DATA TYPES ADC0801, ADC0802, ADC0803, ADCO805

ACQUISITION 8-BIT ANALOG-TO-DIGITAL CONVERTERS
CIRCUITS WITH DIFFERENTIAL INPUTS
D2754, NOVEMBER 1983
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No Zero Adjust Requirement ReF/2 Mo DB
® On-Chip Clock Generator DGTL GND [J10 DB7 (MSB)
® Single 5-Voit Power Supply
® Operates With Microprocessor or as

Stand-Alone
® Designed to be interchangeable with

National Semiconductor ADC0801,
ADC0802, ADC0803, ADC0805

description

The ADCO801, ADCO802, ADC0803, and ADCO805 are CMOS 8-bit successive-approximation analog-
to-digital converters that use a modified potentiometric {256R) ladder. These devices are designed to operate
from common microprocessor control buses, with the three-state output latches driving the data bus. The
devices can be made to appear to the microprocessor as a memory location or an I/O port.

A differential analog voltage input aliows increased common-mode rejection and offset of the zero-input
analog voltage value. Although a reference input (REF/2} is available to allow 8-bit conversion over smaller
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the
REF/2 input open. Without an external reference, the conversion takes place over a span from Vcc to
analog ground (ANLG GND). The devices can operate with an external clock signal or, with an additional
resistor and capacitor, can operate using an on-chip clock generator.
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The ADC08011, ADCO802I, ADCO803!, and ADCOB05I will be characterized for operation from —40°C O
to 85°C. k=
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TYPES ADC08D1, ADC0802, ADC0O803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

functional block diagram (positive logic)
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TYPES ADC0801, ADC0802, ADG0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}

Supply voltage, Vo (see Note 1) . . ... ... 6.5V
Input voltage range €S, RD, WR .. ...ttt -0.3Vto 18V
Other inputs -0.3VtoVce +0.3V

OULPUL VORBEE FaNEE . . . o v o v e e e e et e -0.3VitoVvce +0.3V
Continuous total power dissipation at 25°C free-air temperature (see Note 2) . ... ... .. 875 mW
Operating free-air temperature range . . . ... ...« ..ottt -40°C to 85°C
Storage tEMPErature FANGE . . . . oo v vttt i it e -65°C to 150°C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds. . ... ........... ...... 260°C
NOTES: 1. All voltage values are with respect to digital ground (DGTL GND)} with DGTL GND and ANLG GND connected together (unless otherwise notedt.

2.

For aperation above 25°C free-sir temperature, refer to Dissipation Derating Curves, section 2.

recommended operating conditions

MIN NOM MAX UNIT
Vee Supply voltage 4.5 8 6.3 v
VREF/2__Voitage at REF/2 |see Note 3} 0.25 2.5 vV
ViH High-level input voltage at CS, RD, or WR 2 16 \
ViL Low-level input voltage at CS, RD, or WR 08 v
Analog ground voltage (see Note 4) -0.05 [o] 1 v
Analog input voltage {see Note 5} GND -0.05 Ve +0.05 \'

fclock  Clock input frequency {see Note 6} 100 640 . 1460 kHz
Duty cycle above 640 kHz [see Note 6) 40 60 %

tw(CLK} Pulse duration clock input (high or low) 275 781 ns
tw(WR) Pulse duration, WR input low 100 ns
TA Qperating free-air temperature —-40 . 85 °C

NOTES: 3. Proper operation is achieved over a difft | input range of O V to Vi when the REF/2 input is open.

1183

4. These values are with respect to digital ground (pin 10}.
5. When the pasitive snalog input with respect to the negative analog input (Vin + — Vjn _1 is zero or negative, the output code is 0000 0000,
8. Total unadjusted error is guaranteed only at an f¢(qck ©f 640 kHz with a duty cycie of 40% to 60% (pulse duration 625 ns to 937 ns). For frequencies
above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should be observed for an ook greater than 640 kHz.
Below 640 kHz, this duty cycle limit can be p twi{CLK) within limits.
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TYPES ADC0801, ADC0802, ADC0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

electrical characteristics over recommended operating free-air temperature range, VCC = 5 V.
fclock = 640 kHz, VREF/2 = 2 V {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TVYP! MAX | UNIT
v High-level All outputs Vge = 4.75 V, loH = —380 xA 2.4 v
OH output voltage DB and INTR Vee = 4.75 V, IoH = —10 A 4.5
Low-ievel Data outputs Vee = 4.75 V, lop = 1.6 mA 0.4
VoL output INTR output Ve = 4.75 V, foL = 1 mA 0.4 A
voltage CLK OUT Vog = 475V, ioL = 360 kA 0.4
Clock itive-goi
VT4 ock positive-going 2.7 3.1 35 | v
threshold voltage
Clock negative-going
- 1.6 1. A
VT threshold voltage 8 2
VT + — V1 _ Clock input hysteresis 0.6 1.3 2 \'
IIH High-level input current 0.005 1 A
IT8 Low-level input current —-0.005 ~1 A
Vg =0 -3
[} Off-stat tput t A
0z state output curren Vo = 5V 3 M

Short-current
| Qutput high Vo = 0, Ta = 25°C —-4.5 -6 A
OHS output current utput i o A m

Short-circuit

1 Qutput low Vo =5V, Ta = 25°C 8 16 A

OLS output current P o A m
Suppk t plus \ = , Ta = 25°C,

lec upply current plu VREF/2 = open A 1.1 1.8 mA
referance current CSatbV
Input resistance to

R See Note 7 2.5 8 [3Y]

REF/2 reference ladder

Ci Input capacitance (control} 5 7.5 pF

Co Output capacitance (DB} 5 7.5 pF

NOTE 7: Resistance is caiculated from the current drawn from a $-volt supply applied to pins 8 and 9.

operating characteristics over recommended operating free-air temperature, VCC = 5 V,
VREF/2 = 2.5V, fglock = 640 kHz {(unless otherwise noted)

o PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
o Supply-voltage-variation error Veg = 4.5 Vto 5.6V, See Note 8 +1/16 +1/8 | LSB
-t ADC0801 +1/4
j With full-scal just, Not
o Total adjusted error ADCOB03 ith full-scale adjus See Notes 8 and 9 T3 LSB
> ADCO802 | VRgF/2 = 2.5 V. See Notes 8 and 9 +1/2
Tot: j LS
B otal unadjusted error ADCO805 VREF/2 open, See Notes 8 and 9 +1 B
[ DC common-mode error See Note 8 and 9 +1/16 +1/8 | LSB
) ten Output enable time C_ = 100 pF 135 200 | ns
- tdis Output disabla time CL = 10 pF, RL = 10 k0 125 200 ns
(=} td(INTR) Delay time to reset INTR 300 450 ns
= felock = 100 kHz to 1.48 MHz, clock
i imy 66 7
teonv Convarsion cycle time See Nots 10 3 cycles
7 CR Free-running conversion rate INTR connected to WR, TS at0OV 8770 |conv/s
Al typical values are at T4 = 25°C.
NOTES: 8. These pearameters are guaranteed aver the recommended anelog input voltage range.
9. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digitai transfer characteristic.
40. Although internal conversion is complated in 84 clock periods, a TS or WR low-ta-high transition is followed by 1 to 8 clock periods befare
conversion starts. After conversion is completed, part of another clock period is required before a high-to-low transition of INTR completes the cycle.
1183
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TYPES ADC0801, ADC0802, ADC0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

PARAMETER MEASUREMENT INFORMATION [
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TYPES ADC0801, ADC0802, ADC0803, ADCO8B05
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

PRINCIPLES OF OPERATION

The ADCO801, ADC0802, ADC0803, and ADCO805 each contain a circuit equivalent to a 256-resistor
network. Analog switches are sequenced by successive approximation logic to match an analog differential
input voltage (Vin + — Vin -} to a corresponding tap on the 256R network. The most-significant bit (MSB)
is tested first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full
scale) is transferred to an output latch and the interrupt (INTR) output t goes low. The device can be operated
in a free-running mode by connecting the INTR output to the write (WR) input and holdmg the conversion
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required
during the power-up cycle. Taking CS low anytime after that will interrupt a conversion in process.

When the WR input goes low, the internal successive approximation register {SAR) and eight-bit shift register
are reset. As long as both CS and WR remain low, the analog-to-digital converter will remain in a reset
state. One to eight clock periods after €S or WR makes a low-to- high transition, conversion starts.

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high
is ANDed with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either
€3 or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset.
This action allows for wide €S and WR inputs with conversion starting from one to eight clock periods
after one of the inputs goes high.

When the logic high input has been clocked through the eight-bit shift register, completing the SAR search,
it is applied to an AND gate controlling the output {atches and to the D input of a flip-flop. On the next
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion
and low when the conversion is completed.

When a low is at both the CS and RD inputs, au»utpﬁis applied to the DBO through DB7 outputs and
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset.
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