ANALOG
DEVICES

CMOS

13-Bit Monolithic A/D Converter

AD7550

FEATUHRES
Resolution: 13 Bits, 2's Complement
Relative Accuracy: £1/21L8B
“Chyeed Slope”™ Precision
Gain Drift: 1ppm/ C

Offset Drift:  Ippm/ C
Microprocessor Compatible
Ratiometric

Owerrange Flag

Very Low Power Dissipation
L/CMOS Compatible
{enolithic Canstruction

Mo 3‘&72466) This conversion consists of four stofres
integration as opposed td the waditonal dual sloge and
provides mich higher precision.

The AD7550 parallel ourput data lines have three-state logic
and are microprocessor cmnpmhlc through the use of two
enable lines which control the lower eight LEB’s (low byte
enablel and the five MBS's (high byte enable). An overrange
BUSY flags can be interrogated through the STATUS
ENABLE providing easy microprocessor interface.

The ADTE50 conversion time is about 40ms with a 1MHz
clock, Clock van be externally contralled or internally gen-
erated by simply conmedting a capacitor to the clock pin. A
pasitive stary pulse can be self-generaved by having a capacitor
an the start pin orcan be externally applied.

For most applications, the AD7550 needs only three resistors,
one capacitor, and a reference voliage since the integrating
amplifier, compararor; switches and digital logic are all on

the CMOS chip.

Information furnished by Anglog Uevices is believed to be acturate
angd reliable. Moy ., o responsibility is assumed by Anslog Devices
For l1s Use; nor for arvy infrin ants of pg af other rights of third
parties witich may result from i use, No license is granted by Impfice-
tion or otherwise under any patent or patent righs of Anslog Devices,
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SPECIF‘CA.”ONS (Vpp = +12V, V§s = -8V, V(¢ = +58V, VREF 1 = +4.25V unless otherwise noted}’

OVER SPECIFIED

PARAMETER TA = 425 € TEMPERATURE RANGE TEST CONMDITIONS
ACCURACY
Hesplution 13 Bits 2's Comp min
Accursey of Reading {Incuding Noise) 2158 max FZLEB max frig = 500kHz Rl = 3MLL C1 = 0014F
99% of conversions meet this specification
Noise {(Flicker} 22058 max +2188 max From nominal reading, not exceeded 99% of time
£3LSH max TILSH max From nomina! reading, not exceeded 100% of time
Crain Error *1L5B miax
Gain Errer Drife :;apmﬁc yp
Offser. Evvor £0,5L88 max
Offset Eeror Drift tppm/ C typ
AMALDG INPUTS
AIN Input Resistance’ RIMSE min
Vigppy input Resistance” KIME min
Vypppy Leakage Current 1W0pA wp
DHGITAL INPUTS
CIN, LBEM, HBEN, STEN
LBV max +( BV max Vep = #5V
+2A4V min +2.4V min
+ 1,2V max +1. 2V max Vee = ¥12V
+10.8V min +10.8V min

+8Y max
+3.0V min

Ve ® *3V 1o Vo

Vee = 5V to Vg, BUSY = Low
Vg = +5V to Y, BUSY = High

CLOCK
Ve +(, 8V ma
Ve #3V rein
Vr +1.2V mgk
Vi Riae
T ~100uA tup
Liriig +100uA tvp
DIGITAL OUTPUTS
Ve +0.5V max +0.8V max
Youtn +24V min +2.4Y min
OUTL, +# 1.2V max +1.2V max
ovuTH « 10,8V 'min +10.8Y min Vee = 12V, lsaunes = 0,6
Capacitance (Floating Stave} SpF yp
(OVRG, BUSY, BUSY,
and DBO-DE12
I ke (Floating Srawe) THnA Lyp Vg = +5V 10 +12W
LOWRG, BUSY, BUSY, Vaur = 0V and Vi
and DBO-DB12)
DY RAMIC PERFORMANCE
S0ms typ Vg = 0o +3V,
; = 500kHz
Conversion Thoe o v
40ms typ Vi oLy it
Lk = 1Mz
STEM, HBEM, LBEN
Propagation 250ns typ, 500ns max Vo (STEN, HBEN, LBEN}
Delsy ton. fope Qe #3V
Exrernal STRT : . s .
Pulse Duration 800ns min Vin{STRT) = @ to #3V
POWER SUPPLIES
Vi Range +10V ‘min, +12V max
Vg Range ~5% mmun, =12V max
Ve Range 5V min, Vg max
Inn G.6mA typ, 2mA max
kg O 3mA typ, Zod max f(:l,!»: = 1MHz2
b GO06mA typ, ZmA max
MOTES

. . ) ) . . ) o I . VREFI
The equivalent input cintuit i the integratar resistor R j (1MI0min, 1OMIE max} 1o swries with aveliage source ————  {see Figure 1L
Specifications subject 1o change without notice. 2

' Full Soule Voltage s sVgppy + 5125, For Vg = +4.25V, FS voluge is 32,000V,



PIM CONFIGURATION OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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Madel Temperature Range Package e emamwi’%"r?f’sil?iﬁ"*wmw"m“ -
AD7550BD ~25°C to +85°C Ceramic -
40-Pin Ceramic Dip
DAIRBAE EM
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Digital nput Voltage
HBEN, LBEN, STEN, Cpy- . .. - .. DGND, (DGND +27V) sl
) . ., B0 bt UHH }GUS?
CLE\ ‘)TA.RT ...................... [)GND, ‘(DD @ . @ . . @ . @ @ AGTRGD
Digital Output Volrage -
DBO—-DE12, OVRG, BUSY, BUSY G . BGND, Ve . .
N OUT G Bonding Diagram
Power Dissiparion (Package)
Upto +50°C .. oo 1600mW
Defatesabiove +50°Chy . ... ... ... 10mW/°C
Storage Temperature . ... . .o i .o -65°Cto +150°C
Operating Temperature, o o .« ovw v on o oo ~25°C 1o +85°C
CAUTION:

1. The digital conurol Inputs are zener protecied; however,
permanent damage may oceur on unconnected units
under high energy electrostatic fields. Keep unused
units in conductive foam at all tmes. Prior to pulling
the devices from the conductive foam; ground the
foam to deplete any accumulated charge.

2. Ypp should never exceed Vg by more than 8.4V,
especially during power ON or OFF sequencing.




PIN  MNEMONIC DESCRIPTION

1 N Mo Comnection

2 IRICT IntegratoR JunCTion. Summing junceion (negative input) of integrating amplifier.

¥ VeErs Voltage REFerence Input

4 IRIN integratoR {Npun External integrator input R is connected between IRJCT 2nd IRIN,

§ AN Analog INput. Unknown analog input voltage to be measured. Fullseale AIN equals Vgpp/2.125,

6 IROUT IntegratoR OUTput, External integrating capacitor €; is connected between IROUT and IRJCT.

7 Vagrs Woltage REFerence + 2 Input

8 AGND Analog GrouND

¥ Vg Negative Supply {3V to =12V)

i NC Mo Connection

11 NC Mo Connection

12 MNC No Connection

13 NC Mo Connection

14 STRT STaRT Conversion. When STRT goes to a Logic ¥1," the AD75507s digital logic is setup and
BUSY 1s latched “high.” When STRT rerurns “low.” conversion begins in synchronization with
CLK. Reminating 5TRT during conversion causes a conversion restare. STRT can be driven from
an external logic source or can be programmed for continuous conversion by connecting an
external capacitor berween STRT and DGND, An externally applied STRT command must be
a positive pulse of gt least 800 nanoseconds to ensure proper set-up of the AD7550 logic.

15 /CL {lgput. The CLK can be driven from external logic, or can be programmed for internal

iq

1? i

18 HBEN
HBEN 45 low, the DES—-DF
on the data fines,

19 LBEN Low Byre ENable is the three-state logic enable for DBQ
DET are {oating. When “high,” digital data dppears on the dat

2 DGND Digital GrouND is the ground. return for all digital logic and the comparatorn

21 DBO Jata Bir O (least significant bic)

12 DBl “

23 pB2

4 D83

15 DB4

6 DB3

27 DB6 CORE: 2's Complement

8. DB7

% DBE

0. DBY

i1 DBio

32 DBIY !

33 DB12 Data Bit 12 (most significant big)

I OVRG OVerRange indicates a Logic "1 if AIN exceeds plus or minus full scale by at least 1/2 LSB.
OVRG s a three-state output and floats until STEN is addressed with & Logic “17.

is  BUSY Nor BUSY. BUSY indicates whether conversion is complete or in progress. BUSY is a three-
state cutput winch floats untd STEN is addressed with a Logic “1.” When addressed, BUSY
will indicate either 2 1" {eonversion complete} or 2 0" (conversion in progress).

6 BUSY BUSY indicates conversion status. BUSY 15 a three-state output which floats until STEN is
addressed with a Logic "1 When addressed, BUSY indicates a “0” {conversion complere) ora
17 {conversion inprogress).

3F BTEN STatus ENable is the threestate control inpur for BUSY, BUSY, and OVEG.

38 NC Mo Connection

38 Ve Logic Supply. Digital inputs and outpuss are TTL compatible if Vo = 35V, CMOS compatible
for Ve = #10V 10 Vi

4 Vi Positive Supply +10V o +12V.



PRINCIPLES OF OPERATION where:
¢ = The CLK period
BASIC OFERATION 7= 3YStem error Count
K1 = & fixed count equal to 4352 counis
K2 = A fixed count equal to 17408 counts (K7 = 4K3)
Kz = A fixed count egual to 25600 counts
N = Digital output coun eorresponding to the analog input

The egsence of the guad slope technique Is best explaimed
through Figures 1 and 2.

53 swy .
AL o e o voltage, AIN
5wz Ve =
Trene=g i PHASE ©
S a1 £ - ) ' S A
AR Do .:j@s{ COMPARATOR Afrer the start pulse 5 g;}plw& switch 5W2. is closed (all other
Vases 4 10 CONTROL LOGI swirches QE}CEJ-QH{} the integrator ouTpuLIs ramped to compar-
p stor Zero erossing. Phase O can be considered the reser phase
Vi = Vagrz + Yos + taey BT v hukoswo R \; of the eonverter, and alwayshas a duration tp = RyCy lntegra-
ALK tor tme constant). Upon zere r:r:;:f;:;ing, éonnters K1 arid Ki

are started, switch W2 is opened and SW1 is closed.
Figure 1. Ouad Slope fntegrator Circudt

PHASE 1
The inputs AGND (analog ground), Vrgry and AIN (analog Phase 1 integrates (AGND ~ Vg) for a fixed period of time
agplied in sequence to an integrator (Figure 1), (by counter X ) equal 1o 11 = K1t At the end of phase 1,
fpes (phases 1 through 4, Figure 21) atthe switch SW1 is opened and SW2 is closed,
.o i REF‘I ;

deally equal m» 5 ‘ PHASE 2

| be mini- The integrator input is switched to (Vggpy — V) and the

¥y and outputramps down untilzero crossing is achieved, The integra-

1031 imety = {Kl + n); ;m udes ihL errox *mmt ”n" due to

times are shown in sl

TABLE L
INTEGRATOR EQUIVALENT INPUT VOLTA
AND INTEGRATION TIMES

Phase Input Volwage foregration Time
1 AGND-Vs |ty = Kt
4 VREFL~ Vs } t, = (Kl + njt ramps down until zero crossing once afmm
‘ ‘ “ , the comparator always approaches zero ¢rossing ITos
3 AIN—-Vg t3 = (2K - mit samé¢ slope, propagation delay is constant and hysteresis ff
& Vapgl Vs ty = (Kg~ 2K + n=2N)t is eliminated.

NOTE: Ideally Vg = Vgppa = 12 Vrep
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The time 15 bevween the phase 4 zero crossing and the termin- Under this condition,
ation of counter K3 is considered equal to 2N counts. N, the

number of counts at the Gy tetminal, is obrained by a di- 2{c+ LRy

14

vide-by-two counter stage. This reduces “jitter” effect. Bar- Veer
ring third (and higher) order effects, it can be proven that:
{EQN 1)

where 17 R is the eguivalent error voltage generated
by leakage I1..

The evaluation of this error term is best demonstrated

AR N Ky [ AN ;
R Eve SR S TR 2 (PR T Srnsesentiball § Ml et
Vi § 2 AVapr
b d vy

— _— through the following example:
ideal transfer fundtion ErroT IeTm Assume:
where: A, R, = IMQ and 4.25V
e = 5mV, I, = 5nA, = afd Vg = 4. B
- Ve ~Vrupy L i REF1
Vrur Then:
The ideal case assumes: a=4.7x1073
AGND = 0V and-
Vg = j%&, therefore o= O
N | AIN Al o
= -1 X 87044 12800« | e <1 X220 x 1070 x 8704
VRER Yrer
A
Mg
crror term Ng
(EQN-2)
Therefore, the error count Ny 15 as follows:
“Vpg: Ne= 0.28 counts = {0, 28L58
i Moo= 0,19 counts = 0.19L5E
+Vpd: 392 counts = LOPLSB
where:
g above exa
. Vipn circuit errg
Vg = full seale input volage = BEF] oS
2.125 .
alwiy giife, ¢
The parallel outputr (DBO-DB12) of the AD7550 represents CUIT ErTOrS.
the number N in binary 2's complement coding when the
Copr pin is connected ro the Cpy pin (see Table 1) Case 2: AGND # 0, 00
ITY e (B eieryr Five G e osrrnd e
TABLE 1 \}’hen AGI\I?{ is d;’riﬁ;@ ?‘;"f“ lhuf‘mgnfﬁjmgnﬁ, then
OUTPUT CODING (Bipolar 2's Complement) this error will come through on a first-order basis.
Indeed:
Adalog Inpuit N Parallel Digital OCurput
(Note 1) | (Nowe 2) (Note 3 cLamw 1 famNn AGND
. I\wv 11+ 8704 4 12800 4 P -1 T * 2Ky
OVRG D812 DBO REF1 RE¥1 REF1
Averrange 1 o FI0 T T A A AS J
WS (1-271%] 8191 ¢ 0 1111 1011 1111 hd
HWES (2417 097 U i BODD 0000 000 error verry Ng
i 4046 6 0 0H00 GO0U GDOG
-NES (2712 4095 o 1 1111 b1l i1
=WES o O i BOOn GOLL ULOO The following example demonstrates the impact
=(hypiprange 1 - 1 1 DOEoOD G000 6000 of AGND
Notes v
§ Vi = JREF N .
FS ™ 9195 Let AGND = ImV and Vygp, = 4.25V.
2 W= pumber of counts et Coyr pin . - . - .
3 Coup strapped to Cpagi LBEN, HEEN and STEN = Logic 1 For AIN = -Vgg, then Ng = 3.01 counts

AIN = 0, then Ng = 2485 counts
AIN'= + Vg, then Ny = 1.08 counts
ERERORE ANALYSIS

Equation 1 shows thavonly oand ACND generate error rerms.,

Thew impace can be analyzed as fallows Therefore, ground loops should be minimized
because a 330uV difference between AGND and
signal ground will cavse 1 count {1 L8B) of errar
Brror sources such as fapaciwr«icakagc (I and op when the analog input 15 at mimus full scale. &n
amp offset (e} cause & to be different from zero. optimized ground system 1 shown in Figure 7.

Case ) AGND = 0,0 # 0

~B~



OPERATING GUIDELINES

The following steps, in conjunction with Figure 3, explain the
calculations of the compoenent values required for proper
OpPeration,

1. DETERMINATION OF VRgpy

When the full seale voltage requirement (VFS) has been
ascertained, the reference voltage can be calculared by
VRepy = 2125 (Vgg)

Vgppy must be positive for proper operation.

- SELECTION OF Cy (INTERNAL CLOCK OPERATION}

lock operation, connect capacitor Cg to the
in Pl 3. The clock frequency versus

Ko
i

SELECTION OT
AND Cy)

To ensure that the integrator’s output doesn’t sand

its bound (Vi) during the phase (3) integration cyeld
the integrator time constant (R €, ) should be approxi-
mately equal ta:

Vrerg (9 X 109)

m=R =
11" Foik (Vop =)

The integrator components R1 and Cq can be selected by
referving to Figure § and/or Figure 6. Figure § plots the time
constant (R 1Cq) versus clock frequency for different refer-
erice voltages. Figure 6 is a direct plot.of the required Ty
versus fey o for Ry values of 1MQ and 10M£2.

Ry van be astandard 10% vesistor; but must be selected
berween 1M to 10MEL.

The integrating eapacitor “Cy " must bea low:leakage, low
dielectric absorption type such as teflon, polystyrene or
polypropylene. To minimize noise, the outside foil of Cy
must be connected to g

L CONVERSION TIME

As shown in Figure 2, the donversion time is independent of
the analog input voltage AIN, and is given by:

34306

teonvert = ISTRT + + Ri1€y

z for proper

where:

tgTRT = STRT pulse duration
R1Cy = Integrator Time Consrant
fep g = CLK Frequency

For example, if Vegpy = 4.25V, Ry = 1ME2, Cy = 4,000pF
and CLK = 1MHgz, the conversion time (not including
tgpgy, Which is normally only microseconds in duration)
is approximately 40 millisceonds,

. EXTERNAL OR AUTO STRT OPERATION

The STRT pin can be driven externally, or with the addition
of Cg, made to self-start,

The size of Cp determines the length of tinve from end of
conversion until 2 new conversion 15 initiated. This is the
“data valid” time and is given by:

~ (1.7 x 10002) C, + 20us

6.

Trim Ry (Figure 3) so that pin 2K
£0.6%. When measuring the voltage on IR]
“1" to the STRT terminal,

+GY T
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Figure 3. Operation Diagram
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APPLICATION HINTS

When operating at {5y i greawer than 500kHz, the following
steps are recommended to mininnze errors due 1o nolse
coupling {see Figure 71

D{fé{?i}pl’t‘ Al {plﬁ 5), V;{gpi I:[Z‘ll‘“i 3) grd VREFE {pm 73
through 0.01uF to signal ground.

. Signal ground must be located as close to pin B (AGND)

as possible.

. Keep the lead lengths of Ry and Cy toward pin 2 (IRFCT)

as shore as possible, In addition, borh components should
lie over the anzalog ground plane. H €y has an outdide foil,
connect {to piné (IROUT), not pin 2

P

. Hold the dats bit enzbles (HBEN, LBEN) 41 the € state

during eonversion, This is easily accomplished by tying
STEN to the 1 state and driving HBEN and LBEN with
BUSY. This prevents the DBO through DB12 ourputs from
coupling noise into the integrator during the phase 14
active integration periods,

40

oo i \l
I —
[ L <
> i \ \ ] / A
0.0 AN o
10y 0 ~— M
fobw ~ He

Figure 5. integrator Time Constant (R7C1) vs.
fr) i for Different Reference Voftages
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