade-off for this gain: switch-
ing speed is relatively low—in the 50 to 150 microsecond
range, and leakage is relatively high—in the microamp
range. Unfortunately, leakage increases with temperature.
Photodarlingtons are also used in dc applications for
coupling low-power circuits to high-power circuits.

Phototransistor couplers generally offer current transfer
ratios in the 5% to 100% range. These devices are fast with
switching speed less than 10 microseconds. Leakage is rel-
atively low—less than 5 nanoamps, and is related to the
thermal characteristics of the transistor. Phototrans«stor
couplers are the most popular type and are typlcally used
where dc low-power circuits are coupled to hugh-power in-
put signals. The NCT200 series couplers are such devices.

Photo SCR couplers are specialized devices used almost
exclusively in high-current ac applications. Examples in-
clude driving larger SCRs as “‘on-off’” switches rather
than analog modulators.: Current transfer ratio cannot
be. applied in the usual sense. The term ‘‘turn-on
current’” as applied to these devices refers to: that
current through the emitter which will cause the SCR
to latch. Photo SCRs are generally used where it .
is desired to switch high-power ac circuitry with
low to medium power signals. Typically this is a
relay application.-. . .
Speaking of applications . . .

Wherever information is transmitted between switching
circuits that must be electrically isolated, an opto-
coupler could be used Non-solid-state devices like relays
and isolation transformers are still doing. this jOb for
some companies.

‘Most opto-coupler applications are in digit‘al circuitry.

Usually the common couplers (transistors and darling-
tons) are not recommended for linear applications
because of the CTR non-linearity which changes with
temperature and input current. The opto-coupler can be
used in data communications systems where line isolation
is required between a remote computer terminal and a
Central Processing Unit. With the -power line isolated
from the rest of the circuitry, the opto-coupler prov:des
immunity from ground current noise.

An opto-coupler can be used between a telephone
exchange and a telephone receiver for signaling digital
logic levels to some other place in the system. The opto-
coupler is faster than the standard relay coils that are

‘being used.

In the medical electronics an opto-coupler could be used
as the isolation element between the patient and an ac
line. The opto-coupler will isolate the patient to keep
lethal currents from flowing through him during a hos-
pital test process. A solid-state relay can be built with
distinct advantages over a mechanical relay. Faster speeds,
longer life and no moving parts are some reasons for
using a solid-state relay over a mechanical relay.

If you are in electronics, you are probably using switch-
ing circuits, and if you are using switching circuits there
is most likely an application. for opto-couplers in your
company.
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MIL-STD-883/MIL-M-38510

NATIONAL

MIL-STD-883

Mil-Standard-883 is a Test Methods and Procedures
Document for Microelectronic Circuits. It was
derived from MIL-S-19600, MIL-STD-750, and
MIL-STD-202C for transistors and diodes at about
the time that National Semiconductor Corporation
was entering the military microelectronics market.
As a result, our standard quality control operations
are written around MIL-STD-883. The bonding
control, visual inspections, and post seal screening
requirements set forth by 883 (as well as added
control procedures beyond the requirements of
883) have been part of National’s quality control
procedures almost from the start. OQur Quality
Assurance Procedures Manual is available upon
request. :

MIL-M-38510

MIL-M-38510 specifies the general requirements
for supplying microcircuits. These are; product
assurance, which includes screening and quality
conformance inspection; design and construction;
marking; and workmanship. The screening and
quality conformance inspection are conducted in
accordance with MIL-STD-883.

SCREENING

All microcircuits delivered in accordance with MIL-
M-38510 must have been subjected to, and passed
all the screening tests detailed in Method 5004 of
MIL-STD-883 for the type of microcircuit and
product assurance level.

The device electrical and package requirements of
MIL-M-38510 are detailed by a device specification
referred to as a slash sheet. Each slash sheet defines
the microcircuit electrical performance and mech-
anical requirements. Each device listed on a slash
sheet is referred to as a slash number and the group
of the microcircuits contained on a slash sheet is
defined as a family of devices. The device may be
Class B or C as defined by MIL-STD-883, Method
5004 and 5005. Three lead finishes are allowed
by the slash sheet, pot solder dip, bright tin plate,
and gold plate.

We offer a complete line of interface /883 (Class
B) products as standard, off-the-shelf items. Special
interface/883 data sheets have been prepared to
reflect this capability. They show process flow,
electrical parameters, end of test criteria, and test
circuits. We save you the problem of specifying test
and inspection procedures, and offer significant
cost savings by having an off-the-shelf, "“to the
letter’ 883 program. In addition, we will test any
of our integrated circuits to any class of MiL-
STD-883. :

The detailed information concerning MIL-STD-883
screening is contained in National’s specification
NSC10002.

The MIL-M-385610 specs for standard interface
devices require 100% DC testing at 25°C, —55°C
and +125°C. AC testing is performed at +25°C.
The electrical parameters specified are tighter
than the normal data sheet guaranteed limits.
Additionally, MIL-M-38510 requires device trace-
ability, extensive documentation and. closely
matched maintenance.

QUALITY CONFORMANCE

Quality conformance inspection is conducted in
accordance with the applicable requirements of
Group A, (electrical test), Group B and C, (environ-
mental test) of Method 5005, MIL-STD-883. These
tests are conducted on a sample basis with GroupA
performed on each sublot, Group B on each lot,
and Group C as specified (usually every three
months). :

To supply devices to MIL-M-38510, the IC manu-
facturer must quality the devices he plans to supply
to the detail specifications. Qualification consists
of notifying the qualifying activity of one’s intent
to qualify to MIL-M-38510. After passing compre-
hensive audits of facilities and documentation
systems, the IC manufacturer will subject the
device to and demonstrate that they satisfy all of
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MIL-STD-883/MIL-M-38510

MIL-M-38510 (con’t)

the Group A, B, and C requirements of Method
5005 of MIL-STD-883 for the specified classes and
types of IC. The qualification tests shall be moni-
tored by the qualifying agency. Finally the IC
manufacturer shall prepare and submit qualifica-
tion test data to the qualifying agency. Groups A,
B, and C inspections then shall be performed at
intervals no greater than three months.

The purpose of qualification testing is to assure
that the device and lot quality conform to certain
standard limits. In effect, lot qualification tests
tend to ensure that once a particular device type
is demonstrated to be acceptable, it's production,
including materials, processing, and testing will
continue to be acceptable. These limits are speci-
fied in MIL-STD-883 in terms of LTPD’s (Lot
Tolerance Percent Defective) for the various quali-

’ performed on a sample of devices which are chosen

at random from a lot of devices that has satisfac-
torily completed the screening of Method 5004
must be performed on each device, i.e. on a 100%
basis as opposed to qualification testing (Method
5005) which occurs on a random sample basis.

In summary, the entire purpose of MIL-M-38510
and MIL-STD-883 is to provide the military,
through its contractors with standard devices.

We at National Semiconductor have. supplied and
are supplying devices to the MIL-M-38510 specifi-
cations. To order -a MIL-M-38510 microcircuit,
specify the following:

For example; to specify a DS55107 in a DIP
processed to the requirements of MIL-M-38510,

Class B, with gold plated leads, specify M-38510/

fication test sub-groups. Qualification testing is 10401 BCC.
MM38510/ XXX XX X X X
T T T T T T
Specifies the Slash Device Device Case Lead
General Require- Sheet Type Class Outline Finish
ments of No.

MiL-M-38510
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NATIONAL

interface circuits

Common Mode Voltage: Arithmetic mean of vol-
tages at the differential inputs referenced to
ground pin at the receiver.

Common Mode Sensitivity: Rate of change of
input differential voltage required to produce a
given output level, against common mode voltage.

Supply Sensitivity: Rate of change of input dif-

Definition of Terms

ferential voltage required to prodcue a given out-
put level, against power supply voltage (V Pin 14 —
V Pin 7).

Disabled Output Clamp Current: The current which
flows from the output of a disabled TRI-STATE
gate when it is dragged below ground (for instance
by a transmission-line-associated transient). It is
derived from the V¢ power rail.

sense amplifiers

AC Common-Mode Input Firing Voltage: The
peak level of a common-mode pulse which will
exceed the input dynamic range and cause the
logic output to switch. Pulse characteristics: t, = t¢
< 15 ns, PW = 50 ns.

Common-Mode Input Overload Recovery Time:
The time necessary for the device to recover from
a 2V common-mode pulse (t, = t¢ = 20 ns) prior
to the strobe enable signal.

Differential Input Offset Current: The absolute
difference in the two input bias currents of one
differential input.

Differential Input Overload Recovery Time: The
time necessary for the device to recover from a 2V
differential pulse (t; = t, = 20 ns) prior to the
strobe enable signal.

Differential Input Threshold Voltage: The DC
input voltage which forces the logic output to the
logic threshold voltage (~1.5V) level.

Input Bias Current: The DC current which flows
into each input pin with differential input of OV.

Supply Current: The total DC current per package
drawn from the voltage supply.

Offset Voltage: Difference between the absolute
values of threshold voltage in positive- and negative-
going directions. '

Propagation Delay Time: Interval from switching
input through 1.5V to output traversing its 50%
voltage point. Measured with 5052 load to +10V
15 pF total capacitance.
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