Cimav
Vi

SIGNAL PROCESSING EXCELLENCE

SP4630

20-Bit, 2KSPS Oversampling PGA/ADC

FEATURES

20-Bit Resolution at 2K Samples/Second
9@560Hz Signat Bandwidth

85dB Linear-phase Anti-alias Protection
104dB SNR

112dB Dynamic Range

+0.6 LSB DNL Error at 20 Bits
Programmable Gain, Differential Input
Amplifier

£0.32V, £0.16V and £0.08V FSR Inputs

200mW Power Dissipation
Internai Reference
Internal Decimation Filter

APPLICATIONS

Geoseismic Data Acquisition
Electro-optical Instrumentation
Analytical Instrumentation
Weighing Systems

Biomedical Instrumentation

DESCRIPTION

The SP4630 is a complete, low-power 20-bit
oversampling A/D converter optfimized for
applications requiring wide dynamic
range. A differential input, programmable
gain (G=1, 2, 3, 4) instrumentation ampli-
fier allows direct connection to low-level
transducer outputs to maximize system
signal integrity.

The SP4630 is very simple to use. Bipolar &V
power supplies, a single 1.024MHz clock
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SPECIFICATIONS

T, = 27°C and +£4.75V nominal supply voltages unless otherwise specified)

MIN. | TYP. | MAX. UNIT CONDITIONS
RESOLUTION 20 Bifs | Nofe T
ANALOG INPUT
Input Full Scale Range +320 mV | Gain=1;Note 1
+160 mV | Gain=2
+106.7 mV | Gain=3
+80 mV | Gain=4
Impedance 1.956 20 MQ | A, ToSIG GND; Notfe 1
10,000 KQ | Ay To A Notel
Capacitance 5 pF | Aur A Note 1
Bias Currents 1 10 nNA [ Ay Ay Note
Offset Currents 0.1 5 NA [ Ay Ay Notel
Common Mode Volage 25 p6-28 V | A=A Nofe l
Common Mode Rejection Notes 2 & 4, F,, = 70Hz,
Gain=1 85 90 dB | V,, =500V,
Gain=2 0 96 dB
Gain=4 95 102 dB
Offset PSRR Differential, £4.5V fo £5.0V
Gain=1 +1 opm/V
Gain=2 +2 ppm/V
Gain=4 +4 ppm/V
Gain PSRR Single-ended, +4.5V fo
Gain=1 +0.032 % | 50V
Gain=2 +0.0005 %
Gain=3 -0.029 %
Gain=4 -0.038 %
DC TRANSFER CHARACTERISTICS
integral Linearity Error +0.01 % | From fullscale SINAD
Differential Linearity Error +05 |+0.75 {SB | Histogram method, Note 3
No Missing Codes 20 bits | Histogram method, Note 1
Gain Emor Single-ended, Notes 2 & 5;
Gain=1 001 | +0.024 % | Ay =signal,
Gain=2 +0.015 | +0..034 % | A, =SIGGND
Gain=4 +002 | +0.044 %
Offset Error Single-ended, Notes 2 & 6;
Gain=1 %10 +20 uv | Ay, =signal,
Gain=2 +40 50 uv | A, =SIGGND
Gain=4 +60 80 uv
DYNAMIC CHARACTERISTICS
Sample Rate 1.8 20 22 ksps | Notes1&7
Bandwidth 930 Hz | -3dB. F, = 2ksps; Note 1
Droop -1.80 -1.86 | -1.92 dB | of 800Hz Note 1
Attenuation -85 dB | F,>12kHz; Note 1
DC (diing) Noise 0.5Hz to 1kHz: Note 8
Gain=1 1.05 1.6 uvms | referred to input; Note 2
Gain=2 0.67 1.1 uvms | referred to input; Note 2
Gan=4 082 0.671 pwvms | referred to input; Note 2
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SPECIFICATIONS (continued)

(d, = 27°C and £4.75V nominal supply voltages unless otherwise specified)

MIN. TYP. | MAX. UNIT CONDITIONS
DYNAMIC CHARACTERISTICS
SINAD Differential
Gain=1 102 104 dBc | 5565Hz, OdBFS; Note 2
68 78 dBc | 70Hz, OdBFS
84 dBc | 70Hz, -6dBFS
85 dBc | 70Hz, -12dBFS
855 dBc | 70Hz, -18dBFS
81 dBc | 70Hz, -24dBFS
70 dBc | 70Hz, -36.1dBFS
34 dBc | 70Hz, -72.2dBFS
7 dBc | 70Hz, -100dBFS
Gain=2 100 102 dBc | 5565Hz, OBFS
68 77 dBc | 70Hz, OdBFS
Gain=4 97 99.5 dBc | 555Hz, OABFS
68 76 dBc | 70Hz, OdBFS; Note 2
Spurious-Free Dynamic Range Differential
Gain=1 105 115 dBFS | 555Hz, OdBFS; Note 2
70 80 dBFS | 70Hz, OdBFS
92 dBFS | 70Hz, -6dBFS
995 dBFS | 70Hz, -12dBFS
108 dBFS | 70Hz, -18dBFS
115 dBFS | 70Hz, -24dBFS
127 dBFS | 70Hz, -36.1dBFS
129 dBFS | 70Hz, -72.20BFS
130 dBFS | 70Hz, -100dBFS
Gain=2 68 77 dBFS | 70Hz, OBFS
Gain=4 68 76 dBFS | 70Hz, OBFS: Note 2
STABILITY
Offset Temperature Coefficient, Notes 10& 11
Gain=1 +0.31 uv/eC
Gain=2 +0.42 uv/eC
Gain=4 +0.44 uv/eC
Offset Notes 2 & 10
Gain=1 -35/+43 +50 uv
Gain=2 F13/+40 +80 Y
Gain=4 -0/+60 +100 uv
Gain Temperature Coefficient Differential, 2MQ to signal;
Gain=1 -60 ppm/°C | Note2
Gain=2 71 ppm/°C
Gain=4 -79 ppm/°C
Gain Error Differential, 2MQ to signal;
Gain=1 025/+405 075 % | Note 2
Gain=2 0.35/+0.55 +0.85 %
Gain=4 04/+06 090 %
DIGITAL INPUT/OQUTPUT
Digital Inputs Veen = Vipn =475V
\A 0 14 V| I, <2uA;Note 2
vV, 34 +V, V| 1, <2uA: Note 2
L 0.5 0.6 mA | RESET (pin 20) input low;
10kQ2 pullup
Digital Outputs Vs, = 4.75V
o 0.1 04 V|l =2.9mA; Note 2
Vau 44 4.7 V| |y, =29mA; Note 2
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SPECIFICATIONS (continued)

(T, = 27°C and £4.75V nominal supply voltages unless otherwise specified)

MIN. TYP. | MAX. UNIT CONDITIONS
DIGITAL INPUT/OUTPUT
OQutput Coding Bit serial, MSB first
Offset Binary DATA FORMAT = "1"
2's Complement DATA FORMAT = "0"
POWER REQUIREMENTS
Supplies
VeeaVeco! Vot +45 | +4.75 +5.0 V | Specified; Note 2
cea/Veen +4.0 +6.0 V | Operating
DDFL +3.0 +6.0 V | Operating
Veea/ Vo 4.5 | -4.75 -5.0 V| Specified; Note 2
eeal Vero -4.0 -6.0 V | Operating
Static Power Note 12
oo 20.1 MA | Vo =475V
leca + leco 10.7 MA | Viou =475V
leen + e 82 MA | Vou =475V
Py 185 200 mW | Note 2
150 mW | V=145V, 85C
244 260 mwW | V=150V, -40°C
Dynamic Power Note 13
oo 21.0 mA | V,ou=4.75V
oo lecp 1.3 MA | Vo, =4.75V
leea * Veeo 8.9 mA | Vo =475V
P, 196 mwW | Note 2
1568 mwW | V=145V, 85°C
258 mwW | V=150V, -40°C
ENVIRONMENTAL
Centrifuge 5,000 G's | Worst axis; Note 2
Operating Temperature -40 +85 °C | Note 2
Storage Temperature -65 +150 °C | Note 1
Power-on Time 65 ms | Notes 1 &9
MECHANICAL
Case 28-pin metal
Notes:

1.

Guaranteed by design

2. 100% tested parameter

3. Saomple tested parameter

4. Dynamic CMRR is laser-frimmed with 5.00Vpk,pk, 70Hz applied. It is tested by applying the same signal and recording peak-to-peak
excursion of output codes. Codes are converted to equivalent input voltages, and these are ratioed to applied input level to
obtain CMRR in dB.

5. Gainis measured with respect fo A, input at Gain = 1. Offset at A, may not match offset from A, when measured on a single-
ended DC tester. Maximum offset is measured over temperature on a single-ended DC tester at DC final test by forcing, then
measuring the input voltage required to obtain the mid-scale output code.

6. Offsetis loser-fimmed with respect to the A, input ot Gain = 1. Offset at the A, input may not match the offset from A when
measured on a single-ended DC tester. Maximum offset is measured over temperature on a single-ended DC tester at DC final
test by forcing, then measuring the input voltage required to obtain the mid-scale ocutput code.

7. Sample rate is the MASTER CLOCK frequency divided by 512. A 2ksps sampling rate requires a MASTER CLOCK of 1.024MHz. All
tests are performed at a 2ksps sampling rate. Bancdwidth, droop and attenuation are primcrily digital filter parameters, and they
will scale with the MASTER CLOCK and sampling rates.

8. DCidiing Noise is measured in differential mode (200Q from A, fo A, 100kQ from each to SIG GND) on the dynamic test
system. Differential DC offset is also measured under these same conditions as part of the noise test, and thus includes effects of
input offset currents through the external resistors, as well as any thermoelectric potentials between A and A, .

9. SP4630 is not functional until after RESET (pin 20) has been applied. RESET must be held at a logic "0" (low) for 1024 periods of the
MAGSTER CLOCK, minirmum:. At 2ksps, the MASTER CLOCK = 1.024MHz, and RESET must therefore be held low for 1.0ms. Pipeline
delay for valid data is 64ms, thus the Power-on Time is given as 65ms minimum. note that the SP4630 requires approximately one
minute fo thermally stabilize the offset voltages in the input ampilifiers, and that the offset voltages are specified after a minimum
of one minute warm-up.

10. Differential, A, = A, . 2MQ 1o signal; -40°C 1o +85°C

11. Refer fo graph

12,V = GND, Vo Voo Viea/ Vo strapped

13. V|, =FSsinewave, V. /V e Vea/ Vi STTORPED
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DESCRIPTION(continued from Page 1)

and an input signal are all that is required
o obtain 20-bit data at a 2KSPS rate.
Intemal linear-phase anti-alias filtering of
85dB eliminates the need for expensive, pc
board real-estate-hungry analog anti-
aliasing filters. Output data from the
internal decimation filter is a serial bit
stream synchronized to a bit clock output.

A proprietary multi-bit oversampling
modulator insures freedom from idle
pattemn problems, and guarantees excel-
lent low-level signal fidelity.

The SP4630 is available for specified
performance over the commercial 0°C to
+70°C and industrial -40°C to +85°C
temperature ranges. it is packaged in a
28-pin, double-width DIP,

MECHANICAL DIMENSIONS PIN ASSIGNMENTS
e 1. Ay 28. GCTRL,
| WJ END VIEW 2. A, 27. GCIRL,
L [oezg e 28-PIN METAL 3. SIGGND 26, AGND/PWRRIN
| fe 00 4. PGA,, 25. AGND/PWR RTN
or 0220" 4 175 S *Vegon 24. -5V,
BSTQD'CATES r MTJ&chx. é' —VREFOUT 23' +5VA
» 20 | El“jﬁ 3 7. #V . DIG. 22, MASTER CLK IN
° ° t— | 8. MDLTROUT 21. NO CONNECTION
. o s 9. DGND 20. RESET
. 3 = 10. V.DIG  19. DATA FORMAT
° ° | N 11. DGNDFIL 18, SYNCIN
o o — 12. DGNDFIL  17. WORD CLK/EOC
X ° = 13, +V__ FIL 16. BIT CLK OUT
o o = 1 14, +V  FIL 15. SERIAL DATA OUT
214 152 0'?"'&‘_ i
ﬂ]&w_—
TOP VIEW SIDE VIEW

Ordering Information

20-Bit, 2KSPS Oversampiing ADC . . .

SP4630-I......cccovieiirnnenneiecnaceannnnnne -40°C to +85°C
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PINOUT ‘

The functions of the various pins of the
SP4630 are described below. Refer to the
Mechanical Dimensions and Pin Assign-
ment information on page 3 of this data
sheet.

Pin 1 — A, — Non-inverting. high imped-
ance, differential analog input.

Pin 2 — A, — Inverting, high impedance,
differential analog inpuft.

Pin 3 — SIGGND — Signal return for the
ana-log input.

Pin 4 — PGA_,, — Programmable gain
amplifier output. Used for test only.

Pins 5 & 6 — +V .. & -V . — Infemal positive
(+1.25V nominal) and negative (-1.245V
nom-inal) reference voltages. These should
be buffered for use outside the SP4630.

Pins 7 — +V_. DIG — Digital +5V power
sup-ply input for the front-end modulator
portion of the SP4630. Internally tied to
+BV,.

Pin 8 — MDLTR OUT — Modulator Output.
Used for test and trim. Normally left open.

Pin 9 — DGND — Digital ground for the
front-end modulator portion of the SP4630.

Pins 10 — -V, DIG — Digital -5V power sup-
ply input for the front-end moduiator
portion of the SP4630.

Pins 11 & 12 — DGND FIL — Digital ground
for the decimation filter portion of the
SP4630.

Pins 13 & 14 — +V__ FIL — The +5V digital
power supply for the decimation filter por-
tion of the SP4630.

Pin 15 — SERIAL DATA OUT — This is the 20-
bit digital output data in serial form. The
data is presented in a 32-bit field with the
MSB first. The data is shifted out af the BIT
CLOCK rate of 64kHz. The last 12 bit
positions are at logic low.

Pin 16 — BIT CLK OUT — This clock output is
used to synchronize the serial data from
the SERIAL DATA OUT, pin 15. The serial
data changes state on the high-to-low
transition of the BIT CLOCK.

Pin 17 — WORD CLOCK/EOC — This pin
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supplies a clock at the 2kHz sampling rate.
This output clock signal should be tied
directly to pin 18, SYNC IN if the ADC is not
synchronized to another SP4630.

Pin 18 — SYNC IN — This input accepts a
2kHz sampling rate clock taken either
direct-ly from the SP4630 WORD CLOCK/
EOC OUTPUT, Pin 17, or fromn the WORD
CLOCK/EOC output from another SP4630.

Pin 19 — DATA FORMAT — Selects output

data format; logic "0 selects 2's comple-
ment, while logic " 1" selects offset binary

output data format.

Pin 20 — RESET — Active low, accepts a
power-on-reset signal from the system. Re-
sets the digital fitters to their initial operating
state. Must be held low for minimum of 512
cycles of AUXILLIARY CLOCK OUTPUT (2.0ms
nominal).

Pin 21 — NO CONNECTION

Pin 22 — MASTER CLOCK IN — Accepts the
1.024MHz nominal master clock timing ref-
erence signal.

Pin 23 — +5V, — Analog power supply volt-
age input.

Pin 24 — -5V, — Analog power supply volt-
age input.

Pins 25 & 26 — AGND/PWR RTN — +5V,
analog power supply retumn.

Pin 27 — GCTRLO — Used with pin 28, gain
select; CMOS compatible.

Pin 28 — GCTRL1 — Used with pin 27, gain
select; CMOS compatible.

USING THE SP4630

Power Supplies

The SP4630 requires three power supply
volt-ages — 5V analog, +5V digital for the
moduiator, and +5V digital for the decima-
tion filter. The +5V supply connected o pins
13 and 14 may be the same one used to
supply +5V power to pin 7, although for
best noise performance, the two +5V digital
supplies should be separate. The +5V
supplied to pin 7 must be derived from the
+5V, supplied at pin 23. This can be achiev-



ed by isolating pin 7 from 23 by a 10ohm
resistor or ferrite beads.

Grounding

Analog and digital grounds are not
internally tied fogether in the SP4630. These
should be tied to a ground plane. SIGGND
(pin 3) should be tfied to externally to the
AGND pin connected to power return,

Digital I/0

Normally, the WORD CLOCK QUT (pin 17) is
fied to the SYNC INPUT (pin18). To allow
synchronizing muttiple $P4630s, the WORD
CLOCK OUT (pin 17) of a "master" SP4630 is
connected to the SYNC INPUT (pin 18) of
any other SP4630s that are to be synchro-
nized with it. The RESET pin (20) of all units
should be tied together.

Output Format Options

The DATA FORMAT pin (19) is used to deter-
mine the format of the serial output data. A
logic low ("0") setfs the output datato a 2's
complement format, while a logic high ("17)
set the output data fo offset binary.

Serial output data is presented on the SERIAL
DATA OUT pin (15), synchronized with the BIT
CLOCK output on pin 16. The data is output as
a 32-bit field, MSB first, with the last 12 bits ot
logic "0". The data changes state on the high-
fodow transition of the BIT CLOCK signal. The bit
rate in kHz is determined by multiplying the 32
bit field by the sampling rate clock. Thus, for a
2kHz data sampling rate, the bit clock is
32x2kHz, or 64kHz. Figure 1, “Serial Data Output
Timing " shows the timing relationship for serial
data output from the SP4630.

BIT CLOCK OUT _/l[ i

WORD CLOCK
our

SERIAL DATA
out

BIT 19 (MSB)

] BIT 18 X Bimi7

Figure 1. Serial Data Output Timing
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SP4630 Measured Frequency Response
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Figure 2. SP4630 Frequency Response

SP4630 Differential Mode Offset vs Temperature
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decibely referred to careier
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Figure 7. FFT; F, = 70Hz @ -68.0dB ; Gain = 4
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