ANALOG
DEVICES

FEATURES
AC Characterized and Specified
200k Conversions per Second
1MHz Full Power Bandwidth
500kHz Full Linear Bandwidth
72dB S/N+D (K Grade)
Twos Complement Data Format (Bipolar Mode)
Straight Binary Data Format (Unipolar Mode)
10M£2 Input Impedance

it or 16-Bit Bus Interface

companblc bus 1nttrfact. a \ulragc reference and Ll{)
tion circuitry.

This product is fabricated on Analog Devices’ BIMOS process,
combining low power CMOS logic with high precision, low
noise bipolar circuits; laser-trimmed thin-film resistors provide
high accuracy. The converter utilizes a recursive subranging
algorithm which includes error correction and flash converter
circuitry to achieve high speed and resolution.

The AD1678 is specified for ac (or “dynamic™) parameters such
as S/N+D ratio, THD and IMD. These parameters are impor-
tant in signal processing applications as they indicate the
ADI1678’s effect on the spectral content of the input signal.The
AD1678 offers a choice of digital interface formats; the 12 data
bits can be accessed by a 16-bit bus in a single read operation or
by an 8-bit bus in two read operations (8+4), with right or left
justification. Data format is straight binary for unipolar mode
and twos complement binary for bipolar mode. The input has a
full-scale range of 10V with a full power bandwidth of 1 MHz
and a full linear bandwidth of 500kHz. High input impedance
(10M€) allows direct connection to unbuffered sources without
signal degradation.

The AD1678 operates from +5V and +12V supplies and dissi-
pates 600mW. A 28-pin plastic DIP and a 0.6" wide ceramic
DIP are available. Contact factory for surface-mount package
options.

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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12-Bit 200KSPS
Sampling ADC

AMPLITUDE-dB

out, and the choice of single or two read cycle output pro-
vides compatibility with 16- or 8-bit buses. Factory trimming
eliminates the need for calibration modes or external trim-
ming to achieve rated performance.

4, RELIABILITY: The AD1678 utilizes Analog Devices’
monolithic low power BiMOS technology. This ensures long
term reliability compared to multichip and hybrid designs.

One Technology Way; P.O. Box 9106; Norwood, MA 02062-9106
Tel: 617/329-4700 TWX: 710/394-6577
West Coast Atlantic
714/641-9391 215/643-7790

Central
214/231-5094
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AC SPEB I FI CATIUNS (T 10 Taw Vee=—+12V, Veg=—12V, Vpp=+5V, fsuupc=200KSPS, f,, = 10.06kHz)’

AD1678] ADI1678K
Moclel Min Typ  Max Min Typ Max Units
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO?

@ +25°C 70 71 7 73 dB
T,... 10 Topa 70 71 n 73 dB
"TOTAL HARMONIC DISTORTION (THD)® '
@ +25°C 88  —80 88  —80 dB
0.004  0.010 0.004  0.010 %
T 10 T -85 -78 -85 -78 dB
0.005  0.012 0.005  0.012 %
PFAK bPURIOUS OR PEAK HARMONIC COMPONENT | -8 -8 | -8 -80 B
"FULL POWER BANDWIDTH | 1 1 MHz
FLLL LINEAR BANDWIDIH S = - it
INTERMODULATION DISTORTION (IMD)*

Spemﬁcatmn 1 Test Condltlons

LOGIC INPUTS
Vi High Level Input Voltage

H

V. Low Level Input Voltage | 0.8 v
I;;;y High Level Input Current | Vi = 5V 10 pA
I;;, Low Level Input Current | Vi = OV 10 i pA
C;n Input Capacitance t E 10 pF
LOGIC OUTPUTS '; ;

Vo High Level Output Voltage | Iog = 0.5mA I 4.0 I Vv
Vi, Low Level Output Voltage | Iy = 1.6mA | 0.4 \Y%
Ioz High Z Leakage Current | Vi = O or 5V 10 A

NOTE
Specifications shown in boldface are tested on all devices 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.

Specifications subject to change without notice.
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Dc SPECIFICATIUNS (@+25°C, Voo=+12V, Vge=—12V, Vpo=+5V unless otherwise indicated)

! AD1678] AD1678K
Model | Min Typ Max | Min Typ Max !\ Units
ACCURACY i [
Resolution 12 I 12 ' Bits
Differential Linearity ! 5 {
Toin to T, (No Missing Codes) Co12 12 Bits
Unipolar Zero Error' 4 . 4 L.SB
Bipolar Zero Error’ 4 “4 . LSB
Unipolar Gain Error'~ +3 3 LSB
Bipolar Gain Error'- +3 -3 | LSB
Temperature Drift (Coefficients)® : |
Unipolar Zero +2 (10} =2 (10) - LSB (ppm/°C)
Bipolar Zero | +2 (10) +2 (10 i LSB (ppm/°C)
Unipolar Gain | +4 (20) I =4 (20) t LSB (ppm/°C)
Bipolar Gain +4 (20) | T4 B | LSB (ppm/C)
0 +10 Y
-5 +5 | v
10 | MO

_ Aperture Jitter—~._~
INTERNAL REFERENCE VOL
Output Voltage*
External Load
Unipolar Mode
__Bipolar Mode

POWER SUPPLIES (T, to T,,..) '
Operating Voltages
Ve [ +11.4 +12 +12.6 |
Ve | —126 -—12 -11.4 |
Vs I +5 +5.5 |
Operating Current | |
lc | 17 19 ; 17 19 | mA
Ige | 24 26 ! 24 26 | mA
B e 5 10 f 5 10 | mA
NOTES

'Adjustable to zero; see Figures 8 and 9.

“Includes internal voltage reference error.

*Includes internal voltage reference drift.

' With maximum external load applied.

Specifications shown in boldface are tested on all devices 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.

Specifications subject to change without notice.
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Dynamic Performance

? | | Taappre =200 KSPS

FUNDAMENTAL; FULL SCALE = =5V +10kHz INPUT
—10 — o Stk - e —d 50kHz INPUT
100kHz INPUT
i !
—30 .i -
g a
1 @
g —40 |- I 1 1'3
B 3
77 2
= w
I 60

THD

2ND HARMONIC

o 50 !C;l) 150 200 -60 —45 -30 =15 0
INPUT FREQUENCY—kHz INPUT AMPLITUDE dB
Figure 1. Harmonic Distortion vs. Input Frequency Figure 2. S/N&D vs. Input Amplitude (fsapp e=200KSPS)
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@
30 |
B0dB INPUT
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0 50 100 150 200 L] 10 20 30 40 50 &0 70 80 20 10i
INPUT FREQUENCY-kHz FREQUENCY-kHz
Figure 3. S/IN&D vs. Input Frequency and Amplitude Figure 4. Nonaveraged 2048 Point FFT at 200KSFS,
Fipy=49.902kHz
ao T
. i | | [ | ] ! — —05dB |'|:I|Pur !
t t ! ! e | ! ————40dB INPUT
| | | | | 70 | } : +5V
-20 1 | | | ' i | | +12v
| 50 | L L
m |
I T |
—40 i 1 |
o so ?
? - =12V
w _go = | | |
5 o 40 ! } i |
E Z |
% -80 @ Fomtmetrws =z o m e —— = 4 Y
30 = i e S e
= N=- o | +12v
-100 20 | e,
| | R i |
| | O |
-120 } 10 | | | b TR |
| it
140 I | | i | | =)
o 10 20 30 40 50 60 70 a0 90 100 0 100 200 300 400 500 60O 700 800 900 1000
FREQUENCY 4hz RIPPLE FREQUENCY — kHz
Figure 5. IMD Plot for F, = 9.08kHz (fa), 9.58kHz (fb) Figure 6. Power Supply Rejection (f,, = 10kHz,

fsampLe = 200KSPS, Viypp, e = 0.1V p-p)
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FREQUENCY DOMAIN TESTING

The AD1678 is tested dynamically using a sine wave input and a
2048 point Fast Fourier Transform (FFT) to analyze the result-
ing output. Coherent sampling 1s used, wherein the ADC sam-
pling frequency and the analog input frequency are related to
each other by a ratio of integers. This ensures that an integral
multiple of input cycles is captured, allowing direct FFT pro-
cessing without windowing or digital filtering which could mask
some of the dynamic characteristics of the device. In addition,
the frequencies are chosen to be “relatively prime” (no common
factors) to maximize the number of different ADC codes that
are present in a sample sequence. The result, called Prime
Coherent Sampling, is a highly accurate and repeatable measure
of the actual frequency domain response of the

converter.

Nyquist frequency, including harmorhe
value for S/N+D is expressed in decibels.

TOTAL HARMONIC DISTORTION (THD)
THD 1s the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured input signal and is
expressed as a percentage or in decibels. For input signals or
harmonics that are above the Nyquist frequency, the aliased
component is used.

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT
The peak spurious or peak harmonic component is the largest
spectral component excluding the input signal and dc. This
value is expressed in decibels relative to the measured input
signal.

INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products,
of order (m+n), at sum and difference frequencies of mfa+nfb,
where m, n = 0,1, 2, 3 . . . Intermodulation terms are those
for which m or n is not equal to zero. For example, the second
order terms are (fa + fb) and (fa — fb) and the third order
terms are (2fa + fb), (2fa — fb), (fa + 2fb) and (fa — 2fb). The
IMD products are expressed as the decibel ratio of the RMS
sum of the measured input signals to the RMS sum of the dis-
tortion terms. The two signals applied to the converter are of
equal amplitude and the peak value of their sum is —0.5dB
from full scale (9.44V p-p). The IMD products are normalized
to a 0dB input signal.

BANDWIDTH

The full-power bandwidth is that input frequency at which the
amplitude of the reconstructed fundamental is reduced by 3dB
for a full-scale input.
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The full-linear bandwidth is the input frequency at which the
slew rate limit of the sample-hold-amplifier (SHA) is reached.

At this point, the full-scale fundamental has degraded by less
than —0.1dB. Beyond this frequency, distortion of the sampled
mpult signal increases significantly.

The ADI1678 has been designed to optimize input bandwidth,
allowing the AD1678 to undersample input signals with frequen-
cies significantly above the converter’s Nyquist frequency. If the
input signal is suitably band-limited, the spectral content of the
input signal can be recovered. Examples of applications in which
this technique is used include direct digitization of audio-
modulated IF signals and doppler-shift measurements.

APERTURE DELAY

Aperture delay is a measure of the SHA’s performance and is
measured from the falling edge of the Start Convert (SC) to
when the input signal is held for conversion. In synchronous
mode, Chip Select (CS) should be LOW before SC to minimize
aperture delay.

APERTURE JITTER
re jitter is the variation in aperture delay for successive

DIFFERENTIAL NO
In an ideal ADC, code transitions ar
nonlinearity is the deviation from this ideal valuts
specified in terms of resolution for which no missing codesasé
guaranteed.

Differential

For the AD1678, this specification is 12 bits from T,,;, to
T x> Which guarantees that all 4096 codes are present over
temperature,

UNIPOLAR ZERO ERROR

In unipolar mode, the first transition should occur at a level
1/2 LSB above analog ground. Unipolar zero error is the devia-
tion of the actual transition form that point. This error can be
adjusted as discussed in the Input Connections and Calibration
Section.

BIPOLAR ZERO ERROR

In the bipolar mode, the major carry transition (1111 1111 1111
to 0000 0000 0000 ) should occur at an analog value 1/2 LSB
below analog ground. Bipolar zero error is the deviation of the
actual transition from that point. This error can be adjusted as
discussed in the Input Connections and Calibration Section.

GAIN ERROR

The last transition should occur at an analog value 1 1/2 LSB
below the nominal full scale (9.9963 volts for a 0-10V range,
4.9963 volts for a =5V range). The gain error is the deviation of
the actual level at the last transition from the ideal level with the
zero error trimmed out. This error can be adjusted as shown in
the Input Connections and Calibration Section.
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CONVERSION #2

CONVERSION TIMING (T, to T,...)

4.[ | co oN #1 i 4 t@’.l
cs' m A e e DRI,
1 I ]
= I i...tb = b ; ] i Specification Min | Max | Units
s B s - - - . _—
_,;__—t‘/ | ! |' N— tep  Convert Pulse Width | 150 ns
. AD 1 .
SHA TRACK; | HOLD | | ¥ TRACK 1 [Howo tsp Status Delay 0 1 | s
T T n
tao fo—]| ! : ! A tup Update Delay 200 | ns
Foet _\‘—/L——tt__l_ i : top Output Delay 0 ns
. . .
Pl | te Conversion Delay 150 ns
i | L i = CD - :
STSONTENTS OF DATA 0 (PREVIOUS) x ioaTA 1 | ! tgp  Read Pulse Width 100 ns
- : 3 ! tga  Access Time’ 100 ns
o \ e ] thy  Data Hold 10 ns
"‘"lh s tyr  Float Delay? 80 ns
tas
, r e tap  Aperture Delay 5 20 | ns
DB11-D80 ; @L/— I SC Delay 50 ns
NOTES 55 OE Dclay 20 { ns
1. IF S¥NC = LOW, STATE OF CS DOES NOT AFFECT CONVERT OPERATION. IF SYNC = HIGH, C5 R S NI L R e P e S 1
SHOULD BE BROUGHT LOW BEFORE SC TO START A CONVERSION. SEE THE START CONVER- NOTES

Sy TRUTH TABLE FOR DETAILS.

sion. CS should be LOW S0nsec (ty) ;
LOW. In asynchronous mode (SYNC = onvey
started by bringing SC low, regardless of the state of CS.

In Figure 7, the Conversion Start and Output Enable Timing
diagram illustrates the read-after-convert configuration. For the
maximum throughput rate, see the Applications section, Figures
10a, 10b.

Before a conversion is started, End-of-Convert (EOC) is HIGH,
and the sample-hold is in track mode. After a conversion is
started, the sample-hold goes into hold mode and EOC goes
LOW, signifying that a conversion is in progress. During the
conversion, the sample-hold will go back into track mode and
start acquiring the next sample.

When the conversion is finished, EOC goes HIGH and the
result is loaded into the output register after a period of time
typ. Bringing OE LOW 20 nsec (t,,) after CS goes LOW makes
the output register contents available on the output data bits
(DB11-DBO0). A period of time, t.p,, is required after OE is
brought HIGH before the next SC instruction is issued. This is
to allow internal logic states to reset and to guarantee minimum
aperture jitter for the next conversion.

In track mode, the sample-hold will settle to +0.01% (12 bits)
in Ips maximum. The acquisition time does not affect the
throughput rate as the AD1678 goes back into track mode more
than Ips before the next conversion. In multichannel systems,
the input channel can be switched as soon as EOC goes LOW if
the maximum throughput rate is needed.

If SC is held LOW, the AD1678 will convert continuously and
the circuit of Figure 10a should be utilized.
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'12-bit read mode. o

*Measured from the falling edge of OE (1.4V) to the time at
which the data lines cross 2.4V or L4V,

‘Measured from the rising edge of OE (1.4V) to the time at
which the output voltage changes by 0.5V.

Asynchronous [ | Start Conversion
Mode i | .
0 X 0 | Continuous Conversion
NOTES

1 = HIGH voltage level.

0 = LOW voltage level.

X = Don't care.

¥ - HIGH 1o LOW transition. Must stay low for t i

CONVERSION STATUS TRUTH TABLE

? INPUTS | OUTPUT |
| SYNC CS EOCEN | EOC | STATUS
L 0 0 0 Ii Converting
| 1 0 0 [ 1 | Not Converting
i | |
Synchronous | 1 1 X | High 7 | Either
Mode | . |y [
[ 1 X 1 { High Z | Either
0 X 0 o | Converting
Asyne 8| - | 5 ~ :
“.“;“f:i:j“m" ‘ 0 X 0 1 Not Converting
i‘ 0 X 1 | High Z | Either
- Po i - L - - t p i it
NOTES

1 — HIGH voltage level,
] LOW voltage level.
X Don’t care.
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1
HBE \

b —d by e i
e T IP‘— Fs I“ DBy,
== |
cs \ I /W\ | / lLleF lDlJpF
-y - |
I & Pitm —.1 tgr }“— i
}q—t,,\—n-[ |
OF | HlGH ZTOLOGKH HIGH ZTO LOGICO
. \ /
i 1(J|1-'I"| ni ACCESS TIME TEST
DB11-DB4 HIGHBYTE — LOW BYTE }———
I-——- — tpp —— tpp be— DBy
|
10pF 10pF

LOGFC 170 HIGH Zz LOGICOTOHIGH Z

output bits. In 8—bit mode they ar
of the output register.

In 12-bit mode (12/8 = HIGH), a single READ operati
accesses all 12 output bits on DB11-DBO0 for interface to a
16-bit bus.

In 8-bit mode (12/8 = LOW), only DB11-DB4 are used as out-
put lines onto an 8-bit bus. The output is read in two steps,
with the high byte read first, followed by the low byte. High
Byte Enable (HBE) controls the output sequence. The 12-bit
result can be right or left justified depending on the state of
R/L.

In unipolar mode (BIPOFF tied to AGND), the output coding
is straight binary. In bipolar mode (BIPOFF tied to REF ),
output coding is twos complement binary.

End-Of-Convert (EOC) is a tristate output which is enabled by
End-Of-Convert ENable (EOCEN) in asynchronous mode, and

by EOCEN and CS in synchronous mode.
OQutput Enable (OE) must be toggled to update data in the out-

put register.
OUTPUT ENABLE TIMING (Tmm to TM)
T

Spectfcatmn | Mln Max i Umts

tpy F()de!. ‘Qetup [ 60 i ns

tgp  Read Pulse Width' | 150 ; ; ns

s  Access Time’ ! [ 100 | ns

tgr  Float Delay? | {80 | ns

tpy  Data Hold {10 | | ns

t 0]: Dc!ay 20 | | ns

'8-bit read mode.

"Measured from the falling edge of OE (1.4V) to the time at which the data
lines cross 2.4V or 0.4V.

*Measured from the rising edge of OE ( (1.4V) to the time at which the output
voltage changes by 0.5V.
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FLOAT DELAY TEST

Load Circuits for Bus Timing Specifications

OUTPUT ENABLE TRUTH TABLES

12-BIT MODE (12/8 = HIGH)

I

Unipolar | 1 1 T
Maode | 00 L2

L0 1 Y

{1 0 Y
Bipolar | 1 1 L2
Mode | 0 0 T

1o 1
NOTES
I = HIGH voltage level. a = MSB.
0 = LOW voltage level. 1 LSB.
X = Don't care. ¥ = HIGH to LOW transition. Must

U = Logical OR.,

stay low for t= typ.

12-BIT MODE CODING FORMAT (1 LSB=2.44mV)

Unipolar Coding | Bipolar Coding
(Stralght Bmary) (Twos Complement)

Vin | Output Code | Vi FO‘“P“‘ code
0 [ 000...0 | —5.000V | 100...0
5.000V | 100...0 | —0.002V BITIR!
9.9964V| 111...1 o 1 000...0
i +2.500V imo...@
+4.9964 1

. A
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AD1678 PIN DESCRIPTION

Symbol Pin No. Type Name and Function

AGND 7 P Analog Ground.

AIN 6 Al Analog Signal Input.

BIPOFF 10 Al Bipolar Offset. Connect to AGND for +10V input unipolar mode and straight binary output

coding. Connect to REFqr through 500} resistor for =5V input bipolar mode and twos
complement binary output coding. See Figures 8 and 9.

GS 4 D1 Chip Select. Active LOW.

DGND 14 P Digital Ground

DBI11-DB4 26-19 DO Data Bits 11 through 4. In 12-bit format (see 12/8 pin), these pins provide the upper 8 bits of
data. In 8-bit format, these pins provide all 12 bits in two bytes (see R/L pin). Active HIGH.

DB3, DB2 18, 17 DO Data Bits 3 and 2. In 12-bit format, these pins provide Data Bit 3 and Darta Bit 2. Active
HIGH. In 8-bit format they are undefined and should be tied to V.

DBI1 (RL) 16 DO In 12-bit format, Data Bit 1. Active HIGH.
DBO(HBE) 15 DO In 12-bit format, Data Bit 0. Active HIGH.
EOC 27 DO End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH when the

conversion is finished. In asynchronous mode, EOC is an open drain output and requires an
external 3k} pull-up resistor. See EOCEN and SYNC pins for information on EOC gating.
End-Of-Convert Enable. Enables EOC pin. Active LOW.

In 8-bit format, High Byte Enable. If LOW, output contains high byte. If HIGH, output
contains low byte.

Output Enable. The falling edge of OF enables DB11-DB0 in 12-bit format and

B4in_8-bit format G'{ted Wilh (ﬁ Active LOW.

SC for gating.
SYNC 13 DI mode), SC,
D Ade nd EOCEN
open drain output. EO p 3 al 3k() pull-
Vee 11 P +12V Analog Power.
' EE 5 P -12V Analog Power.
Voo 28 P +5V Digital Power.
12/8 12 DI Twelve/eight bit format. If tied HIGH, sets output format to 127

output format to 8 blt multlplcxcd

Tvpe AI = *\nalog Iuput
AO = Analog Ourput.
DI = Digital Input (TTL and 5V CMOS compatible).
DO = Digital Output (TTL and 5V CMOS compatible). All DO pins are three-state drivers.

P = Power.
OUTLINE DIMENSIONS
Dimensions shown in inches and {(mm).
28-Pin Ceramic DIP Package (D-28A) 28-Lead Plastic DIP Package (N-28A)
]-*o_susnzsa]-—-i 0,08 1.2 ANSNANAANNARNAANANA
o T *
\ 0.08 (2.0/
0.550 (13 971
- 0.530 [13.462)
o5 L |
[14.98} —;—* —_—t .
] / o1 on AT AVAvAVATAVAVATATAVAT: | 2160 000
E. - - 1.450 (36831 X
l ‘—"4‘2—‘:3‘:0‘?—"' SSRESHES “'I BEATING 1 i == 1440 (36.576) g | ’-’ SEs i > i
§ I 1.40 (35 56) 1 b 5 0000 B
MaxX -
s [ ;n;;;;o wo T I — L |\ T
—- —- o
?20,5, ‘j L o ‘35‘5‘_}_ '_H'-_ 'l |-.— rn;‘:as}
0.065 (1.65) 0.020 [0 508) 0.105 (2.67)
A gt

(I rﬂ 0.010 +0 002 0045 (1.14] 0015 [0.381) 0.095 (247} 8120 13054
[0.254 £0.08)

0.047 +0.007 0.017 +0.003 012 54) 06 15.24) LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH.
1.19) (0.43) LEADS ARE SOLDER DIPPED OR TIN.-PLATED ALLOY 42 OR COPPER

LEAD NO. 1 IDENTIFIED BY DOT
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ABSOLUTE MAXIMUM RATINGS*

Specification
Voo

Vg

Voo

Vb

AGND

AIN, REF,,
REF
REF,
Digital Inputs
Digital Ourtputs
Max Junction

' With
| Respect

| AGND
| AGND
Vi
DGND
| DGND
AGND

DGND
DGND

device reliability.

sure to absolute maximum mlmg L[\I]L{IUO ~

PIN CONFIGURATION

S
Min  Max | Units EOCEN| 1 | @ zalvoo
0.3 +18 [ v K e (-
—18 +0.3 \Y
—0.3 +26.4 l{ V SC| 3 26 | DB11
. 1) | V cs| 4 25| pB10
1 +1 | V
—12 +12 | V Vee | 5 4| DBY
(:, 3?“ ' t AIN| 6 23| DB8
- Y,
—0.5 +7 b \" AGND | 7 AD1678 22|DB?
r , TOP VIEW
0.5 Npp #0831 ¥ REFou: [ 8 | (Notto Scale) |[21] 086
‘ REF, | 9 o| pBs
| BIPOFF | 10 19 | DB4
Il Vee | 11 18 | DB3
12/8 | 12 17 | DB2
SYNC 16 | DB1 (R/L)
15 | DBO (HBE)

CONTROL LOGIC

BIPOFF (10)

acno (7)

AD1678

12-BIT

SAMPLE/
HOLD

DiA
COMVERTER

| [

OUTPUT

CONVERSION
LOGIC

i

4 EIY FI.ASH
CONVEHTER

GAIN
STAGE

Functional Block Diagram

ORDERING GUIDE

Model

Package

ADI678JN |

ADI678KN
ADI678]D
ADI1678KD

ESD SENSITIVITY

i E—

28-Pin Plastic DIP
28-Pin Plastic DIP
28-Pin Ceramic DIP
28-Pin Ceramic DIP

Mimimum S/N+D (@ | Temperature | Price
10kHz, —0.5dB Input Range (100s)
70dB 0to +70°C $38.00
72dB 0to +70°C $42.00
70dB 0o +70°C $45.00
72dB 0 to +70°C $50.00

The ADI1678 features input protection circuitry consisting of large “distributed” diodes and
polysilicon series resistors to dissipate both high-energy discharges (Human Body Model) and fast,
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD1678

has been classified as a Category A device.

Proper ESD precautions are strongly recommended to avoid functional damage or performance

degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip-
ment and discharge without detection. Unused devices must be stored in conductive foam or
shunts, and the foam should be discharged to the destination socket before devices are removed.
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual.

WARNING!
o 2

ESD SENSITIVE DEVICE
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Application Information

INPUT CONNECTIONS AND CALIBRATION

The AD1678 is factory trimmed to minimize offset, gain and
linearity errors. In unipolar mode, the only external component
that is required is a 5002 =+ 1% resistor. Two resistors are
required in bipolar mode. If offser and gain are not critical,
even these components can be eliminated.

In some applications, offset and gain errors need to be more
precisely trimmed. The following sections describe the correct
procedure for these various situations.

BIPOLAR RANGE INPUTS
The connections for the bipolar mode are shown in Figure 8. In
this mode, data output coding will be twos complement binary.
This circuit will allow approximately =25mV of offset trim
range (+10 LSB) and +=0.5% of gain trim range (=20 LSB).
Either or both of the trim pots can be replaced with 50() +1%
sJf the AD1678 accuracy limits are 'aufficicnt for

1111). These trims are interactive so seMe
necessary for convergence.

A single pass calibration can be done by substituting a bipolar
offset trim (error at minus full scale) for the bipolar zero trim
(error at midscale), using the same circuit. First, apply a signal
1/2 LLSB above minus full scale (—4.9988V for a =5V range)
and adjust R1 until the minus full scale transition is located
(1000 0000 0000 to 1000 0000 0001). Then perform the gain
error trim as outlined above.

AD1678
AlN

|

+ 6V INPUT

% REFs,
GAIN L—:,. R2

ADJUST 10041t

I

<

OFFSET
ADJUST 1 0!1

I

REFqur

BIPOFF

AGND

o [F

Figure 8. Bipolar Input Connections with Gain and Offset
Trims

AD1678
D___-—I 6 | AIN
oTO 10V INPUT
9’7 J—— N
GAIN Y Rz
ADJUST :.: 10011
+12v i i
OFFSET  R1 FF
ADJUST 100k EPD
AGND

Figure 9. Unipolar Input Connections with Gain and Offset
Trims
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UNIPOLAR RANGE INPUTS

The connections for the unipolar mode are shown in Figure 9.
In this mode, data output coding will be straight binary. This
circuit will allow approximately +25mV of offset trim range
(=10 LSB) and +0.5% of gain trim range (20 LSB).

If the standard accuracy limits of the AD1678 are sufficient for
the application, the gain adjust resistor (R2) can be replaced by
a 5000 =1% fixed resistor and BIPOFF can be connected to
ground.

BOARD LAYOUT

Designing with high resolution data converters requires careful
attention to board lavout. Trace impedance is the first issue. A
SmA current through a 0.5() trace will develop a voltage drop of
2.5mV, which is 1 LSB at the 12-bit level for a 10V full scale
span. In addition to ground drops, inductive and capacitive cou-
pling need to be considered, especially when high accuracy ana-
log signals share the same board with digital signals. Finally,
power supplies need to be decoupled in order to filter out ac
noise.

Analog and digital signals should not share a common path.

Each signal should have an appropriate analog or digital return
Quted close to it. Using this appmach, signal loops enclose a

mizes input trace impedance errors. Finally, ground currents
have been minimized by careful circuit architecture. Current
through AGND is 200pA, with no code dependent variation.
The current through DGND is dominated by the return current
for DB11-DB0 and EOC.

SUPPLY DECOUPLING

The AD1678 power supplies should be well filtered, well regu-
lated, and free from high frequency noise. Switching power sup-
plies are not recommended due to their tendency to generate
spikes which can induce noise in the analog system.

Decoupling capacitors should be used in very close layout prox-
imity between all power supply pins and ground. A 10nF tanta-
lum capacitor in parallel with a 0.1pF disk ceramic capacitor

provides adequate decoupling over a wide range of frequencies.

An effort should be made to minimize the trace length between
the capacitor leads and the respective converter power supply
and common pins. The circuit layout should attempt to locate
the AD1678, associated analog input circuitry and interconnec-
tions as far as possible from logic circuitry. A solid analog
ground plane around the AD1678 will isolate large switching
ground currents. For these reasons, the use of wire wrap circuit
construction is not recommended; careful printed circuit con-
struction is preferred.

-10-
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GROUNDING

If a single AD1678 is used with separate analog and digital
ground planes, connect the analog ground plane to AGND and
the digital ground plane to DGND keeping lead lengths as short
as possible. Then connect AGND and DGND together at the
ADI1678. If multiple AD1678s are used or the AD1678 shares
analog supplies with other components, connect the analog and
digital returns together once at the power supplies rather than at
each chip. This prevents large ground loops which inductively
couple noise and allow digital currents to flow through the ana-
log system.

200KSPS READ APPLICATION

In applications requiring the maximum throughput of the

ADI1678, the read circuit of Figure 10a is recommended. The

converter is operated in its 12-bit, parallel-read mode with OE
sugdNgom EOC through an inverter. On the falling edge of

fegistory\is available on the data bus 100ns
(tpa) latgr. [Anfey Yok o

CONVERSION —{ 5C
START

LS373
LATCH

AD1678

. EOC
oE ?

Figure 10a. 200KSPS Output Configuration
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Figure 10b. 200KSPS 12-Bit Read Timing

I
—] 150 e

- A [ N
DB11-DEO } {DATA 0}

INTERFACING THE AD1678 TO MICROPROCESSORS
The I/O capabilities of the AD1678 allow direct interfacing to
general purpose and DSP microprocesor buses. The asynchro-
nous conversion control feature allows complete flexibility and
control with minimal external hardware.

The following examples illustrate typical AD1678 interface
configurations.

-11-
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AD1678 TO TMS320C25

In Figure 11 the AD1678 is mapped into the TMS320C25 1/0O
space. AD1678 conversions are initiated by issuing an OUT
instruction to Port 8. EOC status and the conversion result are
read in with an IN instruction to Port 8. A single wait state is
inserted by generating the processor READY input from IS,
Port 8 and MSC. This configuration supports processor clock
speeds of 20MHz and is capable of supporting processor clock
speeds of 40MHz if a NOP instruction follows each AD1678
read instruction.

i RiW RAW
Az c
A1 B ol
A0 A
74F138
STRE G2B
A3 G1 128 SYNCH
e it PORTE
is ' G2A Yo [0- i
TMS320C25 ) b EQCEN
— OF
AW
READY 1 AD1678
[T m_. e
D1z EOC
1 ;
De-D11 / DATA BUS DO- D11
N LET?

M[S320C25 Interface

ler to transfer the AT output
buffer of any length, with no mictey

(]
nous mode, which allows conversions to be initiated by an' exter-
nal trigger source independent of the microprocessor clock.
After each conversion, the AD1678 EOC signal generates a
DMA request to Channel 1 (DRQ1). The subsequent DMA
READ operation resets the interrupt latch. The system designer
must assign a sufficient priority to the DMA channel to ensure
that the DMA request will be serviced before the completion of
the next conversion. This configuration can be used with 6MHz
and 8MHz 80186 processors.

ALE
8282
ADO-15 pL— N
AT6-18 ADDRESS BUS
RAM
BO1BE DATA BUS
A | ¥
7D }—
R
ADDRESS = OE
DECODE cs +5V
5y o]
DRQ1[#— +——0 R AD1678
kil
s goc  EOCEN
SYNC
DATA BUS Do-011 =
s
EXTERNAL TRIGGER —1

Figure 12. AD1678 to 80186 DMA Interface
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AD1678 TO Z80

The AD1678 can be interfaced to the Z80 processor in an I/O or
memory mapped configuration. Figure 13 illustrates an I/O con-
figuration, where the AD1678 occupies several port addresses to
allow separate polling of the EOC status and reading of the dara.
The lower address bit, A0, is used to select the high and low
order bytes of the result. The AD1678 R/L line is tied HIGH,
resulting in right justified output data.

A useful feature of the Z80 is that a single wait state is automat-
ically inserted during /O operations, allowing the AD1678 to be
used with Z80 processors having clock speeds up to 8MHz.

+5V

=

WA p—_ AL SYNC
_ b
"o EOCEN
10RO L
AD1678
ADDRESS
A1-AT7 DECODE &=
WR
5C
\ *—:D“"
/\ — -
AD / Hi
|~ [
G & BUS D4 - P11
N 128

Figure 13. AD1678 to Z80 Interface
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AD1678 TO ANALOG DEVICES ADSP-2100

Figure 14 demonstrates the AD1678 interfaced to an
ADSP-2100.With a clock frequency of 8MHz, and instruction
execution in one 125ns cycle, the digital signal processor will
support the AD1678 data memory interface with a single wait
state.
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Figure 14. AD1678 to ADSP-2100 Interface

At the beginning of the data memory access cycle, the processor
provides a 14-bit address on the DMA bus. The DMS signal is
then asserted, enabling a LOW address decode and the AD1678
CS. [The processor issues DMWR which is gated with the

p OR’ed with
ACK LOW.
i clock cycle.
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