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FSK modulation

1b EXAR No. XR-2206 sinusoidal
FSK generator 1 ‘ XR-2211 demodulator ; .2

<O FSK

fi=
OUTPUT R'ILZ:
[ s
XR—2206 )
I ] 16
—
“1 | |15
MULTIPLIER
AND 14
SINE e _J
[ SHAPER 13 200

R2

249K  KEYING
vRi VR2 INPUT 1 e
S0K SOK _i__

fi .1 modulation 1C ‘3 XR-2206
1) " n FSK modulation
: 0 1 a Baud Rate
n 1200 bps. i High (1) f,
Low (0) f2

f1= 2 X Baud rate

= 2 x 1200
= 2400 Hz
f2= 3000 Hz
C =01 pF
R( f1= 1/R,C

R = 1/(2400 X 0.1 X 10'8)
= 4.1 kn b ko



R2= 1/(3000 X 0.1 X 1 -

= 3.3 k
1 R1 R2 U 2 Ab A fi
.2) , FSK demodulator
W XR-2211
0
g [ | T
oS‘rsrL(ur°_)<iﬁ I I e >~a
- du
3 b v - el + w
co__L R3 5 v/ R1 R
T 470K | SK
4 I£
= 1Y
5 _sg INTERNAL i .
REFERENCE “m_‘h‘1 - o &
«1lu —_—
R2
4 ANANNA——E 2 __ é qu «
S.1K CTJ
DATA z |
OUTPUT < t—rw—em——l |
|
2 4 |
S20Kk lc';
fi .2 demodulator '3 XR-2211
' ?
fo= (fHf2)/2 ; f1 = PLL Center Frequency
f1= 2400 Hz ; FSK modulation
f2= 3000 H:
f\ = (2400+3000)/ 2
= 2700 Hz

R ( 10 knfij 100 ktm ? I 20 kn



MHz

C.

c, = 1/ (R.F)

c0=1/(20 < 10J X 2700)

0.018 nF , 1 0.022 HF
R MARK SPACE FSK
R,.RO X
R 20k X 2700 / (3000-2400)
90.0 kQ
[9]
1 y J
I 2 kHz 1 ! 2 1
? Lo ! J
o ! 2 kHz 3 kHz /
band pass filter
|
3.01 R3
< 33
1 |
! * !
0.01
VO
K u
41
il
1
fii .3 band pass flter
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K , fO = 2500 Hz

H = 10 [gain]

Q = f.Af =2500/1000 = 2.5
vl= 1V

A,lfs)= 1(2500 Hz) = 2500

h - 10 A

c, = c¢? =001 F

R3= 2Q/2nf.CH
(2 X 2.5)/(2 X 7X 2500 X 101
31.8 kn

R = Q/27tf.CH = 2.5/(2x71x2500x0.01x10‘ex10)

=159k
R2 = Q/(27cf.C)(2Q? - H)
= 2.5/( 271x2500x0 .OIxI0'6)[2(2.5)2 - 2.5]
= 1.59 kfl
fin  yg
p= 101 A
vlD = 1A
= 104 X 31.8 X 10J
= 0.3 mv
$ fl1 fin V@O # output offset voltage [fill ofl
finfi "
fO = resonant frequency of circuit
Af = frequency difference between -3 dB
H = voltage gain of circuit at f.
Q = quality factor of circuit

Ib= input bias current if op-amp

V@ = circuit output offset voltage
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analog

DEVICES

Fast, Complete 12-Bit A/D Converter
with Microprocessor Interface

ADS74A

FEATURES AD574A FUNCTIONAL BLOCK DIAGRAM
Complete 12-Bit A/D Converter with Reference
and Clock -k 1 e eed [ ot
Full 8- or 16-Bit Microprocessor Bus Interface 1 [ [ ) e
250ns Bus Access Time bte{ — H | HE = l
Guaranteed Linearity Over Temperature """":[:—Jr i 3..3..
0to +70° - AD574AJ, AK, AL —=C | —H = o LHE-
—55° to + 125° - AD574AS, AT, AU = . irHe e
No Missing Codes Over Temperature """":E F =2 7 ; g»--— Laan
Fast Successive Approximation Conversion - 25JLs -0 = H ltn - e
Buried Zener Reference for Long-Term Stability e O — L H -
and Low Gain T.c. 10ppm/°c max AD574AL —— ¥ £~
12.5ppm/*c max AD574AU —— N CHAA. ‘Al*
Low Profile 28-Pin Ceramic DIP ——m EHA
Low Power: 390mWwW S /4: e [ =
RG] o

PRODUCT DESCRIPTION

The AD574A is a complete-12-bit successive-approximation
analog-to-digitai converter with 5-staie output buffer circuitry
for direct interface to an 8-. 12-or 16-bit microprocessor bus.

PRODUCT HIGHLIGHTS
. The AD574A interfaces to most popular microprocessors

with an 8-, 12-, or 16-bit bus without external buffers or
peripheral interface controllers. Multiple-mode three-state

56

The AD574A design is implemented with two LSI chips each
containing both analog and digital circuitry, resulting in the
maximum performance and flexibility at the lowest cost.

output buffers connect directly to the data bus while the read
and convert commands are taken from the control bus. The
12-bits of output data can be read either as one 12-bit word
or as two 8-bit bytes (one with 8 data bits, the other with 4

One chip is the high performance AD565A 12-bit DAC and = -
data bits and 4 trailing zeros).

voltage reference. It contains the high speed current output
switching circuitry, laser-trimmed thin film resistor network, 2. The precision, laser-trimmed scaling and bipolar offset resistors
low T.C. buried zener reference and the precision input scaling provide four calibrated ranges. 0 to +10 and O to -*-20 volts
and bipolar offset resistors. This chip is laser-trimmed at the unipolar, or - 5to +5 and - 10to +10 volts bipolar. Typical

wafer stage (LW T) to adjust ladder network linearity, voltage
reference tolerance and temperature coefficient, and the calibration
accuracy of input scaling and bipolar offset resistors.

The second chip uses the proven LCI linear-compatible integrated
injection logic; process to provide the low-power 12l successive-
approximation register, converter control circuitry, dock, bus
interface, and the high performance latching comparator. The
precision, low-drift comparator . adjusted for initial input offset
error at the wafer stage by the ';zener-zap“ technique which
trims the comparator input stage :0 1 10 LSB typical error. This
form of trimming, while cumbersome for complex ladder networks,
is an attractive alternative to thin film resistor trimming for a
simpie offset adjustment and eliminates the need for thin film
processing for this portion of the circuitry.

The AD574A is available in six different grades. The AD574AJ,
AK, and AL grades are specified for operation over the 0 to
-70°c temperature range. The AD574AS. AT. and AU are
specified for the —55'C to - 125'C range All grades arc packaged
in a low-profile. 0.600 inch wide. 2S-pin hermetically-sealed
ceramic DIP

bipolar offset and full scale calibration of 0.1% can be
trimmed to zero with one external component each.

. The internal buried zener reference is trimmed to 10.00 volts

with 1% maximum error and 15ppm/3C typical T.c. The
reference is available externally and can drive up to 1.5mA
beyond that required for the reference and bipolar offset
resistors.

ANALOG-TO-D/GITAL CONVERTERS VOL /, 70-55



SPECIFICATIONS % ot G g BYVor + ¥ o = +5040= - Bl =N

AD574AJ
Model M i. Tirp

RESOLUTION

LINEARITY ERROR
25*C(max)
TaH.toT a,

DIFFERENTIALLINEARITY ERROR
(Minumuro resolution for which DO
missing codes areguaranteed) =
25%c 11
Taalto Taau 11

UNIPOLAR OFFSET (max)(Adjustable to zero)
BIPOLAR OFFSET (max)(Adjustable to zero)

FULLSCALECALIBRATION ERROR
(with fixed son resistorfrom REFOUTTO REF IN)
{Adjustable to zero)25*c (max)
Ta,toT___( ithoutInitial Adjustment) 0.47

(With Initial Adjustment) 0.22
TEMPERATURE RANGE 0

TEMPERATURECOEFFICIENTS (Using internal reference)
ThmtoTiaj
Unipolar Offset

Bipolar Offset

Full Scale Calibration

POWER SUPPLY REJECTION
Max changein FullSoie Calibration
- 13.5sVcceS + 16.5Vor - n.n'sV'ceS - 12.6V
V-4.58 V'locjc T5.5V
- 16.5sVgjS - 13.5Vor - 12.6VS\B.S- 11,4v

ANALOG INPUT
Input Ranges
Bipolar - 5to +5

- 10to & 10
Oto Vv 10
Oto + 20

Unipolar

Input Impedance
10Volt Span 3 5
20Volt Span 6 10

POWER SUPPLIES

Operating Range
Vtor.ic -4.5
Vce ] .4
VEE -11.4

Operating Current
ltoci. 30
Ix 2
Vee 18

POWER DISSIPATION 390

INTERNAL REFERENCE VOLTAGE 9.9 10.0
Output current (available for external loads,
!External load should notchange dlinng conversion ;

PACKAGEOPTION"

(D28A)-Ceramic DIP AD574AJD

NOTES

‘The reference should be mnfcrtd lor operiliooon r 12V supplies.

"Sec Section 19 for package outline InTormauon.

Specifications subject to change w.tbout noucx.

Specification! shown in bokllacc ire tested oa til ?roduction units at final deem
cat test. Results from those tests are used to calculate outgomf; quality levels. AD
min and max tpcdiicaoons are guaranteed, although onlv those shown
boldface are rested on all production” -

VOL |, 10-56 ANALOG-TO-DIGITAL CONVERTERS

adsA ak
Max Mia TTP
12
12
2
+10
0.25
0.37
0.12
+ 70 0
*2
10
+2
10
+9
50
+2
+1/2
+2
- 5to +5
- 10to + 10
Oto + 10
Oto + 20
7 s 5
14 6 10
+55 +4.5
+ 16.5 +11.4
-16 5 -11.4
40 30
5 2
30 18
725 390
101 9.9 10.0
15
ADS74AKD

AD574AL
Max M i. Typ
12
+1/2
+1/2

12
12
*2
4
0.25
0.30
0.05
* 70 0
+1
5
+1
5
+5
27
+1
+1/2
+1
- 5t0 5
- 10to - 10
Oto + 10
0to +20
7 3 5
14 6 10
+55 +45
+ 16.5 +11.4
-16.5 -11.4
40 30
5 2
30 18
725 390
101 9.9 10.0
15
ADS574ALD

Max

H

H
s

0.25

HO o O
[ =

o
S N

14

-5.5
-16.5
- 165

40

30
725

10.1
1.5

Bits
Bits

SofF.s.
% ofF_S.
% e

LSB
ppmCC
LSB
ppmTC
LsSB
ppmTC

LSB
LSB
LSB

Volts
Volts
Volts
Volts

kn
kfl

Volts
Volts
Volts

mA
mA
mA

mw

Volts
m-A
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ADS574AS
Model Mia Typ

RESOLUTION

LINEARITY ERROR
23t:(m «)

T,bmio Tim.

DIFFERENTIALLINEARITY ERROR
(Minumum resolution for which no
missing codes are guaranteed)
25*c 1
T toT .~ 1

UNIPOLAR OFFSET (max) (Adjustable to zero)
BIPOLAR OFFSET(max)(Adjustablc to zero)

FULL SCALECALIBRATION ERROR
(with fixed 500 resistor from REFOUT TO REF IN)
(Adjustable to zero) 25*c (max)

T__toT,», (WithoutInitial Adjustment) 0.75
(W ith Initial Adjustment) 0.5
TEMPERATURE RANGE -55

TEMPERATURE COEFFICIENTS .'Using internal reference)
T toT .~
Unipolar Offset

BipolarOffset

Full Scare Calibration

POWER SUPPLY REJECTION
Max change in Full Scale Calibration
+13.5sVcc* + 16.5Vor * 1.4VsVccS -r 12.6V
+4.5sVLioclcrs~ 5.5V
-16.5=:-135Vor - 12.6VSV,* » "~ 11.4V

ANALOG INPUT
Input Ranges
Bipolar -5to -5
- 10to * 10
Unipolar Oto - 10
Oto - 20
Input Impedance
10 Volt Span 3 5
20 Volt Span 6 10

POWER SUPPLIES
Operating Range
v LOGIC -4.5
VX LY
VEE .4
Operating Current
lor. : 2
‘
vn I »
POWER DISSIPATION

INTERNAL REFERENCE VOLTAGE gg U.O
Outputcurrent (available for external loads

(External load should notchange during conversion;

PACKAGEOPTION2
D fDZSA;- Ceramic D !p

AD574ASD

NOTES

"The refc.encc should be buffered l'oroperation on 12V supplies

ISce Section 19 for packicc outline inform J ion

Spécification» subject to change without notice

Specifications shown in boldface arc rested on ail production units a final ciectn
caJ test. Results from (hose tests are used to calculate outgomlg quai tv levels All
min and max specifications are guaranteed, although,onfv those shown
boldface are rested on all production™units.

ADS74AT
Max Mia Typ
12
12
12
2:2
+10
0.25
0.5
0.25
<125 -55
+2
5
+4
10
10
50
+2
+ 12 .
- 5tov5
- 10to * 10
Oto + 10
Oto * 20
7 3 5
14 6 10
_55 -45
-165 -11.4
6 5 il4
k)] 1?

101 9.9 0.0

1.5

ADS74ATD

ANALOG-TO-DIGITAL CONVERTERS VOL. |, 70-57

ADS74AU
Max MU Trr
12
+1/2
+1/2
12
12
+2
T4
0.25
0.37
0.12
wf 125 -55
25
he
+10
25
+1
+1/2
+1
-5to-5
- 10to « 10
Oto « 10
Oto + 20
il 3 5
14 6 10
-5.5 -4.5
_ 165 - 114
16.5 114
K] B

101 9.9 100
15

ADS74AL

Max

12

+1/2

4-125

2.5
*1
25

12*5
+1

+1/2
+1

14

-5.5
- 165

- 565

=R

"25

10.1
15

U aits

Bits

LSB
LSB

Bin
Bits

SofF.S.
SofF.S.

%an.S.

LSB
ppm/*c
LSB
ppm/™c
LSB
ppm. *c

LSB
LSB

Volts
Volts
Volts
Volts

11
k fl

Volts
Volts
Volts

tnA
mA

Volts
mA



DIGITAL CHARACTERISTICS1(AU grades, T _i.-T _*

Min
Logic Inputs2(CE, e s, R/C,A0)
Voltages
Logice " + 2.0V
Logic“0” -0.5V
Current —50[iA
Capacitance
Logic Outputs (DB 11-DBO, STS)
Logic “0”
Logic’ 2.4V
Leakage (When in high-Z state) -40pA

Capacitance

Typ Max
4
+ 5.5V
4-0.8v
4-SOpA
5pF
+ 0.4V IStNK  1.6mA
TSOURCE ~ 500pA
4-40pA DB11-DBO Only
5pF

‘Derailed Timin ? SpeciUcaDOasappear in the Digital Interface Section.

312/81nputOno

I"'1L-compatibleand mustbe hard-wired toV 1ocicoc digital common.

B N ) rae
uunou:;‘v - F L N\ :_E:._W
aon? ry L‘_- ComTRGL E ...35-\'
st JT i e
wet aoce wa | i__"TE]’-
oot T ir e
-uu-unn:E : = L ? 'E ,_JE]_ :::u
.--'-':!.=E nar 4 o ouTruTy
A 00 conmm 5 2 :;_‘aw
-uuc-u-:\n - ZzZ "."é = é 2 f—aaw
- re2 Bl
:""‘""’: W »-47/‘// /‘E E i . E {14 ] ons
e~ 11 L1 Holw
=B l (=HE o |
-u--: o= AL common

AD574A Block Diagram and Pin Configuration

ABSOLUTE MAXIMUM RATINGS
(Specifications apply to all grades, except where noted)

Vcc to Digital Common....
VEEto Digital Common....
Vlogic to Digital Common....
Analog Common to Digital Common.
Control Inputs (CE, cs, Ao, 12/8, R/C) to

Digital Common -0.5V to Vlogic +0.5v
Analog Inputs (REF IN, BIP OFF, 10V|N) to

Analog COmMmOoN ..o + 16.5V

...................................... a: 24V
Indefinite short to common
Momentary short to Vcc

20V|IN to Analog Common..
REF OUT

Chip Temperature (J, K, L grades) .....eeonnns 100°c
(., T, grades) . saeeeenes 13C
Power DisSipatioN..cciviviicicns e 1000mw
Lead Temperature, Soldering . . . . 300-C, 10 sec.
Storage Temperature —&5CwH + BC
Thermal Resistance, 0jA .. 6frcw

AD574A ORDERING GUIDE

Resolution
Linearity Error No Missing Codes  FEull Scale
Model Temp,_ Range Mar(T,jitoT J (TM,toT,,) .C.(ppml”C)
AD574AJD Oto +7 C 1 1LSB 11 Bits 50.0
AD574AKD Oto 4-70°¢C + 1/2LSB 12 Bits 27.0
AD574ALD Oto 4-70°C = 1/2LSB 12 Bits 10.0
AD574ASD - 55*Cto 4 125‘C = 1LSB 11 Bits 50.0
AD574ATD - 55°Cto + 125°c x 1LSB 12 Bits 25.0
AD574AUD - 55°cto + 125°c : 1LSB 12 Bits 125

VOL I. 10-58 ANALOG-TO-DIGITAL CONVERTERS



¥E§| %&%BE%NGGEUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING

DEFINITIONS OF SPECIFICATIONS

LINEARITY ERROR

Linearity error refers to the deviation of each individual code
from aline drawn from “ zero** through “full scale*. The point
used as “zero* occurs V6LSB (1.22mV for 10 volt span) before-
the first code transition (all zeros to only the LSB “on”). “ Full
scale” is defined as a level 1V6LSB beyond the last code transition
(to all ones). The deviation of a code from the true straight line
is measured from the middle of each particular code.

The AD574AK, AL, AT, and AU grades are guaranteed for
maximum nonlinearity of + V6LSB. For these grades, this means
that an analog value which falls exactly in the center of a given
code width will result in the correct digital output code. Values
nearer the upper or lower transition of the code width may
produce the next upperor lowerdigital output code. The AD574AJ
and AS grades are guaranteed to + 1LSB max error. For these
grades, an analog value which falls within a given code width
will result in either the correct code for that region or either
adjacent one.

Note that the linearity error is not user-adjustable.

DIFFERENTIAL LINEARITY ERROR (NO MISSING
CODES)

A specification which guarantees no missing codes requires that
every code combination appear in amonotonie increasing sequence
as the analog input level is increased. Thus every code must
have afinite width. For the AD574AK, AL, AT, and AU grades,
which guarantee no missing codes to 12-bit resolution, all 4096
codes must be present over the entire operating temperature
ranges. The AD574AJ and AS grades guarantee no missing
codes to 11-bit resolution over temperature; this means that all
code combinations of the upper 11 bits must be present; in
practice very few of the 12-bit codes are missing.

UNIPOLAR OFFSET

The first transition should occur at a level v6LSB above analog
common. Unipolar offset is defined as the deviation of the actual
transition from that point. This offset can be adjusted as discussed
on the following two pages. The unipolar offset temperature
coefficient specifies the maximum change of the transition poini
over temperature, with or without external adjustment

BIPOLAR OFFSET

Similarly, in the bipolar mode, the major carry transition ..0111
1111 1111 to 1000 0000 0000) should occur for an analog value
7:LSB below analog common. The bipolar offset error and
temperature coefficient specify the initial deviation and maximum
change in the error over temperature.

QUANTIZATION UNCERTAINTY

Analog-to-digital converters exhibit an inherent quantization
uncertainty of + V6LSB. This uncertainty is a fundamental
characteristic of the quantization process and cannot be reduced
for a converter of given resolution.

LEFT-JUSTIFIED DATA

The data format used in the AD574A is left-justified. This
means that the data represents the analog input as a fraction of
full-scale, ranging from 0 to tShz. This implies a binary point
10 the left of 5e MSB 5095

FULL SCALE CALIBRATION ERROR

The last transition (from n il n il 1110to n il n il nil)
should occur for an analog value 1 1/2LSB below the nomind
full scale (9.9963 volts for 10.000 volts full scale). The full scale
calibration errer is the deviation of the actual level at the last
transition from the ideal level. This error, which is typically
0.05 to 0.1% o: full scale, can be trimmed out as shown in
Figures 3and  The full scale calibration error over temperature
is given with and without the initial error trimmed out. The
temperature coefficients for each grade indicate the maximum
change in the full scale gain from the initial value using the
internal 10 volt reference.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full-scale calibration, unipolar
offset, and bipolar offset specify the maximum change from the
initial (25°C) value to the value at TAn or Tfnaj,.

POWER SUPPLY REJECTION

The standard specifications for the AD574A assume use of

* 5,00 and :15-00 or :12.00 volt supplies. The only effect of
power supply error on the performance of the device will be a
small change in the full scale calibration. This will result in a
linear change in all lower order codes. The specifications show
‘he maximum change in calibration from the initial value with
:nc supplies at the various iimits.

CODE WIDTH

A fundamental quantity for A D converter >pecifications is the
code width. This IS defined WSthe range of analog input values
for which a given digital output code will occur. The nominal
value ot acode width is equivalent to 1 least significant bit
USB, of the ful. scale range or 2.44mY out of 10 volts for a 12-
bii ADC.

ANALOG-TO-DIGITAL CONVERTERS VOL. |, 10-59



CIRCUIT OPERATION

The AD574A is a complete 12-bit A/D convener which requires
no external components to provide the complete successive-ap-
proximation anaiog-to-digital conversion function. A block dia-
gram of the AD574A is shown in Figure 1. The device consists
of two chips, one containing the precision 12-bit DAC with
voltage reference, the other containing the comparator, successive-
approximation register, dock, output buffers and control cir-

.

Iﬂ:% n| ™
et AT
RECISTIR s
T4  oted .y
Cowe.
. ADS74A -~} ~-mmmmdommnnco-d
wa 1w
rass ANALOG CHIP
AL ouT
< - OUGITAL 1O ANALOG
CONVEATIR LADSMSA Dwr)
-«'—@«;— ANALOG COmmaOn

Figure 7. BlockDiagram ofAD574A 2-BitA-to-D Converter

When the control section is commanded to initiate a conversion
(as described later), it then enables the clock and resets the
successive-approximation register (SAR) to ail zeros. Once a
conversion cycle has begun, it cannot be stopped or re-started
and data is not available from the output buffers. The SAR,
timed by the dock, will then sequence through the conversion
cycle and return an end-of-convert flag to the control section.
The control section will then disable the clock, bring the output
status flag low, and enable control functions to allow data read
functions by external command.

During the conversion cycle, the internal 12-bit current output
DAC is sequenced by the SAR from the most-significant-bil
(MSB) to least-significant-bit (LSB) to provide an output current
which accuratdy balances the input signal current through the
5kfl (or IOkQ) input resistor. The comparator determines whether
the addition of each successively-weighted bit current causes the
DAC current sum to be greater or less than the input current; if
the sum is less, the bit is left on; if more, the bit is turned off.
After testing all the bits, the SAR contains a 12-bit binary code
which accurately represents the input signal to within : % LSB.

The temperature-compensated buried Zener reference provides
the primary voltage reference to the DAC and guarantees excellent
stability with both time and temperature. The reference is timmed
to 10.00 volts : 1%; it can supply up to 1.5mA to an external
load in addition to that required to drive the reference input
resistor (0.5mA) and bipolar offset resistor (1mA) when the
AD574A is powered from : 15V supplies. If the AD574A is
used with : 12V supplies, or if external current must be supplied
over the lull temperature range, an external buffer amplifier is
recommended. Any external load on the AD574A reference
must remain constant during conversion. The thin film application
resistors arc trimmed to match the full scale output current of
the DAC. There are two 5kn input iCaling resistors to allow
either a 10 volt or 20 volt span The 10kl bipolar offset resistor
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is grounded for unipolar operation or connected to the 10 volt
reference for bipolar operation.

DRIVING THE AD574A ANALOG INPUT

The AD574A is a successive-approximation type analog-to-digiid
converter. During the conversion cycle, the ADC input current
is modulated by the DAC test current at approximatdy a 500kHz
rate. Thus it is important to recognize that the signal source
driving the AD574A must be capable of holding a constant
output voltage under dynamicallv—changing load conditions.

FLEORACE TO A isvt R

——

ADSIA
dfie cumm
—
b 48 MOOULATED BY N Bt
CHANGLS ¢ TEST CURAENT oy
Ao 1A AL L OAD ComranaTOR

Figure 2. Op Amp~-AD574A Interface

The closed loop output impedance of an op amp is equal to the
open loop output impedance (usually a few hundred ohms)
divided by the loop gain at the frequency of interest. It is often
assumed that the loop gain of a follower-connected op amp is
sufficiently high to reduce the Closed loop output impedance to
anegligibly small value, particularly if the signal is low frequency.
However, the amplifier driving an AD 574A must either have
sufficient locp gain at 500kHz to reduce the closed loop output
impedance to a low value or have low open loop output
impedance.

This can be accomplished either by using a wideband op amp or
by placing a discrete-transistor or integrated buffer inside the
amplifier’'s feedback loop.

SUPPLY DECOUPLING AND LAYOUT
CONSIDERATIONS

It is critically important that the AD574A power supplies be
filtered, well-regulated, and free from high frequency noise. Use
of noisy supplies will cause unstable output codes to be generated.
Switching power supplies arc not recommended for circuits
attempting to achieve 12-bit accuracy unless great care is used

in Altering any switching spikes present in the output. Remember
that a few millivolts of noise represents several counts of error
in a 12-bit ADC

Decoupling capacitors should be used on all power supply pins;
he - 5Y supply uec'uriing capacitor should be connected
directly from pin 1to pin 15 digital common” and the - V,41
and —Vpif pins should DC decoupled directly to analog common
(pin 9). A suitable decoupling capacitor is a 47p.F tantalum type
in parallel with a 0.1[jIF disc ceramic ivpe.

Circuit layout should attempt to locate the AD574A, associated
analog input circuitry, and interconnections as far as possible
from logic circuitry. Fur this reason, the use of wire-wrap circuit
construction is not recommended. Carctul printcd-circuit con-
struction IS préterred



UNIPOLAR RANGE CONNECTIONS FOR THE AD574A
The AD574A mouim all the active components required to
perform acomﬁlet_e 12-hit A/D conversion. Thus, for most
sinations, all that is necessary is connection of the power supplies
(+5, +12/+15 and -12/-15 volts), the analog input, and the
conversion initiation command, as discussed oo the next page.
Analog InFU'[ connections and calibration are easﬂX accomplished;

QAN ADSMA LOWTS

the unipolar operating mode is shown in Figure 4,
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Figure 3. Unipolarinput Connections

AU of the thin him application resistors of the AD574A are
trimmed for absolute calibration. Therefore, in many applications,
no calibration trimming will be required. The absolute accuracy
for each grade is given in the specification tables. For example,
if no trims are used, the AD574AK guarantees +2L.SB max
zero offset error and +0.25% (10LSB) max full scale error.
(Typical full stale erroris +2LSB.) If the offset trim is not
required, pin 12 can be connected directly to pin 9; the two
resistors and trimmer for pin 12 are then not needed. If the full
scale trim is not needed, a SON + 1% metal film resistor should
be connected between pin 8 and pin 10.

The analog input is connected between pin 13 and pin 9 for a0
to * 10V input range, between 14 and pin 9 for a0 to +20V
input range. The AD574A easily accommodates an input signai
beyond the supplies. For the 10 volt span input, the LSB has a
nominal value of 2.44mV, for the 20 volt span, 4.88mV. If a
10.24V range is desired (nominal 2.5mV/bit), the gain trimmer
(R2) should be replaced by a 50fl resistor, and a 200fi trimmer
inserted in series with the analog j to pin 13 (for a full stale
range of 20.48V (5mV.bit), use a trimmer into pin 14).
The gain trim described below is now done with these trimmers.
The nominal input impedance into pin 13 is 5kn, and 10kfl
into pin 14

UNIPOLAR CALIBRATION

The AD574A is intended to have a nominal WLSB offset so that

the exact analog input for a given code will be in the middle of
that code ‘halfway between the transitions to the codes above

AD574A Analog Circuit Details

and below it). Thus, when properly calibrated, the first transition
(from 0000 6000 0000 to 06)00 0000 0001) will occur for an

input level of + 1/2LSB (1.22mV for 10V range).

If pin 12 is connected to pin 9, the unit typically will behave in
this manner, within specifications. If the offset trim (R1) is
used, it should be trimmed as above, although a different offset
can be set for a particular system requirement. This circuit will
give approximately + 15mV of offset trim range.

The full scale trim is done by applying a signal 1 1/2LSB below
the nominal full scale (9.9963 for a 10V range), Trim, R2 to give
the last transition (1111 1111 1110 to 1111 N1 T)

BIPOLAR OPERATION

The connections for bipolar ranges are shown in Figure 4. Again,
as for the unipolar ranges, if the offset and gain specifications
are sufficient, one or both of the trimmers shown can be replaced
by a 500 * 1% fixed resistor. The analog input is applied as for
the unipolar ranges. Bipolar calibration is similar to unipolar
calibration. First, a signal V4LSB above negative full scale

(- 4.9988V for the £5V range) is applied and R1 is trimmed to
give the first transition (0000 0000 0000 to.0000 0000 0001).
Then a signal 1IALSB below positive full scale (+4.9963V for
the +5V range) is applied and R2 trimmed to give the last
transition (1111 1111 1110 to 1111 1111 1111).
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Figure 4. BipolarInput Connections

GROUNDING CONSIDERATIONS

The analog common at pin 9 is the ground relerencc point tor
the internal reference and is thus the “high quality" ground for
the AD574A; it should be connected directly to the analog
reference point of the svstem. In order to achieve all of the high
accuracy performance available from the AD574A in an environ-
ment of high digital noise content. It is required that the analog
and digital commons be connected together at the package. In
some situations, the digital common at pin 15 can be connected
to the most convenient ground reference point; analog power
return is preferred.
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CONVERSION START/DATA READ

CONTROL LOGIC o . S
The AD574A contains on-chip logic to provide conversion initi-
ation and data read operations from signals commonly available
in microprocessor systems. Figure shows the internal logic
circuitry of the AD574A.
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Figure 5. AD574A ControlLogic

The control signals CE, CS, and R/C control the operation o(
the convener. The state of R/C when CE and are both assened
determines whether a data read (R/C = 1) or aconven (R/C =
0) is in progress. The register control inputs Ao and 12/8 control
conversion length and data format. The Ao line is usually tied
to the least significant bit of the address bus. If aconversion is
started with Ao low, a full 12-bit conversion cycle is initiated. If
Ao is high during a conven Stan, a shoner 8-bit conversion
cycle results. During dataread operations, Ao determines whether
the three-state buffers containing the 8 MSBs of the conversion
result (Ao = 0) or the 4 LSBs (Ao = 1) are enabled. The 12/8
pin determines whether the output data is to be organized as
two 8-bit words (12/8 tied to DIGITAL COMMON) or asingle
12-bit word (12/8 tied to VLOGIC). The 12/8 pin is not TTL-
compadble and must be hard-wired to either VLOGIC or DIG-
ITAL COMMON. In the 8-bit mode, the byte addressed when
Ao is high contains the 4 LSBs from the conversion followed by
four trailing zeroes. This organization allows the.data lines to be
overlapped for direct interface to 8-bit buses without the need
for external three-state buffers.

It is not recommended that Ao change state during a data read
operation. Asymmetrical enable and disable times of the three-state
buffers could cause internal bus contention resulting in potential
damage to the AD574A.

An output signal, STS, indicates the status of the converter.
STS goes high at the beginning of a conversion and returns low
when the conversion cycle is complete.

CE U5 R/IC 12/8 Ao Operation

0 X X X X None

X 1 X X X None

1 0 0 X'm. 0 Initiate 12-Bit Conversion

1 0 0 X - 1 Initiate 8-Bit Conversion

1 0 1 Pin1 X Enable 12-Bit Parallel Output

1 0 1 Pin 15 0 Enable 8 Most Significant Bits

1 0 1 Pin 15 1 Enable 4LSBs +4Trailing Zeroes

Table I. AD574A Truth Table
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TIMING

The AD574A is easily interfaced to a wide varletﬁ of micropro-

cessors and other digital systems. Discussion of the riming re-

quirements of the AD574A control signals will provide the

system designer with useful insight into the operation of the
Bvice.

Figure 6 shows a complete tlmmg diagram for the AD574A con-
vert Stan operation. R/C should be low before both CE and CS
are assened: if RIC is high, a read operation will momentaril
occur, possibly resulting in system bus contention. Either CE or
CS may be used to initiate a conversion. As shown in Figure 6,
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Figure 6. Conven Start Timing

CE is used. If CS is used to trigger conversion or if the specified
set-up times are not met, appropriately longer pulses are necessary
(to provide at least 200ns when and CS are all valid).
Note that (Eincludes one less propagation delay than CS and is
therefore the faster input.

Once aconversion is started and the STS line goes high, convert
start commands will be ignored until the conversion cycle is
complete. The output data buffers cannot be enabled during
conversion.

CONVERTSTARTTIMING - FULJLCONTROL MODE

Symbol Parameter Min Typ Max Units
lose STS Delav from CE 300 ns
GHC CE Puise Width 300 ns
e CS to CE Setup 300 ns
& GCS Lew During CE High 200
&C R/C to CE Setup 250
«<C R/C Low During CE High 200 ns
&C A0 «CE Setup 0 ns
«¢HC Ao Valid During CE High 30<r ns
- Conversion Time
a-BitCvde 2 ..
12-Bit cycle 15 3] -

Figure 7 shows the timing for Jata read operations. The AD574A
differs from the original AD 5“4 design in that the three-state
output buffers feature faster access time and shorter data latency
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times. This speed improvement simplifies the interface to faster
microprocessors. During data read operations, access time is
measured from the J)omt where\CE and R/C both arc high (as-
suming CS is already low). If (Sis used to enable the device,
access time is extended by 100ns.

[n the 8-bit bus inlerface mode (12/8 input wired TODIGITAL
COMMON), the address bit, Ao, must be sable at least 150ns
prior to UE %omg_mgh and must remain sable during the entire
read cycle. 1T Ao is allowed to change, damage to the AD574A
output buffers may result.

BEAD TIMING- FULL CONTROL MODE

Symbol Parameter Mia Typ Max  Uaica
ldd’ Access Time (from CE) 210 250 ns
IKD Dsa Valid «fierCE Low 25 0s
I1KI_: Output Float Delay no 150 aa
Iss* CSto& Setup 150 0s
1 ** R/CtoE Setup 0 ns
Isa* Ao toE Serup 150 ns
Iks* Valid AfterCE Low 50 ns
lk** R/C Hisfa AficrCE Low 0 ns
IKA* Ao Valid AfterCE low 50 ns

‘tog meamredwith geetoad circuita IFtfturi tad de€acd M(he one regtared (orm
output tocrow 0.4V 0r 2.4V,

-tm.lt_tlefBi_?doitbeamc — =14 T-**1 linn in rtiio¢r™ V*—hrn Inwrlnrl —irti Tiir
arcuitofFifuro 9.

= I:w Iw
a. High-Zto Logic 1 b. High-ZtoLogicO
Figure 8 Load CircuitforAccess TIME Test
=
.
» 10us r00¢

1

b. LogicOtoHigh-Z

a. Logic 1toHigh-Z
Figure 9. Load CircuitforOutputFloatDelay Test

“STAND-ALONE” OPERATION

The AD574A can be used in a*“ stand-alone” mode, which is
useful in systems with dedicated input ports available and thus
not requiring full bus interface capability.

In this mode, CE and 12/8 are wired high. CS and Ao are wired
low, and conversion is controlled by R/C. The three-state buffers
are enabled when R/C is high and a conversion suns when R/C
goes low. This gives rise to two possible control signals—a high
pulse or alow pulse. Operation with a low pulse IS shown in
Figure 10. In this case, the outputs are forced into the high-
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Figure 10. Low Pulse forR/C- Outputs Enabled After
Conversion
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impedance scale in response to the falling edge of R/C and return
to valid logic levels after the conversion cycle is completed. The
STS line goes high 500ns after R/C goes low and returns low
300ns after data is valid.

If conversion is initiated by a high pulse as shown in _F|ﬁure g
the data lines are enabled during the time when R/C is high.
The felling edge of R/C starts the next conversion and the data
lings return to three-state (and remain three-state) until the next
high pulse of R/C.

- p—
0% 1vOue - e : '
X hVMD

Figure 11. Low Pulse forR/C- Outputs Enabled While R.'C
High, Otherwise High-Z

STAND-ALONE MODETIMING

Symbol Parameter Min  Typ Max Units

|KRL Low R/C Pulse Width 350 ns

DS STS Delay from R/C 500 ns W
|KDR Data Valid After R/C Low 25

I HL Output Float Delay no 150 ns

tHS STS Delay After Data Valid 300 1000

| HRH High R/C Pulse Width 250

| DDR Data AccessTime 250 ns

INTERFACING THE AD574A TO MICROPROCESSORS
The control logic of the AD574A makes direct connection to
most microprocessor system buses possible. While it is impossible
to describe the details of the interface connections for every
microprocessor type, several representative examples will be
described here.

GENERAL A/D CONVERTER INTERFACE
CONSIDERATIONS

Analog-to-digital conveners, like any I-o device, may be interlaced
to microprocessors by several methods. These method* inc.udr
(but are not limned to) direct memory access, isolated or ac-
cumulator I/0, and memory-mapped TO. Direct memory a,vcs>
(DMA) is the fastest, since conversions occur automatically ind
data updates into memory are transparent *o the processor
DMA logic is very' processor-dependent and makes use ot dedicated
specialized hardware.

Memory-mapped and accumulator /O are more often used and
somewhat easier to understand. Memory-mapped 1/O assigns
the 1/0 device to one or more locations in the memorv spa-e >
the microprocessor. This technique has the advantage that ne
full range of memory reference instructions may be used to
operate on the data. The potential disadvantages include dmitinc
the memory space available for program and data memor.
somewhat more complex address.decoding ind more .lilficuK
isolation of device select pulses for system debugging Manv
processors offer only memory-mapped TO

Accumulator 1/0 uses a set of -ontroi *ig::ai* which are  .u».:
and different from the memory control lignais. These
signals, combined with the address bus, serve to deime J otali-.
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time. This speed improvement sim plifie the interface to faster,
MiCroprocessors. Durm% data read operations, access time is
measured from the point where CE and R/C hoth are high (as-
suming cs is alrea g low). If cs is used to enable the device,
access time is extended by 100ns.

In the 8-bit bus interface mode (12/1 input wired to DIGITAL

COMMON), the address bit, Ao, must be stable at least 150ns

prior to CE ?omg.hlgh and must remain stable during the entire
read cycle, 1T Ao is allowed to change, damage to the AD574A

output buffers may result.

READTIMING-FULL CONTROL MODE

Symbol  Parameter Mia Typ Max Uaita

o Act*** Time (from CE) A0 20 s

weo o puaydRalattlon 5 g B
ns

o cSotesp Y 15) i
RICto(E Setu 0 ns

A Ao to CE Setu 150 ns
Ksx qu%ﬂld erCE ow 5) ns
ICHighAfterCELow ns
Ihak Ao Valid After CE low 50 ns

DD * mc*urr<iw\dj cheload arcuH
oeeput JOCTW=0..

4Vor2.4V.
1w r defnaed  U* narequired for die <fmahoestodunge 0.5V who, loaded with {be
arcattofFigure9.

}_' 1 ) ET

a. High-ZtoLogic 1

i Rod defioed nselse nmr required foraa

b. High-Zto LogicO

Figure 8. Load CircuitforAccess Time Test

a. Logic 1toHigh-zZ b. LogicOtoHigh-Z

Figure 9. Load Circuitfor OutputFloatDelay Test

“STAND-ALONE"” OPERATION

The AD574A can be used in a “stand-alone” mode, which is
useful in systems with dedicated input ports available and thus
not requiring full bus interface capability.

In this mode, CE and 12/8 arc wired high, cs and .Ao arc wired
low, and conversion is controlled by R/C. The three-state buffers
are enabled when R/C is high and a conversion starts when R/C
goes low. This gives rise to two possible control signals—a high
pulse or a low pulse. Operation with a low pulse is shown in
Figure 10. In this case, the outputs are forced into the high-
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Figure . Low Pulse forR/C- Outputs Enabled After

Conversion
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impedance state in response to the falling edge of R/C and return
to valid logic levels after the conversion cycle is completed. The
STS ling goes high 500ns after R/C goes fow and returns low
300ns after data is valid.

If conversion is initiated by a high pulse as shown in .Fiﬁure 1,
the data lines are enabled during the time when R/C is high.
The falling edge of R/C starts the next conversion and the data
lines return to three-state (and remain three-state) until the next
high pulse of R/C.

e
o |—"_'1 |
T G -y IR
L

Figure 11. Low Pulse for R/C- Outputs Enabled While R/C
High, Otherwise High-Z

STAND-ALONE MODETIMING

Symbol Parameter Min  Typ Max Units
tHRL Low R/C Pulse Width 35C ns
lds STS Delay from R/C 500 ns
|HDR Data Valid After R/C Low 25 ns
Ihi Output Float Delay 110 150 ns
tHS STS Delay After Data Valid 30C 1000 ns
tHRH High R/C Pulse Width 250 ns
|DDR Data AccessTime 250 ns

INTERFACING THE AD574A TO MICROPROCESSORS
The control logic of the AD574A makes direct connection to
most microprocessor system buses possible. While it is impossible
to describe the details of the interface connections for ever,
microprocessor type, several representative examples will be
described here.

GENERAL A/D CONVERTER INTERFACE
CONSIDERATIONS

Analog-to-digital conveners, like any I'O oevice, may be interlaced
to microprocessors by several methods. These method:» induct
(but are not limited to) direct memory access, isolated or ac-
cumulator 1/0. and memory-mapped I'O Direct memorv acces.-
(DMA) is the fastest, since conversions occur automatical® and
data updates into memory are transparent ) the processor
DMA logic is very processor-dependent and makes use o! dedicate*.:
specialized hardware.

Memory-mapped and accumulator I/O are more often used and
somewhat easier to understand. Memory-mapped 1:0 assigns
the I/O device to one or more locations ir. the memorv «pace -
the microprocessor. This technique has the advantage that *he
full range of memory reference instructions may be used to
operate on the data. The potential disadvantages include .imiling
the memory space available tor program and data memorv
somewhat more complex address decoding and more Jjificul:
isolation of device select pulses for system debugging. Many
processors offer only memory-mapped | 0.

Accumulator | O uses a set of eontroi iignui' which are :!;: Q
and different from the memory’ control Signals. These - ».tr)i
signal , combined with the address bus. serve to dettr.c m'Olalh
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separate 170 address space. This architecture is simpler from a
hardware standpoint, sm/ce address decoding requirements are.
less severe and distinct /0 read and write pulses are more easily
located for system debugging Ipurposes. However, processors
using accumulator 170 generally out only send data to an output
device from the accumulator. This can make the software more
cumbersome, since processor-controlled transfers of 170 device
data to a memory location cannat be accomplished in a single
instruction.

A typical A/D converter interface routine involves several opera-
tions. First, a write to the ADC address initiates a conversion.
The processor must then wait for the conversion cycle to complete,
since most integrated circuit ADCS take longer than one instruction
cycle to complete a conversion. Valid data can, of course, onl

be read after the conversion is complete. The AD574A provides
an output signal (STS) which indicates when a conversion is in
progress. This signal can be polled b¥ the processor by reading
It through an external three-state buffer (or other input port):
The STS signal can also be used to generate an interrupt upon
completion of conversion, if the system timing requirements are
critical (bear in mind that the marimum conversion time of the
AD574A is only 35 microseconds) and the processor has other
tasks to perform during the ADC conversion cycle. Angther
gossyble time-out method is to assume that the ADC will take

5 microseconds to convert, and insert a sufficient number of
“do-nothing™ instructions to ensure that 35 microseconds of
processor time is consumed.

Once it is established that the converter is-done with its cycle,
the data can be read. In-the case of an ADC of 8-bit resolution
(or less), a smﬁle data read operation is sufficient. In the case of
conveners with more data bits than are available on the bus, a
choice of data formats is required, and multiple read operations
are needed. The AD574A includes internal logic to permit direct
interface to 8-bit or 16-bit data buses, selected by connection of
the 12/1 input. In 16-hit bus applications a12/8 high) the data
lines (DB11L through DBO) may be connected to either the 12
most significant or 12 least significant bits of the data bus. The
remaining four bits should be masked in software. The interface
toan 8-bit data bus (12/1 low) s done in a left-justified format.
The even address d(A low) contains the 8MSBs (DB 11 through
DB4). The odd address (AO high) contains the 4LSBs (DB3
through DBO) in the upper half of the byte, followed by four
trailing zeroes, thus eliminating bit masking instructions.
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Figure 12. AD574A Data Formatfor8-Bit Bus

It 1s not possible to rearrange the AD574A data lines for right-jus-
tified 8-bit bus interface.

The AD574A three-state buffers feature access times and data
latency times comparable to presently-available memory devices.
Therefore, the AD574A can interface directly to many processor
buses without the need for wait states or external data buffers.

SPECIFIC PROCESSOR INTERFACE EXAMPLES
6800/6502-Type Systems

The control signals and bus architecture of the 6800 series and
6502 series microprocessors are very similar. In each, the state
of the R/W signal at the rising edge of the 02 {or equivalent)
dock establishes whether a memory read or write is in progress.
The memory address being exercised is signaled by decoding
the address bits to (usually) an active low signal.
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This control structure is directly compatible with the AD574A.
The R/W line can  used for R/C, the activc-low decoded base
address (the AD574A occupies two memory locations) is apPhed
toc ,and 02 is used for CE. The least-significant address line
ties to the ADS74A AQinput.

In this interface, the processor can write to one address (AQ
Iqw% to Stan a full 12-bit conversion or anather address (AO
high) to Stan a shon 8-bit conversion. The contents of the data
bus are meaningless during these writes. After sufficient time
has passed for the conversion to complete, the processor can
read the data in the two memory locations occupied _b% the
AD574A. The even location (AO low) contains the eight MSBs
and the odd location contains the four LSBs and four trailing
Z8r0gs.

The AD574A may be used directly with 6800 senes processors
running at dock Speeds up to I.SMHz.
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Figure 13. AD574A-6800/6502 Interface Connections

8085A Interface .

The 8085A microprocessor uses a multiplexed address/data bus.
At the beginning of a machine cycle, this bus contains the low
byte of the address beln% exercised. The ALE output signal is
available to strobe a latch to hold the low address byte. For the
rest of the machine cycle, this bus carries data to or from the
CPU.

The 8085A can use either accumulator 1/0 or memory-mapping
for 1/0 devices. The system RD and WR arc gated with I0/M
to provide distinct I/O read and write signals and memory read
and write signals. The control signals required lor the AD574A
are easily derived from the 8085A control bus. CS is taken from
an address decoder on the high-order address bits. R/C can be
taken from WR (either I/O write or memory write;, AO is tied
to the LSB of the address bus, anc CE is taken from the output
ofa NAND gate driven from RD and WR. All bus access and
float delay requirements arc met for direct bus interface for
8085A clock rates up to 3.MHz
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separate 1/o address space. This architecture is simpler from a
hardware standpoint, since address decoding requirements are_
less severe and distinct 170 read and write pulses are more easily
located for system debugging Ipurposes. However, processors
using accumulator 1/o generally can only send data to an output
device from the accumulator. This can make the software more
cumbersome, since processor-controlled transfers of 1/o0 device
data to @ memory location cannot be accomplished in a single
Instruction.

A typical A/D converter interface routine involves several opera-
tions. First, a write to the ADC address initiates a conversion.
The processor must then wait for the conversion cycle to complete,
since most integrated circuit ADCs take longer than one instruction
cycle to complete a conversion. Valid data can, of course, or]l(i/
be read after the conversion is complete. The AD574A provides
an output signal (STS) which indicates when a conversion is in
progress. This signal can be polled by the processor by reading
It through an external three-state buffer (or other input Port):
The STS signal can also be used to generate an interrupt upon
completion of conversion, if the system timing requirements are
critical (bear in mind that the maximum conversion time of the
AD5T74A s only 35 microseconds) and the processor has other
tasks to perform during the ADC conversion cycle. Another
gossmle time-out method is to assume that the ADC will take

5 microseconds to convert, and insen a sufficient number of
“do-nothing” instructions to ensure that 35 microseconds of
processor time is consumed.

Once it is established that the convener is-done with its cycle,
the data can be read. li>the case of an ADC of 8-bit resolution
(or less;, a smgle data read o_?eratlon is sufficient. In the case of
conveners with more data bits than are available on the bus, a
choice of data formats is required, and multiple read operations
arc needed. The AD574A includes internal logic to permit direct
interface to 8-bit or 16-hit data buses, selected by connection of
the 12/8 |nfut. In 16-bit bus applications &12/8 high) the data
lines (DBLL through DBO) may be connected to either the 12
most significant or 12 least significant bits of the data bus. The
remaining four bits should be masked in software. The interface
to an 8-bit data bus (12/8 low) is done in a left-justified format.
The even address (AO low) contains the 8MSBs (DB 11 through
DB4). The odd address (AO high) contains the 4LSBs (DB3
through DBO) in the upper half of the byte, followed by four
trailing zeroes, thus eliminating bit masking instructions.
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Figure 12. AD574A Data Formatfor8-BitBus

It is not possible to rearrange the AD574A data lines for right-jus-
tified 8-bit bus interface.

The AD574A three-state buffers feature access times and data
latency times comparable to presently-available memory devices.
Therefore, the AD574A can interface directly to many processor
buses without the need for wait states or external data buffers.

SPECIFIC PROCESSOR INTERFACE EXAMPLES
6800/6502—F ype Systems

The control signals and bus architecture of the 6800 series and
6502 series microprocessors are very similar. In each, the state
of the R/W signal at the rising edge of the 02 or equivalent)
clock establishes whether @ memory read or write IS in progress.
The memory address being exercised is signaled by decoding
the address bits to (usually) an active low signal.
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This control structure is directly compatible with the AD574A.

The R/W line can  used for R/C, the active-low decoded hase
address (the AD574A occupies two memqry_locatlon?} is applied
toc , and o2 is used for CE. The least-significant address line

tics to the AD574A AO input.

In this interface, the processor can write to one address (AQ
low) to start a full 12-bit conversion or another address %O
high) to start a short 8-bit conversion. The contents of the data
hus are meaningless during these writes. After sufficient time
has passed for the conversion to complete, the processor can
read the data in the two memory locations occupied _b% the
AD574A. The even location (AQ low) contains the eight MSBs
and the odd location contains the four LSBs and four trailing
28r0gs.

The AD574A may be used directlxﬂwith 6800 series processors
running at dock speeds up to 15MHz

Figure 13. AD574A-6800 6502 Interface Connections

808SA Interface

The 8085A microprocessor uses a multiplexed address/data bus.
At the beginning of a machine cycle, this bus contains the low
byte of the address being exercised. The ALE output signal is
available to strobe a latch to hold the low address byte. For the
rest of the machine cycle, this bus carries data to or from the

CPU.

The 8085A can use either accumulator 1/0 or memory-mappmg
for 1/0 devices. The ystem RD and R are gated with IO/M
to provide distinct 1/0 read and write signals and memory read
and write signals. The control signals required for the AD574A
are easily derived from the 8085A control bus. CS is tEken from
an address decoder on the high-order address bits. R/C can be
taken from WR (either I'O write or memory write;, AO is tied
to the LSB of the address bus, and CE is taken from the output
of aNAND gate driven from RD and WR. Ail bus access and
float delay requirements are met for direct bus interface for
8085A clock rates up to 3MHz

iz
%l

ADSI4A

Figure 14. AD574A-8085A DirectBus Interface



In 8085A systems running  high dock frequencies some extenutl
circuitry is required. First, the AD574A deIaY from CE going
low to the data lines going into three-state will cause a bus
conflict when the 808SA sends out the low byte of the next
instruction address. This conflict will occur it the AD574A data
outputs are tied directly to the 8085A bus. In systems where
hus transceivers ée.g. TAL.S245, 8286, etc.) are used to separate
the address and dau lines, the conflict is eliminated. The trans-
ceivers are disabled at the end of the read cyde and thus isolate
the AD574A from the 8085A bus. Since most systems incorporate
such buffers, this does not add to system complexity.

A second consideration when mterfacm? to higher speed 8085A
systems is the width of the convert starf pulse. The WR pulse
from a 5MHz 8085A is only guaranteed o be 230 nanoseconds
wide and is thus not long énough to initiate a conversion. There
are two solutions to this problem. One possibility is to use a
dual D-type flip-flop connected as shown in Figure 15 to insert
asingle wait state in read and write operations directed towards
the AD574A. Another solution is to substitute theearlwr-o_ccur,nnc};
Sl and SO outputs from 8085A for RD and WR in the circuit 0
Figure 14 to generate the reqluwed _antroI signals. It is important
that bus transceivers be employed If SI and S0 are used for
control signal since these signals remain active longer than RD
and WR, enabling the AD574A output buffers in read operations
for loo long, causing potential bus conflicts.

k: iy

TO posss
P neAnT w1

Figure 15. WaitState Generatorfor5MHz8085A Interface
Z-80 System Interface
The Z-80 series of 8-bit microprocessors, like the 8085A, offers
both memory-mapped and accumulator /0 capability. While
the 8085A only includes two instructions for accumulator 1/0
(IN and OUT), the Z-80 l/o instruction set is considerably
more extensive.

The control signals available on the Z-80 include MREQ, IORQ,
RD. and WR. The RD and WR signals indicate direction of
data flow while MREQ and IORQ determine whether the read
or write cycle in progress is a memory or I/o cycle. During I/o
reads and writes, only 8 address lines are active (as in the 8085A).
An interesting feature of the Z-80 is that I/o read and write
cycles are automatically extended by one clock cycle (one wait
state i1s inserted) and are thus slower. The Z-80 control signal
connections to the AD574A are identical to the 8085A
connections.

The AD574A can be interfaced to Z-80 series processors with
clock speeds up to 2.5MHz in the memory address space using
the MWR and MRD signals. At higher clock rates (4 and 6MHz),
the memory write pulse is not wide enough to properly start a
conversion. The extra wait state added during 10 write operations
will extend this pulse to a suitable width at clock rates up to
6MHz so that accumulator /0 is possible.

INTERFACING THE AD574A TO THE APPLE II
COMPUTER . -

The AD574A can be used to provide a low-cost precision analog
input port for the Apple 11 microcomputer without the need for
additional power supplies or extensive digital interface logic.
The AD574A can be mounted on a hobby card designed to plug
into an Apple 11 170 slot.

Hardware . )

All required supply voltages and control signals are available on
the Apple’s Igen heral connectors. Each connector contains, on
pin 41, a DEVICE SELECT output which is active when the
address bus holds a hexadecimal address between COnO and
COnF, where s equal to the slot number plus 8. This snlmal
can be connected to pin 3 (CS) of the AD574A. The <0 clock
on pin 40 of the penﬁheral connector can be used for the Aps74a
CE |nf)ut (pin 6&. The AD574A RIC input (pin 5) can be driven
directly by the RIW output available on peripheral connector
Pm 18. pin 2 of the enﬁheral connector, AO, connects directly
0 the AD574A pin 4. The connections between the peripheral
connector and the AD574A are shown in Figure 16.
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Figure 16. AD574A Connections to Apple Il Peripne-S'
Connector

The Apple Il represents a relatively hostile eiectncui environment
to the AD574A. The high frequency clocks radiate alarge amount
of noise which can be inadvenently coupled into analog signal
lines. Furthermore, the switching power supply in the Apple IS
noisy, and this noise will often pollute the analog signals It '
possible, however, by judicious bypassing, decoupling, une
ground management, to achieve a data acquisition system with
only occasional flicker. A suggested grounding and dccnupimi;
scheme is shown in Figure 17.

It is recommended that any signal preamplification used if. i-.:i
a system be physically located outside the Apple cabinet A :uii-
scale signal range is less susceptible to electromagneticallv coupled
interference than a smaller signal range would be. Thus the
preferred method IS to deliver a buffered, high-level sign... =
the AD574A through a shielded cable. The :5V or it!".
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In 8U8HA Systems running at high dock frequencies some external
circuitry is required. First, the AD574A de aY from CE going
low to the data lines going into three-state will cause a bus
conflict when the 8085A sends out the low byte of the next
instruction address. This conflict will occur if the AD574A data
outputs are tied d|rectI¥ to the 8085A bus. In systems where
bus transceivers ((1e.g. 1415245, 8286, etc.) are used to separate
the address and data lines, the conflict is eliminated. The trans-
ceivers arc disabled at the end of the read cyde and thus isolate
the AD574A from the 8085A bus. Since most systems incorporate
such buffers, this does not add to system complexity.

A second consideration when interfacing to hi(];her speed 8085A
systems is the width of the convert Stan pulse! The WR pulse
from a 5MHz 8085A is only guaranteed to be 230 nanoseconds
wide and is thus not long enough to initiate a conversion. There
are two solutions to this problem. One possibility is to use a
dud D-type flip-flop connected as shown in Figure 15 to insert
asingle wait state in read and write operations directed towards
the AD574A. Another solution is to substitute the earller-OCCU(rln?

Land SO outputs from 8085A for RD and WR in the dreuit o
Figure 14 to generate the reﬂuwed control signals. It is important
that bus transceivers be employed if SI and sc are used for
control signals since these signals remain active_longer than RD
and WR, enabling the AD574A output buffers in read operations
for too long, causing potential bus conflicts.

Figure 15. WaitState Generatorfor5MHz 8085A Interface
Z-80 System Interface
The Z-80 series of 8-bit microprocessors, like the 8085A, offers
both memory-mapped and accumulator 1/0 capability. While
the 8085A only includes two instructions for accumulator 1/0
(IN and OUT), the Z-80 L'O instruction set is considerably
more extensive.

The control signals available on the Z-80 include MREQ, IORQ,
RD. and WR. The RD and WR signals indicate direction of
data flow while MREQ and IORQ determine whether the read
or wnte cycle in progress is a memory or I/0 cycle. During I/O
reads and writes, only 8 address lines arc active (as in the 8085A).
An interesting feature of the Z-80 is that 1/0 read and write
cycles are automaucally extended by one clock cycle (one wait
state IS inserted) and are thus slower. The Z-80 control signal
connections to the AD574A are identical to the 8085A
connections.

The AD574A can be interfaced to Z-80 series processors with
clock speeds up to 2.5MHz in the memory address space using
the MWR and MRD signals. At higher clock rates (4 and 6MHz),
the memory write pulse is not wide enough to properly start a
conversion. The extra wait state added during 1/0 write operations
will extend this pulse to a suitable width at dock rates up to
6MHz so that accumulator L'O is possible.

INTERFACING THE AD574A TO THE APPLE Il
COMPUTER . N

The AD574A can be used to provide a low-cost precision analog
input port for the Apple Il microcomputer without the need for
additional power supplies or extensive digital interface logic.
The AD574A can be mounted on a hobby card designed to plug
into an Apple 11 170 slot.

Hardware ) .

Al required supply voltages and control signals arc available on
the Apple’s er?heral connectors. Each connector contains, on
pin 41, a DEVICE SELECT output which is active when the
address bus holds a hexadecimal address between COnQ and
COnF, where s equal to the slot number plus 8. This 5|?nal
can he connected to pin 3 (CS) of the AD574A. The o0 clock
on pin 40 of the erlﬁheral connector can be used for the AD574A
CE |anut (pin Gg. The AD574A RIC input (pin 5) can be driven
directly by the RIW output available on peripheral connector
Pm 18 Pin 2 of the enRheraI connector, AO, connects directly
0 the AD574A pin 4. The connections between the peripheral
connector and the AD574A are shown in Figure 16.
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Figure 16. AD574A Connections to Apple Il Penpnerai
Connector

The Apple Il represents a relatively hostile electrical environment
to the AD574A. The high frequency clocks radiate a large amount
of noise which can be inadvertently coupled into analog signal
lines. Furthermore, the switching power supply in the Apple IS
noisy, and this noise will often pollute the analog signals. * im
possible, however, by judicious bypassing, decoupling, ar.u
ground management, to achieve a data acquisition system with
only occasional dicker. A suggested «rounding and decoupling
scheme is shown in Figure 17.

It is recommended that any signal preamp.ificaiion used ., uv-
a system be physically located outside the Apple cabinet A mil-
scale signal range is less susceptible to electromagneticallv coupicd
interference than a smaller signal range would be Thus, \nc
preferred method IS to deliver a buffered, high-level siur.il. '
the AD574A through a shielded cable. The :5V or J
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- XR-2206

S . 2

Monolithic Function Generator

general description =

nie XR-2206 is a monolithic function generator inte-
grated circuit capable o( producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
siabrlity and accuracy. The output waveforms can be
both amplitude and frequency modulated by an exter-
nal voltage. Frequency of operation can be selected
externally over a range of 0.01 Hz to more than 1 MHz.

epie circuit Is ideally suited for communications, instru-
mentation, and function generator applications requir-
ing sinusoidal tone. AM. FM, or FSK generation. It has a
typical drift specification of 20 ppm/’ C. The oscillator
frequency can.be linearly swept over a 2000:1 frequen-
cy range, with an external control voltage, having a
very small affect on distortion.

FEATURES

Low-Sine Wave Distortion
Excellent Temperature stability
Wide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range

Adjustable Duty Cycle

-,0.5Vo, Typical

20 ppm/'C, Typical
2000:1, Typical
0.01 %v, Typical

10V to 26V
1% to 99%

APPLICATIONS

m Waveform Generation
Sweep Generation
AM/FM Generation
VIF Conversion
FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply
Power Dissipation 750 mwW
Derate Above 25*C 5 rnW/'C

Tstal Timing Current

Storage Temperature -65°c to +150"C

s <R :

ESISTORS .CURRENT
L I 8 | swiTcHes

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

. Part Numbir Package Operating Temperature
XR-2206M Ceramic —55'C'tp + 125*C
XR-2206N ' Ceramic 0°c to +70°c
YD.99FYIP P lactio 0“Cto +70°
XR-2206CN Ceramic O*c to +70“C
XR-2206CP Plastic' 0*C to + 70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier! and a set
of current switches.

The VCO actually produces an output frequency pro-
portional to an Input current, which  produced by a re-
sistor from the timing terminals to ground. Tne current
switches route one of the -timing pins current to the
VCO controlled by an FSK input pin, to produce an out-
put frequency. With two timing pins, two discrete output
frequencies can be Independently produgep for FSK
Generation Applications.



XR-2206

ELECTrIgAL CHARACTERISTICS
Text Condition»: %7t arcult ofFigure 1,
Bi. unies otherwise specified.

A\ r

- XR-2206M ~
- PARAMETERS m y- MIN TYP MAX MIN
GENERAL CHARACTERISTICS
Single Supply Voltage 10 26 10
Split-Supply Voltage +5 +13 +5
Supply Current 12 17
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5
Lowest Practical Frequency 0.01
Frequency Accuracy +1 +4
Temperature Stability T +10 50
Supply Sensitivity . 0.01 0.1
Sweep Range 1000:1 2000:1 -
Sweep Linearity
10:1 Sweep 2
1000:1 Sweep 8
FM Distortion 0.1
Recommended Timing
Components
* Timing Capacitor: ¢ 0.001 100 0.001
Timing Resistors: 1 2000 1
R1&R2
Triangle Sine Wave Output X
Triangle Amplitude -160
Sine Wave Amplitude 40 60 80
Max. Output Swing 6
Output Impedance 600
Triangle Linearity s
Amplitude Stability ' 0.5
Sine Wave Amplitude 4800
Stability
Sine Wave Distortion
Without Adjustment 25
With Adjustment 0.4 1.0
Amplitude Modulation
Input Impedance 50 100 50
Modulation Range 100
Carrier Suppression 55
Linearity 2
Square-Wave Output
Amplitude 12
Rise Time 250
Fall Time 50
Saturation Voltage 0.2 0.4
Leakage Current 01 . 20
FSK Keying Level (Pin 9) 0.8 14 24 0.8
Relerence Bypass Voltage 2.9 31 3.3 25

XR-2206C-

TTYP

14

0.01
+2
+20

2000:1

N

0.1

100

12
250
50
0.2
0.1
14

3

LVt - 12V, Ta - 25+ G - 001 #. Ri -
1 open for triangle, closed lor sine wave.

MAX

26
+13
20

100.
2000

15

0.6
100
24

3.5

100 kQ, R2 - 10 ki, R3 - 25 kQ
UNITS CONDITIONS
V.
\%
mA R4 i 10 kO
MHz C - 10 0 pF. - 1ko0
Hz ¢ « 50 ;1K Rj 2MO0
% of fo 13* 1/R-C
ppm/*c 0*c Ta  70*c,
R- @ R2 == 20jk 0
%/v VLOV.' - lovjvhigh - '
20V, . . R e
Rl - R2 - 20kO -
fH='L <H@ R1-'no
N@R--2MO0
% fL = 1kHz, fH “ 10 kHz
V. fL = 100 kHz, fH - 100
kHz
V. +10% Deviation !
M- - See Figure 4.
k0
See Note 1: Figure 2.
mV/k 0 Figure 1, Open
mV/k Q Figure 1, Sj Closed
Vpp
Q
%
dB For 1000:1 Sweep
ppm/'C See Note 2.
V. R- - 30kO0
% See Figures 6 and 7.
k0
%
dB
% For 95% modulation
Vpp Measured at Pin 11.
nsec C|_ fc 10 pF
nsec QI « 10 pF'
\% _=2mA
(A v-n = 26V
\% See section on circuit
controls
\Y, Measured at [Pin 10.

Note 1: Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 2.
Note 2: For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.



XR-2206

ADS ¢ «

$, » OPLX POR TRIANGLE
3 E 3 .

wJs < - “

P . .
e | In

=2 v s /
Yoo 0 === B i 55; ] “

RS s © [ =

= . .‘-:._C . 4% Ve
“wA—{] :__]; SOUAATWME | .
) . o ., O o X
- ™ I Vi
rox put
Figure 1. Basl Test Circult. = . NormiDzid OutpLTt Amplitude versds DC BUS It

AM Input (Pin 1).

ML U
OESTORTION AT 30 Ki}

o | : : i
1A - A -
./

‘ //-u-n a Trusue b rom

PRAR OUTPUT YOLTAGE (YOLTS)
-

\\\
N

" T

* 30 40 00 00 too . .
K MU U H NO i)
Rgure 2. Output Amplitude as a Function of the Resistor, X TLM{RU . .
R3, at Pin 3 Fgure 6. Trimmed Distortion versus Timing Resistor.
E R e '
/ \ DESPATION
n 4
= L/ // \L\ = E?:.‘:E':l:.m:ma
T ~ L | AN g 2
v
£ i 1
“ 'I/// ! /
::/ 20k ' = =7
" kil K x ¢ 0
° « m v
Q3 FREOUCMCY (MX)

Rgure 3. Supply Current versus Supply Voltage, Timing, R Figure 7. Sine Wave Distortion versus Operatmg Frequency
with Timing Capacitors Varied

o _:‘L":L_"]“}.\ ) : \ I P,

B A b LEELT

wx §.§?‘"i ] sisas=d™y
PR N %., |

wxn E W¥..]““ i\L

= -.quL

-3
Jo 34 0 IS 0 71 too 134
mtOUCMCY Kr AUBietcr TEuntRATtmtf C)

FigUl'e 4. Rversus Oscillation Frequency Figure 8. Frequency Drift versus Temperature.

72



XR-2206

*o~c

<—VA

Ul

73

;%

T

gun 9. Circuit Connection for Frequency sweep.

- N\Son AA 4
SuTRuT .
. J . (O™
Jex = . =
I — .
= < " ) < we

[T 24 . L]
" o - :)3—_;;
B = & -3
ol

e — ' " I

!

T.f

S CoMDroR WAt - / -_t-

Figure 10. Circuit lor sine Wave Contrition without External
Adjustment. set g 2 for Chaice of Rs).

il
5

U

v

ras ey

5 CLORLD FOR et wavt

Figure 11. Circuit for Sine Wave Generation with Mnimum
Harmonic Distortion. ()3 Determines Output
Swing—Se jure 2.

sawr00W - R
ovrr C my.my
Tm
ourevae |, o
o T u) ;
0
B
m anl: AL
. B — 3P oo JUL
; 1 ¢

Figure 13. Circult for Pulse and: Ramp Generation.



ffjquiocy-Shitt Keying:

The XR-2206 can be operated with two separate, timing
resistors, Rgand 2, connected to the timing Pin 7 and
8/ respectively, as shown  Figure 12. Oepending on
the polarity of the logic signal at Pin 9, either one or the
other of these timing resistors Is activated. If Pin 9 is
open-circuited or corrected to abias voltage sc2V, only
Rl is activated. Similarly. If the voltage level at Pin 9 Is
1V,'only R2 Is activated. Thus, the output frequency
can be keyed between two levels, ft and fg, as:
1/RtCand 2 *

‘W 1 1/R2C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V. -,

Output DC Level Control:

- The dc level at Uie output (Pin 2) is approximately the
same as the dc bias at Pin 3. Figures 10.11 and 12
Pin 3  biased midway between v + and ground, to
give an output dc level of -V + /2.

APPLICATIONS INFORMATION

Sine Wave Generation
Without External Adjustment;

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206 The potentiometer.
R- at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V+/2, and the
typical distortion (THD) Is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be pro-
vided as described in the following section. V

The circuit of Figure 10 can be converted to split-supply
operation, simply by replacing all ground connections
with V- . For split-supply operation, R3 can be directly
connected to ground.

With External Adjustment;

The harmonic content of sinusoidal output can be re-
duced to -0.5% by additional adjustments as shown
in Figure 11. The potentiometer, Ry, adjusts the sine-
shaping resistor, and Rg provides the fine adjustment
-(or the waveform symmetry. The adjustment procedure
Is as follows:

1 Set Rg at midpoint, and adjust Ra for minimum
distortion.

2. With Ra set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation 1

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open-circuiting Pin
13and 14 (i.e,, 1open). Amplitude of the triangle is ap-
proximately twice the sine wave output.

XR-2206

Figure 12 shows the circuit connection for sinusoidal
FSK signal operation. Mark and space: frequencies can
be Independently adjusted, by the choice of timing ré-

FSK Generation

sistors, Rj and 2 the output is phase-continuous dpr-¢
ing transitions The keying signal is applied to Pin 9. The -

circuit can be converted to split-supply operation by
simply replacing ground withy . ;'

Puls* and Ramp Generation

PiniifA tQ ehnu/c thfl oil'll lit for oulco tanH ramn wavy«a-
form generation. In this mode of operation, the FSK key-
ing terminal (Pin 9) Is shorted to the square-wave output
(Pin 11). and the circuit automatically frequency-shift
keys. Itself between two separate frequencies during
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle jean be adjusted
from 1% to 99%, by the choice of R1 and R2- The val-
ues of R1 and 2 should be the rapge of 1 kQ to 2
MO.

PRINCIPLES OF OPERATION

Description of Controls
Frequency of Operation:

The frequency of oscillation, f0. Is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8.
The frequency is given as:

- *z
and can be adjusted by varying either R or €. The rec-
ommended values of R.for a given frequency range, as
shown in Figure 4. Temperature stability is optimum for
4 ko < R < 200 kfl. Recommended yalues of C are
from 1000 pF to'100 fiE

Frequency Sweep and Modulation:

Frequency ot oscillation Is proportional to the total tim-
ing current, ly, drawn from Pin 7 or 8:

320 1j (mA)
"= COxF) Hz:

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with 5 over a wide range of
current values, from 1/IA to 3 mA. The'frequency can
be controlled by applying a control vpltage, Vc, to the
activated timing pin as shown in Figure 9~The frequen-
cy oi oscillation is related to Vc as:

(= 1-n
RC Rc 3
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where Vc Is  volts. The voitage-to-frequency conver-
sion gain, K, Is given as:

K m at/ave « M £ Hz/V - -
RpC

CAUTION: For safety operation of the circuit, fx
should be limited to 3 mA.

Output Amplitude:

Maximum output amplitude is Inversely proportional to ¢
the external resistor, R3, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximately 60
mV peak per kQ of ; for triangle, the peak amplitude
Is approximately 160 mV peak per kQ of R3. Thus, tor
example, R3 - 50 kQ would produce approximately
+ 3V sinusoidal output amplitude. J

75

Ampfftufc Modulation: LN

Output amplitude can be modulatedlby applyingadc -
-as and a modulating signal to Pin i.|The.InternalJmpecf.
ahce at Pin 1 Is approximately 100 M 1/6utput

tude varies linearly with the applied foliage at PinrJiloffe
values of dc bias at this pin, vidthin: + 4 vdts of V+/2 « =
shown  Figuré 5. As this bias level approaches V+/2,; '
the phase of the output signal Is reversed, and the ar> .
plitude goes through zero' This property Is suitable tor
phase-shift keying and suppressed-carrier AM genera--,
tion. total dynamic range of amplitude modulation Isap =
proximately 55 dB.

CAUTION: AM control must be used  conjunction ;
with awell-regulated supply, since the output amplltude
now becomes a function of V+. - *h? .

v+
14
NV,
€ | N
~V1
»-V’

'Yy
"

EQUIVALENT SCHEMATIC DIAGRAM
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XR-2211

FSK Demodulator/Tone Decoder

GENERAL DESCRIPTION

The XR-2211 Is 8 monolithic phase-locked loop (PU.)
' system especially designed tor data communications. It
Is particularly well suited for FSK modem applications.
It Operates Over a wide supply voltage range 4.5 to
20V and a wide frequency range of 0~01 Hz to 300 kHz.
It can accommodate analog signals between 2 mV and
3V, and can Interface with conventional DTL, m |, and

ECL logic families. The circuit consists of a basic PLL .

for tracking an put signal within the pass band, a
quadrature phase detector which provides carrier de-
tection, and an FSK voltage comparator which provides
FSK demodulation. External components are used to irv
dependency set center frequency, bandwidth, and out-
put delay. An internal voltage reference proportional to
the power supply provides ratio metric operation for low
system performance variations with power supply
changes.

The XR-2211 Is available in 14 pin DTL ceramic or plas-'
tic packages specified for commercial or military tem-
perature ranges.

FEATURES
Wide Frequency Range 0.01 Hz to 300 kHz
Wide Supply Voltage Range 4.5V to 20 V

DTL/TTL/ECL Logic Compatibility
FSK Demodulation, with Carrier Detection

Wide Dynamic Range 2mVto3Vrms
Adjustable Tracking Range (+ 1% to +80%)
Excellent Temp. Stability 20 ppm/*c, typ.

APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection -
Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 20V

Input Signal Level 3V rms

Power Dissipation

Ceramic Package 750 mw
Derate Above TA = +25°c 6 mV/°C

Plastic Package

Derate Above TA = +25*C 5.0 mW/'C.

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperatun

XR-2211M Ceramic —55*c to +125*c
XR-2211CN Ceramic 0°cto +70°C
SRS?ill'rp)? PlaQtir. 0°cto +70“C

H —40°C to +85“C
XR-2211P Plastic -40°cto +85*c

SYSTEM DESCRIPTION

The main PLL within the X R ~jl is constructed from
an input preamplifier, analog multiplier used as a phase 1
detector, and a precision voltage controlled oscillator|
(VCO). The preamplifier is usedas a limiter such that In-;
put signals above typically 2MV RMS are amplified to a
constant high level signal. The |nultiplying-type phase!
detector acts as a digital exclusive or gate. Its output
(ur filtered) produces sum and difference frequencies of
the input and the VCO output, fiinput + f input (2f input)
and f input - f input (0 Hz) when tpe phase detector out-j
put to remove the "sum" frequency component while
passing the difference (DC) component to drive the
VCO The VCO is actually a current controlled oscillator,
with its nominal input current (fo) set by a resistor (Ro)
to ground and its driving current with a resistor (R1
from the phase detector. | - :

The other sections of the XR-22|11 act to: determine If
the VCO is driven above or below the center frequency
(FSK comparator); produced bothj active high and active
low outputs to indicate when the main PLL is in lock
(quadrature phase detector and Ipck detector compara-
tor)
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ItECTRICAL CHARACTERISTICS
T*st Conditions: Test Circuit of Figure 1,v+ « v~ - 6V.7a - + 25*c,¢c = 5000pF. R, » 2 - 3 - R4 - 20kQ,
RI - 4.7 kQ. Binary Inputs grounded, 2 and 2 closed, unless othervtfse specified.

XR-2211/2211M XR-2211C
PARAMETER MIN TYP MAX MIN TYP MAX UNITS CONDITIONS
GENERAL
Supply Voltage 4.5 20 4.5 20 \%
Supply Current 4 7 5 9 mA Rq 10 kfl. See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy +1 +3 +1 y. Deviation from fn - 1/RgCo
Frequency Stability Rl -1/2 =m
Temperature +20 50 +20 ppm/*C  See Fig. 8. =
power Supply 0.05 05 0.05 %IV v+ « 12+ 1V. See Fjg. 7.
02. 0.2 V.V V+5 + 0.5V. See Fig.|7.
Upper Frequency Limit 100 300 300 kHz Ro - 8.2 kfl, Co - 4p0 pF
Lowest Practical )
Operating Frequency 0.01 0.01 Hz Ro - 2 MQ, Co = 50 jiF
Timing Resistor, Rq See Fig. 5.
Operating Range 5 2000 5 2000 kO
Recommended Range 15 100 15 100 ko See Figs. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Output Current +150 +200 +300 +100 +200 =*300 aA Measured at Pin 11.
Output Offset Current +1 +2 aA
Output Impedance 1 1 MQ
Maximum Swing +4 +5 +4 +5 \% Referenced to Pin 10.
QUADRATURE PHASE OETECTOR Measured at Pin 3.
Peak Output Current 100 150 150 aA
Output Impedance 1 1 MO
Maximum Swing 1 1 V pp
INPUT PREAMP SECTION Measured at Pin 2.
Input Impedance 20 20 kfl
input Signal
Voltage Required to
Cause Limiting 2 10 2 mV
rms

VOLTAGE COMPARATOR SECTIONS

Input Impedance 2 2 MQ Measured at Pins 3 anijl 8.
Input Bias Current 10C 100 nA

Voltage Gain 55 70 55 70 dE R1 = 51 kQ

Output Voltage Low 30C 300 mv lc = 3mA

Output Leakage Current 0.01 0.01 aA v 2v

INTERNAL REFERENCE |

Voltage Level 4.9 5.3 5.7 475 53 5.85 Measured at Pin 10.
Output Impedance 100 .100

o<



J

XR-2211 .

9. Total Loop Gain, Kj:

e Kt “ 2tKOKgqg '« 4/CqR] rad/sec/volt

(0. Peak Phase Detector Current IA: . .-

IA « Vr (volts)/25 mA

APPUCATIONS information
FX DECODING:

Figure 9 shows the basic circuit connection lor FSK de-
coding. With reference to Figures 2 and 9, thé func-
tions of external components are defined as follows: Rq
and Co set the PLL center frequency, R- sets the sys-
tem bandwidth,, and CI| sets the loop filter time con-
stant and the loop damping factor. Cp and Rp form a
one”poie post-detection filter for the FSK data output.
The resistor Rr (« 510 KO) from Pin 7 to Pin 8 intro-
duces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Recommended component values for some of the most
commonly used FSK bands are given in Table 1.

Design Instructions:

The circuit of Figure 9 can be tailored fcr any FSK de-
coding application by the choice of five key circuit com-
ponents: Ro. R1, Co, Cl and Cp For a given set of FSK
mark and space frequencies, fl and <2. these parame-
ters can be calculated as follows:

a) Calculate PLL center frequency, <g:

2+

b) Choose value of timing resistor Ro, to be the
range of 10 KQ to 100 KO. This choice is arbitrary.

'.’-..'_- g ' » % ;

vm MINJIMUM -V » == 1 1 oamV
ruti ’ ’4'<<’QK“‘]i ’

Houra 3. Desensitizing Input stage

The recommended value is Rq m 20 KO The final
value of Ro is normally fine-tuned with the series po-
tentiometer, Rx

c) Calculate value of Co from design equation (1) or
from Figure 6: j

Co- 1 O

d) Calculate Ri to give a Af equal to themark space
deviation:

R1“ RflPowl“ (21 -

e) Calculate CI to set loop damping. (See de sign equa-
tion No. 4.):

Normally, 1/2 Is recommenced.
Then: Cl -'C g/4 for m- 1/2
f) Calculate Data Filter Capacitance, Cp:

For Rp « 100 KO, Rg 510 KO, the recc mmended
value of Cp is:

Cp - 3/(Baud Rate) pF

Note: All calculated component values except Ro can
be rounded to the nearest standard value, and Rq can

ries potentiometer, Ry. (See Figure 3.) |

1"

Rg = S KjI /

SUPPLY CURRENT, (mA)
H

r SUPPLY VOLTAOQE, ¥+ (YOLTS) |
Figure 4. Typlcal Supply Current vs V{ (Loglc.OMPUti

Open Clrcuited) ‘
[
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Reference Voltage, Vr (Pin 10): This pin is internally biased
at the reference voltage level, Vr: Vr = V+/2 - 650
mV. The dc voltage level at this pin forms an Internal
reference for the voltage levels at Pins 5 8,11 and 12
Pin 10 m ust be bypassed to ground with a 0.1 fiF ca
pacitor for proper operation of the circuit. -

V. ' LOO* DATA  ;-'[
- " . ET - MTEA
rR & M. F
COWP.
"1
LOCK DCTICT
OUTAura

LOCK DCTICT  LOCK OCTCCT
FHTEX COUP.

Figura 1. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Loop Phase Detector Output (Pin 11): This terminal provides
a high impedance output for the loop phase detector.
The PLL loop filter Is formedrby Ri and Ci connected
to Pin 11 (see Figure 2) With no Input signal, or with no
phase error within the PLL, the dc level at Pin 111svery
nearly equal to Vr. The peak voltage swing available at
the phase detector output Is equal to £V r.

10K« Ac |

100 (1 R Ve

ou : LOCK DETECT
Ut ouTrUTS
SIGNAL H
. Locx o
_Y_ "o orTecT
] e to couer.

Figure 2. Generalized Circuit Cornection for FSK and Tone
Detection

VCO Control Input (Pin 12)I VCO free-running frequency Is
determined by external timing resistor, Fig, connected
from this terminal to ground. The VCO free-running fre-
quency, fg, is:

f0 = -Hz
RfA)

where Co is the timing capacitor across Pins 13 and 14.
For optimum temperature stability, Ro must be the
range of 10 KO to 100 KO see Figure 8).
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This terminal Is a low Impedance point, and is Internally
biased at a dc level equal t® Vr. Themeximum timing
current drawn from Pin 12 must be limited to S3 mA for
proper operation of the circuit.!

VOO Timing Capacitor (Pina 13 and 14): vco frequency, Is

Inversely proportional to the external timing capacHor,

Co, connects across these terminals (see Figure 5)!

Co must be nonpolar, and the range of 200 pF to 10
r

VCO Fraquancy Adjustment: VCO can be fine-tuned by
.connecting a potentiometer, R>. series with Ro at
12 (see Figure 9).

VCO Frea-Running Fraquancy, 1g; ) IR-2211 does not have a
separate vco output terminal Instead, the vco out-
puts are internally connected to the phase detector
sections of the circuit. However, for set-up or adjust-
ment purposes, vco lIree-ruming frequency can be
'measured at Pin 3 (with Go disconnected), with no In-
put and with Pin 2 shorted to ijin 10.

DESIGN EQUATIONS
(See Figure 2 for definition of components.)

1. vco Center Frequency, fD
<- IROH

2. Internal Reference Voltage, Vr (measured at Pin
10):

Vr = V+/2 -650 mV
3. Loop Low-Pass Filter Time Constant, r:
T = R-iC!

4. Loop Damping, [ :

=14/ Co
v c1

Loop Tracking Bandwidth, + Af/fg:
Aflfg = Rg/Ri

FSK Data Filter Time Constant, rF:
tF = RpCp

7. Loop Phase Detector Conyiersion Gain, K> (K" Is
the differential dc voltage across Pins 10 and 11.
per unit of phase error at 3hase detector input):

K> = 02Vr/k-volts/radian

8. VCO Conversion gain. Kg: (Kg is the amount oi
change in VCO frequency, per unit of dc voltage
change at Pin 11): -

Kg = -1 /VrCoRt Hz/voll
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Bulge Exemple:

75 Baud FSK demodulator with mark space
frequencies o( 1110/1170 Hz:

Step 1: Calculate f0: f0 (1110 + 1170) (1/2) «
1140 Hz .

Step 2: Choose Ro - 20 ko (18 KO fixed resistor in
« series with 5 KO potentiometer) . 4

Step 3: Calculate Co 1rom Figure 6: Co - 0.044 pF
Step 4: Calculate R-: R1 - Rq (2240/60) - 380 ko

Step 5: Calculate C-: Ct » Co/4 « 0.011 >iF

Note: AH values except Ro can be rounded to nearest .

standard value.

Able 1. Recommended Component Velues lor
'’ Commonly Used FSK Bands.
(See Circuit of Flguu 9.)

;. FSK BAND COMPONENT VALUES

300 Baud Co »0.039 >F Cp - 0.005 pF
(1 «1070 HZ c¢{ = 001 pF Ro * 18KO
F2 - 1270 Hz Ri = 100 KO

300 Baud Co = 0.0221F Cp = 0.005 mMF
(1 .2025Hz CI = 0.0047 pF Ro » 18 KQ.

2 - 2225Hz Ri = 200 KO

1200 Baud Co = 0.027 pF Cp = 0.0022 pF
» . 1200Hz Ci'= 001 pF Ro = 18 KQ
2- 2200 Hz Ri = 30 KQ

FSK DECCDING WITH CARRIER DETECT:

The lock detect section of XR-2211 can be used as a

carrier detect option, -for FSK decoding. The recom-

mended circuit connection for this application is shown

Figure 10. The open collector lock detect output. Pin

6, Is shorted to data output (Pin 7). Thus, data output
QIuF O Ve

T Tat.r '

o (-

XA

A ]
DATA ouTPUT VW 1
C

1

Fgure 10. BExternal Connectors lor FSK Demodulation with
Carrier Detect Capability

Note: Data Output Is “ " When Ne Carrier is Present.

will be disabled at “low" state, unfil there is a carrier
within the detection band of the PPL, and the Pin 6 out-
put goes “high," to enable the data butput.

The minimum value of the lock detec filter capacitance
Cp is inversely proportional to the capture range,' +
Afc.' Thié -Is the range of | coming frequencies .over
which the loop can acquire lock and  alwgys less than
the tracking range. It Is further limit by U,. For most
applications, Afc > Af/2. For Rp -h riu KQ. the approx-
imate minimum value of Cp can be determined by:

Cp O»F) £ 16/capture range  Hz;

With values of Cp that are too small, rKfittfif.rfifi Ka oh.
served on the lock detect output as  .Incoming signal
frequency approaches the capture andwidth. Exces-
sively large values of Cp will slow fh response time of
the lock detect output.

TONE DETECTION:

Figure 11 shows the generalized clrbiultconnection for
tone detection. The logic outputs, Q and o’at Pins 5 and
6 are normally at “high” and "low” ik ctstoc TACOAO.
tively. When a tone is present within the detection band
of the PLL, the logic state at these eutputs become re-
versed for the duration of the input tdmel Eaph logic out-
put can sink 5 mA of load current.

Both logic outputs at Pins 5 and 6 9ra ooon 0oliAO.for
type stages, and require externa) pi
arid RL2, as shown in Figure 11.

TONE MPUT

xR0

¢ I_'”_jd—c

Ve

Figure 11. Circuit Connection for Tone Detection

With reference to Figures 2 and 11i the functions of the
external circuit components can ice explained as fol-
lows: Rg and Co set vco center fréauency; R- sets the
detection bandwidth; C- sets .the! Ipw pass-loop filter
time constant and the loop damping factor. R 1 and
RL2 are the respective pull-up resistors for the Q and
Q logic outputs.

Design Instructions:

The circuit of Figure 11 can be optimized for any tone
detection application by the choice of the 5 key circuit
components: Ro. Ri 1Co, C| and Co- For a given Input.
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the tone frequency, tg, these parameters are calcu-
lated as follows: L

a) Choose Rq to be the range of 15 KQ to 100 KQ.
This choice Is arbitrary. L, .

b) Calculate Co to set center frequency, fo equal to fs
(see Figure 6): cq m I/Rqgls

c) Calculate R- to set bandwidth + Af (see design
equation No. 5):

Rl “ Rodo”O

Note: The total detection bandwidth covers the fre-
quency range of to + Af.

d) Calculate value of C1for a given loop damping
factor;

Cl«Co/l6f2

Normally f — 1/2 is optimum for most tone detector ap-
plications. giving Cl - 0.25 Co-

Increasing C- Improves the out- -band signal rejec-
tion. but increases the PLL capture time.

e) Calculate value of filter capacitor Cj> To avoid chat-
ter at the logic output, with Rq = 470 KQ. Co must
be:

Cd(mR)  (16/capture range Hz)

Increasing Co slows down the logic output response
time.

Design Examples:
Tone detector with a detection band of 1 KHz + 20 Hz:

a) Choose Ro *= 20 KQ (18 KQ series with 5 KQ po-
tentiometer).

b

=

Choose Co for <0 = 1 kHz (from Figure 6): Co *=
0.05 fiF.

C

-~

Calculate Rj: R- (Rfl) (1000/20) = 1 MQ.
d

=i

Calculate C-: for m= 1/2, C- = C.25. Co =
0.013 fiF.

e

~

Calculate Cp: Co = 16/38 = 0.42 tF.

f) Fine-tune center frequency with 5 KQ potentiometer,
Rx-

LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry appli-
cations. The recommended circuit connection for this
application is shown in Figure 12. The demodulated
output is taken Irom the loop phase detector output (Pin
11), through a post-detection filter made up of Rp and
Cp and an external butter amplifier. This bufler amplifi-
er Is necessary because of the high impedance output

» mf
7

XR-2211

at Pin 11. Normally, a non-invert,ng unity bain op ar¢>
can be used as a buffer amplifier, as shojwn  Figure

-0 Ve
s

Pl

_cf- el 3-"

OO0
ouren

na ks S

Figure 12. Linear FM Detector Uting XR-2211 and in External
Op Amp. (See Section on Design Equatlon for Cem
ponent Values.)

The FM detector gain, l.e., the output voltage change
per unit of FM deviation can be given as:

VOU(  R- Vp/100 Rq Volls/% deviation

where Vr is the internal reterence voltage (Vr = V+/2
- 650 mV). For the choice of external components RI,
Rqg, 0d. Cl and Cp see section on deslg equations.

PRINCIPLES OF OPERATION

Signal Input (Pin 2): signal Ié ac coupled to this terminal.
The internal Impedance at Pin 2 is 20 KQ. Recom-
mended input signal level is  the range o( 10 mV rms
to 3V rms.

Quadraturi Ptiasa Ditoctor Output (Pin 3): ' "is Is the high
Impedance output of quadrature phase detector and Is
internally connected to the input of lock detect voltage
comparator.  tone detection applications; Pin 3 Is con-
nected to ground through a parallel combination of R[>
and Cd (see Figure 2) to eliminate the cjhatter at lock
detect outputs. If the tone detect sectio is not used.
Pin 3 can be left open circuited.

Lock Detact Output, O (Pin 5): The output at Pin 5 is '
"high" state when the PLL is out of loc <and goes to
“l6tm < CoWHileNmy Efate WheR fké PLL ig lockod- It Is
an open collector type output ane requires a pull-up r®
sistor, Ri_, to v+ for proper operation. At "low” stats. It
can sink up to 5 mA of load current.

Lock Detect Complement, Q (Pin 6): The output at Pin 6
the logic complement of the lock detect output at Pin-5-
This output is also an open collector type stage which
can sink 5 mA of load current at low or bon" state.
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fJK Deta Output (Pin 7): This output is an open collector
logic Stage which requires a pull-up resistor, R, to V+
tot proper operation. It can sink 5 mA of load current.

decoding FSK signals, FSK data output is at
«tugh" or. off" state for low input frequency, and at
-low" or "on" state for high Input frequency. If no input
elignai Is present, the logic state at Pin 7 Is indetermi-

nate. . '

EQUIVALENT SCHEMATIC DIAGRAM o3

FSK Camparitor input (Pin 8): This Is the high irppedance
input to the FSK voltage comparator."Normally, an FSK
post-detection or data filter is connected between this
terminal aryl the PLL phase detector output (Pin 11).
This data filter,Is formed by Rp and Cp of Figure 2. The
threshold voltage of the comparator Is set byfthe Inter:

nal reference voltage, Vr, available at Pin 1Q
T

B O L ) S
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Channel Colour"'

Transmitter

MHz
26.995
- 27.045
27.095;
- 27145
27195
27.245

]

Receiver
I.F.455KHZ I.F.465KHZ!
26.540 26.530
26590 26.580
26.640 26.630
26.690 26.680
26.740 26.730
26.790 26.780
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EEE SRS EREEEEEREEREEEEEEREEEEREEEEEEREEEEEEEREEREEEREEEREEEEEEEREREE ISR SRR EEEEE XS

*rxxx PROGRAM FOR PRECESS SIGNAL AND SEND IT BY WIRELESS METHOD  *****
FHEFEEH CHULALONGKORN UNIVERSITY *okokok ok
e BY MR. AMNUAY SOODSAKORN C2-17p65 NUCLEAR TECHNOLOGY ekl

EIEE R I I R R I I R R R I R R I R R R R R I R I R

kkkkkkkkkhkkkkkhkkkkkkkkkkhkk

This program thesis CHULA.

**************************

org 2200H
;Init 8255 and control word
*** for EXP-2..PA=IN ,PB=IN ,PCH=IN ,PCL=IN.

EXP2PA EQU OE080H

EXP2PB EQU OEO081H

EXP2PC EQU OE082H

EXP2PCC EQU OE083H

;*** for EXP-3..PA=OUT1PB=OUT1PCH=OUT1PCL=0UT.

EXP3PA EQU OEOAOH

EXP3PB EQU OEOA1H

EXP3PC EQU OEOA2H

EXP3PCC EQU OEOA3H

;¥** for EXP-4 . .PA= ,PB= 1PCH= 1PCL

EXP4PA EQU OEOCOH

EXP4PB EQU OEOC1H

EXP4PC EQU OEOC2H

EXP4PCC EQU OEOC3H

CTRLWL EQU 09BH ;control word for EXP-2
CTRLW2 EQU 080H ;control word for EXP-3
CTRLW3 EQU 080H ;control word for EXP-4

I**************************

LOCAT1 EQU 02500H ;first addr. for save address
khkkkkkkkhkhkhkkrkkrkkkkhkhkkhkkkkkk*



*** LOAD CONTROL WORD TO 8255 ***

Kk khkhkhkhkhkhkhkhkhkhkhhkhhhkodhkkhdhdkhkdkdkhkkkkk

BEGIN: MOV A#CTRLW1 ;control word = 09Bh
MOV DPTRI#EXP2PCC ;IN IN IN
MOVX ODPTR,A ;conrtol word for EXP-2
MOV A#CTRLW2 ;control word = 080h
MOV  DPTRI#EXP3PCC ;OUT OUT out
MOVX ODPTR,A ;control word for EXP-3
MOV AIHCTRLWS3
MOV DPTRI#EXP4PCC
MOVX PDPTR,A ;control word for EXP-4
;INITIAL SERIAL PORT
j *************************
i
INIT. MOV  SCON, #50H ;page 30 MCS-51
MOV TMOD, #20H ;page 38 mode 2
MOV TH11#0E8H ;set baud rate to 1200 bps.
SETB TR1
CLR ET1
CLR ES

J*************************

yRESET OUTPUT PORT 8255

RESP: MOV A,#00H
MOV  DPTR,#EXP3PA
MOVX ODPTR,A
MOV  DPTRI#EXP3PB
MOVX ODPTR,A
MOV  DPTRI#EXP3PC
MOVX ODPTR,A



KAk kkkkkkkhkkkkkkkkkkkkk Kk k%

TRIG FOR PEAK

SRR SR I R R O

TRIG:

A,#00H
DPTRI#EXP3PA
ODPTR,A

A 1#00H

**************************

DELA:
DELAY

CEQOC:

SAVE:

CLRP:

DEC
JINZ

ANL
JZ

DPTRI#EXP2PC
A 10DPTR
A1#00000100B
CHKP

A 1#20H

A

DELAY
DPTR,#EXP2PC
A 10DPTR
A,#00001000B
CEOC

DPTR,#EXP2PA
A 10DPTR
DPTR1#2500H
@DPTR,A
DPTRI#EXP2PB
A.ODPTR
DPTR,#2501H
ODPTR,A
A,#00100000B
DPTRI#EXP3PA
ODPTR,A

;trig all bit to

;delay 16 uS

:check end of conversion



A*****************************

SEND TO SERIAL PORT AND OUT

START CLR
CLR
CLR

JNB
CLR
INC
MOVX
MOV
JNB
CLR

ES

RI

Tl
DPTR,#2500H
A.ODPTR
SBUFI1A
TL$

Tl

DPTR

A 10DPTR
SBUF1A

TI 1%
Tl

I kkkkkk kkkkkkkhhkkkhhkkkhhkkkdkix

LJHP

TRIG

[ %k kK ok ok ok ok ok ok ok Kk kK KKK K kK K K kK K K kK

END
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read_com()

{
int data;

unsigned char ch_I,ch h;
ch_I=read();
ch_h=read();
data=ch_Il+(ch_h*0xI100);
return(data);

}
read_head()

{
int count;
unsigned char ch;
/* get header befor recive data

for(count=0;count< 2;count++)

{
do{
ch=read();
}while(ch!=0xFF);
}
}
read()
{
unsigned char ch,tl;
do{
tlI=inportb(0OXx3FD);
tI=tl& 0x01;

white (t11=1);

ch=inportb(0x3F8);

*/

outportb(Ox3FA,0x86); /* reset

return(ch);

set com ()

{
unsigned char data;

recive buffer

*/
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}

AH = 0x00;
AL = 0x83;
~DX = 0x00:;

geninterrupt(0x14);;
data=inportb(0Ox3FB); [/*
data=data&Ox7F;
outportb(Ox3FB,data);
outport(0Ox3F9, OxOF);
outportb(0x3F C 10xOF);

hit_key()

{

unsigned int key;
if ((key=bioskey(1))!=0)

{

key=bioskey(0);

ret

}

urn(key);

}
return(o);

set to data

mode

*/
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gen_graphQ

{
int GD=DETECTIGM;
int count,X,y;
initgraph(&GD,&GM,NULL) ;
x=getraaxx();
y=getmaxy();
setcolor(BLUE);
setbkcolor(WHITE) ;

setfillstyle (SOL ID_FILL,DARKGRAY);
bar(1,1,getraaxx() lgetraaxy()) ;

setcolor(LIGHTGREEN) ;
1ine(50,10,50,410);
1ine(50,410,610,410);
x=50;

y=410;

for(count=0;count<103 ;count++)

{
X=X+5;

line(X,Y,X,y+5);
}
setcolor(YELLOW);
outtextxy(40,420,"0");
outtextxy(x,4201"1023");

outtextxy(5,(410-(1*30)-3),"
outtextxy(5,(410-(2*30)-3),"
outtextxy(5,(410—<3*30)-3),"
outtextxy(5,(410-(4*30)-3),"
outtextxy(5,(410-(5*30)-3)1"
outtextxy(5,(410-(6*30)-3)1"
outtextxy(5,(410-(7*3 )-3)1"
outtextxy(5,(410-(8*30)-3),"
outtextxy(5,(410-(9*30)-3)1"
outtextxy(5,(410—10*30)-3),"

setcolor(GREEN);

1000") ;
2000") ;
3000") ;
4000") ;
5000");
6000");
7000") ;
8000");
9000") ;
10000");
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x=50 ;
y=410;
for(count=Il;count<=100;count++)
{
y=y-3;
if((count%10)==0)

line(x-6,y,Xx,yY);

line(x-3,y,X,Y);

}
settextstyle(SMALL_FONT,HORIZ_DIR,1);

setcolor(LIGHTBLUEY;
settextstyle (DEFAULT _FONTIHORIZ DIR12);
outtextxy(180,445, "NUCLEAR SPECTRUM™);
setfillstyle(SOLID_FILL,BLACK);
bar(525,440,630,460) ;
settextstyle(SMALL_FONT,HORIZ DIR,D);
setcolor(WHITE) ;
outtextxy(530,450,"Scale = 1:10");
}
re_graph()

{
setbkcolor(BLACK);
setfillstyle(EMPTY_FILL,WHITE);
bar(51,11,610,409)7
setcolor(LIGHTRED);
outtextxy(15,95,"Over");
line(47,105,620,105) ;

}

set_time()

r
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settextstyle(SMALL_FONT,HORIZ_DIR,1);
setcolor(WHITE);
outtextxy(12,11,"TIME");

outtextx;y( 17,50, "rain") ;
setfillstyle(SOLID_FILLIBLACK);
bar(10,25,40,45);

}
/*out_tirae()

{
char ch[3]={NULL,NULL,NULL};
int count=0;
sette xtsty le (SMALL_FONTIHORIZ DIR11);
setcolor(WHITE);
outtextxy(12,11,"TIME");
outtextxy(17,50,"rain");
setbkcolor(BLACK);
setfillstyle(EMPTY_FILL,BLACK);
do{

ch[count]=getch();

count++;

bar(10,25,40,45) ;

outtextxy(
}while(ch[count]I=ENTERjlkey==ESX);

off _graph()
{
int x,y;
setcolor(BLACK) ;
x=getmaxx();
y=getmaxy();
setfillstyle(SOLID__FILL 1BLACK) ;
bar(111,x,y);
closegraph();

}



#include<stdio.h>
#include<conio.h>
#include<dos.h>
#include<graphics.h>
#include< i0S.h>
#include"gph.c"
#include"recive.c"
#define SET T 0x1400
#define ESC 0x01 1B
#define DEF T 50
#define ENTER OxICOD
#define Enter OxODIC
#define HB OxFFFF
tudefine TB OxFOFO

unsigned int cc[1024];
unsigned int key,tra;

struct time tt old,tt new;

main()

{

unsighed int data;
tm=DEF_T;
reset_val();
set_com();
gen_graph();
BEGIN:

re_graphQ);
set_time();
out_time(tm);

gett me(&tt old);
setfillstyle(SOLID_FILL,WHITE) ;
do{
/* read_head();*/
[* if(key==ESC)
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goto==ESC;

do{
data=read_com();
1~ if(key=-ESC)
{
goto C_KEY;
yed
if((data 1=HB)&&(data!=TB))
{
data=data&Ox3FF;
cc[data]++;
if(cc[data]>100)cc[data] =100;
set_bar(data,cc[data]) ;
}
key=0x0000;
key=hit_key();
gettirae(&tt_new);
/* }while(data!=TB&&keyl=ESC&&((((tt_new.ti_hour-tt_old.ti_hour)*60)+(tt new.ti
whi le (key '=ESC&&( (((tt_new.ti_hour-tt old.ti hour)*60) +(tt_new.ti_min-tt_old.t
lwhile (key!=ESC&&((((tt_new.ti_hour-tt_old.ti_hour)*60) +(tt_new.ti min-tt ol
C_KEY:do{
key=0x0000;
key=hit_key();
if(key==ENTER]|key==Enter)
goto BEGIN;
if(key==SET_T)
{
tra=get_tirae(tra);
goto BEGIN;

}
}while(key==0x0000! [key!=ESC);

}



get_tirae(int ttra)
{
int tl,t2,count;
char ch[3]={"0"1"p’ INULL};
char cha;
out_time(ttm);
count=I;
do{
cha=getch();
ifccha<- 9 -17chas-:0)
{
ch[0]=ch[1];
ch[1l]=cha;
}
else sound(800);
ttra=(ch[0]-"0"*10)+(ch[1]-'0");
out_tirae(ttra);
lwhile(cha!=0x0D|lcha!=0x1D);
return(ttm);

}
out_time(int tra)

{
char ch[3]={NULLINULL INULL¥};
int trepl,tra2;
tpl=ra/10;
tmp2=tm%10;
ch[0]="0"+trapl;
ch[1]="0"+tmp2;

setfillstyle(SOLID_FILL,BLACK);

bar(10,25,40,45);
outtextxy(15128,ch);

set_bar(int chan,int data)

{
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int xl,yl,x2,y2,ccl,cc2,high;
y2=4009;
if((chan%10)>0)

ccl=l;
else
{
ccl=0;
}
if((data% 10)>0)
cc2=1I,;
else
{
cc2=0;
}
yl=y2-(((data/1)*3)+(cc2*3))+I;
xI=51+(((chan/10)*5)+(1-ccl));
Xx2=xI+3;
bar(xl,yl,x2,y2);
}

reset_val()

{
unsigned int count;

for(count=0;count<1024;count+ +) ;

{
cc[count]=0;

/*

+1 for sirau to y=410

*/
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DATA SHEET 80C51-L/ 80C31-L
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80C51-L/80C31-L

TaWe 1. Status ofthe external pins during Idle and Power Down modes

Mode Program Memory ALE PSEN
[dle Internal 1 1
[dle External 1 1
ower
oW Internal 0 0
%V\)’\ﬁ{ External 0 0
The insruction that sefs PCON.Ojsthe|
e instryction that se rsteast sfruction
xecu\ed%oﬂo n Jale] mode IS acfivat ed1 énce i
the, ldle 1k$ atus IS preserved In its
gn ire ee&ac olrner rogram
tatus Word, Accum

[ un
Al
status of the external pin Ojrln emo £

Lhi\?at?rne od‘vd:ﬁ){)\evdg ) tg in é??d” Er?rrllt Qeuddl%ég?\Fg

£ c ear are e mrna r mode

ernterrup rvrce enext
H {rl tron 0 eexec one fo lowing
teinstruction t atwroealto

Ttheﬂ] tﬁs GFOand GFl ma be used 0} determrn

executron i 'dr?rrrr” @ Vedodunn orma
rnsrrucE qa?har wn?ewﬁd %

£xa ete
cnasosetor deg\r
agr en idie mode.Isterminate
nena 1151 service routing can examine
e Satls of
he econdw Softeranatrn Itne ldle mode .swrtha
argware reset” Since the oscrfator s St rrénnrn
ar wa eset needs to e trve 0ron e¥ e
%c os Ilator perioos) to compl ethe rese

POWER DOWN MODE
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gower mode ardwa’ ee r the onlywa
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80C51-L/80C31-L

80C51 PIN DESCRIPTIONS

V§S .
Circuit ground potentat

\%
ggg@tuou]oltage during normal, Idle, and Power Down

Porto

0Is brto en dram bi-directional 170 port.
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E Ug%jgn ytﬁlﬂlfnt%a%j aVﬁ en to them are

1Dyl Ullipsgnd Inth ats[ﬁte can
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cillator, an inp lﬁ emal_clock generalor
|s prn Should 06 Tloated when an extemrGecilaor
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OSOLLATOR CHARACTBaSTICS

><%rAL1andXTAL2a thel ando utrg ectively, unconnected as ho nin &
n|nvert|n arng mer |scont| urej0 UI ement ont uh/ oycle of the xerna cloc
an on-ch IE qqs ilfator, as shown In fi eusejer a ttot rna cloc In cncunrﬁé.

the
CeraIG Esonlor may 9 ﬁ'nc (e np inalclockingcircy
MR

f | a2
T D NCormmmee XTAL2
L EXTERNAL
‘ T 1A OSCILLATOR XTALL
SIGNAL
VSS
hi vss X

Figure 5. Crystal Oscillator Figure 6. External Drive Configuration
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ABSOLUTE MAXIMUM RATINGS* *NOTICE:

AmblentT eratur-e Under Blas 0 0 Stressesatorabove those listed under‘Absolute M axi-
0 merflal ........................ . Oo Ct%goo C um Ratings'm ay cause permanent damage {0 the
naustrial........ 40 cto C HleV|Ce Thisis a stress rating onlyand functionalopera-

StorageTemperature ,,,,,,,,,,,,,,,,,, -05°cto+ 180°c tionofthedeviceatthese oranyotherconditionsabore

V0|tage OnVCC tOVSS IIIIIIIIIIIIIIIIIIIIIII 05Vt0+7v those indicated in the operationalsections ofthis spe-

Vs BV Ve ey L SRS

" This value is baaed on tnem imum allowah (Le
temEerature and the term resistance of t

sssggsss=2ViotVvss=OVr=01to5 M-z

Symbol Parameter Min Max j Unit Test Conditions
VIL Input Low Voltage 05 02vec |V
VIH
#E&”‘ L NPL ¢ R
VHL nput ngh Voltage to RST for Reset 07VCC \ch
“V. v
VIH2 Incut High Voltage To XTALL 077CC 3® 1
VPD  1Power Down Voltage ToVgc - PDMcoel 2.0 5.0 v 1
VOL j Qutput LowVoltage :Ports 123}} 0.45 v 10L=1.6mA (note 1
VL. Output LowVoltage Port o ALE. PSEN 0.45 V. 10L=3.2mA (note
VOH  Qutput High Voltage Ports 1.2.3 0.SVCC . V. 10H=-10M
_ i Vo,
\VOHL etrrlilal E ()P%E Bbmernal OSvee v [OH=-40mA
o Vo RNy
IIL Logical O Input Current Ports 1.23 -50 wA Vi 45V
i input Leakage Current = 10 VA 045<Vin<vce
ITL 0ghcal]Zt ?Transmon Current 500 ka  Vin= 20V
Currept 50 10 = 2.0Vt0 55V
oD e Sl Niode) Y
RRST STPulldown Resistor 50 150 ko _
Clo Caoacitance of 170 Euffe’ 'C i oF fo=IMHzTA=25iC

Note 1:

Capacitive loading on PO ts 0 and 2 ma cau ransmons uri 8 ons.. WOrst Ca
spurlous n0|se r%?EES () e SU rlm 059 aCI'[IVE 0a % [? %&3&%& HOISS eont eég@
VOLS 0rts 1an C@orlﬁ A rl]‘ﬂrﬁL $xcee Maxl PESK UoV.

extr l&SC& acitance a scnar m mtothe FIQEr Use IS not necessary.
pins when' t hige e make. 1-0-
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ABSOLUTE MAXIMUM RATINGS' ‘NOTICE:
AmblentT& erature Pnder B|aS presses atorabove those listed underAbsolute M axi-
g dO cto70°c mum Ratings'may cause permanent damage to the
St”a ------- 40 85 device Thisis a stress rating onlyand functionalopera-
Storage Temperature ,,,,,,,,,,,,,,,,,, 65 C tO + 150°C tion ofthe device atthese oranyotherconditions above
V0|tage onVeetoVSS i, -05Vto+ 7V Jhose indicated in the operationalsections otthis spe-

cification is not implied. Exposure to absolute maxi-
\F{(())\llflggel)?gsi?)gygrlln tOVSS """" 0 5V tOVCC+0 5V mILIJm Iratinlg con(;itionls ma;affectdevice reliability.

"This value is hased on the maximum allowable die
temEerature ana the tnerm re5|stance 0 q]

|JAM0Mol M clvee=2.7V 10 6V,vss=0V. F=0to6 MHz

Symbol Parameter Min Max J Unit Test Conditions

VL Input LowVbltage -0.5 0-_%Vlcc Vv
VH '

BB, s ige Vg Y
VHL Input ngh Voltage to RST for Reset 0.7vCC Vcc Vv
VIH2 Input High Voltage To XTALL 0.7vCC Vcc |

VD Power DownVoltageToVec PDMcoe —= 59 v oo
VOL  Output LowVoltage E}Pons 1.2, 3%] 0.45 V. i0L=16mA &dote %
V01 Output Low\Voltage Port 0. ALE. PSEN 0.45 V. 10L=3.2mA (note
VOH  Qutput High Voltage Ports 1.2.3 O%CC ¥ I0H=- |8paA
o = CAEET I

MREIRE 0 v O

' \P&: 5@ )

IIL Logical 0 Input Current Ports 1.2.3 -50 pa  Vin=045V
U Input Leaka e Current = 10 pa  0.45<Vin<Vee
I tp O(hca ]2t ?Transmon Current -500 PA  Vin=20V
ICCPD v\\;%r%g ver Curre 50 10 pA E{]g&:zf.ovw 55V
RRST ST Pulldown Re5|stor S0 1 10 kK
Clo Capacitance of 1/o Buffer 'c i pr jfe=IMHZTA=25;:C

Note 1:

Capacitive loadl on Ports 0 and 2 ma cay ransm ns ur| ons. worst ca
i R Ch R O R R
i 1 i R &

exte ca acitance aschar g mo rIQQer USe 1s ot Necessary.
an p|s WNER these DIk make.
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL1)

«1151,7 Hz _
Symbol Parameter Min Max Unit
TCLCL Oscillator Period 166
TCHCX High Time 20 ns
TCLCX LowTime 20
TOUCH Rise Time 20
TCHCL Fall Time 20 ns

I

AC CHARACTERISTICS

po;d gpgcft%nsc% f%rv P ﬁO,ZAi_iétgnﬁvagéﬁl::O ROpf; Load Capacitance for All other Outputs = 80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symbol Parameter Min Max Units

TLHLL ALE Pulse Width 2TCLCL-40 ns
tavll Address Valid to ALE TCLCL-55

TLLAX Address Hold After ALE TCLCL- 35 ns
TLLIV ALE to Valid instrln 4TCLCL-170

TLLPL ALEto PSEN TCLCL- 25

TPLPH PSEN Pulse Width 3TCLCL-35

TPLIV PSEN to Valid Instr 3TCLCL- 220 ns
TPXIX Input Instr Hold After PSEN 0

TPXIZ Input Instr Float After PSEN TCLCL-20

TPXAV PSEN to Address Valid TCLCL-8

TAW Address to Valid Instr 5TCLCL- 220

TPLAZ PSEN Lowto Address Float 0

See next page for Bxternal Data Memory Characteristics.
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EXTERNAL DATA MEMORY CHARACTERISTICS

Symbol Parameter
RLRH RD Pulse Width
TWLWH WR Pulse Width
TLLAX Data Address Hold After ALE
TRLDV RDto Valid Data :n
TRHDX Data Hold After RD
TRHDZ Data Float After RD
TLLDV ALE to Valid Data in
TADV Address to Valid Data
TLLWL ALEto WR orRD
TAWML Address to WR cr RD
8 Data '/alio to WR ‘ansitidn
TGVWH Data Setuo to WR Hign
TWHQX Data Hold After WR
TRLAZ RD Low tc Address Float
TWHLH RD orWR High tc ALE Hign

MAXIMUM Ice (mA)

Operating (Noie 3)
Freg.Vec 2V 5V
IMHz 0.8 mA 15mA
6 MHz AmA 8 mA
Note 2:

B

Note 3:

%easuregs %%\_{ ridly Ene9ted
vee I eshg yhign er acrysta csm a|cr

EXPLANATION OPTHE AC SYMBOLS

Each Pmmg symbol 1has 5 character
Harac e is i %; tanos lor |rre| ecner
aracters, eEf In ontelr |t|ons

ert
atus dl 9 na

me of a signal or
?ﬁ tgoﬁmeg sa listal the aracters ani Wnat By

A Address.

L
i Egﬂlcqevel%% I femory contents'

Min
6TCLCL-100 zi NS -
670.0.-100 ns-*
TCLCL-35 q'
0 5100-165 .
ZTCLCL-70
8TCLCL-150 ns
9TCLCL-165
37CLO-50 3JTCLCL-I-50
ATCLO-13C
TCwC.-cC
7TCLO-150 !
TCLCL-50 |
! 2
TCL0-46 700 41
idle (Note 4)
Y 2.V 5V
13ImA *[OC UA 600 JA 1mA
ICmA 12 mA 35 mA 38 mA
Note 4

SRt

EXAMPLE:

T

O: Output data.
R: READ signal.

"WRITE s.gnal
X. No longer a valia |
2. Float.

Lo

ogic level.

82
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.80C51-L/80C31-L.
ACTIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE

r1ac i
ToL T -
A e J— N\ J’
S coneny . M (e
Pse U

] |
TUuoV
g ” ) | /
PSER e’ I Ty
RO 4 s
' N TR 7 d
wwi
wov e T LLAX it TRLDV: TRHDX ..J -
PORTO AO-AT h DAAN b»)<
i ol e RAZ |

PORT2  ADRESS 4 ADDRESS AB-A1S OR SFR-P2 e
EXTERNAL DATA MEMORY WRITE CYCLE S ) i

| | o
PSER ——/ [ TuM ———
w { TWLWH M=

SRR /|

| e TLLAX o™ ] et TOVWX ToOVWH TWHOX ]

PORTO AO-A7 DATA OUT 3
.
e B ACORESS AB-A15 OR SFR-P2 ) |

PORT 2

AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT

VCC-05V =i i ‘
°2V°C;;:P°mis X‘ j -0av Lk /iTu)_u:mv i

|

fing st| rivenatV cc 05foral *T'and045VforaI icO. Timing measyrements are
e e B R

eve OCCUI'S

iafcai
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SERIAL PORT TIMING - SHIFT REGISTERMODE
A.C.CHARACTERISTICS:

(Ta=0°Ct070°C;Vss=0/:VcC = 2.7Vto 6V; Load Capacitance=80 pF)

Symbol Parameter Min
TyXLXL Serial Port Clock Cycle Time 121CLCL
TQVXH }Jstlﬁbjt%%tg Setup to Clock 10TCLCL-133
TXHOX utﬁut ata Hold After Clock ZTCLCL-17

Ising Edge
|npUthE_1t@g Hold After Clock Rising Edge 0
Clock Rising Edge to Input Data Valid

TXHDX
TXHDV

SHIFT REGISTER TIMING WAYEFORMS

115

Max Units
NG
Nns
ns
Nns
10TUCI-133

—

i
e m

o L LAreesad oL L L LI
—~---—<I|:xnox
_—— X Tk, X X T
¢ ¥ i
mr‘osaﬁ movl‘—‘| J:"W |
et onin (ol Ko X XooX_ XwoX XuwoX  XxeX  XxoX X o)
A

SETR

UNHS
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CLOCK WAVEFORMS
INTERNAL SIATE < STATE S STATE 6 SWIE 'I SWTE 2 STATE 3 I SIATE « STATE S
0 mlP? h'vz m'vz mln mln HIP? "lv. Vl':
XA 2
g | L J | i
THESE SIGNALS ARE NOT
EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE
EXECUTION OF A MOVX INSTRUCTION
PSER \l
4 DATA PCLOUT DaTA PeLOUT lnm-l [eccon
{ SAMPLED 1 ! SAMPLED |
FLOAT 3 }

1
FLOAT | ' FLOAT |

P2 (EXT) _l INDICATES ADORESS NS 1

—

IDATA I

WINDICATES DPH OR P2 SFR TO POH TRANSITIONS

BEAD OYQLE
o
1 |
EMITTED PCL OUT (F PROGRAM
DURING THIS PERICO MEMORY 1S EXTERNAL)

I

-1

WRTE OYQLE
o 1 [Pc oot (Even = proGRAN
MEMORY IS INTERNAL )
PO DPLORR:
out DATA OUF
RS ECs) INDICATES D9 O €2 §57 10 POH TRANS™:ON
£0" ogRATION.
T4 o
MOV PORT SRT OLD DATA | NEV: DA o
s = ==
MOV DEST PORT (61 A poPWS SAMPLED

A
P1.P2 P3 PINS SAMPLED

hsd|a ram md cate
eve an es rom

ng are clocked inter allygwetlm |ttakesthe

nals to
IS ro a atlon

ate to the ins

8 atlonasovnes f0m 0 Op qu 6 COROEnt n\llcaa”'a suingj te (5 iy o d§
Haﬂ ;\on eas e e Nimately b0ne 1he o er3|gna Pate plcaW aw
are mcorpo ated Mthe Al spem e

116
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Table 1. MCS°-51 Instruction Set Description m "
ARITHMETIC OPERATIONS ° Hbr |
monic crr tron Byte Cyc
X ARn R f st rto Accumulator
A Aalred A dergg )ﬁm ceumulator {
A A(J@Rr Add Indlires [} to Accumu at
A AJdata Add imm ategatato ceum aor
A ARn, A drerrrrs rto Acc mua rwr arry
A Adiee: A { )ﬁm
ADD A Add Indirec A g
AJdata Add imme |atedtato Wrt ar lag
N ARn uptract r |steb AWA
¢ Adirect uptract al rﬁmo \X row
ARRi uptract |n re Tom orrow
?\IC ﬁdata

uptract | me a]ta om AWIt OITOW
ncrement Accumulat

ncrement ISt

ncrement

ncriment

crrment orn el

ecrement ccumu ator

ecrement register

De rernenérndrrect RAM

.=
o

el e e e e el S S el el ol ol ol ol el

IQ % -
SO
)>%%— =
§
=1 %ﬁza

?:crmal %Just Accumulator

LOGICAL OPERATIONS

w

<
=3
]
@)
o

T>T>T>
=
S

Earsesaaial

(ndire to Accumu at
fe ata oAc%umu ator

dggdata A%curqwa (gata Ire{ﬁree{l

.

rec)ﬂm ceumu at?
,L{EETF ae0 ata& c%umu ator

dAdata Imme Jatato |et%t

ister to Acc mulator
dE P %rﬁm RC umula

;|>oso
>=<
«L
=

N DO R T ROR e P R

rst rto AcC atr-

clusive & eb Kc/_gumu ator

clusive rec
A da}g clusive me |:1te
%re clusive- ccurHu ator to crre h e
Ireajeata cusAv- mmediate data to direct
A earP eCCU lﬁc mEIafror 1
% Flg A%%;ﬁw@%ﬁ Carry flag {
ﬁ waaperr%oﬁs Wit q &”Xﬂaﬂlator 1
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Table 1. (Cont)

Byte
ove r to Accumulatqr
gg Eeb;%m Kc umuqat]or
ove Indirec ccumulatar
Ve | 1edatato ccumuator

DATATRANSFER

ove CCU at (ir tore IS er
ove d II’GC e

OVE t?

ove ccumu d 8 '[6 Ve

Ve I P|st ro

ove (lirect

ove Indi rec to Irect byt
ovel e aa o Irect hyte

e
by L
er

tajo e BSIEI’
BI‘@C

ad Data Pol Xn
e Lok e e oYY
ove xterna% é add’ t?AA
833 el AL -%ta?dge
[ erna 6f)|tad)r)

us |rec teontosta

direct %

an er |sab if &c%mulatr
o fiiao
xchange low-0 dermbme ind RAMwith A

BOOLEAN VARIABLE MANIPULATION
monic ealgraFonfl Byte
b (e

Bit eﬁ§

nggnf %/tﬂa
@ Irect |tto flal

i!i. g

it com lme t of gjrect hit to Carry

Ill%it ovel r@c %Ewengoé E(re(% DUto Carry é
V It.c ove arryﬁag to rgycto

PROGRAM AND MACHINE CONTROL

M addr Kbso‘i ke %ubrout call
a4 ‘é 0% Gl

dr
rrom subrout{ne
rom Interrup

addr gso eum

i Aﬁ R

5+ o Pecrel t|\{sea r%

/ Fgr o E{gccu j \or |s otZero

i arr)9f|ag
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Table 1.(Cont)

PROGRAM AND MACHINE CONTROL (cont)

nemonic cr on Byte Cyc
re t
(g:reg ke
t1S Clea it
to%dumprg Eu(j ?I
a
reI om |mme§ [oreg ﬁ Equa
e Ve
d| .reI eaemen P %ju %Notoiero
0 Operation
Notes on data addressing modes:
ired Work||rr]1§[rne| tlons an ort, control or stat sr ister
/
%l-[e Ire m%ernal cation X(fddf? ssed Byreg|ster
«daE ;btcons ntin 3 In s
=aata 16 ons arH induded as bytes 3of|nstrug10n
it - 128 SOTtWare flags, any 1o pin. confrol or status it
Notes on program addressing modes:
sddr 16 - Destination aadress foi LCALLS. LIMP may ce anywnere within the 64-k program memory
-car 1l %estnatlcn aad;ess fort %LL]&ﬁJMPV\Ml C; within the same 2-K page of program
e Tir e Ol'the follow NS
Sl W c (fm SJncIuoP Bn o?fsetb e, Range is+127-128 bytes
N RN e anacot ofst byt Rang Y

Al mnemonics copyrighted * Intel Corporation 1979

Btts
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Table 2. Instruction Opcodes

1E5ytes Mr'efnofl'c Operands

s

2 addr

I' addr code addr
co§ea r

i\OE& r

%?%addr

SR

t

DD DERE S

D'_.p)_-j>
=

e

Hexadecimal Order

cae OfEtytes MefTloflic Operands
R

= OOOOOOOOOOOOOO >

rrrrrrrrrrrrrr >

DT T T T T T TS

=
S

<<

S

DLDOO <
—_e o %_
DD
DD > as

gﬂdﬁF
arr'@data

A1

QD
—

T>T>O
S

DT
oo U
D>
=20

[ Xsr)
(=]
DD

cr.A
Cr.*data '

S

P D S S
A % 9_)
gcm§ 2 223

TToooo
mgsmmm
fab)
S8
222
ST =s—=
==
o
=
QO

120
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555, Lo
g =
=]
e}
[ (35
SO s, <5
— CSoeooooToos Ss S
S S (s CO o3 €O 03 €5 66 6 P aersS =}
aHH ﬁmmmmmmanﬁm <
ERERER =S o CamaaagsSs ® SSS S Sfeaz
L<TL=L<C<T <O DA Oy e O S5 oSBT e Y P e S5 O<C<T<C<C O<C<C<C
< m ,
@f B> S>> >>S>>>sa> ) it Se
=TT %ﬁg“““““t%
<
Bll.lﬁlTTTZ/ﬂ/le 1 <t

<
<
[a -
F oo S = =
. N . — o r - T — =
SEETogooonodSans Seaanbabooaao R S
S SEScCocoRSRS Y Soeooooooooo e S
- AGA (35 €O (T (O GO O O Oy .ﬂ..nla.

o
SRR R S SIS €5 SS55. 5 5 5 5 o5 oo — 5 )
S

COb aaaaaaaaaaablno.“ nMAAAAn;
S T SECOESEtes

Fr—crcrr ey v &

—
98 S soommsosesseai S
— —— L= (9595 75 75

Mnemonic Operands

laN aN o Sy o |

Hex Number
Code of Bytes

SeRTITOAL LN (SOOI 00 P Soioastiox ol -ooo T O LLELO-Hoosioxg oo
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Table 2. (Cont.)

= o
@
n ®

QPR T 3> O

>,
=>

dar A

N B b RO RORIY N RORIY R 0 1 b RO e 2 3

S A

D 80C31
| J 80C51 XXX
Temperallie Ran T um Customer kom Code Lo Lwer
bﬁar&' mmelrm%f 8%%@%@(1%5 oEr}n &%{51 orr“yg Suppvry ersion

' Industria Paﬁkﬁﬁ’ﬂ "

a

1] IR

BU



'3 #

26 2506

i ?! . .2532

?1

.2530
21 5

.2526

.2530
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