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General Description

The nA9708 is a single slope 8-bit, 6-channel ADG subsys-
tem that provides all of the necessary analog functions for a
microprocessor-based data control system. The device
uses an external microprocessor system to provide the nec-
essary addressing, timing and counting functions and in-
cludes a 1-of-8 decoder, 8-channel analog multiplexer, sam-
ple and hold, ramp integrator, precision ramp reference, and
a comparator on a single monolithic chip.
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6-Channel 8-Bit uP Compatible A/D Converter

Features

u MPU compatibie

| Excellent linearity over full temperature
range +0.2% maximum

| Typical 300 us conversion time per channel

m Wide dynamic range includes ground

m Auto-zero and full-scale correction capability

B Ratiometric conversion—no precision reference
required

u Single-supply operation

| TTL compatible

m Does not require access to data bus or address bus

Connection Diagram

All Packages
A\ Order Number A9708DC or nA9708DM
Al=41 16=A0 See NS Package Number J16A
Az=~f2 50t
s : ‘ Order Number pA9708PC
RAMP START Vee See NS Package Number N16E
-4 13}-12
GND=~{5 12f=13
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RAMP STOP—{7 10f~i5
VREF— 8 Ip=I6
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Storage Temperature Range

Continuous Total Dissipation
Ceramic DIP Package
Molded DIP Package

Electrical Characteristics
Over recommended operating conditions, Vg = 5.0V, —~55°C < Ta < +125°C for A9708DM and 0°C < Tp < +70°C for
1rA9708DC or pA9708PC; unless otherwise specified.

—65°Cto +150°C

Absolute Maximum Ratings (Note 1)

It Military/Aerospace specitied devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avaliability and specifications.

Pin Temperature

Reference Voltage

(VReF) (Note 2)
900 mW )
1000 mW Ramp Capacitor (Cy)
Reference Current (Ig)

Analog Input Range

T=5/-07-0/

Ramp Stop Output Current

Ceramic DIP (Soldering, 60 Se¢.)
Molded DIP (Soldering, 10 Sec.)

Supply Voltage (Vco) 18V . R
Comparator Output (Ramp Stop) —0.3Vto +18V Operating Ratings (ote 1)
Analog Input Range —0.8Vto +30V Operating Temperature Range
Digtal Inpat e . ~0.3V fo +30V pAG708PC, uA9708DC
gital Input Hang - HA9708DM
Output Sink Current 10 mA Supply Voltage (Vco)

300°C
260°C

0°Cto +70°C

—55°Cto +125°C

4.75Vto 15V

2.8V105.25V

300 pF

12 pAto 50 nA

0Vto Veer

1.6 mA

address 111 (full scale) for all channels.
Note 4: Linearity Is defined as the deviation from a straight line drawn between the 0 and full scale paints for each channel.
Note 5: Power supply rejection ratio is defined as the conversion error contributed by power supply voltage variations while resoiving mid scale on any channel.

AVcy

Note 6: Croas Talk between channels = 20 log —.

AV

Symbol Parameter Conditions Min Typ Max Units
Ea Conversion Accuracy gzzrg Sr(m;‘llget ;‘g;nperature £0.2 +0.3 %
R Heary Chanel (ot ) 008 | 202 | %
Vosm Multiplexer input Offset Voltage Channel ON 2.0 4.0 mV
tc Conversion Tlme per Channel gaa{:gagg):tﬁ la(:s\;/: t: \EISFC‘)E;I:A 296 350 ps
ta Acquisition Time Cy = 1000 pF 20 40 us
1A Acquisition Current 150 pA
to Ramp Start Delay Time 100 ns
M Multiplexer Address Time 1.0 s
ViH Digital Input HIGH Voltage A0, A1, A2, Ramp Start 2.0 Vv
ViL Digital Ihput LOW Voltage A0, A1, A2, Ramp Start 0.8 \
g Analog Input Current Channel ON or OFF -3.0 -1.0 pA
R Input LOW Current AOQ, A1, A2, Ramp Start = 0.4V -15 —5 pA
™ Input HIGH Current A0, A1, A2, Ramp Start = 5.5V 1.0 BA
los Input Offset Current 1.0 30 | pA
loH Comparator Loglc 1 VoH = 15V 10 P A
Qutput Leakage Current
VoL Comparator Loglc "0 OutputVoltage | I, = 1.6 mA ] 0.4 v
PSRR Power Supply Rejection Ratio ~ (Note 5) 40 dB
Cross Talk between (Note 6) 0 dB
Any Two Channels
lco Power Supply Current Vog = 6Vio16V,I10 =0 7.5 15 mA
CiN input Capacitance 3.0 pF
Cout Comparator Output Capagcitance 5.0 ) pF
Note 1: Absoute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings Indicate conditions for which the device is.
intended to be f f, but do not g speocific performance limits.
Note 2: Vaeg should not exceed Veg — 2V,
Note 3: Convarsion accuracy Is defined as the deviations from a straight line drawn b the pointa defined by 000 (0 scale) and channel
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FIGURE 1. Equivalent Timing Waveform for
Test Clrcuits and Applications

ANALOG INPUTS
ALL COMPONENTS
£10%
A it Yo R B B B B
1AST08 +5v
RAMP RAWP
M K2 START Gy OND Regy STOP Veer] 5.0
o:p! 100
I ke 33%0
3 r N r—al— —
Y -
CONTROL 1/0 FROM MPU
(TIMING COMPATIBLE WITH FIGURE 1)
Input Timing: TL/H/10409-8
ta > 400 ps
3.9k2
Veer = (2 kO + 35 kn) V=31
5-31
"= ook ~ 19K
tRl gy = full scale ramp timo
0.01 X 10—6
= 'W' X31=16ms

Note: For evaluation purposes,the ramp start timing generation can be im-
plemented with an LM555 timer (astable operation) or MPU evaluation kit,
and a time Interval meter for ramp time measurement. The TiM meter will
measwre the time between to 0 to 1 transition of the ramp startand the 1 to
0 transition of the ramp stop. The ramp stop is open collector, and must
have an external pull-up resistor to Veg.
FIGURE 2, Slow Speed Evaluation Clrcuit
for Ratiometric Operation

T e4T5V 4A TV
TL/H/10409~-9
FIGURE 3. Linearity/Acquisition Time/
Conversion Time Test Circult
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Timing Diagram and Test Circuits 7:5 [-0 7-0]
s e o s
RAP m;;v " el 7T I
ot . 1 1T
yyso — 11 W Vg 2B M i
e /_\ .
= At A2 START Cy GMD Regr STOP Vggr
Voo ) LZA
‘—‘R—. o -
RAMP SOT:):_ J' ‘ i% -E75v
¥ TL/H/10409-7 VI N

[ VS —
Vi Y ol
TL/H/10408-10
FIGURE 4, Static Measurements

Functional Description

This Analog to Digital Converter is a single-siope 8-bit, 6-
channel A/D converter that provides all of the necessary
analog functions for a microprocessor-based data/control
system. The device uses the processor system to provide
the necessary addressing, timing and counting functions
and includes a 1-of-8 decoder, 8-channel analog multiplex-
or, sample and hold, precision current referencs, ramp inte-
grator and comparator on a single monolithic chip.

Applications that require auto-zero or auto-calibration, (See
Figures 5-8) can use selection of address 000 and 111, for
input address lines A0-A2, in conjunction with the arithme-
tic capability of a microprocessor to provide ground and
scaling factors. Address 0, 0, 0 internally connects the input
of the ramp generator to ground and may be used for zero
offset correction in subsequent conversions. Address 1, 1,
1, interrially connects the input of the ramp generator to the
voltage reference, VRer, and may be used for scale factor
correction in subsequent conversions. For the following, re-
fer to the Functional Block Diagram.

Six separate external analog voltage inputs may come into
terminals 11-16 and the speclfic anafog input to be convert-
ed is selected via address terminals A0-A2, The analog
input voltage level is transferred to the external ramp capac-
itor connected to pin 4 when the input to the ramp start
terminal (pin 3) is at a logic 0 (See Figure 7). The time to
charge the capacitor Is the acquisition time which is a func-
tion of the output impedance of an amplifier internal to the
A/D converter and the value of the capacitor. After charging
the external capacitor the ramp start terminal is switched to
a logic 1 which introduces a high impedance between the
analog input voltage and the external capagitor.

The capacitor begins to discharge at a controlled rate. The
controlled rate of discharge (ramp) is established by the ex-
ternal reference voltage, the external reference resistor, the
value of the external capacitor and the internal leakage of
the A/D converter, Connected to the capacitor terminal is a

gozey
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Functional Description (Continued)

7 5/-07-0/

Auto-Zero and Full-Scale Features

COUNT
256
128
Veer Veer INPUT
2
TL/H/10408-3
No Zero Offset

No Full-Scale Ewror
Count {n) = . x 258
VRer
FIQURE 5. |deal Transfer Function

comparator internal to the A/D converter with its output go-
ing to the ramp stop termina! (pin 7). The comparator output
is a logic one when the capacitor is charged and switches to
a logic 0 when the capacitor is in a discharged state. The
ramp time is from the time when ramp start goes HIGH (log-
ic 1"} to when ramp stop goes LOW (logic *'0"). The micro-
processor must be programmed to determine this conver-
sion time. The ideal (no undesirable Internal source imped-
ances, leakage paths, errors on levels where comparator
switches or delay time) conversion time is calculated as fol-
lows:

Ramp Time = V1 %‘"-

Where V1 = Analog Input Voltage Being Measured
CH = External Ramp Capacifor
= YeC— VREF
RREF
Where Voo = Power Supply Volitage

VRrer = Reference Voltage

RRrer = Reference Resistor
In actual use the errors due to a nonideal A/D converter can
be minimized by using a micropracessor to make the calcu-
fations. (See Figures & through 8.)

Channel Selection
Input Address Line Selected
A2 At A0 Analog Input

0 0 0 Ground

0 0 1 hl

0 1 0 12

0 1 1 13

1 0 0 14

i 0 1 15

1 i 0 16

1 1 1 VREF

COUNT

NPUT
TL/H/10409~4

Vier

Ngg. # 286
Nz=+0
{N) has both fulf-scale and zero efrors
FIGURE 6. Transfer Function with
Zero and Full-Scale Error

Auto-Zer6 and Full-Scale Features {(Continued)
COUNT

Nes.
N
VIN VR:}' NPU‘
N'=N-Nz TL/HI10408-5
N’ has Full-Scale Error
FIGURE 7. Transfer Functions with
Zero-Correction Added
COUNT
Wes.
N
Y Yrer INPUT
256 TL/H/10409-6

N =N X s~

FIGURE 8. Transfer Function with both Zero and
Full-Scale Correction Added
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Application Suggestions and Formulas

1. The capacitor node impedance is approximately 30 pQ
and shoutd have no parallel resistance for proper opera-
tion.

2.tg when Vy = OV will be finite (i.e., the comparator will
always toggle for Vi = 0OV).

3. The ramp stop output is open collector, and an external
pull-up resistor Is required.

4. All digital inputs and outputs are TTL compatible.

5. For proper operation, timing commences on the 0 to 1
transition of ramp start and terminates on the 1 to 0 tran-
sition of ramp stop.

6.14 2 X Vger (See Figure 1)

N
150 nA - Ig
. _ Cy _Cu
7.tq (ramp time) = ;— Vi tRlmax = i < VREF
(See Figure 1)
8.In = Vco — VRer
RRer
9.2V < VRer < (Voo — 2V)
10. Address lines A0, A1, A2 must be stable throughout the
sampling interval, ta.
11. Pin 6 (Rger) should be bypassed to ground via a 0.02
pF capacitor.
Microprocessor Considerations

Several alternatives exist from a hardware/software stand-
point in microprocessor based systems using the nA9708.

cet D WM 6501124 00bL9L4? 3 W

.. The ramp time measurement may be implemented in
software using a register increment, followed by a branch
back depending on the status of the ramp stop.

2. Alternately, the ramp stop may be tied into the interrupt
structure in systems containing a programmable binary
timer. This scheme has the following advantages:

a. The CPU is not committed during the ramp time inter-
val.

b. 1t requires only 4 bits of an 1/0 port for control signals.

3. The auto-zero/auto-full-scale {See Figures 5-8) should
use double precision, rounded (as opposed to truncated)
arithmatics. Several points are worth noting:

a. The subtractions are single op code instructions.

b. The full scale correction uses a multiply by 256 and
can be accomplished by a shift left 8 bits (usually one
instruction) or placing (N — Nz) in the MSB register
and setting the LSB register to zero, for the double
precision divide,

c. The divisor (Nrg, — Nz) of the MSB register wili al-
ways be zero,

These schemes have the following advantages:

a. No access to the data bus or address bus Is required,
by the A/D system.

b. 4 1/0 bits completely support the A/D. system,

¢. Since auto full scale/auto zero are implemented in
software and long term drift (aging) effects are elimi-
nated.

d. Software overhead is minimal (typically 30 bytes).

©. Where ratiometric operation is permissible, the 4 exter-
nal components may be +5% tolerance, including the
power supply.

Vet Voot
Voot
" RAMP
START
2 COMP
] s x
W S [ 2

1/0 PORT

il
-~
&
OTHER SENSORS

—_—

8026v1

_ R
R qp e I 83 vﬁ*%l':cu
A2 1 y
= Ioozpr = QUTRUT

Note: AV; = (Applied Force) and can be Li:ean'zed (if necessary) In Software.
FIGURE 9. Ratlometric Straln Gage Sensore/Controller
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S| Typical Applications (continuec) [-S1-07-01
< SENSOR
Vw0I Vccf
Vet
sou.unou - | |
" RAMP
PHOTO START
RESSTOR [ 412 COMP
Py RX % <3 A3
Vb B 4 pao708 a2 1/0 PORT
L= 7 Eles -
R‘% legs CAP
YREF gy feeF I""’V—V"‘>+ l
R2 L l
= T =' CONTROL
L = CIRCUTS
- . TL/H/10409-12
Applications
B [} P 1
S remares= v ') ()

Ry
Vi= (n * Rg )V"c*
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FIGURE 10
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