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ANALOG T-5/-07-0l LC*MOS
DEVICES 20-Bit Data Acquisition System

AD79024

FEATURES FUNCTIONAL BLOCK DIAGRAM
20-Bit Sigma-Deita ADC
Dynamic Range of 105 dB {150 Hz Input) AVoo DVop AVsg RESET AO A1 A2 CLKWN  CLKOUT
*0.0015% Integral Nonlinearity (150 Hz Input)
On-Chip Low-Pass Digital Filter AD78024 CLOOK

Cut-Off Programmable from 300 Hz to 18.75 Hz
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GENERAL DESCRIPTION  :{ 5¢ DY 2%y
The AD79024 is a Signal Processing:BlocK for DggAQms@oﬁ
Systems. It is particularly suitable for biomedical applications _ °
like ECG and EEG machines. The device is caﬁqbléof'i)roc &
ing 4 channels with bandwidths of up to 300 Hz. Resolutim?f%f
20 bits, and the usable dynamic range varies from 115 dB with*
an input bandwidth of 18.75 Hz to 90 dB with an input band-

Th)e’ﬁ%”;ﬂ% fabricated in Analog Devices' Linear Compati-

te.CMOS process (LC?MOS), an advanced, all jon-implanted ,

] Gcess that combines fast CMOS logic and linear, bipolar cir-
*cuits on a single chip, thus achieving excellent linear perfor-

mance while still retaining low CMOS power levels.

width of 300 Hz. PIN CONFIGURATION

The required system low-pass filtering is inherent in the sigma Plastic QFP

delta technique. This eliminates front-end filtering. = § a K

Three address pins program the device address. This allows a e § g é o @ § ] E 5 g

data acquisition system with up to 32 channels to be set up in a 329522385883

simple fashion. The output word from the device contains 32 H H H H H H H H H HH

bits of data. One bit is determined by the state of the DO input ; - -

and may be used with an external Pacemaker Detect Circuit to NG 1CI]| # PIN 1 IDENTIFIER I—T] 33 MODE

indicate that the output word is invalid because of the presence Ne 201 T332 NC

of a pacemaker pulse. There ate 20 bits of data. Two bits ou::) 2% Egg; ';3

contain the channel address, and 3 bits are the device address. NG 50T AD79024 F T 26 Do

Thus, each channel in a 32-channel system would have a dis- 52:'8( :% TORVIEW ::Eg :iscn

crete 5-bit address. The device also has a CASCOUT pin and !

a CASCIN pin which allow simple networking of multiple H:::; :% : %:: 3:::001

devices. Avpp 10 1 T3 24 Avgg -
A 0 1T 17723 AahD |

The on-chip Control Register is programmed using the SCLK, - |

SDATA and TFS pins. Three bits of the Control Register set |:| o HH H Hod HH

the Digital Filter Cut-Off Frequency for the device. Selectable SPTRaRR Al N

frequencies are 300 Hz, 150 Hz, 75 Hz, 37.5 Hz and 18.75 Hz. 29232 %252 9%

A further 2 bits appear as outputs D1 and D2 and can be used 2 g<g<g ¢g«<

for controlling calibration at the front end. The device is avail-

. . . NOTE: PIN 18-AGND IS THE PRIMARY AGND TO THE PART,
able in a 44-pin plastic QFP (Quad Flat Pack) package. SECONDARY AGND PING ARE USED TO ISOLATE
THE ANALOG INPUT PINS,
NC PINS MAY BE CONNECTED TO EITHER DIGITAL
SUPPLY OR LEFT UNCONNECTED,
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(fouun = 4 MHz, AVpy = +5V £ 5%; AV = —5 V = 5%; AGND =
DEND = 0 V; Vgee = 2.5 V; Filter Cut-Off

= 150 HZ; Am = :i:2.5'V,

30 Hz Sine Wave; Ay Source Resistance = 750 22 with 1 nF to AGND at each Ay T, = Tuw 10 Ty, unless otherwise stated.)
Parameter Limit @ Ty Taax Units Test Condition.s{Cqmments
STATIC PERFORMANCE )

Resolution 20 Bits -

Integral Linearity Error 0.0015 % FSR typ Guaranteed No Missed Codes to 20 Bits®

0.003 % FSR max

Gain Error 1 % FSR max

Gain Match Between Channels 0.05 % FSR max T-51-07-01

Offset Error 1 % FSR max

Offset Match Between Channels 0.5 % FSR max

Noise See Table I
DYNAMIC PERFORMANCE

Sampling Rate 300 kHz

Output Update Rate 500 Hz

Filter Cut-Off Frequency See Table I

Settling Time See Table I

Usable Dynamic Range* See Table I

Total Harmonic Distortion -9%

—48
Intermodulation Distortion 100

Absolute Group Delay®
Differential Group Delay?

52
10

v = *10 mV pk-pk
B A = 210 mV pk-pk

ANALOG INPUT
Input Range

Input Capacitance
Input Bias Cusrent

LOGIC INPUTS

Vi [nput High Voltage
Ve, Input Low Voltage
Ik, Input Current

Cpyy Input Capacitance

LOGIC OUTPUTS
Vou, Output High Voltage
VoL, Output Low Voltage

A

POWER SUPPLIES

Reference Input
AVpp

DVpp

AV

IDD
Is

s
Power Supply Rejection®

5

2.
4,
4.
—4.75/-5.25
5

4/3.1
75/5.25
75/5.25

-70

NOTES

'Operating Temperature Range —40°C to +85°C.
*The Apy pins preseat a very high impedance dynamic load which varies with clock frequency.
3Guaranteed by design and characterization.
4Usable Dynamic Range is guaranteed by measuring noise and relating this to the Full-Scale Input Range,
%100 mV pk-pk, 120 Hz sine wave applied to each supply.

Specifications subject to change without notice.

Programmed Usable Dynamic Range | RMS Noise | Filter Settling Time to
Bandwidth (Hz) | (dB) V) +0.0007% FS (ms)
300 90 5
150 108 10
75 115 20
37.5 115 40
18.75 115 80
NOTE

Usable Dynamic Range is defined as the ratio of the rms full-scale reading (sine wave input) to the

rms noise of the converter.

Table I. Usable Dynamic Range, RMS Noise and Filter Settling Time vs. Filter Bandwidth

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing,
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T-51-07-01 AD79024

Timing Characteristics” 2

(RWVop = DVpp = +5V = 5%; AV = —5 V  5%; AGND = DGND = § ¥; fom = 4 MHz; Input
Levels: Logic 8 = OV, Logic 1 = DVyy; unless otherwise stated.)

Parameter Limit @ Tapo Tamax Units Conditions/Comments
forkme™? 400 kHz min Master Clock Frequency: Internal Gate Oscillator
4 MHz max
400 kHz min Master Clock Frequency: Externally Supplied
4 MHz max -
ts’ 50 ns max Digital Output Rise Time; Typically 20 ns
e’ 50 ns max Digital Output Falt Time; Typically 20 ns
Control Register Timing
t 250 ns min SCLXK Period
ty 77 ns min SCLK Width
t3 30 ns min TFS Setup Time
t, 20 ns min SDATA Setup Time
ts 10 ns min SDAITA Hold Time
ts 20 ns min |z TF§Hold Time
Master Mode Timing 2 T
X CASCIN Pulse Width
tg° CASCIN High to SCLK Valid Delay
t {2SCEK Reriod
tio 3| 3. SeLK Width
ty ) i SCLK High to RFS High Delay
tiz RFS Hold After SCLK High
ts” SCLK High to SDATA Valid
e #'< SCLK Falling Edge to Hi-Z Delay
ts £ SCLK Hi-Z to CASCOUT High Delay
te CASCOUT Pulse Width
Slave Mode Timing
t; CASCIN Pulse Width
te CASCOUT Pulse Width
ty, CASCIN High to SCLK High Setup Time
[ SCLK Period
to SCLK Width
tyo RES to SCLK High Setup Time
1 RFS Hold Time After SCLK Low
t SCLK High to SDATA Valid
s SCLK Falling Edge to Hi-Z Delay.
te SCLK Low to CASCOUT High Delay
NOTES

'Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf

2See Figures 1 to 6.

*CLKIN Duty Cycle range is 20% to 80%.
“The AD79024 is production tested with forxy 8t 4 MHz, It is guaranteed by characterization to operate at 400 kHz,
3Specified using 10% and 90% points on waveform of interest.

“If DRDY is high when a rising edge occurs on CASCIN, the rising edge will not be recognized until DRDY goes low to indicate that the output register can

be read.

ty and t,; are derived from the measured time taken by
then extrapolated back to remove the effects of charging

= 5 0 (10% to 90% of 5 V) and timed from a voltage level of 1.6 V.,

"ty and t,; are measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 7
the data outputs to change 0.5 V when loaded with the circuit of Figure I. The measured number is
or discharging the 100 pF capacitor. This means that the time quoted in the Timing Characteristics is

the true bus relinquish time of the part and as such is independent of external bus loading capacitances.

This information applies to a product under development. [ts characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Figure 1. Load Circuit for Access Time and Figure 2. Control Register Timing Diagram
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Figure 3. Master Mode Timing Diagram
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Figure 4. Slave Mode Timing Diagram
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T-51-07-00  ADJ9024

ABSOLUTE MAXIMUM RATINGS* Operating Temperature Range .
AVpp o AGND ........ovviunnn... ~03Vto+7V Commercial Plastic (B Version) . ... ... .. —40°C to +85°C
AVsst0AGND .........ovvivnn.., +03Vio -7V Storage Temperature Range . . . .. s+ 00 —65°Cto +150°C
AGND®©DGND ................. ~03V1o +03V  Lead Temperature (Soldering, 10 secs) , ..\ .. .5 .., +300°C
AVpptoDVpp cvvviiiii i, =03 Vito +0.3V  Power Dissipation (Any Package) to +75°C ... . ... 500 mW
Analog Inputs to AGND ... AVg - 0.3 Vo AVpp + 0.3V Derates above +75°Cby ......... v e e . 10 mWAC
Vrert0AGND ........... Vss —03VitoVpp +03V *Stresses above those listed under “Absolute Maximum Ratings” may cause
Digital Inputs to DGND . ........ ~0.3VtoVpp + 03V permanent damage o the device. This is & stress rating only and functionat
Digital O ts to DGND ~03Vte Voo + 0.3V operation of the device at thése or any other conditions above those listed in the
gl utputs to DGND ......... . bD ' operational sections of this specification is not implied. Exposure to absolute
maximumh rating conditions for extended periods may affect device reliability,

CAUTION

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected;
however, permanent damage may occur on unconnected devices subject to high energy electro-

static fields.

should be discharged to the destination socket before devices are inserted.

WARNING!

ESD SENSITWE DEVICE

Unused devices must be stored in conductive foam or shunts. The protecn'v% foam ‘ ‘

PIN DESCRIPTION
Pin Description
AVpp Analog Positive Supply, +5 V no:

DVpp
AVss
RESET
A0-A2

CLKIN
CLKOUT

MODE
CASCIN
CAscouT
RFS

SDATA
SCLK
DRDY

TFS
DO
D1, D2

VREF
AGND
DGND

Apgl-Apd

A high pulse on this:py i s, they on, tife

channel system to ensyfe siﬁfultggeg@ggé@p@‘g? o R

The three address pins, A0, &I@nd”&;ﬁ ‘the deyice’a Unique address. This information is contained in the output

data stream from the device, ZL') “ i\g:g}\ 'ii'j >
y ’x«;‘}

Clock Input for External Clock.

Clock Output which is used to generate an internal master clock by connecting a crystal between CLKOUT and
CLKIN. If an external clock is used, then CLKOUT is not connected.

This digital input determines the device interface mode. If it is hardwired low then the Master Mode interface is
enabled; whereas if it is high, the Slave Mode interface is enabled.

Positive-edge triggered digital input which is used to enable the output data stream. This input is used to cascade
several devices in a multichannel system,

Digital output which goes high at the end of a complete 4-channel data transfer, This can be connected to the
CASCIN of the next device in a multi-channel system to ensure proper control of the data transfer,

Receive Frame Synchronization signal for the serial output data stream. This can be an input or output depending
on the interface mode.

Seriat Data Input/Output pin.

Serial Clock Input/Output. The SCLK pin is configured as an input or output, depending on the state of the Mode pin.
Data Ready Output. DRDY is low when valid data is available in the output register, It goes high for four clock

cycles when a new word is being loaded into the output register, to indicate that valid data is not available.

Transmit Frame Sync input for programming the on-chip Control Register.

Digital Data Input. This is contained in the digital data stream sent from the device.

Digital Outputs. These two digital outputs can be programmed from the on-chip Control Register, Tﬁey can be
used to switch in calibration signals at the front end.

Reference Input, nominally 2.5 V.

Analog Ground. Ground reference for analog circuitry.
Digital Ground, Ground retuen for digital circuitry.
Analog Input pins, The analog input range is +2.5 V,

This information applles to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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DESCRIPTION OF OPERATION When 8 bits have been clocked in, the transfer automatically : s
Voltage Reference stops. (:.)nly wl;en anotl}er negauye going edge is detected‘ on :
Full scale analog input corresponds to reference voltage input. TFS will new information be written mto.the control register.
. : The control register programming model is shown in Table II.
The reference input presents exactly the same dynamic load as Bits DB8 and DBO0 allow the control register to identify whether

the analog input, but in.the case .of the refere'nce input, source the MS Byte or the LS Byte hias been programmed. Only when
resistance and long settling time introduce gain errors rather DBS8 is a 1 and DBO is a 0 will the register recognize that a
than offset errors. Most precision references however have suffi- complete valid word has been programmed.

i I impedan d wid h bandwidth t )
:éettl}:{oot:eo:et::itre? accuracceya'; tl‘;i:.l t?n:r :‘llliwedm;)ywr_lhe 0 Control Register bit, A3, acts as an extra address bit which must

AD79024 always be set to 1 to enable programming of the AD79024, If it

) L L is set to 0 then the programmed word is ignored. This allows
The reference should be chosen to have minimal noise in the the user to bypass the AD79024 control register and use the se-
programmed passband. Recommended references are the

: rial stream from the DSP or microcomputer to ptogram other
ADS580, AD680 or the ADREF-43 from Analog Devices. These

1 ke ref ha ical noi rral density of serial peripheral devices.
&wnzg% ::e;lggsnz.ve # typica nolse spec easity © When a valid word has been received, the device interrogates

the mode bit, MO. If this is 0, then the digital filter cut-off fre-

Clock Generation quencies are programmed to the appropriate value if the device
The device operates from a master clock which must be pro- address pins correspond toghe A2, Al, A0 bits in the control
vided either from a crystal source or an external clock source. If register. If the device: é& s pins do not corréspond to the A2,
a crystal is used, it must be connected across the CLKIN and Al, A0 bits, then'the EC2,5FC1, FCO bits are ignored. If M0 is
CLKOUT pins. An external clock can be used by driving the 1, then the d}gm"’e{-%ut.off frequentcies are programmed to

:}uFé} FCI' FEO value irrespective of the address bits, In a

CLKIN input directly with a CMOS compatible clock. In this
left §ysxem :thit allows the user to either program all

quency for the device is 4.096 MHz. ﬂm 43 to hgge ﬁl aarih it-off frequency or else to give
Control Register Descripﬁon ()& ¢ g

8:bit f its FC2, FC1, FCO program the digital filter
Three control lines e used: TFS, SCLK aniF SDATACSCLR o\ rote -F%,*gmy e The V), digh
can be an input or an output depending 6n tix&s\ta'té of the ;@‘
Mode); and when it is high, SCLK is an ifiput (Slave Modﬂi “j and ? These &  programmed in the same way as FC2, FCI,
When TFS goes low, data on the SDATA line s clockedddto - EQ0!

case, CLKOUT is left unconnected. The nominal clock fre- -
RN
\ % deg:qg sepa.rﬁrctxt—ot’f frequency.
The 16-bit control register is programmed in two. : >
MODE pin. When this is low, SCLK is aé)outbut Masﬂ fitrol Regi‘éiefb 32, D1 control the digital output Pins D2
the control register on each succeeding falling edge of SCLK.

Table I. Control Register Programming Model

DB15|DB14|DB13(DB12|DB11|DB10|DB9| DBS| DB7 | DB6| DB5{DB4|DB3|DB2|DB1|DB0
A3 [A2 |Al A0 (MO |FC2 |FC1ft |FCOD2 |Dl [X X |X (X |0

Table IIl. MO Truth Table Table IV. Cut-Off Frequency Truth Table
M0 | Operating Mode FC2 | FC1 | FCO | Cut-Off Frequency (Hz)
0 Initialization Mode 0. A2, Al, A0 determine which 0 0 0 300 -
device is addressed and programmed with cut-off 0 0 1 150
frequency and digital output. 0 1 0 75
1 Initialization Mode 1. A2, Al, A0 ignored. All devices 0 1 1 375
are addressed and programmed with common cut-off 1 0 0 18.75

frequency and digital output.

This information applies to a product under development. its characteristics and specifications are subject to change without notice. |
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T7-51-07-01 'AD79024

Reset If DRDY is low, then the 3-state output, RFS, goes high on the
The AD79024 has a hardware reset which can be used to syn- next rising edge of CLKIN and stays high for two CLKIN cy-
chronize many devices. When the RESET pin goes low after cles before going low again. The 3-state SCLK. output is also

being high for at least 4 CLKIN cycles, the modulator sampling activated on the same rising edge. As RFS goes low, DB31 is
points and digital filter starting points are all synchronized. This clocked out on the rising edge of SCLK. Data is transmitted in

synchronizes all devices which receive the RESET pulse and 16-bit words. For each Apy, there are two 16-bit words and two
gives simultaneous sampling of all channels, RFS signals. When DBO of Ap4 has been clocked out, SCLK
Data Output Interface Modes goes back into 3-state and the CASCOUT output goes high for
When Lh:p control register has been programmed, the device be- two master clock cycles, DRDY also goes high at this point.
gins conversion. There is an initial delay of 400,000 master Successive devices canbe networked together by tying the
clock cycles to allow the digital filters to settle. These filters are CASCOUT of one device to the CASCIN on the next one.
Sinc® and so the filter output update rate is directly related to The Master Mode interface is very suitable for loading data

the programmed cut-off frequency. The ratio between these is into a serial-to-parallel shift register or for DSPs like the ADSP-
3.81. So, for a filter cut-off frequency of 300 Hz, the output 2101 which can accept a continuous stream of 16-bit words.
update is 1.145 kHz. The falling edge of the DRDY output in-

Slave Mode Intetfac
dicates that the output shift register has been updated. There In t‘:is modz, thz race

are two interface modes. One is the Master Mode where the from the signal pRacissing block, It s th fer b d-
AD79024 is the master in the system and the processor to i:;n; f € sé Syri 6&:3“:1'?):1 gslse aniitasr:nal ed:’rca;:st: ihey send

which it is communicating is the slave, The other mode is the AD799; is ¢ould be in Tesponse to an interrupt generated
3_ i,
3N

ister processor controls the transfer of data

N

Slave Mode where the AD79024 is the slave and the processor <by'the output on the AD79024. If the device has de-
eeae o atter In both of these modes the data SUPLE ) Xectésh #rising.edion CASCIN ar s device 000 on its first
Stream contains 1S correspol nfimg 10 the tour input U o transfer, it staft10'serd out data on the next rising edge of
channels. The output data format is given in Table V, nckthet CLKS Wh l?“ “the data bits have been clocked out, the
channel address format is given in Table VI. s :E‘ \\\\:’ in:t):];oes high for two CLKIN cycles and DRDY

N

., CASEOY

Master Mode Interface o, 0P P g ’t«:‘m Tu'/gh. If the device is still transmitting data when a
W ing@ S\ Ve

In this mode, data is clocked out of, (A’ﬁ :By an intés \g&g *jew word Fecomes available, the old data will continue to be

nally generated serial clock and frife’synthronization filse, & transgifttediapdhhe new data is lost,

. PN N PR P - 5
Two signals initiate the transfer. Thée are the iripiit, CASC %e ode interface is suited to both microcomputers like
an

e £’Fhe St
and the internally generated DRDY sxgnalW'hé: Tising edge -, %5 d 68HCI1 and :
i detected on CASCIN, the device checks the te'sf DRDY %) Db a0 SBHCL) and also DSPs like the TMS320C25,

Note, that on initial power-up or after a reset has been appliec‘Fg &
the CASCIN input is not necessary on device 000 for the first
data transfer but is required thereafter.

Table V. Output Data Word Format

DB31.....DBI12 | DBIl DBI10 DB9 DBS DB7 | DB6 DB5.........DB0

DB19..... DBO | CAl CA0 A0 Al A2 Do ) S X
Conversion Result Channel Address | Device Address Pace Detect | Don’t Care

Table VI. Channel Address Format

Channel | CAl CAO
Al 0 o
Anc 2 0 1
Ane 3 1 0
Apc 4 1 1
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