ANALOG
DEVICES

10-Bit 20 MSPS 160 mW
CMOS AD Converter

ADBT6

FEATURES

CMOS 10-Bit 20 MSPS Sampling A/D Converter

Pin-Compatible 8-Bit Option

Power Dissipation: 160 mW

+5 V Single Supply Operation

Differential Nonlinearity: 0.5 LSB

Guaranteed No Missing Codes

Power Down (Standby) Mode

Three-State Outputs

Digital I/Os Compatible with +5 V or +3.3 V Logic

Adjustable Reference Input

Small Size: 28-Lead SOIC, 28-Lead SSOP, or 48-Lead
Thin Quad Flatpack (TQFP)

PRODUCT DESCRIPTION

TheAD 876 isaCM 05,160mW ,10-bi;, 20 M SPS analog-to—
digttalconverter AD C ). The AD 876 hasan on—chip nput

sam ple-and-hold am plifier. By in plem enting a m ultistage pipe-
Ined architecture w ith output error correction logic, the AD 876
offers accurate perform ance and guarantees no m issing codes
over the fiull operating tem peratiire range. Force and sense con-—
nections t the reference nputsm inim ize extemal voltage drops.

The AD 876 can be placed into a standby m ode of operation
reducing the powerbelow 50mW . The AD 876’sdigital TO
nterfaces to either +5V or+3 .3V logic. D gitaloutputpins
can be placed In a high in pedance state; the formm at of the out-
put is straight binary coding.

The AD 876’s gpeed, resolution and shglk-supply operation
deally suita variety of app lications in video, m ultim edia, in ag-
ng, high speed data acquisition and com m unications. T he

AD 876’s ow pow er and single-supply operation satisfy require—
m ents for high speed portable applications. Tts gpeed and reso-
Jution ideally suit charge coupled device (CCD ) nput system s
such as color scanners, digital copiers, electronic still cam eras
and cam corders.
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The AD 876 com es In a space saving 28-lead SO IC and 48-lead
thin quad flatpack (I' Q FP) and is gpecified over the com m ercial
(0°C to +70°C) tem perature range.

PRODUCT HIGHLIGHTS

Low Power

TheAD 876 at 160 mW consum esa fraction ofthe power of
presently available 8- or 10-bit, video gpeed converters. Pow er-
down m ode and single-supply operation further enhance its
desirability in low pow er, battery operated app lications such

as ekectron ic still cam eras, cam corders and com m un ication
system s.

Very Small Package

TheAD 876 comesih a28-Jkad SO IC, 28-kad SSOP, and 48—
lead surface m ount, thin quad flat package. T he T Q FP package
is ideal for very tight, low headroom designs.

Digital /0 Functionality
The AD 876 offers three-state output control.

Pin Compatible Upgrade Path

The AD 876 offers the option of lying out designs foreight
bitsand m igrating to 10-bit resolution if prototype results
warrant.
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(Tyin to Tyax with AVpp= +5.0 V, DVpp= +5.0 V, DRVpy = +3.3V, Vgze= +4.0 V, Ve =
N:B?G—SD ECl FI CA" +2.0 V, foiock= 20 MSPS, unless otherwise noted)

AD876JR-8 AD876
Parameter Min Typ Max Min Typ Max Units
RESOLUTION 8 10 Bis
DC ACCURACY
IntegralN onlinearity (IN L) t03 1.0 1.0 LSB
D ifferential N onlinearity D N L) 0.1 +0.75 +05 +1 LSB
N oM issing C odes GUARANTEED GUARANTEED
O ffset E rror 01 04 % FSR
G ain Error 0.1 0.2 % FSR
ANALOG INPUT
Input Range 2 2 V pp
Tnput C apacitance 5.0 5.0 PF
REFERENCE INPUT
Reference T op Volage 35 40 45 35 4.0 45 v
Reference Bottom Volage 1.6 2.0 25 16 20 25 v
Reference Input R esistance 250 250 Q
Reference Input C urrent 8.0 8.0 mA
Reference T op O ffset 35 35 mV
Reference Bottom O ffget 35 35 mV
DYNAM IC PERFORM ANCE
E ffective N um ber of B its
fy=1MHz 78 9.0 Bits
fy=358MHzZ 74 78 8.2 9.0 Bits
fy=10MHz 75 8.2 Bits
SignaHo-N oise and D istortion (SN +D ) Ratio
fy=1MHz 49 56 dB
fiy=358MHzZ 46 49 51 56 dB
fwy=10MH 2z 47 51 dB
T otalH am onic D istortion (THD )
fy=1MHz -62 -62 dB
fiy=358MHzZ -62 -56 -62 -56 dB
fiy =10M H 2 -60 -60 dB
SpuriousF ree D ynan i Range’ -65 -65 dB
FullPower Bandw idth 150 150 MHz
D ifferential Phase 05 05 D egree
D ifferential G ain 1 1 %
POW ER SUPPLIES
O perating V oltage
AVpp! +45 +5.25 +45 +5.25 Vols
DVpp? +45 +5.25 +45 +5.25 Vols
DRVpyp +30 +5.25 +30 +5.25 Vols
O perating C urrent
TAVpyp 20 25 20 25 mA
D Vpp 12 16 12 16 mA
D RVypp 01 1 01 1 mA
POWER CONSUM PTION 160 190 160 190 mw
TEM PERATURE RANGE
Specified 0 +70 0 +70 °C

NOTES

1AVD p and D Vpp mustbe wihin 0.5V ofeach otherto m aintain specified perform ance levels.

“358M H z Input F requency.

Specifications subgct to change w ithout notice. SeeD efinition of Specifications for additional Inform ation.
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ADB76

(T 1O Tyax With AVpp= +5.0 V, DVpp= +5.0 V, DRVpp= +3.3V, Vager= +4.0V, Vg = +2.0V,

DI GTN. SD EC| FI CK" G‘IS folock= 20 MSPS, C = 20 pF unless otherwise noted)

AD876
Parameter Symbol DRVpp Min Typ Max Units
LOGIC INPUT
H igh Level nputVolage Vo 3.0 24 v
50 4.0 v
5.25 4.2 v
Low Level nputVolage Vo 3.0 0.6 v
50 1.0 v
5.25 1.05 v
H igh Level nputC urrent T 5.0 -10 +10 A
Low Level InputCurrent I, 5.0 =50 +50 HA
Low Level InputCurrent C LK Only) To, 50 -10 +10 HA
Tnput C apacitance Cuw 5 PF
LOGIC OUTPUTS
H igh Level O utputVolage Vou
(Tog = 50 pAp) 30 24 v
50 38 v
(Iog = 05mA) 50 24 v
Low LevelO utputVolage Vor
(Tor = 50 pAr) 36 0.7 v
5.25 1.05 v
(lor=06mA) 5.25 04 v
O utput C apacitance Cour 5 PF
O utput Leakage C urrent Tos -10 10 HA
Specifications sub gct to change w thout notice.
Symbol Min Typ Max Units
M axin um C onversion Rate! 20 MHz
C Jock Period & 50 ns
C bock H igh ten 23 25 ns
C ock Low G, 23 25 ns
OutputD elay %o 10 20 ns
Pipeline D elay (Latency) 35 C lock C ycles
ApertureDelay T in e 4 ns
Aperture Jitter 22 ps
NOTE
¢ onversion mte is operationaldown to 10 kH z w thout degradation in specified performm ance.
SAMPLEN  SAMPLE N+1 SAMPLE N+2
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Figure 1. Timing Diagram




ADB76

PIN FUNCTION DESCRIPTIONS

SoIC TQFP

Symbol Pin No. Pin No. Type Name and Function

DO (LSB) 3 1 DO Least Significant B it.

D1-D4 4-17 2-5 DO D ataBis 1 through 4.

D5-D8 8-11 8-11 D ataBis 5 through 8.

D9 M SB) 12 12 DO M ost Significant B it.

THREE- 16 23 DI THREE-STATE = LOW THREE-STATE = HIGH

STATE orN
N om alO peratingM ode H igh Im pedance O utputs

STBY 17 24 DI STBY = LOW orN £ STBY =HIGH
N om alO perating M ode Standby M ode

CLK 15 22 DI C lock Input.

CM L 26 38 AO BypassPin foran IntemalBiasPomnt.

REFTE 22 30 AT Reference T op Force.

REFBF 24 34 AT Reference Bottom Force.

REFTS 21 29 AT Reference T op Sense.

REFBS 25 35 AT Reference Bottom Sense.

AN 2717 39 AT Analog Input.

AVpp 28 42 P +5V Analog Supply.

AVgg 1 44 P Analog G round.

DVpyp 18 26 p +5V D gital Supply.

D Vgg 14,19,20 17,27,28 P D igital G round.

DRVpp 2 45 P +33 VA5V D gialSupply. Supply for digital
nputand output buffers.

DRVgg 13 16 P +33 VA5V D gialG round. G round ordigial
nputand output buffers.

Type: Al= Analog Inputy; AO = Analog O utput; D I= D gital Input; DO = D igimnl O utput; P = Power.

PIN CONFIGURATIONS

SOIC/SSOP TQFP
Sg 3 ]
x < > Z =
AVsg E * E‘ AVpp o X < < 8
ooy 2] = ) 2 5 2 £ S

*po [ 3] 26] oL po[ 1 36]

*D1 E E‘ REFBS D1| 2 35| REFBS
D2 E E REFBF p2[ 3 34| REFBF
o3 [ 6] 23| ne p3 4 33]

AD876
D4 E TOP VIEW E REFTF ME El
D5 E (Not to Scale) 2__1| REFTS E AD876 E
06 o] [20] Dvss 7] (Nz?fovslg\lle) 30| REFTF
D7 |1__0 E DVss DSE 29| REFTS
D8 E E DVpp DGE 28| Dvgg
Do [12] [17] sTBY pr[19] 27| bvgs
DRVgg E E THREE-STATE DSE 2] by
DVss [14] [15] cLk ps[12] [25]
\ V4
*PINS DO AND D1 ARE LEFT OPEN [13][14][1s][18][17][18][19][20][ 21][ 22][ 23][ 24]
FOR THE AD876JR-8 2 7 x5 >
NC = NO CONNECT z 2z G 2 E
5 ®
i
'
E
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ADB76

ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE
Parameter With Respect to |[Min Max |Units Temperature | Package Package
AVpp AVgg -05 +65 |Vols M odel Range Description Options
D Voo, DRVpp D Vs DRVss 05 465 Vols gy greg 0°C 0 +70°C | 28-.ead 5O I R-28
AVss D Vs D RVss 05 05 Vols AD 876J5T Reel | 0°C t0+70°C | 48-Lead TQFP ST 48
AIN AVgs 05 +65 |Vols "

(T ape and Reel 13")
REFT S, REFTEF AD 876R-8 0°C o +70°C | 28-Lead SO IC R-28
RE,F,BS'REFBF AVss 05 +65 |Vols AD 876AR —40°C 1o +85°C | 28-1,ead SO IC R-28
b giallnputs, CLK | DVss, DRVss |70 465 |VOls 5y g6 g ~40°C to +85°C | 28-L.ead SSO P RS-28
Junction T em peratre 1501 ¢ AD 876RS 0°C t +70°C | 28-Lead SSOP RS-28
Storage T am perature 65 HIS01TC AD 876RS-8 0°C o +70°C | 28-Lead SSOP RS-28
Lead T em perature

(10 sec) +300 [°C

*Stresses above those listed underAbsolute M axin um R atings m ay cause pem a-
nentdam age to the device. T hisisa stressrating only; functionaloperation ofthe
device at these or any other conditions above those Indicated In the operational
sections of this specification is not in plied. Exposure to absolite m axin um
ratings for extended periodsm ay effect device reliability.

DVpp
DRV DVpp DRVpp
pD DV DRV,
1 DD DD
[ _E
3 DV,
— —L| ss DRVgg
DVgg
DVgs DRVgg
DRVgg
DVgg
a) D0-D9 b) Three-State, Standby ¢) CLK
AVppg
REFTF (%)
AVpp
INTERNAL
o— REFTS b-O REFERENCE
6 ® VOLTAGE
AVgg
AVpp
d) AIN INTERNAL
REFBS -0 REFERENCE
VOLTAGE
AVgs
AVppg
A
REFBF (9
A
O AVgg
Figure 2. Equivalent Circuits
CAUTION
ESD (electrostatic discharge) sensitive device. E lectrostatic charges as high as 4000 V readily Wm m

accum ulate on the hum an body and test equipm ent and can discharge w ithout detection.

A lthough the AD 876 features proprietary ESD protection circuitry, perm anent dam age m ay w“
ESD SENSITIVE DEVICE

occur on devices subgcted to high energy electrostatic discharges. T herefore, proper E SD
precautions are recom m ended to avoid perfomm ance degradation or loss of functionality .
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ADB76—Typical Performance Characteristics
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ADB76

I I I I
HARMONICS (dBc)
[ 2ND -68.02 6TH -77.74
3RD -72.85 7TH -75.62
[— 4TH -70.68 8TH -75.98
5TH -78.09 9TH -81.20

THD =I -64.12
SNR =48.73
SINAD =48.61
SFDR =-68.02

Figure 9. AD876JR-8 Typical FFT (fiy = 3.568 MHz,
AIN = -0.5dB, f¢ 0cx = 20 MSPS)

1

! ! ! !
HARMONICS (dBc)
| 2nD -68.91 6TH -80.55
| 3RD -73.92 7TH -82.02
4TH -68.67 8TH -81.02
— 5TH -73.26 9TH -88.94

THID = —64.|24
SNR =55.71
SINAD =55.14
SFDR =-68.67

Figure 10. AD876 Typical FFT (fiy = 3.568 MHz, AIN = -0.5 dB,
ferock = 20 MSPS)

DEFINITIONS OF SPECIFICATIONS

INTEGRAL NONLINEARITY (INL)

Integral non linearity refers to the deviation of each ndividual
code from a line drawn from “zero” through “fiillscale”. T he
pointused as “zero” occurs 12 LSB before the first code transi-
tion. “Fullscak” isdefined asa kvell 12 1L.SB beyond the last
code transition . T he deviation ism easured from the center of
each particular code to the true straight line.

DIFFERENTIAL NONLINEARITY (DNL, NO MISSING
CODES)

An idealAD C exhibits code transitions that are exactly 1 1LSB
apart. D N I, isthe deviation from thisidealvalie. Tt isoften
gpecified In term s of the resolution ©rwhich no m issing codes
(NM C) are gquaranteed .

OFFSET ERROR

T he first transition should occurata kvell 2 LSB above
“zero.” O ffeet is defined as the deviation ofthe actual first code
transition from thatpoint.

GAIN ERROR

T he first code transition should occur foran analog valie 12 LSB
above nom inalnegative fiilll scale. T he kst transition should
occur oran analog valie 1 12 LSB below the nom inal positive
fulllscale. G ah error is the deviation of the actual difference
betw een first and last code transitions and the ideal difference
betw een the first and last code transitions.

REV. B

PIPELINE DELAY (LATENCY)
T he num ber of clock cycles betw een conversion initiation and
the associated output data beingm ade availble. N ew output
data is provided every clock cycle.

REFERENCE TOP/BOTTOM OFFSET

Resistance betw een the reference input and com parator input
tap points causes offset errors. T hese errors can be nulled out
by using the force-sense connection as shown in the R eference
Tnput section .

THEORY OF OPERATION

The AD 876 im plem ents a pipelined m u ltistage architecture to
achieve high sam pl rate w ith low power. The AD 876 distrib-
utes the conversion over several an allerA H subblocks, refining
the conversion w ith progressively higher accuracy as it passes
the results from stage to stage. A sa consequence ofthe distrib-
uted conversion, the AD 876 requiresa an all fraction ofthe 1023
com parators used in a traditional flash type A O . A sam pl-and—
hold finction w ithin each ofthe stages pem its the first stage to
operate on a new input sam ple whik the second and third stages
operate on the tw o preceding sam ples.

APPLYING THE AD876

DRIVING THE ANALOG INPUT

Figure 11 show s the equivalent analog nputofthe AD 876, a
sam ple-and-hold am plifier (SH A ). Bringing C LK to a logic low
Jevel closes Sw itches 1 and 2 and opens Sw itch 3. T he nput
source connected to A TN m ust charge capaciorCy durhg this
time. W hen C LK transitions from logic “low ” to logic “high,”
Sw itch 1 opens first, placihg the SHA In hold m ode. Switch 2
opens subsequently. Switch 3 then closes, connects the feed-
back loop around the op am p, and forces the output of the op
am p to equal the voltage stored on C; . W hen C LK transitions
from logic “high” to logic “low”, Switch 3 opens first. Switch 2
closes and reconnects the nputto Cy . Finally, Swich 1 closes
and placesthe SH A in track m ode.

T he structure of the nput SH A places certain requiram entson
the inputdrive source. The com bination of the pin capaciance,
Cp, and the hold capacitance, Cy, istypically lessthan 5 pF' .

T he input source m ust be able to charge or discharge this ca-
pacitance to 10-bitaccuracy in one halfofa clock cycle. W hen
the SH A goes Into track m ode, the Input source m ust charge or
discharge capacitor C iy from the voltage already stored on C 4
(the previously captured sam plk) to the new voltage. In the
worst case, a fiullscale voltage step on the hput, the hput
source m ust provide the charging current through the Rgy (50 Q)
of switch 2 and quickly settle (within 12 C LK period). T his
situation corresponds to driving a low Input in pedance. O n the
other hand, w hen the source volage equals the value previously
stored on Cy , the hold capacitor requires no nput current and
the equivalent input in pedance is extram ely high .

Adding series registance betw een the output of the source and
the AN pin reduces the drive requirem ents placed on the
source. Figure 12 show s this configuration. T he bandw idth of
the particular app lication lin its the size of this resistor. T o

m aintain the perform ance outlined in the data sheet specifica—
tions, the resistor should be Iim ited to 200 Q or kess. Forappli-
cationsw ith signalbandw idths lessthan 10 M H gz, the userm ay
ncrease the size of the series resistor proportionally. A lema-
tively, adding a shunt capacitance between the ATN pin and
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ADB76

analog ground can low er the ac source In pedance. T he value
of this capacitance w ill depend on the source resistance and the
required signalbandw idth .

T he Input span ofthe AD 876 isa function ofthe reference
volages. Form ore nfom ation regarding the input range, see
the DRIVING THE REFERENCE TERM INALS section of
the data sheet.

AD876 3
AIN(
I

Figure 11. AD876 Equivalent Input Structure

< =~ 20002
AIN

Vs

Figure 12. Simple AD876 Drive Requirements

In m any cases, particularly in single-supply operation, ac—
coupling offers a convenient w ay ofbiasing the analog input
signal at the proper signal range. Figure 13 show s a typical
configuration for ac-coupling the analog input signal to the
AD 876. M aintaining the specifications outlined in the data
sheet requires carefiil selection of the com ponent valies. T he
m ost in portant concem is the f; g5 high-pass comer that isa
function ofR2, and the paralkelcom bination ofC1 and C 2.
The f; gg pPoint can be approxin ated by the equation

1

f B ———
=BT o xnx (R2) Cagl

where Cgq is the parallel com bination ofC 1 and C 2. N ote that
C1 istypically a large electroytic or tantalum capacitor that
becom es iInductive at high frequencies. Adding a an all ceram ic
orpolystyrene capacioron the orderof 0 .01 UF that doesnot
becom e inductive untilnegligibly higher frequenciesm aintains
a bow in pedance over a w ide frequency range.

AD876
ci R1
Vin W ) AIN
E R2
c2 +
3V = Vs

Figure 13. AC-Coupled Inputs

T here are add itional considerations w hen choosing the resistor
valies. T he ac-coupling capacitors integrate the sw itching
transients present at the nput ofthe AD 876 and cause a netdc
biascurrent, I, to fow into the input. T he m agninde ofthis
bias current increases w ith increasing de signal level and also
ncreases w ith sam ple frequency. Thisbiascurrentw illresult in
an offseterrorof R1 + R2) X I;. Ifit isnecessary to com pen-—
sate this error, considerm aking R 2 negligibly an allorm odify—
Ing Vyp ¢ to account for the resultant offset.

Asan exam pk, assum e that the inputto the AD 876 m ust have
adcbiasof3V and them inim um expected signal frequency is

20 kH z. Atasam ple clock frequency of20 M H z, the dc bias
currentat 3 V dc is approxin ately 30 pA . Ifwe choose R2 equal
to 1 kQ and R1 equalto 50 Q, the paralkel capacitance should
beam ninum of0.008 UF to avold attenuating signals close to
20 kH z.N ote that the bias currentw illcause a 31 5m V offset
from the 3 V bias.

Tn system sthatm ust use de—coupling, use an op am p t© kevel-
shift a ground-referenced signal to com ply w ith the nput
requirem entsofthe AD 876. Figure 14 showsan AD 817
configured in nverting m ode w ith ac signalgain of-1. Thedc
volage at the noninverting input ofthe op am p controls the

am ountofdc kevel shifting. A resistive voltage divider attenu-
atesthe REFBF signal. T he op am p then m ultiplies the attenu-
ated signalby 2. In the case where REFBF = 1.6V, thedc
output kvelw illbe 2.6 V.TheAD 817 isa low cost, fast settling,
singlke supplyop amp with aG = -1 bandw idth of29M Hz. The
AD 818 issin ilarto the AD 817 buthasa 50 M H z bandw dth.

0 ther appropriate op am ps inclide the AD 8011,AD 812 (@ dual),
and the AD 8001.

R; = 4.99KQ

AD876
—_—)

"'-I:L,'j-r" ovde

7

—(gAm

Figure 14. Bipolar Level Shift

An Integrated difference am plifier such asthe AD 830 isan
altermate m eans of providing dc level shifting. The AD 830
provides a great dealof flexbility w ith controlover offset and
gain. Figure 15 showsthe AD 830 preciely kevelshifting a
unipolar, ground-referenced signal. T he reference voltage,
REFBS, determ nes the am ount of kevelshifting. T he ac gain
is 1. T he AD 830 offers the advantagesofhigh CM RR, precise
gain, offset, and high—~im pedance nputswhen com pared w ih a
discrete Im plem entation. Form ore nform ation regarding the
AD 830, see the AD 830 data sheet.

+12V

Figure 15. Level Shifting with the AD830

REFERENCE INPUT DRIVING THE REFERENCE
TERMINALS

The AD 876 requires an extemal reference on pinsREFTF and
REFBF. The AD 876 provides reference sense pins, REFT S
and REFBS, tom Inin ize voltage drops caused by extemaland
ntemalw iring resistance. A resistor Jadder, nom nally 250 Q,
connects pnsREFTF and REFBF .

—-8— REV. B



ADB76

Figure 16 show s the equivalent nput structure for the AD 876
reference pins. T here isapproxin ately 5 Q of resistance betw een
both the REFTF and REFBT pinsand the reference ladder. If
the force-sense connections are not used, the voltage drop
across the 5 Q resistors w ill result In a reduced volage appear—
ng across the ladder resistance. T his reduces the nput span of
the converter. Applying a slightly larger span between the REFTF
and REFBF pins com pensates thiserror. N ote that the tem -
perature coefficients ofthe 5  resistors are 1350 ppm . T he
user should consider the effects of tem perature w hen notusing
a force-sense reference con figuration .

AD876
REFTF
CLK
REFTS ) aul /
$ RLabDER olc Vin)
3
2500
REFBS () p V2 CLK
REFBF

Figure 16. AD876 Equivalent Reference Structure

D o notconnectthe REFT S and REFBS pins in configurations
that do notuse a force—sense reference. C onnecting the force
and sense Ines together allow s current to flow in the sense lines.
Any currentallow ed to flow through these linesm ust be negligi-
bly an all. C urrent flow causes voltage drops across the resis—
tance In the sense lines. Because the ntemalD Asofthe

AD 876 tap different points along the sense lines, each D A
woul receive a slightly different reference voltage if current
were flow ing in these w ires. T o avoid thisundesirabl condition,
leave the sense lines unconnected. Any currentallowed to flow
through these Iinesm ust be negligbly an all (<100 A ).

T he voltage drop across the intemal resistor ladder determ ines
the mput span ofthe AD 876. T he driving voltages required at
the V1 and V2 points are regpectively +4 V and +2 V . C alculate
the fiullscale input span from the equation

Input Span (V)= REFTS - REFBS

This results in a fillscake nput span of approxin ately +2 V
when REFTS = +4V and REFBS = +2V In order to m aintain
the requisite 2 V drop across the intemal ladder, the extermnal
reference m ust be capable of providing approxin ately 8.0 m A .

T he user has flexibility in determ ining both the fullscale span of
the analog nputand where to center thisvoltage. Figure 17
show s the range overwhich the AD 876 can operate w ithout
degrading the typical perform ance.

(1.6,4.5) (2.5,4.5)
451
£ 40T
E 354
£ (1.6,3.5) (25,3.5)
LsoT
5
251
1 1 1 1 1

T T T T T
10 15 20 25 3.0
REFBF, REFBS

Figure 17. AD876 Reference Ranges

W hik the previous issues address the dc agpectsofthe AD 876
reference, the userm ust also be aw are of the dynam ic im ped-
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ance changes associated w ith the reference inputs. T he sin pli-
fied diagram of F igure 16 show s that the reference pins connect
to a capacitor for one-half of the clock period. T he size of the
capacior is a finction of the analog Input voltage.

T he extemal reference m ust be ablk to m aintain a low in ped-
ance over all frequendies of intered in order to provide the charge
required by the capacitance. By supplying the requisite charge,
the reference voltages w illbe relatively constant and perfor-

m ance w illnotdegrade. For som e reference configurations,
voltage transients w illbe present on the reference lines; this

is particu larly true during the falling edge of C LK . Tt is im por-
tant that the reference recovers from the transients and settles to
the desired level of accuracy prior to the rising edges of C LK .

T here are several reference con figurations suitable for the

AD 876 depending on the application, desired level of accuracy,
and cost trade-offs. T he sim plest configuration, shown in F ig-
ure 18, utilizes a resistor string to generate the reference volt-
ages from the converter’s analog pow er supply. The 0.1 uF
bypass capacitors effectively reduce high—-frequency transients.
The 10 pUF capacitors act to reduce the in pedances at the
REFTF and REFBF pins at ower frequencies. A s input fre—
quencies approach de¢, the capacitors becom e ineffective, and
an all voltage deviations w ill appear across the biasing resistors.
T his application can m aintain 10-bitaccuracy for input frequen-
cies above approxin ately 200 H z. 8-bit applications can use this
circu it or input frequencies above approxin ately 50 H z.

AD876
NC REFTS

1400 (£1%) av
5V Ot REFTF
10pF =0.1pF
10pF == $ $ 2500

(£15%)
2500 (+1%)

v

2v |

- ° C
$1OMF io-mF
NC —(2 REFBS

Figure 18. Low Cost Reference Circuit

REFBF

NC = NO CONNECT

T his reference configuration provides the low est costbuthas
several disadvantages. T hese disadvantages include poordc
pow er supply repction and poor accuracy due to the variability
of the Internaland extermnal resistors.

The AD 876 offers force-sense reference connections to elin i+
nate the voltage drops associated w ith the intemal connections
to the reference ladder. F igure 19 show s a suggested circuit
using an AD 826 dual, high speed op am p. T his con figuration
uses3.6 V and 1.6 V reference volages for REFT and REFB,
respectively. T he connections shown in Figure 19 configure the
op am ps asvoltage ollow ers.
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€| )—l AD876
+—o Q) REFTS

Q) REFTF

REFBS

REFBF

Figure 19. Kelvin Connected Reference Using the AD826

By connecting the op am p feedback through the sense connec—
tions of the AD 876, the outputs of the op am ps autom atically
adjist to com pensate for the voltage drops that occur w thin

the converter. The AD 826 has the advantage ofbeing abk to

m aintain stability whike driving unlin ited capacitive loads. Asa
resul, 0.1 UF capaciorsC 1, C 2, and C 3 can connect directly
to the outputs of the op am ps. T hese decoupling capacitors
reduce high frequency transients. C apacitorsC 4 and C 5 shunt
across the internal resistors of the force sense connections and

prevent instability .

T his configuration provides excellent perform ance and am ini-
m alnum ber of com ponents. T he circuit also offers the advan—
tage ofoperating from a single +5V supply. W hilke altemative
op am psm ay also be suiable, consider the stability of these op
am psw hik driving capacitive loads.

T he circuit shown In F igure 20 allow s a w ider selection ofop
am pswhen com pared w ith the previous configuration. An

AD876
20kQ
() REFTS
47nF 0O
) REFTF
REFT
REFBS
47nF &
[
) REFBF
REFB 1/2 01unF
OP-295 1°"F$ ; i

Figure 20. Kelvin Connected Reference Using the OP295

0O P295 dual, sihgle-supply op am p provides siabk 3.6 V and
1.6V reference voltages. The AD 822 dualop an p isalso suit
ablk for single-supply applications. FEach halfofthe O0P295 is
com pensated o drive the 10 uF and 0.1 IF decoupling capaci-
torsatthe REFTF and REFBF pinsand m aintain stability.

L ke any high resolution converter, the layout and decoupling of
the reference is critical. T he actualvoltage digitized by the

AD 876 is relative to the reference voltages. In F igure 21, for
exam pl, the reference retum and the bypass capacitors are
connected to the shield of the ncom ing analog signal. D istur-
bances In the ground of the analog input, thatw illbe com m on—
mode to the REFT , REFB, and AIN pinsbecause ofthe
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comm on ground, are effectively rem oved by the AD 876’s high
com m on-m ode regction .

H igh frequency noise sources, Vi1 and Vy ,, are shunted to
ground by decoupling capacitors. Any voltage drops betw een
the analog input ground and the reference bypassing points w ill
be treated as input signals by the converter via the reference
nputs. Consequently, the reference decoupling capacitors
should be connected to the sam e analog ground point used t©
define the analog Input voltage. (' or further suggestions, see
the “G rounding and Layout Rules” section ofthe data sheet.)

Figure 21. Recommended Bypassing for the Reference
Inputs

CLOCKINPUT

The AD 876 clock input isbuffered ntemally w ith an inverter
powered from theD RVyp pin. T his feature albws the AD 876
to accom m odate etther+5V or+3.3V CM 0O S logic input sig—-
nalsw ngs w ith the nput threshold forthe C LK pin nom nally
atD RVpp 2.

The AD 876’s pipelined architecture operates on both rising and
falling edges of the input clock. T o m Inin ize duty cycle varia—
tions the recom m ended logic fam ily to drive the clock Input is
high gpeed oradvanced CM OS HC A CT,AC ACT) bgic.
CM O S logic provides both sym m etrical voltage threshold kvels
and sufficient rise and fall tin es to support 20 M SP S operation .
The AD 876 isdesigned to supporta conversion rate of20 M SPS;
running the part at slightly faster clock ratesm ay be possible,
although at reduced perform ance kevels. C onversely, som e
slight perform ance in provem entsm ight be realized by clocking
the AD 876 at sbwer clock rates.

T he pow er dissipated by the correction logic and output buffers
is largely proportional to the cbck frequency,; rannng at reduced
clock rates provides a reduction In pow er consum ption . F igure
8 illustrates this trade-off.

DIGITAL INPUTS AND OUTPUTS

Fach ofthe AD 876 digital control inputs, TH REE-STATE and
STBY , hasan nputbufferpowered from theD RV, supply
phs. W ith D RVyp setto +5V, alldigital inputs readily inter-
facewith +5V CM O S logic. For interfacing w ith low er voltage
CM 0 S logic, D RV can be setto 3 3V, effectively ow ering
the nom inal nput threshold ofalldigial inputsto 33V L2 =
165V.

T he form at of the digial output is staight binary. T abl I show s
the output form at forthe case where REFTS = 4 V and REFBS
=2V.
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Table |. Output Data Format

Approx. | THREE-|DATA

AIN (V) | STATE (D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
>4 0 i1 1 1 1 1 1 1 1 1
4 0 i1 1 1 1 1 1 1 1 1
3 0 i 0 o0 0 0 0 0 0 0 O0
2 0 o 0o o o0 ©0 0 0 0 0 0
<2 0 o 0o o o0 ©0 0 0 0 0 0
X 1 z 7z % % %4 4 4 4 7 1z

A low powerm ode feature is provided such that for STBY =
H IGH and the clock disabled, the static powerofthe AD 876
willdrop below 50 mW .

GROUNDING AND LAYOUT RULES

A sisthe case forany high perform ance device, proper ground-
ng and layout techniques are essential in achieving optim al
perform ance. T he analog and digital groundson the AD 876
have been separated to optin ize the m anagem ent ofretum
currents In a system . Tt is recom m ended that a printed circuit
board (PCB) ofat kast4 layersem ploying a ground plane and
pow erplanes be used w ith the AD 876. T he use of ground and
pow er planes offers distinct advantages:

1. Them inin ization of the loop area encom passed by a signal
and is retum path.

2. Them Inin ization ofthe in pedance associated w ith ground
and pow er paths.

3. T he inherent distributed capacitor form ed by the power
plane, PC B nsulation, and ground plane.

T hese characteristics resu it in both a reduction ofelectro-
m agnetic nterference EM 1) and an overall in provam ent in
perfom ance.

Tt is in portant to design a layoutwhich preventsnoise from
coupling onto the input signal. D igital signals should notbe run
In parallelw ith the input signal traces and should be routed

aw ay from the nput circuitry. Separate analog and digital
grounds should be pined together directly under the AD 876. A
solid ground plane under the AD 876 isalso acceptable if the
pow er and ground retum currents arem anaged carefully. A
generalrule of thum b form ixed signal layouts dictates that the
retum currents from digital circuitry should not pass through
critical analog circuitry. For further layout suggestions, see the
AD876 Evaluation Board data shed.

DIGITAL OUTPUTS

Each ofthe on—chip buffers forthe AD 876 outputbits O 0-D 9)
ispowered from theD RV, supply pins, separate from AV, or
D V4, . Theoutputdrivers are sized to handle a variety of logic
fam ileswhilke m nin izing the am ount of glitch energy gener-
ated. In all cases, a fan-out of one is recom m ended to keep the
capacitive load on the outputdata bitsbelow the specified 20 pF
Evel.
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ForD RV, = 5V, the AD 876 output signal sw ing is com pat—
Jole w ith both high speed CM 0S5 and TTL logic fam ilies. For
TTL,theAD 876 on—chip, output drivers w ere designed to
support several of the high speed TT L, fam ilies (,AS, S).For
applicationsw here the clock rate isbelow 20M SPS, other TT L
fam iliesm ay be appropriate. For interfacing w ith low er voltage
CM O S bogic, the AD 876 sustains 20 M SPS operation w ith
DRVpp = 33V. In allcases, check your logic fam ily data
sheets for com patibility w ith the AD 876 D igital Specification
table.

THREE-STATE OUTPUTS

T he digitaloutputs of the AD 876 can be placed In a high in -
pedance state by setting the THREE-STATE pin to HIGH .

T his feature is provided to facilitate in—circuit testing or
evaluation . N ote that this function is not ntended for enabling/
disabling the AD C outputs from abusat20M SPS.Also, to
avoid corrmuption ofthe sam pled analog signal during conversion
(3.5 clock cycls), tishighly recom m ended thatthe AD 876
outputs be enabled on the bus prior to the first sam pling.For
the purpose ofbudgetary tin ing, the m axin um access and float
dely tin es (45, &1 shown In Figure 15) forthe AD 876 are
150 ns.

THREE-STATE
[ top —»I & to —>|

DO-D9 > {

ACTIVE HIGH IMPEDANCE

Figure 22. High-Impedance Output Timing Diagram
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Figure 23. AD876 Evaluation Board Schematic
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OUTLINE DIMENSIONS

D in ensions shown in inchesand (mm ).

R-28
28-Lead Wide Body (SOIC)

0.7125 (18.10)
0.6969 (17.70)

O

28 15

|

0.4193 (10.65)

V
0.2992 (7.60)
0.2914 (7.40)
0.3937 (10.00)

iy
H\HHHHHHHHHHHHHJ

PIN1 0.1043 (2.65) o 0.0291 (0.74)
0. 0926 (2.35) o 0.0008 (0.25) *

(-U—U—U—U-U—U—U—U—U—U—U—U—U—UJ HEL
%_ > e ?’t g 0.0500(127) Jj

00500 00192 (049 0
oo18030) G0 0012 ‘0 5 SEATING 0, 0125 00125(0.32) 0 #0157(040)
0.0040(0.10)  ‘Bsc ©3%)  "PLANE §ioe1(0.23)

x 45°

ST-48
28- Lead Plastic Thin Quad Flatpack (TQFP)

0.059 +0.008 —0.004

(1.50 40.2 -0.1)
0.354 +0.008 (9. oo+02)sa
| 0.055 + 0.002 0.039 (1.00
002+ 0.008 (1.40 + 0.05) REF .00
Gsoa g HHHHHHHHHHHst
f 37 24
0— |
SEATING o —
PLANE ] =
0— ]
0  0.276 + 0.004
[ TOP VIEW F= (7.0:0.1)
== (PINS DOWN) = sQ
0— |
0— |
0— |
] ]
0 1
B> L 13

"2 A T TEET T
5° + 3.5%)-m]s » |
@5 +35)_"P‘|r<' 0.02 + 0.003 0007+0003—0001

0.005 +0.002 —0.0008 (0.50£0.08) (0.18 +0.08 —0.03)
(0.127 +0.05 —0.02)

RS-28
28- Lead Shrink Small Outline Package (SSOP)

0.407 (10.34)
0.397 (10.08)

A8 A0AAH006GE]

—
]

0.301 (7.64)
0.212 (5.38)
0.205 (5.21)

s

0.311 (7.9)

LH\H JEEHEEEEEY

0.078 (1.98) PIN 1 0.07 (1.79)
0.068 (1.73) 0.066 (1.67)
1
i—m—t
> e f 003(0762)_.”‘_

0.008 (0.203) % "256 m SEATING 0,009 (0.229) 0“ 0.022 (0.558)

————— (0.65) po10(0.2 =
0.002 (0.050) ‘BsC ©-25)  PLANE goos (0.127)

—16—

REV. B

C1991a-0-1/98

PRINTED IN U.S.A.



