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การออกแบบวงจร FSK modulation

เสอกใ1îb งจรไมใครของ EXAR No. XR-2206 จากวงจรแบบ s in u s o id a l 

FSK gen e ra to r  ตงรุป ก . 1 และ‘ฬ  XR-2211 ในการ demodulator ตงรุ;ป ก .2

รุปfi ก . 1 วงจร modulation ของ 1C เบอ“3 XR-2206

ก . 1) การค”านวนตพ่ใ^ในวงจร FSK m odulation

ในการออกแบบ'ไตก0'ไหนดความเ1วในการสํงสญญท01 ตอ Baud Rate ไ พ ่ 
ความเ^ว 1200 bps. และก”'าหนคใฟ้สญผฺาผลอใก High (1) ใฟ้เป็น f ,  ในขฌะป็กำหนค 

สญญทณลอจก Low (0) ใฟ้เป็น f 2

กำหนดใฟ้ f 1= 2 X Baud ra te
= 2 X 1200 

= 2400 Hz

f 2= 3000 Hz
ตา c = 0.1 pF
จะไตตา R( จากฐตร f  1= 1/R,C

Rj = 1/(2400 X 0.1 X 10"8)

= 4. 1 kn b k o



ในท0านองเกยวกน

R2 = 1/(3000 X 0.1 X 1ว-ๆ 
= 3.3 k

แกการใ,Î งานไกใแ R1 และ R2 แบบป'ÎUกาไ?แ Àbพในการป^บแกงfiญญาณ

ก .2) การค,านวนกาก่หในวงจร FSK demodulator

รุ;ปfi ก .2 วงจร demodulator ของวงจรเบอ'3 XR-2211 

ในการค'ไนวนรช้นตอน?งกอไปปี

หา f 0 = ( f  1+f 2) /2  ; f  1. = PLL Center Frequency
f 1 = 2400 Hz ; จ า ก  FSK m odu la tion
f 2 = 3000 Hz 

f \  = ( 2400+3000 ) / 2 
= 2700 Hz

เสือกกา R. ปีอ(เระหไาง 10 kn fij 100 ktmก?เปียมใ!!กนกอ 20 k n
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หาตา C. จาก c, = 1/ ( R.F-) 

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

= 0.018 nF เสอก,ใ1!ตา 0.022 HF
หาตา R. ช่งหามาจากความส่ MARK และ SPACE ของ FSK

R,.R0 X
R, = 20k X 2700 / (3000-2400)

= 90.0 kQ

ก . 3 การออกแบบวงจรกรองความส่[9]

เร่องจากระบบร่ทำการออกแบบ'ใ1!ความส่า,นการมอดูเลต SrJญาณโคบร่ลอจก 0 
ต่ระตบลฌฺทุ!าเน 1 โวลต ใ'!!ความส่ 2 kHz และลอจก 1 ร่ระตบลทุ!ทุทผ 2 โวลต ใ1แความส่ 
3 MHz แตหสงจากร่เคร่องสํง?บสชุ!อุ!าอ!มานสืวทางเอาส่ทุตจะรสทุ!ทุท อJรบกวนสูงจงตองท'าทาร 

กรองความส่โคยเสอกเฉ,,•ทะๆ!วง 2 kHz สง 3 kHz เ ,/ทร้น ฉะรนจงตองรการออกแบบ

วงจรกรองความส แบบ band pass f i l t e r  จ่งรชันคอนการออกแบบตงร่

-----------------1
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จป fi ก .3 วงจร band pass f l t e r



ก”ทหนดา,ฟ้ f 0 = 2500 Hz

H = 10 [g a in ]

Q = f,./A f =2500/1000 = 2.5 
v00 = 1 V
A , / f s)= 1(2500 Hz) = 2500

h  -  10' A

าฟ้ c, = c? = 0.01 แ F

จากสูตร R3= 2Q/2nf.CH

=  (2 X  2 .5 ) / (  2 X  71 X  2500 X  10'fl 
= 31.8 kn

และ Rj = Q/2 7tf.CH = 2.5/(2x71x2500x0.01x l0 ‘ex l0 )
= 1.59 k

ตฬ ัน R2 = Q/(27cf.C)(2Q? -  H)

= 2 . 5 / (  271x2500x0 . O lxlO '6) [ 2( 2 .5 )2 -  2 .5 ]  
= 1.59 k f l

ทดสอบfin Voc
ไฟ้ I b = 10"fl A

จากสูตร v 00 = I A
= 10‘fl X 31 .8  X 10J

= 0.3 mV

จะ เ$นไ f l1า fin V00 เป ็นf*ท o u tp u t  o f f s e t  vo lta g e  ไก ร I fill ofIบ
fin f iก”'าหนด''แ

เร ่อ

f 0 = resonant frequency o f  c i r c u i t

A f  = frequency d i f fe re n c e  between -3 dB 
H = vo l ta g e  ga in  o f  c i r c u i t  a t  f .
Q = q u a l i t y  f a c to r  o f  c i r c u i t  

I b = in p u t  b ia s  c u r re n t  i f  op-amp 
V00 = c i r c u i t  o u tp u t  o f f s e t  vo l ta g e
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□ a n a l o g
DEVICES

Complete 12-Bit A/D Converter 
with Microprocessor Interface

AD574A
FEATUR ES
C o m p le te  1 2 -B it A /D  C o n v e r te r  w it h  R eference  

a nd  C lo c k
F u ll 8 - o r  1 6 -B it M ic ro p ro c e s s o r  B us In te rfa ce  
250ns B u s  A cce ss  T im e  
G u a ra n te e d  L in e a r ity  O v e r T e m p e ra tu re  

0 to  +  7 0 °c  -  A D 5 7 4 A J , A K , A L  
— 5 5 °c  to  +  1 25 °c  -  A D 5 7 4 A S , A T , AU  

N o M is s in g  C od e s  O ve r T e m p e ra tu re  
Fast S u c c e s s iv e  A p p ro x im a t io n  C o n v e rs io n  -  25|JLS 

B u rie d  Z e n e r R e fe re n ce  fo r  L o n g -T e rm  S ta b il i ty  
and  L o w  G a in  T .c .  1 0 p p m /°c  m a x  A D 574A L  

1 2 .5 p p m /*c  m a x  A D 574A U  
L o w  P ro file  28 -P in  C e ra m ic  DIP 
L o w  P o w e r : 3 9 0 m W

A D 574A  FU N C TIO N AL BLO CK D IA G R A M

:

PR O D U C T D E SC R IP TIO N
The AD574A is a complete-12-bit successive-approximation 
analog-to-digitai converter w ith 5-staie output buffer circuitry 
for direct interface to an 8-. 12-or 16-bit microprocessor bus.
The AD574A design is implemented w ith two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flex ib ility  at the lowest cost.

One chip is the high performance AD565A 12-bit DAC and 
voltage reference. I t  contains the high speed current output 
switching circu itry , laser-trimmed thin film  resistor network, 
low T .C . buried zener reference and the precision input scaling 
and bipolar offset resistors. This chip is laser-trimmed at the 
wafer stage (L W T ) to adjust ladder network linearity, voltage 
reference tolerance and temperature coefficient, and the calibration 
accuracy o f input scaling and bipolar offset resistors.

The second chip uses the proven LC I linear-compatible integrated 
injection logic; process to provide the low-power I2L  successive- 
approximation register, converter control circu itry, dock, bus 
interface, and the high performance latching comparator. The 
precision, low -drift comparator '.ร adjusted for initial input offset 
error at the wafer stage by the ' ;zener-zap“  technique which 
trims the comparator input stage :o 1 10 LSB typical error. This 
form o f trim m ing, 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, 
A K , and A L  grades are specified for operation over the 0 to 
-70°c temperature range. The AD574AS. A T . and AU are 
specified for the — 55'C to -  125‘C range A ll grades arc packaged 
in a low-profile. 0.600 inch wide. 2S-pin hermetically-sealed 
ceramic DIP

PRODUCT H IG H L IG H T S
โ. The AD574A interfaces to most popular microprocessors 

with an 8-, 12-, or 16-bit bus without external buffers or 
peripheral interface controllers. Multip le-mode three-state 
output buffers connect directly to the data bus while the read 
and convert commands are taken from the control bus. The 
12-bits o f output data can be read either as one 12-bit word 
or as two 8-bit bytes (one with 8 data bits, the other w ith  4 
data bits and 4 trailing zeros).

2. The precision, laser-trimmed scaling and b ipolar offset resistors 
provide four calibrated ranges. 0 to +10 and 0 to -*-20 volts 
unipolar, or -  5 to +5  and -  10 to + 10  volts bipolar. Typical 
bipolar offset and full scale calibration o f ะะะ 0.1% can be 
trimmed to zero with one external component each.

; 3. The internal buried zener reference is trim med 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
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SPECIFICATIONS (@ = ร ฺX  with Vç; = + 15V. V or + 12Y, Vujoc =  + 5V. ¥11 = - 15V or —12V 
unless otherwise «Seated)

AD 574A J a d s À a k A D 5 7 4 A L
M ode l M i .  T jrp M ax M ia  T  TP M ax M i .  T y p M a x U n its

R E S O L U T IO N 12 12 12 B iu

L IN E A R IT Y  ERROR
25*C(max) ± 1 ±  1/2 ±  บ ! LSB
TaH. to T a , ± 1 ± 1 /2 ± 1 L S B

D IF F E R E N T IA L  L IN E A R IT Y  ER R O R
(M inum uro  resolution fo r w h ich  DO
missing codes are guaranteed) ■

25*c 11 12 12 Bits
Taa1 to  Taau 11 น 12 Bits

U N IP O L A R  O F F S E T  (m ax) (A d justab le  to  zero) ชะ2 * 2 ± 2 LSB

B IP O L A R  O F F S E T  (m ax) (A d justab le  to  zero) ± 1 0 ะ 4 ± 4 LSB

F U L L  S C A LE  C A L IB R A T IO N  ER R O R
(w ith  fixed  so n  resistor from  R E F  O U T  T O  R E F  IN )
{Adjustable to  zero) 2 5 *c  (max ) 0.25 0.25 0.25 S o fF .S .
T a ,  to T ___( พ ithout In it ia l Ad justm en t) 0.47 0.37 0.30 % o fF .S .

(W ith  In it ia l A d jus tm en t ) 0.22 0.12 0.05 %  ๙ F.s.
T E M P E R A T U R E  R A N G E 0 ♦ 70 0 ♦ 70 0 ♦ 7 0 x :

T E M P E R A T U R E  C O E F F IC IE N T S  (U sing in te rna l reference)
T hma to  T ia j

U n ipo la r Offset ± 2 ± 1 ± 1 L S B
10 5 5 ppmCC

Bipolar Offset ± 2 ± 1 ± 1 LSB
10 5 5 ppm TC

F u ll Scale Calibration ± 9 ± 5 ± 2 LS B
50 27 10 ppm TC

POW ER S U P P LY  R E JE C T IO N
Max change in  F u ll S o ie  C a lib ra tion

-  13 .5s  V ccS  + 16.5V o r -  n . n ’ s V 'c c S  -  12.6V ± 2 ± 1 ± 1 LS B
V-4.5S V'locjcร  T 5.5V ± 1 /2 ± 1 /2 ±  1/2 L S B
-  16 .5s V g jS  -  I3 .5 V  o r -  12 .6V S  vas -  11,4V ± 2 ± 1 ± 1 L S B

A N A L O G  IN P U T
Inpu t Ranges

Bipolar -  5 to  + 5 -  5 to  + 5 -  5 to  ♦ 5 Volts
-  10to ♦ 10 -  10 to  + 10 -  10 to -  10 V o lts

Unipolar 0 to  V 10 O to + 10 Oto ♦ 10 V o lts
Oto + 20 Oto +  20 0 to  + 2 0 V o lts

Inpu t Impedance
10 V o lt Span 3 5 7 3 5 7 3 5 7 k n
20 V o lt Span 6 10 14 6 10 14 6 10 14 k f l

POW ER SU PPLIES
Operating Range

V to r.ic -4 .5 ♦ 5.5 ♦ 4.5 ♦ 5.5 ♦ 4.5 -5 .5 V o lts
Vcc -  ท . 4 ♦ 16.5 ♦ 11.4 + 16.5 + 11.4 - 1 6 .5 V o lts
VE£ -1 1 .4 -16  5 -1 1 .4 -1 6 .5 - 1 1 .4 -  16.5 V o lts

O perating C urrent

I lo c i. 30 40 30 40 30 40 m A

l x 2 5 2 5 2 5 m A

Vee 18 30 18 30 18 30 m A

POW ER D IS S IP A T IO N 390 725 390 725 390 725 m W

IN T E R N A L  R E F E R E N C E  V O L T A G E 9.9 10.0 10.1 9.9 10.0 10.1 9.9 10.0 10.1 V o lts
O utput curren t (available fo r  external loads, 1.5 1.5: 1.5' m-A
! External load should not change d lin n g  conversion ;

PA C K A G E  O P T IO N '
(D 2 8 A )-C e ra m ic  D IP A D 574A JD A D 5 7 4 A K D A D 5 7 4 A L D

NOTES
'The reference should be mnfcrtd lor operilioo on r 12 V supplies.
"Sec Section 19 for package outline lnTormauon.
Specifications subject to change w.tbout noucx.
Specification! shown in bokllacc ire  tested oa til production units at final deem  
cat test. Results from those tests are used to calculate outgoing quality levels. AD 
min and max tpcdiicaoons are guaranteed, although onlv those shown เท 
boldface are rested on all production น.-นไร

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



AD574AS A D 574A T A D S 7 4 A U
M o d e l M ia  T y p M ax M ia  T y p M ax M U  T r r M ax U  a its

R E S O L U T IO N 12 12 12 Bits

L IN E A R IT Y  E R R O R
2 3 t : ( m « ) ± 1 ± 1 /2 ± 1 /2 LS B
T ,b m io T im . ± 1 ± 1 /2 ± 1 LS B

D IF F E R E N T IA L  L IN E A R IT Y  ER R O R
(M in u m u m  reso lu tion  fo r  w h ich  no 
m issing codes are guaranteed)

25*c 11 12 12 B in
T ^ t o T . ^ 11 12 12 Bits

U N IP O L A R  O F F S E T  (m a x) (A d jus tab le  to  zero) 2:2 ± 2 ± 2 LSB

B IP O L A R  O F F S E T (m a x )(A d ju s ta b lc  to  zero) ± 1 0 : 4 r  4 LS B

F U L L  S C A L E  C A L IB R A T IO N  E R R O R
(w ith  fixed  5 0 0  res is to r fro m  R E F  O U T  T O  R E F  IN )  
(A djustab le  to  zero) 2 5 *c  (m ax) 0.25 0.25 0-25 S o fF .S .
T __ to  T , » ,  (W ith o u t In it ia l A d ju s tm e n t) 0.75 0.5 0.37 S o fF .S .

(W ith  In it ia l A d ju s tm e n t) 0.5 0.25 0.12 % o f  F.s.
T E M P E R A T U R E  R A N G E - 5 5 <-125 -5 5 ■f 125 - 5 5 4-125 • c

T E M P E R A T U R E  C O E F F IC IE N T S  .'Using in te rna l reference)
T ^ t o T . ^

U n ip o la r O ffse t ± 2 ± 1 ± 1 LS B
5 2.5 2.5 p p m /*c

B ipo la r O ffse t ♦  4 ± 2 ± 1 LSB
10 5 2.5 ppm /”*c

F u ll Scare C a lib ra tio n ะ : 0 ± 10 :  t LSB
50 25 12*5 ppm. *c

P O W E R  S U P P L Y  R E J E C T IO N
M ax change in  F u ll Scale C a lib ra tio n

+  1 3 .5 s V c c *  +  1 6 .5 V o r *  l l . 4 V s V c c S  -r 12.6V ± 2 ± 1 ± 1 LS B
♦ 4 .5 s  V L o c lc r s ~  5 .5V ±  1/2 • ± 1 /2 ± 1 /2 LS B
-  1 6 . 5 = : -  1 3 .5 V o r  -  1 2 .6 V S V ,* ะ» -  11.4V ะะะ ± 1 ± 1 LSB

A N A L O G  IN P U T
In p u t Ranges

B ipo la r -  5 to  -  5 -  5 to  V 5 -  5 to  -  5 Volts
-  10 to *  10 -  10 to *  10 -  10 to  ♦ 10 Volts

U n ipo la r Oto -  10 Oto ♦ 10 O to ♦  10 V o lts
Oto -  20 Oto *  20 Oto +  20 V o lts

In p u t Im pedance
10 V o lt Span 3 5 7 3 5 7 3 5 7 1๔1

20 V o lt Span 6 10 14 6 10 . 14 6 10 14 k f l

P O W E R  S U P P L IE S
O pera ting  Range

v  LOGIC -4 .5 _  5.5 - 4  5 -5 .5 - 4 .5 -5 .5 V o lts

v<x • น.'» - 16 5 -1 1 .4 - 16 5 -  11.4 -  16.5 V o lts

V EE
O perating C u rre n t

• 4 :6  5 i 1.4 16.5 11.4 - 56.5 Volts

L̂Ot.tC 30 40 30 40 30 40 tnA

lor. 2 5 : 5 2 5 m A

‘ vn i •» 30 !? 30 18 30 mA
P O W E R  D IS S IP A T IO N 725 3<*J -25 390 "25 ะทพ
IN T E R N A L  R E F E R E N C E  V O L T A G E 9.9 :U.O 10.1 9.9 ;o.o 10.1 9.9 10.0 10.1 Volts

O u tp u t c u rre n t (ava ilab le  fo r external loads. 
(E xte rna l load shou ld  no t change d u r in g  conversion;

1.5' 1.5' 1.5 m A

P A C K A G E  O P T IO N 2 
D  f D 28 A  ; -  C eram ic D  ! p AD574ASD A D 574A T D A D 5 7 4 A L

'EU

NOTES
'The refc.encc should be buffered l'or operation on ะ 12V supplies 
JSce Section 19 for packiçc outline in fo rm  J (ion 
Spécification» subject to change without notice
Specifications shown in boldface arc rested on ail production units at final ciectn 
caJ test. Results from (hose tests are used to calculate outgoing quai tv levels All 
min and max specifications are guaranteed, although,onlv those shown เท 
boldface are rested on all production 'units.

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



D IG ITAL CHARACTERISTICS1 (AU grades, T _ i. - T _ ^
. . . .  • -

Mi n Typ Ma x

Logic Inputs2 (CE, e s ,  R/C, A o )  
Voltages 

Logic • ฯ ” +  2.0V

4

+  5.5V
'

Logic “ 0”  
Current 
Capacitance

-0 .5 V  
— 50|iA

5pF

4 -0.8V 
4-SOpA

Logic Outputs (D B 11-DBO, STS) 
Logic “ 0”
Log ic ‘ฯ ”
Leakage (When in  high-Z state) 
Capacitance

2.4V
-4 0 p A

5pF

+  0.4V 

4-40pA

IstNK 1.6mA 
Ï SOURCE ^  500pA  
D B 1 1 -D B 0  Only

‘Derailed T im in g  SpeciUcaDOas appear in the Digital Interface Section.
312/8 Input Ô not I 1 L-compatible and must be hard-wired to V lo cico c  d i g i t a l  c o m m o n .

A BS O LU TE  M A X IM U M  R A TIN G S
(Specifications apply to all grades, except where noted)

Vcc to D igital C om m on.........................................  0 to + 16.5V
V EE to D igital C om m on......................................... 0 to — 16.5V
Vlogic to Digital C o m m o n ............................................0 to +7V
Analog Common to Digital C o m m o n ............................... X IV
Control Inputs (CE, c s , A o, 12/8, R/C) to

Digital Common . . -0 .5 V  to Vlogic +  0.5V 
Analog Inputs (REF IN , BIP OFF, 10V|N) to

Analog Common .................................. ±  16.5V

20V|N to Analog C om m on..............
REF O U T . ................................

Chip Temperature (J, K , L  grades) 
(ร , T ,  บ  grades)

Power D iss ipa tio n ............................
Lead Temperature, Soldering . . .
Storage T e m p e ra tu re .....................
Thermal Resistance, 0 j A .........................

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

Momentary short to Vcc
.................................  100°c
. .........  150“C

................. 1000m w
.............  300-C, 10 sec.

. . . . — 65°c to + 150‘C
.............  . . 6 f r c w

AD574A O R D ER IN G  G U ID E

Model
AD574AJD
AD574AKD
AD 574ALD
AD574ASD
AD574ATD
AD574AUD

Tem p. Range
Oto +70°c 
Oto 4- 7 0 ° c  
Oto 4-70°C
-  55*Cto 4- 125“C
-  55°Cto + 125°c
-  55°c to +  125°c

Linearity Error 
M a r ( T „ j1, to T J  
ะ: 1LSB 
± 1/2LSB 
= I/2LSB 
= 1LSB 
X  1LSB 
ะ: 1LSB

Resolution 
N o M issing Codes 
(T ^ I,  t o T „ „ )
11 Bits
12 Bits 
12 Bits
11 Bits
12 Bits 
12 Bits

F u ll Scale
T .c . (ppm/”C)
50.0
27.0
10.0
50.0
25.0 
12.5

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



THE ÀD574A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING 
TEMPERATURE RANGE
D E F IN IT IO N S  OF SPEC IFIC ATIO N S 

L IN E A R IT Y  ERROR
Linearity error refers to the deviation o f each individual code 
from a line drawn from “ zero** through “ fu ll 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 1 V6LSB beyond the last code transition 
(to all ones). The deviation o f a code from the true straight line 
is measured from the middle o f each particular code.

The AD574AK, A L , A T , and A U  grades are guaranteed for 
maximum nonlinearity o f ±  V6LSB. For these grades, this means 
that an analog value which falls exactly in  the center o f a given 
code width w ill result in  the correct digita l output code. Values 
nearer the upper or lower transition o f the code width may 
produce the next upper or lower digital output code. The AD574AJ 
and AS grades are guaranteed to ±  1LSB max error. For these 
grades, an analog value which falls w ithin a given code width 
w ill result in either the correct code for that region or either 
adjacent one.

Note that the linearity error is not user-adjustable.

D IF F E R E N T IA L  L IN E A R IT Y  ERROR (NO MISSING 
CODES)
A  specification which guarantees no missing codes requires that 
every code combination appear in  a monotonie increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For the AD574AK, A L , A T , 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 o f the upper 11 bits must be present; in 
practice very few o f the 12-bit codes are missing.

U N IP O LA R  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, w ith 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 
‘/:LSB below analog common. The bipolar offset error and 
temperature coefficient specify the initial deviation and maximum 
change in the error over temperature.

Q U A N TIZ A T IO N  U N C ER TAIN TY  
Analog-to-digital converters exhibit an inherent quantization 
uncertainty o f ±  V6LSB. Th is uncertainty is a fundamental 
characteristic o f the quantization process and cannot be reduced 
for a converter o f given resolution.

LE FT-JU S TIF IED  D A TA
The data format used in the AD574A is left-justified. This 
means that the data represents the analog input as a fraction o f 
full-scale, ranging from 0 to tShz. This implies a binary point 
10 the left o f 5 e  MSB 5095

F U L L  SCALE C A LIB R A T IO N  ERROR 
The last transition (from n i l  n i l  1110 to n i l  n i l  n i l )  
should occur for an analog value 1 1/2LSB below the nom ind 
full scale (9.9963 volts for 10.000 volts fu ll scale). The fu ll scale 
calibration errer is the deviation o f 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 3 and The fu ll 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 fu ll scale gain from the initia l 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 T ^ n  or Tfnaj,.

POWER SUPPLY REJECTION
The standard specifications for the AD574A assume use of 
*  5.00 and ะ: 15-00 or ะ: 12.00 volt supplies. The only effect o f 
power supply error on the performance o f the device w ill be a 
small change in the full scale calibration. This w ill result in a 
linear change in all lower order codes. The specifications show 
'he maximum change in calibration from the in itia l value with 
:nc supplies at the various iimits.

CODE W ID TH
A fundamental quantity for A D converter >pecifications is the 
code width. This IS defined US the range of analog input values 
for which a given digital output code w ill occur. The nominal 
value ot a code width is equivalent to 1 least significant bit 
USB, o f the ful. scale range or 2.44mY out of 10 volts for a 12- 

bii ADC.
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C IR C U IT  O P E R A TIO N
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 o f the AD574A is shown in Figure 1. The device consists 
o f 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-

is grounded for unipolar operation or connected to the 10 volt 
reference for bipolar operation.

D R IV IN G  T H E  AD574A A N A LO G  IN P U T  
The AD574A is a successive-approximation type analog-to-digiid 
converter. During the conversion cycle, the ADC input current 
is modulated by the D AC test current at approximatdy a 500kHz 
rate. Thus it  is important to recognize that the signal source 
driving the AD574A must be capable o f holding a constant

F igure 7. B lock D iagram  o f  AD574A ไ2-B it A -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, w ill then sequence through the conversion 
cycle and return an end-of-convert flag to the control section. 
The control section w ill then disable the clock, bring the output 
status flag low , and enable control functions to allow data read 
functions by external command.

D uring the conversion cycle, the internal 12-bit current output 
D A C  is sequenced by the SAR from the most-significant-bil 
(M SB) to least-significant-bit (LSB) to provide an output current 
which accuratdy balances the inpu t signal current through the 
5 k fl (or lOkQ) inpu t resistor. The comparator determines whether 
the addition o f 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; i f  more, the bit is turned off. 
A fter testing all the bits, the SAR contains a 12-bit binary code 
which accurately represents the input signal to w ithin ะ: 1/.’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 trimmèd 
to 10.00 volts ะ: 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 ะ: 15V supplies. I f  the AD574A is 
used w ith  ะ: 12V supplies, or i f  external current must be supplied 
over the lu ll 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 10kü bipolar offset resistor

The closed loop output impedance o f an op amp is equal to the 
open loop output impedance (usually a few hundred ohms) 
divided by the loop gain at the frequency o f interest. I t  is often 
assumed that the loop gain o f a follower-connected op amp is 
sufficiently high to reduce the Closed loop output impedance to 
a negligibly small value, particularly i f  the signal is low frequency. 
However, the amplifier driving an A D 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 bu ffer inside the 
amplifier’s feedback loop.

SUPPLY D E C O U P LIN G  A N D  L A Y O U T  
C O NSIDERATIO NS
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 m illivolts o f noise represents several counts o f error 
in a 12-bit ADC

Decoupling capacitors should be used on all power supply pins;
ไhe -  5Y supply uec'u riing capacitor should be connected 
directly from pin 1 to pin 15 digital common^ and the -  V ,•1 
and — Vpi£ 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|jlF 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 o f wire-wrap circuit 
construction is not recommended. Carctul printcd-circuit con­
struction IS prêter red
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AD574A Analog Circuit Details
UNIPOLAR RANGE CONNECTIONS FOR TH E AD574A 
The AD574A m ouim  all the active components required to 
perform a complete 12-hit A/D conversion. Thus, for most 
si nations, all that is necessary is connection of the power supplies 
( + 5, + 12/+15 and - 1 2 / - 1 5  volts), the analog input, and the 
conversion initiation command, as discussed oo the next page. 
Analog input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure 4.

AU o f the thin him  application resistors o f the AD574A are 
trimmed for absolute calibration. Therefore, in  many applications, 
no calibration trimming w ill be required. The absolute accuracy 
for each grade is given in the specification tables. For example, 
i f  no trims are used, the AD 574AK guarantees ±2LSB max 
zero offset error and ±0.25% (10LSB) max fu ll scale error. 
(Typical fu ll stale error is ±2LS B .) I f  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. I f  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 a 0 
to *  10V input range, between 14 and pin 9 for a 0 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 o f 2.44mV, for the 20 volt span, 4.88mV. I f  a 
10.24V range is desired (nominal 2.5mV/bit), the gain trimmer 
(R2) should be replaced by a 50 fl resistor, and a 200fi trimmer 
inserted in series w ith the analog input to pin 13 (for a full stale 
range of 20.48V (5mV.bit), use a soon trimmer into pin 14). 
The gain trim  described below is now done with these trimmers. 
The nominal input impedance into pin 13 is 5k n , and lOkfl 
into pin 14

U N IP O LA R  C A LIB R A T IO N
The AD574A is intended to have a nominal WLSB offset so that 
the exact analog input for a given code w ill be in the middle o f 
that code 'halfway between the transitions to the codes above

and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) w ill occur for an 
input level o f +  1/2LSB (1.22mV for 10V range).

I f  pin 12 is connected to pin 9, the un it typically w ill behave in 
this manner, w ith in specifications. I f  the offset trim  (R l)  is 
used, it  should be trimmed as above, although a different offset 
can be set for a particular system requirement. This circuit w ill 
give approximately ±  15mV o f offset tr im  range.

The fu ll scale trim  is done by applying a signal 1 1/2LSB below 
the nominal fu ll scale (9.9963 fo r a 10V range). T r im  R2 to give 
the last transition (1111 1111 1110 to 1111 n i l  n il) .
BIPOLAR OPERATIO N
The connections for bipolar ranges are shown in Figure 4. Again, 
as for the unipolar ranges, i f  the offset and gain specifications 
are sufficient, one or both o f the trimmers shown can be replaced 
by a 500 ±  1% fixed resistor. The analog input is applied as for 
the unipolar ranges. B ipolar calibration is similar to unipolar 
calibration. First, a signal V4LSB above negative fu ll scale 
( - 4.9988V for the ± 5 V  range) is applied and R l is trimmed to 
give the first transition (0000 0000 0000 to. 0000 0000 0001). 
Then a signal 1 lALSB below positive fu ll scale ( +  4.9963V for 
the ± 5V  range) is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 1111 1111 1111).

G R O U N D IN G  C O N S ID E R A TIO N S
The analog common at pin 9 is the ground relerencc point tor 
the internal reference and is thus the “ high qua lity" ground for 
the AD574A; it should be connected directly to the analog 
reference point o f the svstem. In order to achieve all o f 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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I
CONVERSION START/DATA READ 
CONTROL LOGIC  
The AD574A contains on-chip logic to provide conversion initi­
ation and data read operations from signals commonly available 
in microprocessor systems. Figure ร shows the internal logic 
circuitry of the AD574A.

MOTI2: nfaMOT*mcMMTwuMwiMOMMUi*UMnH«Mw>eiMcn.Tre 
o * OseiTAi. coaaaow.

Figure 5. AD574A Control Logic

The control signals CE, cs, and R/C control the operation o( 
the convener. The state o f R/C when CE and cs are both assened 
determines whether a data read (R/C = 1) or a conven (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 b it o f the address bus. I f  a conversion is 
started with A o low, a fu ll 12-bit conversion cycle is initiated. I f  
A o is high during a conven Stan, a shoner 8-bit conversion 
cycle results. During data read operations, A o determines whether 
the three-state buffers containing the 8 MSBs of the conversion 
result (A o =  0) or the 4 LSBs (A o = 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 D IG IT A L  COM M ON) or a single 
12-bit word (12/8 tied to V LO G IC ). The 12/8 pin is not T T L -  
compadble and must be hard-wired to either VLOGIC or D IG ­
IT A L  CO M M O N . In  the 8-bit mode, the byte addressed when 
A o  is high contains the 4 LSBs from the conversion followed by 
four tra iling 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.

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

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

CE Ü 5 R/C 12/8 Ao Operation

0 X X X X None
X 1 X X X None

1 0 0 X '■ . 0 Initiate 12-Bit Conversion
1 0 0 X - 1 Initiate 8-Bit Conversion

1 0 1 Pin 1 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 + 4 Trailing Zeroes

TIMING
The AD574A is easily interfaced to a wide variety 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 
device.
Figure 6 shows a complete timing diagram for the AD574A con­
vert Stan operation. R/C should be low before both CE and cs 
are assened; if R/C is high, a read operation will momentarily 
occur, possibly resulting in system bus contention. Either CE or 
CS may be used to initiate a conversion. As shown in Figure 6,

“ _____ ;
5 ïfc—•«o c  — j / -------------------

IVC \ lVkC น **c  1/----------------------------------------------------------... .
Ao — •»j—1~c—3

STS __ ]  ■ V__
DS11-080 -----------------------------

to *c

-  MKÏM IMPEDANCE --------------------------------------

Figure 6. Conven S tart Timing

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

Once a conversion is started and the STS line goes high, convert 
start commands w ill be ignored un til the conversion cycle is 
complete. The output data buffers cannot be enabled during 
conversion.

C O N V E R T  S T A R T  T I M I N G  -  F U L J L  C O N T R O L  M O D E

S ym bo l P a ram ete r M in T y p  M a x  U n its

lo s e STS D e lav  fro m  CE 300 ns

«HEC C E  Puise W id th 300 ns

«รsc CS to  C E  Setup 300 ns

«KSC ÇS L e w  D u r in g  C E  H ig h 200 กร
«SAC R /C  to C E  Setup 250 กร
«KKC R/C L o w  D u r in g  C E  H ig h 200 ns

«SAC A o «0 C E  Setup 0 ns

«HAC A o  V a lid  D u r in g  C E  H ig h 30<r ns

พ- C onversion T im e
a -B itC v d e เพ 2 ร น.ะ.
12-Bit Cycle 15 35 น-ร

Figure 7 shows the tim ing for Jata read operations. The AD574A
differs from the original A D 5“ 4 design in that the three-state
output buffers feature faster access time and shorter data latency

«  _ ....  .  f  l

cs twt j

Table I. AD574A Truth Table F ig u re  7 -?ea d  C y c le  T im in g
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AD574A Digital Circuit Details
times. This speed improvement simplifies the interface to faster 
microprocessors. During data read operations, access time is 
measured from the point where CE and R/C both arc high (as­
suming cs is already low). If Cs is used to enable the device, 
access time is extended by 100ns.
In the 8-bit bus inlerface mode (12/8 input wired TO DIGITAL 
COMMON), the address bit, Ao, must be sable at least 150ns 
prior to ÜE going high and must remain sable during the entire 
read cycle. If Ao is allowed to change, damage to the AD574A 
output buffers may result.
BEAD TIMING -  FULL CONTROL MODE
S y m b o l Param eter M ia T y p M a x Uaica

I d d ’ Access T im e  ( fro m  C E ) 210 250 ns
l KD D s a  V a lid  « f ie r  C E  L o w 25 os
l Kl_: O u tp u t F loa t Delay n o 150 aa
l ss * CS to  Œ  Setup 150 os
1 ร * * R /C  to  Œ  Setup 0 ns
I sa* A o  to  Œ  Serup 150 ns
I ks* £s V a lid  A fte r  C E  L o w 50 ns
I k * * R /C  Hi$fa A f ic rC E  L o w 0 ns
l K A * A o  V a lid  A fte r  C E  low 50 ns

‘to o  น่ meamred with (fee toad circuit a l Ftftur i  tad de&acd M (he one reqtared (or m  
output to crow 0.4V or 2.4V.

• tm .t t t te fB io d o itb e a m c  — I----- 1 f—r *tiT -*-*1 lin n  in r t i i o ç r ^  V*' —hrn Irwrlnrl —irti Ttir
arcuit of Fifuro 9.

-5V

a. High-Z to Logic 1 b. H igh-Z to Logic 0

Figure 8. Load Circuit for Access Time Test

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 Figure 11 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 
lines return to three-state (and remain three-state) until the next 
high pulse of R/C.

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

S T A N D -A LO N E  M O D E  T IM IN G

Symbol Parameter M in Typ Max Units

l KRL Low R/C Pulse W idth 350 ns
rDS STS Delay from R/C 500 ns
l KDR Data Valid A fter R/C Low 25 กร
l HL Output Float Delay no 150 ns
tHS STS Delay A fter Data Valid 300 1000 กร
l HRH High R/C Pulse W idth 250 ทร
l DDR Data Access Tim e 250 ns

a. Logic 1 to High-Z b. Logic 0  to High-Z

Figure 9. Load Circuit for Output Float Delay Test 

“ S T A N D -A LO N E ”  OPERATION
The AD574A can be used in a “ stand-alone”  mode, which is 
useful in systems with dedicated inpu t ports available and thus 
not requiring full bus interface capability.

In  this mode, CE and 12/8 are wired high. CS and A o 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 a low pulse. Operation w ith  a low pulse IS shown in 
Figure 10. In this case, the outputs are forced into the high-

F igure 10. Low Pulse fo r R/C -  O utputs Enabled A fte r 
Conversion

IN T E R F A C IN G  T H E  AD574A TO  MICROPROCESSORS 
The control logic o f the AD574A makes direct connection to 
most microprocessor system buses possible. W hile it is impossible 
to describe the details o f the interface connections for every 
microprocessor type, several representative examples w ill be 
described here.

G E N E R A L A /D  C O N VER TER  IN TE R FA C E  
C O N S ID ER A TIO N S
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/O , and memory-mapped TO. Direct memory a,vcs> 
(D M A ) is the fastest, since conversions occur automatically ind 
data updates into memory are transparent *.o the processor 
D M A  logic is very' processor-dependent and makes use ot dedicated 
specialized hardware.

Memory-mapped and accumulator I/O  are more often used and 
somewhat easier to understand. Memory-mapped I/O  assigns 
the I/O  device to one or more locations in the memorv spa-e >•! 
the microprocessor. This technique has the advantage that ne 
fu ll 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 o f device select pulses for system debugging Manv 
processors offer only memory-mapped TO

Accumulator I/O uses a set of -ontroi *ig::ai* which are ะ.:::.».: 
and different from the memory control lignais. These 
signals, combined with the address bus, serve to deime J otali-.
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AD574A Digital Circuit Details
tim e. This speed improvement sim plifie the interface to faster, 
microprocessors. During data read operations, access time is 
measured from the point where CE and R/C both are high (as­
suming cs is already 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, A o, must be stable at least 150ns 
prior to CË going high and must remain stable during the entire 
read cycle. I f  Ao is allowed to change, damage to the AD574A  
output buffers may result.
READ TIM ING-FULL CONTROL MODE
Symbol Parameter Mia Typ Max Uaita
I d o ’ Act*** Time (from CE) 210 250 ns
I h d Data Valid aller CE Low 25 ns
t*n.* Output Float Delay 110 150 ns
Iss* CS to CE Setup 150 ท*

R/C to Œ  Setup 0 ns
t*A* Ao to CE Setup 150 ns
‘ KSX c fv a lid  After Œ  Low 50 ns
' k m R/C High After CE Low 0 ns
I h a k Ao Valid After CE low 50 ns
^DD “  mc**urr<i w\dj cbe load arcuH  ๙' i  Rod defioed ns else nm r required for aa
oeeput IOCTW* 0.4 V or 2.4 V.

1 Ik l  «* defnaed พ  Û* nn»« required for die <fc»a hoes to d u n g e  0 .5V w ho, loaded with {be 
a rc a tt  of Figure 9.

a. H igh-Z to Logic 1 b. H igh-Z to Logic 0

Figure 8. Load Circuit for Access Time Test
♦«V

a. Logic 1 to High-Z b. Logic 0  to H igh-Z

Figure 9. Load Circuit for Output Float Delay Test 

“ S T A N D -A LO N E ”  O PERATION
The AD574A can be used in a “ stand-alone”  mode, which is 
useful in systems w ith dedicated input ports available and thus 
not requiring full bus interface capability.

In this mode, CE and 12/8 arc wired high, c s  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. Th is gives rise to two possible control signals—a high 
pulse or a low pulse. Operation w ith a low pulse is shown in 
Figure 10. In this case, the outputs are forced into the high-

Figure พ . Low  Pulse fo r R/C -  O u tpu ts  E nab led A fte r 
Conversion

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 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 Figure 11, 
the data lines are enabled during the time when R/C is high. 
The falling edge o f R/C starts the next conversion and the data 
lines return to three-state (and remain three-state) until the next 
high pulse o f R/C.

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

S T A N D -A L O N E  M O D E  T IM IN G

Symbol Parameter M in Typ Max Units

tHRL Low R/C Pulse W idth 35C ns
I ds STS Delay from R/C 500 ns j
l HDR Data Valid A fte r R/C Low 25 ns
I h l O utput Float Delay 110 150 ns
tHS STS Delay A fte r Data Valid 30C 1000 ns
tHRH High R/C Pulse W idth 250 ns
l DDR Data Access Tim e 250 ns

IN T E R F A C IN G  T H E  AD574A TO  MICROPROCESSORS 
The control logic o f the AD574A makes direct connection to 
most microprocessor system buses possible. W hile it is impossible 
to describe the details o f the interface connections for ever, 
microprocessor type, several representative examples w ill be 
described here.

G E N E R A L A /D  C O N V ER TER  IN TE R FA C E  
C O N S ID E R A T IO N S
Analog-to-digital conveners, like any I'O  oevice, may be interlaced 
to microprocessors by several methods. These method:» in d u c t 
(but are not lim ited to) direct memory access, isolated or ac­
cumulator I/O . and memory-mapped I'O  Direct memorv accès.- 
(D M A ) is the fastest, since conversions occur automatical^ and 
data updates into memory are transparent น) the processor 
D M A  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 •ะ 
the microprocessor. Th is technique has the advantage that *he 
fu ll 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 J jificu l: 
isolation o f device select pulses for system debugging. Many 
processors offer only memory-mapped I o .

Accumulator I O uses a set of eontroi iig n u i' which are น่:ร!;:ะC! 
and different from the memory’ control Signals. These - »r.t.r )i 
signalร, combined w ith  the address bus. serve to dettr.c ■ร 'Olalh
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separate I/o address space. This architecture is simpler from a 
hardware standpoint, since address decoding requirements are 
less severe and distinct I/o read and write pulses are more easily 
located for system debugging purposes. However, processors 
using accumulator I/o  generally out only send data to an output 
device from the accumulator. This can make the software more 
cumbersome, since processor-controlled transfers of I/o device 
data to a 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, only 
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 o f 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. Another 
possible time-out method is to assume that the ADC will take 
35 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 o f an ADC of 8-bit resolution 
(or less), a single 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 I2/I input. In 16-bit bus applications (12/8 high) the data 
lines (DB11 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 (12/1 low) IS  done in a left-justified format. 
The even address (AO low) contains the 8MSBs (D B 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.

XXXAICVENAOOMI:

XXXI (0 0 ๐  AOOMI

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 applied 
to c ร, and 02 is used for CE. The least-significant address line 
ties to the ADS74A AO input.
In this interface, the processor can write to one address (AO 
low) to S tan  a full 12-bit conversion or another address (AO 
high) to Stan a shon 8-bit conversion. The contents o f 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 by the 
AD574A. The even location (AO low) contains the eight MSBs 
and the odd location contains the four LSBs and four trailing 
zeroes.
The AD574A may be used directly with 6800 senes processors 
running at dock speeds up to l.SM Hz.

Figure 13. A D 574A-6800/6502 In te rface  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 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-mapping 
for I/O devices. The system RD and W R arc gated w ith IO /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 w rite ;, AO is tied 
to the LSB of the address bus, anc CE is taken from the output 
o f a N A N D  gate driven from RD and W R. A ll bus access and 
float delay requirements arc met for direct bus interface for 
8085A clock rates up to 3.MHz

Figure 12. AD574A Data F o rm a t fo r  8-B it Bus

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 w ithout the need for wait states or external data buffers. 

SPECIFIC PROCESSOR IN T E R F A C E  E XAM PLES 
6800/6502-Type Systems
The control signals and bus architecture o f the 6800 series and 
6502 series microprocessors are very similar. In each, the state 
o f the R/W signal at the rising edge o f 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.

F igure 14. A D 574A -8085A  D irec t Bus Interface

VOL I, 10-64 ANALOG-TO-DIG/TAL CONVERTERS



ธ /

separate I/o address space. This architecture is simpler from a 
hardware standpoint, since address decoding requirements are 
less severe and distinct I/o read and write pulses are more easily 
located for system debugging purposes. However, processors 
using accumulator I/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 I/o device 
data to a 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, only 
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 o f conversion, if the system timing requirements are 
critical (bear in mind that the maximum conversion time of the 
AD574A is only 35 microseconds) and the processor has other 
tasks to perform during the ADC conversion cycle. Another 
possible time-out method is to assume that the ADC will take 
35 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. Ii>the case of an ADC of 8-bit resolution 
(or less;, a single 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 
arc needed. The AD574A includes internal logic to permit direct 
interface to 8-bit or 16-bit data buses, selected by connection of 
the 12/8 input. In 16-bit bus applications (12/8 high) the data 
lines (DB11 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 (DB11 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.

X X X O ICVENA O OM )

XXX 1 ( 0 0 0  A DO  AI

oeio on DM 0*7 DM I O H  0*4

0*3 0*2 081

This control structure is directly compatible with the AD574A. 
The R/W line can used for R/C, the active-low decoded base 
address (the AD574A occupies two memory locations) is applied 
to c ร, and 92 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 (AO 
low) to start a full 12-bit conversion or another address (AO 
high) to start a short 8-bit conversion. The contents o f 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 by the 
AD574A. The even location (AO low) contains the eight MSBs 
and the odd location contains the four LSBs and four trailing 
zeroes.
The AD574A may be used directly with 6800 series processors 
running at dock speeds up to 1.5MHz.

Figure 13. A D 574A-6800 6502 In terface C onnections 

808SA Interface
The 8085A microprocessor uses a multiplexed address/data bus. 
A t the beginning o f a machine cycle, this bus contains the low 
byte o f the address being exercised. The A L E  ou tput 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 accumulato r 1/0 or memory-mappmg 
for I/O  devices. The รystem RD and พ R are gated w ith  IO /M  
to provide distinct I/o 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 t£ken from 
an address decoder on the high-order address bits. R/C can be 
taken from WR (either I'O  write or memory w rite ;, AO is tied 
to the LSB o f the address bus, and CE is taken from the output 
of a N A N D  gate driven from RD and WR. A il bus access and 
float delay requirements are met for direct bus interface for 
8085A clock rates up to 3MHz

F igure  12. AD574A Data Form at fo r8 -B it Bus

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 w ithou t the need for wait states or external data buffers. 

SPECIFIC PROCESSOR IN TE R FA C E  EXAM PLES 
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 
o f the R/W  signal at the rising edge o f the 02 or equivalent) 
clock 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.

Figure 14. AD 574A-8085A D irec t Bus In terface
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In 8085A systems running น high dock frequencies some extenutl 
circuitry is required. First, the AD574A delay 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 if the AD574A data 
outputs are tied directly to the 8085A bus. In systems where 
bus transceivers (e.g ., 74LS245, 8286, etc.) are used to separate 
the address and dau lines, the conflict is eliminated. The trans­
ceivers are disabled at the end o f 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 higher speed 8085A 
systems is the width of the convert start 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 
dual D-type flip-flop connected as shown in Figure 15 to insert 
a single wait state in read and write operations directed towards 
the AD574A. Another solution is to substitute the earlier-occurring 
SI and SO outputs from 8085A for RD and WR in the circuit of 
Figure 14 to generate the required control signals. It is important
that bus transceivers be employed if SI and so are used for__
control signalร 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.

Figure 15. Wait State Generator for 5MHz8085A Interface 
Z-80 System Interface
The Z-80 series o f 8-bit microprocessors, like the 8085A, offers 
both memory-mapped and accumulator I/o  capability. W hile 
the 8085A only includes two instructions for accumulator I/o 
(IN  and O U T), the Z-80 I/o  instruction set is considerably 
more extensive.

The control signals available on the Z-80 include M R EQ , IORQ, 
RD. and WR. The RD and W R signals indicate direction o f 
data flow while MREQ and IORQ determine whether the read 
or write cycle in progress is a memory or I /o  cycle. D uring I/o  
reads and writes, only 8 address lines are active (as in the 8085A). 
An interesting feature o f the Z-80 is that I/o  read and write 
cycles are automatically 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 MW R and M R D  signals. A t 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 clock rates up to 
6MHz so that accumulator I/o  is possible.

INTERFACING T H E  AD574A TO  TH E APPLE II 
COMPUTER
The AD574A can be used to provide a low-cost precision analog 
input port for the Apple II 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 II I/o  slot.
Hardware
All required supply voltages and control signals are available on 
the Apple’s peripheral 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 ท is equal to the slot number plus 8. This signal 
can be connected to pin 3 (CS) of the AD574A. The <t>0 clock 
on pin 40 of the peripheral connector can be used for the AD574A 
CE input (pin 6). The AD574A R/C input (pin 5) can be driven 
directly by the R/W output available on peripheral connector 
pin 18. pin 2 of the peripheral connector, AO, connects directly 
to the AD574A pin 4. The connections between the peripheral 
connector and the AD574A are shown in Figure 16.

Figure 16. AD574A C onnections to  A p p le  II Peripne-S ' 
Connector

The Apple II represents a relatively hostile eiectncui environment 
to the AD574A. The high frequency clocks radiate a large amount 
o f noise which can be inadvenently coupled into analog signal 
lines. Furthermore, the switching power supply in  the Apple IS 
noisy, and this noise w ill often pollute the analog signals It ะ' 
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 ะ:5V or ะ it!'.
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In 8085A systems running at high dock frequencies some external 
circuitry is required. First, the AD574A delay 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 directly to the 8085A bus. In systems where 
bus transceivers (e.g ., 74LS245, 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 higher 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 
a single wait state in read and write operations directed towards 
the AD574A. Another solution is to substitute the earlier-occurring 
ร 1 and SO outputs from 8085A for RD and WR in the dreuit of 
Figure 14 to generate the required 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. Wait State Generator for 5M Hz 8085A Interface 
Z-80 System Interface
The Z-80 series o f 8-bit microprocessors, like the 8085A, offers 
both memory-mapped and accumulator I/o capability. While 
the 8085A only includes two instructions for accumulator I/o 
(IN and OUT), the Z-80 L'O instruction set is considerably 
more extensive.

INTERFACING TH E AD574A TO THE APPLE II 
COMPUTER
The AD574A can be used to provide a low-cost precision analog 
input port for the Apple II 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 II I/o slot.
Hardware
All required supply voltages and control signals arc available on 
the Apple’s peripheral 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 ท is equal to the slot number plus 8. This signal 
can be connected to pin 3 (CS) of the AD574A. The d>0 clock 
on pin 40 of the peripheral connector can be used for the AD574A 
CE input (pin 6). The AD574A R/C input (pin 5) can be driven 
directly by the R/W output available on peripheral connector 
pin 18. Pin 2 of the peripheral connector, AO, connects directly 
to the AD574A pin 4. The connections between the peripheral 
connector and the AD574A are shown in Figure 16.

The control signals available on the Z-80 include M REQ, IORQ, 
RD. and W R. 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/o cycle. During I/O 
reads and writes, only 8 address lines arc active (as in the 8085A). 
An interesting feature o f the Z-80 is that I/o 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 2.5M H z in the memory address space using 
the M WR and M R D  signals. A t 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 I/O  write operations 
w ill extend this pulse to a suitable w idth at dock rates up to 
6M Hz so that accumulator L'O is possible.

Figure 16. AD574A C onnections to A p p le  II P enpnera i 
Connector

The Apple II 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 w ill 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 .ะ,. u.v-ท 
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 ะ: 5V or J.
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M onolith ic  Function G enerator
g e n e r a l  d e s c r ip t io n  ■ FUNCTIONAL BLOCK DIAGRAM
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.

•pie 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

■ Waveform Generation 
Sweep Generation 
AM/FM Generation 
V/F Conversion 
FSK Generation 
Phase-Locked Loops (VCO)

ORDERING INFORMATION .

. Part Numbir Package

XR-2206M Ceramic
XR-2206N '• Ceramic
Y D .9 9 F Y ÎP  P l a c t i o

XR-2206CN Ceramic
XR-2206CP Plastic'

Operating Temperature

— 5 5 'C 't p  + 125*c
0 °c  to + 70°c 
0“ C to +  70°c 
0 *c  to + 7 0 “C 
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.

ABSOLUTE MAXIMUM RATINGS

Power Supply 
Power Dissipation 

Derate Above 25*C 
Tstal Timing Current 
Storage Temperature

750 mW 
5 rnW/'C

-6 5 °c  to + 150”C

The VCO actually produces an output frequency pro­
portional to an Input current, which เร่ produced by a re ­
s is to r 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 produçep for FSK 
Generation Applications.



E L E C T r I c À L  C H A R A C T E R IS T IC S
Te»t Condition»: %7t a rcu lt ofFigure 1, v t  -  12V, Ta  -  25*. c -  0.01 1iF . Ri -  100 kQ, R2 -  10 kü, R3 -  25 kQ 

■- i . ะ.uniesร otherwise specified. ร 1 open for triangle, closed lor sine wave.

XR-2206

.v* r - X R -2 2 0 6 M  ~ X R -2 2 0 6 C -
1- P A R A M E T E R S  ■ ÿ - M IN TY P M A X M IN î TY P M A X U N IT S C O N D IT IO N S

GENERAL CHARACTERISTICS

Single Supply Voltage . 10 26 10 26 V .
Split-Supply Voltage ± 5 ±13 ±5 ±13 V
Supply Current 12 17 14 20 mA R-l i  10 kO
OSCILLATOR SECTION "

Max. Operating Frequency 0.5 1 0.5 1 MHz C -  10ว0 pF. -  1 k 0
Lowest Practical Frequency 0.01 0.01 Hz c  «  50 ;1F, R j น่ะ 2 M 0
Frequency Accuracy .± 1 ±4 ± 2 % of f0 1(3 “  1/R-jC
Temperature Stability . 'r ± 10 ±50 ±20 ppm/*c 0 *c  ร  Ta  ร  70*c,

R-เ «■ R2 ■= 20jk  0
Supply Sensitivity . 0.01 0.1 0.01 %/v VLOV.' -  I.ovj v h ig h  -  '

20V, • . ■- •
R-l -  R2  -  20 k 0 - '

Sweep Range 1000:1 2000:1 - 2000:1 fH  = ‘ L <H @  R 1 - ' n o
^L @ R-เ -  2 M 0

Sweep Linearity
10:1 Sweep 2 '2 % fL = .1 kHz, fH “  10 kHz

1000:1 Sweep 8 ร 8 V. fL = 100 kHz, fH -  100
kHz

FM Distortion 0.1 0.1 V. ±10%  Deviation '
Recommended Timing

Components
* Timing Capacitor: c 0.001 100 0.001 100. MF - See Figure 4.

Timing Resistors: 1 2000 1 2000 k 0
R 1 & R 2

Triangle Sine Wave Output X See Note 1, Figure 2.
Triangle Amplitude -160 160 mV/k 0 Figure 1, si Open
Sine Wave Amplitude 40 60 80 60 mV/k Q Figure 1, S-j Closed
Max. Output Swing 6 6 V p-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability ' 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Amplitude 4800 4800 ppm/'C See Note 2.

Stability
Sine Wave Distortion

Without Adjustment 2.5 2.5 V. R-เ -  30 k 0
With Adjustment 0.4 1.0 0.5 1.5 % See Figures 6  and 7.

Amplitude Modulation
Input Impedance 50 100 50 100 k 0
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation

Square-Wave Output
Amplitude 12 12 V p-p Measured at Pin 11.
Rise Time 250 250 nsec C|_ fc 10 pF
Fall Time 50 50 nsec Ql « 10 pF '
Saturation Voltage 0.2 0.4 0.2 0.6 V แ_ = 2 mA
Leakage Current 0.1 . 20 0.1 100 (lA v-n = 26V

FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 V See section on circuit
controls

Relerence Bypass Voltage 2.9 3.1 3.3 2.5 3 3.5 V 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.
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Rgure 2. Output Amplitude as a Function of the Resistor, 
R3, at Pin 3

XR-2206

V*/»
DC VOCTAOC ATPIM 1

ครบท ร . Norm iDzid OutpLTt Amplitude versds DC BUS It 
AM Input (Pin 1).

U H NO 14}
TUMHCRKU

Figure 6. Trimmed Distortion versus Timing Resistor.
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Figure 7. Sine Wave Distortion versus Operating Frequency 
with Timing Capacitors Varied.
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Figure 4. R versus Oscillation Frequency.
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Figure 8. Frequency Drift versus Temperature.
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XR-2206
*c ~-\c ร?/

_<>—V A  f  ---- -O—

T
; %

คgun 9. Circuit Connection for Frequency Sweep.

Figure 10. Circuit lor sine Wave Contrition without External 
Adjustment. (Set ค gบท 2 for Choice of R3).

Figure 11 . Circuit for Sine Wave Generation with Minimum 
Harmonic Distortion. (แ3 Determines Output 
Swing—See ค jure 2.)

)
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FSK  Generation
XR-2206ffjquiocy-Shitt Keying:

The XR-2206 can be operated with two separate, timing 
resistors, Rqand ค2 , connected to the timing Pin 7 and 
8/ respectively, as shown ๒ Figure 12. Oependlng 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 a bias voltage sc2V, only 
Rl is activated. Similarly. If the voltage level at Pin 9 Is 
ร  1V,' only R2  Is activated. Thus, the output frequency 
can be keyed between two levels, f t  and fg, as:

"■■■' ■ เ1 “  1/RtC and เ2  “  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. เท Figures 10.11 and 12 
Pin 3 เร biased midway between v + and ground, to 
give an output dc level of - V + / 2.

APPLICATIO NS IN FO R M A TIO N

Sine W ave G e n e ra tio n

Without External Adjustment:
Figure 10 shows the circuit connection for generating a 
sinusoidal output from the XR-2206 The potentiometer. 
R-เ 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, Ryi,, 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 
13 and 14 (i.e„ ร 1 open). Amplitude of the triangle is ap­
proximately twice the sine wave output.

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- . 
sistors, R j and ศ ่2ะ the output is phase-continuous d p r-• •
ing transitions The keying signal is applied to Pin 9. The - - “ 
circuit can be converted to split-supply operation by : 
simply replacing ground with y  . ; '

P u ls *  a n d  R a m p G e n e ra t io n

P in i i f A  t Q  e h n u / c  t h f l  o i l ’ l l  l i t  f o r  o u l c o  tan H  r a m n  w a v y  «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 ค2 should be เท the rapge of 1 kQ to 2 
MO.

P R IN C IP LE S  OF O PER ATIO N  

D e s c r ip t io n  o f C o n tro ls  

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:

-  ค ิฃ * z ; :

and can be adjusted by varying either R or c. 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 I j  (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 17-, over a wide range of 
current values, from 1 /lA 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 V c as:

( = 1 - ^ ร.) Hz
RC Rc 3

!
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XR-2206
where Vc Is เก volts. The voitage-to-frequency conver­
sion gain, K, Is given as:

K ■  a t /a v c  «  -  M £  Hz/V - • -
RpC

CAUTION: For safety operation of the circuit, fx 
should be limited to ร  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 คร; 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

Ampfftufc Modulation: . . ^  ’

Output amplitude can be modulatedlby applying a dc น­
-as and a modulating signal to Pin i.|The.InternalJmpeçf. :
ahce at Pin 1 Is approximately 1Ô0 M l/ôutpùt 
tude varies linearly with the applied fo liage at PinrJiloffe ;; 
values of dc bias at this pin, vidthln: ±  4 vdts of V +/2  «  ■ 
shown เก Figuré 5. As this bias level approaches V+/2,; ' 
the phase of the output signal Is reversed, and the arr>- . 
plitude goes through zero' This property Is suitable tor 
phase-shift keying and suppressed-carrier AM genera--, 
tion. total dynamic range of amplitude modulation Is ap ■' 
proximately 55 dB.

CAUTION: AM control must be used เก conjunction ; 
with a well-regulated supply, since the output amplitude ' ‘ '1 
now becomes a function of V + . - ; ".*5? .

;



y ?  EXAR XR-2211

FSK Dem odulator/Tone
G E N E R A L DESC R IPTIO N

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 ôver a wide supply voltage range ๙ 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 l,  and 
ECL logic families. The circuit consists of a basic PLL . 
for tracking an ๒put 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.

FE ATU R ES

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 2 mV to 3 V rms
Adjustable Tracking Range (±  1 % to ±80%)
Excellent Temp. Stability 20 ppm/*c, typ.

A P P LIC A T IO N S

FSK Demodulation 
Data Synchronization 
Tone Decoding 
FM Detection - 
Carrier Detection

A B S O L U T E  M A X IM U M  RATING S

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.

D ecoder
F U N C T IO N A L  B L O C K  D IA G R A M

i s ™
J

L
MC

COMP INPUT

O RDERING  IN F O R M A T IO N

Part Number Package Operating Temperatun
XR-2211M Ceramic
XR-2211CN Ceramic
VR-?91ir.P PlaQtir.S S I ! ?
XR-2211P Plastic

—55*c to +125*c 
0°c to +70°c 
0 ° c to  +70“C 

— 40°C to +85“C 
-4 0 ° c to  + 85*c

S Y S T E M  D E S C R IP T IO N

The main PLL within the X R ^ j l  is constructed from 
an input preamplifier, analog multiplier used as a phase 1 
detector, and a precision voltage controlled oscillator I 
(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, f iinput + 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 (RÎ) 
from the phase detector. I - :

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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I tE C T R IC A L  C H A R A C T E R IS T IC S
T*st Conditions: Test Circuit of Figure 1, v +  « v ~  -  6V. 7a  -  +  25*c, c  = 5000 pF. R, »  ค2 -  ค3 -  R4 -  20 kQ, 

Rl  -  4.7 kQ. Binary Inputs grounded, ร 1' and ร 2 closed, unless othervtfse specified.

XR-2211

P A R A M E T E R

X R -2 2 1 1 /2 2 1 1 M X R -2 2 1 1 C

U N IT S C O N D IT IO N SM IN TYP M A X M IN TYP M A X

G ENERAL

Supply Voltage 4 .5 20 4 .5 20 V
Supply Current 4 7 5 9 mA Rq ะะ 10 kfl. See Fig. 4

O SCILLATO R SECTIO N

Frequency Accuracy ± 1 ±3 ± 1 y . Deviation from fn -  1/RqCo
Frequency Stability R l - 1 / 2  ■

Temperature ±20 ±50 ±20 ppm/*C See Fig. 8 . •-
power Supply 0.05 0.5 0.05 %/V v +  «  12± 1V. See Fjg. 7.

0 .2 . 0.2 V./V V + 5  ± 0.5V. See Fig.|7.
Upper Frequency Limit 100 300 300 k H z R o  -  8.2 kfl, Co -  4p0 pF
Lowest Practical )

Operating Frequency 0.01 0.01 H z 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 P H A S E  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 V Referenced to Pin 10.

Q UAD RATUR E P H AS E OETECTOR Measured at Pin 3.
Peak Output Current 100 150 150 aA
Output Impedance 1 1 MO
Maximum Swing 11 11 V pp

IN PU T P R E A M P  SECTIO N Measured at Pin 2.
Input Impedance 20 20 kfl
input Signal

V o lta g e  R e q u ire d  to
Cause Limiting 2 10 2 mV

rms

VOLTAGE CO M PARATO R SECTIO NS

Input Impedance 2 2 MQ Measured at Pins 3 anijl 8 .
Input Bias Current 10C 100 nA
Voltage Gain 55 70 55 70 dE R l  = 5.1 kQ
Output Voltage Low 30C 300 mV lc  = 3 mA
Output Leakage Current 0.01 0.01 a A

>c\lน๐>

IN T E R N A L  REFERENCE I

Voltage Level 4.9 5.3 5.7 4.75 5.3 5.85 V Measured at Pin 10.
Output Impedance 100 .100 0 !
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J

XR-2211 .
9. Total Loop Gain, Kj:

• Kt  “  2 tK0 Kq '« 4/CqR] rad/sec/volt 

(0. Peak Phase Detector Current lA: • .• -

lA «  Vr  (volts)/25 mA ’

APPUCATIONS information

FSK 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-เ sets the sys­
tem bandwidth,, and C l 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 («ะ 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, C l and Cp For a given set of FSK 
mark and space frequencies, f I  and <2. these parame­
ters can be calculated as follows:

a) Calculate PLL center frequency, <q:

,___ »1 + <2

b) Choose value of timing resistor Ro, to be เท the 
range of 10 KQ to 100 K0. This choice is arbitrary.

TO PMA»t 
1 OfTECTOA

v m  MINIMUM - V »  โ-- 10K__ ]  1  ร.» mVru iii *•"« * “ ‘■I

Figura 3. Desensitizing Input stage

บ

The recommended value is Rq ■ 20 KO 
value of Ro is normally fine-tuned with the 
tentiometer, Rx

The final 
series po-

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

Co -  1/คปิเ0

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

R1 “  RflPoWl “ (2)1 -

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

Normally, 1/2 Is recommenced.

Then: C l - 'C q/4 for {■ -  1/2

f) Calculate Data Filter Capacitance, Cp:

510 KO, the reccFor Rp « 100 K0, Rg 
value of Cp is:

Cp -  3/(Baud Rate) pF

mmended

Note: All calculated component values except Ro can 
be rounded to the nearest standard value, and Rq can
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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 u s t be bypassed to ground with a 0.1 fiF  ca 
pacitor for proper operation of the circuit. -

■ V. ’ LOO* DATA ;-’ [
- • "  ■ ท.■ท r - mT£A

r R & M FI— — J I— — i
COWP.

' î

LOCK DC T l CT 
OUTAura

LOCK D CTI CT LOCK OCTCCT
FH.TE* 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 C i connected 
to Pin 11 (see Figure 2) With no Input signal, or with no 
phase error within the PLL, the dc level at Pin 111s very 
nearly equal to Vr . The peak voltage swing available at 
the phase detector output Is equal to ± V r .

110 Ktl « I  Ac I

Figure 2. Generalized Circuit Cornection for FSK and Tone 
Detection

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

f0 =
RfA)

-Hz

where Co is the timing capacitor across Pins 13 and 14. 
For optimum temperature stability, Ro must be เท the 
range of 10 KO to 100 KO see Figure 8).

fance point, and is Internally 
10 Vr . The maximum timino

XR-2211
This terminal Is a low Impedançe point, and is Internally 
biased at a dc level equal to Vr . Themaximum timing 
current drawn from Pin 12 must be limited to S 3 mA for 
proper operation of the circuit.!

VCO Timing Capacitor (Pina 13 and 14): v c o  frequency, Is 
Inversely proportional to the external timing capacHor, 
Co, connects  across these terminals (see Figure 5)!
Co must be nonpolar, and ๒ the range of 200 pF to 10

r
VCO Fraquancy Adjustment: v c o

. connecting a potentiometer, R> 
12 (see Figure 9).

VCO Frea-Runnlng Fraquancy, Ig; ) IR-2211 does  not have a

can be fine-tuned by 
. เท series with Ro at คิก

Instead, the v c o  out- 
to the phase detector

separate v c o  output terminal 
puts are internally connected 
sections of the circuit. However, for set-up or adjust­
ment purposes, v c o  Iree-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 j
(See Figure 2 for definition of components.)

1. v c o  Center Frequency, f 10

<0 -  1/RoCo Hz
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, [  :

= 1/4 /  Ço
V  C1

Loop Tracking Bandwidth, 
Af/fg = Rg/Ri

± Af/fg:

FSK Data Filter Time Constant, rF: 
t F  = RpCp

7. Loop Phase Detector Conyi 
the differential dc voltage 
per unit of phase error at

Kd> = 02Vr /k- volts/radian

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

Kg = - 1 /VrCoRt Hz/voll

ersion Gain, Kd>: (K^ Is 
across Pins 10 and 11. 
3hase detector input):
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Figure 7. Typical ffl VI Power Supply Characterlatici Figure 8. Typical Center Frequency Drift vt Temperature

Figure 9. Circuit Connection for FSK Decoding
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XR-2211
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 k o  (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-เ: R1 -  Rq (2240/60) -  380 ko

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

Note: AH values except Ro can be rounded to n e a re s t . 
standard value.

Able 1. Recommended Component Velues lor 
’ Commonly Used FSK Bands. .

(See Circuit of Flguu 9.)

; . FSK BAND COMPONENT VALUES

300 Baud Co ะ» 0.039 >iF Cp -  0.005 pF
(1 «ะ 1070 Hz' c {  =  0.01 pF Ro ะ* 18 KO
F2 -  1270 Hz Ri =  100 KO

300 Baud Co = 0 .02 2 11F  Cp = 0.005 MF
(1 ะ. 2025 Hz C l = 0.0047 pF Ro ะ» 18 KQ.
เ2 -  2225 Hz Ri = 200 KO

1200 Baud Co =  0.027 pF Cp = 0.0022 pF
»1 ะ. 1200 Hz C i ' = 0.01 pF Ro = 18 KQ
เ2 -  2200 Hz Ri = 30 KQ

FSK DECODING 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 
เท Figure 10. The open collector lock detect output. Pin 
6, Is shorted to data output (Pin 7). Thus, data output

Figure 10. External Connectors lor FSK Demodulation with 
Carrier Detect Capability

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

will be disabled at “ low" state, unfil 
within the detection band of the PPL, 
put goes “ high," to enable the data butput.

there is a carrier 
and the Pin 6 out-

The minimum value of the lock detec 
Cp is inversely proportional to the 
Afc.' Thl6 -Is the range of Iาcoming 
which the loop can acquire lock and 
the tracking range. It Is further lim it 
applications, Afc >  Af/2. For Rp - h  
imate minimum value of Cp can be

Cp 0»F) £  16/capture range เท Hz;

With values of Cp that are too small, 
served on the lock detect output as 
frequency approaches the capture 
sively large values of C p will slow 
the lock detect output.

filter capacitance 
capture range,' ± 
frequencies .over 

ร always less than 
by c,. For most 

rü KQ. the approx- 
determined by:

fh ร

TONE DETECTION:

I clrbiFigure 11 shows the generalized 
tone detection. The logic outputs, Q 
6 are normally at “ high”  and "low” il< 
tively. When a tone is present within 
of the PLL, the logic state at these < 
versed for the duration of the input tdm 
put can sink 5 mA of load current.

r K f l t t f l f  . r f l f i  K a  o h .

เท. Incoming signal 
วandwidth. Exces- 

response time of

ult connection for 
and o ’at Pins 5 and

c t s t o c  T A C O A O .

the detection band 
c utputs become re­

el Eaph logic out-

Both logic outputs at Pins 5 and 6 
type stages, and require externa) pi 
arid R[_2 , as shown in Figure 11.

g r a  o o o n  OO llAO .fO r

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: Rq and Co set v c o  center fréauency; R-เ sets the 
detection bandwidth; C-เ 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  1 Co, C l and Co- For a given Input.
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the tone frequency, tg, these parameters are calcu­
lated as follows: . I

a) Choose Rq to be เท the range of 15 KQ to 100 KQ.
This choice Is arbitrary. . ,-«•. • .

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

c) Calculate R-เ to set bandwidth ±  A f (see design 
equation No. 5):

R l “  Rodo^O

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

d) Calculate value of C-1 for a given loop damping 
factor;

C1 « C 0 / l 6 f 2

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

Increasing C-เ Improves the out-๙-band signal rejec- 1 
tion. but increases the PLL capture time.

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

Cd (mR) ^  (16/capture range เท 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 เท series with 5 KQ po­
tentiometer).

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

c) Calculate R-j: R-เ ร  (Rfl) (1000/20) =  1 MQ.

d) Calculate C-เ: for {■ = 1/2, C-เ =  C.25. Co =
0.013 fiF .

e) Calculate Cp: Co = 16/38 = 0.42 f>F.

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

XR-2211
at Pin 11. Normally, a non-invert,ng unity bain op anrç> 
can be used as a buffer amplifier, as shojwn เก Figure

,»* น mf

Figure 12. Linear FM Detector Uting XR-2211 
Op Amp. (See Section on Design Equ 
ponent Values.)

in External 
atlon for Cem-

and

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

VOU( ระ R -เ V p /1 0 0  R q  V o l l s /%  d e v ia t io n

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

P R IN C IP L E S  OF OPERATION

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

Quadraturi Ptiasa Ditoctor Output (Pin 3): 'ท' is Is the high 
Impedance output of quadrature phase detector and Is 
internally connected to the input of lock detect voltage 
comparator. เก 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 า is not used. 
Pin 3 can be left open circuited.

Lock Detact Output, 0 (Pin 5): The output at Pin 5 is • ' 
"high'' state when the PLL is out of loc < and goes to 

«.«เท «r AAn/filAfm/ 1  rifnfA ui^An f F A DI I jg lockôd- It Is“ low” ๐โ conducting state when the PLL 
an open collector type output âne 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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XR-2211
f JK Data Output (Pin 7): This output is an open collector 
logic Stage which requires a pull-up resistor, R|_, to V+ 
to t proper operation. It can sink 5 mA of load current.

decoding FSK signals, FSK data output is at 
«tügh" or. o ff" state for low input frequency, and at 
-low" or "o n " state for high Input frequency. If no input 
•lignai Is present, the logic state at Pin 7 Is indetermi­
nate. . . ,  _ '

FSK Camparitor input (Pin 8): This Is the high irppedance 
input to the FSK voltage com para tor. ̂ 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 byf the Inter: 
nal reference voltage, V r , available at Pin 1Q.

>
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Channel Colour ' Transmitter
■|-

Receiver

ลฺน่วะจํฟอ'!ความถ่ี
I*

ความถ่ีนว่ควิลดอลภวดล''! ความถ่ีแร่คริฝ็ดอลภาครับ

MHz • -■ - I.F.455KHZ I.F.465KHZ!

: .นาดาร - 26.995 . 26.540 26.530 ]

1 แด'5 - 27.045 .. 26.590 26.580 ;

ส้ม 27.095; 26.640 26.630

เหลอ'! - 27.145 26.690 26.680

เขียว 27.195 26.740 26.730 j

'นาพน 27.245 26.790 26.780
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * *  PROGRAM FOR PRECESS SIGNAL AND SEND IT BY WIRELESS METHOD * * * * *  

* * * * *  CHULALONGKORN UNIVERSITY * * * * *

* * * * *  BY MR. AMNUAY SOODSAKORN C2-17p65 NUCLEAR TECHNOLOGY * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

**************************
T h is  program t h e s is  CHULA. 
* * * * * * * * * * * * * * * * * * * * * * * * * *

o rg  2200H

; I n i t  8255 and c o n t r o l  word

; * * *  f o r  EXP-2..PA=IN ,PB=IN ,PCH=IN ,PCL=IN.

EXP2PA EQU 0E080H

EXP2PB EQU 0E081H

EXP2PC EQU 0E082H

EXP2PCC EQU 0E083H

; * * *  f o r  EXP-3. . PA=OUT1PB=OUT1PCH=OUT1PCL=0UT.

EXP3PA EQU 0E0A0H

EXP3PB EQU 0E0A1H

EXP3PC EQU 0E0A2H

EXP3PCC EQU 0E0A3H

; * * *  f o r  EXP-4 . . PA= ,PB= 1PCH= 1PCL

EXP4PA EQU 0E0C0H

EXP4PB EQU 0E0C1H

EXP4PC EQU OEOC2H

EXP4PCC EQU 0E0C3H
‘ * * * * * * * * * * * * * * * * * * * * * * * * * *

CTRLW1 EQU 09BH ; c o n t r o l word f o r EXP-2

CTRLW2 EQU 080H ; c o n t r o l word f o r EXP-3

CTRLW3 EQU 080H ; c o n t r o l word f o r EXP-4

I **************************
LOCAT1 EQU 02500H ; f i r s t  add r.  f o r  save address

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



* * *  LOAD CONTROL WORD TO 8255 * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

BEGIN: MOV A,#CTRLW1

MOV DPTR1#EXP2PCC

MOVX 0DPTR,A

MOV A,#CTRLW2

MOV DPTR1#EXP3PCC

MOVX ODPTR,A

MOV A 1HCTRLW3

MOV DPTR1#EXP4PCC

MOVX PDPTR,A
• * * * * * * * * * * * * * * * * * * * * * * * * *

; IN IT IAL  SERIAL PORT
j * * * * * * * * * * * * * * * * * * * * * * * * *

i
IN IT : MOV SCON, #50H

MOV TMOD, #20H

MOV TH11#0E8H

SETB TR1

CLR ET1

CLR ES

; c o n t r o l  word = 09Bh 

; IN IN IN

; c o n r t o l  word f o r  EXP-2 

; c o n t r o l  word = 080h 

;OUT OUT OUT 

; c o n t r o l  word f o r  EXP-3

; c o n t r o l  word f o r  EXP-4

;page 30 MCS-51

;page 38 mode 2

; s e t  baud ra te  t o  1200 bps.

J *************************
; RESET OUTPUT PORT 8255

RESP: MOV A,#00H

MOV DPTR, #EXP3PA 

MOVX ODPTR,A 

MOV DPTR1#EXP3PB 

MOVX 0DPTR,A 

MOV DPTR1#EXP3PC 

MOVX ODPTR,A



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

TRIG FOR PEAK 

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

TRIG: MOV A,#00H

MOV DPTR1#EXP3PA

MOVX ODPTR,A

MOV A 1#00H

1

• * * * * * * * * * * * * * * * * * * * * * * * * *

CHKP: MOV DPTR1#EXP2PC

MOVX A 10DPTR

ANL A 1#00000100B

JZ CHKP

»

DELA: MOV A 1#20H

DELAY ะ DEC A

JNZ DELAY

CEOC: MOV DPTR,#EXP2PC

MOVX A 10DPTR

ANL A,#00001000B

JZ CEOC

Î
SAVE: MOV DPTR,#EXP2PA

MOVX A 1ODPTR

MOV DPTR1#2500H

MOVX @DPTR,A

MOV DPTR1#EXP2PB

MOVX A.ODPTR

MOV DPTR,#2501H

MOVX ODPTR,A

CLRP: MOV A,#00100000B

MOV DPTR1#EXP3PA

MOVX 0DPTR,A

; t r i g  a l l  b i t  t o  ' o ’

; de la y  16 uS

; check end o f  c o n v e rs io n
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A * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

SEND TO SERIAL PORT AND OUT

START ะ CLR ES

CLR RI

CLR TI

MOV DPTR,#2500H

MOVX A.0DPTR

MOV SBUF1A

JNB T I ,$

CLR TI

INC DPTR

MOVX A 10DPTR

MOV SBUF1A

JNB TI 1$

CLR TI
I ****** ***********************

LJHP TRIG
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

END
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read_com ()

{

i n t  d a ta ;

u n s i g n e d  c h a r  c h _ l , c h  h ;  

c h _ l = r e a d ( ) ;  

c h _ h = r e a d ( ) ;  

d a t a = c h _ l + ( c h _ h * 0 x l 0 0 ) ; 

r e t u r n ( d a t a ) ;

}

re a d _ h e a d ()

{

i n t  c o u n t ;  

uns igned  ch a r  ch;

/ *  g e t  header b e fo r  r e c iv e  d a ta  * /  

f o r ( c o u n t = 0 ; count< 2 ; coun t+ + )

{

do{

c h = re a d ( ) ;

}w h i le ( c h != 0 x F F ) ;

}

}

r e a d ( )

{

uns igned  ch a r  c h , t l ;

do{

t l= in p o r t b ( 0 x 3 F D ) ; 

t l = t l & 0 x 0 1 ;

}w h i l e ( t l ! = 1 ) ;  

c h = in p o r tb (0 x 3 F 8 ) ;

o u tp o r tb (0 x 3 F A ,0 x 8 6 ) ; / *  r e s e t  r e c iv e  b u f f e r  * /  

r e t u r n ( c h ) ;

}

s e t  c o m ( )

{

uns igned  c h a r  d a ta ;



91

AH = 0x00;

AL = 0x83;

~DX = 0x00;

g e n in t e r r u p t ( 0 x14 );  ;

d a ta = in p o r tb (0 x 3 F B ) ; / *  s e t  t o  da ta  mode * /

da ta=da ta&0x7F ;

o u tp o r tb ( 0 x 3 F B ,d a ta ) ;

o u tp o r t ( 0 x 3 F 9 , OxOF);

o u tp o r tb (0 x 3 F C 1OxOF);

}

h i t _ k e y ( )

{

uns igned  i n t  key;

i f ( ( key=b i oskey ( 1 ) ) ! = 0 )

{

k e y = b io s k e y (0 ) ; 

r e t u r n ( k e y ) ;

}

r e t u r n ( o ) ;

}
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gen_graph()
{

int GD=DETECT1GM; 
int count,X,y ; 
initgraph(&GD,&GM,NULL); 
x=getraaxx(); 
y=getmaxy(); 
setcolor(BLUE); 
setbkcolor(WHITE); 
setf i11sty1e(SOL ID_FILL,DARKGRAY); 
bar(1,1,getraaxx()1getraaxy( )) ; 
setcolor(LIGHTGREEN);
1ine(50,10,50,410);
1ine(50,410,610,410);
x=50;
y=410 ;

f or(count=0;count<103 ;count++)
{

x=x+5;
1ine(x,y,x,y+5);

}

se tco lo r(YE LLO W ); 

o u t t e x t x y ( 4 0 ,4 2 0 , " 0 " ) ;  

o u t t e x t x y ( x , 4201"1 0 2 3 " ) ;  

o u t t e x t x y ( 5 , ( 4 1 0 - ( l * 3 0 ) - 3 ) , "  1000") ; 

o u t t e x t x y ( 5 , ( 4 1 0 - ( 2 * 3 0 ) - 3 ) , "  2000") ; 

o u t t e x t x y (5 , ( 4 1 0 —(3 * 3 0 )—3 ) , "  3000") ; 

o u t t e x t x y ( 5 , ( 4 1 0 - ( 4 * 3 0 ) - 3 ) , "  4000") ; 

o u t t e x t x y ( 5 , ( 4 1 0 - ( 5 * 3 0 ) - 3 ) 1" 5 0 0 0 ") ;  

o u t t e x t x y ( 5 , ( 4 1 0 - ( 6 * 3 0 ) - 3 ) 1" 6 0 0 0 ") ;  

o u t t e x t x y ( 5 , (410 - ( 7 * 3 ๐ ) - 3 ) 1" 7000") ; 

o u t t e x t x y ( 5 , ( 4 1 0 - ( 8 * 3 0 ) - 3 ) , "  8 0 0 0 " ) ;  

o u t t e x t x y ( 5 , ( 4 1 0 - ( 9 * 3 0 ) - 3 ) 1" 9000") ; 

o u t t e x t x y (5 , ( 4 1 0 —( 1 0 * 3 0 ) - 3 ) , "1 0 0 0 0 " ) ;  

se tco lo r(G R E E N );
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x=50 ; 

y=410;

fo r ( c o u n t= l ; c o u n t< = 1 0 0 ;c o u n t+ + )

{

y= y -3 ;

i f ( (count%10)==0)

{

1 i n e ( x - 6 , y , x , y ) ;

}

e ls e

{

1 i n e ( x - 3 , y , x , y ) ;

}

}

se ttex ts ty le (SM ALL_FO NT,HO RIZ_D IR ,1 );  

se tco lo r(L IG H TB LU Ey;

settextsty1e(DEFAULT_FONT1HORIZ_DIR12); 
outtextxy(180,445,"NUCLEAR SPECTRUM"); 
setfi1lstyle(SOLID_FILL,BLACK); 
bar(525,440,630,460); 
settextstyle(SMALL_FONT,HORIZ_DIR,1); 
setcolor(WHITE);
o u t t e x t x y ( 5 3 0 ,4 5 0 , "S ca le  = 1 :1 0 " ) ;

}

r e _ g ra p h ( )

{

s e tb k c o lo r (B L A C K ) ;

s e t f i 11s ty le (E M P TY_F ILL ,WHITE);

b a r ( 5 1 ,1 1 ,6 1 0 ,4 0 9 )7
se tco lo r(L IG H T R E D ); 

o u t t e x t x y ( 1 5 ,9 5 , "O v e r " ) ;

1in e ( 4 7 , 105 ,620 ,105) ;

}

s e t _ t im e ( )

r
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settex ts ty le (SM ALL_FO NT,HO RIZ_D IR ,1 ) ;

s e tc o lo r (W H IT E ) ;

o u t t e x t x y ( 1 2 ,1 1 , "T IM E") ;

o u t te x tx ;y (  17,50, "rain" ) ;

s e t f  i 1ls ty le (S O L ID _ F IL L 1 BLACK);

b a r ( 1 0 ,2 5 ,4 0 ,4 5 ) ;

}

/ * o u t _ t i r a e ( )

{

ch a r  c h [ 3 ]= {NULL,NULL,NULL}; 

i n t  coun t=0;

se t t e x t s t y 1e ( SMALL_FONT1HORIZ_DIR11);

s e tc o lo r (W H IT E ) ;

o u t t e x t x y ( 1 2 ,1 1 , "T IM E " ) ;

o u t t e x t x y ( 1 7 ,5 0 , " ra in " ) ;

s e tb k c o lo r (B L A C K );

s e t f i l ls ty le (E M P T Y _F ILL ,BLACK);

do{

c h [c o u n t ]= g e t c h ( ) ;  

c o u n t+ + ;

b a r (  1 0 ,2 5 ,4 0 ,4 5 )  ; 

o u t t e x tx y (

}w h i le ( c h [c o u n t ] l= E N T E R j! key==ESx);

พ

o f f _ g r a p h ( )

{

i n t  x , y ;

se tco lo r(BLA C K ) ; 

x=ge tm axx() ;  

y=ge tm axy() ;

s e t f  i 1 ls ty le (SOLID__FILL 1 BLACK) ; 

b a r ( 111 , x , y ) ; 

c lo s e g ra p h ( ) ;

}
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# in c lu d e < s td io .h >

# in c lu d e < c o n io .h >

# inc lude< dos .h>

# in c lu d e < g ra p h ic s .h >  

# in c lu d e <๖iOS.h> 

# in c lu d e "g p h .c "

# in c lu d e " r e c i v e . c "

# d e f in e SET T 0x1400

# d e f in e ESC 0x01 IB

# d e f in e DEF T 50

# d e f in e ENTER OxlCOD

# d e f in e E n te r OxODIC

# d e f in e HB OxFFFF

ü d e f ine TB OxFOFO

uns igned i n t  c c [1 0 2 4 ] ;  

uns igned i n t  key ,tra ; 

s t r u c t  t im e  t t  o l d , t t  new;

m a in ( )

{

uns igned i n t  d a ta ;  

tm=DEF_T; 

r e s e t _ v a l ( ) ;  

s e t_ c o m () ;  

g e n _ g ra p h () ;

BEGIN: 
re_graph(); 
set_time(); 
out_time(tm); 
gett i me(&tt_oId); 
setfi1lstyle(SOLID_FILL,WHITE) ; 

do{
/ *

/ *

read_h e ad () ; * /  

if(key==ESC)
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goto==ESC;

พ

do{

da ta= read_com () ;

/ *  i f (key= -E S C )

{

g o to  C_KEY;

} * /

i f ( ( d a ta  1=HB)&&(data !=TB))

{

data=data&0x3FF; 

c c [d a ta ]+ + ; 

i f ( c c [ d a t a ] >100)c c [d a ta ]  = 100 ; 

s e t _ b a r ( d a t a , c c [ d a t a ] ) ;

}

key=0x0000; 

k e y = h i t _ k e y ( ) ;  

g e t t i r a e (& t t_ n e w ) ;

/ *  }while(data!=TB&&keyl=ESC&&(( ( ( t t _ n e w . t i _ h o u r - t t _ o l d . t i _ h o u r ) * 6 0 ) + ( t t  n e w . t i  

}wh i 1e ( key ! =ESC&&( ( ( ( t t _ n e w . t  i _ h o u r - t t _ o 1d . t  i h o u r )*6 0 )  + ( t t _ n e w . t  i_m i n - t t _ o 1d . t  

}w h i l e ( k e y ! =ESC&&(( ( ( t t _ n e w . t i _ h o u r - t t _ o l d . t i _ h o u r ) * 6 0 )  + ( t t _ n e w . t i m i n - t t  o l 

C_KEY:do{

key=0x0000; 

k e y = h i t _ k e y ( ) ;  

if (key==E N TE R ]|key==Enter)  

go to  BEGIN; 

i f (key==S ET_T)

{

t ra = g e t_ t ira e ( tra ) ; 

go to  BEGIN;

}

}w h i le (key= = 0 x0 00 0 ! |key!=ESC);

}
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g e t _ t i r a e ( in t  t t ra )

{

i n t  t l , t 2 , c o u n t ;  

ch a r  c h [ 3 ] = { ’ 0 ’ 1’ p ’ 1NULL}; 

c h a r  cha; 

o u t _ t im e ( t t m ) ; 

c o u n t = l ; 

do{

c h a = g e tc h ( ) ;  

i f ( cha < =  ’  9  ' ! ] cha > =  ’ 0 ’ )

{

c h [ 0 ] = c h [ 1 ] ;  

c h [ 1]= c h a ;

}

e ls e  so un d (800);  

t t r a = ( c h [ 0 ] - ’ O ’ * 1 0 ) + ( c h [ 1 ] - ’ 0 ’ ) ;  

o u t _ t i r a e ( t t r a ) ;

}w h i le ( c h a != 0 x 0 D | I c h a !=0x1D ) ; 

r e t u r n ( t t m ) ;

}

o u t _ t im e ( i n t  tra)

{

char ch[3] = {NULL1 NULL 1 NULL}; 
int trapl,trap2; 

trap 1=tra/10 ; 
tmp2=tm%10; 
ch[0]=’0’+trapl; 
ch[1]=’0’+tmp2;
s e t f i l ls ty le (S O L ID _F IL L ,B L A C K ); 

b a r ( 1 0 ,2 5 ,4 0 ,4 5 ) ;  

o u t t e x t x y ( 1512 8 ,c h ) ;

}

s e t _ b a r ( i n t  c h a n , in t  d a ta )

{
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i n t  x l , y l , x 2 , y 2 , c c l , c c 2 , h i g h ;  

y2=409 ;

i f ( (chan% 10)>0)

{ .

c c l  = l ;

}

e ls e

{

c c l= 0 ;

}

i f ( ( d a t a % 1 0 ) >0)

{

c c 2 = l ;

}

e ls e

{

cc2 = 0 ;

}

y l = y 2 - ( ( ( d a t a / 1 ) * 3 ) + ( c c 2 * 3 ) ) + l ; / *  +1 f o r  sirau t o  y=410 * /

x l= 5 1 + ( ( ( c h a n / 1 0 ) * 5 ) + ( 1 - c c l ) ) ;  

x 2 = x l+ 3 ;

b a r ( x l , y l , x 2 , y 2 ) ;

}

r e s e t _ v a l ( )

{

uns igned  i n t  c o u n t ;  

f o r ( c o u n t = 0 ; c o u n t< 1024;count+ + ) ;

{

c c [ c o u n t ]= 0 ;

}

}
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PRELIMINARY M l AUGUST IÇ88

DATASHEET 8 3 G 5 4

C M O S  SIN G LE - CH IP  8 BIT M ICRO CO N TRO LLER
•  83C 154-C M O SSIN G LE-C H IP B-BTTMICROCONTROLLER w ith  facto ry m uk-program m abto  ROM
•  83 C l 54 F -T h e  in te rna l ROM coda cannot ba read o r dum ped a tta r activa tion o f a specia l protection
•  8 0 0 5 4  -  ROMLESS version
• 83C154-1 - 18 MHz version
•  8 0 0 5 4 -1  - 18 MHz ROM tes» version

FIATURES
•  16K X 8 H T  INTERNAL ROM
•  258 X BTT RAM_ 4 4  r x w i n 4 » i » i 4 P t  c  I / o  I l i t p Q

(PROGRAMMABLE IMPEDANCE)
•  THRŒ  1(5-e rr  TTMER/COUNTERS 

ONOJUOtNQ WATCHDOG AND 32 BIT
•  64 K PROGRAM MEMORY SPACE
•  R ju y  STATIC DESIGN
•  POWER CONTROL MODES

•  INTERRUPT PRIORITY CONTROL 
• 0 7 0 1 6  MHz
• n /vy  PAM DOOTPQQnO
• 6 INTERRUPT SOURCES
• PROGRAMMABLE SERIAL PORT
• 04K DATA MEMORY SPACE
• TEMPERATURE RANGE:

-  COMMERCIAL
-  INDUSTRIAL

DISCRIPTION
lhe 63Ct5a teiains all the leatues of the MHS 30C52 with exienaed RCM capacity (16 K bytes), 256 bytes of RAM, 32 I/o lines, a ริ-source 2-level interrupts, a full duplex serial port, an on-chip oscillator and clock circuits, three 16 bit timers with extra features: 32 bit timer and watch dog functions. Timer 0 and 1 can be configured by program to implement a 32 bit timér.TFie watch dog function can be activated either with timer 0, or timer 1 or both together (32 bit timer).In addition, the 83C154 has two
cpifK/L/aro O É a|û /'4p H lo  ท าก H p c  n f

of power consumption. เท the Idle 
Mode, the CPU is frozen while the RAM is saved, and the timers, the serial port, and the interruot system continue to function. .ท the r ewer Down Mode, the RAM is saved and the timers, serial port and interrupts continue to function when driven by external clocks. เก addition as for the MHS 80C51/C52, the stop dock mode IS also available.
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33C184

Pin

Diagrams are for pin reference only. Package sizes are not to scale. Pad

Figure 2. C onfigurations

a IDLE AND POWER DOW N 
OPERATION

Figure 3  shows the internal Idle and Pownr Down clock configuration. As ‘ilusuated, rower Down operation 
3tCDS the oscillator. The rntemjct. serial port, and timer Plocks continue to function only with external « do rk  INTO. .NT1.T0.il).

idle Mode operation allows the interrupt, serial port, and 'imer blocks to continue to function with internal cr 
external docks, while the clock lo CPU is gated off. The special modes are activated by software via the Special Function Reglster.PCON.Its hardware address is87H PCON is not b t addressable.PCO N- P ow er C o n tro l R eg is te r (MSB) (LSB)
;SMCDj HPD I RPD - GFI GF0 PD IDL

«11/05-48*4

Sym bol P osition Name and Function
SMCD PCON.7 Double Baud rate bit.When r ' to a 1. the baud rate is dcut: when the serial port ■ ร be' used in either modes 1,2 cr
HPD PCCN.6 Hard Power Down bit. Sertir this bit allows CPU to enter Power Down state on !  external event (1 to 0 transltlc on bit T1 (p. 3-5) the CPU qt the Hard Power Down mcc when bit : T1 (p. 3-5) go high 

when reset เร่ activated.
RPD PCON.5 Recover from Idle or Pow 

Down bit. When 0 RPD has r effect. When 1, RPD permits exit from idle or Power Dev with any non enabled intern; 
source (except timex 2). เท th case the program start at th next address! When Intent!' 
is enabled, the appropria; 
interrupt routine is serviced.

- PCON. 4 (Reserved)
GFI PCCN.3 Generai-curpose flag bit.
GF0 PCON.2 General-purpose flag bit.
PD PCON.1 Power Down bit. Setting this t  adlvates power down open tlon.
ICL . PCCN.O Ide mode bit. Setting this ะ activates Idle mode operatic'

»N K3-100
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PRELIMINARY AUGUST 1988

DATA SHEET 80C51-L/ 80C31-L

C M O S  SIN G LE-CH IP  8 BIT 3V-M ICRO CO N TRO LLER
•  8 0 C 5 1 -L - CMOS SINGLE-SHIP 6-BTT MICROCONTROLLER w ith  fa c to ry  m ask-program m abte ROM
• 80C31-L- CM O S SINGLE-CHIP 8-BTT CONTROL-ORIENTED CPU w ith  RAM and I/o• 80C51-L/C31-L: OTO 6 MHz,VCC=2.7VTO 6V

FEATURES
•  POWER CONTROL MODES 
• 1 2 8 x 8  BIT RAM
• 32 PROGRAMMABLE I /o  UNES
•  TW O 16-BfT T1MER/COUNTERS
•  64 K  PROGRAM MEMORY SPACE
•  FULLY STATIC DESIGN
•  HIGH PERFORMANCE SAJI VI CMOS

™  DESCRIPTION

IP Ip ilL o K T

MHS's 80C51 and 80C31 are hign performance CMOS versions of the 8051/8031 NMOS single chip 8 bit \i c and IS manufactured using c self-aligned silicon gate CMOS process (SAJiVI).
Tne fully static design of tne MHS 80C51/80C31 allows to reduce system power consumption by bringing the clock frequency down to any value, even DC without loss 
of data.
The 80C51 retains all the features 
of "the 8051: 4K bytes of ROM; 128 bytes of RAM; 32 I/o lines: two 16 bit timers; a 5-source 2-level interrupt structure: a full duplex serial 
port; and on-chip oscillator and 
dock drcuits.
เท addition, the 80C51 has two softw are-selectab le  m odes of reduced activity for further reduction 
in power consumption. เท the Idle Mode the CPU is frozen white the RAM, the timers, the serial port, and the interrupt system continue to function. In the Power Down Mode the RAM is saved and all other 
functions are inoperative.
The 80C31 is identical to the 80C51 except that it has no on-chip ROM.

B377/01/ST74
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. 80C51-L/ 80C31-L _

Figure 2. C onfigurations
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IDLE AND POWER DOWN 
OPERATION
Figure 3  shows the internal kSe and Power Down dock configuration. As illustrated. Power Down operation stops the osdllator. Idle mode operation allows the 
interrupt serial port, and timer blocks to continue to
fi in  ration \A/hilo fh o  rHr'V'k' tn  tt'io /"'PI J ÏÇ n a fo H  o ff

ร ^ ^ ร ร ฺร  รOS I S Î ia theSpecial Function Register,Its hardware address is 87H. 
PCON is not bit addressable

PCO N: P ow er C o n tro l R e g is te r(MSB) (LSB)
SMOD — - - GF1 GF0 PD IDL

Sym bol P osition  Nam e and Function

SMOD PCON.7 Double Baud rate bit. When set to a 1,the baud rate is doubled When the serial port IS being 
used in either modes 1 ,2  or 3 .

- PCON. 6 (Reserved)
- PCON.5 (Reserved)
- PCON.4 (Reserved)

GFÎ FCON.3 General-purpose flag bit.
G F0 DCON,2 General-purpose flag bit.
PD PCON.1 Power Down bit. Setting this bit a c tiv a te s  pow er down 

operation.
IDL PCON.O Ide mode bit.Setting this bit activates idle mode operation.

If Vs are written to PD and IDL at the same time. PD takes precedence. The reset value of PCON is
« ว X X X C 0 0 0 ) .



Ta We 1. S ta tus o f the exte rna l pins during Id le  and Power Down m odes

________________________ 80C51-L/ 80C31-L_________________________

M ode Program  M em ory ALE PSEN PORTO PORT1 PORT2 PORTS 1
Idle Internal 1 1 Port Data Port Data Port Data Port Data
Idle External 1 1 Heating Port Data Address Port Data

Power
Down Internal 0 0 Port Data , Port Data Port Data Port Data
Power
Down External 0 0 Floating Port Data Port Data Port Data

IDLE MODE
The instruction that sets PCON.O is the last instruction 
executed before the Idle mode is activated. Once in the Idle mode the CPU status is preserved in its 
entirety: the stack Pointer, Program Counter, Program Status Word, Accumulator, RAM, and all other registers 
maintain their data during Idie. Table 1 describes the status of the external pins 0 jring Idle mode.
There are two ways to terminate the Idle mode. Activation of any enabled interrupt will cause PCON.O to be cleared by hardware, terminatingjdle mode. The interrupt is serviced, and following RETT the next 
instruction to be executed will be the one following theinstruction that wrote a 1 to PCON.O.
The flag bits GFO and GF1 may be used to determine whether the interrupt was received during normal 
execution or during the Idie mode. For example, the instruction that writes to PCON.O can also set or dear 
one or both flag bits. When idie mode is terminated b\ 
an enabled nierruDt. the service routine can examine tne status of tne flag bits.
The second way of terminating tne Idle mode IS with a hardware reset. Since the oscillator IS still running, the hardware reset needs to be active for only 2 machine cycles (24 osdllator perioos) to complete the reset operation.
POWER DOWN MODE
The instruction that sets PCON.1 is the last executed priorto entering power down. Once in power down.the oscillator is stopped. Tne contents of the onchip RAM 
and the Spedal Function Register IS saved during power down mode. A hardwa'e reset is the only way of exiting the power down mode. Tne hardware reset initiates the Spedal Function Register (see Table 1).

เท the Power Down mode. Vcc may be lowered to minimize drcuit power consumption. Care must be 
taken to ensure the voltage is not reduced until the power down mode is entered, and that the voltage is 
restored before the hardware reset is applied which frees the osdllator. Reset should not be released until the osdllator has restarted and stabilized.
Table 1 describes the status of the external pins while เท the power down-mode. It should be noted that if the power down mode is activated while in external program memory, the port data that is held in the Special Function Register P2 is restored to Port 2. If the 
data is a 1,the port pin is held high during the power down mode bythe strong puItup.T 1. shown เท F ^ u re 4 .

STOP CLOCK MODE
Due to static design.tne MHS 80C3 ใ /C51 dock speec can be reduced until 0 MHz without any data loss เก memory or registers. This mode allows steo by steo 
utilization, and permits to reduce system power consumption by bringing the dock frequency down to any value. At 0 MHz tfie power consumotion is the same as in the Powe Down Mode.
80C51 I/O  PORTS
Tne I/O port drive of the 80C51 is similar to the 8051. The I/O buffers for Ports 1,2,and 3 are implemented as shown in fig u re  4.

When the port latch contains a 0, all pFETS in fig u re  4 are off while the nFETIS turned on. When the port latch makes a 0-to-1 transition, the nFET turns off.Tne strong 
วบแup pFET, T1, turns on for two oscillator periods, nulling the output high very rapidiy. As the output line IS 
trawn high. D r ET T3 turns on through the invertetc 
ะนวว!'.' the I OH source current. Tms inverte’ anc 2 form a iatch which ทว!ฮร tne I and IS suDoorted by - 2
พ ก oก Pori 9 is usff.'ไ pก annrp.ss nor!, for a?!โะPS? !"
external program~oraaia memory, any aaaress Dn 
that contains a 1 will have his strong puilup turneo on for tne entire duration of the external memory access.
When an I/o pin on Ports 1.2. or 3 is used as an moût, tne user should be aware that the external circuit must 
sink current during the logical 1-to-O transition. Tne maximum sink current IS specified as ITL unoer the D.GSpecifications. When the input goes below 
aooroximateiy 2v',T3 turns off to save ICC current. Note. พกeก returning to a logical 1.T2 is the oniy internal bulluo that is on. Tnis will result เก a slow rise time if 
the user's circuit does no: force the input line high.
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80C51 PIN DESCRIPTIONS

Vss
Circuit ground potentat
Vcc
Supply voltage during normal, Idle, and Power Down operation.
Porto
Port 0 is an 8-bit open dram bi-directional I/o port. Port 0 pins that have 1 'ร written to them floatand in that 
state can be used as high-impedance inputs.
Port 0 is also the multiplexed low-order address and data bus during accesses to external Program and 
Data Memory. In this application it uses strong internal pullups when emitting 1s. Port 0 also outputs the 
code bytes during program verification เท the 80C51. External pullups are required during program 
verification. Port 0 can sink eight LSTTL inputs.
Port 1
Port 1 IS an 8-bit bi-directional I/o  port with internal 
pullups. Port 1 pins that have 1's written to them are 
puiled hign by the internal pullups.and in that state canbe used as incuts. As incuts. Pert 1 oms that are 
externally seing pulled IOW vviii source current IIL. on the data sheet) because ot the -eternal DUlluos.
Pen 1 aisc receives the low-order aedress cytes curing 
program verification. เท the 80C51. Port 1 can sink/ source three LS TIL inputs. It can drive CMOS inputs without external pulluos
Port 2
Port 2 is an 8-bit bi-directional I/O port with internal pullups. Port 2 pins that have 1‘s written to them are pulled high by the internal pullups.and เท that state can be used as inputs. As inputs Port 2 pins that are 
externally oeing pulled low will source current (IIL, on the data sheet) because of the internal pulluos. Port 2 emits the nign-oroer address oyte during fetches from external Program Memory and during accesses to external Data Memory that use 16-bit addresses (MOVX ๏ DPTR). เท this application, it uses strong 
internal pullups when emitting 1s. During accesses to external Data Memory that uses 8-bit addresses MCVX © Si). Port 2 emits the contents of the P2 Special Function Register.
It aiso receives the nign -orcer address bits and control signals during progam verification in the 80C51. Port 2 can sink/source three LS TTL inputs. It can drive CMOS inputs without external pullups.
Port 3
Pert 3 IS an 8-bit ci-directicnat I/o  pert With internai pullups. Port 3 pins that have Vs written to them are pulled high by the internal pullups.and in that state can ce useo as inputs. As inputs, Pori 3 pins that are externally being pulled low Will source current (IIL. on the oata Sheet) because of the pullups. It also serves the functions of various special features ot the MCS - 51 Family, as listed below.

P ort Pfn___________ A lte rn a te  Function -.1.3
P3.0 RXD (serial input port)P3.1 TXD (serial output port)
P3.2 INTO (external intenupt 0)P3.3 INTI (external interrupt 1)
P3.4 TO (Timer 0 external input)P3.5 T1 (Timer 1 external input)
P3.6 WR (external Data Memory write strobe) P3.7 RD (external Data Memory read strobe)

Port 3 can sink/source three LSTTLinputs.lt can drive CMOS inputs without external pullups.
RST
A high level on this for two machine cycles while the oscillator is running resets the device. An internal pull­down resistor permits Power-On reset using only a 
capacitor connected to VCC-
ALE
Address Latch Enable output for latching the low byte 
of the address during accesses to external memory. ALE is activated as though for this purpose at a constant rale of 1/6 the oscillator frequency except 
dunng an external data memory access at which time 
one ALE pulse is skipped. ALE can sink/source 3 L3 
iTl ทรน:ร. It can prive CMOS inputs without an externai cuiluo.
PSEN
Program store Enable output IS the read strobe to external Program Memory PSEN is activated twice 
each machine cycle during fetches from external Program Memory. (However when executing out of 
external Program Memory, two activations of PSEN are skipped during each access to external Data 
Memory). PSEN is not activated dunng fetches from internal Program Memory. PSEN can sink/source 8 LS 
TTL inputs. It can drive CMOS inputs without an external oullup.
ÉÂ
When EA IS held high, the CPU executes out of internal Program Memory (unless the Program Counter 
exceeds OFFFH). When EA is held low, the CPU executes only cut of external Program Memory. 
EA must not Ce floated.
X T A Ll
Input to the inverting amplifier that forms the oscillator. 
Receives the external oscillator signal when an 
external oscillator IS used.
XTAL2
Output of the inverting amplifier that forms the oscillator, and input to the internal clock generator. This pin should be floated when an external oscillator 
IS used.
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80C 51-L /80C 31-L

OSOLLATOR CHARACTBaSTlCS

XTAL1 and XTAL2 are the input and output respectively, of an inverting amplifier which is configured foruse as an on-chip oscillator, as shown in figure 5. Either a auartz crystal or ceramic resonator may be used.
To Olive the device froni an external dock source, XTAL1 should be driven while XTAL2 is left

unconnected as shown in fig u re  6. There are no requirements on the duty cycle of the external clock signal, since the input to the internal clocking circuitry IS 
through a divide-by-two flip-flop, but munimum and maximum high and low times specified on the Data 
Sheet must be observed.

NC-------- XTAL2
EXTERNAL
OSCILLATOR------------------------------------ XTAL1
SIGNAL

X — vss

Figure 6. E xterna l Drive C onfiguration
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:

Commercial...........................0 °c  to 70 °cIndustrial......................... -4 0 ° c to 8 5 ° c
Storage Temperature.................. -  65 °c to + 150 °c
Voltage on Vcc to V s s .......................-  0.5V to + 7V
Voltage on Any Pin to V ss.......-  0.5V to Vcc + 0.5V
Power Dissipation...............................................1W*
'  This value IS based on the maximum allowable die temperature and the thermal resistance of the package.

---------------------------------------------------------- 80C51-L/80C31-L

s s s g g s s s = 2.7V to 6V; vss = OV: r = 0  to 5 MHz
Sym bol Parameter Min Max j U nit Test C onditions
VIL Input Low Voltage -0.5 0.2 Vcc V
VIH Input High Voltage (Except XTALs and RST) 0.2 Vcc

-0.9
Vcc-0 .5 v

VIH1 Input High Voltage to RST for Reset 07VCC Vcc-0 .5 v
VIH2 Incut High Voltage To XTAL1 0 77CC

3®
1

VPD 1 Power Down Voltage To Vqc :ท PD Mcoe I 2.0 5.0 V 1
VOL j Output Low Voltage ! Ports 1.2.3) 0.45 V iOL= 1.6mA (note 1)
VOL1 Output Low Voltage Port 0. ALE. PSEN 0.45 V IOL=3.2mA (note 1)
VOH Output High Voltage Ports 1.2.3 0.SVCC . V IOH=-10Ma

2.4 V -IOH=-60uAVCC =  5V±10%
VOH1 Outout High Voltage (Port 0 in External in External Bus Mode), ALE. PSEN O.SVcc V I O H = - 4 0 mA

2.4 V IOH =7-400(1A VCC =  5V± 10%
IIL Logical 0 Input Current Ports 1.2.3 -5 0 wA Vin—0 45V
iLI input Leakage Current =  10 uA 0.45 <Vin <vcc
ITL Logical 1 to 0 Transition Current 

(Ports 1.2,3) -5 0 0 kA Vin =  2.0V
ICCPD Power Supply Current (Power Down Mode) 50 10 pA Vcc =  2.0V to 5.5V 

(note 2)
RRST RST Pulldown Resistor 50 150 ko
CIO Caoacitance of I/o Euffe' 'C i oF fc =  1MHz.TA = 25 iC

•NOTICE:
S tresses a t o r a b o ve  th o se  lis te d  u n d e r ‘A b so lu te  M axi­
m um  R a tin g s 'm a y  ca u se  pe rm an en t dam age  to the  device. This is  a s tre ss  ra tin g  o n ly  an d  fu n c tio n a l o p e ra ­
tion  o f th e d e v ic e a t th e se  o ra  n y  o th e r co n d itio n s  a b o re  
those  in d ica te d  in  th e  o p e ra tio n a l se ctio n s o f th is  sp e ­
c ifica tio n  is  n o t im p lie d . E xposure to  a b so lu te  m a x i­
m um  ra ting  co n d itio n s  m a y a ffe c t de v ice  re liab ility .

Note 1:
Capacitive loading on Ports 0 and 2 may cause 
spurious noise pulses to be superimposed on the
VOLS of ale and Ports 1 and 3. The noise '.ร due TO external Dus capacitance aiscnargmg into the Pori 0 
and Port 2 pins when these pins make 1-to-0

transitions during bus operations. เท the worst cases (capacitive loading 100 oF). the noise pulse on the ALE line may exceed 0.45V with maxi VOL pesk 0.6V. A Schmitt Trigger use is not necessary.
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ABSOLUTE MAXIMUM RATINGS'
Ambient Temperature Under Bias:Commercial... ....................0°cto70°c

Industrial........-4 0 ° c  to 85°c
Storage Temperature..................- 6 5 ° c  to + 150°c
Voltage on Vcc to V s s .......................-  0.5V to + 7V
Voltage on Any Pin to V ss.......-0.5V toVcc+0.5V
Power Dissipation .......................... .....................1W*
'This value is based on the maximum allowable die temperature and the thermal resistance of the package.

'NO TICE:
presses at o r a b o ve  th o se  lis te d  u n d e r'A b so lu te  M a x i­
m um  R a tin g s 'm a y  cau se  pe rm an en t dam age to  the  
de v ice  This is  a  s tre ss  ra tin g  o n ly  a n d  fu n c tio n a l o p e ra ­
tio n  o f th e  d e v ice  a t th e se  o ra n yo th e rco n d itio n s  ab ove  
Jhose in d ica te d  in  th e  o p e ra tio n a l se ctio n s o t th is  s p e ­
c ifica tio n  is  n o t im p lie d . E xposure  to  a b so lu te  m a x i­
m um  ra tin g  co n d itio n s  m ay a ffe c t d e v ice  re liab ility .

|A ^ 4 0 ^ to l^ c ! v c c = 2 .7 V to  6V; vss = 0V; F = 0 to 6  MHz
Sym bol Param eter Min Max j Unit Test C onditions
VIL Input LowVbltage -0 .5 0-2 V cc -0.1 V
VIH Input High Voltage (Except XTALs and RST) 0.2 Vcc -0 .9 VCC->-0.5 V
VIH1 Input High Voltage to RST for Reset 0.7VCC Vcc

- 0 . D
V

VIH2 Input High Voltage To XTAL1 0.7VCC Vcc I
VPD Power Down Voltage To Vcc เก PD Mcoe o(6o('งํ V
VOL Output Low Voltage (Pons 1.2,3) 0.45 V iOL= 1.6mA (dote 1)
VOL1 Output Low Voltage Port 0. ALE. PSEN 0.45 V IOL=3.2 mA (note 1)
VOH Output High Voltage Ports 1.2.3 O.SVCC V iOH=- I0pa

2.4 V IOH=-60pA -V cc =  5V±10%
VOH1 Output High Voltage (Port 0 in External in External Bus Mode), ALE. PSEN 0.9VCC V IOH=-40pA

2.4 V IOH = r  400pA VCC =  5V±10%
IIL Logical 0 Input Current Ports 1.2.3 -5 0 pA Vin=0.45V
lU Input Leakage Current =  10 pA 0.45 <Vin < V cc
ITL Logical 1 to 0 Transition Current (Ports 1.2,3) -5 0 0 pA Vin =  2.0V
ICCPD Power Supply Current 

(Power Down Mode) 50 10 pA V cc =  2.0V to 5.5V (note 2)
RRST RST Pulldown Resistor . 5 0  i 150 kQ
CIO Capacitance of I/o Buffer "C i p r j fc =  1MHz,TA = 25 ;-'C

Note 1:
Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on theVols of ALE and Ports 1 and 3. The noise IS due to external DUS capacitance aischarging into the Port 0 and Port 2 pins when these pins make 1-to-O

transitions during bus operations. เท the worst cases (capacitive loading 100 pF). the noise pulse on the ALE line may exceed 0.45V with maxi VOL pssk 0.6V. 
A Schmitt Trigger use IS not necessary.
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL1)

Sym bol Param eter
« Ï Ï Î 5 Ï , ? ร Hz

--------------------- -

UnitMin Max
TCLCL Oscillator Period 166 กร
TCHCX High Time 20 ns
TCLCX Low Time 20 กร
TOUCH Rise Time 20 กร
TCHCL Fall Time 20 ns

AC CHARACTERISTICS

(TA= -4 0 °C  to 85°c V p c = 2 . 7 V to 6 V ;V S S = 0 V )(Load Capacitance for Port 0, ALE, and PSEN =  100pf ; Load Capacitance for All other Outputs =  80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Sym bol Param eter Min Max U nits
TLHLL ALE Pulse Width 2TCLCL-40 ns
tavll Address Valid to ALE TCLCL-55 กร
TLLAX Address Hold After ALE TCLCL -  35 ns
TLLIV ALE to Valid instrln 4TCLCL-170 กร
TLLPL ALE to PSEN TCLCL -  25 กร
TPLPH PSEN Pulse Width 3TCLCL- 35 กร
TPLIV PSEN to Valid Instr เท 3TCLCL- 220 ns
TPXIX Input Instr Hold After PSEN 0 กร
TPXIZ Input Instr Float After PSEN TCLCL-20 กร
TPXAV PSEN to Address Valid TCLCL-8 กร
TAW Address to Valid Instr เท 5TCLCL- 220 กร

TPLAZ PSEN Low to Address Float 0 กร
See next page for External Data Memory Characteristics.
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80C 51-L/80C 31-L

EXTERNAL DATA MEMORY CHARACTERISTICS

Symbol Parameter Min Max . Vi• .น , «rtM tS-รัTRLRH RD Pulse Width 6TCLCL-100 . Z ; ns -Atr
TWLWH WR Pulse Width 670 .0 .-100 ns-* .TLLAX Data Address Hold After ALE TCLCL-35 กร'"*■ 'TRLDV RD to Valid Data :n 5 1 0 0 - 1 6 5 กร ••
TRHDX Data Hold After RD 0 กร
TRHDZ Data Float After RD ZTCLCL-70 กร
TLLDV ALE to Valid Data in 8TCLCL-150 ns
TAVDV Address to Valid Data เก 9TCLCL-165 กร
TLLWL ALE to WR or RD 37CLO- 50 3TCLCL-I- 50 กร
7AVWL Address to WR cr RD ATCLO-13C กร

7QVWX Data '/alio to WR 'ansitidn TCwC.-cC กร
TGVWH Data Setuo to WR Hign 7TCLO-150 ! กร
TWHQX Data Hold After WR TCLCL-50 I กร
TRLAZ RD Low tc Address Float ________________!_______ 2_______ กร

TWHLH RD orWR High tc ALE Hign TCLO-40 7 0 0 - 4 0 กร
MAXIMUM Ic e  (m A)

Operating (Noie 3)_____________________ idle (Note 4)
Freg.V cc 2.7V 5V 6V 2.7V 5V 6V

1 MHz 0.8 mA 1.5 mA 1.3 mA •iOC uA 600 jA 1 mA
6 MHz A mA 8 mA 1C mA 1.2 mA 3.5 mA 3.8 mA

Note 2:
Power Down IQC IS measured will all output ะ:’กร disconnected: E.A =  Pcrt 0 =VcC XTA;_2 N .c. PS”= 
V ss 
N ote 3:
IQC is measured with all output pins disconnected: X7AL1 driven with TCLCH,TCHCL=5 ns. VIL=Vss -  0.5V: ViH VQC-0.5V: XTAL2 N.c. EA=ES7=?cnT = 
VCC- ICC would be slightly higner if a crystal cscillaicr used.

Note 4:
Idle ICC 'ร measured with all output oins disconnected; XTAui driven 7CLCH,TCHCL=5 ns.yiL 
= Vss-0.5V:V|H =vcc-0.5V:X7AL2 N.C;Port0 =  Vcc: EA=RS7=Vss.

EXPLANATION OP THE AC SYMBOLS EXAMPLE:

Each timing symbol has 5 character The ''■ 'รไ ~AVL_=Tme fer Acoress Valid to ALE low.onaracter IS aiways a 'T' rstanos lor tirrei. The c’.ner 7LL?L=Time for ALE icw  to PSEN low
characters, depending on their positions stand ferthename of a signal or the logical status ว! that signal
The following is a list all the characters and wnat theystand for.

A: Address.
S iS putoata .H: Logic level HIGH.I: Instruction (program memory contents' 
L. Logic level LOW. or ALE. p PSEN

O: Output data.
R: R E A D  s ig n a l .

พ  ' 'W R IT E  s .g n a l
X . N o  lo n g e r  a  v a l ia  lo g ic  le v e l .
2 :  F lo a t .

§2
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. 80C51-L/80C31-L.

AC TIM ING DIAGRAMS

AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS

AC inputs during testing are driven at V c c - 0.5 for a logic *1" and 0.45V for a logic'O'.Timing measurements are made atVIH min for a logic *1 ■ and VIL max for a logic 0° For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs and begins to float when a 100 mV change from the loaded VOHA/OL tevel occurs. loi/loH 2  ±  20 Ma.

iafcài
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SERIAL PORT TIM IN G  - SHIFT REGISTER MODE . . ร
A.C . CHARACTERISTICS: „
(Ta = 0°C to70°C ;V ss=O /:V cC  =  2.7Vto 6V; Load Capacitance= 8 0  pF)

S ym bol Param eter M in Max U nits
TXLXL Serial Port Clock Cycle Time 12TCLCL MSTQVXH Output Data Setup to Clock 

Rising Edge 10TCLCL-133 ns
TXHQX Output Data Hold After Clock 

Rising Edge 2TCLCL-117 ns
TXHDX Input Data Hold After Clock Rising Edge 0 ns
TXHDV Clock Rising Edge to Input Data Valid 10TUCI-133 กร

SHIFT REGISTER TIMING WAYEFORMS

ÜNHS
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CLOCK WAVEFORMS

This diagram indicates when signals are clocked internally.The time it takes the signals to propagate to the pins however. ranges from 25 to 125 ns.This propagation delay IS dependent on variables sucn as temperature and pin 
loading. Propagation also varies from output to output and component.Typically though (Ta = 25°C fully loaded) RD and WR propagation delays are approximately oO ns.The other signals are typically 85 ns. Propagation delays 
are incorporated in the AC specifications.

■ M i
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Table 1. MCS°-51 Instruction Set Descrip tio n •' ■ร่"

ARITHMETIC OPERATIONS

MnemonicADD ARnADD AairedADO A@RiADD AJdataADDC ARnADDC Adirée:ADDC A,@Ri
ADDC AJdataSUBB ARnSUBB AdirectSUBB A.®Ri
SUBB A#dataNC A
:.c Rn
NC directNC ■ SRi
NC DPTRวEC A
CEO Rn
: ec direct
SEC @R|
MUL ABร:'/ ABA
LOGICAL OPERATIONS

Mnemonic
ANL A.Rn
ANL AdirectANL A.@Ri
ANL AAdata
ANL direcLA
ANL dired,#dataORL A.Rn
CRL Adirect
ORL Â @Ri

; CRL AAaata
CRL aired ACRL diredjdataXRL A.Rn

; XRL Adired
1 XRL A.@Ri
i XRL A#data

XRL dired.A
XRL direajeata
CLR A
CPL A
RL A
RLC ARR ARRC Aj SWAP A

Description
Add register to Accumulator Add direct byte to Accumulator Add indirect RAM to Accumulator 
Add immediate data to Accumulator Add register to Accumulator with Carry 
Add direct byte to A with Carry flag Add indirect RAM to A with Carry flag 
Add immediate data to A with Carry flag Subtract register from A with Borrow 
Subtract direct byte from A with Borrow Subtract indirect RAM from A with Borrow 
Subtract immed. data from A with Borrow Increment Accumulator 
Increment register Increment direct byte 
Incriment indirect RAM Incriment Data Pointer 
Decrement Accumulator Decrement register
Decrement indirect RAM 
Multiply A&B Divide A by BDecimal Adjust Accumulator

AND register to Accumulator 
AND direct byte to Accumulator AND indirect RAM to Accumulator 
AND immediate data to Accumulator AND Accumulator to direct byte AND immediate data to direct byte OR register to Accumulator 
OR direct byte to Accumulator OR indirect RAM to Accumulator OR immediate data to Accumulator OR Accumulator to direct byte OR immediate data to direct byte Exdusive-OR register to Accumulator • Exclusive-OR direct byte to Accumulator Exclusive-OR indirect RAM to A Exclusive-OR immediate data to A 
Exclusive-OR Accumulator to cirec; byte Exclusive-OR immediate data to direct Clear Accumulator Complement Accumulator Rotate Accumulator Left Rotate A Left through the Carry flag Rotate Accumulator Right Rotate A Right through Carry flag Swap mboles within the Accumulator

• I .HUAfcr I

B yte Cyc
1 1' 2 1
1 12 1
1 12 1
1 12 - 1
1 12 11 12 11 1
1 12 1
1 11 21 1
1 1
2 1
1 1
1 4
1 4
1 1

Byte Cyc
1 1
2 11 1
2 1
2 1
3 21 1
2 i
1 1
2 1
2 1
3 2
1 1
2 1
1 1
22 1
3 2
1 1
1 1
1 1
1 1
1 1
ใ 1
1 1



80C 51-L /80C 31-L  

Table 1. (C o n t)

DATATRANSFER
M nem onic D escription B yte Cyc
MOV A,Rn Move register to Accumulator 1 1MOV A, direct Move direct byte to Accumulator 2 1
MOV A,@R| Move indirect RAM to Accumulator 1 1
MOV A,#data Move immediate data to Accumulator 2 1MOV RnA Move Accumulator to register 1 1MOV Rn'direct Move direct byte to register 2 2MOV Rn,#data Move immediate data to register 2 1MOV direct .A Move Accumulator to direct byte 2 1
MOV directRn Move register to direct byte 2 2MOV directdirect Move direct byte to direct 3 2MOV direct.@Ri Move indirect RAM to direct byte 2 2MOV direetjdata Move immediate data to direct byte 3 2MOV @Ri,A Move Accumulator to indirect RAM 1 1
MOV ©Redirect Move direct byte to indirect RAM 2 2MOV @Ri,#data Move immediate data to indirect RAM 2 1MOV DPTR#data 16 Load Data Pointer with a 16-bit constant 3 2Move A,@A-DPTR Move Code byte relative to DPTR to A 1 2Move A,@A-t-PC Move Code byte relative to PC to A 1 2MOVX A,@Ri Move External RAM (8-bit add') to A 1 2
MOVX A,@DPTR Move External RAM (16-bit addr) to A 1 2MOVX ©RLA Move A to External RAM (8-bit addr) 1 2MOVX ©DPTRA Move A to External RAM (16-bit addr) 1 2PUSH direct Push direct byte onto stack 2 2POP direct. Pop direct byte form stack 2 2XCH ARn Exchange register with Accumulator 1 1XCH Adirect Exchange direct byte with Accumulator 2 1XCH A@R| Exchange indirect RAM with A 1 1XCHD A@Ri Exchange low-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION
M nemonic D escription Byte Cyc
CLR c Clear Carry fiag 1 1
CLR bit Clear direct bit 2 1
SETB c Set Carry flag 1 1
SETB bit Set direct Bit 2 1
CPL c Complement Carry flag 1 1
CPL bit Complement direct bit 2 1ANL Obit AND direct bit to Carry flag 2 2ANL C.1 bit AND complement of direct bit to Carry 2 2ORL c/bit OR direct bit to Carry flag 2 2ORL C,1 bit OR complement of ciirect DU to Carry 2 2MOV C/bit Move direct bit to Carry flag 2 1MOV bit.c Move Carry flag to direct on 2 2
PROGRAM AND MACHINE CONTROL
M nemonic D escription B yte Cyc
ACALL addr 11 Absolute Subroutine Call 2 2LCALL addr16 Long Subroutine Call 3 2RET Return from subroutine 1 2RETI Return from interrupt 1 2AJMP addr 11 Absolute Jump 2 2UMP addr 16 Long Jump 3 2
SJMP rel Short Jump (relative addr) 2 2
JMP ©A+DPTR Jump indirect relative to the DPTR 1 2
JZ rel Jump if Accumulator is Zero 2 2
JNZ rel Jump if Accumulator is Not Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if No Carry flag 2 2
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Table 1. (C o n t)

PROGRAM AND MACHINE CONTROL (c o n t)
Mnemonic Description B yte C yc ‘JB bit.rel Jump if dired Bit set 3 2JNB bitrel Jump if dired Bit Not set 3 2JBC bit.rel Jump if dired Bit is set & Clear bit 3 2CJNE A,dired,rel Compare dired to A & Jump if Not Equal 3 2aN E A#data.rel Comp, immed. to A & Jump if Not Equal 3 2CJNE Rn,#data,rel Comp, immed. to reg & Jump if Not Equal 3 2cJNE @Ri,#data. rel Comp, immed. to ind.&Jump if Not Equal 3 2DJNZ Rn.rel Decrement registers.Jump if Not Zero 2 2DJNZ dired. rel Deaement dired S.Jump if Not Zero 3 2NOP No operation 1 1

Notes on data addressing m odes:

:.ก -  Working registef R0-R7
sired -  128 internal RAM locations, any I/o port, control or status register
SRi -  Indired internal RAM location addressed by register RO or R1«data -  8-bit constant induded in instrudion=aata 16 -  16-bit constant induded as bytes 2 & 3 of instrudion
bit -  128 software flags, any I/o pin. control or status bit
Notes on program  addressing m odes:

sddr 16 -  Destination aadress foi LCALLS. LJMP may ce anywnere within the 64-k program memoryacaress scace-car 11 - Dest naticn  a a d r e s s  for ACALL&AJMP will c e  within th e  s a m e  2-k p a g e  of p ro g ram
m em ory a s  th e  first Dyte of th e  following in stru d io n'SI -  SJMP and all conditional jumps include an 3-bit offset byte. Range is +127-128 bytesrelative to first byte of the following instruction.

All mnemonics copyrighted * Intel Corporation 1979

Btts
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Table 2. Ins truc tion  O pcodes ๒ Hexadecim al O rder

_______________ 80C51-L/80C31-L_______________

Code ๙ 1E5ytes Mr'e fn o fl*c  O perands

00 1 NOP01 2 AJMP code eadr02 3 UMP coae addr03 1 RR A04 1 INC A05 2 INC data addr06 1 INC @R007 1 INC ®R108 ใ INC RD09 1 INC R10A 1 INC R20B 1 INC R3oc 1 INC FI4
0D 1 INC R5Oc 1 INC R6OF 1 INC R7
10 3 JBC ช!; addr,code addr11 2 ACALL code addr12 3 LCALL code addr13 1 RRC A14 1 DEC A15 2 DEC data addr16 1 D ie @R017 1 DEC @R118 1 DEC RO19 1 DEC R1
1A 1 DEC R2IB 1 DEC R31C ไ DEC Rzl
1D ๅ DEC P.5 j1E i DEC Re1F 1 DEC R7
20 3 JB bit addr,code addr21 2 AJMP code addr22 1 RET23 1 RL A24 2 ADD A.data25 2 ADD A^data addr26 1 ADD A @R027 1 ADD A.@R128 1 ADD A.RO29 1 ADD A.R12A 1 ADD A.R22B 1 ADD A.R32C 1 ADD A.R42D 1 ADD A.R52E 1 ADD A,R62F 1 ADD a!r730 3 JNB bit addr.code addr31 2 ACALL code addr32 1 RETI

£ d e  ofEtytes Mr>efTloflic Operands
33 1 RLC A
34 2 ADDC A.* data
35 2 ADDC A.oata addr
36 1 ADDC A.@R0
37 1 ADDC A@R1
38 1 ADDC ARO
39 1 ADDC Afl13A 1 ADDC A.R23B ADDC A.R3
3C 1 ADDC A.R4
3D 1 ADDC A. P.5
3E 1 ADDC A.R63F 1 ADDC A.R7
40 2 JC code addr41 2 AJMP code addr
42 2 ORL data addr.A43 3 ORL oaia adar.#data44 2 ORL A.#oata45 2 ORL A,data add1.46 1 ORL A,@R047 1 ORL A,@R1
48 1 ORL A.RO49 1 ORL A.R1
4A 1 ORL A.R24B 1 ORL A.R3
4C 1 ORL A.R4
4D 1 ORL A.R54E 1 ORL A.R64F ORL50 JNIC cooe add'Dl 0 ACALL code addr52 2 ANL oaia aocr.A
53 3 ANL data adcr.*data '54 2 ANL A.#data
55 2 ANL ■ A.data addr56 1 ANL A.@R057 1 ANL A,@R158 1 ANL A.RO
59 1 ANL A.Rl5A 1 ANL A.R25B ใ ANL A.R2
5C 1 ANL A.R4
5D ใ ANL A.P.5
5E 1 ANL A.R55F 1 ANL A,R760 2 JZ code addr61 2 AJMP cooe addr
62 2 XRL data addr A63 3 XRL data addr,#data64 2 XRL v A.#data65 2 XRL A.data addr

UNHS



121

80C51-L/ 80C31-L,

Hex Num ber 
C ode o f Bytes M nem onic Operands

66 1 XRL A.@R067 1 XRL A.@R15Ô 1 XRL A RO69 1 XRL A.R16A 1 XRL A.R26B 1 XRL a!R36C 1 XRL A,R46D 1 XRL A,R5oE 1 XRL A,R66F 1 XRL A.R770 2 JNZ code addr71 2 ACALL code addr72 2 ORL c  bit addr
73 T JMP 8A-CPTPM 7 MOV A.#data75 3 MOV data addr,#data75 2 MOV @R0.#data77 2 MOV @R1,#data73 2 MOV R0.#data79 2 MOV R1.#data7A 2 MOV R2.#data7B ทุ MOV R3 #data7C 2 MOV R4.#dataทุ MOV R5.#dai£TE o4 MOV R6.#datac ทุ MOV R7.#cata30 2 SJMP code aodr81 2 AJMP code addr82 2 ANL Obit addr83 1 Move A,@A+PC84 1 DIV AB85 3 MOV data addr.data addr86 2 MOV data aadr.'SRO87 2 MOV data addr,@R188 2 MOV data addcRO39 2 MOV data addr.Rl3A 2 MOV data addr,R28B 2 MOV data addr.R35C 2 MOV data addr R4
8D 2 MOV data addrR58E 2 MOV data addrR68F 2 MOV data addr.R730 3 MOV DPTR#data91 2 ACALL code addr92 2 MOV . bit addr,c93 1 Move A.®A-DPTR94 2 รบBB AJaata95 2 SUBB A.data addr96 1 SUBB A,@R097 1 SUBB A,@R1
98 1 SUBB A,R0

๙ 'B ^ Mne๓^ ๐
99 1 SUBB A.R19A 1 SUBB A.R29B i SUBB Afl39C 1 SUBB A.R49D 1 SUBB A.R59E 1 SUBB A.R69F 1 SUBB A.R7AO 2 ORL Cbit addrI A1 2 AJMP code addrA2 2 MOV Obit addr1 A3 1 !NC DPTRA4 1 MUL ABA5 2 reservesMOV SRO.data adcr
A7 2 MOV SRI.data addr
Ad 2 MOV RO.data addrA9 2 MOV Rl.data addrAA 2 MOV R2.data addrAB 2 MOV R3.data addrAC 2 MOV R4.data addrAD 2 MOV R5.data addrAE 2 MOV R6.data addrA F ทุ MOV RZcata addr50 ทุ ANL Obit addr31 -1 4CAL- code aedr
52 4 CrL Dit addrS3 1 CPL cB4 3 CJNE A,#data.coce addrB5 3 CJNE A oata aaor.cooe addr86 3 CJNE @RO,#data,code addrB7 3 CJNE @R1.#data.code addr88 3 CJNE ROJdata.code addr89 3 CJNE R1,#data.code addrBA 3 CJNE R2.#data.code addrBB 3 CJNE R3,#data.code addrBC 3 CJNE R4.#data,code addrBD 3 CJNE R5.#data code addrBE 3 CJNE R6,#data,code addrBF 3 CJNE R7,#data,cooe aedrCO 2 PUSH data addrCl 2 AJMP code addrC2 2 CLR bit addrC3 1 CLR cC4 1 SWAP AC5 2 XCH A.data adcrCo 1 XCH A @R0
C7 1 XCH A,@R1C8 1 XCH a!roC9 1 XCH A.R1CA 1 XCH A.R2CB 1 XCH A.R3
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Table 2. (Cont.)

Hex Num ber 
Code o f Bytes M nem onic Operands

c c 1 XCH A.R4
CD 1 XCH A.R5
CE 1 XCH A,R6
CF 1 XCH A.R7
DO 2 POP data addr
D1 2 ACALL code addrD2 2 SETB bit addrD3 1 SETB CD4 1 DA AD5 3 ณ NZ data addr.code addrD6 า XCHD A,@R0D7 1 XCHD A,@R1D8 2 DJNZ RO.code addr
D9 2 DJNZ RLcode addrDA 2 DJNZ R2,code addr
DB 2 DJNZ R3^code addrDC 2 DJNZ R4,code addrDD 2 ณ NZ R5,code addrDE 2 DJNZ R6,code addrDr 2 DJNZ R7,code addrEO 1 MOVX A.ODPTR
E1 2 AJMP code addr
E2 1 MOVX A,@RO
E3 1 MOVX A,@R1E4 1 CLR A
E5 2 MOV A.data addr

Hex Num ber 
Code ๙  Bytes M nem onic O perands

E6 1 MOV A,@R0E7 1 MOV a!@R1
E8 1 MOV A.R0
E9 1 MOV A.R1
EA 1 MOV A.R2
EB 1 MOV A.R3
EC 1 MOV A,R4
ED 1 MOV A.R5
EE 1 MOV a!R6
EF 1 MOV A.R7
FO 1 MOVX ©OPTRA'
F1 2 ACALL code addr
F2 1 MOVX @R0,A
F3 1 MOVX @R1,AF4 1 CPL A
F5 2 MOV data addr,A
F6 1 MOV @R0,A
F7 1 MOV @ri\aF8 1 MOV RO.A
F9 1 MOV R1.AFA 1 MOV R2>FB 1 MOV R3.A
FC 1 MOV R4,A
FD 1 MOV R5,A
FE 1 MOV R6!aFF 1 MOV R7.A

R
p
ร
D

I J

T  TTemperature Range blank: Commercial I: Industrial Package Type 
P: Plastic
ธ: PLCC 
อ: Cerdip R: LCC

J: J leaded LCC

80C31
80C51

Part Number 80C51 Rom 4Kx 8 80C31 External Rom

X X X

Customer Rom Code 
(80C51 only)

LILow Power 
Supply Version

B Ü
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