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INTRODUCTION TO
ELECTRORIC FUEL INJECTION )
AND

ELECTRONIC SPARK ADVANCED

Chakrsphop Timmanee 29,1023
Mansa Pongsanarskul 29,1159

Advisor: Ponpadung Padungkul

Abstract:

Electronic fuel injection is &8 fuel delivery
system used for engine rather than Csaburator system. 1t
creates better air-fuel mixture and increase the

response efficiency +to +the engine operating condition.

Electronic spark advanced system is the newly
high-technology spark advanced system that ultimately will
be +the most popular spark asdvenced system used instead of
the vecuum spark advanced system, by the reason of its
increaesing efficiency in any operation conditions of the
engine end its <character +that <close to the ideal spark
advanced than the vacuum one. .

These two operations sare controlled by a
signal from control unit. This unit was digital
electronic basis to generate the input signal from each of
SENEOr, which report +the action in that moment in the
engine, and the opened-closed injector control output
signal. Microprocessor, heart of the control system, will
process all input data for calculsting the optimum fuel-
injection duration and the degree of spark sedvance. We can
design for a8 proper output signal to store in the control

unit memory.
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0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032

33K e e e I I XA K

CCS PROGRAM
DESIGNED .. BY
MANA & CHAKRAPHOP

¥* Ok ok k%
* ¥ K %k %

3 K K R M N N

+ OR O00O0H
+ TA 2000H
FSTART .EQ 24H
IDLF +EQ 12H
TABLAD .EQ 04H
FPTHW. .EQ O02H
FPAIRC .EQ O2H
LD A,98H
DLY1 LD B.OFFH
DLY2 DEC B
JR NZ,DLY2
DEC A
JR NZ,DLY1
LD SP,1780H
LD A,0B7H
out (0OA3H)Y , A
LD Ay22H
OUT (0A2H), A
LD A,0O0H
OUT (0AZH)Y , A
LD A,77H
ouT (CA3H) , A
LD A,50H
ouT (CA1H),A
LD A,O0H

ouUT (CAIH),A
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WAITI]

WAIT2

SW.STA

IDLC

LD
IN
LD
BIT
JR
LD
ADD
LD
IN
LD
BIT
JR
IN
LD
BIT
JR
CALL
LD

‘OUT

CALL
IN
SBC
JR
IN
LD
BIT
JR
IN
LD
BIT
JR
LD
IN

B, FSTART
A, (OCOH)
E,A

3,E
Z,WAITI1
A,FPTHW
A,B

B,A

A, (OCOH>
E,A

0,E
ZyWAIT1
A, (OCOH)
E,A

0,E
NZ,WAIT2
FINJ
A,QOCH
(0CS8H), A
LOOP1

A, (OCSH)
A,0SH
C,WAITI1
A, (OCOH)
E,A

4,E
NZ,WAIT1
A, (OCOHD
E,A

1,E

NZ,NONIDL

B,IDLF
A, (OCOH)



0066
0067
0068
0068
0070
0071
0072
0073
0074
0075
0076
0077
0078
0078
0080
0081
0082
0083
0084
0085
0086
0087
0oss
0088
0080
0091
0092
0093
0084
0095
0086
0087
0ogs8

AlRC

WAIT3

WAITA

NONIDL
IGTSTI

RCTR

IGTSTO

LD
BIT
JR
LD
ADD
LD
IN
LD
BIT
JR
LD
ADD
LD
IN
LD
BIT
JR
IN
LD
BIT
JR
CALL
JR
CALL
IN
LD
BIT
JR
IN
LD
IN
LD
IN

E,A
3,E
Z,AIRC
A,FPTHW
A,B

B,A

A, (OCOH)
E, A

7,E
Z,WAIT3
A,FPAIRC
A,B

B,A

A, COCOH)
E,A

0,E

Z ,WAIT3
A, (OCOH)
E,A

0,E
NZ,WAIT4
FINJ
1DLC
FCAL

A, (OCOH)
E,A

6,E
Z,1GTSTI
A, (BOH)
L, A

A, (81H)
H,A

A, (OCOH)

55



00Sss
0100
0101
0102
0103
0104
0105
0106
0107
0108
0108
0110
0111
0112
0113
0114
0115
0116
0117
0118
0118
0120
0121
0122
0123

0124 .

0125
0126
0127
0128
0128
0130
0131

IGADV

1GAVC

CPL

CPH

LDAT

GRPM

LD
BIT
JR
LD
ouT
LD
ouT
CALL
IN
LD
SBC
JR
LD
LD
PUSH
PUSH
LD
CALL
POP
POP
JR
LD
SBC
JR
LD
JR
LD
LD

LD

CP
JR
SBC

E,A

6,E
NZ,IGTSTO
A,OO0H
(60H)>, A
A,O00H

(OCSH>, A

LOOP1

A, (OCSH)

C,A

A, 33H

NC,CPH

E,L

D,H

BC

DE

DE,OOOSH

DIVID

DE

BC

DOCIG

A,C

A,SFH

C, LDAT

C,20H

XD1vVse

1Y, IGDAT

1X,RPMIGD

D, {1X+0)

A,C

D

Z2,GDAT
A,D
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0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
01658
0158
0160
0161
0162
0163
0164

GDAT
XD1Vge6

MULT

MULOOP

NEXT

XD1V5s

JR
INC
INC
LD
JR
LD
LD
PUSH
PUSH
CALL
EX
POP

LD
LD
ADD
RLA
JR
ADD
DEC
JR
EX
POP
PUSH
SBC
EX
POP
PUSH
PUSH
LD
CALL
POP
POP

C, GDAT
IX

1Y

b, (1X+0)
GRPM
Cy(1Y+0)
DE, O0S6H
HL

BC

DIVID
DE,HL

BC

A,C
HL,0000H
C,08H
HL,HL

NC,NEXT
HL, DE

Cc
NZ,MULOOP
DE,HL

HL

HL

HL,DE
DE,HL

HL

BC

DE
DE,OOOSH
DIVID

DE

BC



0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0181
0192
0193
0184
0185
0196
0197

CCTRI1

OPNIG

CCTR2

CLOIG

B.SYNC

CilDL

ADD

PUSH =

PUSH
IN
LD
IN
LD
SBC
JR
LD
ouT
POP
EX
I'N
LD
IN
LD
SBC
JR
LD
ouT
EX
IN
LD
BIT
JR
CALL
IN
LD
BIT
JR
POP
LD

HL,DE

PR e e

HL

A, (80H)
L,A

Ay (B1H)
H,A

HL, DE
C,CCTR1
A,O0H
(61H), A
HL
DE,HL

A, (80H)
LsA

A, (81H)
H,A
HL,DE
C,CCTR2
A,O0H
(61H), A
DE,HL

A, (OCOH)
E,A

O,E
NZ,B.SYNC
FINJ

A, (OCOH)
E,A

1,E
NZ,NOTIDL,
DE
A,O00H
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0188

0199

0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
o218
0218
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230

NOTIDL

CCTR3

OPNI1G2

IGNTT

RCTR1

CLOIG2

ouT
o

POP
PUSH
PUSH
CALL
POP
IN
LD
IN
LD
SBC
JR
LD
oUT
POP
EX
IN
LD
BIT
JR
IN
LD
IN
LD
PUSH
IN
LD
IN
LD
SBC
JR
LD

(60H), A

T Nerae e

1DLC

DE

HL

DE

FCAL

DE

A, (80H)
L,A

A, (81H)
HyA

HL, DE
C,CCTR3
A,OOH
(61H) ;A
HL

DE, HL
A, (OCOH)
C,A

6,C
Z,RCTR2
A, (BOH)
L,A

A, (81H)
HyA

HL

A, (80H)
L,A

A, (81H)
H,A
HL,DE
C,RCTR1
A,OCH
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0231

0232°

0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254

0255
0256

ouT
e o) 2

JP
RCTR2 IN
LD
IN
LD

SBC

JR
coig2 IN

ouT

IGTCTR IN
LD

BIT

JR
IN
LD
IN
LD
IGLOOP ' IN
LD

BIT

JR
JP

(61H)Y,A
HL
IGLGOOP
A, (BOH)
L,A

A, (81H)
H, A
HL,DE

C, IGNTT
A,COH
(61H)Y, A
A, (OCOH)
C,A

6,C
Z,1GTCTR
A, (BOHD
L,A

A, (81H)
H,A

A, (OCOH)
EsA

64E

NZ, IGLOOP
IGAVC

*%% END OF MAIN PROGRAM #%%

3 3 3 2 3 0 A 3 A Rk
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T

0257

0258

0258
0260
0261

0262
0263
0264
0265
0266
0267
0268

0269
0270
0271
0272
0273

0274
0275
0276
0277
0278
0278

3K 3 3 3 3 K K R A A H R K R
2 *
% INJECTION SUBROUTINE #*
* *

3463 0 2 S e S K K K

«OR 0200H

+ TA 2200H
FINJ LD A, 10H

ouT (OA3H), A

LD A,B

ouT (OAOH) , A

RET

3K 3K 3 R 3K R 2 R M K

* *
* LOOP1 SUBROUTINE *
* p *

AR K KA ek kM

.OR 0210H

.TA 2210H
LOOP1 "D A, 19H
LOOP2 DEC A

JR NZ,L00P2

RET

€1



0280
0281
0282
0283
0284

0285
0286
0287
0288
0288
0280
0291
0282
0283
02384
0285

0296

0297
0298
0288
0300
0301
0302
0303
0304
0305
0306
0307
0308
0308
0310
0311

3 3 A 3 2 A 3 K AN K

*

*

% FUEL CALCULATE SUBROUTINE ¥

*

*

33 0 3 KK KR K R

FCAL

RRPM

RPIM

RVTA

MAXPIM

CPIM

PIML

.OR
. TA
LD
ouT
CALL
IN
LD
LD
ouT
CALL
IN
LD
LD
OUT
CALL
IN
LD
LD
SBC
JR
LD-
JR

LD
LD
LD
CP

0220H
2220H
A,00H
(OC9H) , A
LOOP1

A, (OCSH)
C,A
A,00H
(OC5H) , A
LOOP1

A, (OC5H)
D,A
A,00H
(OC1H),A
LOOP1

A, (OC1H)
E,A

A,D
A,0BCH
C,CPIM
H,OFH
MINRPM
H, O0H _
1X,PIMDAT
B, (1X+0)
A,D

B

6.



P

0312

0313

0314
0315
0316
0317
0318
0318
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0830
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344

MINRPM

CRPM

RPML

LTABLE

JR
SBC
JR
INC
INC
LD
JR
LD
SBC
JR
LD
JR
LD
LD
LD
LD
CP
JR
SBC
JR
INC
INC
LD
JR
LD
RLCA
RLCA
RLCA
RLCA
ADD
LD
LD
LD

63

ZyMINRPM
A,B
C,MINRPM
H

1X

B, (1X+0)
PIML

A,C

A, 19H
NC, CRPM
L,OFH
LTABLE
L,00H

I X, RPMDAT
B, (1X+0)
A,C

B
Z,LTABLE
AB
NC,LTABLE
L

IX

B, (1X+0)
RPML

A,H

A,L

L,A

H, TABLAD
B, (HL)



0345

0346~

0347
0348
0349
0350
0351
0352
0358
0354
0355
0356
0357
0358
0358
0360
0361
0362
0363
0364
0365
0366
0367
0368
0368
0370
0371
0372
0373
0374

CVTA

VTAL

GFP

THW

AITRCON

GFDAT

LD
LD

CP
JR
SBC
JR
INC
INC
LD
JR
LD
ADD
LD
IN
LD
BIT
JR
LD
ADD
LD
IN
LD
BIT
JR
LD
ADD
LD
RET

1X, VTADAT
1Y,FPDAT
D, (1X+0)
AVE

D

Z,GFP
A,D
C,GFP

1Y

IX

D, (1X+0)
VTAL

A, (1Y+0)
A,B

B,A

A, (OCOH)
E,A

3,E
Z,AIRCON
A, FPTHW
A,B

By A

A, (OCOH)
E,A

7+E
Z,GFDAT
A,FPAIRC
A,B

B,A

64



e

0375

T 70878

0377
0378
0378

0380
0381
0382
0383
0384
0385
0386
0387
0388
0389
0390
0391
0392
0383
0394
0395
0396
0387
0398
0389
0400
0401
0402
0403
0404
0405
0406

3 33 3 3R 0 N o Nk

o
* DIVIDE
*

*

SUBROUTINE *

*

30 2 3 A A A K NN Rk

+OR
. TA
DIVID LD
LD
LD
LD
OR
DVLOOP RL
RLA
RL
RL
PUSH
SBC
CCF
JR
EX
DROP INC
INC
DJNZ
EX
RL
LD
RL
LD
OR
RET

02DORH
22DOH
C,L

A,H
HL,O000O0H
B, 10H

A

c

L

H

HL
HL,DE

C,DROP
(SP),HL
SP

SP
DVLOOP
DE,HL

c

L,C

A
H,A
A

*%% END ALL OF THE PROGRAM **¥



0407 03 A AN I A I K K

T

“0408 * *
0409 * REFERENCE DATA *
0410 * *
0411 S R H A KA KRR KR KKK
0412 . OR 03ACH
0413 . TA 23A0H
0414 PIMDAT .HS 343E464E
0415 «HS 59636A73
0416 . HS 74868E97
0417 <HS SFAAB3BC
0418 .OR 03BOH
0419 .TA 23BOH
0420 RPMDAT .HS ECDCCFC1
0421 +HS B7ASSABB
0422 .HS 7C6F6052
0423 . HS 43362719
0424 +OR 03COH
0425 . TA 23COH
0426 VTADAT JHS 00122234
0427 . HS 4057697A
0428 .HS 888AABBD
0428 .HS CCEOFOFF
0430 .OR 03EOH
0431 «TA 23ECH
0432 IGTDAT - .HS 02040608
0433 <HS OAOCOE10

. 0434 .HS 12141618

0435 .HS 1A1C1E20



0436
0437
0438
0439
0440
0441
0442
0443
0444

.OR
«TA

RPMIGT - .HS

+HS
+HS
« HS

03FOH
23FOH
33384046
4D555A62
6A71787F
888ES8SF

¥% TABLE OF FUEL DATA IS**

%% IN ADDRESS 0O400-04FF %%

KKK AKEKEND OF DATANKNERNRNk
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780° CPU Central
Processing Unit

"FEATUREs' .
Jtherstucbonse(codamswammen \ sys'.emThsssygemmaybeda:wchamedtoanw
instructions of the BCACA are included as a subset; ™ implementation of a priorly inferrupt scheme. Little, # -

. 8080A software compatibity s maintained, ) = any, additional logic is required for daisy-chaining.
® Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz diocks for the  _ m Duplicate sets of both general-purpose and flag registers
Z280H, 7808, ZB0A, and Z80 CPU result in rapid - are provided, easing the design and operation of
instruction execution with corsequenl high data system software through singie-context swiltching,
throughput. background-foreground programming, and single-level
) ‘i ing. In addition. two 16-bit index

® The extersive instruction set rcbdas string, bit, byte, lrier gt e E<e 4

and word ions. Block o N registers facilitale program processing of tables and

“transers, together with indexed and relative addressing, - = . ) -
result in the most powerful data handfing capabilities in -~ ® There -are three modes of high speed interrupt
the microcomputer industry. processing: B080 similar, non-Z80 peripheral device,

® The 280 microproc and iated family of and 280 Family peripheral with or without daisy chain.
peripheral controflers are inked by a vectored interrupt ® On-chip dynamic memory refresh counter.

[ ot ifi AN F—
[
eed EREQ ab——0 .
sYSTIN «——1 iR "~ \P)
CONTAOL | w—— i 2% — a9 wl] 2 -
- oy p——o a2 2] %
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\ «—#Fn & { avomsss aaf]e w[]a
24 e [ Bus ; ags ulla
[ ———f a7 a0 — ax[}e nils
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—etvad ap— - %s nla
cry Copand f— nde ui]a
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- Figure 2a. 40-Pin Duakin-Line Package (DIP)
Figurse 1. Pin Functions Pin Assignments
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intgl

. 8253/8253-5

N

PROGRAMMABLE INTERVAL TIMER

a MCS-85™ Compatible 8253-5
= 3 Independent 18-Bit Counters

m DC 1026 MHz 3
" w Programmable Counter Modes

® Avallable In EXPRESS . . _
—Standard Temperature Range
—Extended Temperature Range

a Count Binary or BCD
s Single + 5V Supply

The Inte® 8253 is 8 programmatie counter/timer device desigred for Lse 23 an Inte! rr'a;crocomﬁutsr periphe'nl. it uses nMOS

echnology with 8 single +5V supply and is packaged in 8 24pin plastic DIP.

1 is organized &s 3 independent 16-bif counters, sech with a count rate of up to 2.6 MHz. Al modes of operation sre software

programmable.

feo— Oz

Bata counTLR
5,0, 8 X w3 4 N U e catee
surfia .

{

" ——C]
w—m ———=q  agads

N it ™ e
- ] NT;,,
(—

p—— QKT

CONTROL

-
T ]
e

WORD
RECISTER

Flgu;o 1. Block Disgram

o, 01 8] Veo
¥a B sl
o2 L)
0,(J e a
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o,({¢ a,
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Figure 2. Pin Configuration

Order Number 231306-001
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H’Tter 8253/8253.5
MODE & Inferrupt on Terminal Count MOOE 3: Squars Wave Genarator
@mn!m &”MULFUUUWLHI\J:L
i 4 4 2 4 2 &4 3 ¢ 2 4 2 & 3 9

I o T
4 3 2 4 3 2 v @
ouUTRUT

YA AUy

MODE 22 Rate Generator
Qo _MNANNUNNUIn AU UULUL
W TS |

3 3 1
OUTIT e TERRLPT) f"—_——‘
. w-a H—l——q
C '
e " '
H HE
‘wn S
[ ) 3 T
OUTIIT OXTERRUPT) * 1 }——
et o [S———eramd .
a [
A8 m

MOOE & Software Triggersd Strova - -

L T

m acd
4 3 2 v 0 *
ouTRIT 1_F
tCaDa avd
GATE L J
= 4 4 3 2 1 @
uUTrUT 1 '

MODE §: Hardwars Triggersd Strobe

ace: UMMM,

ouTRUT ?’7‘.4-])!“3!. gt a 3 2 % @
UTT - @
- 1_.:« 3 2 V8321 B2 0 | . 1
RESET ——— r
cate iy )
e 3 4.3 2 1 8
- OUTRUT (n = @) 1
Figure 7. 8253 Timing Dlagrams
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E_ﬂte[ 82518253-5

ABSOLUTE MAXIMUM RATINGS® ’ *NOTICE: Strasses above those Fsted under “Absolute

Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opers-

Ambient Temperature Under Bias  ........ *Cto70°C tion of the device at these or any other conditions above
Storage Temperature .............. —45°Cto +150°C those Indicated in the operational sections of this
Voltage On Any Pin ™~ specification Is not implied. Exposure to absolute mexi-

With RespecttoGround .............. —0S5Vio+7V mum rating conditions for extended periods may atfect
Power Dissipation . ........ceeicen ceeeeeeas 1 Watt device reliabiity.

- . hid h s : . - -
- . .. 4

t

D.C. CKARACTERISTICS (Ta = 0°C fo 70°C, Vec = 5V =10%)

8ymbol - Parsmaeter - Min. Max |- Unh Yost Conditions
Vie Input Low Voltage 0.5 0.8 v .
Vin {nput High Voltage < 22 | Vot 5V v
Vot Output Low Voltage 0.45 v Note 1
Vou Output High Voltage . T 24 i v Note 2
ke fnput Load Current 210 |, pA Vin =Vcg to OV
IorL Outpnt Float Leakage 210 HA Vout = Vcc to 45V
lce Vec Supply Current 140 mA
CAPACITANCE (1) = 25°C, Vee = GND = 0V) ¥ |
Symbo! Pararmeter Min_ Typ. | Max. | Unit Test Conditions
1 Cin {nput Capacitance 10 pF fc= 1 MHz
Cwo 1/0 Capacitancs (¢ 20 pF Unmeasured pins returned 1o Vos

A.C. CHARACTERISTICS (Ta=0°C1070°C.Vee = 5.0V 2 10%,GND = OV) *

Bus Paramelers (Note 3)

READ CYCLE
- 8253 82535

Symbol Parametisr Min. Max. Min. Maxr Unit
tAR | Address Suble Before READ 50 . 30 ns
tAA Address Hoid Time for READ 5 5 ns
tRA READ Pulse Width 400 300 ns
tap Data Delay From READ[4 ‘1 300 200 ns
toF READ 1o Data Floating 25 125 25 100 ns
thy Recovery Time Between_ READ 1 T s

and Any Other Control Signal

61 231305-001




VRN |

lnter i 825%/8253-5

i
. -y
A.C. CHARACTERISTICS (Continued) "3
- -
-l
. 3
WRITE CYCLE j
8253 8253-5
Symdol Parameter Min Max. Min. || $fax Unit B
3
Taw Address Sable Before WRITE 50 2 s _J
T YA Address Hold Time for WRITE K o] 20 ns
tww WRITE Pulse Width 400 00 n =
tow Bata Set Up Time for WRITE 300 B 250 0 §
twp Bata Hold Time for WRITE 40 ) e %
Y | Recovery Time Betweon WEITE ! v 4 2
- and Any Other Contro! Signal J k
CLOCK AND GATE TIMING :.
&2s3 02535 E
Symbdol Paramefer Min Max Min, Max. Unit §
teik Clock Period 380 d 330 dc ns E.
trwn High Pulse Width 0 230 ns ‘3
thwL Low Pulse Width 10 150 ns g
ow Gate Width High 150 150 n ‘;’
oL Gaté Width Low 10 [ 100 ns A
tGs Gate Set Up Time to CLKt 100 100 ns ;
GH Gate Hold Time After CLKT 50 50 ™ -
B too Output Delay From CLK }[4] 400 400 s ;i
to0G Output Delay From Gate 4 (4] 300 300 ns ‘;‘,
NOTES: _'S
1 lo =22 mA : ¥
2. lon = —400 uA. {;
3. AC timings measured at Vpy 2.2, Vo = 08 <F
4. CL = 150pF. »;;{
* For Exiended Termperature EXPRESS, use M2253 sloctrical parameters.. .;.
3
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT . _g
'§
ki
24 | 4’
[ 3 ﬁ
> TEST PoTI <X i C .~ 188 o8 g3
o8 o l i i
a8 '1-{
= i
AT TES"™G W’UVSn(DR!VENATIN'O.AAOGDC"'MDDISV’ul ‘4
LOGIC 0" ThdinG WEASUREWENTS ARE MADE AT 7 v FOR 4 L.OGIC *1” AND K
OOV EOR A LOGIC D C‘WSKWM! .
£
¥
%
1
62 231306001
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nte’ : 8252/8253-5 : o

WAVEFORMS

WRITE TIMING . READ TIMING

s - e Y P -
C s ;_—.l L -

. - e
DATA s J - - [ 1.1 . e - .
) ’ G '-l' - los o

T . R . ‘. . — :
YT T I YT
- ) = CATA n%é%/é GH uo(bu-c% YALD [MIGH mru:’uoc_é

- e - H DL .

1

£ - e b B

" CLOCK AND GATE TIMING

] bt — et

R o]

aatEs . &} S S L_ﬂa——“ . S
-t e

T '
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© TMS 2532 JL AND TMS 25032 JL _
32.768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY o

program cycle tir;ming

PROGRAM — o1, PROGRAM®__
I : VERIFY

A \—I“.( S ' )
. ~ADORESS e . X ADDRESS N . . {X'
' - Cove ! " : A | ]l
.. . —tmiat —f |-——-' A}y
Vin : { ! - I
'.wm-{ >

25y i ot \ -
. Vre - W e o ; I’\' ' s(PR) S
: wy ' ! - - .

. W (Vpp! L—— ’
'u(o)-" -

- Vou/Viy F—r— 2va imw
a1 -os DATA'IN HI-Z E ’
YoV~ 1 -—3 : )

*Program verlfy aquivslent 10 rand mode,

504
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NEC

NEC Micracomputers, Inc. . - 1 PD2732

| PRIELORAY
32,768 (4K X 8) BIT UV ERASABLE PROM

DESCRIPTION The uPD2732is 2 32,768 bit (4096 x B bit) Ultraviolet Erasable and Electrically
Programmable Read-Only Memory (EPROM). It operates from a single +5V supply,
making it ideal for microprocessor applications. It Teatures an output enable control
and offers a standby mode with an attendant 80% savings in power consumption.

¢ A distinctive feature of tbeyPD2732 is 8 separate output control, output enable (OE)
- from the chip enable control (CE). The OE controf eliminates bus contention in
- multiple-bus microprocessor systems. The uPD2732 features fast, simple one-pulse
programming controlled by TT L-level signals. Total prog'ammmg time for all
32,768 bits is only 2105econds .

FEATURES o Ultraviolet Erasable and Electrically Programmob!e
.- s Access Time — 450 ns Max

o Single Location Programming

¢ Programmable with Single Pulse .

o Low Power Dissipstion: 150 mA Max Active Current, - .

i 30 mA Max Standby Current
. ) e Input/Output TTL Compatible for Reading and Programming’
- o Single +5V Power Supply
® 24 Pin Ceramic DiP

o ThreeState Outputs
H s
. MODE SELECTION
; PIN CONFIGURATION it
t . !
: MODE Ct SEsvpe § Ve | outruts
V% o KRR «v .
" 7C 2 cC t+5v) Remt Vi viL -5 Oourt .
H ! AGE 2 231 1Ag Standy ViK Dor'tCare | <5 thoh 2
¢ ASC 3 22 319 Progam Puised Vi 10 Vi +25 o5 Din
’ Al 21 AN Program Verdy viL Vi *S { Dourv
" Program Inhibst Vis +25 -5 Rugh 2
: ‘JE 5 20 :J UEV" .
ax00e  pPD 1w [Jay
. :
! A 2732 wcE
! 'g ) cE BLOCK DIAGRAM
{ Qe LR 1 DATA OUTPUTS
uTPU
O 16
o9 - ] 0g Vee © Cp-07
O‘C|o 15 305 GND O—em . D ———
I [T}
{ovieno 12 13303 EE . SUTPOUTENABLE .
CE ——FHIDENABLE AN OUTPUT BUFFERS
s | Y
ron p— DECODER M Y-GATING
. -A11
PIN NAMES ADDRESS =
Ag-Ary | Addresses INPUTS = X 1. 3263 17T
OF Output Enable —= DECODER . CELL MATRIX
09-07 | Data Outpuns .
CE Chip Enable
273205-1280-CAT
505
e g e -
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ABSOLUTE MAXIMUM RATINGS® *NOTICE. Stresses above those hisied under “Absolute
Temperature Uncer Bias ............ -10°Cto +80°C Mazimum Ratings™ may cause permenent damage to the
Storage Temperature ............. ~85°Cto +125°C .. Cevice Thisisastress rating only and functional operat.on
All Input of Output Voltages with .. ol the device af these or any other coriditions above those
RespecttoGround .......ooon.... +6Vio 0.3V indicated in the operational sections of this specification
Voltage on Pin 22 with Respect is not implied. Exposure to absolute mazimum rating con-
toGround ... ... U L +135Vio -0.3y . Jitions for extended periods may sffect device reliability,
Vpe Supply Voitage with Respect 1o Ground ’ )
During Programming ... .......... +22Vio -0.3V [ o
D.C. AND A.C. OPERATING CONDITIONS DURING READ Lo f
T . . TI2MA2A-3/A4 2732A-20/A-25/A-30
Operating Temperature Range \ oc-70C . oCc-70C
Ve Power Supply 2 : : SV = 5% ) 5V = 10%
READ OPERATION . i
D.C. CHARACTERISTICS b : )
Limits .
Symbot Parameter Min. | Typl | Max. Units Conditions
1" {nput Load Current 10 pA | Vi =55V
o Output Leakage Current 10 #A | Yoyt = 5.5V
tees? Ve Current (Standby) 35 mA | CE=Vj, . OE=V,
leel? Vg Curtent (Active) P 100 | mA |OE=CE=v,
Vie | input Low Voltage / ~0.1 = 08 v
Vin Input High Voltage 20 Vec +1 v
Voo Output Low Voltage 0.45 V [log=21mA
Vou Output High Voltage 24 V | low = —400 uA
Vep? Vpe Read Voltage - a8 Vee V | Vee=50V= 025V

A.C. CHARACTERISTICS

2732A-2 | 2732A | 2732A3 | a9354 4
2732A-20 | 2732A-25 | 2732A-30 Test
Symbol Parameler Min. [Max.) Min. | Max. [Min.{Max.|Min.|Max. |Units] Conditionst
tace Address to Cutput Delay 200 250 300 450 | ns |CE=OE=V, .
teg T€ to Output Delay 200 250 300 450 | ns |OE =V
toe OE 10 Output Detay 70 100 150 150 | ns {CE =V
tor™l  JOE HightoOutput NotDriven | 0 | 60| 0 | &0 | 0 | 130 | 0 [ 130 | ns |CE =Vy
tou Qutput Hold from Addresses, | 0 ] [} 0 ns |CE =OE =V,
CE or OE Whichever Occurred .
First .
tA.C. TEST CONDITIONS
Outputtoad .............. 1 TTL gate and C = 100 pF Timing Méasurement Reference Level:
Input Rise and FallTimes ............coven.... < 20 ns inputs ..., R 0.8 and 2.0V
Input Pulse Levels ....................... 0.45Vto 2.4V Outputs Lo 0.8 and 2.0V

NOTES: 1 V.. ~ust be azclied simultaneousty or before V;; and removed simul':aneo;.sly or after Vpg
2 Vg may be connected directly 1o Ve except during programming The supply curient would ihen be the sum of Icc and lpp,.
3 Typical values are for t, = 25°C and nominal supply voltages.
4, This parameter is only sampled and is not 100% tested. Output Floa! is defined as the point where data is no longer
Criven — see timing diagram on page 3.
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:ntef ' 27328 ° . .

%

CAPACITANCE'?! (T, = 25°C. 1= 1 MHz)

Symbdol Parameter Typ- | Max. | Unit|Conditions ) )
' Cmi input Capacitance .
. . Except OE/Vrp 4 [] pF [Vin=0V
] — 3
Cin2 OEVer Input ) i ) .
. | Capacitance 20 pF |Vin =0V . N
}- Coutr | Output Capacitance | 8 12 | pF [Vour =0V ’ - ) e s
v i i il z
‘ A.C. TESTING INPUT/OUTPUT WAVEFORM " A.C.YESTING LOAD CIRCUIT I -t -
? k 13V -
Rng
130

S ARE DAIVEN AT 24v FORA LOGIC 1 ANKD 0 agv £OR
LOGC 1

ze
EY E )
: bence
> TEST POINTS < uncen out
i . vest
3 » - 190 pF
TG Bt
LDGIC 0 TikanG UEASUAEL MENTS AAE MADC AT 20 FCR A

|
AND 0 v FOR 4 LOGC § ) €, » 103 pF X
€, WCLUDES NG CARLITANCE

A C. WAVEFORMS
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( "8 -—] \
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"™ s . .
Tvee . Z
L % — o0 e —J e
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tace™ fon "
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ADC0808, ADC0809 8-Bit P Compatible A/D Converters
With 8-Channel Multiplexer

General Description Features

Resolution — B-bits

Total unadjusted error — £ 12 LSB and = 1158

No missing codes

Conversion time — 100 x8

Single supply — & Ve

Operates ratiometrically or with § Vo of analog span
adjusted vollage reference

The ADCO0808, ADCOBO9 data acquisition component is a
monolithic CMOS device with an B-bit analog-todigital
converier, B.channe!l multiplexer and microprocessor
compalible control logic. The 8-bit A/D converter uses suc-
cessive approximation as the conversion technique. The
converier features 8 high impedance chopper stabilized
comparator, a 256R voltage divider with analog swilch tree
and & successive approximation register. The 8<channel

(53:-".-1 LY ‘EJ‘;" 5",* e b chvkluh.-l,z:fwr-g

oy
MW

R

multipiexer can directly access any of 8 single-ended ana- R B-channel multiplexer wilh latched control logic &
log signals. ® Easy Inlerface lo all microprocessors, or operates 2'

“stand alone”

Y 1,

The device eliminates the need for exlernal zero and full-

scale adjustments. Easy interfacing to microprocessors B Outputs meet T2L voltage Ievel specifications &
is provided by the lalched and decoded mullipleser ad- W OV to 5V analog Input voltage range with single 5V L
dress inputs and latched TTL TRI-STATE® outputs. supply . . L
. R~
=,

The design of the ADC0808, ADCOBO9 has been optimized 8 Nozero or full-scale adjust required
by incorporating the mos! desirable aspects of several  ® Standard hermelic or molded 28-pin DIP package
A/D conversion techniques. The ADC0808, ADCOS0S of- g Temperature range —40°C to +85°C or —55°C 1o

fers high speed, high accuracy, minimal temperature +125°C

dependence, excellent long-lerm accuracy and repeatabi- B Low power consumption — 15 mW -

lity, and consumes minimal power. These fealures make 1 S

1hls device ideally suited 1o appilcations from processang ™ Latched TRESTATE® oulput S,

machine control to consumer and automolive applica- . >

tions. For 16-channe!l multiplexer with common oulput 2
(sample/hold port) see ADCOB16 data sheel. (See AN-247 . Lo .. R
for more information. \ 2 .

. S L ’ .
Block Dlagram - START  £1L0CK ) .
______ —_—— :
nll! AD 1
(" 1, | IND 0F CONVERSION
i : CONTAOL § TIMING | O ammnury :
o— | {
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’ —o
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Absolute Maximum Ralings ctes 1and2)

Supply Voltage {(Veg)(Note Dy
Voitage st Any Pin

Except Control Inputs
Voitage st Control inputs

-03Vio Veg +0.3v)

~03Vto « 18V

Temperature Range (Note n
ADCo&zaCy
ADCOB08CCY, ADCCSOBCEN,
ADCO802CCN

8sv

Operating Ratings (votes 1 and 2,

TMiINS Tas Tieax
~55°CsTas +128°C

~40°CsTy 5 485°C

fSTART, OF, CLOCK, ALE. ACD A, ADD B, ADD Q) Rangeot Ve (Note 1) 45VpCto6.0Vpe
Storage Tempersture Range -65'Cto « 1%0°C N
Package Dissipationat Ty w 25°C 875 mw
Lasd Temp (s 9.0 ) 300°C
Electrical Characteristics
Converter Specifications: Vecx§ Vpe = Vaerger VRer(<)= GND, Ty < To= Tiaq and feux = 640 kHz
unless otherwise stated.
Parameler Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C 212 [LSB
{Note 5) Trin 10 Trax +3/4 Lss
ADC0809
- Total Unadjusted Essor 0°Cto70°C x1 Ls8
(Note5) Toun 10 Toax =114 [LS8
Input Resistance From Ref(+) {o Ref(-) 1.0 25 Kk
Analog Input Voltage Range (Note 4) V(+] or V(-) GND-0.10 Vee+0.10 | Vpe
Vrergs) Volitage, Top of Ladder Measyred at Ref(+) Vee Vee+01 | vV
‘lﬁﬁ#) Voltage, Center of Ladder Veel2-01 | Veer2 {Veerze0a] v
VHEF(-) Voltage, Bottom of Ladder Measured at Ref({-} -0.1 0 \'
Comparator Input.Current fc = 640 kHz, (Note 6) -2 =05 2 pA

Electrical Characteristics

60800QvV ‘80800QV

Digital Levels and DC Specifications: ADCOSOSCJS 4.5V Ve85V, ~55°CsTy< 4 125°C unless otherwise noted
ADCO080BCCJ, ADCOBOSCCN, and ADCOBOSCCN 4.755Vccs5.25V, - 40°C < Ty s + B5°C unless otherwise noted

Parameter I Conditions J Min l Typ l Max l Units
ANALOG MULTIPLEXER
loFF(e) OFF Channel Leakage Current | Ve =5V, Vi =5V,
Ta=25C 10 200 nA
| Taain 1o Tuax 1.0 +A
lorr2y OFF Channel Leakage Cutrent | Voo = 5V, V=0,
Ta=25'C -~ 200 -10 nA
7MIN to Tuu ~1.0 pA
CONTROL INPUTS ‘
Viney Légical -1 lnbul Volitage Vee-1.5° v
Ving Logical "0 input Vollage 1.5 v
hwy Logical “1" Input Current Vin= 15V 1.0 sA
(The Control Inpuls)
Yooy Log.2at 0" Input Current Vin=0 -10 pA
. (The Contrc: tnputs)
Jee Supply Current feux = 640 kN2 0.3 3.0 mA
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Electrical Characteristics icontinveq :
Digltal Leve!s and DC Spocillcuior’: ADCGEOSCYS 4.5V Ve 5.5V, - £5°Cs T = 4 125°C unless otherwise noted .
ADCO808CCJ, ADCOBOBCCN, and ADCOS0SCCN 4.75 < Veo=5.25Y, - 40°Cs T, = + B5°C unless olherwise noled
Parameter V ' Conditions I Min I Typ ] Max l Unit
DATA OUTPUTS AND EOC (INTERRUPT)
Voury Logical “1” Oulput Voitage lo= - 360 ,A Vec-0.4 V.
Vouto Logical 0" Output Voltage lo=1.6mA 0.45 v
Vora  Logical “0" Output Voltage EOC | 1o=1.2 mA . 045 | v
lout TRI-STATE® Outpul Current Vo=5V 3 pA
. Vo=0 -3 »A
Electrical Characteristics
Timing Specifications: Ve = Vaer(ey= 5V, Vagr.y= GND, t,= ;=20 ns and Ta=25°C unless otherwise noted. )
Symbol Paremeter Conditions Min Typ Msx | Unit %
ws Minimum Start Pulse Width (Figure 5) 100 200 ns !
4
tware Minimum ALE Pulse Wigth (Figure 5) 100 200 ns P
1y Minimum Address Setl-Up Time (Figure 5) 4 25 50 ns
| ™) Minimum Address Hold Time (Figure 5) 25 50 ns
1p Analog MUX Delay Time Rg =00 (Figure 5} s ] 25 pS
From ALE . .
s o OE Control 10 Q Logic State Cy =50 pF, Ry = 10k (Figure &) 125 250 ns T
tin ton OE Control to Hi-Z Cy =10 pF, R = 10k (Figure §) 125 250 ns
1t Conversion Time . fo =640 kHz, (Figz;re 5} (Note 7) 90 100 16 ns
{e Clock F}equency ) 10 640 1280 | kHz .. , .
teoe EOC Delay Time (Figure 5) 0 -] 8+2ps]| Clocl h i
Perio
Cin Input Capacitance Al Control Inputs 10 15 pF.
Cout TRI-STATEZ Output At TRI-STATE! Outputs, (Note 12) 10 15 pF ¢
Capacitance . -

Note 1: Absolute maaimum 8tings are these values Deyond which the iife of the Cevice may be impaired.,
Note 2 Al vollages are measured with respect to GND, unless otherwise specified.

Nols X: A z9net diode vaists, internalty, from Vee 10 GND end has 8 typics! braakdown voltage of 7 Vpe.

Note & Two on-chipgivdes are iled o sach anslog input which witt forward conduet for snalog Irput voltages one diode drop below ground or one diode drop

@roaler than the Vee sudply. The spec allows 100 mv forwsid bias of either diode. This means that as fong as the snatog Vyy 6oes not exceed the svppl,

voltige by moce than 1O mY, the oulput code will be correct. To achieve an adsolute 0 Vpe 108 Vpg input voltage range will therefore segquire s minimum sug -
ply voltage of 4.900 Vpe ovet tempetaturg variatipag, Inltial tolerance and loaging.

Note & Toislunadjustetertor includes oftset, full.scals, linsarity, and multipleser errors. See Figurs 3. None of these ADs requires & zero or full-gcale acjust

Kowever, if an all 2er0 code Is desired for 8n snslog input other than D.OV, or If & narrow futtscale apaneaists (forezample: 0.5V 10 4.5V full-scale}the referencs

voltsges can be acjusted 10 achieve this. See Figure 13, .

Note 8: Comparator input currant is o blas current Into of out of the chopper s1abillzed comparator, The blas eurrent varies directly with clock tiequency am

has litie temberature dependence (Figure 6) See peragraph 4.0,

Note 7; YM'ouléuu of the dats regisier ars updated one cloch cycle before the rising edge of EOC.
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LM2907, LM2917 Frequency to Voltage Converter

General Description

The LM2907, LM2917 series are monolithie frequency

to voltage converters with a8 high gain op amp/compara-

tor designed 10 operate a relay, lamp, ot other load when

the input {requency reaches or exceeds a selected rate.

The tachometer uses a charge pump technique and

offers frequency doubdling for low ripple, full input

protection in two versions (LM2207.8, LM2917.6)

and its outpul swings to ground for a zero frequency

input.

Advantages

8 Output swings to ground for zero frequency input

8 Easytouse: Vouy ® fin X Ve x R1 2 C

® Only one RC network provides frequency doubling

8 Zener regulator on chip allows accurate and stable
frequency 1o voltage of current conversion. (LM2917})

Features

8 Ground referenced tachometer input interfaces
directly with varizble reluctance magnetic pickups

8 Op amp/comparator has floating transistor output

® 50 mA sink or source to operate relays, solenoids,
meters, or LEDs

® Frequency doubling for low rippte

® Tachometer has built-in hysteresis with either differ-
ential input or ground referenced input

& Built-in zener on LM2917

& 20 3% linearity typical

® Ground referenced tachometer is fully protected
from damage duc to swing; above Ve and below
ground

Applicalions

Ovet/under speed sensing
Frequency to voltage conversion [tachometer)
Speedometers )

Breaker point dwell meters
Hand-held tachometer

Speed govérnors

Cruise control

Automotive door lock control
Clutch contro!

Horn control

Touch or sound switches

Block and Connection Diagrams bDuat-in-Line Packages, Top Views

v

[ ]n 3 .
Order Number LMZ30IN S
See NS Package NOBB

Order Number LM2907J
See NT Package J14A
Order Number LM2YOIN
See NS Package NILA
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ewanct
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Ovder Number LM2917H 8
See NS Package NOSB

L 13 L3 v

e bs |
— 1

Ordnr Number LM29173
See NS Pachage J12A
Order Number LM291IN
See NS Pachage N14A
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Absolute Maximum Ratings (note 1 !
Suoply Voltage 28v Tnout Voltage Range !
Supety Curreat t2ener Options) 25 ma Tochometer LM2907.8, LM29178 228V $
Collecior Veliage 28V LM2907, L2217 0.0V 10 +28V H
Ditterential Input Voliage Op Amp/Comparator 0.0V to +28V !
Tachometer 28v Power Daripetion . 500 mW l
Op Amg/Comparstor 8V Oprerating Temperature Range . —40°C 10 +85°C '
Storsge Temprersiure Range —65"C 10 «150°C i
Lesd Temperature (Soldering, 10 seconds) 300°C i
Electrical Characterislics v = 12 v, Ta = 25°C, see test civevin !
PARAMETER | CONDITIONS | v ] ave [ max | umirs
TACHOMETER
Input Thresholds _ Vi =250 mVp-p @ 1 kHz (Note 2) 210 £15 240 mv
Hysteresis y Vin =250 mVp-p @ 1 kHz (Not; 2) 30 mV
Ofiset Voltage Vi = 250 mVp-p @ 1 kHz (Note 2) | . .
LM2907/LM2917 35 10 mv . - g
LM2907-8/LM2917 8 5 15 mvV . 1
lnput Bias Current Vi =250 mVge A 0.1 Kl pHA ) !
Vou . Vi = $125mVc (Note 3) 8.3 )
Pin2 ) .
oL Vin " =125 mV . (Note 3} 2.3 v
, Output Current: 131, V2 = V3 = 6.0V {Note 4) 140 180 240 uA
Leakage Current; 15 12=0,v3=0 0.1 HA R
Gain Constant, K {Note 3) 08 1.0 1.1
Linearity fin = 1 kHz, § kHz, 10 kHz, (Note S} | -1.0 0.3 +1.0 %
OP/AMP COMPARATOR ' 1=~ '
Vos B Vin = 6.0V i 3 10 mv
laias 1Viy =6.0V 50 500 nA ~ e .
{nput Common-Mode Voltage 0 Vee—1.5V v '
Voltage Gain 200 v/imv
Output Sink Current Ve =10 40 50 mA
Output Source Current Vg = Vee = 2.0 10 mA
Saturation Voltage lsine = 5 MA . 0. 05 v
lsiux = 20 mA 1.0 v i .
Ismx = S0 mA 1.0 1.5 v .
ZENER REGULATOR .
Regulator Voltage Rponor ~ 47052 7.56 v .
L3
Series Resistance 10.5 15 o
Temperature Stability +1 mv/C )
TOTAL SUPPLY CURRENT 38 6 mA
Note 1: For operation in smbient temperatures above 25°C, the device must be deraved bused on 8 507 C masimum junction tempersture snd 8
thermal resistance of 175 C/W junction to smbient for packace 22 and 16 or » thermal resistance of 187" C/W junction 1o, embient tor p-:hg! 20
Note 2: Hysteresis is the surmn ¢V —1-Vyy). offset volisge is theis ditference, See test ciruit.
Nots 3: Vo it equst 10 374 x Ve = 1 Vg, VoL it equal 10 174 3 Ve ~ 1 Vg thereore Vigy ~ Voo ® Vec/2. The ditference, Vou ~
VOL.#nd the mirror gan, [3/13. ste The two faciors thet cavie the tachometer pain constant 1o vary lrom 1.0,
Note 4: Be sure when choosing the time constant R1 x C1 that R1 is such that ihe masimum snticipared output voltage st pin 3 can be resched
with 13+ A1, The marisnum value for R1 iy timited by the output resistance of pin 3 which is grester than 10 M typicatty,
Note 5: Ronlinearity is defined o the devidtion of Vo, 16 s 30 fe- )y = § kHs Tron. s straight Lae Defined by the Vot € 1 kM2 eng VQUT
@ 10 kHz. Ct = 1000 pF, R1 = EBk snd C2 » 0.22 mFd.
9136
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General Description (Continueq)

The op amp/comparator is fully compatible with the
tachometer and has o floating transistor as its output.
This feature allows either » 9round or supply referred
foad of up 10 50 mA, The collector may be taken above
Vee vp 10 a maximum Veg of 28V,

The two basic configurations offered inctude an Bpin
device with a ground referenced tachometer input and
an internal connection between the tachometer output
and the op amp non-inverting input. This version B
well suited for single speed or frequency switching or
fully  butfered frequency 1o voltage conversion
applications, :

Test Circuit and Wavelorm
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Applications Information

The LM2907 series of tachometer circuits is designed
for minimum external Part count applications and
maximum  versatility. In order 1o fully exploit its
features and advantages let's examine its theory of
operation. The first stage of operation is a differential
amplifier driving a positive feedback flip-flop cireuit.
The input threshold voltage is the amount of differen-
tisl input voltage 2t which the output of this stage
changes state. Two optiom {LM29078, LM2517.8)
have one input internally grounded so that an input
signal must swing sbove and below ground and exceed
the input threshoids to produce an output. This is
offered specifically for magnetic variable reluctance
pickups  which typically. provide » singfe-ended ac
output. This single input is also fully protected sgainst
voltage swings 10 228V, which are easily attsined with
these types of pickups,

The ditferential input options  (LM2907, LM2917)
give the user the opiion of setting his own input
switching leve! and still have the hysteresis around that
level for excellent noise rejection in any application,
Of course in order 10 allow the inputs to attain common-

mode voltages above ground, input protection is removed

The more versatile configurations provide differentiat
tachomeser input and uncommitted op amp inputs,
With this version the tachometer input may be floated
and the op amp becomes suitable for active fifter condi-
tioning of the tachometer output,

Both of these configurations are available with an active
shunt regulator connected across the power feads. The
regulator clamps the supply such that stable frequency

to voltage and frequency 1o current operations are
possible with any supply voltage and » suitable tesistor,

Tochomaeter Input Threshold Mossurement

z ”

l(nnn/—
mryy

INRESHDLD

rosmive
taryr
./_ InREsHOLD

Voo TACHOMETER

and neither input should be taken ouu«'d,e the limits of
the supply voltage being used. 11 is very impontant
that an input not go below ground without some resis-
fance in its lead to limit the current that will then flow
in the epi-substrate diode.

Following the inpus stage is the charge pump where the
input frequency is converted 10 a de voltage. To do this
tequires one timing capacitor, one output resistor, and
#n integrating or filter capacitor. When the input stage
changes state (due 10 3 suitable zero crossing or difler-
ential voliage on the input) the timing capacitor is either
charged or discharged linearily between two voltages
whose difference is Vee/2. Then in one half cycle of
the input frequency or » time equal to 1/2 1, the
change in charge on the timing Capacitor is equsl to
Vee/2 x C1, The sverage amount of current pumped
into of out of the capacitor then is:

a0 Vee

T " dave =01 el 2= Vee x4,y xCY

The cutbut circuit mirrrg this cu.ient very accurately
into the loac resistor R1, connected 1o ground, such that
# the pulses of current are integrated with a filter -

6139
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Applications Information (Continued).
capacitor, then, V, = i x R1, pnd the total conver.
sion equation becomes:

Vo*Vee ¥y 2Clx Rix K
Where K is the gain constant~typicailly 1.0.

The size of C2 is dependent only on the amount of
ripple voltage allowable and the required response time,

CHOOSING R1 AND C1

There are some limitations on the choice of RY and C1
which should be considered for optimum performance.
The timing capacitor also provides interrial compensa-
tion for the charge pump and should be kept larger than
100 pF for very accurate operation. Smaller values can
€ause an ertor curcent on R, especially at low tempera-
tures. Several considerations must be met when choosing
R1. The output current st pin 3 is internally fixed and
therefore Vo /R1 must be less than or equal to this value,
H R1 is too farge, it can become » significant fraction of
the output impedance st pin 3 which degrades linearity.
Also output ripple voltage must be considered and the
sire of C2 satfectedby R1. An expression that describes
the ripple content on pin 3 for a single R1C2 combin-
ationis: _

- Vee €1 ( Vee x i x C1
Varrrg® — x = x {te S N7+

2 c2 2

It appears R1 can be chosen independent of ripple,

) pk~pk

Typical Applications

however response time, or the time it fakes Vour to
s1abilize at 2 new voltage increases as the size of C2
increases $0 3 compromise between ripple, response
time, and linearity must be chosen carefully.

As a fina! consideration, the maximum attainable input

frequency is determined by Vee. Cland 1,:

)
ClxVee

fuax =

USING ZENER REGULATED OPTIONS (LM2317)

For those spplicstions where an output voltage o¢
current must be obtained independent of supply voltege
voriations, the LM2917 is olfered. The most important
consideration in choosing » dropping tesistor from the
unregulated supply to the device is that the tachometer
and op smp circuitry alone require sbout 3 mA a1 the
voltage level provided by the 2ener. At low supply
voltages there must be some current flowing in the
resistor above the 3 mA circuit current 10 operate the
regutator. As an example, if the raw supply varies from
.8 10 16V, 2 resistance of 47002 will minimize the zenes
voltage variation 10,160 mV. 1f the resistance goes under
40092 or over 6005 the zener variation quickly rises
above 200 mV for the same input variation.
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