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AGREGATION INTERNE DE GENIE ELECTRIQUE

Option A
ELECTRONIQUE ET INFORMATIQUE INDUSTRIELLE
Etude d’'un systeme industriel (durée 8 heures)

PILOTAGE D’'UN FOUR ELECTRIQUE A ARC

DOCUMENTS CONSTRUCTEUR

Ce document présente les documentations partielles des composants nécessaires.

— OP20 page 2 a page 3
—~ AD202 page 4 a page 11
r— OP77 page 12 a page 13
r7 LM311 page 14 a page 16
= CD4060 page 17 a page 19
r~ LTC1061 page 20 a page 32
—7 AD536A page 33 a page 39
r—~ AD538 page 40 a page 46
r— DG271 page 47 a page 48
r—~ AD578 page 49 a page 55
=7 74LS374 page 56 a page 57
r—7 MC1488 page 58

7 HPCL4100 page 59 a page 60
—7 HPCL4200 page 61 a page 62
r— AD677 page 63 a page 69
r—7 LM675 page 70 a page 72
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OP-20

MICROPOWER ‘OPERATIONAL AMPLIFIER
(SINGLE OR DUAL SUPPLY)

P’recision Monolithics Inc.

FEATURES

o Low Supply Current ....... esesecneescscesss SSuA Max
¢ Single-Supply Operation ................ +5Vto +30V
¢ Dual-Supply Operstion ................ +2.5Vto +15V
o Low input Offset Voitage .................. 250uV Max
¢ Low input Offset Voitage Drift .... «o L8uV/°C Max
® High Common-Mode input Range ... V-to V+ (-1.5V)
o HighCMRR andPSRR .................... 100dB Min
¢ High Open-Loop@Gain..................... 120dB Min
¢ No External Components Required

© 741 Pinout and Nulling

ORDERING INFORMATION{t
PACKAGE
Ta=25°C HERMETIC  PLASTIC OPERATING
Vog MAX TO-99 oip ow TEMPERATURE
Wv) &PIN PIN 8-PIN RANGE
250 oP208J° oP208Z° MiL
250 OP20FJ OP20FZ INO
250 OP20FP COM
500 oP20CJ* oP20CZ* MiL
500 OP20GJ 0P20GZ INO
500 OP20GP com
1000 OP20HJ OP20HZ OP20HP COM
*For -] in total 0 MIL-STD-883, add /883 atter

part number. Consult factory for 883 data sheet.
tAll commercial and industrial temperature range parts are availablie with
burn-in. For ordering information see 1888 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-20 is a monolithic micropower operational amplifier
that can be operated from a single power supply of +5V to

SIMPLIFIED SCHEMATIC

430V, or from dual supplies of £2.5V to £15V. The input
voltage range extends to the negative rail, therefore input
signals down to zero volts can be accomodated when
operating from a single supply.

Precision performance in high-gain applications is readily
obtained when using the OP-20. The B/F grade features a
maximum input offset voltage of 250uV, minimum CMRR of
95dB, and open-ioop gain of over 500,000. Quiescent supply
currentis a maximum of only 55uA at£2.5V or80uA at£ 15V,
The low input offset, high gain, and low power consumption
brings precision performance to portable instruments, satel-
lites, missile control systems, and many other battery-
powered applications.
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BT\ OP-20 MICROPOWER OPERATIONAL AMPLIFIER

{PMI)
ABSOLUTE MAXIMUM RATINGS (Note 1) Operating Temperature Range
OP-20B, OP-20C (J or Z package) ... —-55°C to +125°C
----------------------------------- + o
Supply Voltage 18V OP-20F, OP-20G (J or Z package) ... -25°C10+85°C
Power Dissipation ........cceceieieniienenannnn. 500mwW
OP-20FP, OP-20GP, OP-20HP
Differential Input Voltage ......ccoceevieeeeennannn. *30V °
Input Voltage Supply Voltage OP-20HJ, OP-20HZ ....ccvivvevneennnnns 0°Cto+70°C
""" seerecescessaceasesee. . SUPPlY VOUAQ Lead Temperature Range (Soldering, 60 sec) ...... 300°C
Output Short-Circuit Duration ................. Indefinite DICE Junction Temperature -65°C to +150°C
Storage Temperature Range - unctlo POrature ..c.coceee- ,
d Z Packages -65°C to +150°C NoTE i i
Jan KBEOS . .ovreeerteiiinnent o 1. Absolute ratings apply to both DICE and packaged parts, uniess otherwise
PPackage .....cveceveececncnecncns -65°C to +125°C noted.
ELECTRICAL CHARACTERISTICS at Vg = £2.5V to 15V, To = +25°C, unless otherwise noted.
OP-20B/F OP-20C/G OP-20H
PARAMETER SYMBOL  CONDITIONS MIN  TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vo Vg= 215V - ss 250 - 15 800 — 300 1000 v
Input Oftset Current  los Veu =0 ' - 015 1S - 02 28 - 03 40 nA
tnput Bias Current s Veu=0 - 12 25 - “ 0 - 1 40 nA
V+ = +8V,
Input Voitage Range IVR V-=0V 038 - - 038 - - oS - - v
Vg= 215V -15/135 - - -1313S - -  -w3s - -
Vo= "‘V. V-uQV
Common-Mode CMAR OVS Ve sdsv ol 108 - %0 od - ot o - a8
Rejection Ratio Vg =218V - - -
IV S Vo S 135V 100 110 84 105 %0 100
Vg=225Vio 215V
Power s"":.'u PSRR and V-=0V, - ‘ . - ¢ w - ® = v
Rejection Ratio V4 =5V 10 30V
V¢ =+8VY,V-=QV
Large-Signal o WS Vos3sV o0 o = o o = - - VImy
Voltage Gain Vg= 218V, Vg = £ 10V _ _ _
Ay = 2560 1000 2000 800 2000 S00 000
V4 =SV, V-=0V 0841 - -~ 0774.1 - - as/e0 - -
Output Voitage v Ry = 10k v
Swing ° Vg= 218V, £14.1 - - 141 - - 2140 - -
Ry = 25k
Closed-Loop AycL = +1.0, _ - _ - - _
Bandwidth Bw R = 10kn 10 10 0 e
Vg= 215V _ _ _ _ _
Slew Rate sA A, = 250 - o0s 0.0s 0.05 V/us
Vg= 225V, _ © o _ “ o _
No Load .
Supply Current Isy Vg= 215V, _ “ o _ o . . nA
No Load
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Low Cost, Miniature
Isolation Amplifiers

AD202/AD204

FEATURES

Small Size: 4 Channels/Inch

Low Power: 35 mW (AD204)

High Accuracy: £0.025% max Nonlinearity (K Grade)

High CMR: 130 dB {Gain = 100 V/V)

Wide Bandwidth: 5 kHz Full-Power {AD204)

High CMV Isolation: $2000 V pk Continuous (K Grade)
(Signal and Power)

Isolated Power Outputs

Uncommitted Input Amplifier

APPLICATIONS

Multichannel Data Acquisition

Current Shunt Measurements

Motor Controls

Process Signal Isolation

High Voltage Instrumentation Amplifier

GENERAL DESCRIPTION

The AD202 and AD204 are general purpose, two-port, trans-
former-coupled isolation amplifiers that may be used in a broad
range of applications where input signals must be measured,
processed and/or transmitted without a galvanic connection.
These industry standard isolation amplifiers offer a complete
isolation function, with both signal and power isolation provided
for in a single compact plastic SIP or DIP style package. The
primary distinction between the AD202 and the AD204 is that
the AD202 is powered directly from a +15 V dc supply while
the AD204 is powered by an externally supplied clock, such as
the recommended AD246 Clock Driver.

The AD202 and AD204 provide total galvanic isolation between
the input and output stages of the isolation amplifier through
the use of internal transformer-coupling. The functionally com-
plete AD202 and AD204 eliminate the need for an external,
user-supplied dc/dc converter. This permits the designer to
minimize the necessary circuit overhead and consequently re-
duce the overall design and component costs.

The design of the AD202 and AD204 emphasizes maximum
flexibility and ease of use, including the availability of an un-
committed op amp on the input stage. They feature a bipolar
15 V output range, an adjustable gain range offrom 1 to 100 V/V,
+0.025% max nonlinearity (K grade), 130 dB of CMR and the
AD204 consumes a low 35 mW of power.

PRODUCT HIGHLIGHTS
The AD202 and AD204 are full-featured isolators oflering
numerous benefits to the user:

Small Size: The AD202 and AD204 are available in SIP and
DIP form packages. The SIP package is just 0.25" wide, giving
the user a channel density of four channels per inch. The
isolation barrier is positioned to maximize input to output spac-

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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FUNCTIONAL BLOCK DIAGRAM

AD202
SIGNAL
IGN/ DEMOD
MOD S ﬁﬁle
L]_ “g Vour
-
ssv POWER
+Viso OUT (¢, 75y *TIRECT & -~ (3) +15VDC
=Viso OUT (& = FILTER 25KHZ ?” ru
2y POWER

RETURN

ing. For applications requiring a low profile, the DIP package
provides a height of just 0.350".

High Accuracy: With a maximum nonlinearity of £0.025%
for the AD202K/AD204K (£0.05% for the AD202]J/AD204])
and low drift over temperature, the AD202 and AD204 provide
high isolation without loss of signal integrity.

Low Power: Power consumption of 35 mW (AD204) and

75 mW (AD202) over the full signal range makes these isolators
ideal for use in applications with large channel counts or tight
power budgets.

Wide Bandwidth: The AD204’s full-power bandwidth of

5 kHz makes it useful for wideband signals. It is also effective in
applications like control loops, where limited bandwidth could
result in instability.

Excellent Common-Mode Performance: The AD202K/
AD204K provide £2000 V pk continuous common-mode isola-
tion, while the AD202]J/AD204] provide £1000 V pk continuous
common-mode isolation. All models have a total common-mode
input capacitance of less than 5 pF inclusive of power isolation.
‘This results in CMR ranging from 130 dB at a gain of 100 dB 1o
104 dB (minimum at unity gain) and very low leakage current
(2 pA maximum).

Flexible Input: An uncommitted op amp is provided at the
input of all models. This provides buffering and gain as required,
and facilitates many alternative input functions including filter-
ing, summing, high-voltage ranges, and current (transimped-
ance) input.

Isolated Power: The AD204 can supply isolated power of
+7.5 V at 2 mA. This is sufficient to operate a low-drift input
preamp, provide excitation to a semiconductor strain gage, or to
power any of a wide range of user-supplied ancillary circuits.
The AD202 can supply £7.5 V at 0.4 mA which is sufficient to
operate adjustment networks or low-power references and op
amps, or to provide an open-input alarm.

© Analog Devices, Inc., 1994

One Technology Way, P.O. Box 9106, Norwood. MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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ADZUZ/ADZU4—S PEG I FI CATI 0 NS(typical @ + 25°C & V5 = +15 V unless otherwise noted)

Model AD204] AD204K AD202] AD202K
GAIN
Range 1 V/V-100 VIV * x x
Error +0.5% typ (4% max) * * x
vs. Temperature +20 ppn/°C typ (245 ppm/°C max) |* * *
vs. Time +50 ppm/1000 Hours * * *
vs. Supply Voltage +0.01%/V +0.01%/V 10.01%/V +0.01%/V
Nonlinearity (G = 1 V/V)! +0.05% max +0.025% max $0.05% max +0.025% max
Nonlinearity vs. Isolated Supply Load +0.0015%/mA * * *
INPUT VOLTAGE RATINGS
Input Voliage Range 5V * * x
Max Isolation Voltage (Input to Output)
AC, 60 Hz, Continuous 750 V rms 1500 V rms 750 V rms 1500 V rms
Continuous (AC and DC) 11000 V Peak +2000 V Peak +1000 V Peak +2000 V Peak
Isolation-Mode Rejection Ratio {MRR) @ 60 Hz
Rs €100 Q (HI & LO lnputs) G = 1 V/V 110 dB 110 dB 105 dB 105 dB
G=100VV 130 dB * * *
Rs < 1kQ (Input HI, LO, or Both) G =1 VIV 104 dB min 104 dB min 100 dB min 100 dB min
G =100V/V [110dB min * * x
Leakage Current Input to OQutput @ (240 V rms, 60 Hz |2 pA rms max * * *!
INPUT IMPEDANCE
Differential (G =1 V/V) 102 Q * * *
Common Mode 2 GQJl4.5 pF * * *
INPUT BIAS CURRENT
Initial, @ +25°C +£30 pA * * *
vs. Temperature (0°C to +70°C) +10nA * * *
INPUT DIFFERENCE CURRENT
Initial, @ +25°C +5pA * * *
vs. Temperature (0°C tw +70°C) +2 nA * * *
INPUT NOISE
Voltage, 0.1 Hz 10 100 Hz 4 pV p- * * *
f> 200 Hz 50 nVAHz * * *
FREQUENCY RESPONSE
Bandwidth (Vo £ 10 V p-p, G = 1 V-50 V/V) 5 kHz 5 kHz 2 kHz 2 kHz
Setding Time, to 210 mV (10 V Siep) 1 ms * * *

OFFSET VOLTAGE (RTI)
Initial, @ +25°C Adjustable to Zero

vs . Temperature (0°C to +70°C)

(%15 £15/G)mV max

(tlotl—g)ul//‘{?

(%5 +5/G)mVmax

(£15 £15/G)mVmax

(x5 £5/G)mVmax

G

RATED OUTPUT

Voltage (Out HI to Out LO) 5V * * *

Voltage at Out HI or Out LO (Ref. Pin 32) 6.5V * * *

Output Resistance 3 kQ 3kQ 7kQ 7kQ

Output Ripple, 100 kHz Bandwidth 10 mV pk-pk * * *

5 kHz Bandwidth 0.5 mV rms * * *

ISOLATED POWER OUTPUT?

Voltage, No Load +7.5V * * *

Accuracy +10% * * *

Current 2 mA (Either Outpur)® 2 mA (Either Output)*|400 pA Total 400 pA Total

Regulation, No Load to Full Load 5% * * *

Ripple 100 mV pk-pk * * *
OSCILLATOR DRIVE INPUT

Input Voltage 15 V pk-pk Nominal 15 V pk-pk Nominal |N/A N/A

Input Frequency 25 kHz Nominal 25 kHz Nominal N/A N/A
POWER SUPPLY (AD202 Only)

Voltage, Rated Performance N/A N/A +15V 5% +15V+5%

Voltage, Operating N/A N/A +15V £ 10% +15V+ 10%

Current, No Load (Vg= +15 V) N/A N/A 5 mA 5 mA
TEMPERATURE RANGE

Rated Performance 0°Cto +70°C * * *

Operating ~40°C to +85°C * * *

Storage -40°C 1o +85°C * * *
PACKAGE DIMENSIONS*

SIP Package (Y) 2.08" x 0.250" x 0.625" * * =

DIP Package (N) 2.10" x 0.700" x 0.350" x * *
NOTES

Specifications same as AD204].

"Nonlinearity is specified as a % deviation from a best straight line.
21.0 uF min decoupling required (see text).

3 mA with one supply loaded.

4Width is 0.25" typ, 0.26" max.

Specifications subject to change without notice .

Electronique et Informatique Industrielle
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AD202/AD204

DIFFERENCES BETWEEN THE AD202 AND AD204

The primary distinction between the AD202 and AD204 is in
the method by which they are powered: the AD202 operates
directly from +15 V dc while the AD204 is powered by a non-
isolated externally-supplied clock (AD246) which can drive up
to 32 AD204s. The main advantages of using the externally-
clocked AD204 over the AD202 are reduced cost in multichannel
applications, lower power consumption, and higher bandwidth.
In addition, the AD204 can supply substantially more isolated
power than the AD202.

Of course, in a great many situations, especially where only one
or a few isolators are used, the convenience of stand-alone op-
eration provided by the AD202 will be more significant than any
of the AD204’s advantages. There may also be cases where it is
desirable to accommodate either device interchangeably, so the
pinouts of the two products have been designed to make that
easy to do.

SIGNAL

= j@o?H

RECT &
FILTER

SIGNAL

—
MOD {—
5V Vour
Vsia Q) l ”
FS ° L
IN COM
. POWER
+Viso OUT (& RECT & - (%SCK
~Viso out (=LY FLTER[ “, p-p/25kHz)
* Bl 251z POWER
3

Y RETURN

Figure 1b. AD204 Functional Block Diagram
{Pin Designations Apply to the DIP-Style Package)

INSIDE THE AD202 AND AD204

The AD202 and AD204 use an amplitude modulation technique
1o permit transformer coupling of signals down to dc (Figure la
and 1b). Both models also contain an uncommitted input op
amp and a power transformer which provides isolated power to
the op amp, the modulator, and any external load. The power
transformer primary is driven by a 25 kHz, 15 V p-p square
wave which is generated internally in the case of the AD202, or
supplied externally for the AD204.

Within the signal swing limits of approximately £5 V, the output
voltage of the isolator is equal to the output voltage of the op
amp; that is, the isolation barrier has unity gain. The output sig-
nal is not internally buffered, so the user is free to interchange
the output leads to get signal inversion. Additionally, in mul-
channel applications, the unbuffered outputs can be muluplexed
with one buffer following the mux. This technique minimizes
offset errors while reducing power consumption and cost. The

Electronique et Informatique Industrielle
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output resistance of the isolator is typically 3 kQ for the AD204
(7 kQ for AD202) and varies with signal level and temperature,
s0 it should not be loaded (see Figure 2 for the effects of load
upon nonlinearity and gain drift). In many cases a high-imped-
ance load will be present or a following circuit such as an output
filter can serve as a buffer, so that a separate buffer function will
not often be needed.

GAIN  GAINTC
CHANGE CHANGE

{%)  (ppm/*C)
‘ i ; -1 ~500

NONLINEARITY
(%)

0.25

.20 -8 -400
P AD202 GAIN AND GAINTC

I
\
! T .
s |~ AD202 NONLINEARITY -6 -300
L.

z
<

010 [ /ADlMGAINANDGAINTC e —200
.
\\jz'\\,. '
b - - 100
" Mo e T e LT I T B
NONLINEARITY T s e e =T R

0 0
0 0.1 0.2 03 04 0.5 0.6 07 0.8 09 10
OUTPUTLOAD - M1L

Figure 2. Effects of Output Loading

USING THE AD202 AND AD204

Powering the AD202. The AD202 requires only a single +15 V
power supply connected as shown in Figure 3a. A bypass ca-
pacitor is provided in the module.

AD202

@ +15V £5%
@ 15V RETURN
\/

Figure 3a.

Powering the AD204. The AD204 gets its power from an ex-
ternally supplied clock signal (a 15 V p-p square wave with a
nominal frequency of 25 kHz) as shown in Figure 3b.

AD246
AD204 AD204 AD204 @__,__, 15V
1
@ T
]
r ! 15V
@ @---- 32— @——&—%RETURN
Figure 3b.

AD246 Clock Driver. The AD246 is a compact, inexpensive
clock driver that can be used to obtain the required clock from a
single 15 V supply. Alternatively, the circuit shown in Figure 4
(essentially an AD246) can be used. In either case, one clock
circuit can operate at least 32 AD204s at the rated minimum
supply voltage of 14.25 V and one additional isolator can be
operated for each 40 mV increase in supply voltage up to 15 V.
A supply bypass capacitor is included in the AD246, but if many

(Circuit figures shown on this page are for SIP style pack-
ages. Refer to page 3 for proper DIP package pinout.)

Tournez la page S.V.P.
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AD202/AD204

AD204s are operated from a single AD246, an external bypass
capacitor should be used with a value of at least 1 pF for every
five isolators used. Place the capacitor as close as possible to the
clock driver.

+15V

,u To Is Is +

IN914
180pF
1 02 7 cLx
—c ar—y © por
E1 P co
2 40478 __+| .
VWA R 4 5 ==l
49.9k BV
NS14]

|1z 19 la 17 14 Tséomsla 3
TSC426
Figure 4. Clock Driver

Input Configurations. The AD202 and AD204 have been de-
signed to be very easy to use in a wide range of applications.
The basic connection for standard unity gain applications, useful
for signals up to £5 V, is shown in Figure 5; some of the possible
variations are described below. When smaller signals must be

CLK &
O pwWRCOM

2k
(SEETEXT)

Vsig
{£5V)
N\ INCOM

{2) /;7 ]

AD202 ORAD204

Figure 5. Basic Unity-Gain Application

handled, Figure 6 shows how 10 get gain while preserving a very
high input resistance. The value of feedback resistor Rg should
be kept above 20 kQ for best results. Whenever a gain of more
than five is taken, a 100 pI capacitor from FB to IN COM is
required. At lower gains this capacitor is unnecessary, but it will
not adversely affect performance if used.

)4\ A%znoz
_l_ gn; AD204
100pF “— ; \ v
-r o
2k / @9—’
>

Vsic <

e
A
v
e
L)

n’—‘..-
W)

~

R
Vo = Vgig X (1 + R—;)

Re=220k{2

Figure 6. Input Connections for Gain > 1

[a Yl WA oY
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The “noninverting” circuit of Figures 5 and 6 can also be used
to advantage when a signal inversion is needed: just interchange
either the input leads or the output leads to get inversion. This
approach retains the high input resistance of the “noninverting”
circuit, and at unity gain no gain-setting resistors are needed.

When the isolator is not powered, a negative input voltage of
more than about 2 V will cause an input current to flow. If the
signal source can supply more than a few mA under such condi-
tions, the 2 kQ resistor shown in series with IN+ should be used
to limit current to a safe value. This is particularly important
with the AD202, which may not start if a large input current is
present.

Figure 7 shows how to accommodate current inputs or sum cur-
rents or voltages. This circuit can also be used when the input
signal is larger than the £5 V input range of the isolator; for
example, a £50 V input span can be accommodated with Rp =
20 k and Rg = 200 k. Once again, a capacitor from FB to IN
COM is required for gains above five.

Is

—
- OR
Rs2
R
V2
VSI
L 2 37,

V='(Vs|:—:‘ + vs,:—; + IgRg +)

Rez=20k$2

Figure 7. Connections for Summing or Current Inputs

Adjustments. When gain and zero adjustments are needed, the
circuit details will depend on whether adjustments are to be
made at the isolator input or output, and (for input adjust-
ments) on the input circuit used. Adjustments are usually best
done on the input side, because it is better to null the zero
ahead of the gain, and because gain adjustment is most easily
done as part of the gain-setting network. Input adjustments are
also to be preferred when the pots will be near the input end of
the isolator (to minimize common-mode strays). Adjustments
on the output side might be used if pots on the input side would
represent a hazard due to the presence of large common-mode
voltages during adjustment.

Figure 8a shows the input-side adjustment connections for use
with the “noninverting” connection of the input amplifier. The
zero adjustment circuit injects a small adjustment voltage in
series with the low side of the signal source. (This will not work
if the source has another current path to input common or if
current flows in the signal source LO lead). Since the adjust-
ment voltage is injected ahead of the gain, the values shown will

(Circuit figures shown on this page are for SIP style pack-
ages. Refer to Page 3 for proper DIP package pinout.)
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AD202/AD204

work for any gain. Keep the resistance in series with input LO
below a few hundred ohms to avoid CMR degradation.

5k
GAIN AD202
OR
475k AD204

{
O : y, A9
v $ 2000 ";7

50k +7.5
A

-75

Figure 8a. Adjustments for Noninverting Connection of
Op Amp

Also shown in Figure 8a is the preferred means of adjusting the
gain-setting network. The circuit shown gives a nominal Rg of
50 kQ, and will work properly for gains of ten or greater. The
adjustment becomes less effective at lower gains (its elfect is
halved at G = 2) so that the pot will have to be a larger fraction
of the total Ry at low gain. At G = | (follower) the gain cannot
be adjusted downward without compromising input resistance;
it is better to adjust gain at the signal source or after the output.

Figure 8b shows adjustments for use with inverting input cir-
cuits. The zero adjustment nulls the voltage at the summing
node. This method is preferable 10 current injection because it is
less affected by subsequent gain adjustment. Gain adjustment is
again done in the feedback; but in this case it will work all the
way down to unity gain (and below) without alteration,

GAIN

Vs

Figure 8b. Adjustments for Summing or Current Input

Figure 9 shows how zero adjustment is done at the output by
taking advantage of the semi-floating output port. The range of
this adjustment will have to be increased at higher gains; if that
is done, be sure to use a suitably stable supply voltage for the
pot circuit.

Electronique et Informatique Industrielle
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There is no easy way to adjust gain at the output side of the iso-
lator itself. If gain adjustment must be done on the output side,
it will have to be in a following circuit such as an output buffer

or filter.

RN
v

6’ +15V
50k l

37 20K 100k

/% - >

T $ 2000

<

L

—o

YW 'T ZERO
0.1uF

' -15v

Figure 9. Output-Side Zero Adjustment

Common-Mode Performance. Figures 10a and 10b show
how the common-mode rejection of the AD202 and AD204 var-
ies with frequency, gain, and source resistance. For these isola-
tors, the significant resistance will normally be that the path
from the source of the common-mode signal to IN COM. The
AD202 and AD204 also perform well in applications requiring
rejection of fast common-mode steps, as described in the Appli-
cations section.

180 | [
s wew G = 100
160 ‘\\ — G =1
\~ <
- -« H
140 > J% o
N N7}
~o <Se
\\~ ~d
120 N N ~
% \\\ ~L A - -
> - NS Jo o s
£ 100 I )
S \. ’7(‘0 > SSlL
-~
- A, " 4o
80 S 104 ———
Ro o
n gy
60
40
0 20 50 60 100 200 500 1k 2k 5k

FREQUENCY - Hz «—e

Figure 10a. AD204

(Circuit figures shown on this page are for SIP style pack-
ages. Refer to page 3 for proper DIP package pinout.)
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AD202/AD204

180 ™
=== G=100
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140 "?L\N%
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40
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Figure 10b. AD202

Dynamics and Noise. Frequency response plots for the
AD202 and AD204 are given in Figure 11. Since neither isola-
tor is slew-rate limited, the plots apply for both large and small
signals. Capacitive loads of up to 470 pF will not materially af-
fect frequency response. When large signals beyond a few hun-
dred Hz will be present, it is advisable to bypass ~Vgo and
+Viso to IN COM with 1 pF tantalum capacitors even if the
isolated supplies are not loaded.

At 50 Hz/60 Hz, phase shift through the AD202/AD204 is
typically 0.8° (lagging). Typical unit—unit variation is £0.2°
(lagging).

+60 I I I
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-0 -100
70 20 50 100 200 500 1k 2k 5k 10k 20k

FREQUENCY - Hz —»

Figure 11. Frequency Response at Several Gains
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The step response of the AD204 for very fast input signals can
be improved by the use of an input filter, as shown in Figure 12.
The filter limits the bandwidth of the input (to about 5.3 kHz)
so that the isolator does not see fast, out-of-band input terms
that can cause small amounts (£0.3%) of internal ringing. The
AD204 will then settle to £0.1% in about 300 microseconds for
a 10 V step.

AD204

Figure 12. Input Filter for Improved Step Response

Except at the highest useful gains, the noise seen at the output
of the AD202 and AD204 will be almost entirely comprised of
carrier ripple at multiples of 25 kHz. The ripple is typically

2 mV p-p near zero output and increases to about 7 mV p-p for
outputs of 5 V (1 MHz measurement bandwidth). Adding a
capacitor across the output will reduce ripple at the expense of
bandwidth: for example, 0.05 pF at the output of the AD204
will resultin 1.5 mV ripple at £5 V, but signal bandwidth will
be down to 1 kHz.

When the full isolator bandwidth is needed, the simple two-pole
active filter shown in Figure 13 can be used. It will reduce ripple
to 0.1 mV p-p with no loss of signal bandwidth, and also serves
as an output buffer.

An output buffer or filter may sometimes show output spikes
that do not appear at its input. This is usually due to clock noise
appearing at the op amp’s supply pins (since most op amps have
little or no supply rejection at high frequencies). Another com-
mon source of carrier-related noise is the sharing of a ground
track by both the output circuit and the power input. Figure 13
shows how to avoid these problems: the clock/supply port of the
isolator does not share ground or 15 V tracks with any signal
circuits, and the op amp’s supply pins are bypassed to signal
common (note that the grounded filter capacitor goes here as
well). Ideally, the output signal 1.O lead and the supply com-
mon meet where the 1solator output is actually measured, e.g.,
at an A/D converter input. If that point is more than a few feet
from the isolator, it may be useful to bypass output LO to sup-
ply common at the isolator with a 0.1 uF capacitor.

In applications where more than a few AD204s are driven by a
single clock driver, substantial current spikes will flow in the

power return line and in whichever signal out lead returns to a
low impedance point (usually output L.O). Both of these tracks

(Circuit figures shown on this page are for SIP style pack-
ages. Refer to page 3 for proper DIP package pinout.)

Tournez la page S.V.P.
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should be made large to minimize inductance and resistance;
ideally, output LO should be directly connected to a ground
plane which serves as measurement common.

Current spikes can be greatly reduced by connecting a small in-
ductance (68 pH-100 pH) in series with the clock pin of each
AD204. Molded chokes such as the Dale IM-2 series, with dc
resistance of about 5 Q, are suitable.

|

2200pF

10k

POINT OF
MEASUREMENT

4
+ +
- ! 9
1.0uF | 1.0pF

1000pF =

AD246 i
\ (IF USED) ;

ety S

-15v C +15v

POWER
SUPPLY

Figure 13. Output Filter Circuit Showing Proper Grounding

Using Isolated Power. Both the AD202 and the AD204 pro-
vide £7.5 V power outputs referenced to input common. These
may be used to power various accessory circuits which must
operate at the input common-mode level; the input zero adjust-
ment pots described above are an example, and several other
possible uses are shown in the section titled Application
Examples.

The isolated power output of the AD202 (400 pA rtotal from ei-
ther or both outputs) is much more limited in current capacity
than that of the AD204, but it is sufticient for operating mi-
cropower op amps, low power references (such as the AD589),
adjustment circuits, and the like.

The AD204 gets its power from an external clock driver, and
can handle loads on its isolated supply outputs of 2 mA for each
supply terminal ( +7.5 V and ~7.5 V) or 3 mA for a single
loaded output. Whenever the external load on either supply is
more than about 200 pA, a 1 pI¥ tantalum capacitor should be
used to bypass each loaded supply pin to input common.

Electronique et Informatique Industrielle
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Up to 32 AD204s can be driven from a single AD246 (or
equivalent) clock driver when the isolated power outputs of the
AD204s are loaded with less than 200 pA each, at a worst-case
supply voltage of 14.25 V at the clock driver. The number of
AD204s that can be driven by one clock driver is reduced by
one AD204 per 3.5 mA of isolated power load currentat 7.5 V,
distributed in any way over the AD204s being supplied by that
clock driver. Thus a load of 1.75 mA from +Vigg to —Viso would
also count as one isolator because it spans 15 V.

It is possible to increase clock fanout by increasing supply volt-
age above the 14.25 V minimum required for 32 loads. One ad-
ditional isolator (or 3.5 mA unit load) can be driven for each

40 mV of increase in supply voltage up to 15 V. Therefore if the
minimum supply voltage can be held to 15 V - 1%, it is possible
to operate 32 AD204s and 52 mA of 7.5 V loads. Figure 14
shows the allowable combinations of load current and channel
count for various supply voltages.

50

"
ot
v
o
P / >

40 \\'50/

a T o' P~
=BT
Wso

NUMBER OF AD204'S DRIVEN

MINIMUM SUPPLY VOLTAGE

Figure 14. AD246 Fanout Rules
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Synchronization. Since AD204s operate from a common
clock, synchronization is inherent. AD202s will normally not in-
teract to produce beat frequencies even when mounted on 0.25-
inch centers. Interaction may occur in rare situations where a
large number of long, unshielded input cables are bundled to-
gether and channel gains are high. In such cases, shielded cable
may be required or AD204s can be used.

APPLICATIONS EXAMPLES

Low-Level Sensor Inputs. In applications where the output
of low-level sensors such as thermocouples must be isolated, a
low drift input amplifier can be used with an AD204, as shown
in Figure 17. A three-pole active filter is included in the design
to get normal-mode rejection of frequencies above a few Hz and
to provide enhanced common-mode rejection at 60 Hz. If offset
adjustment is needed, it is best done at the trim pins of the
OP07 itself; gain adjustment can be done at the feedback
resistor.

OPTIONAL
OPEN INPUT
DETECTION

Figure 17. Input Amplifier & Filter for Sensor Signals

Note that the isolated supply current is large enough to mandate
the use of 1 pF supply bypass capacitors. This circuit can be
used with an AD202 if a low-power op amp is used instead of
the OP07.

Electronique et Informatique Industrielle
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Process Current Input with Offset. Figure 18 shows an iso-
lator receiver which translates a 4-20 mA process current signal
into a 0 Vto +10 V output. A1 V to 5 V signal appears at the
isolator’s output, and a -1 V reference applied to output LO
provides the necessary level shift (in multichannel applications,
the reference can be shared by all channels). This technique is
often useful for getting offset with a follower-type output buffer.

>+
420mA )3
0TO +10V

]

-1V T0 1% L

ADDITIONAL <¢—g—AAA/ 10k

CHANNELS [ R
2370 ADS89 2 b—>—
3

f'm

=15V

Figure 18. Process Current Input Isolator with Offset

The circuit as shown requires a source compliance of at least
5V, but if necessary that can be reduced by using a lower value
of current-sampling resistor and configuring the input amplifier
for a small gain.

High-Compliance Current Source. In Figure 19, an isolator
is used to sense the voltage across current-sensing resistor R to
allow direct feedback control of a high-voltage transistor or FET
used as a high-compliance current source. Since the isolator has
virtually no response to dc common-mode voltage, the closed-
loop current source has a static output resistance greater than
10'* Q even for output currents of several mA. The output cur-
rent capability of the circuit is limited only by power dissipation
in the source transistor.

=10V TO +250V

1= Ve
= ‘ LOAD

Figure 19. High-Compliance Current Source

Tournez la page S.V.P.
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oP-77

NEXT GENERATION OP-07

[ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER)

Precision Monolithics Inc.

FEATURES
¢ Outstanding Gain Linearity
o UltraHighGain ..........cccvvvvnnnnne. 5000V/mV Min
® LowVgs ....... seeseescectattetectonacsenan 25uV Max
e Excellent TCVps......... Cereeeeieeeaae, 0.3uV/°C Max
® HIGghPSRR.....coiiiiiiiiiiiieiiiiiennaans 3uV/V Max
® HIGhCMRR ......ccitiiiiiiiiiiiiinnnnnns 1.0.V/V Max
o Low Power Consumption .................. 60mW Max
* Fits OP-07, 725, 108A/308A, 741 Sockets
ORDERING INFORMATIONt
PACKAGE
HERMETIC PLASTIC OPERATING
TO-99 oiP oIP TEMPERATURE
8-PIN 8-PIN 8-PIN RANGE

OPT7AJ" OPTIAZ® MiL

OPT7EJ OPT7EZ OPT7EP IND

oP77BJ* oP778Z* MiL

OPTTFJ OP77FZ OPTTFP IND

OPTIGZ OP77GP coM

*For J P d in total to MIL-STD-883. add /883 atter

part number. Consult factory for 883 data sheet.
1Al commercial and industrial temperature range parts are available with
burn-in. For ordering information see 1986 Data Book, Section 2.

GENERAL DESCRIPTION

The OP-77 significantly advances the state-of-the-art in
precision op amps. The OP-77's outstanding gain ot
10,000,000 or more is maintained over the full 210V output
range. This exceptional gain-linearity eliminates incorrect-
able system nonlinearities common in previous monolithic
op amps, and provides superior performance in high closed-
loop-gain applications.

SIMPLIFIED SCHEMATIC

PRELIMINARY

Low initial Vos drift and rapid stabilization time, combined
with only 50mW power consumption, are significantimprove-
ments over previous designs. These characteristics, plus the
exceptional TCVgs of 0.3uV/*C maximum and the low Vgs of
25,V maximum, eliminates the need for Vos adjustment and
increases system accuracy over temperature.

PSRR of 3uV/V (110dB) and CMRR of 1.0uV/V maximum
virtually eliminate errors caused by power supply drifts and
common-mode signals. This combination of outstanding
characteristics makes the OP-77 ideally suited for high-
resolution instrumentation and other tight error budget
systems.

This product is available in five standard grades and three
standard packages: the TO-99 can and the 8-pin mini-dip in
ceramic or epoxy. .
The OP-77 is a direct or upgrade replacement for the OP-07.
OP-05, 725, or 108A op amps. 741-types can be replaced by
eliminating the Vgg adjust pot.

PIN CONNECTIONS

s Vos TRIM yumnv“mu
Vos TR 1 7ve . (7] 5 ve
l]'-' [¢ Jour
-2 eouT ", ry [3] nc.
3 Suc EPOXY MINI-DIP (P-Suffix)
4 V= icasty 8-PIN HERMETIC DIP

TO-99 (J-Sutfix) (Z-Suffix)

-
ve o
7
SR 2 na2se
() b3 OPTIONAL > C C
t___o NULL) 0_1 [ . LY

*NOTE: Say ! LIS 4

R2A AND R28 ARE P4al S s

ELECTRONICALLY 1 - ar .
ADJUSTED ON CHIP .

f AY. ) l
AT FACTO '\:. aw
4 ne
os 1»—%1! Ol% ouTPUT
a  os 04 + i} .

NON- <« a o )
INVERTING Q27 are

INPUT Q1 ns

aze Q20
ars
2 Re Q24
INVERTING AAA Vo azs 21
INPUT o= \ 4 Qe
ne QR
. C) () ¥°" ()
v- o

This preliminary product information is based on testing of a limited number of devices. Final specifications may vary. Please contactiocal sales

office or distributor for final data sheet.

5-191
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DR T\ OP-77 NEXT GENERATION OP-07 — PRELIMINARY

{PMI)

ABSOLUTE MAXIMUM RATINGS (Note 2) .
Supply Voltage.......cocevneeen... tereenesesesanann *22v NOTES:
Internal Power Dissipation (Note 1) ......cc.......500mW 1 See tabie for maxi P rating and derating factor.
Differential Input Voltage ............ccovvennn.n. .. 230V MAXIMUM AMBIENT DERATE ABOVE
input Voitage (Note 3) ......... B - A" TEMPERATURE MAXIMUM AMBIENT
Output Short-Circuit Duration ..................Indefinite PACKAGE TYPE FOR RATING TEMPERATURE
Storage Temperature Range . 2AMW/C

J and Z Packages .................... -65°C to +150°C hiaidl) sore oo

PPACKAGE ..ccneeernenrnnnnnnnn, ..-65°Cto +125°C 8-Pin Hermetic DIP (Z) BC 8Imwrc
Operating Temperature Range 8-Pin Plastic DIP (P) asc 5.6mw/C

OP-77A,OP-T7B ......c.ceevvvne. ... =55°C to +125°C

OP-TTE, OP-TTF ..evvvvirnnnnn. heeees -25°C to +85°C
(0] = £ < N ... 0°Cto 70°C
Lead Temperature Range (Soidering, 60 sec)........300°C

DICE Junction Temperature (T}) ........ -65°C to +150°C

2 Absolute maximum ratings apply to both packaged paris and DICE. uniess

otherwise noted.

3. Forsupply voitages less than 122V, the absolute maximum input voitage is

oqual to the supply voitage.

ELECTRICAL CHARACTERISTICS at Vg =15V, To = 25°C, unless otherwise noted.

OP-T7A OP-77B .
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Otfset Voltage Vos - © 28 - 20 80 [
Long-Term Input Otfset
Voitage Stability AVps/Time  (Note 1) - 0.2 - - 02 - uV/Mo
tnput Oftset Current los - ['A] 15 - 0.1 28 nA
Input Bias Current ig -0.2 12 20 -0.2 12 28 nA
Input Noise Voitage ®npp 0.1Hz to 10Hz (Note 2) - 038 (1.1 - 035 0.8 ®Vpo
1o = 10MHz (Note 2) - 10.3 18.0 - 03 1.0

input Noise Voitage Density [ fo = 100Hz (Note 2) - 10.0 13.0 - 10.0 13.0 v/ Rz
fo = 1000Hz (Note 2) - 96 10 . - 9.8 n.0

Input Noise Current inp-p 0.1Hz to 10Hz (Note 2) - “ 3 - “ 30 PAso
fo = 10Hz (Note 2) - 032 08 - 032 o080

Input Noise Current Density in fo = 100Hz (Note 2) - 04 023 - 014 023 AN HZ
1o = 1000Hz (Note 2) -— 092 097 - 012 07

input Resistance —

Difterential-Mode Ry (Note 3) 28 45 - 185 45 MO
tnput Resistance —

Common-Mode Rincu ~ - - @ - Gn
Input Voitage Range IVR 21 *H — 213 W - v
Common-Mods Rejection Ratio CMRR Ve =213V - 0.1 1.0 - [*A] 1.6 wmn
Powsr Supply Rejection Ratio PSRR Vg =23V 10 18V — 1.0 - 1.0 3 wN
Large-Signal Voitage Gain Avo Ry 2 2k}, Vo = 210V 5000 12000 -— 2000 8000 - v/mv

Ry 2 10k 135 2140 - 135 1140 -
Output Voitage Swing Vo R 22k *125 2130 - *125 =130 - v
R 2 1k} *120 =125 - 2120 =125 -
Siew Rate SR Ry 2 2k11 (Note 2) 0.1 0.3 - ot 03 - Vius
Closed-Loop Bandwidth Bw Ayc, ™ +1(Note 2) 0.4 0.6 - 0.4 0.8 - MHz
Open-Loop Output Resistance Ro Vo=0.ig=0 - 60 - - 60 - n
. Vs = £15V. No Load -_— 50 60 - 50 L]
Power Consumption Pe Vs = £3V. No Load — 35 45 — 35 45 mw
Rp = 20kN - 23 - - *3 - mv

Oftset Adjustment Range

NOTES:

1. Long-Terminput Otfset Voitage Stability refers to the averaged trend line of
Vos v8. Time over extended periods after the first 30 days of operation.
Exciuding the initial hour of operation, changes in Vgg during the tirst 30
operating days are typically 2.5uV.

Electronique et Informatique Industrielle

2. Sample tested.
3. Guaranteed by design.

Tournez la page S.V.P.
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LM111, LM211, LM311, LM311Y
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007A - SEPTEMBER 1973 -~ REVISED FEBRUARY 1992

® Fast Response Times LM111...J PACKAGE

® Strobe Capability (TOP VIEW)

® Maximum Input Bias Current. .. 300 nA Nc] 1 1[I NC

® Maximum Input Offset Current . .. 70 nA EMITOUT(l2  13[INC

® Can Operate From Single 5-V Supply IN+(] 3 12[] NC

® Designed to Be Interchangeable With INEE 4 M ngc*
National Semiconductor LM111, LM211, NCffs 10l .
and LM311 Vee-[l 6 g[j coLou '

BALANCE(] 7 8[] BALUSTRB
description

LM111...JG PACKAGE

The LM111, LM211, and LM311 are single LM211, LM311. .. D, DB, P, OR PW PACKAGE

high-speed voltage comparators. These devices (TOP VIEW)
are designed to operate from a wide range of )
power supply voltages, including +15-V supplies
for operational amplifiers and 5-V supplies for EMIT ?::IE ; : ;Xg?_bur
logic systems. The output levels are compatible IN-[] 3 6 [] BAUSTRB
with most TTL and MOS circuits. These vecll«  s[1BALANCE
comparators are capable of driving lamps or ce-
relays and switching voltages up to 50 V at 50 mA. U PACKAGE

M1 ...

Allinputs and outputs can be isolated from system

ground. The outputs can drive loads referenced to (TOP VIEW)

ground, Vcc, or Voo Offset balancing and U

strobe capabilities are available, and the outputs EMITOUT[, 1~ 10f] Vec

can be wire-OR connected. If the strobe is low, the IN+[] 2 sf] COL OUT

output will be in the off state regardless of the IN-[]a  8fIJNC

differential input. NCf] « 7]] BAUSTRB
Vcc_[ 5 6 J BALANCE

The LM111 is characterized for operation over the
full military range of =55°C to 125°C. The LM211
is characterized for operation from =40°C to

LM111... FK PACKAGE

85°C, and the LMB311 is characterized for (TOP VIEW)
operation from 0°C to 70°C. 5
° +
functional block diagram o § o 8o
BALANCE / ::i::
BAUSTRB 20 19
NC :]43 21 18[] NC
IN+ []5 17[] coL out
IN+ COL ouTt NC ] 6 16[: NC
IN-[]7 15[] BAUSTRB
IN- EMIT OUT NC :]8 14{JNC -
9 10 11 1213
Metal Can Package :l—" :S?
zZ2Qz02
L” =z
ouTPUT é
o

BALANCE/
STROBE

NC - No internal connection

TOP ViEw
NOTE: Prn & comnected to cam.

Electronique et Informatique Industrielle Tournez la page S.V.P.
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LM111, LM211, LM311, LM311Y
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992

AVAILABLE OPTIONS

PACKAGED DEVICES CHIP
Viomax SMALL CHIP CERAMIC | CERAMIC | PLASTIC
T, 10 LATPACK | FORM
A at25°C | OUTLINE (sgg)P CARRIER DIP DIP DIP T(SF,SV?)P F ) m
ot (FK) ) wa) P)
0°C
to 7.5mv LM311D | LM311DBLE LM311P | LM311PWLE LM311Y
70°C
-40°C
to 3mv LM211D LM211P
85°C .
-55°C
to 3mv LM111FK tM111J LM111JG (WYARRIV)
125°C :
t The D package is available taped and reeled. Add the suffix R (e.g., LM311DR). The DB and PW packages are only available left-end taped and
reeled. ’
schematic
BA“slT RB | BALANCE
300 Q2 é 300 Q
€ > * vee.
; 750 Q 600 Q
1.3 | 13 9
kQ | k2 < 700 !
1.2kQ <
l)—l J
!C N
IN+ ‘
q 4kQ
. | : coL out
IN- L«b /{
’ .
’ 400 Q 4
N 13003
fy{ )J 60 Q T—K
>
: 600 Q
450 Q ) T
S 2500 20003 b
ol 3
2kQ 403
EMIT OUT
+ 4 . Vee-
Component Count
Resistors 20
Diodes 2
Epifet 1
All resistor values shown are nominal. Transistors 22

Electronique et Informatique Industrielle Tournez la page S.V.P.
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DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Ve, (SEENOE 1) ..euiiiiiiiiiiieieeeeeennnaeaareceeseaannsescsecncaseees 18V
Supply voltage, Voo— (SEENOIE 1) ..evni ittt iiieeareanceneeanneascssansasneseccsances -18V
SUPPIY VORAGE, VO 4 = VO Om v v v vvvtttnnaiaaaeeereeeunnnaeensannsernnnnasceossecccunnne 36V
Differential input voltage, Vip (SEENOtE 2) ........ccuereieenurnenranecserranacentaenerennces 30V
Input voltage, V| (either input, see Notes 1 and 3) ....ceeeeeeerenennracencreconssonsacsesanss +15V
Voltage from emitter OUPUL IO VoG o -t vverirnieieeeiineininraaaenesneanasaccecsesnsecans 30V
Voltage from collector output to Voo —: LMTTT L. iioiiieiniiiiiiaeaciienanaercetatocacanns S50V
LM211 o ttiiieeieneeeneacasccoanssasnsscasscoccaanens 50V

LM31T it iiiiierieernescsecenoansscsssenccccscccnans a0V

Duration of output short Circuit (See NOt@ d) ......coevereeeeriereererenececcnesenasncanancanes . 10s
Continuous total dissipation ................... Ceeeseeeesesesasearaanns See Dissipation Rating Table
Operating free-air temperature range, Ta: LM111 ...... e eeeietiieieaaaeees R -55°C to 125°C
(1Y -3 B T T -40°C to 85°C

LM311 teiiiiiiiieeciecennecanncasssecenane .. 0°Cto 70°C

Storage temperaturerange ...........eeueun... Ceeereceseeecennassstesaseaacnnas .. =65°Cto 150°C
Case temperature for 60 seconds: FK package .......coeeeeeceeeeencneaccccncaesasoacncannan 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or U package ............. gggg

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: D, DB, P, or PW package

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the devics. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device refiability.

NOTES: 1. Allvoltage values, unless otherwise noted, are with respect to the midpoint between Vcc, and VCC-.

2. Differential voltages are at IN+ with respect to IN-.
3. The magnitude of the input voltage must never exceed the magnitude of the supply vonage or +£15 V, whichever is less.
4. The output may be shorted to ground or either power supply.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING DERATE TA =70°C Ta=85C Ta = 125°C
POWER RATING FACTOR ABOVETA POWERRATING POWERRATING POWER RATING
D 500 mwW 5.8 mwW/°C 64°C 464 mW 377 mW -
DB or PW 500 mW 42 mWrC 31°C 336 mw - -
FK 500 mwW 11.0 mwWrC 105°C 500 mwW 500 mW 275 mW
J 500 mW 11.0 mwWreC 105°C 500 mW 500 mW 275 mW
JG 500 mw 8.4 mW/*C 90°C 500 mW 500 mW 210 mW
P 500 mW 8.0 mW/°C 88°C 500 mW 500 mW -
500 mW 5.4 mW/°C 57°C 432 mW 351 mW 135 MmNV
recommended operating conditions
MIN MAX | UNIT
Supply voitage, VG + - VCC - 35 30 v
Input voltage (IVcC+1<15 V) Vec-+0.5 Voo, -15 v
M1 -55 125
Operating free-air temperature range, T LM211 -40 85| *C
LM311 0 70

Electronique et Informatique Industrielle
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CD4020BM/CD4020BC
CD4040BM/CD4040BC

CD4060BM/CD4060BC

General Description

The CD4020BM/CD4020BC, CD4060BM/CD4060BC are
14-stage ripple carry binary counters, and the CD40408M/
CD4040BC is a 12-stage ripple carry binary counter. The
counters are advanced one count on the negative transition
of each clock pulse. The counters are reset to the zero state
by alogical ““1” at the reset input independent of clock.

&National Semiconductor

14-Stage Ripple Carry Binary Counters
12-Stage Ripple Carry Binary Counters

14-Stage Ripple Carry Binary Counters

February 1988

Features

m Wide supply voltage range

m High noise immunity

® Low power TTL
compatibility

m Medium speed operation

m Schmitt trigger clock input

1.0V to 15V

0.45 Vpp (typ.)

Fan out of 2 driving 74L
or 1 driving 74LS

8 MHz typ. at Vpp = 10V

Connection Diagrams

Dual-In-Line Package

CD4020BM/CD4020BC
Vpp 017 Qg Qg Qg RESET ¢ Oy
w s fie Jis iz fie fe |
Voo l
)
Vss
Il P FRN O O OIS I O
02 Q@3 e 0 G Q7 04 Vs
TL/F/5963-1
Top View
Duai-In-Line Package
CD4040BM/CD4040BC
vpp 01y O1p Qg Qg RESET ¢1 Q4
Iw 15 14 13 12 il Iw |n
Voo
)
Vss
|| 2 3 4 5 3 7 |a
iz 0 05 07 04 03 02 Vss

TU/F/5963-2
Top View

Order Number CD4020B, CD4040B or CD4060B
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AC Electrical Characteristics* cosos08m/cD40608C
Ta = 25°C, C_ = 50 pF, R_ = 200k, t; = t; = 20 ns, unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
PHL4: tPLH4 Propagation Delay Time to Q4 Vop = 5V 550 1300 ns
Vpp = 10V 250 525 ns
Vpp = 15V 200 400 ns
tpHL tPLk Interstage Propagation Delay Time Vpp = 5V 150 330 ns
from Qp to Qp+ 1 Vpp = 10V 60 125 ns
Vpp = 15V 45 90 ns
THL tTLH Transition Time Vpp = 85V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
twi twi Minimum Clock Pulse Width Vpp = 5V 170 500 ns
Vpp = 10V 65 170 ns
Vpp = 15V 50 125 ns
et HoL Maxirnum Clock Rise and Fall Time Vpp = 5V No Limit ns
Vpp = 10V No Limit ns
Vpp = 15V No Limit ns
foL Maximum Clock Frequency Vpp = 5V 1 3 MHz
Vpp = 10V 3 8 MHz
Vpp = 15V 4 10 MHz
tPHL(R) Reset Propagation Delay Vop = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
tWHR) Minimum Reset Pulse Width Vop = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
Cin Average Input Capacitance Any Input 5 75 pF
Cpd Power Dissipation Capacitance 50 pF

*AC Parameters are guaranteed by DC correlated testing.

CD4060B Typical Oscillator Connections

RC Oscillator Crystal Osciliator
12 12
RESETO=— T0 COUNTER RESETO—— | TO COUNTER
[~ sTacES STAGES
n 10 ] 10 90
R2 R >
32.768kHz S 330k

39pF
TL/F/5953-4

TL/F/5863-6
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Schematic Diagrams
CD4020BM/CD4020BC Schematic Diagram
L]
O-E >—;—0—4 — ¢ ¢ [ —» = —1
1 2 3 4 5 & 7
(3 ¥ —¢ [} é ? 3
[} R R R R R
m,_b d T ) 1 d T )| T ) T
B z g g g
[ 1 1 1 T 1
“’SS Boob P Pebd Pl M P ool ¢
1 3 1 " w 9 8
é ¢ $ ) '3 9| Fp—
\/
! [15]
TL/F/5953-6
CD4040BM/CD4040BC Schematic Diagram
1, — ¢ 1 [ —1¢
1 3 2 3 4 H [}
* 8 T° A s . To R Ta a
i z )|
[ 1 1 1 1
E"Vss R Py o P sjd R L = [3
12 n 10 9 L} 7
s ¢ ¢ 8 ¢ ¢ |l
[ s
TL/F/6953-7
CD4060BM/CD4060BC Schematic Diagram
D —¢ Lt o ¢
1 2 3 4 5 §
) A ¢ & P—{¢ A S q F] R
d B 4 1 % )| T
| 1 T 1 1 1 1
E]"“ o e T e T = (L) S5 (L) N L ! S
W 13 12 u 11} L 3 ?
0 é Y o 3 s ) ¢ ¢
[+
TL/F/5963-8
5
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LTLIHEAQ 1C1061

TECHNOLOGY High Performance Triple
Universal Filter Building Block
FEATURES DESCRIPTION
= Up to 6th Order Filter Functions with a Single 20-Pin The LTG1061 consists of three high performance, univer-
0.3" Wide Package salfilter building blocks. Eachfilter building block together
m Center Frequency Range up to 35kHz with an external clock and 2 to 5 resistors can produce
® fgx Q Product up to 1MHz various second order functions which are available at its
» Guaranteed Center Frequency and Q Accuracy Over three output pins. Two out of three always provide low-
Temperature pass and bandpass functions while the third output pin
w Guaranteed Low Offset Voltages Over Temperature can produce highpass or notch or allpass. The center
» 90dB Signal-to-Noise Ratio frequency of these functions can be tuned with an external
® Filter Operates from Single 4.7V Supply and up to clock oranexternal clock and aresistorratio. For Q< 5,the
18V Supplies centerfrequency ranges from 0.1Hzto 35kHz. For Qs of 10
m Guaranteed Filter Specifications with £5V Supply and  or above, the center frequency ranges from 0.1Hz to
12.37V Supply 28kHz.
m [ ow Power Consumption with Single 5V Supply The LTC1061 can be G .
5 ’ used with single or dual supplies
® Clock Inputs T°L and CMOS Compatible ranging from £2.37V to £8V (or 4.74V 10 16V). When the
filter operates with supplies of £5V and above, it can
APPLICATIONS handle input frequencies up to 100kHz.
= High Order, Wide Frequency Range Bandpass, The LTC1061 is compatible with the LTC1059 single
Lowpass, Notch Fllt'ers ‘ universal filter and the LTC1060 dual. Higher than 6th
= Low Power Consumption, Single 5V Supply, orderfunctions can be obtained by cascading the LTC1061
Clo_ck-T!Jnable Filters with the LTC1059 or LTC1060. Any classical filter realiza-
. Tra.ck[ng'Fllte_rs tion can be obtained.
" Antialiasing Filters TheLTC1061 ismanufactured by using Linear Technology’s
LTCMOS™is a trademark of Linear Technotogy Corp enhanced LTCMOS™ silicon gate process.

TYPICAL APPLICATION

Amplitude Response

6th Order, Clock-Tunable, 0.5¢B Ripple Chebyshev BP Filter essmacrezat:
foik = 1MHz
931k 1K 1 20 0
1 165k | 5 19 | 787K
45K 4 1B 49% -20
165K 4 17 237k g
Vi < 100kHz —AAA—1—® VW~ z 0
5 16 < <
LTC1061 2 499 P2
6 15 - 9 b
Eema V=75V = 60
= 7 14 4.99k T
T 165K
5
T2 CLK IN < 1.2MHz 8 13 o AMA _80
9 12 | 4%
L 5
. =10 1 -100 L
V* = 7.5V e *— 0 10 20 30 40 50
*Vour e INPUT FREQUENCY GAIN (kHz)

LTC1061 + TAO2
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Supply \{olt;age_ ....................................................... 18V 0P ViEW ORDER PART
Power DisSipation...........ccccveveveivevereieeiieenenne 500mW d v NUMBER
Operating Temperature Range ;z" = & iy
LTC1061AC, LTC1061C............ -40°C < Tp<85°C N“ = l NBB
LTC1061AM, LTC1061M......... =55°C < Tp < 125°C o [T ] e LTC1061AMJ
Storage Temperature Range ................ -65°C to 150°C 5] LTC1061MJ
) s il st LTC1061ACJ
Lead Temperature (Soldering, 10 S€C.)...covvevnvnee. 300°C Ao\ [5] 5] v- LTO1061C)
50/100/HOLD [T 2] Lpc LTC1061ACN
o [ %1 LTc1081CN
tsy [9] [12] HPg
vt @ E INVG LTC1 061 CS
J PACKAGE N PACKAGE
20-LEAD CERAMIC DIP  20-LEAD PLASTIC DIP
S PACKAGE
20-LEAD PLASTIC SOL
Tomax = 125°C, 83 = 100°C/W (4)
Tomax = 100°C, 8y0.= 100°C/W (N}
Tymax = 100°C, 6y = 85°C/W (S)
Consult factory for Industrial grade parts
(Complete Filter)Vg = +5V, Ty = 25°C, T2L clock input level, unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Center Frequency Range, fg fo x Q < 175kHz, Mode 1, Vg = 7.5V 0.1-35k Hz
fo x @ <1.6MHz, Mode 1, Vg = £7.5V 0.1-25k Hz
fo x Q < 75kHz, Mode 3, Vg = 7.5V 0.1-25k Hz
fo x Q < 1MHz, Mode 3, Vg = +7.5V 0.1-17k Hz
Input Frequency Range 0-200k Hz
Clock-to-Center Frequency Ratio, fowk/fo Sides A, B: Mode 1, R1 = R3 = 50k
LTC1061A R2 = 5k, Q = 10, fo Lk = 250kHz ] 50+0.6%
LTC1061 Pin 7 High. [ 50+1.2%
Side C: Mode 3, R1 = R3 = 50k
R2 = R4 = 5k, fo k = 250kHz
LTC1061A Same as Above, Pin 7 at ° 100+0.6%
LTC1061 Mid-Supplies, fork = 500kHz ° 100+1.2%
Clock-to-Center Frequency Ratio,
Side-to-Side Matching
LTC1061 1.2%
Q Accuracy Sides A, B, Mode 1
LTC1061A Side C, Mode 3 . +2 5 %
LTC1061 fo x Q < 50kHz, fo x < 5kHz ° 13 5 %
fo Temperature Coefficient Mode 1, 50:1, fox < 300kHz +1 ppm/°C
Q Temperature Coefficient Mode 1, 100:1, f¢ < 500kHz 5 ppm/°C
Mode 3, foLk < 500kHz 15 ppm/°C
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(Complete Filter)Vs =5V, Ta = 25°C, T2L clock input level, unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
DC Offset Voltage
Vosi, Figure 23 ° 2 15 mv
Vos2 fork = 250kHz, 50:1 ° 3 30 mv
Vos? fok = 500kHz, 100:1 ° 6 60 mV
Vos3, LTG1061CN, ACN/LTC1061CS ferk = 250kHz, 50:1 ° 3 20/25 mV
Vos3, LTC1061CN, ACN/LTC1061CS fork = 500kHz, 100:1 ° 6 40/50 mV
Clock Feedthrough fok < TMHz 0.4 mVams
Maximum Clock Frequency Mode 1,Q< 5, Vg2 45 2.5 MHz
Power Supply Current 6 8 11 mA
° 15 mA
(Complete Filter)Vg = +2.37V, Ty = 25°C, unless otherwise specified.
Center Frequency Range, fg fo x Q < 120kHz, Mode 1, 50:1 0.1-12k Hz
fo x Q < 120kHz, Mode 3, 50:1 0.1-10k Hz
input Frequency Range 0-20k Hz
Clock-to-Center Frequency Ratio 50:1, for = 250kHz, Q=10
LTC1061A Sides A, B: Mode 1 50+0.6%
LTC1061 Side C, Mode 3, 250kHz 50£1.0%
LT1061A 100:1, foik = 500kHz, Q= 10 100+0.6%
LT1061 Sides A, B: Mode 1 100£1.0%
Side C: Mode 3
Q Accuracy
LTC1061A Same as Above 12 %
LTC1061 +3 %
Maximum Clock Frequency 700 kHz
Power Supply Current 4.5 6 mA
(Internal Op Amps) Tp = 25°C, unless otherwise specified.
Supply Voltage Range +2.37 19 v
Voltage Swings
LTC1061A Vg = +5V, R = 5k (Pins 1,2,13,14,19,20) 4.0 4.2 v
LTC1061 Vg = +5V, R = 3.5k (Pins 3,12,18) 13.8 142 v
LTC1061, LTC1061A ° 13.6 v
Output Short-Circuit Current
Source/Sink Vs =15V 40/3 mA
DC Open-Loop Gain Vs = £5V, R = 5k 80 dB
GBW Product Vg =15V 3 MHz
Slew Rate Vs = £5V 7 Vius

The @ denotes the specifications which apply over the full operating

temperature range.

Electronique et Informatique Industrielle
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LTC1061

BLOCK DIAGRAM

INV,
LK g LEVEL |y CLOCK Ly 70RLTERA Gl
) SHIFT || GENERATOR
INVBD _
LEVEL CLOCK an
o LEVEL L1yl (CLOCK > ToruTeRs
| [
e ] -
LEVEL cLocK (11)
1 suiFt [T aeneraton [ TOFILTERC
| i

LEVEL SHIFT
(©)

50/100/ AGND
HOLD )

= 106180

PIN DESCRIPTION AND APPLICATION HINTS

Power Supplies (Pins 10, 15)

They should be bypassed with 0.1uF disc ceramic. Low
noise, nonswitching, power supplies are recommended.
The device operates with a single 5V supply, Figure 1, and
with dual supplies. The absolute maximum operating
power supply voltage is £9V.

Clock and Level shift (Pins 8, 9)

When the LTC1061 operates with symmetrical dual sup-
plies the level shift Pin 9 should be tied to analog ground.
Forsingle 5V supply operation, the level shift pinshould be
tied to Pin 15 which will be the system ground. The typical
logic threshold levels of the clock pin are as follows: 1.65V
above the level shift pin for £5V supply operation, 1.75V
for £7.5V and above, and 1.4V for single 5V supply
operation. The logic threshold levels vary £100mV over
the full military temperature range. The recommended
duty cycle of the input clock is 50% although for clock

Electronique et Informatique Industrielle

frequencies below 500kHz the clock “on” time can be as
low as 300ns. The maximum clock frequency for £5V
supplies and above is 2.4MHz.

$14, $1p (Pins 5, 16)

Theseare voltage input pins. If used, they should be driven
with a source impedance below 5kQ. when they are not
used, they should be tied to the analog ground Pin 6.

AGND (Pin 6)

When the LTC1061 operates with dual supplies, Pin 6
should be tied to system ground. When the LTC1061
operates with a single positive supply, the analog ground
pin should be tied to 1/2 supply, Figure 1. The positive
input of all the internal op amps, as well as the common
reference of all the internal switches, are internally tied to
the analog ground pin. Because of this, a “clean” ground
is recommended.
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PIN DESCRIPTION AND APPLICATION HINTS

LTC1061

T2 CLOCK
IN P
foLk < TMHz

T

LIC1061 F03 Vin

Figure 1. the 6th Order LP Butterworth Filter of Figure 5
Operating with a Single 5V Supply.

50/100/Hold (Pin 7)

By tying Pin 7 to V*, the filter operates with a clock-to-
center frequency internally set at 50:1. When Pin 7 is at
mid-supplies, the filter operates with a 100:1 clock-to-
center frequency ratio. Table 1 shows the allowable varia-
tion of the potential at Pin 7 when the 100:1 mode is
sought.

When Pin 7 is shorted to the negative supply pin, the filter
operation is stopped and the bandpass and lowpass
output act as a sample-and-hold circuit holding the last
sample of the input voltage. The hold step is around 2mV
and the droop rate is 150uV/sec.

Table 1
TOTAL POWER SUPPLY VOLTAGE RANGE OF PIN 7
v) FOR 100:1 OPERATION (V)
) 25105
10 5+
15 75415

Electronique et Informatique Industrielle

Clock Feedthrough

This is defined as the amplitude of the clock frequency
appearing at the output pins of the device, Figure 2. Clock
feedthroughismeasured withall three sides ofthe LTC1061
connected as filters. The clock feedthrough mainly de-
pends on the magnitude of the power supplies and it is
independent from the input clock levels, clock frequency
and modes of operation.

The Table 2 illustrates the typical clock feedthrough num-
bers for various power supplies. '

A=2VDIV

B=10mMVDIV £

HORIZONTAL = 10ps/DIV

Figure 2. Typical Clock Feedthrogh of the LTC1061 Operating
with +5V Supplies. Top Trace is the Input Clock Swinging OV to
5V and Bottom Trace is One of the Lowpass Outputs with Zero or
DC Input Signals.

Table 2
POWER SUPPLY (V) CLOCK FEEDTHROUGH (Vgms)
125 0.2
£5 0.4
+8 0.8

Definition of Filter Functions
Refer to LTC1060 data sheet.
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LTC1061

MODES OF OPERATION

Description and Applications

1. Primary Modes: There are two basic modes of opera-
tion, Mode 1 and Mode 3. In Mode 1, the ratio of the
external clock frequency to the center frequency of each
2nd order section is internally fixed at 50:1 or 100:1. In
Mode 3, this ratio can be adjusted above or below 50:1 or
100:1. The side C of the LTC1061 can be connected only
in Mode 3. Figure 3 illustrates Mode 1 providing 2nd order
notch, lowpass, and bandpass outputs (for definition of
filter functions, refer to the LTC1060 data sheet). Mode 1
can be used to make high order Butterworth lowpass
filters; it can also be used to make low Q notches and for
cascading 2nd order bandpass functions tuned at the
same center frequency and with unity-gain. Mode 3,

1061703

1/3 LTC1061

fo = Gk~ = fp

f
IEEAGND o
= HOLP=-%:HOBP=-§%:H0N1=-¥

-R3
0-g2

Figure 3. Mode 1: 2nd Order Filter Providing Notch,
Bandpass, Lowpass

ViN

1/3 LTC1061

. fok fR2. o R3.[R2
0=100(50) YR4" 2 VR

4
- HOHP="%%'HOBP=‘%‘HOLP=‘%

0.16

NOTE: ADD C¢ FOR Q> 5 AND I > IMHz, SUCHAS Cc = Ra = 1oMAz

Figure 4. Mode 3: 2nd Order Filter Providing Highpass,
Bandpass, Lowpass

Electronique et Informatique Industrielle

Figure 4, is the classical state variable configuration pro-
viding highpass, bandpass and lowpass 2nd order filter
functions.

Since the input amplifier is within the resonant loop, its
phase shift affects the high frequency operation of the
filter and therefore, Mode 3 is slower than Mode 1. Mode
3 can be used to make high order all-pole bandpass,
lowpass, highpass and notch filters. Mode 3 as well as
Mode 1 is a straightforward mode to use and the filter's
dynamics can easily be optimized. Figure 5 illustrates a 6th
order lowpass Butterworth filter operating with up to
40kHz cutoff frequency and with up to 200kHz input
frequency. Sides A, B are connected in Mode 1 while side
Cisconnected in Mode 3. The lower Q section was placed
in side C, Mode 3, to eliminate any early Q enhancement.
This could happen when the clock approaches 2MHz. The
measured frequency response is shown in Figure 6. The
attenuation floor is limited by the crosstalk between the
three different sections operating with a clock frequency
above 1MHz. The measured wideband noise was
150uVRms. For limited temperature range the filter of
Figure 5 works upto 2.5MHz clock frequency thus yielding
a 50kHz cutoff.

R1§ » Vour
+— 2 o
R33 2 19 R32
0 ]
3 18 AAA—$
4 17
> TC106 B
— | LTC1061 — <
6 1 :: R12
= 7
T2LCLOCK 8
<2.5MHz © 5
i
vty = 10
Vi >

HARMONIC DISTORTION WITH f¢ x = ZMHz STANDARD 1%

RESISTOR VALUES
fin ZNDHARMONIC  27v_20c  Rel = 20k
10kHz, 1VRums -74d8 R31 =11k R41=20k
20kHz, 1Vgpms -62dB R12=20k R22=20k
30kHz, 1VRms ~62dB R32=14k R23=10k
40kHz, 1Vams -62dB R13=10k R33=178k

LTC1061F0S

Figure 5. 6th Order Butterworth Lowpass Filter with
Cutoff Frequency up to 45kHz
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LTC1061
MODES OF OPERATION
Veeasy the textbook Qs and center frequencies normalized to the
0 \\ N 5:\”1215\;2% T ripple bandwidth are: Q1 = 0.55,191=0.71, 02 =1.03, Fp
-10 N TN =0.969, Q3 = 3.4, Fpg = 1.17. The design was done with
2 ‘gi";omz speed in mind. The higher (Q3, Fqos) section was in Mode
2 1 and placed in the side B of the LTC1061. The remaining
3 . \ two center frequencies were then normalized with respect
fouk = Mz \ to the center frequency of side B; this changes the ratio of
O om0k clock-to-cutoff frequency from 50:1t0 50x 1.17 =58.5:1.
-60 V As shown in Figure 9, the maximum cutoff frequency is
T o A o o 1M about33kHz. The total wideband output noise is 220uVrus
by (H2) and the measured output DC offset voltage is 60mV.
Figure 6. Measures Frequency Response of
the Lowpass Butterworth Filter of Figure 3. 1 20 ém
> R 19| A3
o BIZ T 5 | R22
2. Secondary Modes: Mode 1b - Itis derived from Mode R11 p A |
1. In Mode 1b, Figure 7, two additional resistors, R5 and Vin =NV S o | s
R6, are added to attenuate the amount of voltage fed back W L A
from the lowpass output into the input of the Sp (Sg) = I
switched capacitor summer. This allows the filter clock- =
to-center frequency ratio to be adjusted beyond 50:1 (or foLk < 2MHz » 8
100:1). Mode 1b still maintains the speed advantages of _|_—9
Mode 1. Figure 8 shows the 3 lowpass sections of the v p—e—=10
LTC1061 in cascade resulting in a Chebyshev lowpass STANDARD 1% RESISTOR VALUES
filter. The side A of the IC is connected in Mode 1b to R11=357k R32-365k R61=287k
provide the first resonant frequency below the cutoff A R iadx Raz-
frequency of the filter. The practical ripple, obtained by Riz-1tk R2i-121k RS- 158k

using a non-A version of the LTC1061 and 1% standard

resistor values, was 0.15dB. For this 6th order lowpass, Figure 8. 6th Order Chebyshev, Lowpass Filter Using 3

Ditferent Modes of Operation for Speed Optimization

AR MWy T T 7 TTTT
Vs> ¢5V
0 Tp=25°C
Vin =1V,
[ e -10 fovk = 1.6MHz 1
@ ~20
VIN 32
= -30
S
106107 S -40
ferk R6 R3,[_R6 50
0=100(s0) VA5 + A6 - "1 = R2 VA5 + 6 60 A
= H0N1(f—>0)=H0N2(f—)'—C%)=—%§ 70
~ 10k 30k 100k M
Hotp = R@(ﬂ}fsﬂj‘R—s); Hogp = - B3 (Rs//RE) <5k fin (H2)
1061 F09
Figure 7. Mode 1b: 2nd Order Filter Providing Figure 9. Amplitude Response of the 6th Order
Notch, Bandpass, Lowpass Chebyshev Lowpass Filter of Figure 8
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LTC 1061

MODES OF OPERATION

Another example of Mode 1b is illustrated on the front
page of the data sheet. The cascading sequence of this 6th
order bandpass filter is shown in block diagram form,
Figure 10a. the filter is geometrically centered around the
side B ofthe LTC1061 connected in Mode 1. This dictates
aclock-to-centerfrequency ratioof50:10r100:1. The side
Aofthe IC operates in Mode 1b to provide the lower center
frequency of 0.95 and still share the same clock with the
restof the filter. With this approach the bandpassfilter can

SIDE A SIDE B SIDEC
Vi —>] MoDE 1o |—»] MoDEt |—»] MoDE3 | vour
101=0.95 foo=1 fo3 =1.05

a1=319 @2-159 03=319  whm

Figure 10a. Cascading Sequence of the Bandpass Filter Shown
on the Front Page, with (f¢ k/fo) = 50:1 or 100:1

operate with center frequencies up to 24kHz. The speed of
thefiltercould be furtherimproved by using Mode 1to lock
the higherresonant frequency of 1.05 and higherQor31.9
to the clock, Figure 10D, thus changing the clock to center
frequency ratio to 52.6:1.

Mode 3a ~ This is an extension of Mode 3 where the
highpass and lowpass outputs are summed through two
external resistors Ry, and R, to create a notch, Figure 11.
Mode 3ais very versatile because the notch frequency can
be higher or lower than the center frequency of the 2nd
order section. The external op amp of Figure 11 is not
always required. When cascading the sections of the
LTC1061, the highpass and lowpass outputs can be
summed directly into the inverting input of the next
section. Figure 12 shows an LTC1061 providing a 6th
order elliptic bandpass or notch response. Sides C and B
are connected in Mode 3a while side A is connected in

SIDE A SIDE 8 SIDE ¢
Viv —>] MoDE 1o |—»f MODET |—»] MODE3 | vour
f01=0.95 fog =105 foz3=1
1=319 2-319 03=159

1061 £100

Mode 1 and uses only two resistors. The resulting filter
response is then geometrically symmetrical around either
the center frequency of side A (forbandpass responses) or

Figure 10b. Cascading Sequence of the Same Filter for Speed
Optimization, and with (fg x/fo) = 52.6:1

______________

the notch frequency of side A (for notch responses).

—— WV
R3

AN
R2

+——W— ]Hp

R1
Vi Ry
‘N'
E’ AGND p—— NOTCH
= EXTERNAL OP AMP OR

R1"

_R3 [R2
O_RZ R4

NOTE: FOR @ > 5 AND fc g > TMHz ADD C¢ SUCH AS C¢ =

2., _ tok [Rn .y . B2, __R3. R4
'0‘100(50)\1 =150 )‘]"R"Ho“"‘ py o=y Howp == g

INPUT OP AMP OF THE

R R LTC1061, SIDES A, B, C

fok) . Rg  R2. cim-olfey. R
Houz('—)T =R Hon (1=1o) = Q| 5 HoLp— &, Horp

1061F11

0.16
R4 < 1.2MHz

Figure 11. Mode 3a: 2nd Qrder Filter Providing Highpass, Bandpass, Lowpass, Notch
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LTC 1061
MODES OF OPERATION
Rﬂ% QR
1] 20 R42
R23 | 3 18 R2?
L N Mo
4 17
5
_a LTC1061
<7
T2L, CMOS '5
CLOCK INPUT ’—9
T
vt — o
R11
Vin P A

NOTES: FOR NOTCH RESPONSES, PIN 7 SHOULD BE
PREFERABLY CONNECTED TO GROUND AND THE
FILTER OUTPUT IS PIN 3.

FOR BANDPASS OR LOWPASS RESPONSES, PIN 7

CAN BE EITHER AT GROUND OR POSITIVE SUPPLY,
AND THE FILTER OUTPUT IS PIN 2 OR PIN 1.

LIC1081 #12

Figure 12. 6th Order Elliptic Bandpass, Lowpass
or Notch Topology

Figure 13 shows the measured frequency response of the
circuit Figure 12 configured to provide a notch function.
The filter output is taken out of pin 3. The resistor values
are standard 1%.

The ratio of the 0dB width, BW1, to the notch width BW2,
is 5:1 and matches the theoretical design value. The
measured notch depth was -53dB versus -56dB theoreti-
cal and the clock-to-center notch frequency ratio is 100:1.

Figure 14 shows the measured frequency response of the
circuit topology, Figure 12, but with pole/zero locations
configured to provide a high Q, 6th order elliptic bandpass
filter operating with a clock-to-center frequency ratio of
50:1 or 100:1. The theoretical passband ripple, stopband
attenuation and stopband to ripple bandwidth ratio are
0.5dB, 56dB, 5:1 respectively. The obtained results with
1% standard resistor values closely match the theoretical
frequency response. For this application, the normalized
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center frequencies, Qs, and notch frequencies are (fp1 =
0.969, Q1 =54.3,1,1=0.84,fpp = 1.031,02 =543, fo =
1.187,f93=1, Q3 =26.2). The output of the filteris the BP
output of Side A, Pin 2.

Lowpass filters with stopband notches can also be realized
by using Figure 12 provided that 6th order lowpass filter
approximations with 2 stopband notches can be synthe-
sized. Literature describing elliptic double terminated (RLC)

STANDARD 1%
0 e BW1 RESISTOR VALUES
\ / R11=165k  R21=10K
-10 R31 =143k R41 =13k
\ / R = 10k Ri1 = 105k
= 20 R22 = 20k R32 = 221k
s \ R42=154k  Ry2=10.5k
= Ri2 =10k R23 = 84.5k
25 30 \ R33 = 169K
240 NOTES: USE A 15pF CAPACITOR
I BETWEEN PINS 17 AND 18.
-50 e T == PIN 7 15 GROUNDED.
-60 |- Vs =15V l I
foLk = 260kHz 2 6kHz
S B [

1.0 15 2.0 25 30 35
fin (kHz) 1061513

Figure 13. Resistor Values and Amplitude Response of
Figure 12 Topology. The Notch is Centered at 2600Hz.

T T T
STANDARD 1%
0 —}’5 =V RESISTOR VALUES
oLk = 130kHz \
10 R11 - 576K R21 =10k
R31 = 562 Ré1 =107
-20 Ryl1=287k  R11=40.2
= / R22=107k  R32=562
= -30 l \ R42 = 10k Rp2 = 14k
e Ri2 = 10k R23 = 2.94K
= I R33 = 75k
£ 80 - 1 NOTE: FOR CLOCK FREQUENCIES
60 |t ™ #T1 ABOVE 500kHz, CONNECT A 5pF
- [ IN PARALLEL WTH R41 AND R42.
-80
-90

10 15 2.0 25 3.0 35
fin (KHZ) 1061 F14

Figure 14. Resistor Values and Amplitude Response of Figure 12
Topology. The Bandpass Filter is Centered Around 2600Hz when
Operating with a 130kHz Clock.
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STANDARD 1%
0 RESISTOR VALUES
R11=39.2k R21 =10k
-0 \ R31 =137k R41 = 39.2K
~20 Rpt = 20 5k Rii = 124K
= \ R22 = 10k R32 = 26.7k Rnd b— Vour
5 -30 \ R42 =14k Rp2 =324k
= Ri2 =118k R23 = 10k
2 40 RA3 = 100k
° -50 P NOTES: USE A 10pF ACROSS R42
60 \ FOR foLk > IMHZ.
\ THE ELLIPTIC LOWPASS FILTER <SRi2 Rn2
-70 ] HAS ONLY TWO NOTCHES IN THE R43 1 20 R42
v STOPBAND, AND IT OPERATES VW A
-80 WITH A CLOCK TO CUTOFF R33 2 19 R32
00 FREQUENCY RATIO OF 50:1 '*"l{;’;' TVVY
3 18 R22
01 2 3 4 5 6 7 8 8 10 W\ ————&
fin (kH2) 10etis 4 17
5 16
Figure 15. Resistor Values and Amplitude Response of L | e P gy
. - - - |
the Topology of Figure 12. —a V
7 14 R41
. . . . T2, CMOS 8 13 R31
passive ladder filters provide enough data to synthesize  crockiweur ™1 ” A
the above filters. The measured amplitude response of L »
such a lowpass is shown in Figure 15 where the filter Ve R
output is taken out of side A’s Pin 1, Figure 12. The clock- Wy
to-center frequency ratio can be either 50:1 or 100:1 Vin > WA= o

because the last stage of the LTC1061 operates in Mode 1
with a center frequency very close to the overall cutoff
frequency of the lowpass filter.

In Figure 16, all three sides of the LTC1061 are connected
in Mode 3a. This topology is useful for elliptic highpass
and notch filters with clock-to-cutoff (or notch) frequency
ratio higherthan 100:1. This is often required to extend the
allowed input signal frequency range and to avoid prema-
ture aliasing. Figure 16 is also a versatile, general purpose
architecture providing 3 notches and 4 pole pairs, and
there is no restriction on the location of the poles with
respect to the notch frequencies. The drawbacks, when
compared to Figure 12, are the use of an external op amp
and the increased number of the required external resis-
tors.

Figure 17 shows the measured frequency of a 6th order
highpass elliptic filter operating with 250:1 clock-to-cutoff
frequency ratio. With a 1MHz clock, for instance, the filter
yields a 4kHz cutoff frequency, thus allowing an input
frequency range beyond 100kHz. Band limiting can be
easily added by placing a capacitor across the feedback
resistor of the external op amp of Figure 16.

Electronique et Informatique Industrielle

Figure 16. Using an External Op Amp to Connect
all 3 Sides of the LTC1061 in Mode 3a.

LI STANDARD 1%
0 - fouk = 250kHz RESISTOR VALUES
10 R11 = 105k R21 = 10k
/ R31 = 47 5k R41 = 45.3k
-20 Ryt = 10k Rl =1.07M
= [ R22 = 32.4k R32 = 28.7k
= -30 R42 = 52.3k Rn2 = 42.2k
Z 0 I Ri2 = 750K R23 =10k
2 R33 = 255k R43 = 63.4K
3 -50 Rp3 = 10K Ri3 =110k
N /\ Rg= 140k
W NOTE: FOR CLOCK FREQUENCIES
=70 BELOW 500kHz, USE A CAPAC!-
-80 TOR IN PARALLEL WITH R21
SUCH AS (1/2rR21C) = fgy¢/3.
-90

0.5 1.0 15 2.0 25
'iN (kHZ) 1061F17
Figure 17. Measured Amplitude Response of the Topology of
Figure 16, Configured to Provide a 6th Order Elliptic Highpass
Filter Operating with a Clock-to-Cutoff Frequency Ratio of 250:1.
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LTC1061
MODES OF OPERATION
Figure 18 shows the plotted amplitude responses of a 6th . - STANDARD 1%
order notch filter operating again with a clock-to-center \ ] RTTo309k  R2io 10k
notch frequency ratio of 250:1. The theoretical notch PEIHHEE Rof-lo2k R -2k
depth is 70dB and when the notch is centered at 1kHzits g soalk 50053;\7 o ] Rz-tosk a2 .3,303'1
widthis 50Hz. Two small, noncritical capacitors were used = _y R2-158  R53.10k
across the R21 and R22 resistors of Figure 16, to band- 5 1 R Neporial et
limit the first two highpass outputs such that the practical  ~ e | Rg = 28k
notch depth will approach the theoretical value. With these -70 i L st
two fixed capacitors, the notch frequency can be swept -8 ’\‘ ﬁ\ I,)\' i
within a 3:1 range. ) 1o
1 4 10 100
fi (kH2)

When the circuit of Figure 16 is used to realize lowpass
elliptic filters, a capacitor across Ry raises the order of the
filter and at the same time eliminates any small clock
feedthrough. This is shown in Figure 19 where the ampli-
tude response of the filter is plotted for 3 different cutoff
frequencies. When the clock frequency equals or exceeds
1MHz, the stopband notches lose their depth due to the
finite bandwidth of the internal op amps and to the small
crosstalk between the different sides of the LTC1061. The
lowpass filter, however, does not lose its passband accu-
racy and it maintains nearly all of its attenuation slope. The
theoretical performance of the 7th order lowpass filter of
Figure 19 is 0.2dB passband ripple, 1.5:1 stopband-to-
cutoff frequency ratio, and 73dB stopband attenuation.
Without any tuning, the obtained results closely approxi-
mate the textbook response.

STANDARD 1%
0 RESISTOR VALUES
Ri1-845k  R21=102k
10 R31=316k  R41=634k
\ Rul=487k Rt =287k
& 20 R22 = 10k R32 = 232K
i \ [ R42=97.6k  Rp2=10.2k
Z% Ri2 = 6.5k R23 = 20k
E \ ] R33 = 300k R43 = 80.6k
3 Rp3 = 10.2Kk R3 = 63.4K
=40 \ { Rg = 210K
~50 NOTE: CONNECT 39pF AND
\ ’ 100pF ACROSS R21 AND R22
-60 P RESPECTIVELY
C}'K —l 1

=70
0 020406 081012141618 20
th (kHZ) 1061 F18

Figure 18. 6th Order Band Reject Filter Operating with a Clock-
to-Center Notch Frequency Ratio of 250:1. The Ratio of 0dB to
the -65dB Notch Width is 8:1.
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NOTE: ADD A CAPACITOR C ACROSS Ry TO CREATE A 7TH ORDER
LOWPASS SUCH AS (1/2rR4C) = (CUTOFF FREQUENCY) x 0.38 1061 F19

Figure 19. Frequency Responses of a 7th Order Lowpass Elliptic
Filter Realized with Figure 16 Topology.

Mode 2 - This is a combination of Mode 1 and Mode 3,
Figure 20. With Mode 2, the clock-to-center frequency
ratio, foLk/fo, is always less than 50:1 or 100:1. When
compared to Mode 3 and for applications requiring 2nd
order section with fo k/fo slightly less than 100 or 50:1,
Mode 2 provides less sensitivity to resistor tolerances. As
in Mode 1, Mode 2 has a notch output which directly
depends on the clock frequency and therefore the notch
frequency is always less than the center frequency, fg, of
the 2nd order section.

AGND
IE fo=JCLK_ ,’ g = MO L R2
100(50) "= 100(50) 50) R2 " R4

. R2/R1 __R3
0P = 1 (Ra/mg) 0BP = R

N I R
o 1) S8R Hore 1 )R

Figure 20. Mode 2: 2nd Order Filter Providing
Notch, Bandpass, Lowpass.
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LTC 1061

MODES OF OPERATION

Figure 21 shows the side A of the LTC1061 connected in
Mode 2 while sides B and C are in Mode 3a. This topology
can be used to synthesize elliptic bandpass, highpass and
notch filters. The elliptic highpass of Figure 17 is synthe-
sized again, Figure 22, butthe clockis nowlocked onto the

A2 » Vour
M
1 A2
v Av
R43 1 20 R42
A * MA—
R33 2 19 R32
W NMN—F
R23 3 18 R22
WA NN
4 17
5 16
LTC1061 1.
6 15 = Rt
l—a V b
<1 14 R4
T2L, CMOS 8 13 R4
, ’
CLOCK INPUT 9 12 R' 2'1'
L MWv—e
. = 10 11
VY p—]
Rp1
—Wv
R11
Viy P AN Les e

Figure 21. LTC1061 with Side A is Connected in Mode 2 While
Side B, C are in Mode 3a. Topology is Useful for Elliptic
Highpass, Notch and Bandpass Filters.

STANDARD 1%

0 RESISTOR VALUES
0 RIT-549  R21 =243
l R31 = 34.8k R41 =10k
-20 Rnl=287k Ryl =280k
& / R22=681k  R32- 182
s -3 l R42 = 10k Rp2 = 10.2K
= R2-162«  R23-10K
T 40 A33 = 75 R43 - 14K
S -50
2 NOTE: FOR CLOCK FREQUEN-
N NVa% CIES ABOVE 300kHz, ADD
/ A CAPACITOR C ACROSS
-70 R21 AND R22 SUCH AS
50 (1£20R21C) = foLk
%0
01 2 3 4 56 78 9 10

'lN (kHZ) 1061 F22

Figure 22. 6th Qrder Elliptic Highpass Filter Operating with a
Clock-to-Cutoff Frequency Ratio of 75:1, and Using the Topology
of Figure 21.
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higher frequency notch provided by the side A of the
LTC1061. As shown in Figure 22, the highpass comer
frequency is 3.93kHz and the higher notch frequency is
3kHz while the filter operates with a 300kHz clock. The
center frequencies, Qs, and notches of Figure 22, when
normalized to the highpass cutoff frequency, are (fp1 =
1.17,01=2.24,1,1=0.242,132=1.96,02=0.7,f,2= 0.6,
f03=0.987,1,3=0.753,Q3=10). When compared with the
topology of Figure 16, this approach uses lower and more
restricted clock frequencies. The obtained notch in Mode
2 is shallower although the topology is more efficient.

Output Noise

Thewideband RMS noise of the LTC1061 outputs is nearly
independent from the clock frequency. The LTC1061
noise when operating with £2.5V supply is lower, as Table
3 indicates. The noise at the bandpass and lowpass
outputs increases rough as the ¥Q. Also the noise in-
creases when the clock-to-center frequency ratio is al-
tered with external resistors to exceed the internally set
100:1 or 50:1 ratios. Under this condition, the noise
increases square root-wise.

Output Offsets

The equivalent input offsets of the LTC1061 are shown in
Figure 23. The DC offset at the filter bandpass output is
always equal to Vgss3. The DC offsets at the remaining two
outputs (Notch and LP) depend on the mode of operation
and external resistor ratios. Table 4 illustrates this.

Itis important to know the value of the DC output offsets,
especially when the filter handles input signals with large
dynamic range. As a rule of thumb, the output DG offsets
increase when:

1. The Qs decrease

2. The ratio (fgLk/fo) increases beyond 100:1. This is
done by decreasing either the (R2/R4) or the R6/(RS
+ R6) resistor ratios.
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LTC1061
MODES OF OPERATION
Table 3. Widehand RMS Noise
NOTCH/HP BP LP
Vs (£V) feufo (wVams) {4Vams) {Wams) CONDITIONS

5.0 50:1 45 55 70 Mode 1, R1=R2=R3
5.0 100:1 65 65 85 Q=1
2.5 501 30 30 45
2.5 100:1 40 40 60
50 50:1 18 150 150 Mode 1,Q=10
5.0 100:1 20 200 200 R1 = R3 for BP Out
2.5 50:1 15 100 100 R1 = R2 for LP Qut
25 100:1 17 140 140 .
5.0 50:1 57 57 62 Mode 3, R1 =R2=R3=R4
5.0 100:1 72 72 80 Q=1
25 501 40 40 42
2.5 100:1 50 50 53
5.0 50:1 135 120 140 Mode 3,R2=R4, Q=10
5.0 100:1 170 160 185 R3 = R1 for BP Out
2.5 50:1 100 88 100 R4 = R1 for LP and HP Out
2.5 100:1 125 115 130

(14.20)

1063 £23

Figure 23. Equivalent Input Offsets of 1/3 LTC1061 Filter Building Block.

Table 4
Vosn Vossp Vostp
MODE PIN 3 (18) PIN 2 (19) PIN 1(20)

1 Vos1 [(1/Q) +1 + 1l Hopp II] - Vos3/Q Voss Vosn—Vos?

1b Vost [(1/Q) + 1+ R2/R1] - Vgsy/Q Voss ~(Vosn = Vos2)(1 + RS/R6)

2 [Vost (1 + RZ/R1 + R2R3 + R2/R4) - Vog3(RZ/R3)] x Voss Vosn—Vos2

x [R4/(R2 + R4)] + Voso[R%/(R2 + R4)]
3 V032 Vosg Vos1 (1 +R4/R1 + R4/R2 + R4/R3) - VOSQ(R4/R2)

- Vos3 (R4/R3)

Electronique et Informatique Industrielle
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Integrated Circuit
True RMS-to-DC Converter

AD536A

FEATURES
True RMS-to-DC Conversion
Laser-Trimmed to High Accuracy
0.2% Max Error (AD536AK)
0.5% Max Error (AD536AJ)
Wide Response Capability:
Computes RMS of AC and DC Signals
450 kHz Bandwidth: V rms > 100 mV
2 MHz Bandwidth: Vrms > 1V
Signal Crest Factor of 7 for 1% Error
dB Output with 60 dB Range
Low Power: 1.2 mA Quiescent Current
Single or Dual Supply Operation
Monolithic Integrated Circuit
-55°C to +125°C Operation (AD536AS)

PRODUCT DESCRIPTION

The AD536A is a complete monolithic integrated circuit which
performs true rms-to-dc conversion. It offers performance which
is comparable or superior to that of hybrid or modular units
costing much more. The AD536A directly computes the true
rms value of any complex input waveform containing ac and d¢
components. It has a crest factor compensation scheme which
allows measurements with 1% error at crest factors up to 7. The
wide bandwidth of the device extends the measurement capabi-
lity to 300 kHz with 3 dB error for signal levels above 100 mV.

An important feature of the AD536A not previously available in
rms converters is an auxiliary dB output. The logarithm of the
rms output signal is brought out to a separate pin to allow the
dB conversion, with a useful dynamic range of 60 dB. Using an
externally supplied reference current, the 0 dB level can be con-
veniently set by the user to correspond to any input level from
0.1 to 2 volts rms.

The AD536A is laser trimmed at the wafer level for input and
output offset, positive and negative waveform symmetry (dc re-
versal error), and full-scale accuracy at 7V rms. As a result, no
external trims are required to achieve the rated unit accuracy.

There is full protection for both inputs and outputs. The input
circuitry can take overload voltages well beyond the supply lev-
els. Loss of supply voltage with inputs connected will not cause
unit failure. The output is short-circuit protected.

The AD536A is available in two accuracy grades (J, K) for com-
mercial temperature range (0°C to +70°C) applications, and one
grade (S) rated for the -55°C to +125°C extended range. The
AD536AK offers a maximum total error of 2 mV £0.2% of
reading, and the AD536A] and AD536AS have maximum errors
of £5 mV £0.5% of reading. All three versions are available in
either a hermetically sealed 14-lead DIP or 10-pin TO-100
metal can. The AD536AS is also available in a 20-leadless her-
metically sealed ceramic chip carrier.

REV. B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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PIN CONFIGURATIONS AND
FUNCTIONAL BLOCK DIAGRAMS
TO-116 (D-14) and

Q-14 Package

TO-100 (H-10A)
Package

BUF
Eoich
MIRROR
SQUARER
“

NC = NO CONNECT

-V
LCC (E-20A) Package )
NC Vi NC +Vg NC
-Vg DL
e [5] NC
Cav L] 6] NC
ne [7] Ne
d8 [0} skn [4]COM

BUF Py
Tl T e )
BUF BUF NC loyy R
OUT N ouT Tt

NC = NO CONNECT

PRODUCT HIGHLIGHTS

1. The AD536A computes the true root-mean-square level of a
complex ac (or ac plus dc) input signal and gives an equiva-
lent dc output level. The true rms value of a waveform is a
more useful quantity than the average rectified value since it
relates directly to the power of the signal. The rms value of a
statistical signal also relates to its standard deviation.

2. The crest factor of a waveform is the ratio of the peak signal
swing to the rms value. The crest factor compensation
scheme of the AD536A allows measurement of highly com-
plex signals with wide dynamic range.

3. The only external component required to perform measure-
ments to the fully specified accuracy is the capacitor which
sets the averaging period. The value of this capacitor determines
the low frequency ac accuracy, ripple leve! and settling time.

4. The AD536A will operate equally well from split supplies or
a single supply with total supply levels from 5 to 36 volts.
The one milliampere quiescent supply current makes the
device well-suited for a wide variety of remote controllers and
battery powered instruments.

5. The AD536A directly replaces the AD536 and provides im-
proved bandwidth and temperature drift specifications.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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AD 53 BA—SPEC IF ICATIUNS (@ +25°C, and 15V dc unless otherwise noted)

Model ADS536A} ADSI6AK ADS36AS
Mia Typ Max Min Typ Max Mis Typ Max Uaits
TRANSFER FUNCTION ;
CONVERSION ACCURACY Vour =yavr Vg Voer =yavg. ¥V, Vour =yo0R
Totsl Error, Internal Trim* (Figure 1) =5 205 1 £0.2 x5 0.5 mV + % of Reading
vi. Tempenature, Tyyy 10 +70°C 0.1 £0.0) +0.05 £0.003 £0.1 28805 | mV %% of Resding°C
+70°C 10 +125°C 0.3 20.005 [ mV £ % of Reading™C
vs. Supply Volage £0.1 £0.01 £0.1 £0.01 0.1 £0.01 mV % of Reading/V
dc Reverssl Error 0.2 0.1 0.2 + % of Reading
Total Error, Externsl Trim! (Figure 2) 13 0.3 12 10.1 13 0.3 mV 1% of Resding
ERROR VS. CREST FACTOR?
Crest Factor t w0 2 Specified Accuracy Specified Accuracy Specified Accuracy
Crest Facior =3 -0.1 -0.1 -0, % of Resding
Crest Factor = 7 -1.0 -1.0 -1.0 % of Resding
FREQUENCY RESPONSE’
Bandwidth for 1% Additional Error (0.09 dB))
Vin=10mV 3 3 kH:
Vin=100mV 43 H 43 kH:
V=1V 120 120 120 kHz
+3 4B Bandwidih
Vinzs 10mV 90 90 90 kHz
Viy=100mV 450 450 430 kHz
Viy=1V 23 23 23 MH: '
AVERAGING TIME CONSTANT (Figure 3) 25 25 25 ms/uF CAV
INPUT CHARACTERISTICS
Signal Range, £13 V Supplies
Continuous rms Level Q7 Q07 Qw1 Vims
Pesk Transient Input 120 120 120 V pesk
Continuous rms Level, £3 V Supplies D02 Dw?2 0o 2 Vims
Pesk Traasieat Input, 23 V Supplies 7 17 17 V peak
Maximum Continuous Nondestructive
lnput Level (A1l Supply Voltsges) 25 123 123 Vpeak
Input Resistance 13.33 16.67 20 13.33 16.67 20 1333 16.67 20 j3¢)
laput Offser Volage 0.8 42 0.5 11 0.8 12 oV
OUTPUT CHARACTERISTICS
Offset Volnge, Vi = COM (Figure 1) 11 12 0.5 11 £2 mV
vs. Temperature 0.1 10.1 02 mVi°C
vi. Supply Voltage 10.1 10.1 0.2 nVyV
Voluge Swing, 15 V Supplies Qo +1l +12.5 0o +11 +12.5 Qo +l1  +12.3 v
13 V Supply 010 +2 010 +2 0o +2 Al
dB OUTPUT (Figure 13)
Error, Vin T mVto 7V rms, 0dB =1V rms 10.4 0.6 $0.2 ] 10.3 =0.6 dB
Scale Factor -3 -3 -3 mVidB
Scale Factor TC (Uncompeassied, see Fig-
ure ! for Tempersture Compensation) -0.033 -0.033 -0.033 dB:°C
+0.33 +0.33 +0.33 % of Readingi®C
Fuspfor 0 d8 = 1V rms 3 20 80 3 20 80 5 20 80
Iysy Range 1 100 i 100 1 100 A
Iouy TERMINAL
Ioyr Scale Facror 40 40 40 uAY s
Touy Scale Factor Tolersace +10 20 10 20 10 20 h
Ovutput Resistance 20 23 30 20 25 30 20 25 30 Q
Voluuge Compliance -Vyto (+Vy Vgt (#Vg -Vgto (#Vy
EXLS S25V) -23V) v
BUFFER AMPLIFIER
Input 1nd Output Voltage Range -Vgto (+Vy -Vyto (#Vy -Vyto (+Vy v
-5 V) -23 V) -23V)
Input Offset Voltage, Ry= 25k 0.5 x4 0.5 x4 0.5 4 mV
Input Bias Current 20 60 20 (1] 20 1] nA
Input Resistance 10* 10f 10% a
Ovtput Current (+5 mA, (+3 mA, (+3maA,
-130 1) -130 ) ~130 pA)
Short Circuit Current 20 20 20 mA
Output Resistance 0.5 0.3 0.3 Q
Small Signal Bandwidih 1 1 1 MH:z
Slew Rate! H 3 3 Vips
POWER SUPPLY
Voltage Rated Performance 113 113 113 A
Dual Supply 13.0 118 3.0 118 13.0 18 v
Single Supply +3 +36 +3 +36 +35 +36 A
Quiescent Cursreat
Tousl Vs, 3 V1036V, Tuwto Tyax 1.2 2 1.2 2 1.2 2 mA
TEMPERATURE RANGE
Rated Performance +70 +70 -35 +123 °C
Storage -33 +130 -35 +130 -35 +150 °C
NUMBER OF TRANSISTORS 63 65 63
NOTES

'Accuracy is specified for 0 V 1o 7 V rms, d¢ or | kHz sine wave input with the AD336A connecred a3 in the figure refereaced.
Error vs, crest factor is specified 25 an additional error for 1 V rms rectangulas pulse input pulsewidth = 200 s,
*loput voliages sre expressed in volts rms, and error is percent of reading

With 2k externsl pull-down tesistor.
Specifications subject to change without notice.

Specifications shown in boldface are tested un sll production units at final elecirical test. Resulis from those tests sre used 1o calculate outgoing quality levels. Allmin snd max specifications are guaranteed,
althowgh only those shown in boldface sre tested on all production unirs.
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AD536A

ABSOLUTE MAXIMUM RATINGS'
Supply Voltage

Dual Supply - ..o 18V
Single Supply ... +36 V
Internal Power Dissipation® .................... 500 mW
Maximum Input Voltage .................... +25 V Peak
Buffer Maximum Input Voltage ..................... Vg
Maximum Input Voltage .................... 125V Peak

Storage Temperature Range
Operating Temperature Range

ADS36AJK .. 0°C to +70°C

ADS36AS ... -55°C to +125°C
Lead Temperature Range

(Soldering 60 sec) ....... .. ... ... +300°C
ESD Rating ..... .o 1000 V

NOTES

'Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure 1o absolute maximum rating
conditions for extended periods may affect device reliability.

?10-Pin Header: 63 = 150°C/W; 20-Leadless LCC: 0j4 = 95°C/W; 14-Lead Size
Brazed Ceramic DIP: ;4 = 95°C/W.

CHIP DIMENSIONS AND PAD LAYOUT

Dimensions shown in inches and (mm).

[—‘ 0.1315 (3.340) ——————]
Vg com B
r_l,___ " 10 9 _l

P e

PAD NUMBERS CORRESPOND TO PIN NUMBLRS FOR THE TO-166 14-LEAD CEAAMIC DIP PACKAGE.
122

*BOTH PADS SHOWN MUST BE CONNECTED TO V,.
THE AD536A IS AVAILABLE IN LASER TRIMMED CHIP FORM.
SUBSTRATE CONNECTED TO ~Vg.

ORDERING GUIDE
Temperature Package Package

Model Range Description QOption
AD3536AJD 0°C 1o +#70°C Side Brazed Ceramic DIP |D-14
AD3536AKD 0°C 10 +#70°C Side Brazed Ceramic DIP [D-14
AD536AJH 0°C 10 +70°C Header H-10A
AD3536AKH 0°C 10 +70°C Header H-10A
AD536AJQ 0°C to +70°C Cerdip Q-14
AD536AKQ 0°C to +70°C Cerdip Q-14
ADS536ASD -35°C to +125°C | Side Brazed Ceramic DIP {D-14
AD536ASD/883B | -55°C to +125°C | Side Brazed Ceramic DIP {D-i4
AD536ASE/883B -55°C to +125°C [LCC £-20A
AD3536ASH -55°C 1o +125°C | Header H-10A
AD336ASH/883B -55°C 1o +125°C | Header H-10A
AD336AJCHIPS 0°C 1o +70°C Die

AD3536AKH/+ 0°C 10 +70°C Header H-10A
AD336ASCHIPS | -55°C 10 +125°C { Die

5962-89805012A -55°C 10 +125°C | LCC E-20A
5962-8980501CA -55°C 1o +125°C | Side Brazed Ceramic DIP [D-14
5962-89805011A -35°C to #125°C | Header H-10A
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STANDARD CONNECTION

The AD536A is simple to connect for the majority of high accu-
racy rms measurements, requiring only an external capacitor to
set the averaging time constant. The standard connection is
shown in Figure 1. In this configuration, the AD536A will mea-
sure the rms of the ac and dc level present at the input, but will
show an error for low frequency inputs as a function of the filter
capacitor, C,y, as shown in Figure 5. Thus, if a 4 pF capacitor
is used, the additional average error at 10 Hz will be 0.1%, at

3 Hzitwill be 1%. The accuracy at higher frequencies will be
according to specification. If it is desired to reject the dc input, a
capacitor is added in series with the input, as shown in Figure 3,
the capacitor must be nonpolar. If the AD536A is driven with
power supplies with a considerable amount of high frequency
ripple, it is advisable to bypass both supplies to ground with

0.1 uF ceramic discs as near the device as possible.

Figure 1. Standard RMS Connection
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The input and output signal ranges are a function of the supply
voltages; these ranges are shown in Figure 14. The ADS536A can
also be used in an unbuffered voltage output mode by discon-
necting the input to the buffer. The output then appears unbuf-
fered across the 25 kQ resistor. The buffer amplifier can then be
used for other purposes. Further the AD536A can be used in a
current output mode by disconnecting the 25 kQ resistor from
ground. The output current is available at Pin 8 (Pin 10 on the
“H” package) with a nominal scale of 40 [IA per volt rms input
positive out.

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY
If it is desired to improve the accuracy of the AD536A, the
external trims shown in Figure 2 can be added. R4 is used to
trim the offset. Note that the offset trim circuit adds 365 Q in
series with the internal 25 kQ resistor. This will cause a 1.5%
increase in scale factor, which is trimmed out by using R1 as
shown. Range of scale factor adjustment is £1.5%.

The trimming procedure is as follows:

1. Ground the input signal, V|y, and adjust R4 to give zero
volts output from Pin 6. Alternatively, R4 can be adjusted to
give the correct output with the lowest expected value of Viy.

2. Connect the desired full scale input level to Vyy, either dc or
a calibrated ac signal (1 kHz is the optimum frequency);
then trim R1, to give the correct output from Pin 6, i.e.,
1000 V dc input should give 1.000 V dc output. Of course, a
+1.000 V peak-to-peak sine wave should give 2 0.707 V dc
output. The remaining errors, as given in the specifications
are due to the nonlinearity.

The major advantage of external trimming is to optimize device
performance for a reduced signal range; the AD536A is inter-
nally trimmed fora 7 V rms full-scale range.

Cav
— it
SCALE AR
FACTOR
ADJUST . \_/
Vin ""E ABSOLUTE “I Vs
R VALUE
5002 E
? 13
RS OFFSEY
50L ADJUST
v‘__E SQUARLR 17
DIVIDER j
L] ¥
CURRENT
E MIRROR :]“‘ %
Vuuv~—-| 3 [ WA
25“% [ :sm:&

Figure 2. Optional External Gain and Output Offset Trims

SINGLE SUPPLY CONNECTION

The applications in Figures ! and 2 require the use of approxi-
mately symmetrical dual supplies. The AD536A can also be
used with only a single positive supply down to +5 volts, as
shown in Figure 3. The major limitation of this connection is
that only ac signals can be measured since the differential input
stage must be biased off ground for proper operation. This
biasing is done at Pin 10; thus it is critical that no extraneous
signals be coupled into this point. Biasing can be accomplished

Electronique et Informatique Industrielle

page 36/72

by using a resistive divider between +Vs and ground. The values
of the resistors can be increased in the interest of lowered power
consumption, since only 5 mA of current flows into Pin 10
(Pin 2 on the “H” package). AC input coupling requires only
capacitor C2 as shown; a dc return is not necessary as it is
provided internally. C2 is selected for the proper low frequency
break point with the input resistance of 16.7 kQ; for a cutoff at
10 Hz, C2 should be 1 pF. The signal ranges in this connection
are slightly more restricted than in the dual supply connection.
The input and output signal ranges are shown in Figure 14. The
load resistor, Ry, is necessary to provide output sink current.

YL
17
o P L .
Vin Oh—)}——‘—{: ABSULUTE 14
/| VALUE _a"‘J_;_h
¥ )
NONPOLARIZED 2 13 %
3 SOUARFR o
5 I DIVIDER S 20
"

E CURRE :}__
5 10 P—j

Vour C.1u¢

° . %
25k é
B 7 @ [ S 106
75k

Wk to 1k V

Figure 3. Single Supply Connection

CHOOSING THE AVERAGING TIME CONSTANT

The AD536A will compute the rms of both ac and dc signals.
If the input is a slowly-varying dc signal, the output of the
AD536A will track the input exactly. At higher frequencies, the
average output of the AD536A will approach the rms value of
the input signal. The actual output of the AD536A will differ
from the ideal output by a dc (or average) error and some
amount of ripple, as demonstrated in Figure 4.

EO
\ IDEAL
Eo

DC ERROR - E, - B, [IDEAL)

~— T Naverace €o- Co
™ DOUBLE ~FRF OUFNCY
RIPPLE

TIML

Figure 4. Typical Output Waveform for Sinusoidal Input

The dc error is dependent on the input signal frequency and the
value of Cay. Figure 5 can be used to determine the minimum
value of Cqy which will yield a given percent dc error above a
given frequency using the standard rms connection.

The ac component of the output signal is the ripple. There are
two ways to reduce the ripple. The first method involves using a
large value of C,y. Since the ripple is inversely proportional to
Cav, a tenfold increase in this capacitance will affect a tenfold
reduction in ripple. When measuring waveforms with high crest
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factors, (such as low duty cycle pulse trains), the averaging time
constant should be at least ten times the signal period. For
example, a 100 Hz pulse rate requires a 100 ms time constant,
which corresponds to a 4 pF capacitor (time constant = 25 ms
per yF).

The primary disadvantage in using a large C,y to remove ripple
is that the settling time for a step change in input level is in-
creased proportionately. Figure 5 shows that the relationship
between C,y and 1% settling time is 115 milliseconds for each
microfarad of Cay. The settling time is twice as great for de-
creasing signals as for increasing signals (the values in Figure 5
are for decreasing signals). Settling time also increases for low
signal levels, as shown in Figure 6.

7o F

REQUIRED Cou, - wF
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MULTIPLY READING BY 0 115

VALUES FORC.ay AND \\
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|—FQRASTATED % OF READING NT T \\
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| ACCURACY =20%,DUETO 11 | N .
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_ i N, .
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Figure 5. Error/Settling Time Graph for Use with the Stan-
dard rms Connection in Figure 1

UERN ‘

SFTTUNG 78 Y

TIME RELATIVF

T0 1V rme

WPUT S50 p—- —— —

SETTLING

TIME
25— —
1.9 {

J
v omv 100mv ™ wv

s INPUT LEVEL

Figure 6. Settling Time vs. Input Level

A better method for reducing output ripple is the use of a
“post-filter.” Figure 7 shows a suggested circuit. If a single-pole
filter is used (C3 removed, Ry shorted), and C2 is approximately
twice the value of Cyy, the ripple is reduced as shown in Figure
8 and settling time is increased. For example, with C4y = 1 pE
and C2 = 2.2 uF, the ripple for a 60 Hz input is reduced from
10% of reading to approximately 0.3% of reading. The settling
time, however, is increased by approximately a factor of 3. The
values of C,y and C2, can, therefore, be reduced to permit faster
settling times while still providing substantial ripple reduction.

Electronique et Informatique Industrielle

The two-pole post-filter uses an active filter stage to provide
even greater ripple reduction without substantially increasing
the settling times over a circuit with a one-pole filter. The values
of Cay, C2, and C3 can then be reduced to allow extremely fast
settling times for a constant amount of ripple. Caution should
be exercised in choosing the value of Cay, since the dc error is
dependent upon this value and is independent of the post filter.

For a more detailed explanation of these topics refer to the
RMS to DC Conversion Application Guide 2nd Edition, available
from Analog Devices.
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Figure 7. 2-Pole “Post” Filter
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Figure 8. Performance Features of Various Filter Types

ADS536A PRINCIPLE OF OPERATION

The AD536A embodies an implicit solution of the rms equation
that overcomes the dynamic range as well as other limitations
inherent in a straightforward computation of rms. The actual
computation performed by the AD536A follows the equation:

2
Vrms=Avg.[ iy ]

Vrms
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Figure 9 is a simplified schematic of the AD536A; it is subdi-
vided into four major sections: absolute value circuit (active
rectifier), squarer/divider, current mirror, and buffer amplifier.
The input voltage, Viy, which can be ac or dc, is converted to a
unipolar current I, by the active rectifier Ay, A,. I, drives one
input of the squarer/divider, which has the transfer function:

I, =121,

The output current, Iy, of the squarer/divider drives the current
mirror through a low-pass filter formed by R1 and the externally
connected capacitor, Cpy. If the R1, C,y time constant is much
greater than the longest period of the input signal, then [ is
effectively averaged. The current mirror returns a current I,
which equals Avg. [I,], back to the squarer/divider to complete
the implicit rms computation. Thus:

1, =A'vg.[],2/14 ]:1, rms

CURRENT WMIRAROR
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Figure 9. Simplified Schematic
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The current mirror also produces the output current, Igyr,
which equals 21,. oyt can be used directly or converted to a
voltage with R2 and buffered by A4 to provide a low impedance
voltage output. The transfer function of the AD536A thus
results:

Vour =2R2Inns=V, rms

The dB output is derived from the emitter of Q3, since the
voltage at this point is proportional to -log Vy. Emitter fol-
lower, Q5, buffers and level shifts this voltage, so that the dB
output voltage is zero when the externally supplied emitter
current (Iggs) to Q5 approximates Is.

CONNECTIONS FOR dB OPERATION

A powerful feature added to the AD536A is the logarithmic or
decibel output. The internal circuit computing dB works accu-
rately over a 60 dB range. The connections for dB measure-
ments are shown in Figure 10. The user selects the 0 dB level by
adjusting R1, for the proper 0 dB reference current (which is set
to exactly cancel the log output current from the squarer-divider
at the desired 0 dB point). The external op amp is used to pro-
vide a more convenient scale and to allow compensation of the
+0.33%/°C scale factor drift of the dB output pin. The special
T.C. resistor, R2, is available from Tel Labs in Londonderry,
N.H. (model Q-81) or from Precision Resistor Inc., Hillside,
N.J. (model PT146). The averaged temperature coefficients of
resistors R2 and R3 develop the +3300 ppm needed to reverse
compensate the dB output. The linear rms output is available at
Pin 8 on DIP or Pin 10 on header device with an output imped-
ance of 25 kQ; thus some applications may require an additional
buffer amplifier if this output is desired.

dB Calibration:

1. SetViy = 1.00 Vdcor 1.00 V rms
2. Adjust R1 for dB out = 0.00 V
3.SetVyy=+0.1Vdcor0.10 Vrms
4. Adjust RS for dB out=-2.00V

Any other desired 0 dB reference level can be used by setting
Vv and adjusting R1, accordingly. Note that adjusting R5 for
the proper gain automatically gives the correct temperature
compensation.

[} A1}
ot MIRROR so0r 3
ZERO a8 §
€ L] REF. < RE
a8 OUT ADJUST 3 24.9
ImvidB 2%u 1 P
7 3—\') TEMPERATURE
8k LINEAR tm3 COMPENSATED
da OUTPU
oureut R2* g +100mVidB
Wit S Vs

*SPEGIAL TC COMPENSATION RESISTOR + 2500ppm 1% TEL LABS Q-81

Figure 10. dB Connection
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FREQUENCY RESPONSE

The AD536A utilizes a logarithmic circuit in performing the
implicit rms computation. As with any log circuit, bandwidth is
proportional to signal level. The solid lines in the graph below
represent the frequency response of the AD536A at input levels
from 10 millivolts to 7 volts rms. The dashed lines indicate the
upper frequency limits for 1%, 10%, and 3 dB of reading addi-
tional error. For example, note that a 1 volt rms signal will pro-
duce less than 1% of reading additional error up to 120 kHz. A
10 millivolt signal can be measured with 1% of reading addi-
tional error (100 pV) up to only 5 kHz.
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1LY 10k 100k W oM
FREDUENCY  Hi
Figure 11. High Frequency Response
AC MEASUREMENT ACCURACY AND CREST FACTOR

Crest factor is often overlooked in determining the accuracy of
an ac measurement. Crest factor is defined as the ratio of the
peak signal amplitude to the rms value of the signal (CF = Vy/
V rms). Most common waveforms, such as sine and triangle
waves, have relatively low crest factors (<2). Waveforms which
resemble low duty cycle pulse trains, such as those occurring in
switching power supplies and SCR circuits, have high crest
factors. For example, a rectangular pulse train with a 1% duty

cycle has a crest factor of 10 (CF =1 \/ﬁ).

Figure 12 is a curve of reading error for the ADS536A fora 1 volt
rms input signal with crest factors from 1 to 11. A rectangular
pulse train (pulsewidth 100 ps) was used for this test since it is
the worst-case waveform for rms measurement (all the energy is
contained in the peaks). The duty cycle and peak amplitude
were varied to produce crest factors from 1 to 11 while main-
taining a constant 1 volt rms input amplitude.
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Real-Time Analog
Computational Unit (ACU)

ADd38

FEATURES

AT
Vour = Vy ;ﬁﬂ Transfer Function

Wide Dynamic Range (Denominator) -1000:1
Simultaneous Multiplication and Division
Resistor-Programmable Powers and Roots
No External Trims Required

Low Input Offsets <100 pV

Low Error +0.25% of Reading (100:1 Range)
+2 V and +10 V On-Chip References
Monolithic Construction

APPLICATIONS

One- or Two-Quadrant Mult/Div

Log Ratio Computation
Squaring/Square Rooting
Trigonometric Function Approximations
Linearization Via Curve Fitting
Precision AGC

Power Functions

PRODUCT DESCRIPTION

The AD538 is a monolithic real-time computational circuit that
provides precision analog multiplication, division and exponen-
tiation. The combination of low input and output offset voltages
and excellent linearity results in accurate computation over an
unusually wide input dynamic range. Laser wafer trimming makes
multiplication and division with errors as low as 0.25% of read-
ing possible, while typical output offsets of 1000V or less add to
the overall off-the-shelf performance level. Real-time analog
signal processing is further enhanced by the device’s 400 kHz
bandwidth.

The AD538’s overall transfer function is Vg = Vy (Vz/Vy)"™.
Programming a particular function is via pin strapping. No
external components are required for one-quadrant (positive
input) multiplication and division. Two-quadrant (bipolar
numerator) division is possible with the use of external level
shifting and scaling resistors. The desired scale factor for both
multiplication and division can be set using the on-chip +2V or
+10 V references, or controlled externally to provide simulta-
neous multiplication and division. Exponentiation with an m
value from 0.2 to 5 can be implemented with the addition of
one or two external resistors.

Electronique et Informatique Industrielle

FUNCTIONAL BLOCK DIAGRAM
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Direct log ratio computation is possible by using only the log
ratio and output sections of the chip. Access to the multiple
summing junctions adds further to the AD538’s flexibility.
Finally, a wide power supply range of 4.5 V to £18 V allows
operation from standard 45V, 412 V and /415 V supplies.

The AD538 is available in two accuracy grades (A and B) over
the industrial (-254C to +854C) temperature range and one
grade (S) over the military (-554C to +1254C) temperature
range. The device is packaged in an 18-lead TO-118 hermetic
side-brazed ceramic DIP. A-grade chips are also available.

PRODUCT HIGHLIGHTS
1. Real-time analog multiplication, division and exponentiation.

2. High accuracy analog division with a wide input dynamic
range.

3. On-chip +2 V or +10 V scaling reference voltages.
4. Both voltage and current (summing) input modes.

5. Monolithic construction with lower cost and higher reliability
than hybrid and modular circuits.
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RE-EXAMINATION OF MULTIPLIER/DIVIDER
ACCURACY

Traditionally, the “accuracy” (actually the errors) of analog
multipliers and dividers have been specified in terms of percent
of full scale. Thus specified, a 1% multiplier error witha 10 V
full-scale output would mean a worst case error of +100 mV at
“any” level within its designated output range. While this type
of error specification is easy to test evaluate, and interpret, it can
leave the user guessing as to how useful the multiplier actually is
at low output levels, those approaching the specified error limit
(in this case) 100 mV.

The AD538’s error sources do not follow the percent of full-
scale approach to specification, thus it more optimally fits the
needs of the very wide dynamic range applications for which it is
best suited. Rather than as a percent of full scale, the AD538’s
error as a multiplier or divider for a 100:1 (100 mV to 10 V)
input range is specified as the sum of two error components: a
percent of reading (ideal output) term plus a fixed output offset.
Following this format the AD538AD, operating as a multiplier

or divider with inputs down to 100 mV, has a maximum error of
#1% of reading 4500 V. Some sample total error calculations
for both grades over the 100:1 input range are illustrated in the
chart below. This error specification format is a familiar one to
designers and users of digital voltmeters where error is specified
as a percent of reading # a certain number of digits on the meter
readout.

For operation as a multiplier or divider over a wider dynamic
range (>100:1), the AD538 has a more detailed error specifica-
tion that is the sum of three components: a percent of reading
term, an output offset term and an input offset term for the
Vy/Vy log ratio section. A sample application of this specifica-
tion, taken from Table I, for the AD538AD with Vy = 1V,V; =
100 mV and Vx = 10 mV would yield 2a maximum error of
#2.0% of reading #5000V 4(1 V + 100 mV)/10 mV ( 2500V
or £2.0% of reading #5000V 4 27.5 mV. This example illus-
trates that with very low level inputs the AD538’s incremental
gain (Vy + V3)/Vx has increased to make the input offset contri-
bution to error substantial.

Table I. Sample Lrror Calculation Chart (Worst Case)

Vy V2 Vx Ideal Total Offset | % of Reading | Total Error |Total Error Summation
Input | Input | Input | Output Error Term | Error Term Summation |asa % of the Ideal
(ianV) [ (inV) ] (inV) | (inV) (in mV) (in mV) (in mYV) Output
100:1 10 10 10 10 0.5 (AD) | 100 (AD) 100.5 (AD) |[1.0 (AD)
INPUT 0.25 (BD) |50 (BD) 50.25 (BD) (0.5 (BD)
RANGE
Total Error= | 10 0.1 0.1 10 0.5 (AD) | 100 (AD) 100.5 (AD) |1.0 (AD)
4£% rdg 0.25 (BD) |50 (BD) 50.25 (BD) [0.5 (BD)
4#0utput Vg
1 1 1 1 0.5 (AD) | 10 (AD) 10.5 (AD) |1.05 (AD)
0.25 (BD) |5 (BD) 5.25 (BD) [0.5 (BD)
0.1 0.1 0.1 0.1 0.5 (AD) |1 (AD) 1.5 (AD) [1.5 (AD)
0.25 (BD) | 0.5 (BD) 0.75 (BD) |0.75 (BD)
WIDE |1 0.10 0.01 10 28 (AD) | 200 (AD) 228 (AD) |2.28 (AD)
DYNAMIC 16.75 (BD) [ 100 (BD) 116.75(BD) |{1.17 (BD)
RANGE
Total Error = | 10 0.05 2 0.25 1.76  (AD) {5 (AD) 6.76 (AD) 2.7 (AD)
4% rdg 1 (BD) | 2.5 (BD) 3.5 (BD) {1.4 (BD)
40u[pu[V03
AlnputVos [ | 5 0.01 0.01 5 125.75 (AD) | 100 (AD) 225.75(AD) [4.52 (AD)
(Vy + V)/Vyx 75.4 (BD) | 50 (BD) 125.4 (BD) [2.51 (BD)
10 0.01 0.1 1 25.53 (AD) {20 (AD) 45.53 (AD) |4.55 (AD)
15.27 (BD) | 10 (BD) 25.27 (BD) |2.53 (BD)

Electronique et Informatique Industrielle
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AD§38"‘SPEC IFlBATIONS (Vs = 215V, Ty = +25°C unless otherwise noted)

ADS38AD ADS38BD ADS38SD
Parameters Conditions Min Typ Max Min Typ Max Min Typ Max Units
MULTIPLIER DIVIDER
PERFORMANCE
Nominal Transfer
Function
v, 0" v, " 1vV,0°
1OV IV, Vi, V2 00 | Vo= Vy ;Vxﬂ VU:V)"WH V0=Vr,'_HVx
1yt 110" 110"
¢ Iy =25 [ P =25k [ Iy +=Z =25 [ 4
4008A Ik, v 1290 [ Vo=25k "Iy ; xH Vo=25K " Iy T Vo=2ik "y )m
Total Error Terms W00mVD Vgl 10V 40.5 1 £0.25 0.5 405 1 % of Reading +
100:1 Input Range'® 100mVD Vil 10V £200 500 £100 +250 4200 500 v
100mV I Vz0 10V
Vz0 10 Vg, m = 1.0
Ta= Ty to Tyax 41 +2 405 t1 41.25 2.5 % of Reading +
£450  £750 4350 £500 £750 21000 | OV
Wide Dynamic Range? 0mViIVgl 10V &1 +2 £0.5 tt il +2 % of Reading +
ImVD Vy0 10V 4200 +500 £100 +250 £200 +500 v+
0mVID V010V 4100 %250 4150 £150 £200  £250 [ OV (Vy+ Vv
V0 10Vy,m=1.0
Ta=Tun to Tyax 1 +3 A +2 £2 4 % of Reading +
4450 +750 4350 +500 £750 11000 | IV +
4450 £750 4350 £500 £750 21000 | 0V T (Vy + V)V
Exponent (m) Range Ty = Ty to Tyax 0.2 5 0.2 5 0.2 5
OUTPUT
CHARACTERISTICS
Offset Voliage Vy=0,Vc=-600mV £200 +500 4100 +250 4200 +500 v
Ta= Taix to Tyax 4450 750 4350 +500 4750 1000 | OV
Output Voliage Swing Re=2HK -1 +11 -11 +11 -1 +11 v
Output Current 5 10 5 10 5 10 mA
FREQUENCY RESPONSE
Slew Rate 1.4 1.4 1.4 Vs
Small Signal Bandwidth 100mVY 10Vy,Vy, 400 400 400 kHz
Vel 10V
VOLTAGE REFERENCE
Accuracy Veep = 10Vor2V 425 A5 25 425 +50 mV
Additional Error Ta= Tax or Tyax 420 3 20 +30 430 +50 mV
Output Current Vagr = 10V 2V 1 5 1 2.5 1 2.5 mA
Power Supply Rejection
+2V = Ve £S5V Vgl £18Y 300 600 300 600 300 600 Vv
+10V = Vigp £13V 0 Vgl 418V 200 500 200 500 200 500 tvIv
POWER SUPPLY
Rated RL=24 415 s i15 v
Operating Range® 4.5 18 4.5 +18 +4.5 18 v
PSRR 45V <V <18V 0.5 1 0.05 0.1 0.5 0.1 %N
Vy=Vy= V=1V
Vour =1V
Quiescent Current 4.5 7 4.5 7 4.5 7 mA
TEMPERATURE RANGE
Rated -25 5 -25 +85 -55 +125 Q©
Storage -85 150 -65 +150 -635 +150 i
PACKAGE OPTIONS
Ceramic (D-18) ADS538AD AD3538BD AD3538S8D
AD35385D/883B
Chips AD538ACHIPS
NOTES

‘Over the 100 mV to 10 V operating range total error is the sum of a percent of reading term and an output offset. With this input dynamic range the input offset
contribution to total ersor is negligible compared to the percent of reading error. Thus, it is specified indirectly as a part of the percent of reading error.

*The most accurate representation of total error with low level inputs is the summation of a percent of reading term, an output offset and an input offset multiplied by
the incremental gain (Vy + V) V.
*When using supplies below 413 V, the 10 V reference pin must be connected to the 2V pin in order for the AD538 to operate correctly.

Specifications subject 1o change without notice.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

Electronique et Informatique Industrielle
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Figure 7. Vy Feedthrough vs. Frequency
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100

FOR THE FREQUENCY RANGE OF 10Hz
TO 100kHz THE TOTAL RMS OUTPUT
NOISE, 8o, FOR A GIVEN BANDWIDTH
Bw,IS CALCULATED o5 = ¢,VBw |

=

vy = 10V

o
=

VOLTAGE NOISE, e, — uV-/Hz

.01
0.0 0.1 1 10

DC QUTPUT VOLTAGE - Voits

Figure 8. 1 kHz Output Noise Spectral Density vs. DC Output
Voltage

[ 8] A
25k LOG
vz [ s RATIO d r—J—E D
. .
B8 E E] Ix
+10V Iz 2-;:6—7_5—] Vx
10062 10042
SIGNAL
QZVE g—-u GND
INTERNAL
0 VOLTAGE PWR
*Vs REFERENCE AD538  —®lGnp
—VsE OUTPUT 12{C
25k02
Vo3 i)
o[F] ANTILOG i
19 10} V:
Gl 25K1 ] vv

Figure 9. Functional Block Diagram

FUNCTIONAL DESCRIPTION

As shown in Figures 9 and 10, the Vz and V inputs connect
directly to the AD538’s input log ratio amplifiers. This subsec-
tion provides an output voltage proportional to the natural log
of input voltage Vz, minus the natural log of input voltage Vy.
The output of the log ratio subsection at B can be expressed by
the transfer function:

mo 0
Vg 0 5.7_1,,.1/_1
q 'VxB

where k= 1.3806 " 1072 J/K,

¢=1.602197 10V C,

T is in Kelvins.
The log ratio configuration may be used alone, if correctly tem-
perature compensated and scaled to the desired output level
(see Applications section).

Electronique et Informatique Industrielle

Under normal operation, the log-ratio output will be directly
connected to a second functional block at input C, the antilog
subsection. This section performs the antilog according to the
transfer function:

a 4]
Vil

Vo OVye' *8
As with the log-ratio circuit included in the AD538, the user
may use the antilog subsection by itself. When both subsections
are combined, the output at B is tied to C, the transfer function
of the AD538 computational unit is:

BkT00 ¢ O, DV, 00

~—n ~—nIn —=n0
Vo O Vype # ¢ 8378 7l gy,
which reduces to:

oK, 0

R
X

Finally, by increasing the gain, or attenuating the output of the
log ratio subsection via resistor programming, it is possible to
raise the quantity Vz/Vy to the m™ power. Without external
programming, m is unity. Thus the overall AD538 transfer
function equals:

gy, 0"

VoOVy v
X

where 0.2 <m <5,

When the AD538 is used as an analog divider, the Vy input can
be used to multiply the ratic V;/Vy by a convenient scale factor.
The actual multiplication by the Vy input signal is accomplished
by adding the log of the Vy input signal to the signal at C, which
is already in the log domain.

Tournez la page S.V.P.
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STABILITY PRECAUTIONS

Athigher frequencies, the multistaged signal path of the AD538,
as illustrated in Figure 10, can result in large phase shifts. If a
condition of high incremental gain exists along that path (e.g.,
Vo=Vyx Vz/Vx =10 Vx 10 mV/I0 mV = 10V so that
AV /AVy = 1000), then small amounts of capacitive feedback
from Vg to the current inputs Iz or Ix can result in instability.
Appropriate care should be exercised in board layout to pre-
vent capacitive feedback mechanisms under these conditions.

I LnZ-LnX
X M{Ln Z-Ln X)

Vx M(LnZ-LnX)+LnY

vz Vy

Figure 10. Model Circuit

USING THE VOLTAGE REFERENCES

A stable bandgap voltage reference for scaling is included in the
ADS538. It is laser-trimmed to provide a selectable voltage out-
put of +10 V buffered (Pin 4), +2 V unbuffered (Pin 5) or any
voltages between +2 V and +10.2 V buffered as shown in Figure
11. The output impedance at Pin 5 is approximately 5 kQ. Note
that any loading of this pin will produce an error in the +10 V
reference voltage. External loads on the +2 V output should be
greater than 500 kQ to maintain errors less than 1%.

iz [1] B A
+2V TO +10.2V v 7] D
BUFFERED 2[2]
o—
83 E]'x
L REFOUT Lo i8] v
. 10002
+2V
sk 2 mEs
1500 VOLTAGE
5k PWR
stE REFERENCE AD538 f}v—” GND
v
-VsE OUTPUT 12jc
25k{1
Vols 11} |,
o[2] ANTILOG ]
s 10} Vy
] 25k02 ol

Figure 11. +2 V to +10.2 V Adjustable Reference

In situations not requiring both reference levels, the +2 V output
can be converted to a buffered output by tying Pins 4 and 5
together. If both references are required simultancously, the

+10 V output should be used directly and the +2 V output
should be externally buffered.

Electronique et Informatique Industrielle

ONE-QUADRANT MULTIPLICATION/DIVISION

Figure 12 shows how the AD538 may be easily configured as a
precision one-quadrant multiplier/divider. The transfer function
Vout = Vy (Vz/Vx) allows “three” independent input variables,
a calculation not available with a conventional multiplier. In
addition, the 1000:1 (i.e., 10 mV to 10 V) input dynamic range
of the AD538 greatly exceeds that of analog multipliers comput-
ing one-quadrant multiplication and division.

Vout = Vy (%)

8] A
25k LOG
> RATIO 7] b —{]o
. LT
€] ix
G vx v
+10v [ LS5 o YX
INPUT
1000 1o0n 25k

AD538

i

INTERNAL
VOLTAGE
REFERENCE

\V/

-15V 1] outPuT

Vo 25k
OUTRUT ] ANTILOG

Figure 12. One-Quadrant Combination Multiplier/Divider

Vi
o Yy
25k INPUT

By simply connecting the input Vy (Pin 15) to the +10 V refer-
ence (Pin 4), and tying the log-ratio output at B to the antilog
input at C, the AD538 can be configured as a one-quadrant
analog multiplier with 10-volt scaling. If 2-volt scaling is desired,
Vyx can be tied to the +2 V reference.

When the input Vx is tied to the +10 V reference terminal, the
multiplier transfer function becomes:

As a multiplier, this circuit provides a typical bandwidth of

400 kHz with values of Vx, Vy or Vz varying over a 100:1 range
(i.e., 100 mV to 10 V). The maximum error with a 100 mV to
10 V range for the two input variables will typically be +0.5% of
reading. Using the optional Z offset trim scheme, as shown in
Figure 13, this error can be reduced to +0.25% of reading.

By using the +10 V reference as the Vy input, the circuit of
Figure 12 is configured as a one-quadrant divider with a fixed
scale factor. As with the one-quadrant multiplier, the inputs
accept only single (positive) polarity signals. The output of the
one-quadrant divider with a +10 V scale factor is:

Vo =10V (V—Z]
Vy

The typical bandwidth of this circuit is 370 kHz with 1 V to

10 V denominator input levels. At lower amplitudes, the band-
width gradually decreases to approximately 200 kHz at the

2 mV input level.

Tournez la page S.V.P.



Documents constructeur

AD538

TWO-QUADRANT DIVISION

The two-quadrant linear divider circuit illustrated in Figure 13
uses the same basic connections as the one-quadrant version.
However, in this circuit the numerator has been offset in the
positive direction by adding the denominator input voltage to it.
The offsetting scheme changes the divider’s transfer function
from:

Vo =10V [V—’)
Vy

V; + AV,
% =10VM =tov|1a+2
Vx Vy

=10 A+10 Kz—
Vy

bere Ao (2320
where = 25 EQ

As long as the magnitude of the denominator input is equal to
or greater than the magnitude of the numerator input, the cir-
cuit will accept bipolar numerator voltages. However, under the
conditions of a 0 V numerator input, the output would incor-
rectly equal +14 V. The offset can be removed by connecting
the +10 V reference through resistors R1 and R2 to the output
section’s summing node I at Pin 9 thus providing a gain of 1.4
at the center of the trimming potentiometer. The pot R2 adjusts
out or corrects this offset, leaving the desired transfer function
of 10V (Vz/Vy).

NUMERATOR DENOMINATOR
OPTIONAL vz Vx
Z OFFSET TRIM °
i i |
i Vs I vz FOR
! 3 ! Vam"“(v—x) Vx = Vz
| 68k | 335k
| Apsas §5% |
I{\d—i -12v
IV mal tomal {1
1 Vog ADJ T 1]
i [
| 3sma |
Lo___33oma | U]
8
=
) SOV
v
INTERNAL
+15va—{E VOLTAGE
REFERENCE
-15V 7
ouTPUT Vo
fas Iry
Rz R1
10k0 12.4k00
v LG5
ZERQ
ADJUST

Figure 13. Two-Quadrant Division with 10 V Scaling
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LOG RATIO OPERATION

Figure 14 shows the AD538 configured for computing the log of
the ratio of two input voltages (or currents). The output signal
from B is connected to the summing junction of the output ampli-
fier via two series resistors. The 90.9 Q metal film resistor effec-
tively degrades the temperature coefficient of the £3500 ppm/°C
resistor to produce a 1.09 kQ +3300 ppm/°C equivalent value.
In this configuration, the Vy input must be tied to some voltage
less than zero (1.2 V in this case) removing this input from the
transfer function.

The 5 kQ potentiometer controls the circuit’s scale factor ad-
justment providing a +1 V per decade adjustment. The output
offset potentiometer should be set to provide a zero output with
Vx = Vz=1V.Theinput Vz adjustment should be set for an
output of 3 Vwith V2 = ImV and Vx = 1 V. !

-Vg

Soxa Vo1V LOGW(%)

5
-1.2V

[ foma) 1,

OPTIONAL Vz
INPUT Vos 2
ADJUSTMENT

90.9Q)
% ) +10V

1kQ *IVE
+3500

mFC INTERNAL
PP VOLTAGE
OUTPUT REFERENCE

Sk 2kN
1%

SCALE
FACTOR
ADJUST

1
1oMa § 1 OPTIONAL
210K | OUTPUT Vos
| ADJUSTMENT

Figure 14. Log Ratio Circuit

The log ratio circuit shown achieves £0.5% accuracy in the log
domain for input voltages within three decades of input range:
10 mV to 10 V. This error is not defined as a percent of full-
scale output, but as a percent of input. For example, using a

1 V/decade scale factor, a 1% error in the positive direction at
the INPUT of the log ratio amplifier translates into 2 4.3 mV
deviation from the ideal OUTPUT (i.e., 1 V x logy, (1.01) =
43214 mV). Aninputerror 1% in the negative direction is
slightly different, giving an output deviation of 4.3648 mV.

Tournez la page S.V.P.
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ANALOG COMPUTATION OF POWERS AND ROOTS

It is often necessary to raise the quotient of two input signals to
a power or take a root. This could be squaring, cubing, square-
rooting or exponentiation to some noninteger power. Examples
include power series generation. With the AD538, only one or
two external resistors are required to set ANY desired power,
over the range of 0.2 to 5. Raising the basic quantity Vz/Vx to a
power greater than one requires that the gain of the AD538’s log
ratio subtractor be increased, via an external resistor between
pins A and D. Similarly, a voltage divider that attenuates the log
ratio output between points B and C will program the power to
a value less than one.

o Wl ol

POWERS
v . 3 12 8 17 —_—
'z O m | Ra
Vy (oym 8}—ovo 2 | 1960
VRer 3 [ 9760
Vy 0~ 10 4 | 6490
15 s | 4870
V) i V;
ReF * 1960
Ra= ¥
Rg = R¢ = 2009}
Re R¢
8 c ]
ROOTS
3 12 °
vz 0—2 v m | Rg Re
VY(VR;)"‘ 8—OVg 12 | 1004 10091(1
13 | 10061 | 49.90
Vy o— 10 4 | 1500 | 49.940
15 15 | 16260 | 4020
v, l v
REF X Ri.l »
Rg M

Figure 15. Basic Configurations and Transfer Functions
for the AD538

SQUARE ROOT OPERATION

The explicit square root circuit of Figure 16 illustrates a precise
method for performing a real-time square root computation. For
added flexibility and accuracy, this circuit has a scale factor
adjustment.

The actual square rooting operation is performed in this circuit
by raising the quantity V;/Vx to the one-half power via the
resistor divider network consisting of resistors Rg and R¢. For
maximum linearity, the two resistors should be 1% (or better)
ratio-matched metal film types.

One volt scaling is achieved by dividing-down the 2 V reference
and applying approximately 1 V to both the Vy and Vy inputs.
In this circuit, the Vx input is intentionally set low, to about
0.95 V, so that the Vy input can be adjusted high, permitting a
45% scale factor trim. Using this trim scheme, the output volt-
age will be within 43 mV £ 0.2% of the ideal value overa 10V
to 1 mV inputrange (80 dB). For a decreased input dynamic
range of 10 mV to 10 V (60 dB) the error is even less; here the
output will be within #2 mV £ 0.2% of the ideal value. The
bandwidth of the AD538 square root circuit is approximately
280 kHz with a 1 V p-p sine wave with a +2 V dc offset.

This basic circuit may also be used to compute the cube, fourth
or fifth roots of an input waveform. All that is required for a
given root is that the correct ratio of resistors, R¢ and Rg, be
selected such that their sum is between 1500 and 20010 .

The optional absolute value circuit shown preceding the AD538
allows the use of bipolar input voltages. Only one op amp is
required for the absolute value function because the Iz input of
the AD538 functions as a summing junction. If it is necessary to
preserve the sign of the input voltage, the polarity of the op amp
output may be sensed and used after the computation to switch
the sign bit of a D.V.M. chip. :

Vin
e et et e one et e een e Vour = 1Y\ 7y
OPTIONAL
ABSOLUTE VALUE SECTION
5kQ :
] 1ok i
- Re &
20kQ i B2«
e 1009
IN4148  IN4148
20k0
VIN O
AD OP-07
4 ORAD611 %
i el e A
T0 -V, A ND
s) +15v 5] REFERENCE AD538 f1o}——-
v
-15v[7] outpur a}e
Vo 25KkS) "
Vour o———{ 8 "
ANTILOG 9]
v, INd148
15 Pyt
* 25KkS1
100
SCALE FACTOR
TRIM
1%0 *RATIO MATCH 1% METAL FILM Reg,
RESISTORS FOR BEST ACCURACY 10000
v v

Figure 16. Square Root Circuit
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: PRELIMINARY
B:
D_Gz 7 1 - - Siliconix
High Speed Quad Monolithic -
-
SPST CMOS Analog Switch - -
FEATURES BENEFITS APPLICATIONS
e Fast Switching Times e Faster System Operatlbn" e High Speed Switching
<75ns _ e Reduced Power Supply e Sample/Hold
e Power Dissipation Requirements 7 e Digital Filters
<157 mW

e Charge Injection <9.0 pC

® rpS(on) <50 ()
e TTL Compatible

Required

® Reduced System Error
o Puil-up Resistors not

o Op Amp Gain Switching
o Winchester Disk Drives

DESCRIPTION

The DG271 Quad SPST analog switch offers normally
open, high $peed break-before-make switching for appli-
cations where low ON resistance (32 (1 typ), wide signal
range (£15 V), and low charge-transfer are required. In the
OFF state, the switch will block up to 30 V peak-to-peak,
and has a 44 V maximum power supply rating. The DG271
will conduct current in either direction with no offset in

the ON state. ON resistance is nearly constant over the
entire analog signal range, thus providing precision signal
transfer across the switch. internal. pull-up resistors
simplify interface to CMOS or TTL drive circuits. Package
options are 16 pin plastic or ceramic DIP, with perform-
ance rated over the 0to 70°C and -25 to 85°C temperature

ranges. . -

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

oSt }

A IN1@__| )_D.-z

LoD 2

o S2

wfon L
o002

—0 53

N3 o] _L_-
o L,

wd D>

—004

Four SPST Switches per Package®

Truth Table

LOGIC | SWITCH

0 ON
1 OFF

Logic “0" <08 V
Logic “1"2 20V

*Switches Shown for Logic “1” Input

Dual-in-Line Package

mﬂ—_\’-—@"‘z

0y ] 55 02

% 3] - N

_v V‘G - Ev»tsumum ‘*"

awo 31~ 720 Ne

% 3] 110 3y

0, 7] 105203

wy 3] (31 14y

TOP VIEW

Order Numbers:
DG271BK or DG271CK
See Package 10

DG271CY
See Package 8

Siliconix 21125
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DG274,
ABSOLUTE MAXIMUM RATINGS
Voltages Referenced to V- Operating Temperature (B Suffix) ....oreen -25 to 85°C
"2 SO R eeeecesesannae Ceteectaeseaeens 44 v (C Suffix) ..oonovnene 0to 70°C
GND ........ teveensaens Cereseasncnns ereeeeenas 25V Power Dissipation (Package)®
Digital Inputs? Vg, VD ...c.evveee -2V to (Vt +2 V) or 16 Pin DIP*" ....... e eneaesaesnana s 900 mw
20 mA, whichever occurs first. 16 Pin Plastic DIP**® ....cccevcene veeeieseaaes 470 mw
Current, Any Terminal Except SorD .......... 30 mA
Continuous Current, Sor D ......ooiiiieninnes 20 mA *Device mounted with all leads soldered or welded to
Peak Current, S or D PC board
(Pulsed at 1 msec. 10% duty cycle max)..... 100 mA **Derate 12 mW/°C above 75°C
Storage Temperature (B Suffix) .......... -65 to 150°C «s*Derate 6.5 mW/°C above 25°C
(C Suffix) .......... —65 to 125°C
ELECTRICAL CHARACTERISTICS2 Ta = 25°C
' : ' TEST CONDITIONS umITs
PARAMETER SYMBOL UNLESS OTHERWISE NOTED: UNIT
V4 =15V, V-=-15V, GND = 0 MIN? TPt MAX '
‘Analog Signal Range VANALOG B L
Drair ON Resi DS(on) Vo =210V, Ig=1mA Vin =08V 32 50 0
Vg=WV.Vp=-UV 1
5 Source OFF Leakage Current Is(ot) Vs~ WV Vg=HV ey
Er— Vin =20V FE TV Vp =WV . 1 A
@ | Orain OFF Leakage Current Dot Ve WV, Vp= WV S n
. Vg=Vp=HV 1
Drain ON Leskage Current’ Don) Vin =08V Ve =Vp = WV =y
Input Current with input ' Vip = 20V -1 022
§ Voltage High . INH Vig = 15V 0035 1 A
Z11 Current with | -
gttt (v Vin=0V - 000
Tum-ON Time ton See Switching Time .53.0 75 s
§ Tum-OFF Time tott Test Circuit 50.6 75
Charge Injection® Q CL = 1000pF. Vgen = O V. Agen =0 {1 9.0 pC
>
E Positive Supply Current (23 All Cha ~ON" o “OFF" Tt 80 A
2 | Negative Supply Current + Vin=0or 2V 5 -34
TA = Over Temperature Range
TEST CONDITIONS LUMITS :
PARAMETER SYMBOL UNLESS OTHERWISE NOTED: UNIT
Vé= 15V, V-=-15V,GND =0 mind TPt MAX
Analog Signat Range VANALOG Vo =210V, is = 1 mA Vi =08 V -15 15 v
Drain-S ON Resi OS(on) | Vo =10V IS=1MA Vn =08V 75 n
< V5=MV.VD='14V 100
2 Source OFF Leakage Current Is(oft) Vs =WV Vp =WV =00
Z | orain OFF Laakage Current Yin =20V [V = aVNp =V %9 nA
@ | Dran *oe 'o(oth V= MV.Vp=-HV | -w0
. V§=Vp=W4 v 200
Drain ON Leskage CurrentS 'O(Oﬁ) Vin =08V Vs = Vp = m=yEY 200
input Current with input Vin =20V -0
5 | Voltage igh HNH Vin = 15V 0 A
z ith |
L".ﬁ"..'gf"&‘g"' with Input N Vin= 0V -10
NOTES:
1. Signals on Sx, Dy, or INy exceeding V+ or V- wiil be clamped by intemai diodes. Limit forward diode current to maximum current ratings.
2. Refer to PROCESS OPTION FLOWCHART For additional information.
3. The aigebraic convention whereby the most negative vaiue is minimum, and the most positive is maximum is used in this data sheet.
4. Typical values are for DESIGN AID ONLY. not guaranteed nor subject to production testing.
5. ip(on) is leakage from driver into “ON" switch.

Electronique et Informatique Industrielle Tournez la page S.V.P
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Very Fast, Complete
10- or 12-Bit A/D Converters

AD578/AD579

FEATURES

Performance

Complete 12-Bit A/D Converter with Reference and
Clock

Fast Conversion: 3 us (max)

Buried Zener Reference for Long Term Stability and
Low Gain T.C.: £30 ppm/°C max (AD578)

*40 ppm/°C max (AD579)

Max Nonlinearity: <+0.012%

No Missing Codes Over Temperature

Low Power: 555 mW (AD578); 775 mW (AD579)

Available to MIL-STD-883

Versatility

Positive-True Parallel or Serial Logic Outputs

Short Cycle Capability

Precision +10 V Reference for External Applications
Adjustable Internal Clock

“Z" Models for £12 V Supplies

GENERAL DESCRIPTION

The AD578 and ADS79 are high speed 12-bit and 10-bit succes-
sive approximation analog-to-digital converters that include in-
ternal clock, reference, and comparator. Their hybrid design
utilizes MSI digital and linear ICs in conjunction with a 12-bit
or 10-bit monolithic, monotonic DAC to provide superior per-
formance and versatility with IC size, price, and reliability.

Important performance characteristics of the AD578 include
+1/2 LSB,, linearity error maximum at +25°C, maximum gain
tempco of *30 ppm/°C, and maximum conversion time of 3 pus
at a typical power dissipation of 555 mW. The 10-bit AD579
provides *1/2 LSB,, maximum linearity error at 1.8 ps maxi-
mum, and 775 mW typical Pp,.

Both the AD578 and AD579 include scaling resistors that pro-
vide analog input signal ranges of =5 V, 10 V, and 0 to
+10 V. Both are contained in 32-pin ceramic side-brazed

DIP packages, and are available with MIL-STD-883 Class B
processing.

REV. A

Information furnished by Analog Devices is believed to be accurate and
relisble. However, no responsibility is assumed by Analog Devices for its
use; nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

Electronique et Informatique Industrielle

FUNCTIONAL BLOCK DIAGRAM

ADS78/AD579
1aDs78) it 12 (1| [32] -1sv
(ADS70] BIT 11 (2] [37] 18V
810 (3] 100 1551 ANALOG GND
20K 20k
eirs (4] A8~ A—{ 23] 2ERC ADY
sive 5] - AM~§-AA~]78] 20V SPAN INPUT
sir7 (6] E L‘E 10V SPAN INPUT
£ 10k
Bire (7] 2 A (76] BIPOLAR OFFSET
eivs (8 ] 26] GAIN (REF IN)
<
B4 [0} a 24] REF OUT
8iT3 [0 23] seriAL oUT
eir2 [0 LD&# SERTAL OUT
aiT1 2 1] CONVERT START
BT [13 ’—ﬁT T [20] eoc
~~
SHORT CYCLE [14 SAR. E +—f18] cLockin
DIGITAL GND [15 -{13] cLock out
- CLOCK
+sv [18 + {17] cLOCK ADJ
COMPARATOR

PRODUCT HIGHLIGHTS
1. Both are complete analog-to-digital converters. No external
components are required to perform a conversion.

2. The fast conversion rates—3 ps for the AD578, and 1.8 ps
for the AD579—make them ideal candidates for high speed
data acquisition systems requiring high throughput.

3. The internal buried Zener reference is laser trimmed to high
initial accuracy and low T.C. and is available externally.

4. Precision thin film scaling resistors on the DAC provide for
excellent thermal tracking.

5. Short cycle and external clock capabilities are provided for
applications requiring faster conversion speeds and/or lower
resolution.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703 Twx: 710/394-6577
Telax: 924491 Cable: ANALOG NORWOODMASS
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ADS78/AD579 SPECIFICATIONS (typical @ +25°C, 15 ¥V and +5 V unless otherwiss noted)

ADS578) ADS78K ADS78L AD578SD* ADS78TD!
RESOLUTION 12 Bits » * » *
ANALOG INPUTS
Voliage Ranges
Bipotar 250V, 10V * * 4 *
Unipolar Oto+10V,0t0 +20V * - - -
Input Impedance
Qo +10V, =5V Ski * L A *
x10V,010 +20V 10 k1 - * - x
DIGITAL INPUTS
Convert Command?® 1 LSTTL Load * = * *
Clock Input 1 LSTTL Load * b * -
TRANSFER CHARACTERISTICS
Gain Error’ * +0.1% FSR, £0.25% FSR max * o * *
Unipolar Oﬁm +0.1% FSR, =0.25% FSR max * * * *
Bipolar Error* +0.1% FSR, x0.25% FSR max * * * *
Lincarity Error, +25°C +1/2 LSB max . * * hd
Tomin 10 T +3/4 LSB « * +3/4 LSB max =3/4 LSB max
DIFFERENTIAL LINEARITY ERROR
(Minimum resolution for which no
missing codes are guaraniced)
+25°C 12 Bits ~ * * *
Toin 10 Trux 12 Bits - * . *
POWER SUPPLY SENSITIVITY
+15V =10% 0.005%/%AV; max * * * *
—-15V =10% 0.005%/%A Vg max . . » .
+5V £10% 0.005%/%A Vg max . * * *
TEMPERATURE COEFFICIENTS
Gain =15 ppmC 1yp * * . *
*30 ppa/°C max > > =50 ppm/°C max +30 ppm/°C max
Unipolar Offsct +3 ppm~C typ * . - .
+10 ppm/*C max * * *15 ppmv/°C max =10 ppm/°C max
Bipolar Offset =8 ppmv°C typ * . . *
=20 ppm/°C max * . +25 ppm/°C max +20 ppm/°C max
Differential Linearity *2 ppav°C typ * * * *
CONVERSION TIME®* 7 # (max) 6.0 ps 4.5 us 3 ps 6.0 s 4.5 us
PARALLEL OUTPUTS
Unipolar Code Binary * * * *
Bipolar Code Offset Binary/Twos Complement " * * -
Output Drive 2 LSTTL Loads il * * *
SERIAL OUTPUTS (NRZ FORMAT)
Unipolar Code Binary/Complementary Binary * * . *
Bipolar Code Offset Binary/Comp. Offset Binary * * * *
Output Drive 2 LSTTL Loads * * . *
END OF CONVERSION (EOC) Logic “1” During Conversion . . b »
Output Drive 8 LSTTL Loads * * . *
INTERNAL CLOCK®
Output Drive 2 LSTTL Loads * * - *
INTERNAL REFERENCE
Voluage 10.000 100 mV . . » »
Drift =12 ppm”°C, 20 ppm/°C max * » * *
External Current *] mA max - . * *
POWER SUPPLY REQUIREMENTS®
Range for Rated Accuracy 4.7510 5.25 and x13.510 *16.5 . - . L)
Supply Current  +15V 5 mA ryp, 8 mA max . * « *
-5V 22 mA typ, 35 mA max * * * *
+SV 30 mA typ, 40 mA max . * * -
Power Dissipation 555 mW typ * * * .
TEMPERATURE RANGE
Operating 0o +70°C d * -55°C to +125°C —55°C to +125°C
Storage -65°C 1o +150°C * * * *
NOTES

!Available to MIL-STD-883, Level B. See ADI Military Products Databook for detail specifications,

2Positive pulse 200 ns wide (min) leading edge (0 to 1) resets ourputs. Trailing edge initiates conversion.

3With 50 2, 1% fixcd resistor in place of gain adjust potentiometer.

4Adjustable to zero.

SWith 50 £, 1% resistor between Ref Out and Bipolar Offset (Pins 24 & 26).

$Conversion time is defined as the time berween the falling edge of convert start and the falling edge of the EOC.

7Each grade is specified at the conversion speed shown.
SExternally adjustable by a resistor or capacitor (see Figure 6).
*For “Z” models order ADS78Z], ZK, ZL (=11.6 V0 x16.5 V).

*Specifications same as AD578].

Specifications subject to change without notice.
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Modd ADS79IN ADS579KN ADS79TD?
RESOLUTION 10 Bits . *
ANALOG INPUTS
Voltage Ranges
Bipolar 50V, 210V hd *
Unipolar Oto+10V,0t0 +20V i .
Input Impedance
0w+10V, =5V S k) (£20%) * *
*10V,0t10+20V 10 k2 (+20%) - *
DIGITAL INPUTS
Convert Command? 1 LSTTL Load * >
Clock Input 1 LSTTL Load * *
TRANSFER CHARACTERISTICS
Gain Error™ ¢ 20.1% FSR (+0.25% FSR max) * *
Unipolar Offset’ =0.1% FSR (+0.25% FSR max) * *
Bipolar Esror™ ¢ +0.1% FSR (*0.25% FSR max) b *
Linearity Error, +25°C +1/2 LSB max * *
Tota 1© Toux +3/4 LSB * *
DIFFERENTIAL LINEARITY ERROR
(Minimum resolution for which no
missing codes are guaranteed) l
+25°C 10 Bits * *
Toio © Tonss 10 Bits * *
POWER SUPPLY SENSITIVITY
+15V £10% 0.005%/%AVs max * *
—15V =10% 0.005%/%A Vs max . *
+5V =10% 0.001%/%AV¢ max * L
“Z" Versions
+12V £5% 0.007%/%A Vg max * *
12V 5% 0.007%/%AVs max * -
TEMPERATURE COEFFICIENTS
Gain =25 ppm/°C typ - *
+40 ppm/°C meax * -
Unipolar Offset 5 ppm/°C typ * *
*15 ppm/°C max > *
Bipolar Offset =8 ppm/°C typ * *
=20 ppov°C max * *
Differential Linesrity *2 ppm/°C typ . *
CONVERSION TIME™ * (max) 2.2 ps 1.8 us b
Conversion Time T, 10 Ty 2.4 ps 2.0 us e
PARALLEL OUTPUTS
Unipolar Code Binary * o
Bipolar Code Offset Binary/Twos Complement * *
OQutput Drive 2 LSTTL Loads . *
SERIAL OUTPUTS (NRZ FORMAT)
Unipolar Code Binary/Complementary Binary * L]
Bipolar Code Offset Binary/Comp. Offset Binary * b
Output Drive 2 LSTTL Laoads . "
END OF CONVERSION (EQC) Logic “1”’ During Conversion * A
OQutput Drive 8 LSTTL Loads * *
INTERNAL CLOCK’
QOutput Drive 2 LSTTL Loads * b
INTERNAL REFERENCE
Voltage 10.000 =10 mV wyp * "
Temperature Coefficient 15 ppm°C * *
External Current +1 mA max * .
POWER SUPPLY REQUIREMENTS
Range for Rated Accuracy 4.7510 5.25 and £13.5 10 *16.5 * *
Z Modcls* 4.7510 5.25 and £11.4 10 =16.5 * *
Supply Current  +15 V 5 mA typ, 8 mA max . *
=15V 22 mA typ, 35 mA max * *
+SV 100 mA typ, 150 mA max * b4
Power Dissipation 775 mW typ * .
TEMPERATURE RANGE .
Operating 010 +70°C * —-55°C to +125°C
Storage -65°C to +150°C * *
NOTES

'Available to MIL-STD-883, Level B. See ADI Military Products Databook for detail specifications.

2Positive pulse 200 ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge initiates conversion.

3With 50 £3, 1% fixed resistor in place of gain adjust potentiometer.

*Adjustsble to zero.

3With S0 £, 1% resistor between Ref Qut and Bipolar Offset (Pins 24 & 26).
“Conversion time is defined as the time between the falling edge of convert start and the falling edge of the EOC.
7Each grade is spesified at the conversion speed shown. See Figure 7 for appropriate connections.

SExternally adjustable by a resistor or capacitor.

*For "2" models order AD579ZJN, AD579ZKN or ADS79ZTD.

*Specifications same as ADS79JN.
**Specifications same as ADS79KN.

Specifications subject to change without notice.
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ORDERING GUIDE!

Conversion | Temperature Package
Model Resolution | Speed Range Option?®
ADS578JN (JD) 12 Bits 6.0 us 0°C to +70°C DH-32B
ADS78KN (KD) | 12 Bits 4.5 us 0°C 10 +70°C DH-32B
ADS78LN (LD) | 12 Bits 3.0 ps 0°C 10 +70°C DH-32B
ADS578SD 12 Bits 6.0 us —55°C 1o +125°C | DH-32B
ADS578TD 12 Bits 4.5 us —55°C to +125°C | DH-32B
ADS578SD/883B | 12 Bits 6.0 ps -55°C 10 +125°C | DH-32B
ADS578TD/883B | 12 Bits 4.5 us —55°C 1o +125°C | DH-32B
ADS579JN 10 Bits 2.2 us 0°C 10 +70°C DH-32B
ADS79KN 10 Bits 1.8 ps 0°C to +70°C DH-32B
ADS79TD 10 Bits 1.8 ps —55°C to +125°C | DH-32B
AD579TD/883B | 10 Bits 1.8 ps —-55°C 1o +125°C | DH-32B .

NOTES
"For =12 V operation “Z” Version, order AD5S78ZTD

THEORY OF OPERATION E }s—200ns, min
The AD578 is a complete pretrimmed 12-bit A/D converter CONVERT I ] |
which requires no external components to provide the START 200ns—am] Jout- I

successive-approximation analog-to-digital conversion function,
A block diagram of the AD578 is shown in Figure 1.

€0C __l‘—’:”'“

tAbsT8 BiT 1 7] [T w1sv
v 0 [3] - 102 155] ANALOG GNOD BIT2 @ | I
20
ure Ay (9] zERO ADJ H
urs (8 WA 28] 20V SPAN INPUT T3 & I H
L 27] 10V SPAN INPUT N
Vol BIT 4

26 | BIPOLAR OFFSET

H
155 ] GAIN (REF IN} BiTSs & I '

urr o
wrs [7]
urs (7]

O/A CONVERTER

I

o s [ ) ors N L
-

-

-

urs (7] [24] ReF ouT
wra[io 3] seniaL out BT 6 W U
w2y I«DoJE] SERIALGUY .
wr1 3] 71] CONVERT START BIT? @ I i
o 5 —) {5 s
SHORT CVCLE E—L CAR ! v, _] [r (9] cock N BITS® @ | I
04GiTAL o [IF] - 8] evocx our
v (3] Lol crock aos QT e N
COMPARATOR o1 10 N I : I
Figure 1. AD578/AD579 Functional Block Diagram o @ 1
and Pinout

When the control section is commanded to initiate a conversion SERIAL ' T
it enables the clock and resets the successive-approximation reg- out mwm

ister (SAR). The SAR, timed by the clock, sequences through

; CLOCK
the conversion cycle and returns an end-of-convert flag to the INTERNAL: |CONNECT CLOCK oUT cm’ To cLock iy m'm

i i i EXTERNAL: CONNECT EXTERNAL CLOC L
coptml section, The control section disables t_hc clock fxnd S AL O T Lo I 8] T
brings the output status flag low. The data bits are valid on the MINIMUM PERIOD, Ty OF 100ns.
alling f th k pulse starting with t; and ending with NOTE
f , edge of the clock pulse g A d . 8 VTHE RISING EDGE OF CONVERY START PULSE RESETS THE MSB TO ZERO,
t;2 (Figure 2), and accurately represent the input signal to AND THE LSBs TO ONE. THE TRAILING EDGE INITIATES CONVERSION.

within *1/2 LSB. . .
Figure 2a. AD578 3 us Timing Diagram
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-] e~ 200ns, min
CONVERT ——] | |
START CONVERSION TIME
1260 -] |t | j—70m | |w—100ns  w{fet-~iBns
GATED
cLock

L O Oh 2y N B Y Y Y Yt
000+ -
€oc eot-—L—CONVERSION IN PROGRESS
-f 75! | PARALLEL DATA VALID
T 1
ims8) !
) 1
wo 24 U
[
N F] % I H I
v U
]
8ITE H
we 70 L
> 1
(4] ﬁ l ‘ |
H
w 7 LI
y
- 7 LI
7,
T 10 % | l
T gg 1a100
SERIAL m:u B3 | 84]85]66] 87 BS.BS:B)O.
1] 1) + ]
€LOCK
INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19)

€XTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN {19)
CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH
MINIMUM PERIOD, Ty OF 100ns.

Figure 2b. AD579 Timing Diagram

The temperature-compensated buried Zener reference provides
the primary voltage reference 1o the DAC and guarantees excel-
lent stability with both time and temperature. The reference is
trimmed to 10.00 volts +1.0%, it is buffered and can supply up
to 1.0 mA to an external load in addition to the current required
to drive the reference input resistor (0.5 mA) and bipolar offset
resistor (1 mA). The thin-film application resistors are trimmed
to match the full scale output current of the DAC. There are
two S k(1 input scaling resistors to allow either a 10 volt or 20

volt span. The 10 k{2 bipolar offset resistor is grounded for uni-
polar operation or connected to the 10 volt reference for bipolar
operation,

UNIPOLAR CALIBRATION

The AD578/AD579 is intended to have a nominal 1/2 LSB off-
set so that the exact analog input for a given code will be in the
middle of that code (halfway between the transitions to the
codes above and below it). Thus, when properly calibrated, the
first transition (from 0000 0000 0000 to 0000 0000 0001) will
occur for an input level of +1/2 LSB.

If Pin 26 is connected to Pin 30, the unit will behave in this
manner, within specifications. Refer to Table I, Table II, and
Figure 3 for further clarification. If the offset trim (R1) is used,
it should be trimmed as above, although a different offset can be
set for a particular system requirement. This circuit will give
approximately £25 mV of offset trim range.

The full scale trim is done by applying a signal 1 1/2 LSB below
the nominal full scale. Trim R2 to give the last transition (1111
1111 1110 to 1111 1111 1111).

o
-15V
070 +20v

20V IN o
ANALOG INPUTS
BITS 1-1
2 (ADE79) 10V IN o
BITS 1-10 (ADS79) 0TO +10V
AD578/ADS79
BIP OFF (26)
18) CLK QUT
. REF IN (B)
CLXIN
REF OUT (24)
r———e)oiG oNo ANA GND (30)
| <
ISV U U pu——

Figure 3. Unipolar Input Connections

Table 1. AD578 Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges

Digital Output Code
Analog Input-Volts (Binary For Unipolar Ranges;
(Center of Quantization Interval) Offset Binary for Bipolar Ranges)
Oto+10V | 0to+20V [ —5Vto +5V | =10 Vo +10V | Bl B12
Range Range Range Range (MSB) (LSB)
+9.9976 +19.9951 +4.9976 +9.9951 111111111111
+9.9952 +19.9902 | +4.9952 .+9.9902 111111111110
[ ] L ] L[] L] [ ]
» . [ ] L] .
+5.0024 +10.0049 +0.0024 +0.0049 100000000001
+5.0000 +10.0000 +0.0000 +0.0000 100000000000
L ] [ ] L] L ] L]
. [ ] L] L ] L]
+0.0024 +0.0051 ~4.9976 -9.9951 000000000001
+0.0000 +0.0000 -5.0000 —10.0000 000000000000
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Table II. AD579 Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges

Digital Qutput Code
Analog Input-Volts (Binary For Unipolar Ranges;
(Center of Quantization Interval) Offset Binary for Bipolar Ranges)

Oto+10V | 0to+20V | ~SVto 45V | -10Vto +10V | Bl B12
Range Range Range Range (MSB) (LSB)
+9.9902 +19.9804 +4.9902 +9.9804 111111111111
+9.9804 +19.9609 +4.9804 +9.9609 111111111110

L] [ ] L] L]

* * » L]
+5.0097 +10.0195 +0.0097 +0.0195 100000000001
+5.0000 +10.0000 +0.0000 +0.0000 100000000000

L ] L] . .

. ] * .
+0.0097 +0.0195 —4.9902 -9.9804 000000000001 ,
+0.0000 +0.0000 ~5.0000 ~10.0000 000000000000

BIPOLAR OPERATION LAYOUT CONSIDERATION

The connections for bipolar ranges are shown in Figure 4.
Again, as for the unipolar ranges, if the offset and gain specifi-
cations are sufficient the 100 ) trimmer shown can be replaced
by a 50 Q *1% fixed resistor. The analog input is applied as for

Many data-acquisition components have two or more ground
pins which are not connected together within the device. These
“grounds” are usually referred to as the Logic Power Return,
Analog Common (Analog Power Return), and Analog Signal

the unipolar ranges. Bipolar calibration is similar to unipolar
calibration. First, a signal 1/2 LSB above negative full scale is
applied, and R1 is trimmed to give the first transition (0000
0000 0000 to 0000 0000 0001). The a signal 1 1/2 LSB below
positive full scale is applied and R2 trimmed to give the last
transition (1111 1111 1110 to 1111 1111 1111).

ZERQ ADJ ‘N’
210V
20V IN {28
ANALOG INPUTS
10V IN {27
B(TS 1-10 (ADE79) 15V

Ground. These grounds must be tied together at one point, usu-
ally at the system power-supply ground. Ideally, a single solid
ground would be desirable. However, since current flows
through the ground wires and etch stripes of the circuit cards,
and since these paths have resistance and inductance, hundreds
of millivolts can be generated between the system ground point
and the ground pin of the AD578 or AD579. Separate ground
returns should be provided to minimize the current flow in the
path from sensitive points to the system ground point. In this
way supply currents and logic-gate return currents are not
summed into the same return path as analog signals where they
would cause measurement errors.

8ITS 1-12 [AD578)

+5V @ 0.1xF 10:F
ADS578/ADE79 + +
otuF T0uF COMMON
DIG 0.uF 1
ne ——I—T—@ u 0xF

+
+16V

Figure 5. Basic Bypassing Practice

Each of the ADS78 or AD579 supply terminals should be capac-
itively decoupled as close to the ADC as possible. A large value
capacitor such as 10 pF in parallel with a 0.1 wF capacitor is
usually sufficient. Analog supplies are bypassed to the Analog
Power Return pin and the logic supply is bypassed to the Digi-

. tal GND pin.

To minimize noise the reference output (Pin 24) should be de-
coupled by a 6.8 wF capacitor to Pin 30.

Figure 4. Bipolar Input Connections
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CLOCK RATE CONTROL

The internal clock is preset to a nominal conversion time of

5.6 ps (ADS78) or 4.8 ps (ADS79). It can be adjusted for either
faster or slower conversion rates. For faster conversions connect
the appropriate 1% resistor between Pins 17 and 18, and short
Pin 18 to Pin 19. See Figure 6 or 7.

For slower conversions (AD578 only) connect a capacitor be-
tween Pins 15 and 17.

NOTE: No-Missing-Code operation is not guaranteed when op-
erating in this mode if a particular grade’s conversion speed
specification is exceeded.

s 4 5us 8us
CONVERSION CONVERSION CONVERSION
RATE (o) RATE o RATE
L GRADE K.T GRADES J.8 GRADES 7O SLOW ?
CONVERSION,
8250 3320
1% 1% usec
FROM
m Q @ FIGURE 6
CAPACITANCE - pF
1000 680 330
A 1 i
13.04 1

-
g 10.04 CAPACITOR
=
2 w0+
z
2 6.0
& RESISTOR
i
> 4.0
§ 2.0 I

1.5+

T L T
200 2 10K

RESISTANCE - @
Figure 6. AD578 Conversion Times vs. R or C Values

(®

Short Cycle Input—A short cycle input, Pin 14, permits the
timing cycle to be terminated after any number of desired bits
has been converted, allowing shorter conversion times in appli-
cations not requiring the full 10-bit (ADS579) or 12-bit (AD578)
resolution. Short cycle pin connections and associated conver-
sion times are summarized in Tables III and IV.

Table III. AD578 Short Cycle Connections

Resolution (Bits) 12110
Connect Pin 14t Pin | 16 | 2
Conversion Speed (us) | 3 | 2.5

Table IV. AD579 Short Cycle Connections

Resolution (Bits) 10 | 8
Connect Pin 14 to Pin | 2 4
Conversion Speed (us) { 1.8 | 1.5

External Clock—An external clock may be connected directly to
the clock input, Pin 19. When operating in this mode, the
convert start should be held high for a minimum of one clock
period in order to reset the SAR and synchronize the conversion
cycle. A positive going pulse width of 100 to 200 nanoseconds
will provide a continuous string of conversions that start on the
first rising edge of the external clock after the EOC output has
gone low.

External Buffer Amplifier —In applications where the ADS78 is
1o be driven from high impedance sources or directly from an
analog multiplexer a fast slewing, wideband op amp like the
AD?711 should be used.

J GRADE K, T GRADES Voo OGN0 Vs W 5V 416V -16V
w0 I w2
st o 3 N ANALOG INPUT
(o) - . o-10v
. AD711 —0 ADSTS
2.2 1.8 . AD7506 -
CONVERSION CONVERSION . 7 d OR
RATE RATE . AD678
6490 4220 516 0— L
o 1% % OATA BITS
EN AD A1 A2 A3

Figure 7. AD579 Clock Rate Control Connection
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TYPES SN54LS373, SN54LS374, SN54S373, SN545374,
SN74LS374. SN74S8373, SN74S374

i 8%7#3373 ‘TYPE TRANSPARENT LATCHES AND
msi t b EDGE-TRIGGERED FLIP-FLOPS

BULLETIN NO. OLS 2612350, OCTOBER 1976

SNGALS373, SN645373 ... s PACKAGE

e Choice of 8 Latches or 8 D-Type Fiip-Flops
SN74L5373, SN74S373 .. . J OR N PACKAGE

In a Single Package {TOP VIEW)

3-State Bus-Driving Outputs o

Full Parallel-Access for Loading Ve % ® ® ™ @ © © 0 2
1l |n

Buffered Control Inputs |||
Clock/Enable Input Has Hysteresis to Improve <
Noise Rejection E

e P-N-P Inputs Reduce D-C Loading on .
Data Lines (‘S373 and 'S374) 0 g

e SN54LS363 and SN74LS364 Are Similar But
Have Higher Vgy For MOS Interface

1
s
n

‘L8373, 'S373

FUNCTION TABLE logic: see function table

OQUTPUT ENABLE
CONTROL G o | ourPut ’
SN54LS374, SN64S374 .. .J PACKAGE

L H H H SN74LS374, SN74S374 .. . JOR N PACKAGE

L H L L {TOP VIEW)

L L X Qo

H X X z we 0 ®w ™ W @ ® ® 0 oo

wli{w|jws]r]]re is|iafjrajrzn
‘LS374, °'S374
FUNCTION TABLE D e @ . 0
- a a I &=
OUTPUT
ctock O | oureur SR g o c

CONTROL T Hzlsesi{lsf7islleflm

L 1 H H T AT . ® ™ ™ B © & o

CONTROL

L t L L

L L x Qg

H X X z logic: see function table

See explanation of function tables on page 3-8.

description
These 8-bit registers feature totem-pole three-state outputs designed specifically for driving highly-capacitive or

relatively low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these

registers with the capability of being connected directly to and drivi'ng the bus lines in a bus-organized system without
need for interface or pull-up components. They are particularly attractive for implementing buffer registers, 1/0 ports,

bidirectional bus drivers, and working registers.

The eight latches of the 'LS373 and "S373 are transparent D-type latches meaning tha
Q outputs will follow the data (D) inputs. When the enable is taken low the autput wi

data that was setup.

t while the enable {G) is high the
It be latched at the level of the
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SN74LS373, SN74LS374, SN745373, SN74S374

OCTAL D-TYPE TRANSPA

EDGE-TRIGGERED FLIP-FLOPS

RENT LATCHES AND

SN54S5373, SN54S374,

description (continued)

The eight flip-flops of the ‘L.S374 and 374 are edge-triggered D

the Q outputs will be set to the logic states that were setup at the D inputs.

Schmitt-trigger buffered inputs at the enable/dock lines simplify system
by typically 400 mV due to the input hysteresis. A buffered output c
outputs in either a normal logic state {high or low logic levels) or a high-
the outputs neither load nor drive the bus lines significantly.

peration of the latches or flip-flops. That is, the old data can be

The output control does not affect the internal of

retained or new data can be entered even while the outputs are off.

15373, 'S373
TRANSPARENT LATCHES
outeut _M 4>
CONTROL
) >
-—-Gc
@
n
20 ¥ D
G
#‘4 5
6 0
)]
3D [+]
—dc
6 .0
(8)
' 4D D
e (9
4
(13)
sD D
T'GE & (12)
50
(14)
60 )
™95 & (15)
6
“an
70 o]
+—qc & (16)
70
op 08! =
e S & (19)
8a
ENABLE

G
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(11)|>

‘L8374, °S374

-type flip-flops. On the positive transition of the clock,

design as ac and dc noise rejection is improved
ontrol input can be used to place the eight
impedance state. In the high-impedance state

POSITIVE-EDGE-TRIGGERED FLIP-FLOPS

outeur U
CONTROL
10_(:_”___..___'—0
—ab>CK
s @ 4
&4
prapal o
| I ()
a 20
n
30 0
H>CK
a © g
(8)
4 D
—pcK @
ol a0
13
- (13) D
$—cpcK (12)
o] sQ
(14) -
o .
| G & (s)
G 6
h)
70 o
—aCK (16)
[o] 70
g 18 5
é—>cK
(191
a

(RR}]
CLOCK—'DO_‘

8Q
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RS-232C DATA COMMUNICATIONS

EIA Standard RS-232C is an established specification
defining the logic levels and impedances at the modem/
terminal interface. This has been a well-accepted standard
for low data-rate systems. Maximum data rate is sbout 20

Employing a voltage-mode type driver, RS-232C requires
dus! polarity logic signals and power supplies. The data is
unidirectional and not conducive to party-fine operation.
Hysteresis is generally employed in RS-232C receivers

kilobaud. and a single power supply is required at the receiver end.
Termination is not required.
FIGURE 8
9 to 12V 50V
O— I Slew
rote
I control ®
$to-12v *not required for MC145406
EA RS-232C

Driver Output Voitage 15V<VOH <50V

(Zy = 3k to 7k} S50V>VoL>-15V
Driver Output Voltage Vol <25V

(Zy = =)
Driver Output impedance 70 > 30011

{Power Supplies = 0)
Driver Short-Circuit Current ig] <05smp

dv

Driver Slew Rate o < 30V/us
Receiver input imped: 7kf) > Rjn > Ik}
Receiver Input Voltage Vi <BV
Receiver Output with Open Input Mark (high)
Receiver Output with 300 2 to Gnd of input Mark (high)
Receiver Output with +3.0V on input Space {low}
Receiver Output with -3.0V on input Mark (high)
Baud Rate BR < 20 kilobaud

MC1488 - QUAD RS-232C DRIVER, OUTPUT CURRENT LIMITING

The MC1488 is a quad inverting TTL or DTL input line
driver for RS-232C. It is designed to operate on +9to +12

V power supplies and at a temperature range of 0 to 70°C.
Features include guaranteed power-off output imped vee (3]

ance and output current fimiting.
Packages: L Suffix - Case 632

./
1 VYee

MAE Bcwm

P Suffix - Case 646 Ouvtpwt A E:'EJ _LB Irewt D2
D Suffix - Case 751A d
Inpwt 81 | ¢ 2| Outpnn ©
Second sources available :]
tapwt BT E 3 trput €1
Vou . VoL tPH
O VeeNVeE = 190V |0 VeeVer =190V | 1os  [@Cy - 18 oF ovene (] 2] o2
Volts Min Volts Max mA s Max

Ons | -

E] Outsut €

6.0 -8.0 18.0t0 12

175
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Caractéristiques

o BOUCLE DE COURANT 20 mA
APARAMETRES GARANTIS

* ENTREE DES DONNEES COMPATIBLES
LSTTL, TTL ET CMOS

¢ PERFORMANCES GARANTIES ENTRE 0°C
ET 70°C

o BLINDAGE INTERNE FAVORISANT
UNE TRES BONNE REJECTION EN MODE
COMMUN

¢ VITESSE DE TRANSMISSION :20 kBd SUR
UNE LIGNE DE 400 METRES

¢ NIVEAUX DE COURANT DE SORTIE
EN/HORS GARANTIS

* AGREE UL (DOSSIER N° E55361) POUR UNE
TENSION D'ISOLEMENT DE 1440 Vca/1 mn
ET DE 2500 Vca/1 mn (OPTION 010)

* EGALEMENT DISPONIBLE : RECEPTEUR A
BOUCLE DE COURANT 20 mA A COUPLAGE
OPTIQUE, HCPL-4200

Applications

¢ MISE EN OEUVRE D'UN EMETTEUR ISOLE
A BOUCLE DE COURANT 20 mA DANS :
— les périphériques de systémes informatiques
~ I'équipement de commande industriel
~ I'équipement de transmission de données

Electronique et Informatique Industrielle

g g;,: RSN . L
%3; [,5] HEWLETT |
£/ packarD DE COURANT 20 mA | HcpL-4100
B & P PTI
& COMPOSANTS A COU LA,GE O = O'UE
o FICHE TECHNIQUE JANVIER 1986
/—f . N - e - - .,
SCHEMA e BOITIER® .
el ve0i30) e -
- - f"‘mm [ Sustom _
vee o-_'___ \ o - - . J‘_
: +— REFERENCE S
. 1 " oATe L1
\ .
e : X T o
* t‘\{ Vo AGREMENT Tve. }
| _ ] enocue | T , =_
: \ , —1l . I—-——.l f=— 1.78 (0701 MAX, . ¥
[ BLINDAGE 4 - 1.19 {.047) MAX, o . .
MASSEO—— ™ Lo DIMENSIONS EN MM ET POUCES
TABLEAU DE VERITE , t TIve vecfs
{LOGIQUE POSITIVE} } 470 L188) Max.
vi | Ve to
m f‘: . \ T E NC NG 3
(A I 051 (0201
H 0 H MIN. E te v 3
t 0 H
r.l 2.92 (.15} MiN.
* CONVENTION DE LA BOUCLE DE COURANT - H = SIGNAL : 0.76(.030) ! —0.65 (025) MAX. (€] masse E
10> 12mA, L = ESPACE : 10 < 2mA. 1.40 (055} |._.l_ ;i! :.;_0?;:

comme émetteur dans des équipements comportant une
boucle de courant 20 mA. Traditionneilement, les systémes

en transmettant 20 mA de courant de boucie {SIGNAL) et

un état bas en ne laissant pas passer un courant de boucle

de masse et garantit une trés bonne réjection en mode
commun,

Description

Le photocoupleur HCPL-4100 est congu pour travailler
3 boucle de courant 20 mA signalent un état logique haut

(ESPACE). Le couplage optique du signal de Ientrée
logique 3 la boucle de courant 20 mA coupe les bouctes

L'entrée des données du HCPL 4100 est compatible avec les
portes fogiques LSTTL, TTL et CMOS. Les circuits intégrés
d'entrée pilotent une DEL GaAsP. Le faisceau lumineux
émis par la DEL est détecté par un deuxiéme circuit intégré
qui permet le passage de 20 mA avec une fuite de tension
inférieure 3 2,7 V en I'absence d’émission lumineuse et
permet le passage de moins de 2 mA lorsque le faisceau
lumineux est présent. La sortie de I"émetteur peut supporter
27 V. Le circuit intégré d'entrée fournit une quantité
contrdlée de courant de commande de la DEL tout en
tenant compte de la dégradation de !a sortie lumineuse
de la DEL. Le blindage interne permet de garantir une
immunité aux transitoires en mode commun de 1000 Vyus.

Tournez la page S.V.P.
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Valeurs limites absolues

fonCtl onnement (pas de correction jusqu'd 55°C)
recomma ndeeS Température de stockage . .......... —55°C 4 125°¢
Température de fonctionnement .. ... .. ~40°C 4 85°C

Température de soudage

Paramdtre Symbole| Min. | Max. | Unité desconducteurs .. ............. 260°C pendant 10 ¢
Tension d'alimentation vee | 45 | 20 \Y T ol “\;6 mm au-dessous du p“’“od; base)
S ension d'alimentation-VpQ . . . ........... 20V
Tensfon d'entrée basse ViL 0 08 v Courant moyen 3 lasortie-1g ...... —30mA 330 mA
Tension d'entrée haute ViH 2 20 v Créte du courant de sortie-1g ... .. 3 limitation interne
Température de T 0 70 °c Tensiondesortie-VQ . ............. -04V327v
fonctionnement A Tensiond’entrée - Vy............... -05vaaoyv
Tension de sortie Vo 0 27 Vv Dissipation & 'entrée - P . ............. 265 mW i1
Dissipation 3 lasortie-PQ . ............ 125 mW 2|
Courant de sortle ‘o 0 24 mA Dissipationtotale-P .. ............... 360 mw (31

Caractéristiques électriques

pour 0°C < TA < 70°C, 4,5 V < Vge < 20 V sauf indications contraires toutes les valeurs typiques

sont portées 3 Tao = 26°CetVec=5V

Paramétre Symbole] Min.| Typ.]| Max.| Unité Conditions de mesure Fig. | Nots

. . 181225 V |tlo=2mA

pension de sortie pour | vmo 22 v |ig=12ma |vi=2v 1,2
9 235 27| v |10=20mA
Courant de sortie en
court-circuit pour Isc 30 85 mA | Vi=2V,Vpo=5Vaz27Vv 4
1'état signal
Courant de sortie = =
pour I'état espace Iso 05| 1.t 2 mA | V=08V, V=27V 3
Courant d'entrée = =
niveau bas UTH -0,12] -0,32] mA | Vcc=20V, V=04V
T.enslon d'entrée viL 0,8 v
niveau bas
Tension d'entrée
niveau haut ViH 2 v
Courant d’entrée 20 HA | Vi _=_ 27V
niveau haut lH 100 | uA | Vi=55V
0,005} 250 | puA | V=20V
Courant d'alimentation ice 778 111 és ::2 xgg : gbs \y ovevi<2ov
Isolement . Humidité relative = 45% 6
entrée/sortie h-o V] A [ 14 =25°C,V).0 = 3000 Vee, t= 6 s 5
[ oproto | Viso |2500 VEFF| HR<50%,t=1mn 13 |
Résistance d’E/S R1.0 10"2 © | Vi.0 =500 Vee 5 |
Capacité d'E/S Ci.o 1 pF | f=1MHz, Vi9=0Vce 5
* Normes JEDEC
Notes :

2.

1. Réduire lindairement au-dessus d'une température de !‘air libre de 55°C & raison de 3.8 mW/°C. Une application adéquate des facteurs de

réduction évite que ia température de jonction du Cl dépasse 125°C pour une température ambiante de 85°C.

Reéduire linésirement su-dessus d'une température de I'sir libre de 70°C & raison de 2,3 mW/°C. Une puissance importante peut étré
dissipbe dans le circuit de sortie du HCPL-4100 su cours de la transition de I'¢tat ESPACE & {'état SIGNAL pendant |3 conduite d'une
charge capacitive ou d'une ligne de transmission de données. La dissipation moyenne pendant la transition peut étre estimée & 1'aide dé
I’équation suivante qui tient compte d'une charge capacitive : P = Igc (V5o + VMmQ)/2. La durée de cette transition peut étre estimée 3
t = CouT (V§0 — VMO!/ISC- Pour les applications typiques de conduite de paires torsadées de lignes de transmission avec des données
NRZ (voir figure 11}, 1a transition représente moins de 10% de la durée d'un bit.

. Réduire lindairement su-dessus & une température de I'air libre de 55°C & raison de 5,1 mW/°C.
. Le courant maximal circulant dans 1a sortie & I’état SIGNAL {Igc) est limité de facon interne pour protéger le dispositif. La durée dv

court-circuit de 18 sortie ne dépasse pes 10 ms,

. Le dispositif est considéré comme une unité &4 deux bornes, les broches 1, 2, 3 et 4 4tant reliées ensembie et les broches 5.6, 7 et B étsnt

aussi reliées ensemble.

. Cette spécification est également validée par I'application de 25600 Vca pendant 1 s.

Electronique et Informatique Industrielle
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-—1e

~Q MASSE
5

TABLE DE VERITE
(Logique positive)”®

W 1 Ve | Vo
Vol n ] E 1 -convenmion oe ta Boucte oe
H L H COURANT — H = SIGNAL "It - 12 mA,
it it (HAGTE IMPEDANCE) oS SERVICE
Caracteristiques
o SORTIE DES DONNEES COMPATIBLE
LSTTL, TTL ET CMOS

e VITESSE DE TRANSMISSION : 20 KBauds
SUR UNE LIGNE DE 1400 m

o PERFORMANCES GARANTIES ENTRE O ET
70°C

e SEUILS EN/HORS GARANTIS

e DEL PROTEGEE DES SURINTENSITES

e HYSTERESIS DE SEUIL A L'ENTREE

e SORTIE TROIS ETATS COMPATIBLE AVEC
LES BUS DE TRANSMISSION DE DONNEES

¢ BLINDAGE INTERNE FAVORISANT UNE
TRES BONNE REJECTION EN MODE
COMMUN

® AGREMENT UL (DOSSIER N° E55361)
POUR UNE TENSION D'ISOLEMENT
TESTEE A 1440 Vca PENDANT 1 mn ET
2500 Vca PENDANT 1 mn (OPTION 010)

¢ EGALEMENT DISPONIBLE : HCPL-4100,
EMETTEUR A BOUCLE DE COURANT
20 mA A COUPLAGE OPTIQUE

Applications

® MISE EN (EUVRE D'UN RECEPTEUR ISOLE
A BOUCLE DE COURANT 20 mA DANS :
les périphériques de systémes
informatiques
I'équipement industriel de commande
I"équipement de transmission de

données

DIMENSIONS EN MILLIMETRES ET (POUCES)

:
| RECEPTEUR | #17 "
[ﬁ,y g:g;,sg; A BOUCLE DE COURANT | -
HCPL-4200
COMPOSANTS A COUPLAGE OPTIQUE
b FICHE TECHNIQUE JANVIER 1986
' SCHEMA L seum DIMENSIONS | o
“sw i3 %_g:zg‘—;;—: N
— I B T M | ]
RS — () B R M
X : 5{ Qo U_W ‘T.Asﬂmsm 1 _L 5 fyp‘;
. sroce i =
2 :gt eVe —-I o 1.78 (.070) MAX. f
BLINDAGE | MAX.

n t E N Vee 3

l 4.70 (.185) MAX,
E [ Vol?

(YN YT 7]
X 051(.020)

| ! MIN. E NC Ve :_5_-]

~ H ‘O“(‘n—siﬁz;.nsmm. [: D

076030 ¢ Ii=065(025 MAX. ¢|NC  wassel s
140 (065) | oo — 2281090
2.80{.110}
Description

Le photocoupleur HCPL-4200 est congu pour travailler
comme récepteur dans des équipements comportant une
boucte de courant 20 mA. Traditionnellement, les systé-
mes a boucle de courant 20 mA signalent un état logique
haut en transmettant 20 mA de courant de boucle
(SIGNAL) et un état bas en ne laissant pas passer un
courant de boucle (ESPACE) dépassant quelques
milliampéres. Le couplage optique du signal de la boucle
de courant 20 mA 2a la sortie logique interrompt les
boucies de masse et garantit une trés bonne réjection en
mode commun. Le HCPL-4200 facilite le processus de
conception en permettant au technicien de disposer de
seuils garantis pour les états logiques hauts et logiques
bas pour la boucle de courant, constituant une interface
logique compatible LSTTL, TTL ou CMOS et assurant une
bonne réjection en mode commun. Le circuit tampon du
cote boucle de courant du HCPL-4200 fournit typiquement
un hystéresis de 0.8 mA qui accroit I'immunité aux bruits
en mode commun et en mode différentiel. Le tampon
fournit également une quantité controlée de courant de
commande de la DEL tout en tenant compte de la dégrada-
tion de la sortie lumineuse de la DEL. Le blindage interne
permet de garantir une immunité aux transitoires en mode
commun de 1000 V/ys.

Electronique et Informatique Industrielle

Tournez la page S.V.P.




Documents constructeur

page 62/72

Conditions de Valeurs limites absolues
fO”Ct'Onnement {pas de correction jusqu’a 70°C)
14
recomn |andees Température de stockage . ......... — 55°C & + 125°C
" Température de fonctionnement . . . .. — 40°C a + 85°C
Paramaét Symbole| Min.|Max.| Unité
the ym ! Température de soudage .. ........ 260°C pendant 10 s
Tension d'alimentation vee 451 20 v (1.6 mm en dessous du plan d’'assise)
Courant direct & 'entrée Tension d’alimentation, VCC . ... .......... Ovaaov
(ESPACE) Isi o 2 mA Courant moyen & I'entrée, Iy . ... ... ~30mA a+ 30 ma
L - . Y
Courant direct & 'entrée | 14 | 24 A Créte' de transftour.ca d? (foura'm alentrée, 1| ...... .0,5 Al
(SIGNAL) Mi m Tension de validation & I'entrée, VE . ... ... -05Va+20vV
Tensionde sortie, VO .. ............... -05Va+20v
X t 3
Température de fonctionne TA L L < Courant moyen de sortie, 10 .. ................ 25 mA
Sortance N 0 4 |[Charge TTQ Dissipation a l'entrée, Py . ... ............... 90 mw!2)
Tension de validation v o | os v Dissipation en sortie, PO . . ............... 210 mwidl
iogique bas EL ’ Dissipation, P . .. ... .. ... ... ... 255 mwi4l
Tension de validation
iogique haut VEH 2 20 v
- . ’ N
Caractéristiques électriques
Pour °CS TAS 70°C: 45 VEVCC=20V:VE=08YV;
sauf indication Eontraire, toutes les valeurs sont typiques dans les conditions suivantes : Ta = 25°C; Ve =5 V.
Parambtre Symbole | Min. | Typ. | Max. | Unité Conditions de mesure Figure| Note
Courant d'entrée pour |'état signal M 12 mA 1,2.3
Tension d’entrée pour I'état signal Vi 2,521 2,75 v 1| =20 mA Vg = Indifférent 3.4
Courant d'entrée pour |'état espace Isy 3 mA 1.2, 3
Tension d’entrée pour i'état espace Vsl 1.6 2,2 \' =0542mA Vg = Indifférent 1.3
Courant d’hystérésis 3 'entrée IHYS 0.3 0.6 mA 1
Tension de sortie logique basse VoL 0.5 loL= 6.4mA (4 portes TTL), I} = 3mA
Tension de sortie logique haute VOH 2,4 A 1OH = 2.6 mA IF=12 mA
Courant de fuite en sortie 10HH 100 | yA | Vo=55V 1| =20 mA
(Vour > Vo) 500 pA Vo=20V Vee=45V
Tension de validation logique haut VEH 2 v
Tension de validation logique bas VEL 0.8 \'
20 | pA | VE=27V
Courant de validation logique haut [47] 100 A VE=55V
0,004| 250 pA VE=20V
Courant de validation logique bas IEL —0.32y mA | VE=04V
. a5 6 | ma|vee=55Vv (=0 mA
Courant d’alimentation togique bas lccL .
9 5.25 7.5 mA | Vec=20V Vg = Indifférent
. . ) 2.7 45 mA | Voc=5.5 I = 20 mA
Courant d'alimentation logique haut iccH 31 s mA | Vec=20V Vg = Indifférent
lozL -20| pA | Vo=04vV VE=2V, I|=20mA
Courant de sortie 20 pA | Vo=24V VE=2V
état haute impédance 10ZH 100 Iy Vo=55V E !
ly=0mA
500 | pA | Vo=20V
Courant de sortie logique bas losL 25 mA | Vg =Vcc=5.5V I1=0mA
en court circuit 40 mA VO = Ve = 20V 5
Courant de sortie logique haut | -10 mA | Vcc=55V | =20 mA 5
en court circuit OSH —25 mA | vec=20V Vo = Masse
. . - Humidité relative = 45%, t =5 g,
isolement d'entrée/sortie -0 1 pA V1.0 = 3 kVec, TA = 25°C 6,7
[ OPT 010 Viso 2500 VEFF | Humidité relative S50%, t =1 mn 14 |
Résistance d'entrée/sortie Ri.0 .10 Q V1.0 = 500 Vce 6 ]
Capacité d’'entrée/sortie Ci.o 1 pF f=1MHz V.0 =0 Vcc L
Capacité d'entrée CIN 120 pF f=1 MHz Vi =0 Vcc, broches 1 at 2| _J
* Normes JEDEC

Electronique et Informatique Industrielle
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Microprocessor-Compatible
12-Bit D/A Converter

ADGGT*

FEATURES
Complete 12-Bit D/A Function
Double-Buffered Latch
On Chip Output Amplifier
High Stability Buried Zener Reference
Single Chip Construction
Monotonicity Guaranteed Over Temperature
Linearity Guaranteed Over Temperature: 1/2 LSB max
Settling Time: 3 ps max to 0.01%
Guaranteed for Operation with =12V or =15V
Supplies
Low Power: 300 mW Including Reference
TTL/5 V CMOS Compatible Logic Inputs
Low Logic Input Currents
MIL-STD-883 Compliant Versions Available

PRODUCT DESCRIPTION

The AD667 is a complete voltage output 12-bit digital-to-analog
converter including a high stability buried Zener voltage refer-
ence and double-buffered input latch on a single chip. The
converter uses 12 precision high speed bipolar current steering
switches and a laser trimmed thin-film resistor network to pro-
vide fast settling time and high accuracy.

Microprocessor compatibility is achieved by the on-chip double-
buffered latch. The design of the input latch allows direct inter-
face to 4-, 8-, 12-, or 16-bit buses. The 12 bits of data from the
first rank of latches can then be transferred to the second rank,
avoiding generation of spurious analog output values. The latch
responds to strobe pulses as short as 100 ns, allowing use with
the fastest available microprocessors.

The functional completeness and high performance in the
AD667 results from a combination of advanced switch design,
high speed bipolar manufacturing process, and the proven laser
wafer-trimming (LWT) technology. The AD667 is trimmed at
the wafer level and is specified to #1/4 LSB maximum linearity
error (K, B grades) at +254C and #1/2 LSB over the full operat-
ing temperature range.

The subsurface (buried) Zener diode on the chip provides a low
noise voltage reference which has long-term stability and tem-
perature drift characteristics comparable to the best discrete ref-
erence diodes. The laser trimming process which provides the
excellent linearity, is also used to trim the absolute value of the
reference as well as its temperature coefficient. The AD667 is
thus well suited for wide temperature range performance with
4£1/2 LSB maximum linearity error and guaranteed monotonic-
ity over the full temperature range. Typical full-scale gain TC is
5 ppm/4C.

*Protected by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473;
4,020,486; and others pending.

REV. A

Information furnished by Analog Devices is helieved to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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FUNCTIONAL BLOCK DIAGRAM

] nse
D811 = amee DSBS D8Y wem DB 043 = DB
L.0.0.0 24 X 1) 23 (21 .0 0. W
a (1
a2 (i3 4MTE 4AMTS 4TS
1) 20VEraAN
at (8 -
a0 (12 7) Yoveran
12-8(T PARALLE (-] I e
a3 (32 A LLEL LA 3) sumxr
[TTT FTTTT TTIT oureur
REF 199557 AP
w (@ 12817 WIGN PEED DAC
») Vour
REF ow TC .06 4) GO
our ¢ REFEACNCE ADSS?
4) WPOFF
D i) g
Ve POWER -V
ane

The AD667 is available in five performance grades. The
AD667) and K are specified for use over the 04C to +704C tem-
perature range and are available in a 28-pin molded plastic DIP
(N) or PLCC (P) package. The AD667S grade is specified for
the ~554C to +1254C range and is available in the ceramic DIP
(D) or LCC (E) package. The AD667A and B are specified for
use over the ~254C to +854C temperature range and are avail-
able in a 28-pin hermetically sealed ceramic DIP (D) package.

PRODUCT HIGHLIGHTS
1. The AD667 is a complete voltage output DAC with voltage
reference and digital latches on a single IC chip.

2. The double-buffered latch structure permits direct interface
to 4-, 8-, 12-, or 16-bit data buses. All logic inputs are TTL
or 5 volt CMOS compatible.

3. The internal buried Zener reference is laser-trimmed to 10.00
volts with a #1% maximum error. The reference voltage is
also available for external application.

4. The gain setting and bipolar offset resistors are matched to
the internal ladder network to guarantee a low gain tempera-
ture coefficient and are laser-trimmed for minimum full-scale
and bipolar offset errors.

5. The precision high speed current steering switch and on-board
high speed output amplifier settle within 1/2 LSB fora 10 V
full-scale transition in 2.00s as when properly compensated.

6. The AD667 is available in versions compliant with MIL-
STD-883. Refer to the Analog Devices Military Products
Databook or current AD667/883B data sheet for detailed
specifications.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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AD 6 B 7"'8 P EC ”: lCATI U Ns (@ T, =+25°C, 12V, 215V power supplies unless otherwise noted)

Model ADG667] AD667K
Min Typ Max Min Typ Max Units
DIGITAL INPUTS
Resolution 12 12 Bits
Logic Levels (TTL, Compatible, Ty -Tuax)'
Vg (Logic “1") +2.0 +5.5 +2.0 +5.5 v
Vi (Logic “07) 0 +0.8 0 +0.8 v
Iy (Vig = 5.5 V) 3 10 3 10 1A
Ip (V.= 0.8V) ! 5 ! S LA
TRANSFER CHARACTERISTICS
ACCURACY
Linearity Error @ +254C +1/4 E3VH] £1/8 +1/4 LSB
Ta = Ty 10 Tyax i1 +3/4 f1/4 12 LSB
Differential Linearity Error @ +254C /2 304 £1/4 112 LSB
Ty =Ty to Tyax Monotonicity Guaranteed Monotonicity Guaranteed LSB
Gain Error? 401 £0.2 401 £0.2 % FSR?
Unipolar Offset Error? i %2 41 *2 LSB
Bipolar Zero® £0.05 +0.1 £0.05 0.1 % of FSR
DRIFT
Differential Linearity 42 i2 ppm of FSR/KC
Gain (Full Scale) T4 = 254C 1o Tyn or Tyax 43 430 &5 415 ppm of FSR/4C
Unipolar Offset Ty = -254C 10 Ty or Tyax i i3 43 ppm of FSR/AC
Bipolar Zero Ty = 254C to Ty or Tyayx i3 £10 410 ppm of ESR/C
CONVERSION SPEED
Settling Time to £0.01% of FSR for
FSR Change (2 kI 500 pF Load)
with 10 kI Feedback 3 4 3 4 0s
with 5 kI Feedback 2 3 2 3 Is
For LSB Change 1 1 s
Slew Rate 10 10 Vs
ANALOG OUTPUT
Ranges® £2.5, 45, £10, 425, 45, £10, v
+3,+10 +5, +10
Output Current i5 43 mA
Output Impedance (DC) 0.05 0.05 ]
Short Circuit Current 40 40 mA
REFERENCE OUTPUT 9.90 10.00 10.10 9.90 10.00 10.10 v
External Current 0.1 1.0 0.1 1.0 mA
POWER SUPPLY SENSITIVITY
Vee=+11.4 Vo +16.5 V dc 3 10 5 10 ppm of FS/%
Vee = -11.4 V1o -16.5 V dc 5 10 5 10 ppm of FS/%
POWER SUPPLY REQUIREMENTS
Rated Voltages H12,415 12,415 v
Range’ £11.4 £16.5 £11.4 +16.5 v
Supply Current
+11.4 Vo +16.5 Vdc 12 8 12 mA
-11.4 Vo -16.5Vdc 20 25 20 25 mA
TEMPERATURE RANGE
Specification 0 +70 0 +70 iC
Storage -63 +125 -65 +125 iC
NOTES
YThe digital input specifications are 100% tested at +254C, and guaraniced but not tested over the full tem perature range.
*Adjustable 10 zero.
'FSR means “Full-Scale Range” and is 20 V for £10 V range and 10 V for the £5 V range.
‘A minimum power supply of £12.5 V is required fora 410 V full-scale output and 411.4 V is required for sll other voltage ranges.
Specifications subject to change withoul notice, ABSOLUTE MAXIMUM RATINGS
Specifications shown in boldface are tested on all prOdI{Clion ur.xi(s at finale}ecrlrical VCC 10 Power Ground . .ooon o 0Vto+18V
test. Results from those tests are used 1o calculate outgoing quality levels. Allmin and
max specifications are guaranteed, alihough only those shown in boldface are tested VEE to Power Ground ...................L 0Vio-18V
on all production units. D igital Inputs (Pins 11-15, 17—28)
TIMING SPECIFICATIONS lfoIPowe}{ (f}roundd - .d ............... 1.0V to +47.0 \
(All Models, T, = +254C, Vec = #12 V or +15 V, Vg = -12V or -15 V) Refln to Reference Ground ... 12v
UL AL v R Bipolar Offset to Reference Ground ................ #12V
Symbol | Parameter Min  Typ Max 10 V Span R to Reference Ground .. ............... 412V
toc Data Valid to End of CS. 50 _ _ s 20 VSpanRto R‘efercncc Ground‘.‘ ................ £24V
the Address Valid to End of CS. 100 _ ns Ref Out, Voyr (Pins 6, 9) . . Indefinite Short to Power Ground
ter TS Pulse Width 100 - DS e Momentary Short to V¢
ton Data Hold Time 0 - - ns Power Dissipation ........ ... ... ... ... ... .. 1000 mW
tSETT Output Voltage Settling Time - 2 4 s

Electronique et Informatique Industrielle
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Model ADG6TA AD667B AD667S
Min Typ Max Min Typ Max Mio Typ Max Units
DIGITAL INPUTS
Resolution 12 12 12 Bits
Logic Levels (TTL, Compatible, Tyn-Tyax)!
Vi (Logic “I”) +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 v
V. (Logic “07) 0 +0.8 0 +0.8 0 +0.7 v
Iy (Vig = 5.5 V) 3 10 3 10 3 10 1A
In (Vie=0.8V) 1 5 1 5 1 S 1A
TRANSFER CHARACTERISTICS
ACCURACY
Linearity Error @ +254C +1/4 112 118 *1/4 i1/8 +1/2 LSB
Ta= T 10 Tyax £1712 314 4114 12 41/8 +3/4 LSB
Differential Linearity Error @ +25 4 in +3/4 4114 102 114 +3(4 LSB
Ta=Tyx 10 Tyax Mouootonicity Guaranteed|{ Monotonicity Guaranteed Monotonicity Guaranteed LSB
Gain Error? £0.1 £0.2 £0.1 £0.2 401 0.2 % FSR?
Unipolar Offset Error? £l +2 il £2 il £2 'LSB
Bipolar Zero® 40.05 $0.1 £0.05 +0.1 £0.05 0.1 % of FSR
DRIFT
Differential Linearity 42 2 42 ppm of FSR/4C
Gain (Full Scale) Ty = 254C 10 Tyx or Tyax 5 £30 415 415 +30 ppm of FSR/4C
Unipolar Offset T, = 254C to Tax or Taax 41 43 43 £3 ppm of FSR/&C
Bipolar Zero Ty = 254C 10 Tyx or Tyax 5 £10 {10 +10 ppm of FSR/&C
CONVERSION SPEED
Settling Time to £0.01% of FSR for
FSR Change (2 ki [[500 pF Load)
with 10 kI Feedback 3 4 3 4 3 4 Is
with 5 kI Feedback 2 3 2 3 2 3 s
For LSB Change 1 1 1 s
Slew Rate 10 10 10 VAs
ANALOG OUTPUT
Ranges® £2.5, 45, 410, £2.5, 45,410, 2.5, 45, 410, \%
+5,+10 +35,+10 +5, +10
Output Current 5 5 5 mA
Output Impedance (DC) 0.05 0.05 0.05 ]
Short Circuit Current 40 40 40 mA
REFERENCE OQUTPUT 9.90 10.00 10.10 9.90 10.00 10.10 9.90 10.00 10.10 v
External Current 1 1.0 0.1 1.0 1.0 mA
POWER SUPPLY SENSITIVITY
Vec=+11.4V 10 +16.5 V dc 5 10 5 10 5 10 ppm of FS/%
Veg = -11.4 Vw0 -16.5 Vdc 5 10 5 10 5 10 ppm of FS/%
POWER SUPPLY REQUIREMENTS
Rated Voliages 412,415 £12, 415 412, 415 v
Range! £11.4 *16.5] *11.4 *16.5 +11.4 *16.5 v
Supply Current
+11.4Vio +16.5V dc 8 12 8 12 8 12 mA
-11.4 Vio-16.5Vdc 20 25 20 25 20 25 mA
TEMPERATURE RANGE
Specification -25 +85 ~25 +85 -55 +125 i
Storage -635 +150 -65 +150 -65 +150 iC
TIMING DIAGRAMS WRITE CYCLE #2
WRITE CYCLE #1 (Load Second Rank from First Rank; A2, A1, A0 =1)
(Load First Rank from Data Bus; A3 = 1)
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ANALOG CIRCUIT CONNECTIONS

Internal scaling resistors provided in the AD667 may be connected
to produce bipolar output voltage ranges of £10,15 or +2.5 V or
unipolar output voltage rangesof 0 Vio +5Vor0 Vo +10 V.

Gain and offset drift are minimized in the AD667 because of the
thermal tracking of the scaling resistors with other device com-
ponents. Connections for various output voltage ranges are
shown in Table L.

993N +]eroLan
v OFFSET

@ AGND

10V SPAN =

SUMMING
JUNCTION

FROM WEIGHTED

Figure 1. Output Amplifier Voltage Range Scaling Circuit

UNIPOLAR CONFIGURATION (Figure 2)

This configuration will provide a unipolar 0 volt to +10 volt out-
put range. In this mode, the bipolar offset terminal, Pin 4, should
be grounded if not used for trimming.

ouTPUY

[R(]
+10V

Figure 2. 0 Vto +10 V Unipolar Voltage Output

STEPI...ZERO ADJUST

Turn all bits OFF and adjust zero trimmer R1, until the output
reads 0.000 volts (1 LSB = 2.44 mV). In most cases this trim is
not needed, and Pin 4 should be connected to Pin 5.

STEPII... GAIN ADJUST

Turn all bits ON and adjust 100 Q gain trimmer R2, until the
output is 9.9976 volts. (Full scale is adjusted to 1 LSB less than
nominal full scale of 10.000 volts.)

BIPOLAR CONFIGURATION (Figure 3)

This configuration will provide a bipolar output voltage from
-5.000 to +4.9976 volts, with positive full scale occurring with
all bits ON (all 1s).

STEPI...OFFSET ADJUST

Turn OFF all bits. Adjust 100 Q trimmer R1 to give -5.000
volts output.

STEPII...GAIN ADJUST

Turn ON all bits. Adjust 100 Q gain trimmer R2 to give a read-
ing of +4.9976 volts.

Electronique et Informatique Industrielle
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ADG67 1
POWER
“Va GND
T
Figure 3. £5 V Bipolar Voltage Output
INTERNAL/EXTERNAL REFERENCE USE '

The AD667 has an internal low noise buried Zener diode refer-
ence which is trimmed for absolute accuracy and temperature
coefficient. This reference is buffered and optimized for use in a
high speed DAC and will give long-term stability equal or superior
to the best discrete Zener reference diodes. The performance of
the AD667 is specified with the internal reference driving the
DAC since all rimming and testing (especially for full-scale
error and bipolar offset) is done in this configuration.

The internal reference has sufficient buffering to drive external
circuitry in addition to the reference currents required for the
DAC (typically 0. 5 mA to RefIn and 1.0 mA to Bipolar Off-
set). A minimum of 0.1 mA is available for driving external
loads. The AD667 reference output should be buffered with an
external op amp if it is required to supply more than 0.1 mA
output current. The reference is typically trimmed 10 £0.2%,
then tested and guaranteed to £1.0% max error. The tempera-
ture coefficient is comparable to that of the full-scale TC for a
particular grade.

If an external reference is used (10.000 V, for example), addi-
tional trim range must be provided, since the internal reference
has a tolerance of £ 1%, and the AD667 full-scale and bipolar
offset are both trimmed with the internal reference. The gain
and offset trim resistors give about £0.25% adjustment range,
which is sufficient for the AD667 when used with the internal
reference.

It is also possible to use external references other than 10 volts.
The recommended range of reference voltage is from +8 to

+11 volts, which allows both 8.192 V and 10.24 V ranges to be
used. The AD667 is optimized for fixed-reference applications.
If the reference voltage is expected to vary over a wide range in a
particular application, a CMOS multiplying DAC is a better
choice.

Reduced values of reference voltage will also permit the 12
volt £ 5% power supply requirement to be relaxed to 12 volts
t10%.

Itis not recommended that the AD667 be used with external
feedback resistors to modify the scale factor. The internal resis-
tors are trimmed to ratio-match and temperature-track the other
resistors on the chip, even though their absolute tolerances are
+20%, and absolute temperature coefficients are approximately
-50 ppm/°C. If external resistors are used, a wide trim range
(£20%) will be needed and temperature drift will be increased
to reflect the mismatch between the temperature coefficients of
the internal and external resistors.

Tournez la page S.V.P.
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Small resistors may be added to the feedback resistors in order
to accomplish small modifications in the scaling. For example, if
2 10.24 V full scale is desired, a 140 Q 1% low TC metal-film
resistor can be added in series with the internal (nominal) 5k
feedback resistor, and the gain trim potentiometer (between
Pins 6 and 7) should be increased to 200 Q. In the bipolar
mode, increase the value of the bipolar offset trim potentiometer
also to 200 Q.

GROUNDING RULES

The AD667 brings out separate analog and power grounds to
allow optimum connections for low noise and high speed perfor-
mance. These grounds should be tied together at one point,
usually the device power ground. The separate ground returns
are provided to minimize current flow in low level signal paths.

The analog ground at Pin 5 is the ground point for the output
amplifier and is thus the “high quality” ground for the AD667;
it should be connected directly to the analog reference point of
the system. The power ground at Pin 16 can be connected to
the most convenient ground point; analog power return is
preferred. If power ground contains high frequency noise be-
yond 200 mV, this noise may feed through the converter, thus
some caution will be required in applying these grounds.

It is also important to apply decoupling capacitors properly on
the power supplies for the AD667 and the output amplifier. The
correct method for decoupling is to connect a capacitor from
each power supply pin of the AD667 to the analog ground pin
of the AD667. Any load driven by the output amplifier should
also be referred to the analog ground pin.

OPTIMIZING SETTLING TIME

The dynamic performance of the AD667’s output amplifier can
be optimized by adding a small (20 pF) capacitor across the
feedback resistor. Figure 4 shows the improvement in both
large-signal and small-signal settling for the 10 V range. In Fig-
ure 4a, the top trace shows the data inputs (DB11-DBO tied to-
gether), the second trace shows the CS pulse (A3-A0 tied low),
and the lower two traces show the analog outputs for Cg = 0 pF
and 20 pF respectively.

Figures 4b and 4c show the settling time for the transition from
all bits on to all bits off. Note that the settling time to £1/2 LSB
for the 10 V step is improved from 2.4 microseconds to 1.6 mi-
croseconds by the addition of the 20 pF capacitor.

Figures 4d and 4e show the settling time for the transition from
all bits off to all bits on. The improvement in settling time
gained by adding C¢ = 20 pF is similar.

[

Vour. 1OV Cy <2008

Vour. 19V, Coo 4pF

a. Largé Scale Settling
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Vous, SVOIV

b. Fine-Scale Settling, Cr = 0 pF

Voun. VDNV
/ol k]

e. Fine-Scale Settling, Cr = 20 pF
Figure 4. Settling Time Performance

DIGITAL CIRCUIT DETAILS

The bus interface logic of the AD667 consists of four indepen-
dently addressable registers in two ranks. The first rank consists
of three four-bit registers which can be loaded directly from a
4-, 8-, 12-, or 16-bit microprocessor bus. Once the complete
12-bit data word has been assembled in the first rank, it can be
loaded into the 12-bit register of the second rank. This
double-buffered organization avoids the generation of spurious
analog output values. Figure 5 shows the block diagram of the
AD667 logic section.

The latches are controlled by the address inputs, A0-A3, and
the CS input. All control inputs are active low, consistent with
general practice in microprocessor systems. The four address
lines each enable one of the four latches, as indicated in Table II.

All latches in the AD667 are level-triggered. This means that
data present during the time when the control signals are valid
will enter the latch. When any one of the control signals returns
high, the data is latched.

Tournez la page S.V.P.
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12817 PARALLEL LATCH

111 11}

12807 HIGH SPEED DAC

J
I

* VYo POWEA Ve
GNO
Figure 5. AD667 Block Diagram
It is permissible to enable more than one of the latches simulta-
neously. If a first rank latch is enabled coincident with the sec-

ond rank latch, the data will reach the second rank correctly if
the “WRITE CYCLE #1” timing specifications are met.

Table II. AD667 Truth Table

CS A3 A2 Al A0 |Operation

1 X X X X [ No Operation

X 1 1 1 1 No Operation

0 1 1 1 0 Enable 4 LSBs of First Rank

0 1 1 0 1 Enable 4 Middle Bits of First Rank
0 1 0 1 1 Enable 4 MSBs of First Rank

0 0 1 1 1 Loads Second Rank from First Rank
0 0 0 0 0 All Latches Transparent

“X” = Don’t Care.

INPUT CODING

The AD667 uses positive-true binary input coding. Logic “1” is
represented by an input voltage greater than 2.0 V and Logic
“0” is defined as an input voltage less than 0.8 V.

Unipolar coding is straight binary, where all zeroes (000,) on
the data inputs yields a zero analog output and all ones (FFFy)
yields an analog output 1 LSB below full scale.

Bipolar coding is offset binary, where an input code of 000y
yields a minus full-scale output, an input of FFFy yields an out-

put 1 LSB below positive full scale, and zero occurs for an inputs

code with only the MSB on (800;).

The AD667 can be used with twos complement input coding if
an inverter is used on the MSB (DB11).

DIGITAL INPUT CONSIDERATIONS

The threshold of the digital input circuitry is set at 1.4 volts and
does not vary with supply voltage. The input lines can thus in-
terface with any type of 5 volt logic. The configuration of the in-
put circuit is shown in Figure 6.

DIGITAL
INPUTS
{PINS 11 - 15
AND 17 - 28)

T0 LOGIC
POWER
GROUND

Figure 6. Equivalent Dig-/tallnput Circuit

Electronique et Informatique Industrielle

The AD667 data and control inputs will float to a Logic 0 if left
open. It is recommended that any unused inputs be connected
to power ground to improve noise immunity.

Fanout for the AD667 is 100 when used with a standard low
power Schottky gate output device.

8-BIT MICROPROCESSOR INTERFACE

The AD667 interfaces easily to 8-bit microprocessor systems of
all types. The control logic makes possible the use of right- or
left-justified data formats.

Whenever a 12-bit DAC is loaded from an 8-bit bus, two bytes
are required. If the program considers the data to be a 12-bit
binary fraction (between 0 and 4095/4096), the data is left-
justified, with the eight most significant bits in one byte and the
remaining bits in the upper half of another byte. Right-justified
data calls for the eight least significant bits to occupy one byte,
with the 4 most significant bits residing in the lower half of an-
other byte, simplifying integer arithmetic.

[o811]os10] oea [ oes | os7 [ oee | oes | o84 |

[oss Joez [oerJoso | x [ x [ x [ x|
8. Left Justified

[>T x ] x [ x Josn]oetw] ces| oes|

{087 oss [ oes | oes [ oaa [ pe2 ] pe1] oso |

b. Right Justified
Figure 7. 12-Bit Data Formats for 8-Bit Systems

Figure 8 shows an addressing scheme for use with an AD667 set
up for left-justified data in an 8-bit system. The base address is
decoded from the high-order address bits and the resultant
active-low signal is applied to CS. The two LSBs of the address
bus are connected as shown to the AD667 address inputs. The
latches now reside in two consecutive locations, with location
X01 loading the four LSBs and location X 10 loading the eight
MSBs and updating the output.

o7 DB11 (MSB)
06 0810
0s 1)
o4 088
03 087
D2 DB6
01 085
Do DB4
oe3
082
_ o8t
wa _—_J 08O {LSB)

a5
! | _
ADDRESS
! DECODER cs
Az

Al
—F

Figure 8. Left-Justified 8-Bit Bus Interface

A0
Al
A2
A3
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Right-justified data can be similarly accommodated. The over-
lapping of data lines is reversed, and the address connections
are slightly different. The AD667 still occupies two adjacent
locations in the processor’s memory map. In the circuit of Fig-
ure 9, location X01 loads the 8 LSBs and location X 10 loads
the 4 MSBs and updates the output.

DB11 (MSB)
0B10
D89
pes
D7 DB?
[o]] 0B6
DS [s]:1]
D4 [s]:73
D3 [o]:%]
D2 0B2
D1 pe1
Do DBO (LSB)
WR
AE 3 AD667
]
| H sms] =
A2

Al ———t AQ
Al
A0 _.________—_t A2
A3

Figure 9. Right-Justified 8-Bit Bus Interface

USING THE AD667 WITH 12- AND 16-BIT BUSES
The AD667 is easily interfaced to 12- and 16-bit data buses. In
this operation, all four address lines (A0 through A3) are tied

page 69/72

low, and the latch is enabled by CS going low. The AD 667 thus
occupies a single memory location.

This configuration uses the first and second rank registers
simultaneously. The CS input can be driven from an active-low
decoded address. It should be noted that any data bus activity
during the period when CS is low will cause activity at the
AD667 output. If data is not guaranteed stable during this
period, the second rank register can be used to provide double
buffering.

[s23} ———J

D811 {MSB)

PIT p—————— 711
09 pes
D8 pes
07 =——————o—— {87
0§ ——————————{DB8 |
05 o8BS
Y J——— | -7
D3 083
D2 D82
D1 D81

00 —————— D80 (LsSh)

At
! ADDRESS
H DECODER
a0

&9

Figure 10. Connections for 12- and 16-Bit Bus Interface

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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PRELIMINAR

LM675 Power Operational Amplifier

General Description

The LM675 is a menolithic power operaticnal amplifier fea-
turing wide bandwidth and low input offset voltage, making it
equally suitable for AC and DC applications.

The LM675 is capable of delivering output currents in 2x-
cess of 3 amps, operating at supply voitages of up to §0V.
The device overload protection consists of both internal cur-
rent limiting and thermal shutdown. The amplifier is also in-
ternally compensated for gains of 10 or greater.

Features

& 3A current capability

Ayo typicaly 90 dB

5.5 MHz gain bandwidth product
8 V/us slew rate

Wide power bandwidth 70 kHz

3 1 mV typical offset voltage

Short circuit protection

Thermal protection with parole circuit (100% tested)
18V-60V supply range

Wide common mode range

internal output protection diodes

90 dB ripple rejection

Plastic power package TO-22C

Applications '
& High performance power op amp

8 Bridge amplifiers

B Motor speed controls

a Servo amplifiers

® Instrument systems

Connection Diagram

TO-220 Power Package (T)

ST T 35 Ve

4T T > ouTput
Q 1T -V

T T N

[ S— — — ]

TL/H/6739-1
Front View
Order Number LM675T

See NS Package T05B

Electronique et Informatique Industrielle

Typical Applications

Non-inverting Amplifier

+ Ve

AL
40-80

TL/H/6739
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature

page 71/72

Operating Temperature

0°Cto +70°C
—65°Cto +150°C

Junction Temperature 150°C
Supply Voltage =30V Power Dissipation (Note 1) 30W
Input Voltage —VestoVee Lead Temperature (Soldering, 10 seconds) 260°C
ESD rating to be determined.

Electrical Characteristics vg= =25V, To=25C uniess otherwise specified.

! Parameter % Conditions Typical Tested Limit Units

‘ Supoly Current | Pour = OW 18 50 (max) mA

% Input Offset Voltage | Vem=o0v 1 10 (max) mv

’ Input Bias Current Veum = 0V 0.2 2 (max) nA
Incut Otfset Current Veom = 0V 50 500 (max) nA
Open Loop Gain | R ==n 90 70 (min) 'dB

| -PSAR | AVg = %5V 90 70 (min) dB
CMRR ViN = =20V 90 70 (min) dB
Output Voltage Swing RL =80 +21 +18 (min) \"
Ctfset Voitage Dritt Versus Temperature Rg < 100 kQ 25 uVv/°C
Offset Voltage Crift Versus Output Power 25 uV/W
Cutput Power THD = 1%, fo = 1 kHz, R = 8Q 25 20 w
Gain Bandwidth Product fo = 20 kHz, AycL = 1000 5.5 MHz
Max Slew Rate 8 V/ps
Input Common Mode Range +22 +20 (min) \

]

+16V — + 350V

Typical Applications (continued)

Generating a Split Supply From a Single Supply

22 g

<

AAA

K

Electronique et Informatique Industrielle

VWV

1k

+

LM675

15k

>4 <+ GND

0.22 WF
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Vg = =8V — =30V

TL/H/6739-3

Note 1: Assuines Ta 2qual to 70°C. For operation at higher tab temperatures, the LM675 must be derated based on a maximum junction temperature of 150°C.
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SUPPLY VOLTAGE (2V)

SUPPLY VOLTAGE (+V)
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