dninMEEYANAIN  NITIBUNMANTZIN

Ve : 4 - ; o
msgudyanunuuminaueimedszgndlinussumnsdiolauasaugy

Uniformly Sampled Signal with Applications to Instruments and Controls

56

LT

s -~y
HIWITANA  WIYIRIBITY
MR. JIRASAK CHANWUTITUM

<V
MW
-
MI00AUBN YDy,

=i

!

"3mnﬁ'wuﬁfftfludwnffwmmsﬁnmmum‘iﬂqmﬂ?mmﬁmﬂssumﬁmumﬁmcﬁw
awndmnssuvdh
vaiaIngas
aoniumaluTatnsseeundudigaunmismanszaiy
WA 2538
ISBN 974-621-300-8

a o ar oA [y o/ 4
dvansveaiudiningds aonfuma TuTadwszeoumndudrgunmsmanseiia

'
Quvy

mmnguﬁw.....g%%h?.%%a

o 4 <
‘)u, lﬂau, 1]-'DO‘.--....O'..‘I..O.I.D




Uniformly Sampled Signal with Applications to Instruments and Controls

JIRASAK CHANWUTITUM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
GRADUATE SCHOOL
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
1995
ISBN 974-621-300-8



& Y o oY é 1 @ : o 4 ’q 9 o
WaveINNHNUS myqudgasuumiaueielssgnalanuszuy
4 as
inFesiioJauaznIugu
—~ o QJ =y
GET UIWIITANA PIYAITTIY

pitdaugdineniinug  sA.As.NeUTY ATV

LAUMIANY SransTusnaasunTudia aniaanss Wi
AN SranssuInsauuinn aontiumaluladnszesund
hnemmsannssils

.. 2538
UNARLD

[} [] y
anudvesdyanandsimalszuanauyuAtasassLegiusAsIMg
y e = 9 a4t v 9 * 3 o ar -y o
dqudggne  TasUndssdesianhidoonin 2 nhvesnudvesdygunaeImMIIn
4 o 9 A < o = = <
pamlsznoundnvessanmeguisanui lumsulasdygiuvediodiond  Inn
oy ¢ o d” 9 o aw o o’ o A o 1 [ Yo ~ o ol
Snusatiuil 1dmssufuifumanamsmusanmsguidygalinuledieyd N
=) 4 o as o . 4 4 = =) d o o
fanudiin  Taue Wumanms Time-Interleaving A0 1% 16@1oYAAMTIAIIUIUNN
At 1 @ devuuiy  nasiinesaruguimhiidmusmunan lumsqudygeud
[ 4
o v [ ar ° i1
safalisiawin iy Uniformly Sampled Signal annsonitlifyssyndlda
1 Data Acquisition Unit v8aszULIAToIBYAUAzAILAL  eudaanuansoly

o ar H 3
msTadyyulitanudgaiu



Thesis Title Uniformly Sampled Signal with Applications to Instruments and Controls

Student Mr. Jirasak Chanwutitum

Thesis Advisor Assoc.Prof.Dr. Kobchai Dejhan

Level of Study Master of Engineering

Department Telecommunication Engineering King Mongkut's Institute of
Technology Ladkrabang

Year 1995

Abstract

The desired frequency of the digital signal processing system depends
upon the sampling rate, in normal situation of double of signal frequency has to be
considered. The needs is the sampling rate speed of A/D is high or its conversion
time.- This thesis concerns with the technical concept of the low speed A/D by
increasing rate based on the principle of time-interleaving. A/D have to be in parallel
connection and must be controlled by the timming control circuit. ~ Then, it will result
the constant and equal sampling rate to be uniformly sampled signal. In addition, the
data acquisition unit of the instrumentation and control system will be improved in the
case of speed by using this technique,  many applications of the high speed and high

frequency of signal processing unit can be implemented.
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CS1  EQU  1FOOH
ST_RAM EQU 80H

ORG  0000H
LIMP  START

ORG  0003H
LIMP  0300H

ORG  0100H
START: MOV  TMOD,#20H

MOV  SCON,#50H

MOV  THI1#0FDH

MOV  R6#00H

SETB TRI1

SETB IE.0

SETB IE.7

MOV  DPTR,#CS1

MOVX @DPIR,A

CINE R6,#20H,$

CLR IE7
MOV  R6,#00H
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MOV
LOOP: MOV

MOVX

MOV

CLR
INC
CINE
AIMP

ORG
CLR
MOV
MOVX
MOV
MOV
MOVX
INC
MOV
MOVX
LCALL
SETB
RETI

DELAY: MOV

DINZ

RET

END

DPH #ST_RAM
DPL,R6
A@DPTR
SBUF,A

TLS

TI

R6
R6,#20H,LOOP
$

0300H ;INTO
IE7

DPTR #CS1

A @DPTR
DPH#ST_RAM
DPL,R6
@DPTR,A

R6

DPTR #CS1
@DPTR,A
DELAY

IE.7

R1,#08h ;DELAY TIME

RLS
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WAIT for

INTO or INT1 READ DATA A/D 2

CHECK
NUMBER of DATA

NO

READ DATA A/D 1

YES

CHECK
NUMBER of DATA

NO

SENT ALL DATA
to PC

(= D)
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mniu TlsunsumyueausyuavesIndmimgun 5.9 idail

Cs1 EQU 1FO00H
CSs2 EQU 3F00H
ST_RAM EQU 80H

ORG  0000H
LIMP  START
ORG  0003H
LIMP  0300H
ORG  0013H
LIMP  0400H
ORG  0100H
START: MOV  TMOD,#20H

MOV  SCON,#50H
MOV  TH1#0FDH
MOV  Ré6,#00H
SETB TR1

SETB IE.0

SETB IE.2

SETB IE7
LCALL FIRST
CINE RG6,#40H,$

CLR 1IE.7



LOOP:

FIRST:

MOV
MoV
MOV

MOVX
MOV

CLR
INC

AIMP

ORG
CLR
MOV
MOVX
MOV
MOV
MOVX
INC
MOV
MOVX
SETB
RETI

ORG
CLR
MOV
MOVX

MoV

MOV

MOVX

INC

R6,#00H
DPH#ST_RAM
DPL,R6

A@DPTR
SBUF,A

TL$

TI

R6
R6,#40H,LOOP
$

0300h ;INTO
IE.7
DPTR#CS1
A.@DPTR

DPH #ST_RAM
DPL,R6
@DPTR A

R6

DPTR #CS1
@DPTR,A

IE.7

0400H ;INT1
IE.7

DPTR#CS2
A@DPTR

DPH#ST_RAM
DPL,R6

@DPTR,A

R6
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SETB 1IE.7
RETI

END

findosiFeeinms@ouTlsunsuitesudoyasinlulnsneu Insamesidein
manesneynsy Rs-232¢  Taoidenl1¥T1lsunsy Microsoft QuickBASIC Yimsthy
Foyait Iéi a3 luufludoyade “datadat” Joyafiduiuszhudnyazvosndn
Wd 3o asc e Taefidudhessduuseuvosdygpadunn  fTksunsuiildly

od ¥ A o d’
MINUVYDYAUAIU

OPEN “data.dat" FOR OUTPUT AS #1
‘OPEN "coml1:9600,n,8,1" FOR INPUT AS #2

" FOR i=1 to 256

in$ =INPUT$(1, #2)
volt = ASC(in$)

volt = (5/256)*volt
PRINT #1, volt

CLOSE #1
CLOSE #2

. end
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Uniformly Sampled Signal
YY) -3 ¥ d
6.1 mInaasyindyanadurmalylulasneulnsaaes

t 4 v
minaassluinsiinusatiuil 1dinsnaassiadyaasunminiludyana
¢ 0 o o o o o -’: b= y A o o~

aed MIANNAANG M Tanihmsdadygania 2 uuvae wuuldenamenune)
Y o o. da e H9Y A o A 9
uaznuuldienhaesdd ninesmugumsqudyoa luwunlendifiossdu@ios 14
mmsasavasumshiuvesend Taoldlilsunsumugli 58 uaztadyanandy
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91093 Ui 5.6 MmenaasuuyldionAduiuaedainiuyy Uniformly
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Tha sequanca: Fi1K
@.0000 Foconne convnnne cedreeneforacacns caeadin wonen seeeeed seeeenns seeennes Bacsnees ceemeees cdeofer ceeecens cendeld
3.0000: .- ;....
i :
= R.0000 =
Cnrt -
4.0000 ;. :
0.0000 ;-
o k-] 10 i3 20 as 30
Sarwle Index

i 63 dypamnnianud 1kHz #1dnnnsdulasldieyfnune

uaauilutuY Continuous

0 0.097656 8 4.746094 16 1.054688 24 2.675781
1 0.410156 9 4.863281 17 0.507813 25 3.437500
2 0.898438 10 4.785156 18 0.195313 26 4.101563
3 1.562500 11 4.472656 19 0.097656 27 4.589844
4 2.324219 12 3.925781 20 0.234375 28 4.863281
5 3.066406 13 3.261719 21 0.625000 29 4.882813
6 3.789063 14 2.500000 22 1.250000 30 4.687500
7 4.375000 15 1.738281 23 1.914063 31 4.238281

o

mIni 6.1 Mmdygnuiiialdnngli 62

o =1 v A o o ' v * 1 3 c’: '
wdungiududisldionAdou 2 @ Frdnszninmsdudygiaudazasaesiia
3 E 4

Indifisaiiudie 25 ps i ltlddanmsqudygnadauiuanudiy 40000 Samples/sec
A & e Ao a t a 2 Yo e

nioaunso adygrandanudgegaliifu 20kHz  Fwaa liituneesauguay
nadmiumssudunlasdygimveusyadifiasninnu ldgndesaundnmsi’ld

: [ . A [ o . o

nanliluunit 4 anTdsunsugilit 5.9 Fuifulisunsuildmaasnims dudaya

$9u 64 1 1AdyauagIli 6.5

49
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51 6.4 dynIau Chip select 484 ADI 1az AD2
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U 6.5 dygnaaneinimd 1 kHz R ldnnmsgulaelseydasdi

u'dmtﬂuunu Discrete
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uﬂmxﬂuuuu Continuous

6.6 dyauaeinnud 1 kiz i ldninmsqulaslfionAaed

0 3.359375 16 2.890625 32 0.859375 48 4.804688
1 3.750000 17 2.500000 33 1.132813 49 4.628906
2 4.023438 18 2.128906 34 1.523438 50 4.492188
3 4.257813 19 1.738281 35 1.816406 51 4.179688
4 4.531250 20 1.367188 36 2.265625 52 3.945313
5 4.687500 21 1.015625 37 2617188 53 3.593750
6 4.843750 22 0.781250 38 3.027344 54 3.281250
7 4.843750 23 0.507813 39 3.359375 55 2.851563
8 4.882813 24 0.332031 40 3.750000 56 2.519531
9 4.765625 25 0.156250 41 4.023438 57 2.070313
10 4.687500 26 0.117188 42 4.316406 58 1.738281
11 4.453125 27 0.039063 43 4.492188 59 1.328125
12 4.238281 28 0.117188 44 4.726563 60 1.035156
13 3.906250 29 0.195313 45 4.785156 61 0.742188
14 3.632813 30 0.390625 46 4.882813 62 0.507813
15 3.261719 31 0.546875 47 4.843750 63 0.273438

AN 6.2

A s
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n‘i‘atﬂ?&mﬁuuf?ﬂgnpmﬁ‘lﬂ”mné'nﬂmﬂiu 20000 Samplesfsec (AT 40000
Samples/sec MU 62 uaz 6.5 Mud Ay sewudyeni idmiloudy uanisas
nquage pdganad e linuavdemnnnddanmsguand  iedums
ATINAOUMTINUYEIMS 1H1eyAUUY Time-Interleaving 0 ugndse dimsld
lodioyd AD90s fifiarnud lumsurasdyae 6 ps deuluTnsneniuass i
BATIMIFUININY 40000 Samples/sec c?cﬁﬂ'nvhﬁ'mzﬁnﬂam"v"ih’f"lu?nmﬁwuﬁuﬁuif
Iadyonaanninnud 1kHz $1uau 64 i 18egLlii 6.7 S Idnnnsdudyano

¥ .
M 64 a1 uaadlunsan 6.3

U 6.7 dygnaaned 1ktiz HienAdaiReInlionsIgu 40000 Samples/sec

0 3.417969 16 2.968750 32 0.839844 48 4.882813
1 3.769531 17 2.597656 33 1.132813 49 4.746094
2 4.101563 18 2.226563 34 1464844 50 4.570313
3 4.375000 19 1.816406 35 1.835938 51 4.335938
4 4.589844 20 1.445313 36 2.226563 52 4.082031
5 4.765625 21 1.132813 37 2.617188 53 3.750000
6 4.882813 22 0.820313 38 2.988281 54 3.398438
7 4.902344 23 0.566406 39 3.398438 55 3.027344
8 4.921875 24 0.371094 40 3.691406 56 2.656250
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9 4.863281 25 0.214844 41 4.023438 57 2.265625
10 4.726563 26 0.117188 42 4.316406 58 1.894531
11 4.550781 27 0.097656 43 4.550781 59 1.503906
12 4.316406 28 0.117188 44 4.746094 60 1.171875
13 4.003906 29 A 0.234375 45 4.863281 61 0.859375
14 3.691406 30 0.37109%4 46 4.902344 62 0.605469
15 3.359375 31 0.585938 47 4.921875 63 0.390625
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veyaleFieya AD7574

[PMD

precision Monolithies Inc. | |

FEATURES

o 8-Bit Resolution and Accuracy

o No Missing Codes Over Full Temperature Range
¢ 15us8 Conversion Time

o Flexibole uP Interface

¢ 5mA Maximum Standby Current

o Low Cost

¢ Pin and Function Compatible With AD7574

¢ Avalilable In Dis Form

ORDERING INFORMATION '

PM-7574

CMOS MICROPROCESSOR -COMPATIBLE
8-BIT A/D CONVERTER

select (CS) and read/write (RD) inputs are used to control all
operations. This simplicity permits the PM-7574 to be used as a
memory-mapped input device. Depending on the control
timing waveforms, the PM-7574 is interfaced like static RAM,
ROM, or slow memory.

The low power consumption of the PM-7574 is derived from a
single +5V supply. A negative reference voltage must also be
supplied. Optimum accuracy is achieved when the reference is
at ~10.00V with low output resistance. For a low-cost precision
~10V/—10.24V reference, ask your PM! sales representative
about the REF-08.

PACKAGE: 18-PIN DIP AND SO With its.on-board comparator, interface logic, optional internal
MILITARY lsﬁ#gﬂ!L coubonesd clock, and +8V operation, the PM-7574 is the ideal low-cost
l . . . i
N DNL TEMPERATURE  TEMPERATURE _TEMPERATURE solution for microprocessor-based 8-bit A/D systems.
(LSB)  (LSB) -65°Ct0+125°C —40°C10+85°C  0°Ctlo«70°C For new designs, PMI's ADC-908 is pin-and-function com-
e s PMTST4AX PM7ST4EX PMISTAGP patible vylth the PM-7574, byt offers fgstgr conversion time and
2 +778 PM7574BX PM7S74EX = faster microprocessor bus interface timing.
134 1718 - PM7574FP %
134 278 5 PM7574FS 5 PIN CONNECTIONS
* Fordevioes processed in wotal compliance to MIL-STD-883, add /883 afier part
number. Consult factory for 883 data sheet.
t Bum-inls available on ial and Ind | tamp range pans in
CerDIP, plastic DIP, and TO-can packages. For ordering Information, see Yoolif e L
PMr's Data Book, Section 2. Vrar [ 2] AN 18-PIN CERDIP
Sors (1] [1¢] a (X-Suffix)
GENERAL DESCRIPTION A (2] :‘J ; 18-PIN PLASTIC DIP
[0 14
The PM-7574 is a monolithic CMOS successive-approximation wm : ol D:: \ - (P-Suffix)
analog-to-digital converter. When used with a 560kHz clock, a o0 7] o 18-PIN SOL
conversion time of 153 is achieved, with full accuracy over the oes 3] %) D82 (S-Sutfix)
operating temperature range. o84 7] ~] o83
The PM-7574 outputs use 3-state logic, allowing direct connec-
tion to the data bus or system input port. Active-LOW chip
FUNCTIONAL DIAGRAM
. Voo CLK
i
A W INTERFACE AND o
come SAR CONTROL LOGIC O RD
Bors O AAA + o T
DAC
A
Ver O THREE-STATE > DATA OUT
AGND O— BUFFERS Y DBO—087
v I .
D(}ND
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PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS (T, =+25°C, unless

otherwise noted.)
V. to AGND

DD
to DGND

VDD
AGND to DGND

CS., RD 1o DGND
D8, - DB, to DGND

CLK, BUSY to DGND

BOFS' AlN

REF
Operating Temperature Range

PM-7574AX, BX ...

PM-7574EX, FX, FP, FS....

PM-7574GP

Storage Temperature —65°C 1o +150°C
Lead Temperature (Soidering, 10 S€C) ..cceeueerereceucnn... +300°C
oV, +7.0V
' . PACKAGE TYPE @ , (Note 2, o,
0V, +7.0V 1a (Not© 2) i UNITS
—0.3V, VDD 18-Pin Hermetic DIP (X) 79 11 T
—0.3V, Vpq + 0.3V 18-Pin Plastic DIP (P) 70 30 oW
-0.3V, Vg, 16-Pin SOL (S) 68 25 Y
-0.3V,V,,  NomEs: _ .
+20V 1. Digital pins are zener protected. However, proper ESD handling precautions
are recommended.
oV, 20V 2. @, is specified for worst case mounting conditions, i.e., 8, is specified for
device in socket for CerDIP and P-DIP packages; eI 15 spedified for device
—55°C to +125°C soldered 1o printed circuit board for SOL package.
—40°Cto +85°C
0°Cto +70°C

ELECTRICAL CHARACTERISTICS at V, = +5V, V. = ~10V, Unipolar Configuration, Re ¢ = 150k, Cg\ o = 100pF;
—40°C< T, < +85°Cfor PM-7574E/F,0°C < T, < +70°Cfor PM-/574G, -55°C < T, s+125°C for PM-7574A/B, unless otherwise noted,

RD, TS inputs

PM-7574
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ACCURACY
Resofution N 8 - - Bits
integrat INL AJEIG Grades -2 —_ +1/2
Nondinearity BF Grades -3/4 - +3/4 tse
Difterential ONL A/E/G Grades -3/4 — +3/4
Nonlinearity B/F Grades -8 = 48 Lss
A/E/G Grades T, = +25°C -3 — +3
Ta = Full Temp Range -4.5 - +4.5
Gain Error Gese BF Grades  To=+25'C -5 A +5 Ls8
Ta = Full Temp Range -6.5 - +6.5
A/E/G Grades Tp=+25°C -30 - +30
. Ta = Full Temp Range -50 - +50
V.
Offset Evror 2se BF Grades Ta=+25°C -60 C +60 m
Ta = Full Temp Range -80 —_ +80
ANALOG INPUTS
Resistance Mismatch
-1 - +1.
Bors 1o Ap ARag 15 5 .
Input Resistance
R A
8t Vaer (Note 1) ReF 5 15 ki
Input Resistance Reors
10 bt 30 L1}
at Borg, A Ry
Reference Voltage Vaer Specified Conversion Accuracy - -10 - v
Reference Voitage Range Vaer Degraded Conversion Accuracy -5 - -15 v
Reference Current Conversion Complete
Iner . - - 24 mA
(Note 6) Prior to Reset.
Nominal Analog
tnput Range Vinu b 0 to +{Vpge! - v
Unipolar Mode Vins —  ~IVgert 10 +|Vgeel —
Bipoiar Mode -
LOGIC INPUTS
input HIGH Voltage
piglion 4 - — v
RD, CS inputs Vin 2
input LOW Voltage Ve _ _ 0.8 v
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PM-7574 CMOS MICROPROCESSOR-COMPATISLE 8-BIT A/D CONVERTER

ELECTRICAL CHARACTERISTICS at V, = +5V, V,,

—40°C< T, <+85°Cfor PM-7574E/F,0°C < Ta< +70°C for PM-

75

= —10V, Unipotar Configuration, R, , = 150kQ, CeL
74G,~55°C< T, <+125°Cfor PM-7574A/B, unless otherwuse noted.

= 100pF;

Continued
PM-7574
PARAMETER sYMaoL CONDITIONS MIN TYP MAX UNITS
tnput Current . Ta=+25°C -—_ —_ 1 A
RD. CS Inputs ™ T, = Full Temp Range - - 10 “
input Capacln'nce
RD, CS inputs (Note 6) Cu - - 5 oF
Input HIGH Voltage,
Clock Input Vin 3 - - v
tnput LOW Vottage,
Clock {nput A = - 04 v
Input HIGH Current, ) 2
Clock Input " - - mA
input LOW Current, 1 Ta=+25C = - 1 A
Clock Input n Ty = Full Temp Range - - 10 s
LOGIC OUTPUTS
Output HIGH Voltage
BUSY, DBO-7 Von 'source = 40xA 40 - - v
Output LOW Voltage
BSOSV, 080-7 Vou Ik = 1.6mA = — 04 v
Floating Leakage . Ta=+25°C - - 1
Current, DBO-7 wa Ta= Full Temp Range = - 10 ) uA
Floating State
Output Capacitance (lote’6) 3 - 7 oF
POWER REQUIREMENTS
Standby Current oo Vpp = +4.75V to +5.25V - — 5 mA
DIGITAL INTERFACE TIMING
TS Minimum \ Ta=+25°C 100 — -
Puise Width {Note 6) cs Ta = Fult Temp Range 150 = - ns
RDto CS \ R
Setup Time (Note 6) wscs 7y - ne
BUSY Load = 20pF
Tp=+25°C - - 120
€510 BUSY Ta= Tum - 4 120
Propagation tcern Ta= Tuax — — 180
Delay (Note 6) BUSY Load = 100pF ne
Ta=+25°C A — 150
Ta= Tuin - - 150
Ta= Tuax - - 200
BUSY to AD .
Setup Time (Notes 2, 6) 65R 0 - - ns
8USYto CS . o
Setup Time (Note 6) BSCS - - ns
C_ = 20pF
Ta=+25°C - - 150
Ta= Tun - - 150
Data Access Time taap Ta= Tmax - i 220 ns
{Note 6) C, = 100pF
Ta=+25°C - - 300
Ta=Tuun - - 300
Ta®= Tmax - - 400
Data Hold Time taro :A = 1*_25 C (Note 3) 50 - 120 ns
(Notes 3, 6) A= T 30, - 80
Ta= Tumax - 80 - 140
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PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

ELECTRICAL CHARACTERISTICS at V= +5V, Vpep

= —10V, Unipolar Configuration, Rk = 150kQ, Ccik = 100pF:

—40°C<T,<+85°Cfor PM-7574E/F,0°C < T, < +70°Cfor PM-7574G, -55°C < T, < +125°Cfor PM-7574A/B, unless otherwise noteq,

for Vgyto High-Z, a 3k0) putidown to GND is used. Measured o 0.5V output
change.

BURN-IN CIRCUIT

1 "
5 Voo o0GND -i-
2 v wa
-wv Vaee  CLK f—AAA—— SV ”””n 180kHz
3 % %O o
Bors TE
*W—{. 16 k0 v l l l I 2.4kHz
Vin L1 ov
W0k
L] PRI LBy vy
wn g 13 30kO
VWA— D87  DBO [—AAA
wkn Wk
AAA LA PP o81 nA.A.A
A AA s 1 bvvy
W oss  o®2 \VAA .
wk0 o 0 100
—AAWA D84 o83 VWA

Continved
PM-7574
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
— e Ta=+25" - - 2
CS to RD Hold tamcs A ¢ 50 ns
Time (Note 6) Ta=Tun _ - 200
Ta= Tuax - -_ 500
Reset Time t 3 _ _
Requirement (Note 6) RESEY »s
Static RAM Mode
Conversion Time External Clock
(Note 4) tCONVERT { = 550kHz - - 15 us
(Notes 4, 5, 6) ROM Mode
internal Clock - —_ 17
RD HI Y
RD HIGH !o BUS Gy = 20pF
Propagation Detay, t T, = +25°C - —_ 1.5
ROM Mode wero =T 10 us
Notes 4, 5, 6 AT MW - * y
( ) Ta= Tuax — o~ 2.0
NOTES:
1. For optimum gain accuracy over the full temperature range, the source 4. When using the PM-7574 internal oscillator, actual conversion time depends
resistance at piﬂ_g should be kept low. on clock resistor and as well as P e.
2. In ROM mode, RD can go LOW prior to BUSY = HIGH, but must not return 5. ROM interface mode conversion times are typically 2us tonger than
HIGH until BUSY = HIGH. conversion times for other modes, but the ROM interface mode includes an
.3. Outputloading 10pF. A3k pullup resistor to +5V is used for Ve to High-Z; automatic reset in the conversion time.
6. Guaranteed but not tested.
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PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

DICE CHARACTERISTICS

DIE SIZE 0.129 X 0.103 inch, 13,287 sq. mils
(3.28 X 2.62 mm, 8.58 sq. mm)

1. Vpp 10. DB3

2. Vper 1. DB2

3. Bogs 12. DB1

4 Ay 13. DBO(LSB)
5. AGND 14. BUSY

6. DB7(MSB) 15. RD

7. DB6 16. CS

8. DBS 17. CLK

9. DB4 18. DGND

For additional DICE ordering information,
refer to PMI's Data Book, Section 2.

WAFER TEST LIMITS at Vpp = +5V, Vger = =10.000V, AGND = DGND = 0V, Ta = +25°C, unless otherwise noted.

PM-7574G
PARAMETER SYMBOL CONDITIONS LM UNITS
STATIC ACCURACY
Resolution N 8 Bits MIN
" Integral Nonlinearity INL +3/4 LSB MAX
Differential Nonlinearity DNL +7/8 LSB MAX
Gain Error Gese +5 LSB MAX
Offset Error Vzse 1 +60 mV MAX
ANALOG INPUTS
Resistance Mismatch
4R, +£1.5 % MAX
Bors 10 Ay <
i noe Rger 5/18 k0 MIN/MAX
at Vpep
i Resista .
:‘W; “‘:m"o' Rgors: Rin 10730 k0l MIN/MAX
DIGITAL INPUTS
Input HIGH Voltage
atRD, CS Inputs Vi 3 VN
Input LOW Voltage
at RD, CS Inputs Vi g Ao o
Input Current
RD, CS Inputs I =t #AMAX
Input HIGH Voltage
e Vin 3 V MIN
Input LOW Voltage
Clock Input Vie 04 V MAX
Input HIGH Current
Clock Input i ok 2 mA MAX
Input LOW Current
Clock Input e 1 WA MAX
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PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

WAFER TEST LIMITS at Vpp = +5V, Vgee = —10.000V, AGND = DGND =0V, Ta = +25°C, unless otherwise noted. (Continued)

PM-7574G
PARAMETER SYMBOL CONDITIONS LT UNITS
DIGITAL OUTPUTS
T ™ ot :
oe"l'};‘c_ '6:.'?’_;'“‘9’ Vou sne = 1.6mA 04 V MAX
Floating Leakage Current ke 1 A
POWER REQUIREMENTS
Standby Current loo Vpp = +4.75V to 5.25V 5 ) mA MAX
TIMING '
Conversion Time tconveRT Static RAM Mode, External Clock, f = 550kHz 15 48 MAX
NOTE:
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembty methodsand normal yield loss. yield after pach gingisnotg d

for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

GENERAL CIRCUIT INFORMATION

The PM-7574 is an 8-bit analog-to-digital converter which uses
a successive approximation technique to convert an unknown
analog input into a digital code output. The control logic inputs
allow easy interface to most microprocessors while three-state
outputs allow direct connection to the data bus. Most appli-
cations require only passive RC clock components, a —10V
reference, and a +5V power supply. The RC-timed internal
clock may be used, or an external clock may be applied to the
ADC to maximize performance.

When a Start Conversion commmand is applied to the CS or RD
inputs (see Operating Descriptions for details), BUSY goes
LOW ndicating a conversion in progress. BUSY may be used as
an interrupt to halt the controlling microprocessor during
conversion or may be polled to prevent premature data reads.

Starting with the most significant bit (MSB), each successive bit
in the DAC is turned on (see Figure 1). The comparator then
decides if the DAC output is fess than or greater than the signal
being converted, and that bit is latched on or off, respectively,
before proceeding to the next lower bitand repeating the cycle.
When afl eight bits have been tested, BUSY gbes HIGH,
signaling a completed conversion.

FIGURE 1: D/A Converter Used in PM-7574

Under control of the RD input, the three-state data outputs
(DO-D7) change from high-impedance to presenting the new
conversion results to the data bus. Following the data read, RD
returns HIGH resetting the SAR to 1000 0000 and preparing the
ADC for its next conversion.

APPLICATIONS INFORMATION

The PM-7574 may be interfaced as if it were a static RAM, a
ROM, or a slow-memory device. Each of these interface modes
has its own timing and software requirements as described
below. These requirements must be rigidly met, as improper
timing may cause the PM-7574 to change modes.

HOW TO CHOOSE AN OPERATING MODE

The static-RAM interface mode offers advantages in a tightly
controlled hardware and software environment, where the
relationship between WRITE and READ instruction pairs is
certain. As long as minimum timing is satisfied, converted data
may be read at any convenient time after conversion. The use of
separate commands to start a conversion, and then read the
results, is conceptually easy. However, if the software is subject
to uncontrolled modifications, then the paired relationship
between WRITE and READ instructions may be lost. The

Aw Bors

|
|
'
|
|

~ N

~ w

+

—_— D

| msg
|(087) 1(086) {(0BS)

{ise SUMMING
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1
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AGND

69




PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

resulting software bugs may result in converted data of
unknown age, or altogether invalid data being read.

By contrast, the ROM mode may be more resistant to software

bugs. As long as minimum timing is satisfied, each READ -

instruction obtains new, valid data. However, since the data
output at any previous READ instruction is obtained from a

conversion performed just after the previous READ instruction,

. data may be out-of-date. To be sure of obtaining up-to-date
data, READ instructions may be coded in pairs (with some
NOPs between them); use only the data from the second READ
in each pair. The first READ starts the conversion, acting as a
substitute for the static-RAM mode WRITE command; the
second READ gets the results. The advantage of the ROM mode
is the use of a single command, rather than the alternating
READ-WRITE required by static-RAM mode.

The slow-memory mode is the simplest mode of all. It is the
method of choice where compact coding is essential, or where
software bugs are a hazard. In this mode, a single READ
instruction will initiate a data conversion, interrupt the micro-
processor until completion (WAIT states are introduced), then
read the results. If the system throughput tolerates WAIT states,
and the hardware is correct, then the slow-memory mode is
virtually immune to subsequent software modifications.

OPERATING DESCRIPTION: STATIC-RAM MODE

tn this mode, input CS is derived from the PM-7574 address
decoder, and input RD is derived from an active-LOW memory
READ signal. (See Figure 2.)

Tostarta conversion, execute a memory WRITE to the PM-7574.
The completed conversion data is obtained by executing a
memory READ to the PM-7574. During conversion, output
BUSY will be LOW. Do not attempt to read data until BUSY
returns HIGH. The required minimum time between WRITE and
READ is usually obtained by including one or more NOP or
other program instructions. The use of branch or conditional

AGURE 2: Static RAM Mode Timing Diagram

commands between the WRITE and READ instructions is not
recommended due to the possibility of software bugs.

It is important that the WRITE and READ commands be
alternately executed. A WRITE instruction has no effect unless
the results of the previous WRITE have already been read. Once
data has been read, the PM-7574 is internally reset. In other
words, two or more READ operations cannot be used in
succession, since only the first READ wilt produce valid data. A
new conversion must be started using WRITE, and the con-
version must be completed, before a new READ will produce
valid data.

TABLE 1: Truth Table, Static RAM Mode

_INPUTS OUTPUTS
CS___RD__BUSY DB7-DBO

PM-7574 OPERATION

Start Convert
(Write Cycle)

1 Y HIGHZ

H
L 1 H ng:.;i 10 Read Data (Read Cycle)
L _r H 3?;:‘_‘2 Reset Converter
(No’fe ) HIGH-Z No Effect (Not Selected)
. 4 x NoH-E t‘j'(%sgfec:ter Busy)
N 1 vk d G N(c(’3:§:\f:la::rtter Busy)
L ey b MKz S

NOTE 1: 1fRD goes LOWto HIGH, the ADC is internally reset, regardiess of the
states of CS or BUSY.

e . MEMORY WRITE e T MEMORY READ MEMORY WRITE
e{ﬁ cs
CS (PIN 16) 5§ 7{ \¥ ]Z S\
"cui_ E—W—"
RD (PIN 15) 7
_{m 1 Y tneser
BUSY (PIN 14) }{ 5‘
tcorn . oo

s N
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.PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

OPERATING DESCRIPTION: ROM MODE

In ROM mode, input CS is tied LOW, and input RD is derived
from the PM-7574 address decoder. To satisfy timing, it is
recommended that the decoder be enabled by a system
MEMRD (8080), VMA (6800}, or similar strobe. (See Figure 3.}

TABLE 2: Truth Table, ROM Mode

Els_NPU'%SB Wﬁ,’#’?ﬂiao PM-7574 OPERATION
L _L H ng:{,i 1 Read Data

L B U oz New Gonversion
L L HIGHZ N(%cE;:lf\f:rtter Busy)

L L HIGH-Z Conversion Error

(Note 1) Not Allowed

NOTE1: HRD goes LOW to HIGH, the ADC is internally reset, regardiessofthe .

states of CS or BUSY.

FIGURE 3: ROM Mode Timing Diagram (CS Held LOW)

tn ROM mode, data is read by executing a READ instruction to
the PM-7574 address. At the conclusion of the READ instruction,
the PM-7574 automatically resets itself and then proceeds to
perform a new data conversion. Output BUSY is LOW during
conversion. A new READ instruction to the PM-7574 must not
be executed until BUSY returns HIGH. This requirement may
be met by inserting NOP or other program instructions between
consecutive READ operations. Conditional or branch instruc-
tions may be used, but keep in mind that data may become
out-of-date if excessive time elapses between consecutive
READ instructions.

OPERATING DESCRIPTION: SLOW-MEMORY MODE

The slow-memory mode is intended for systems in which the
PM-7574 BUSY output is used as an interrupt to force the
microprocessor into WAIT states during data conversion.

In slow-memory mode, inputs CS and RD are tied together. The
common RD and CSsignal is derived from the PM-7574 address
decoder. To satisfy the timing requirements, it is advisable to
latch the address using ALE (8085) or SYNC (8080). For 8080 or .
8085-based systems, connect the microprocessor READY
input to the PM-7574 BUSY output. (See Figure 4.)

s, 4 MEMORY AEAD NOP OR OTHER INSTAUCTIONS MEMORY READ
RO (ri 15y s; 7{ \‘ 7‘
K R ) 220 =
BUSY (P 1) i JZ l

sl X 57

FIGURE &: Slow-Memory Mode Timing Diagram (CS and RD Tied Together)

DEVICE WEMORY READ P DEVICE
MCROPROCeSeon NOT (uP IN WAIT STATE COMPLETES NOT
SELECTED WHiILE BUSY IS LOW) MEMONY READ seLECTED
F—tneser—|
(PINS 15 AND 16) R W, N
F—tcoro teomvenr —1 e tesro
BUsY (PIN 14) [

b—tq,

= TR~ T
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PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

TABLE 3: Truth Table, Siow-Memory Mode

FIGURE 6: Using an External Clock

INPUTS OUTPUTS

CS&RD BUSY DB7-DBo _©M757¢ OPERATION
H H HIGH-Z No Effect (Not Selected)
l { HIGH-Z  Start Conversion
L L HIGH-Z Conversion in Progress.

#P in WAIT State

HIGH-Z to Conversion Complete.
I

Read Data
N__f_ n DATAto Reset and Deselect
(Note 1) HIGH-Z Converter

NOTE 1: I RD goes LOW to HIGH, the ADC s internally reset, regardiess of the
states of CS or BUSY.

Do not execute a WRITE instruction at the PM-7574 address

when in slow-memory mode, since bus conflicts will arise. In

some architectures, an accidental WRITE instruction may be

locked out in hardware, by proper strobing of the PM-7574

sddress decoder.

INITIALIZATION

Inall operating modes, the PM-7574 is initialized by executing a
READ instruction to the PM-7574 address. The data obtained
should be ignored.

CLOCK OSCILLATOR

The PM-7674 may be used with its internal asynchronous clock
osciflator. An external resistor and capacitor are required.
Typical values are R = 150k} and C = 100pF, for conversion
times in the 15us range. For applications in which the fastest
conversion times are required, an external clock is recom-
mended. The external clock must be gated by the use of a
HMC125-type three-state buffer, with an output pullup resistor.
Optimum conversion accuracy is obtained when CS goes LOW
on a positive clock edge. The maximum external clock fre-
quency is 550kHz. (See Figure 5 and 6.)

FIGURE §: Using the Interal Clock Oscillator

vV

I

Lt )

PM-TST4 TCax DGNO
Rax
o L ANA-

[1e__Busy |
%_O EXTERNAL
CLOCK IN

THREE-STATE BUFFER
(ve MC1285)

REFERENCE VOLTAGE

A negative reference voltage must be applied to the PM-7574
Vger input. Optimum full-scale accuracy is obtained using
—10.00V, although Vpee may be —S5.00V, —10.24V, or other
voltages within its specified range.

Over the full temperature range, optimum gain accuracy is
obtained when the input to the Vregr pin is from a low-
impedance source. A resistor or trimmer may be used in series
with the Ve pin, but this trim technique is not as accurate asa
low-impedance source. (See Figure 7)

For a cost-effective —10.00V or —10.24V reference with excellent
accuracy and low temperature coefficient, ask for PMI's REF-
08. Consutt your sales representative for availability.

FIGURE 7: Unipolar Operation

-12V 70 ~1av
7 swvo-1v, L
'00
| -10.000v
Ve Vour 2 Vaer '.]:
AEE00 s <Sm DIGITAL
REF TRIM F—e-g 1oen PI-TSTA GROUND
GND 3y
s '0re
R2
GAIN TRIM
AL 4
70 +10v O V4= 4w
ANALOG INPUT L1 PPN
GRAOUND INTEATIE
ANALOG
GROUND
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PM-7574 CMOS MICROPROCESSOR-COMPATIBLE 8-BIT A/D CONVERTER

ANALOG INPUT VOLTAGE

The PM-7574 unipolar operation is obtained when the analog
input voltage is between OV and |Vpee|. With the A,y and Bogg
pins tied together, input OV will correspond to code 0000 0000,
and input full-scale will correspond to code 1111 1111,

Bipolar operation is obtained by using the Bogg input to offset
the A,y input voltage. For example, with Vgee =—10V, an offset
voltage of +10V may be applied to Boes. The analog signal
range will then be —10V to +10V at A, Code 0000 0000 wilt
correspond to —10V, and positive full scale will be code
1111 1111, Calibration may be performed using trimmers in
series with Ay and Bogs. (See Figure 8).

Another method of obtaining bipolar operation is to use an
op amp with gain = -1/2, to sum the analog signal with the
reference voltage. With a ~10V reference and —-10V to +10V
analog signal, the op amp-output will then be OV to +10V. This
signal.is then treated as an ordinary unipolar input to the PM-
7574. With this arrangement, input +10V corresponds to code
0000 0000, and negative full-scale corresponds to code
1111 1111

UNIPOLAR BINARY OPERATION

Figure 7 shows the analog circuit connections for unipolar

operation. The REF-08 supplies the necessary —10V reference

input. '

Calibration for offset should be made before gain calibration is

attempted.

Offset calibration must be performed in the signal conditioning

cirCuitry which drives the Ay input. Y

To adjust offset:

1) Apply —39.1mV (1 LSB) to the input of the buffer amplifier
dn'ving AIN'

2) While performing continuous conversions, adjust the buffer
amplifier's offset adjustment potentiometer until DB7 to DB1
are LOW and DBO (LSB) flickers.

FIGURE 8: Offset Binary Operation

Following offset calibration, full scale gain can be calibrated:

1) Apply —8.961V to the input of the buffer amplifier.

2) While performing continuous conversions, adjust the ref-
erence trim pot until DB7 to DB1 are HIGH, and DBO (LSB)
flickers.

BIPOLAR OPERATION

Offset Binary—Figure 8 shows a circuit for offset binary bipolar
operation. Offset correction should be made at the buffer
amplifier driving A,y Gain error correction should be ac-
complished by adjusting Vger.

To calibrate this circuit:

1) Adjust R1 until Vgge = —-10.00V.

2) Adjust R2 and R3 to their mid-points.

3) Apply +10.000V to the input buffer amplifier.

4) While performing continuous conversions, adjust R2 until
DB7 to DB1 are LOW and DBO (LSB) flickers.

5) Ground the input of the input buffer circuit.

6) While performing continuous conversions, adjust R3 until
the ADC's output code flickers between 0111 1111 and
1000 0000.

7) ‘Apply —10.000V to the signal input.

8) While performing continuous conversions, adjust R1 until
DB7 to DB1 are LOW and the DBO (LSB) flickers.

9) Apply +9.922V to the signal input.

10) {f the ADC output code is not 1111 1110 £1 bit, repeat the
calibration procedure, omitting step 1.

Complementary Offset Binary—Figure 9 shows a comple-
mentary offset binary circuit. In this bipolar mode, the +10V to
—10V analoginput is conditioned to a 0 to +10V signal range for
normal unipolar conversion.

In calibrating this circuit, adjust offset before gain.

Offset Adjustment:
1) Adjust R1 until Vger = —10.000V.

~12V TO-10V
’ +svo—Yvy, .oonpHe
Vi ~10.000v. 2 J_
Vour [ Vaer =
nEFo8 DIGITAL
s St GROUND
REF TRIM < yoxnn
GNO
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FIGURE 9: Complementary Offset Bipofar Operation
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2) Adjust R3 to its mid-point.

3) Adjust R2 until its tap is at OV.

4) Ground the analog input.

§) While performing continuous conversions, adjust R2 until
the ADC output flickers between 0111 1111 and 1000 0000.

Gain Adjustment:

1) Apply +9.922V across the analog input.

2) While performing continuous conversions, adjust R3 until
DB7 to DB1 are HIGH and DBO (LSB) flickers.

DIGITAL CONSIDERATIONS
Control Timing—Fresh data from a recent conversion must be
read before beginning a new conversion. Following the data
READ, as RD goes HIGH, it resets the SAR and clears the data
from the previous conversion.

The timing restrictions detailed in the interface timing diagrams
must be observed to prevent the PM-7574 from changing
interface modes. For example, if CSis held LOW too long while
In RAM mode, the converter will change to ROM mode and
initiate a new conversion.

Logic Deglitching—Unrelated activity on the address bus may
cause unexpected glitch inputs to the ADC. The glitches may
cause unwanted READs, resets, or conversions. in ROM or
RAM modes, these may be avoided by gating the address
decode logic with RD or WR (8080) or VMA (6800). in slow-
memory mode, ALE (8085) or SYNC (8080) may be used to
latch the address.

Initialization—Following power-up, the SAR is in an unknown
state. Executing a memory READ (disregard the data) will reset
the ADC.

ANALOG
GROUND GROUND
ANALOG CONSIDERATIONS

Analog Input Impedances—Low impedance sources must be
used to drive the Vgeg, Ain, and Bogg inputs. Excessive source
impedances may cause errors due to the foading effects of the
inputs’ finite impedances.

Ground Management-—~AGND and DGND pins should be
connected at or near the ADC to minimize noise effects. If the
two grounds cannot be connected near the ADC, the grounds
should be clamped with back-to-back Schottky diodes between
the AGND and DGND pins.

Oftset Correction-—Conversion offset errors may be corrected
by counter-offsetting the buffer amplifier driving Ay This
offset correction may be accomplished by applying a correction
current to the buffer's summing junction or by tapping a voltage
divider sitting between Vpp and Vggr, and applying this tap
voltage to the noninverting input of the buffer.

Ratiometric Operation—The R-2R type DAC in the PM-7574
permits ratiometric operation of the ADC. Performance de-
gradation may, however, occur as Vggg varies from —10.000V.
This decrease in performance is due to comparator fimitations
including offset voltage, gain, and input noise.

The PM-7574 uses the reference as a power supply for the
comparator to increase speed and accuracy. Reference voltages
of a magnitude less than -9V must be avoided for accurate
comparator operation. For best accuracy, the use of a 0.1uF
bypass capacitor (Pin 2 to AGND) is recommended.

Power Supply Bypassing—-For best accuracy, Vpp (Pin 1)
should be bypassed to AGND with a 0.1uF capacitor.
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