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Abstract

This thesis presents the project of programmable voltmeter. This project is interfacing
between the computer to be controller and digital voltmeter to be listener. The digital voltmeter
has controlled and organized system to be complete standard IEEE-488 (General Purpose
Interface Bus) listener by 8051 microcontroller. DC voltmeter which is auto selection and display

range by LED (Ligth Emitting Diode).
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DAV (Data Valid)
NRFD (Not Ready For Data)

NDAC (Not Data Accepted)
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3.3.42 MIIFOUADLUVATENY (Star Configuration)
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3.4 MFIT¥NUV9 GPIB

34.1 nzjuﬁﬁ«mmmﬂﬁmﬂ (address command group)
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® Device clear / Interface Clear
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ASCII-IEEE 488 BUS MESSAGEA(COMMNDS AND ADDRESSES)HEX CODES

MSD 0 I 2 3 4 7
L3D AsCIH MSG | ASCII | MSG | ASCH | MSG | ASCI | MSG | ASCI MSG | ASCI | MSG | ASCI | MSG | ASCH | MSG

NUL DLE sp 00 0 16 @ 00 P 16 P

SOH GTL DCI LLO ! 01 1 17 A 01 Q 17 A Q

STX DC2 i 02 2 18 B 02 R 18 B R

ETX DC3 g 03 3 19 C 03 S 19 (€ S

EOT Sole DC4 DCL S 04 4 20 D 04 6 20 D T

ENO PPC NAK PPU 12 05 5 21 E 05 u 21 E u

ACX SYN & 06 6 22 F 06 v 22 F v

BEL ETB ? 07 - 23 G 07 w 23 G W

BS GET CAN SPE ( 08 8 24 H 08 X 24 H X

HT TCT EM SPO ) 09 9 25 I 09 af 25 I Y

LF SUB ; 10 : 26 ] 10 z 26 ] z

VT ESC + \1 : 27 K 1 [ 27 K }

FF FS : 12 < 28 L 12 \ 28 L

CR GS 7 13 = 29 M 13 ] 29 M {

o) RS : 14 > 30 N 14 - 30 N -

SI us / 15 ? UNL 0 5 3 UNL 0 DEL

| —— N — T = = e T =5 —
ADDRESSED UNIVERSAL LISTEN TALK XECONDARY
COMAND COMAND ADDRESS ADDRESS COMMAMD
___GROUP GROUP GROUP GROUP GROUP
————

PRIMARY COMMAND GROUP(PCG)
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3.4.6 MIVBUIMINAZNITNTIVAD (Service Request and Polling)
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300pF

11.059MHz

1:9

1

Reset

XTAL1

XTAL2

\Y
€ po.o

PO.1
P02
P03
P04
P05
P06
P0.7
P1.0
P11
P12
P13
P14
P15
P16
P17
P2.0
P2.1
P22
P23
P2.4
P25
P26
P27
P3.0
P3.1
P32
P33
P3.4
P35
P36
P3.7

MILANWATUIAINRGIE IC
MAX7129

AIUANIVATUENaTda LU LaYynTY
a8 CI 74HC 595

MILANNTTUR VTR
(waudiafa) s¥1Iine GPIB
fiu MCS

Feyanatpruqu
A/D ICL7135

deyauraudiayauay GPIB

Feusueudiayauas ICL
7135

gﬂﬁ 4.1 1993MININUVDY microcontroller AT89S1
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D120
D219 7\
D3[18
REE D417
ANALOG COMMON DI
INT OUT +5V
AZi B1{16 o
in BalE 0 8051 2
BUF OUT B4I14
B8[12
RC1 [Cgraut 1k 16k
RC2 OR}27
POL[23 —NAN—
BUSY21 J 56k
LO CLK[22 .
sol v LM311 L
30K v

24 16k

390pF

I—e—F—\W\

51 42 299500100 led 1CL7135
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I M Ohm
DCO - 100V
Sol |
100 K Ohm o)
Sol2 1 K Ohm
1 K Ohm
10 K Ohm o—
ToICL 7135
Sol3
1 K Ohm o— 10 K Ohm
1 K2 Ohm
Sol 4
10 Ohm = %

5‘1.]‘?1 4.4 11TAIINT aﬂ‘naumdﬁuuammmmﬁu‘lﬂﬂmimmma

U

y Y & d
4.5 M3PoNAaNUMIA GPIB

fid [ 4 i3 plas
pellex? IR Qe
103 2 145 pIar
£104 a4 | ® vloe
Eal & |17 REH
Ean E |13 GHD { TW PR TODEY )
HEFD T |13 GHD{ T FAGR ESHRFD 3
Eoivil 8 2 GMD [ TW PAIR MWHDAG D
e 8 21 GHD € T PAIRWAFC)
gRe | | 18 [ 2 | | ene re PAREISRR )
ATH 11 | 23 Sl § T PAIR PATH )
SHIELD 12 | =4 SIGHAL SROUND
L_./J
@
';—_—_—/

q‘ A e <
gﬂ‘ﬂ 4.5 LAAIUINSI¥RNADNUNITA GPIB



33

4.6 21T VNBTANVVDYNTN
<3| o 9 ;Y o a o &£ g ° = 4
Lﬂuﬂ?ilﬂﬂl@ﬂg’ﬁﬂﬂllﬂﬂﬂuﬂih Lm:ﬁu'\'ﬂﬁV]‘ilW@’EJﬂ“]f\?L']JHLL‘U‘U‘UUWUIlﬂWWﬂ’]'iﬂ':l‘UﬂiJiLaEJ
GLUﬂTiLﬁ@ﬂfj"lll"’l]f)x‘]ﬂ'li'iﬂlliQﬁuul‘wﬁWﬂiﬂlﬁﬂiﬂ LLZ’IS:‘I:Hhl‘lJLLﬁﬂ\‘iNﬁ‘U'ﬂﬂLL@ﬁ%aLLﬁﬂﬁﬂHu‘ﬂ@ﬂﬂ’]i

o aaldidon14ifies 4 1019WA fip Q0 - Q3 TavLaALEIU 2V, 20V, 200V 1Az 2000V

+5V

16 10

po.4 3 Ds Y MR qo |15

pos 11 |SH Qi 1
Bff  —idlat Q2
o 3
Q4
Qs
Q6
Q7

OE GND
13 8
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s 4.6 mseeldaneled 74HC595

> Relay, LED
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1 4 a d
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Tulnssnut g Tdsunsuma W lunsiiduuaainansensunuass Falunis@eu
Tsunsudosaanou IWUUUT (component) ¥B4n15A GPIB 1#uAaTdsunsuaalvinounaszd
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sunvugadids nlgswAunsaail

aGPIB1.LoadInitial ; // (Jumssmuaausudulifumsa GPIB

aGPIB1.SendIFC (ud); // 1umsindoswiosiaa GPIB Tasnsdsdyanudunesie indes
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aGPIB1.IbDev(ud: Integer; pad: Integer; sad: Integer; tmo: Integer; eot: Integer; eos: Integer);
I o o
/miumsimuagoiuzvotginsal
aGPIB1.IbWrt(ud:Integer; var wrtbuffer:Untyped; cnt:integer); //ﬁwf’fqdﬁ’fmgamﬂﬂﬁﬂ"lﬂ mcs
aGPIB1.IbRd(ud:Integer; var rdbuffer:Untyped; cnt:integer); //ﬁ1ﬁ'\‘1'§lwlsljm;jﬁ%m mes 1184
4
N136
4
o
5 A a ' o i 9 Y o 4
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v
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s A v Y b
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A A \ o Aq Y = \w
-rdbuf Ao ¥OYBINUIIAIWIN T IUMITINUYOYA
et fio MsfmMuAvUIAIRINIB1UdYD
-ibwrt Ao n1seetoyanngld lllgunsal
A A ] o Aq 9 reei e
~wrtbuf fi® FOYDINUILA MDA 1% luns dedoya
o v :’J a 1 @ £
mﬂuwmsﬂﬂﬂanué‘l% (Interface User)
1 aa Jda 4 dyd :/l 2 d’l
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aGPIB1.LoadlInitial ;
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aGPIB1.SendIFC (ud);
aGPIB1.Dev(ud: Integer; pad: Integer; sad: Integer; tmo: Integer; eot: Integer; cos:
Integer);
A a 1 VY o 1 J a 4 A o Yo o
- iiedAarenuginsalldwimsdimainneuiunes (vioannise) Taslddda
aGPIB1.IbWrt(ud:Integer; var wrtbuffer:Untyped; cnt:integer);
o o ' = Y Yo o
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Vcc=5v
10 k Va
100 k Vb
5k Vc
1k vd

311 5.1 HAAIIBININATDITAA LT IAU

NMINIUIN Va=Vce(10k) / (10k+1k+100+100) = 0.43
Vb = Vee(l k) / (10k+1k+100+100) = 4.3103

Ve =Vee(100) / (10k+1k+100+100) 0.2155

I

Vd = Vee(100) / (10k+1k+100+100) = 0.043

Tay
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Va=0.4366 V
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Vd = 0.0846 V
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J o da
WosisuaNanaIn = 1.5%

s g da
1WosIFUANANAIA = 0.07%

s sa
WosIsuaNaANaIn = 2.78%

s g sa
1WosIFUARANAA = 96.74%

a d 4 d
5.2 msoumesWaszrineuInsaaesuaznIsa GPIB

5.2.1 MINAADINITAININABLRUNDTHIUNISA GPIB e mes 51 Taosmuaailung

Ed

! v A
Y

M319N 5.1 HAMINAABINTIAIWEYATINABUNIUADS

flaae GPIB 1251 mes 51
LED ASCII
A 01000001 41H
B 01000010 420
G 01000011 43H
1 00110001 31H
2 00110010 32H

522 MINAADINITAIIN mes 51 'lﬂﬁaﬂanﬁuma'fmumfﬂ GPIB lasiviuaa1luns

M5197 5.2 HAMINATDIN A ITOYADIN mes 51

f2@9 mes 51 f1250 GPIB
Char ASCI
A 41H A
B 42H B
@ 43H C
1 31H 1
/) 32H 2
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1. sunsu@daoa Tantimos

e VGINEIER = e
MXDAT EQU  P0.0 el
MXLDB EQU  PO.1 BIT CONTROL HC595

MXCLK EQU P02 - - = =
HC595_DS EQU  P0.3 . DATA OUT FORM HC595 TO MCS51
HC595_SHIFT EQU  P0.4 : CONTROL BIT
HC595_STORE1 EQU  P0.5 ; LOAD OUTPUT DATA VDC HC595
BUSY EQU P13 s
POL EQU P14 ; BIT CONTROL ICL7135

OVER EQU - P15 ANLEEE A e - e -
DAV FEQU —P1.0 N R S
NRFD EQU P1.1 ;" BIT CONTROL HAND SHAKE

NDAC EQU - P12 1o e B e S OEEEEEE B S
BIDI1 EQU P17

BIDI2 EQU P3.4

BIDI3 EQU P35

BIDI4 EQU ~ P36

BIDIS EQU  P3.7

DIG1 EQU  20H

DIG2 EQU - 21H

DIG3 EQU  22H

DIG4 EQU  23H

DIG5 EQU  24H

DIG6 EQU  25H

NUM EQU  26H

NUM1 EQU  27H

NUM2 EQU  28H

NUM3 EQU  29H

NUM4 EQU  2AH

NUM5 EQU. 2BH



NUM6 EQU 2CH

DATA1 EQU 2DH ; STORE ASCII CODE
DATA2 EQU 2EH
DATA3 EQU 2FH
DATA4 EQU 30H
DATAS EQU 31H
POINT EQU 32H
SIGN EQU 33H
RANGE EQU 34H
ORG 0000H

SETB P1

SETB P2

SETB P3

CALL DELAY

MOV AH#HOTEH
MOV DIG1A
MOV DIG2,A
MOV DIG3 A
MOV DIG4,A
MOV DIG5,A
MOV DIG6,#00H
CALL READMAX

ittt 4+ +4+ START PROGRAM 44+ 4+ 4+ 44+ +4+++

VDCA: MOV R0,#00000001B
CALL HC595_OUT
CLR HC595_STORE1 == VOLT ==
SETB HC595_STORE1

CALL DELAY123



VDCA _2V:

VDCA_20V:

VDCA_20V1:

MOV R0,#00000001B
CALL HC595_OUT

CLR HC595_STORE1
SETB HC595_STORE1
CALL READ_ICL7135
CLR DIG5.7

CALL DETEC

CJUNE A#00H,VDCA_2V1
CLR DIG6.0

AIJMP VDCA_2V2
VDCA_2V1: CALL SETPOL2
VDCA_2V2: SETB DIGS5.7
CALL READMAX

JB OVER,VDCA_20V
MOV A#61H

MOV POINT,A

MOV A, #65H

MOV RANGE,A

CALL CHK_ASCII

CLR NRFD

CLR NDAC

SETB DAV

CALL SEND_COM

AIJMP VDCA_2V

MOV
CALL
CLR
SETB
CALL
MOV

R0,#000000108B
HC595_0OUT
HC595_STORE1
HC595_STORE1
DELAY123
R0,#00000010B

i IF Al=0 READ DATA

; A="a' : SEND POINT POSITOIN 5

;A='e"' SEND RANGE2V



CALL HC595_0OUT

CLR HC595_STORE1 ;== VOLT ==
SETB HC595_STORE1
CALL DELAY
MOV R0,#00000010B
CALL HC595_0OUT
CLR HC595_STORE1 == VOLT ==
SETB HC595_STORE1
LCALL READ_ICL7135
CLR DIG4.7
CALL SETPOL2
CALL DETEC_V
CJNE A #00H,VDCA_20V2
AJMP VDCA
VDCA_20V2: SETB DIG4.7
CALL READMAX
JB OVER,VDCA_200V
MOV A #62H ;A ="b": SEND POINT POSITOIN 4
MOV POINT,A
MOV A, #66H ;A ="f:SEND RANGE 20V
MOV RANGE,A
CALL CHK_ASCII
CLR NRFD
CLR NDAC
SETB DAV
CALL SEND_COM
AJMP VDCA_20V1

VDCA_200V: MOV R0,#00000100B
CALL HC595_0OUT
CLR HC595_STORE1 == VOLT ==
SETB HC595_STORE1
CALL DELAY123

VDCA_200V1: MOV R0,#00000100B



VDCA _200Vv2:

VDCA_2000V:

VDCA _2000V1:

CALL
CLR
SETB
CALL
MOV
CALL
CLR
SETB
CALL
CLR
CALL
CALL
CJINE
AIMP
SETB
CALL
JB
MOV
MOV
MOV
MOV
CALL
CLR
CLR
SETB
CALL
AJMP

MOV
CALL
CLR

SETB
CALL

MOV

HC595_0OUT
HC595_STORET1
HC595_STORE1
DELAY
R0O,#00000100B
HC595_0OUT
HC595_STORE1
HC595_STORE1
READ_ICL7135
DIG3.7
SETPOL2
DETEC.V

A#00H,VDCA _200V2

VDCA_20V
DIG3.7
READMAX

OVER,VDCA_2000V

A#63H
POINT,A
AHBTH
RANGE,A
CHK_ASCII
NRFD

NDAC

DAV
SEND_COM
VDCA_200V1

R0,#00001000B
HC595_0OUT
HC595_STORE1
HC595_STORE1
DELAY123
R0,#00001000B

‘c' : SEND POINT POSITOIN 3

;A ="'g': SEND RANGE 200V



VDCA_2000V2:

V_OVER_2000V:

V_OVER:

V_OVERT:

CALL
CLR
SETB
CALL
MOV
CALL
CLR
SETB
CALL
CLR
CALL
CALL
CJNE
AJMP
SETB
CALL
JB
MOV
MOV
MOV
MOV
CALL
CLR
CLR
SETB
CALL
AJMP
CALL
AJMP

HC595_OUT
HC595_STORET
HC595_STORET
DELAY
RO,#000010008B
HC595_0UT
HC595_STORET
HC595_STORE1
READ_ICL7135
DIG2.7
SETPOL2
DETEC.V
A#00H,VDCA_2000V2
VDCA_200V
DIG27
READMAX
OVER,V_OVER_2000V
A 64H

POINT A

A H68H
RANGE,A
CHK_ASCI|
NRFD

NDAC

DAV
SEND_COM
VDCA_2000V1
V_OVER
VDCA_2000V1

30H,#0FFH
A #00H
DIG1A
DIG2,A
DIG3,#70H

;A="d" :SEND POINT POSITOIN 2

;A="'g"' SEND RANGE 200 V



READ_ICL7135:

READ:

SETPOL2:

SETPOLO2:

MOV
MOV
MOV
CALL
RET

SETB
CALL
JB
RET
CALL
RET

DIG4 #0EFH
DIG5A
DIG6,A
READMAX

BUSY,READ

READ_BIDI

POL,SETPOLO2
DIG6.0
SIGN,#69H

DIG6.0
SIGN,#6AH

ADIG1
AH#OTEH,RETG
ADIG2
AH#OTEH,RETG
ADIG3
AH#HOTEH,RETG
ADIG4
AH#HOTEH,RETG
ADIG5
AH#OTEH,RETG
A

DIG6.0

; SIGN = i: NAGATIVE

; SIGN =] :POSITIVE



DETEC_V: MOV ADIGS
CJNE A#OTEH,RETG
MOV ADIG4
CJUNE A#OTEH,RETG
CLR A

RETG: RET

READ_BIDI: JB BIDI5,READ_BIDIS
JB BIDI4,READ_BIDI4
JB BIDI3,READ_BIDI3
JB BIDI2READ_BIDI2
JB BIDI1,READ_BIDI1
RET
READ_BIDIS: CALL READ_DATA
MOV DIG5A
MOV ANUM
MOV NUM5,A
RE¥
READ_BID4: CALL READ_DATA
MOV DIG4,A
MOV ANUM
MOV NUM4,A
RET
READ_BIDI3: CALL READ_DATA
MOV DIG3 A
MOV ANUM
MOV NUM3,A
RET
READ_BIDI2: CALL READ_DATA
MOV DIG2A
MOV ANUM
MOV NUM2,A
RET

READ BIDI1: CALL READ_DATA



READ_DATA:

HCS595_OUT:

HC1:

READMAX:

RET

CALL
CALL
CALL
RET

SET INITIAL VALUE

CLR
CLR
MOV
MOV
CALL

DIG1,A
ANUM
NUM1,A

AP3

A#OFH
NUM,A

DPTR #DATA
A@A+DPTR

HC595_STORE1

HC595_SHIFT
HC595_DS
R2,#08H

A.RO

A
HC595_SHIFT
HC595_DS,C
HC595_SHIFT
R2,HC1

MXLOAD

MXCLK
MXLDB
RO, #0FH
R1,#00H
MXBYTE

; DISPLAY TEST-NORMAL
; SEND DATA=0



MOV
MOV
CALL
MOV
MOV
CALL
MOV
MOV
CALL
MOV
MOV
CALL
RET

RO,#0CH
R1,#01H
MXBYTE
RO,#09H
R1,#00H
MXBYTE
RO,#0AH
R1,#08H
MXBYTE
RO,#0BH
R1,#05H
MXBYTE

; SEND ADDRESS,DATA TO MAX7219

7 IN = R0 ADDRESS (B0-B3)

; =R1 DATA

MXBYTE: MOV
MOV

MXBYTE1: RLC
MOV
SETB
CLR
DJNZ
MOV
MOV

MXBYTEZ2: RLC
MOV
SETB
CLR
DJNZ
SETB
CLR
RET

R2,#8
ARO
A

MXDAT,C

MXCLK
MXCLK

R2,MXBYTE1

R2,#8
AR1

A

MXDAT,C

MXCLK
MXCLK

R2,MXBYTE2

MXLDB

MXLDB

; SHUTDOWN-NORMAL
; SEND DATA=1 (IC OPERATE)

; DECODE MODE

; SEND DATA =0

; INTENSITY MODE

; SCAN LIMIT

, LOAD DATA



; LOAD DISBUF TO DISPLAY (MAX 7219)

MXLOAD: MOV RO, #1
MOV R1,DIG1
CALL MXBYTE
MOV RO, #2
MOV R1,DIG2
CALL MXBYTE
MOV RO#3
MOV R1,DIG3
CALL MXBYTE
MOV RO, #4
MOV R1,DIG4
CALL MXBYTE
MOV RO,#5
MOV R1,DIG5
CALL MXBYTE
MOV RO, #6
MOV R1,DIG6
CALL MXBYTE
RET

e N O P s

CHK_ASCI: MOV ANUM1
ADD A#30H
MOV DATA1A
MOV ANUM2
ADD A#30H
MOV DATA2,A
MOV ANUM3
ADD A#30H
MOV DATA3,A
MOV ANUM4
ADD AH#30H

MOV DATA4A



SEND

MOV
ADD
MOV
RET

_COM: SETB
CLR
CLR
CALL
CLR
CLR
CALL
CLR
CLR
CALL
CLR
CLR
CALL

CJINE
CALL

CLR
CLR
CALL
CLR
CLR
CALL
CLR
CLR
CALL

ANUMS
A#30H
DATA5,A

DAV
NDAC
NRFD
SHK_RE1
NDAC
NRFD
SHK_RE1
NDAC
NRFD
SHK_RE1
NDAC
NRFD
SHK_RE1
A#56H,0UT
VOLT

NDAC
NRFD
SHK_RE2
NDAC
NRFD
SHK_RE2
NDAC
NRFD

SHK_RE2



SETB NDAC
SETB NRFD
MOV RO,SIGN
CALL SHK_SEN
SETB NDAC
SETB NRFD
MOV RO,DATAS
CALL SHK_SEN
SETB NDAC
SETB NRFD
MOV RO,DATA4
CALL SHK_SEN
SETB NDAC
SETB NRFD
MOV R0O,DATA3
CALL SHK_SEN
SETB NDAC
SETB NRFD
MOV RO,DATA2
CALL SHK_SEN
SETB NDAC
SETB NRFD
MOV RO,DATA1
CALL SHK_SEN
SETB NDAC
SETB NRFD
MOV RO,POINT
CALL SHK_SEN
SETB NDAC
SETB NRFD
MOV RO,RANGE
CALL SHK_SEN
SETB DAV

RET



SHK_RE1: CLR NDAC

SETB NRFD

CALL DELAYY

JB DAV EXT

CLR NRFD

MOV AP2

SETB NDAC
DAVHIGH1: JNB DAV ,DAVHIGH1

CLR NDAC

CPL A
EXT RET
SHK_REZ2: CLR NDAC

SETB NRFD
DAVLOW?Z: CALL DELAYY

JB DAV,DAVLOW?2 » WAIT UNTIL DAV =0

CLR NRFD

MOV AP2

SETB NDAC
DAVHIGH2: JNB DAV DAVHIGH2

CLR NDAC

CPla A

RET
SHK_SEN: SETB DAV

JNB NRFD,$

JB NDAC,$

MOV ARO

CPL A

MOV P2,A

JNB NRFD,$

CLR DAV

CALL DELAYY

JNB NDAC,$



DELAYY:
L_TIME1:

DELAY1:
DELAY2:

DELAY123:
DELAY3:

SETB
MOV
RET
MOV
MOV
DJUNZ
DJNZ
RET

MOV
MOV
DJUNZ
DJINZ
RET
MOV
CALL
DJINZ
RET

DB
DB
DB
END

DAV
P2,#0FFH

R7,#50H
R6,#50H
R6,$
R7,L_TIME1

R1,#030H
R2,#0FFH
R2,DELAY?2
R1,DELAY1

R3,#025H
DELAY
R3,DELAY3

07EH,030H,06DH,079H
033H,05BH,05FH,070H
07FH,07BH



2. Wsunsu@dnea ladiimes iasiwusononiunesaeliusunsu Delphi

unit voltmeter1;
interface
uses
Windows, Messages, SysUltils, Classes, Graphics, Controls, Forms, Dialogs,
Zseg, ExtCtrls, aGPIB, StdCtrls, Mystd, zLed, zonzoff, zAnimate, zPanel,
SlideBar, zPanel2, Std2, Blend;
type
TForm1 = class(TForm)
aGPIB1: TaGPIB;
Panel1: TPanel;
dis1: TzcDotSegment;
dis2: TzcDotSegment;
dis3: TzcDotSegment;
dis4: TzcDotSegment;
disb: TzcDotSegment;
dis6: TzcDotSegment;
dis7: TzcDotSegment;
Timer1: TTimer,;
Led1: TzLed;
Led2: TzLed;
Led3: TzLed;
Led4: TzlLed;
Label1: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
SW: TzcLightOnOff;
runningDot1: TzcRunningDot;
zKnob1: TzKnob;
Label5: TLabel;
procedure FormCreate(Sender: TObject);

procedure Timer1Timer(Sender: TObject);



procedure SWClick(Sender: TObject);
var

Form1: TForm1;

buff:char;

rdbuff:packed array [0..8] of char;

procedure TForm1.FormCreate(Sender: TObject);

begin
agpib1.LoadInitial ;
agpib1.SendIFC (0);
SW.caption:='OFF",
runningDot1.MoveEnabled := true;
end;

procedure TForm1.Timer1Timer(Sender: TObject);
var ud:integer;
begin
if (sw.SwitchOn = true )then
begin
buff:='V",
ud := agpib1.lbDev(0,1,0,10,1,0);
agpib1.lbWrt(ud,buff, 1);
agpib1.IbRd(ud,rdbuff,8);
if (rdbuff{0]="]") then dis1.Visible :=false;
if (rdbuff{0]="i")then
begin
dis1.Visible :=true;
dis1.Char:="'
end;
if (rdbuff(6]="a")then
begin
dis2.Char:=rdbuff[1];
dis3.Char:=""
dis4.Char:=rdbuff[2];
dis5.Char:=rdbuff[3];
dis6.Char:=rdbuff[4];

dis7.char=rdbuff[5];



Led1.Enabled :=true;
Led2.Enabled :=false;
Led3.Enabled :=false;
Led4.Enabled :=false;
zKnob1.Value := 5;

end,

if(rdbuff(6]="b")then

begin
dis2.Char:=rdbuff[1];
dis3.Char:=rdbuff[2];
dis4.Char:="";
dis5.Char:=rdbuff[3];
dis6.Char:=rdbuff[4];
dis7.char:=rdbuff[5];
Led2.Enabled :=true;
Led1.Enabled :=false;
Led3.Enabled :=false;
Led4.Enabled :=false;
zKnob1.Value := 35;

end;

if(rdbuff(6]="'c')then

begin
dis2.Char:=rdbuff[1];
dis3.Char:=rdbuff[2];
dis4.Char:=rdbuff[3];
dis5.Char:=",
dis6.Char:=rdbuff[4];
dis7.char:=rdbuff[5];
Led3.Enabled :=true;
Led1.Enabled :=false;
Led2.Enabled :=false;
Led4.Enabled :=false;
zKnob1.Value := 65;

end;



if(rdbuff(6]='d')then

begin
dis2.Char:=rdbuff[1];
dis3.Char:=rdbuff[2];
dis4.Char:=rdbuff[3];
dis5.Char:=rdbuff[4];
dis6.Char:="",
dis7.char:=rdbuff[5];
Led4.Enabled :=true;
Led1.EnabIed .=false;
Led3.Enabled :=false;
Led2.Enabled :=false;
zKnob1.Value := 95;

end;

if (sw.SwitchOn = false )then

begin
dis1.Visible :=false;
dis2.Visible :=false;
dis3.Visible :=false;
dis4.Visible :=false;
dis5.Visible :=false;
dis6.Visible :=false;
dis7.Visible :=false;
Led1.Enabled :=false;
Led2.Enabled :=false;
Led3.Enabled :=false;

Led4.Enabled :=false;

end;
end;
end;
procedure TForm1.SWClick(Sender: TObject);

begin



if (SW.SwitchOn = true) then
begin
SW.caption:='ON";
dis1.Visible :=true,
dis2.Visible :=true;
dis3.Visible :=true;
dis4.Visible :=true;
dis5.Visible :=true;
dis6.Visible :=true;
dis7.Visible :=true,
end
else
begin
SW.caption:='OFF";
dis1.Visible :=false;
dis2.Visible :=false;
dis3.Visible :=false;
dis4.Visible :=false;
dis5.Visible :=false;
dis6.Visible :=false;
dis7.Visible :=false;
led1.Enabled := false;
led2.Enabled := false;
led3.Enabled := false;
led4.Enabled := false;
zKnob1.Value :=5;
end;
end;

end.
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MAXI /N

4% Digit A/D Converter with
Multiplexed BCD Outputs

Qeneral Description

The Maxim ICL7135 is a high precision monolithic 41,

digit A/D converter. Dual slope conversion _reliability is |
combined with +1 in 20,000 count &ccuracyand a

2.0000V full scale capability. It features high impedance

differential inputs, nearly Ideal differential linearity, true
-ratiometric operation, auto zero and auto-polarity. The
muitiplexed BCD outputs and digit drivers provide easy
interface to external display drivers like the Maxim
ICM7211A. The only other external components needed
to make precision DVM/DPMs are a reference and a
clock. For more ex systems the BCD outputs are
gTJhﬁ?ced b , OVERRANGE, UNDERRANGE
microprocessors and UARTS. This Interfacing capability
makes the ICL7135 an ideal device for use in microproc-
essor based data acquisition and control systems.

The ICL7135 has auto-zero accuracy better than 10uV,
zero drift of 0.5uV/°C, input bias current of 10pA max.
and rollover ermor of less than 1 count.

Applications

This device is used in a wide range of measurement ap-
plications involving the manipulation and display of ana-
log data:

Pressure Waeight
Voltage Current
Resistance Speed
Temperature Material Thickness

— ——— N\ _“pin COnﬂyu@ﬂon

v-d1 28 PUNDERRANGE
REFERENCE( 2 27 POVERRA|
ANALOG COMMON] 3 26 p STROBE
INT OUTq 4 25pR/H
AZ INd S 24 b DIGITAL GND
BUFF OUTd 6 23pPOL
REF. CAP-q7 ., ... 22pCLOCK IN
REF. CAP+( 8 cL7135 24 bBUSY
IN LO99 20p(LSD) D1
IN Hid 10 19pD2
v+dl 18pD3
(MSD) D5d 12 17pD4
(LSB) B14 13 16 :gsﬂ) B3
B2d 14 15p
NOTE: All packages have the same pinout.

Features

and BUSY lines providing easy interface to . . -

¢ Improved 2nd Source

(See our “Maxim Advantage™"” Page 3)

¢ 120,000 Count Resoiution
¢ Guaranteed + 1 Count accuracy

¢ Over-range, under-range signals for auto-range

capabllity

¢ Easy Interface to UARTs and pPs
¢ TTL compatible, Multiplexed BCD outputs
¢ True differentlal input. Zero reading guaranteed

for 0 volt input
¢ True polarlty at zero for precise null detection
¢ Monolithic CMOS design

Ordering Information
PART _ TEMP.RANGE PACKAGE
ICL7135CJI __ 0*Cto 70°C 28 Lead CERDIP
ICL7135CPI__ 0°C to 70°C 28 Lead Plastic DIP.
ICL7135CQl  0*Cto 70°C 28 Lead Plastic chip camier
ICL7135C/D _ 0°Cto70°C Dice

Typical Opofatlng Clrcuft

. ﬂ
413988

LED DISPLAY

Ataxim
wMrzi12

The “Maxim Advantage™" signifles an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test speciﬁca!ions‘ on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.

MNMAXIN

Maxim ntegrated Products 1
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ICL7135

4% Digit A/D Converter with
Multiplexed BCD Outputs

ABSOLUTE MAXIMUM RATINGS Lead Temperature (Soldering, 10sec) .............. 300°C

Power Dlselgabon (Note 2) Supply Voltage V+ ... ... +68v
CERDIPPackage........................... 1000mW V= e siviis s siess oms v 63558 5 grevee —aV
Plastic Package ........................ 0" 800mW Analog Input Voltage (sither input) (Note 1) ... ... V+itov-

Operating Temperature ................ """ 0°Cto +70°C Reference Input Voltage (either input) . . .Vtitov-

Storage Temperature ................. —85°Cto + 160°C Clocklnput ..............coooveu 00 GndtoV+

Note 1: Mmmumyummwmguwwmmlnmmmhﬂmudm +100pA.

Note 2; Dissipation rating devics Is d with all leads soldered ta printed circult board.

svmabovaﬂmalstedM"Abwthm R = Cause permanent damage to the device, rati

Wndmdmudmawmmﬁm:m’?‘.l in the op 5 deodm;mwaeMmm

mnwnmﬂngeond&omhmndodpoﬂodamdfeddwoemmty.

ICL7135 ELECTRICAL CHARACTERISTICS {Note 1)
(V¥ = +5V, V= = =5V, T, = 25°C, Clock Frequency Set for 3 Reading/Sec

CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX UNIT8
A Zero Input Reading Vin = 0.0V ~0.0000 | +0.0000 | +0.0000 | Digital
N Full Scale = 2,000V Reading
A | Ratiometric Reading (2) VIN = VRer +0.8998 | +0.8089 | +1.0000 | Digital
('3 Full Scale = 2,000V Reading
a Linearity over + Full Scale Digital
(error of reading from -2V VNS +2v 0.5 1 Count
best straight ling) Error
Differential Linearity
(differance betwsen worse -2V VN < +2V .01 LsB
case step of adjacent counts
and ideal step)
Rollaver error (Ditferance In Digital
reading for equal positive & —ViN= +V)y = 2V 0.5 1 Count
negative voltage near full scals) Error
{Note 1) Noise (P-P value not on Viy = OV
(Note 2) exceeded 95% of time) Full Scale = 2.000V 15 pv
Leakage Current at Input liLk ViN = OV 1 10 pA
Zero Reading Drift Vin = 0V 0.5 2 uv/rc
0° < Tp < 70°C
Scale Factor Temperature TC ViN = +2V
Coefficient (3) 0° < Tp < 70°C 2 5 ppm/°*C
(ext. ref. 0 ppm/°C)
VINH 2.8 2.2 '
ViNL 1.6 0.8
INPUTS | Clock In, Run/Hald INC Viy =0 0.02 0.1 mA
N ViN = +5V 0.1 10 pA
O [ AllOutputs Vou loL = 1.6mA 0.25 0.40 v
U B1, Bz, By, Bg Vou lo = —1mA 24 4.2 \'
T D1, D2, D3, D4, D5
D P | BUSY, STROBE VoH loH = —10pA 49 4.09 v
1 U | OVER-RANGE, UNDER-RANGE
G g POLARITY
|
I S | +5V Supply Range v+ +4 +5 +6 v
L g —5V Supply Range V= -3 -5 -8 v
P + 5V Supply Current I+ fo =0 1.1 3.0 mA
L —5V Supply Current 1= fo=0 0.8 3.0
Y Power Dissipation Capacitance Cpp vs. Clock Freq 40 pF
Clock Clock Freq. (Note 4) DC 2000 1200 kHz
Note 1: Tested In 414 digit (20,000 count) circuit shown in Fig. 1, dock frequency 120kHz.
Nota 2= Tested with a low dielsctric ab P ir ting . Sea Component Selection Section.

Note 3: The temperature range can be extended to +70‘Cmdb¢yonduionguthauuto—mmdmfowcapadlommlr\uuudk:lbood:tmhlqher
leakage of the ICL7135.

Noul:Thhapedﬁadonmtutomaod(kmmwewmthe)CLﬂSSM?!eorrocdyp«brmPuvaﬁoulhmcﬁom.Soe“Ma.xCSOd(Frequencr'
belowforlkrlzaﬁomonm-dockmqwmcymnqehamtam.

Thaabcﬁicald?amdmﬂcsabovsarsamprodwdonolamﬂmofhwﬂs copynigited (1863/1984) data book. This information does not constitute any
Mbbnbme?nmr/masﬂ'spmdwbmﬂpafonnhsmdammmmr hcati The “Electri | Characteristics Table" along with the
daaabﬂwaxmpfsﬁvmﬁwmbm/nwmw‘sdamshemhambmnhdmdmmdamsheotsolsyrorcmpamtivcpwposas.
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MAXIMN

4% Digit A/D Converter with
Multiplexed BCD Outputs

¢ Quaranteed 2mA Max Supply Current ¢ Significantly Improved ESD Protection (Note 8) '

¢ Key Parameters Guaranteed Over Temperature ¢ Low Nolse
¢ Maxim Quality and Reltability

ABSOLUTE MAXIMUM RATINGS: 1 device conforms 1 the Absoiute Maxi Ratings on adjacent page.
ELECTRICAL CHARACTERISTICS speciticatons beiow satisfy or exceed all “tested” parameters on adjacent page.

(V+ = +8V, V= = —56V,T, = zﬁ'C.GockaSotlor:lRudhg/Soc

Characteristics Symbol Conditions Min Typ Max Units
Zero Input Reading VN = 0.0V, Full Scale = 2.000V Digital
A 0° < Tp < +70°C —0.0000 | +0.0000| +0.0000 Reading
x Ratiometric Reading (Nots 2) Vin = VREF, Full Scale = 2,000V Digital
L TA = 26°C +0.9898| +0.9999 | + 1.0000 Reading
o 0°<Tp < +70°C +0.9995 +0.9999 | + 1.0005
G |Linearity over + Full Scale Digital
(error of reading from -2V Vin< +2v 05 1 Count
best straight line) Error
Differential Linearity
(difference between worse \
casa step of adjacent counts VS ViN< +2v o Lss
and Ideal step)
Rollover error (Difference in Digital
reading for equal positive & =ViN= tViN= 2V 0.5 1 Count
ative voltage near full scale) Error
(Note 1) | Noisa (P-P value not \ e
NGin 2 exceaded B5% of time) en ViN = 0V, Full Scale = 2.000V 15 N’
Leakage Current at Input ek ViN = OV Ta = 25°C 1 10 PA
0" <Ta < +70°C 250 pA
Zero Reading Drift VIN=0V  0°<Tas< +70°C 0.5 2 pVIrC
Scale Factor Temperature TC ViIN= +2V 0° <Ta < +70°C 2 5 ppm/°C
Coefficient (Note 3) | (ext. ref. 0 ppm/°C)
IViNH 0° <Ta < +70°C 28 22 v
1ViNL 0" <Ta s +70°C 1.6 0.8 v
INPUTS | Clock In, Run/Fold e |ViIN=0 0° <Ta'< +70°C 0.02 0.1 mA
InH VN = +5V 0° <Tp < +70°C 0.1 10 pA
O |All Outputs Vou [loL = 1.6mA 0.25 0.40 Y
U [B4,82.B4,8Bg Vor IoH = —1mA 24 4.2 \'%
T |Dq,Dz, D3, D4, Ds
Do | P |BUSY,STROBE Vo |loq = —10pA 49 4.99 v
I | Y |OVER-RANGE, UNDER-RANGE
G g POLARITY
|
X S [ +5V Supply Range _ vE +4 +5 +8 v
L g —5V Supply Range \ =3 -5 -8 v
p | +6Y Supply Current I+ fc=0 Ta = 25°C 1.1 2.0 mA
2 0" <Ta < +70°C 3.0 mA
Y | -5V Supply Current 1= fc=0 Ta = 25°C 0.8 20 mA
0° < Tp < +70°C 3.0 mA
Power Dissipation Capacitance | Cpp (Note 5) . 40 pF
CLOCK | Clock Freq. (Note 4) DC 2000 1200 kHz
Note 1: Tested in 414 digit (20,000 count) circuit shown in Fig. 1, clock frequency 120kHz.
Nots 2= Tested with a low diek b in 9 citor. See C. Selection Section.

Note 3: The Temperature range can be extended to +70‘Clndb¢yondulongumewb-zefomdre{9fencacapadtoraarekmaudwabmmeﬂgher
leakage of the ICL7135.

Note 4: This specification relates to the clock frequency range over which the ICL7135 will corractly perform its various functions. See “'Clock Froquoocy below
for limitations on the clock frequency range in a system.

Nota 5: +5V Supply curent (or e =+ Qe I+ = ({1 - g+ Cpp X 5V X 1.
Note 8: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil Std 883, Method 3015.1)
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Figurs 1. ICL7135 Test Chrouit
Detalled Description
General Operation

The ICL7135 Is divided into an Analog sectionand a Digi-
tal section. The digital section includes the counters, in-
put and output interfaces, and contral logic which con-
trols the timing of each measurement cycle. Each mea-
surement is divided into four phases: 1) auto-zero (A2),
2) signal integrate (INT), 3) reference deintegrate (DE),

and 4) zero Integrator (ZI). The digital section controls”

the operation of the analog section during each of these
phases, using counters and the state of the comparator
to determine when to start each of the four phases.

Auto-Zero Phase

During auto-zero Input Hi and Input LO are disconnected
from the input pins and are internally shorted to Analog
COMMON. The output of the comparator is connected to
the inverting input of the Integrator, and at the same time
the non-inverting input of the integrator is connected to
the input of the buffer. This feedback loop charges the
autozero capacitor, Caz, to comperisate for the offset
voltages of the buffer amplifier, integrator, and compara-
tor. Also during auto-zero, the reference capacitor is con-
nected to the voltage reference and is charged to the
reference voltage. The auto-zero cycls is a minimum of
8800 clock cycles, except after an over-range reading.
After an over-range, the extended zero integrate phase
reduces the auto-zero phase to 3800 clock cycles.

Slgnal Integrate Phase
At the end of the auto-zero phase the auto-zero loop is

. opened, and the Input High and Input Low are switched
“to the external pins IN-HI and IN-LO. The analog section

Integrates the differential voltage between Input High
and Input Low. The differential voltags must be within the
ICL7135's common mode range. The voltage on the inte-

grator capacitor at the end of signal integrate is directly
proportional to the differential voltage between Input
High and Input Low, and is also directly proportional to
the length of the signal integrate phase. The signal inte-
grate phase lasts precisely 10,000 clock cycles. At the
end of this phase the Input signal polarity is determined.

De-Integrate Phase

At the end of signal integrate, Input High and Input Low
are disconnected from the extemnal pins. The integrator
non-inverting Input pin is then internally connected to An-
alog Common and the buffer input is connected to one
side of the reference capacitor. The other side of the
reference capacitor is connected to Analog Common.
The polarity at the output of the integrator (as detected
by the comparator at the end of signal integrate phase)
determines which terminal of the reference capacitor is
connected to the buffer input. The reference capacitor
polarity is chosen so that the integrator output will always
return towards Analog Common. Since the reference ca-
pacitor was charged to the reference voltagé during the
auto-zero phase, the Integrator input voltage is now the
reference voltage. The De-Integrate phase lasts for
20,001 counts, or until the comparator detects that the
integrator output has crossed zero, whichever occurs
first. The time required ta retum to zero is proportional to
the input signal and is inversaly proportional to the refer-
ence voltage. The number of clock cycles required to
retum to zero Is counted by the digital section and is
latched as the measurement resutt.

v
Displayed reading = 10,000 x —N—
VRer

Zero Integrator Phase

; The last of the four phases is the zero integrator phase.
‘The non-inverting Input of the integrator is internally
shorted to Analog Common and the buffer Input s inter-
,nally connected to the output of the comparator. This
icloses a loop that forces the integrater output to zero.
i Normally this phase lasts only 100 to 200 counts, suffi-
i cient time to remove the small residual charge on the
integrator capacitor caused by the comparator delay and
the one count delay created by sampling the comparator
output only once per clock cycle. However, an overrange
condition will exist when the integrator output does not
retun to zero by the end of the De-Integrate phase, and
can [eave a residual valitage on the integrator capacitor.
In this case, the Zero Integrator phase Is Increased to
6200 counts to ensure that the integrator capacitor is
fully discharged before the next measurement cycle is
started.

___Analog Section

Analog COMMON

Analog COMMON is the Analog ground reference for the
ICL7135. If Input Low is at a voltage other than Analog

ANAXIN
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Figure 2. Analog Section of ICL7135

COMMON a common mode voitage will be introduced
and, although the ICL7135 has an excellent CMRR, Input
Low and Analog COMMON should be connected togeth-
er whenever possible. Analog COMMON s also the ref-
erence point for the reference voltage. The Analog Com-
mon voltage is normally connected o the system ground
when using + 5V supplies. When the ICL7135 is operat-
ed from a single supply voltage the Analog Common
should be connected to a voltage source approximately
halfway between V+ and ground.

Input Buffer

The ICL7135 input buffer Is @ CMQS buffer with a
common mode input voltage range of approximately
"V*-1.0V to V-+1.5V. The quiescent current is approxi-
mately 100 A and the buffer can deliver up to40u of
output current with excellent linearlty.

Integrator

The integrator amplifier, similar to the buffer amplifier,
can deliver 20pA of output current with high linearity
while swinging to within 0.3V of either supply rail. The
integrator’s non-inverting terminal is connected to IN LO
during the signal integrate phass, so the voltage on the
IN LO terminal sets the starting point for the integrator
output during signal integrate. If IN LO is at a voltage
other than ground, this will limit the maximum allowable
swing at the integrator output, and the value of the Inte-
grating capacitor should be Increased. (Refer to Compo-
nent Selection) :

M AXILN

Comparator

The comparator monltors the voltage on the integrator
capacitor during deintegrate. The digital section samples
the comparator output once per clock cycle and termi-
nates the deintegrate cycle when the comparator chang-
es its state as the Integrator voltage passes through
zefro. The offset voltage of the comparator I8 not critical
since the auto-zero phase compengates for the offset.
The output of the comparator is the only output from the
analog section to the digital section.

Digiltal Section

As shown in Figure 3, the digital section consists of coun-
ters, latches, output multipiexer, and control logic. The
control logic monitors the counters and the comparator
to determine the start of each phase, and sends control
signals to the analog section to drive the analog switches
to the proper state for each measurement phase. The
control section also responds to the external input, RUN/

, and creates the control outputs; OVERRANGE,
UNDERRANGE, BUSY, and STR ;

RUN/HOLD

When RUN/HOLD s high or open r:he I%mas will con-
tinuously perform conversions with each measurement
being 40,002 clock cycles long. When RUN/HOLD goes
low, the ICL7135 will complete the measurement in prog-
ress then remain in the auto-zero cycle, holding the last
reading. If RUN/HOLD goes high after the maximum pe-
riod assigned to deintegrate, a new conversion will start,
with a delay of 1 to 10,001 clock cycles between the

5

SELLTON



ICL7135

4% Digit A/D Converter with
Multiplexed BCD Outputs

N N T N T
1" 23 nﬂ ” Tll T" lﬂ

ZERO

5'

2
£

Flgurs 3. ICL7135 Digital Section
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Flgure 4. Thming Diagram

rising edge of the RUN/HOLD input and the BUSY out-
put. A RUN/HOLD pulse during the unused portion of
deintegrate phase will be ignored, but when in the auto-
zero phase a positive pulse of only 300ns (typical) will
start the conversion. Figure 5 shows a simple method of
obtaining one, and only one, convarsion for each mea-
surement request.

BUSY

BUSY is a status output that goes high at the beginning
of signal integrate and stays high until the first clock
pulse after zero crossing during integrate (or end of
De-Integrate If overranged). The internal data latches are
loaded during the next clock cycle after the falling edge
of BUSY. Since BUSY ig high for the 10,000 counts of
signal integrate + number of counts during De-Integrate
+ 1 clock cycle, a simple way of sending conversion
data down a single pair of wires is to logically ‘AND’
BUSY with the clock and to subtract 10,001 counts from
the number received. Figure 6 shows a system using this
mathod to remotely display data.

SEART D ) o Q RUN/HOLD
PULSE FLIP-FLOP 75

Flgure 5. External RUN/FOLD Latch
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# OF PULSES
= 10,001 + READING

Flgure 6. Serial Puise Stream for Remote Reading

Dlglt Outputs

The digit outputs go high sequentially, D5to D1, for a
period of 200 clock cycles per digit. The 5 digits are
continuously scanned except after an over-range
measurement. After an over-range reading the digit
scan stops after the strobe sequence, and remains
stopped until the start of De-Integrate. For a con-
tinuous series of over-range readings, the digits will
be scanned for 21,000 counts out of 40,002, resulting

in a flashing display as an over-range indicator. D5 is

the most significant digit.

B8CD Outputs

The 4 BCD output pins are positive logic signals whose
BCD data corresponds to the currently active digit
strobe. The ICL7135 does not have inter-digit blanking
and the BCD data changes simultaneously with the edg-
es of the digit outputs.

STROBE

The STROBE output is a negative going pulse that is

useful for latching the multiplexed BCD ougg‘t'l_g;ol_rgg
external BCD latches. Five negative going

pulses occur in the center of the data coresponding
to each of the § digits of measurement results, once
and only once after the end of each conversion (im-
mediately after the falling edge of BUSY). The BCD
data is valid at both edges of %IFCSEE. and data can
be latched in either a level sensitive latch, or an edge
triggered latch. Figures 11, 12 and 14 show the use of
S ; E%EE to latch the BCD data. STROBE pulse width
is 1us less than % clock period.

Over-range and Undsr-range Outputs

These active high status outputs are set to a high level at
the end of BUSY if the measurement result Is 1800 or
less (Under-rangs), or greater than 19,999 (Overrange).
Under-range is reset at the beginning of the signal inte-
grate phase; over-range is reset at the beginning of the
de-integrate phase.

MAXIMN

Polarity

The Polarity output is updated at the beginning of each
1de-integrate phase, and is high for a positive input signal.
The Polarity output is valid for all Inputs, including £0
and overrange signals. =

Component Selection

" The analog component values must be selected with

care to achleve optimum performance in each applica-
tion. Factors that affect the proper values include the
reading rate, input common mode voltags, the full scale
and referance voltages, and the power supply voltages.

Integrating Resistor

Good linearity Is obtained when the integrating resistor
value is chosen such that the buffer's maximum output
current Is between 5 and 401.A. The quiescent current of
the buffer is 100pA, and It can supply 20pA of output
current with excellent linearity. The buffer's maximum
output current occurs with a full scale input voltage, and
the integrating resistor value may be calculated as:

full scale voltage .

RiNT 20pA

Integrating Capacltor

The maximum swing of the integrator during the signal
integrate phase can be calculated as:

INT X TINT
CiNT

Where Iyt =20pA if Ryt Is chosen as described above
and TynT=10,000 clock periods (83.83ms for 120kHz
clock frequency). The integrator swing range should be
maximized while avolding saturation of the integrator out-
put. Normally the integrator will not saturate until its out-
putis within 0.3V of either supply, but for the best integral
linearity the integrator's output should remain at least 1V
away from either supply. For 5V supply and Analog
Common and IN LO connected to ground, a +3.5V to
+4V swing range is optimum. Rearranging the above for-
mula and inserting values as described above, Cjyt may
be calculated as:

_ 20pA X 83.3ms
3.5v
The integrator swing must be reduced If either Analog

Common or IN LO is not grounded, or if the supply volt-
age is less than +5V.

The integrating capacitor must have low dislectric ab-
sorption 1o obtain low integral nonlinearity, rollover, and
ratiometric errors. The result of measurements with the
reference tied to the IN HI is a good indication of the

Vswing =

CiNT = 0.47pF

SEILTOI
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amount of dislectric absorption in the integrating capaci-
tor, A good integrating capacitor will result in a reading of
8989, and any deviation from this reading is probably due
to dielectric absorption. Polypropylene capacitors have
been found to be suitable, as have Teflon capacitors.
Polystyrene and polycarbonate capacitors may also be
used In less critical applications.

Auto-Zero Capacitor

The size of the auto-zero capacitor will have a significant
effect on the overall system noise, with larger auto-zero
capacitors resulting in a quieter system. The dielectric
muon of the auto-zero capacitor affects only the

of settling at power-up or racovery from overioad :

and nearly any capacitor type can be used. The zero
integrator phase of the ICL7135 allows the use of large
auto-zero capacitors while avoiding the “over-range
hangover” and hysteresls effects that occur in A/D con-
verters without the zero integrator phase.

Reference Capacitor

Like the auto-zero capacitor, the reference capacitor's
dielectric absorption is rarely critical. Low dietectric ab-
sorption reference capacitors are only required where
fast settling time is needed in systems with a rapidly
changing reference voltage such as ratiometric ohms
measurement in multimeters.

The refersnce capacitor DOES need to be a low leakage
capacitor since it must store the reference voltage while
floating during both the signal integrate and the refer-
ence deintegrate phases. Any leakage or charge loss
during these two phasas results in an effective change in
the scale factor of the ICL7135. Low cost film capacitors
such as polyester or polystyrene have been found to be
suitable in most applications.

In addition to leakage requirements, another effect that
sets a lower limit on the value of the reference capacitor
is the “charge suckout” caused by stray capacitance on
the reference capacitor terminals. For a negative polarity

' 6.8 VOoLT sl

¥ REF > lx’ :{u}
o vt s 7
— anasoa 1, g RCFERENCE
. > ‘z COMMON
3 i

Figure 7. Extsmal Reterance Vortage

8

input signal, the reference capacitor does not shift its
common mode voltage, but with a positive polarity input
signal it undergoes a negative common mode shift equal
to the reference voltage. If there are stray capacitances
on the reference capacitor terminals, some of the charge
on the reference capacitor will be used to charge these
stray capacitances as the reference capacitor makes this
common mode voltage shift. This loss of charge reduces
the voitage on the referencs capacitor, and causes posi-
tive polarity signals to have a higher measured resutt
than a corresponding negative voltage. This error can be
reduced by minimizing the stray capacitance on the refer-
ence capacitor terminals, and by Increasing the value of
the reference capacitor.

Reference Voltage

The full scale reading of 20,000 will occur when Viy=
2 X VRer. Since the 20,000 count resolution of the
ICL7135 s equivalent to a 50ppm resolution, a high sta-
bility reference is recommended for high accuracy abso-
lute measurements. Figure 7 shows two suitable meth-
ods of generating the referenca voltage.

Rollover Reslistor and Diode

The ICL7135 is tested for rollover using the clrcult of
Figure 1, with the 100kQ resistor and diode in the circuit.
The diode is noncritical, and is typically a low cost
1N4148. The resistor value is depandent on many fac-
tors including integrator swing, clock frequency, and the
amount of rollover error dus to “‘charge suckout” on the
reference capacitor. 100k is the optimum value for
most circuits and is the value used In testing the
ICL7135.

Speedup Resistor

The 270 speedup resistor in series with the integrating
capacitor adds a pedestal voltage on top of the integrat-
ing capacitor voltage. This pedestal voltage causes zero
crossing to occur earlier than would occur without the
resistor. The effect of the earlier zero crossing Is to give
the comparator an overdrive voltage, speeding its re-
sponse and reducing the conversion error due to com-
' parator delay. If the integrator current is changed, the
. Speedup resistor value should be changed so that the
liNT X Rspeepup = 500uV.

Clock Frequency

The clock source should be free of short-term phase and
frequency jitter during the conversion period, but long
term stability is not critical. The clock frequency Is cho-
8en to obtain the desired conversion rate, and to maxi-
mize the normal mode rejection of power line frequency
interference. The conversion rate Is directly proportional
to the clock frequency, with each conversion taking
40,002 clock cycles. For maximum normal mode rejec-

. N AXIMN
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tion, the signal integration period should be an integral
multiple of the power line cycles.

f
Reading Rate oA
(in readings per second) 40,002
f X 10,000
oLk for maximum =
normal mode rejection N

Where fi N Is the line frequency, normally 50Hz or 60Hz
and N is the number of line cycles that occur during a
signal integration period. For maximum normal mode re-
Jection, N should be an integer.

For 80Hz rejection, suitable clock frequencies include
300kHz, 200kHz, 150kHz, 120kHz, 100kHz, and 75kHz.
Suitable frequencies for use with 50Hz power Include
250kHz, 166%4kHz, 125kHz, and 100kHz. The two most
common clock frequencies are 120kHz (3 readings per
second) and 100kHz (2' readings per second). Nots
that a 100kHz clock frequency rejects both 50Hz and
60Hz normal mode signals.

The maximum clock rate is limited by the maximum rate
at which the digltal logic will correctly function (typically
2MHz), and by the speed of response of the comparator.
The comparator delay, about 3us, has the same effect
on the measurement result as does an offset voltage
with the same polarity of the input signal. At the recom-
mended clock frequency of 120kHz, this small offset is
slightly less than 4 count. At higher clock frequenclas
the value of the speedup resistor in series with the inte-
gration capacitor (normally 27(1) should be increased. At
frequencies above 120kHz, ringing on the integrator out-
- put may cause nonlinearities in the first few counts.

The minimum clock frequency is limited by the leakage of
the auto-zero and reference capacitors. While seldom
desired, measurement cycles as long as 10 seconds can
be parformed with negligible error at room temperature.
Figures 8A and 8B show two methods of generating a
suitable clock signal for the ICL7135. -

Application Hints

Grounds

As with all sensitive analog circuitry, it Is important to
keep the Digital Ground separate from the analog ground
(called Analog Common on the ICL7135) to minimize er-
rors caused by the coupling of noise from the digital cir-
cuitry into the sensitive analog section. Analog Common
should be connected to Digital Ground at only one point,
and return currents from digital loads must not flow
through the analog ground lines. Avold any unnecessary
current flow in the analog ground path.

Single 6§V Supply Operation

The ICL7135 normally uses 15V supplies, however, In -

some applications the negative supply is not needed.
Specifically, the negative 5V supply Is not required if the
input signal can be refers to the center of the
ICL7135's common mode vo range AND the signal
voltage is less than + 1.5V. The Integrator swing must be
reduced, and there will be a slight Increase in system
noise and nonlinearity. See Figure 9 for recommended
component values.
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Figurs 8. Single +5V Supply Operation
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Generating a Negative Supply from +5v

Figures 10A and 10B show two methods of generating a
negative suppty for the ICL7135. The Maxim ICL7660 will

2mA (the maximum supply current of the
ICL7135) at 4.85V drop, while the circuit using the CMOS
inverter will deliver approximately —3.5V. If the CMOS
inverter is used to generate a minus supply, the integra:
tor swing should be reduced to 2.5 to 3V.

Nolse

The normal system noise around zero Is sbout 15pV
peak-to-peak (not exceeded 85% of the time). Near full
scale, the noise increases to about 30pV. The main
noise source Is the auto-zero loop, and increasing the
valus of the auto-zero capacitor will reducs the noise.
Other noise sources include the buffer and integrator
noiss; comparator noise; and stray pickup in the input
circuitry, the Integrator, and the reference capacitor. The
nolse caused by stray pickup of interfering signals can be
reduced by a tight layout and shielding. If the interfering
signal frequency is constant, the effacts of stray pickup in
the input and integrator can be reduced by choosing a
clock frequency such that the signal integration period Is
an Integral multiple of the interfering signal's period.
Since the length of the de-integration period depends on
the input signal level, no single clock frequency can be
chosen to reject interfering signals during the de-inte-
grate phase.

Typical Applications

Figure 11 uses Maxim's ICL7211 LCD display driver to
drive 4 digits of LCD display. The backplane signal of the
ICL7211 and the CMOS exclusive OR gates are used to
drive the 4 digit and the polarity sign. The four AND
gates combine the digit outputs with the STROBE output
to generate the digit select signals that latch data into the
ICL7211. Since the Strobe occurs In the middle of each
digit's data there is ample data sstup and hold time to
ensurg that valid data Is latched. The OR gates will force
the BCD data to all ones when aver-range goes high.
The ICL7211A will blank the display when all ones (hex

* F) is loaded.

The typical operating circuit an the first page of this data
sheet shows a 414 digit A/D with LED drive using the
Maxim 1CL7212 display driver. In this case the polarity
and Y, digit segments are driven by D flip-flops that latch
polarity and 4 digit data at the end of each measure-
ment. The ICL7135 Overrange output drives the
ICM7212 Brightness input, blanking the four least signifi-
cant digits when the input voltage is greater than full-
scale.

Some applications require non-multiplexed, latched BCD
ouéouts. The circult shown In Figure 12 will demultiplex
and latch the ICL7135 output. If only the first rank of
latches is used, the data should not be used during the
800 cfock cycle update period that takes placs at the end
of each conversion since during this update period the
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most significant digit (MSD) data will corespond to the
new reading and the least significant digit (LSD) data will
be old data from the previous converison. The second
rank of latches shown in dotted lines will eliminate this
problem by updating all digits simultaneously with the ris-
ing edge of D5.

There are many different possible ways of interfacing the
ICL7135 to a microprocessor. Figure 13 shows a method
that uses only 8 I/0 lines. The digit outputs drive a priori-
ty encoder, which converts the 1-of-5 format of the digit
outputs to a 3 bit binary code. When no digit is active (as
in over-rangs), the binary output code is 0, otherwise the
output corresponds to the digit number of the active digit.
By sensing BUSY as either an input or as an interrupt,
the microprocessor can detect when new data is avail-
able.

Another possible interface scheme is to sense only digit
D5, then use time delays to choose when to read the
other digits’ data.

Interfacing With UARTs and

Microprocessors

Figure 14 shows a simple interface between a UART and
a free running ICL7135. The transmission of the five data
words is started by the five STROBE pulses. The digit 5
word Is 0000XXXX, digit 4 is 1000XXXX, digit 3 is
0100XXXX, etc. The polarity is transmitted indirectly by
using it to drive the Even Parity Enable Pin (EPE). A pari-
ty flag at the receiver can be decoded as a positive sig-
nal, no flag as negative, if EPE of the recsiver is held low.
Figure 15 shows a more complex arrangement. DR goes
high when the UART recsives a byte via the send input,
RRL. _Since DR is connected to the ICL7135's RUN/

input this starts a new conversion. At the end of
the conversion the falling edge of BUSY resets DR via
the UART's DRR Input. The transmit sequence is again
started by STROBE. A quad 2-input multiplexer is used to
superimpose polarity, over-range, and under-range onto
the D5 word since in this instance it is known that B, =
B4 = Bg = 0.

To insure proper operation, it is necessary that the UART
clock be fast enough that each word is transmitted be-
fore the next STROBE pulse arrives.
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8-bit serial-in/serial or parallel-out shift
register with output latches; 3-state 74HC/HCTS95

FEATURES DESCRIPTION
o 8-bit serial input The 74HC/HCT595 are high-speed Si-gate CMOS devices
o 8-bit serial or parallel output and are pin compatible with low power Schottky TTL

(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

Storage register with 3-state outputs

o Shift register with direct clear . . . . .
The “595" is an 8-stage serial shift register with a storage

register and 3-state outputs. The shift register and storage

100 MHz (typ) shift out frequency

o Output capability: register have separate clocks.
— parallel outputs; bus driver Data is shifted on the positive-going transitions of the
— serial output; standard SHcp input. The data in each register is transferred to the

storage register on a positive-going transition of the ST¢cp
input. If both clocks are connected together, the shift
register will always be one clock pulse ahead of the

lcc category: MSI.

APPLICATIONS storage register.
¢ Serial-to-parallel data conversion The shift register has a serial input (Dg) and a serial
« Remote control holding register. standard output (Q') for cascading. Itis also provided with

asynchronous reset (active LOW) for all 8 shift register
stages. The storage register has 8 parallel 3-state bus
driver outputs. Data in the storage register appears at the
output whenever the output enable input (OE) is LOW.

QUICK REFERENCE DATA
GND =0V; Tamp=25°C; t, =t =6 ns.

SYMBOL | PARAMETER CONDITIONS 1 UNIT
HC HCT ‘
tpuL/trLy | propagation delay CL=15pF;Vec =5V N
SHcp to Q7' 16 21 ns
STcp to Q, 17 20 ns
MR to Q7' 14 19 ns
frnax maximum clock frequency SHcp, STep 100 57 MHz
C input capacitance 3.5 3.5 pF
Cep power dissipation capacitance per package notes 1 and 2 115 130 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Ppo = Cpp x Vee2 x fi+ X (CL x V2 x f) where:
fi = input frequency in MHz
fo = output frequency in MHz
Y(CL x Vec? x fy) = sum of outputs
C_ = output load capacitance in pF
Ve = supply voltage in V
2. For HC the condition is V| = GND to V¢c; for HCT the condition is V; = GND to Vec - 1.5 V.

1998 Jun 04 2
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8-bit serial-in/serial or parallel-out shift

: . 74HC/HCT595
register with output latches; 3-state
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
74HC595N DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
74HC595D SO16 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
74HC595DB SSOP16 | plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
74HC595PW TSSOP16 | plastic thin shrink small outline package; 16 leads; body width 4.4 mm | SOT403-1
74HCTS595N DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
74HCT595D SO16 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
PINNING
SYMBOL PIN DESCRIPTION
Qp to Q7 15,1t0 7 parallel data output
GND 8 ground (0 V)
Q7 9 serial data output
MR 10 master reset (active LOW)
SHcp 11 shift register clock input
STcp 12 storage register clock input
OE 13 output enable (active LOW)
Ds 14 serial data input
Vee 16 positive supply voltage
11 |12
o [1] J 78] vee SHcp STep
9
Q7 |—=
Q2] 15] Qo 070 s
Q3 [3] 14] Dg o
| IS
Q4[4 13] OE 2
’ [: 595 j 14 = —3
Qs[5 ] 12] STcp —| bg Q3 [—
4
Qs 6] [11] SHep & B
_ Qs [—-
Q7 [7] [10] MR QS 6
A e i
GND 8 | 9] a7 Q7 -
MLAOOT W{ O_E
| 10 | 13
MLAOO2
Fig.1 Pin configuration. Fig.2 Logic symbol.
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8-bit serial-in/serial or parallel-out shift

register with output latches; 3-state 74HC/HCT595

OE ——————NEN3

STcp —— P2
VR 2~IR sres
SHep b ct/—
14 L [ ] L 15
Dg — 1D 2D 3IVI—Qqq
L1 Q
%2 Qg
| 3 Qs
L2 o5
<L e
Fi'™
7%
| 9 Q'
MSA698
Fig.3 IEC logic symbol.
14 [ Bs
& S_H_CP 8-STAGE SHIFT REGISTER
10 | MR
Q7' ] 9
1215TCP | 4 51 STORAGE REGISTER
Qo | 15
Qq | 1
Q| 2
_ Q3|3
S OE o 3-STATE OUTPUTS Q|4
Qs | 5
Q| 6
Q7|7
MLA003

Fig.4 Functional diagram.
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8-bit serial-in/serial or parallel-out shift

. . 74HC/HCT59
register with output latches; 3-state :
STAGE 0 STAGES 1TO6 STAGE 7
D Q-
i <[> DFFOQ . - DFF7Q {>_ ’
— CcP — CcP
R R
SHep —{> _________
MR—- Sot— 4 bl § -\ = O =V,
¥y 10 Qf— =15 6 [
LATCH LATCH
J— CcP ‘— cP
STcp —[> e [ A G U
OE —[><> __________ ;V7

| N B T[W

Qq Qy Q Q3 Q4 Qs Qg Q7 MLAO10

Fig.5 Logic diagram.
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8-bit serial-in/serial or parallel-out shift

; , 74HC/HCT595
register with output latches; 3-state
FUNCTION TABLE
INPUTS OUTPUTS
— === FUNCTON
SHep | STep OE MR Ds Q7 Qpn

X X L L X L NC [aLOW level on MR only affects the shift registers

X T L L X L L empty shift register loaded into storage register

X X H X I Z shift register clear. Parallel outputs in high-impedance
OFF-state

T X L H H Qg NC | logic high level shifted into shift register stage 0. Contents
of all shift register stages shifted through, e.g. previous
state of stage 6 (internal Qg') appears on the serial output
(Q7)

X ) L H X NC Qn' | contents of shift register stages (internal Q") are
transferred to the storage register and parallel output
stages

T T L H X Q¢ | Qn |contents of shift register shifted through. Previous
contents of the shift register is transferred to the storage

, register and the parallel output stages.
Notes

1. H =HIGH voltage level; L = LOW voltage level

T = LOW-to-HIGH transition; 4 = HIGH-to-LOW transition

Z = high-impedance OFF-state; NC = no change

X = don’t care.

1998 Jun 04
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8-bit serial-in/serial or parallel-out shift

' 4
register with output latches; 3-state 74HC/HCTS95

o5 1 1

s FLFLFLFFLF LA

weo AN |
oF f il

; : : : : : : : :[_\ | _;i;— high-impedance OFF-state
et s | VA i 2 ST 3 R A 75 T o |

R =T -

o __ ] ___] A= - 1

& __ 1 [

MLAOOS - 1

Fig.6 Timing diagram.
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8-bit serial-in/serial or parallel-out shift

register with output latches; 3-state 74HC/HCTS95

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: parallel outputs, bus driver, serial output, standard Ic¢ category: MSI.

AC CHARACTERISTICS FOR 74HC
GND =0V, t,=t=6ns; C_ =50 pF.

p L TEST CONDITION
SYMBOL | PARAMETER +25 —40 to +85 | =40 to +125 | UNIT Vee
WAVEFORMS
min | typ | max | min | max | min | max V)
tprL/trLh | propagation delay - 52 |160 |- 200 |- 240 |ns 2.0 |Fig.7
SHcp to Q7' - [T ez & . [48)9 - 48 45
- 15 |27 - 34 - 41 6.0
trHL/teLn | propagation delay - 55 175 - 220 |- 265 ns 2.0 |Fig.8
STcp to Q, & 20 35 - 44 - 53 4.5
- 16 30 - 37 - 45 6.0
tpHL propagation delay - 47 A%S e 220 |- 265 ns 2.0 | Fig.10
MR to Q7' ARTETIA ko J A0 YTAN gP= 53 45
+ 14 30 - 37 - 45 6.0
tozltez | 3-state output -~ YIIZ 3 450 ADAGATAGAN S 225 |ns |20 |Fig.11
enable time i A1 oy ™ | o REBESTITRRRND 1 < (@4 45
QB 108, LN N R TSR S e 6.0
torzlteLz | 3-state output 2C bt 1 150 0 ] 18g ] 225 [ns  [2.0 |Fig.11
disable time - D5 \[3p A\ || 38/ 1) +4s 45
OEto Q n 140 18) F ) e (NS 9 38 6.0
tw shift clock pulse 743 17 | = 95 - 10 |- ns 2.0 |Fig.7
width HIGH or 15 6 ~ 19 b, 22 _ 45
LYy 13 5 - 16 - 19 - 6.0
tw storage clock 75 1 - 95 |- 110 |- ns 2.0 |Fig.8
pulse width HIGH 15 4 = 19 _ 22 = 4.5
PRLOW 13 |3 |- — 19. |= 6.0
tw master reset 75 17 - 395 - 10 |- ns 2.0 |Fig.10
pulse width LOW 15 60 |- 19 _ 22 _ 45
13 50 |- 16 - 19 - 6.0
tsu set-up time Dg to 50 11 - 65 - 75 - ns 2.0 | Fig.9
SHcp 10 |40 |- 13 |- 15 |- 45
9.0 |30 |- " - 13 - 6.0
s set-up time SHcp 75 22 - g5 - 10 |- ns 2.0 |Fig.8
to STep 15 - 19 |- 22 |- 4.5
13 7 - 16 - 19 - 6.0
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Product specification

8-bit serial-in/serial or parallel-out shift

register with output latches; 3-state EERSHETOE0
Vs [°C) TEST CONDITION
SYMBOL | PARAMETER +25 —40to +85 | ~40to +125 | UNIT |y __
WAVEFORMS
min | typ | max | min | max | min | max )
th hold time Dg to 3 -6 |- 3 - 3 - ns 2.0 [Fig.9
SHep 3 -2 |- 3 - 3 - 4.5
3 -2 |- - 3 - 6.0
tom removal time MR 50 |[-19 |- BF=le 75 |- ns 2.0 |[Fig.10
to SHep 10 [ e 13 |- g & 4.5
9 -6 |- (/b 13 |= 6.0
maximum clock 9 30 |- 4.8 |- 4 - MHz |2.0 |Figs 7and8
pulse frequency 30— | 24 Q20— 45
SHcp or STep 35 108 |- 287 |= 24 |- 6.0
1998 Jun 04 9
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8-bit serial-in/serial or pérallel-out shift

register with output latches; 3-state 74HC/HCT595

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
Output capability: parallel outputs, bus driver; serial output, standard Icc category: MSI.

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

GND=0V;t =t=6ns; C_=50pF.

INPUT UNIT LOAD COEFFICIENT
Ds 0.25
MR 1.50
SHcp 1.50
STcp 1.50
OE 1.50

1998 Jun 04 10
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8-bit serial-in/serial or parallel-out shift

) . 74HC/HCT595
register with output latches; 3-state
AC CHARACTERISTICS FOR 74HCT
GND =0 V;t, =t =6ns; C_=50 pF.
Tamb (°C) TEST CONDITION
SYMBOL | PARAMETER +25 —40 to +85 | —40 to +125 | UNIT Ve
¥ WAVEFORMS
min | typ | max | min | max | min | max v)
teH/ tpLn | propagation delay - 25 42 - 53 - 63 ns 4.5 |Fig.7
SHCP to Q7,
ten/ tpun | propagation delay - 24 |40 - 50 - 60 ns 45 |Fig.8
tpHL propagation delay - 23 |40 —- 50 - 60 ns 45 |Fig.10
MR to Q7'
tpzr/ tpzL | 3-state output enable - 21 35 - 44 - 53 ns 4.5 |Fig.11
time OE to Q,
tpHz/ teLz | 3-state output disable - 18 30 - 38 - 45 ns 4.5 |Fig.11
time OE to Q,
tw shift clock pulse 16 6 - 20 |- 24 - ns 45 |Fig.7
width HIGH or LOW
tw storage clock pulse width | 16 5 - 20 |- 24 - ns 4.5 |Fig.8
HIGH or LOW
tw master reset 20 8 - 25 |- 30 - ns 4.5 |Fig.10
pulse width LOW
tsu set-up time Dg to 16 5 - 20 |- 24 - ns 4.5 |Fig.9
SHgp
tsu set-up time SHcp 16 8 - 20 - 24 - ns 4.5 |Fig.8
to STCP
th hold time Dg to SHcp 3 -2 - 3 - 3 - ns 4.5 |Fig.9
trem removal time MR v | -7 = 7 4/ 15 |- ns |45 |Fig.10
to SHcp
frva maximum clock 30 52 - 24 - 20 - MHz (4.5 |Figs 7and8
pulse frequency
SHCP or STCP
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8-bit serial-in/serial or parallel-out shift

register with output latches: 3-state 74HC/HCT595

AC WAVEFORMS

SHcp INPUT

_ ]

Q7' OUTPUT

MSA699

(1) HC:Vp =50%; V, = GND to Vg
HCT:Vy=1.3V;V,=GND to 3 V.

Fig.7 Waveforms showing the clock (SHcp) to output (Q7') propagation delays, the shift clock pulse width and
maximum shift clock frequency.

SHep INPUT vyM

max

STcp INPUT

tPHL

Q, OUTPUT vy

MSA700

(1) HC: Vy =50%; V| =GND to Vee
HCT: Vi =1.3V;V,=GNDto 3 V.

Fig.8 Waveforms showing the storage clock (STcp) to output (Q,) propagation delays, the storage clock pulse
width and the shift clock to storage clock set-up time.
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8-bit serial-in/serial or parallel-out shift

register with output latches; 3-state 74HC/HCTS595

SHgp INPUT

Dg INPUT *vM(‘) %
g
Q7' OUTPUT \VM(U ZZ

MLB196

(1) HC: Vum =50%; V;=GND to VCC
HCT:Vy=13V;V,=GNDto 3 V.

Fig.9 Waveforms showing the data set-up and hold times for the Dsg input.

MR INPUT

SHep INPUT

Q7' OUTPUT vy

MLB197

(1) HC:Vy =50%; V| =GND to Vee
HCT: V=13 V; V,= GND to 3 V.

Fig.10 Waveforms showing the master reset (MR) pulse width, the master reset to output (Q7') propagation delay
and the master reset to shift clock (SHcp) removal time.
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8-bit serial-in/serial or parallel-out shift

register with output latches; 3-state 74HC/HCTS95

I<- t —»1 t

[90% 3&
OE INPUT vyt
10%
~—tpLz - tpzL
Q,, OUTPUT
LOW-to-OFF v
OFF-to-LOW 0%
<—lpHZ—> <—IPZH
e —— )
Q,, OUTPUT —
HIGH-to-OFF "
OFF-to-HIGH
outputs outputs | outputs
enabled disabled enabled

MSA697

(1) HC Vi =50%; V;=GND to Vcc
HCT:Vy=13V;V,;=GNDto 3 V.

Fig.11 Waveforms showing the 3-state enable and disable times for input OE.
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8-bit serial-in/serial or parallel-out shift

; : 74HC/HCT595
register with output latches; 3-state
PACKAGE OUTLINES
DIP16: plastic dual in-line package; 16 leads (300 mil); long body SOT38-1

l<— seating plane

i

A ol e g A

/pin 1 index .

0 S 10 mm
e, T T )
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
@ Aq Az Q) () z 0]
UNIT | max. | min. | max. b A1 ¢ B . € €1 L Me M w max. |
1.40 0.53 0.32 21.8 6.48 3.9 8.25 9.5
L AT 0SB T s | 038 | 023 | 214 | B20 | 254 | 762 | 34 | 7a0 | sa | 0254 22
1
. 0.055 | 0.021 | 0.013 0.86 0.26 0.15 0.32 0.37 |
h
inches 0.19 0.020 0.15 0.045 | 0.015 | 0.009 0.84 0.24 0.10 0.30 013 0.31 0.33 0.01 0.087 J
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION (BB nE
IEC JEDEC EIAJ
92-19-02-
‘ SOT38-1 050G09 MO-001AE == @ e3Pl
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Product specification

8-bit serial-in/serial or parallel-out shift

register with output latches; 3-state
S0O16: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
D <—E——>
| e
I , k
: \
MZEEHZIDEFU:H:HZI:D EA— 1 TR,
T c“——i ~ ,{//
oly] | He = @]
»‘Z
16 M I M 9
1 A B AEH H A
v
i
| Q
_ u ry/ \ _ A A2 b
i o N Ea A
pin 1 index ! LY v l
/. | i Fo
0 H HoH HH e
ofs S
0 2.5 5 mm
My, ¢ 1o &0 J
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | o | A1 | Az | A3 | by c | DM EM]| ¢ He J L Lp Q v w y z | ¢
0.25 | 1.45 0.49 | 025 | 10.0 | 4.0 6.2 | 1.0 | 07 0.7
™18 oo | 125 | 925 | 036 [ 019 | 9.8 | 38 | 27| 58 | V95 | o4 | 0 | 025|025 | 01 | oF g°
. 0.010 | 0.057 0.019 {0.0100| 0.39 | 0.16 0.244 0.039 | 0.028 0.028| 0°
nches | 0.069 | 0,004 | 0.049 | %01 | 0.014 [0.0075| 0.38 | 0.15 | %950 | 0228 | 9041 | 9016 | 0:0a0 | 001 | 0.01 | 0.004 0.012
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION = JEDEC -y PROJECTION ISSUE DATE
SOT109-1 076E07S MS-012AC E @ 9975_095_2223
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8-bit serial-in/serial or parallel-out shift

: . 74HC/HCT595
register with output latches; 3-state
SSOP16: plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
- D E [A]
L I ; TRy
, | | "N \
; t ]
AT L J L,
A= c— I N
f “N\X
m ! He = v@
- Z
‘sﬁHHH’W i
|
|
i i
. T a
A AV
— f A f g A
\ pin 1 ilndex ¢ ; 1
| —0
o oy T
; L
0 I A L]
i JU: e
| Lshg
8 by (${v @)
(l) 2|.5 ? mm
scale
DIMENSIONS (mm are the original dimensions)
UNIT m’;x_ Ay | Ay | A3 | by | ¢ |[DMEM | e | H | L | L, | @ v w y |z | e
0.21 | 1.80 0.38 | 020 | 6.4 | 54 7.9 1.03 | 0.9 1.00 | 8°
™M | 29 1005 | 165 | %25 | 025 | 009 | 6.0 | 52 | 085 | 756 | 125 | g%z | o7 | 02 | 013 | 0.1 | g5 | oo
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION \EC JEDEC EIAJ PROJECTION
SOT338-1 MO-150AC ‘G @ 95-02-04
1
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Product specification

8-bit serial-in/serial or parallel-out shift
register with output latches; 3-state

74HC/HCTS595

TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm

SO0T403-1

o
ARRAAAAE

i
|

D E /\@
; * b N

zah | CFJ : “\ E} )

01y} ‘ He \"F

| N s

(A3
ﬁ__m{in—gg-___ Al2A+1 E——\! i A*)
Gl
| TaL e
10 fj{ |

2 Ak [Geiaix]
P
0 2.5 5mm
[
scale
DIMENSIONS (mm are the original dimensions)
A 1 2 1
UNIT | | A1 | Az | As bp c pM| E@| e He L Lp Q v w y zM | ¢
0.15 | 0.95 0.30 0.2 5:1 4.5 6.6 0.75 0.4 0.40 8°
mm | 110 1 505 | 0.80 | %25 | 019 | 0.1 | 49 | 43 | 98| 62 | 0 |os0| 03 | 02 | 013 | 01 | g6 | oo
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ
O4-07-12-
SOT403-1 MO-153 == @ e
1998 Jun 04
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Product specification

8-bit serial-in/serial or parallel-out shift

register with output latches; 3-state

74HC/HCT595

SOLDERING
Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages”
(order code 9398 652 90011).

DIP
SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating plane, but
the tgmperature of the plastic body must not exceed the
specified maximum storage temperature (Tstgmax). If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.

1998 Jun 04
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SO, SSOP and TSSOP
REFLOW SOLDERING

Reflow soldering techniques are suitable for all SO, SSOP
and TSSOP packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,

thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method.

Typical reflow temperatures range from 215 to 250 °C.
Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

WAVE SOLDERING

Wave soldering can be used for all SO packages. Wave
soldering is not recommended for SSOP and TSSOP
packages, because of the likelihood of solder bridging due
to closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

If wave soldering is used - and cannot be avoided for
SSOP and TSSOP packages - the following conditions
must be observed:

* A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

e The longitudinal axis of the package footprint must be
parallel to the solder flow and must incorporate solder
thieves at the downstream end.
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Even with these conditions: REPAIRING SOLDERED JOINTS

* Only consider wave soldering SSOP packages that iy the component by first soldering two diagonally-
have a body width of 4.4 mm, that is opposite end leads. Use only a low voltage soldering iron

SSOP16 (SOT369-1) or SSOP20 (SOT266-1). (less than 24 V) applied to the flat part of the lead. Contact

e Do not consider wave soldering TSSOP packages time must be limited to 10 seconds at up to 300 °C. When
with 48 leads or more, that is TSSOP48 (SOT362-1) using a dedicated tool, all other leads can be soldered in
and TSSOP56 (SOT364-1). one operation within 2 to 5 seconds between

During placement and before soldering, the package must 270 and 320 °C.

be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

1998 Jun 04 20



ANALOG
DEVICES

Ultralow Offset Voltage
Operational Amplifiers

0P07

FEATURES

Low Vgs: 75 pV Max

Low Vg Drift: 1.3 pV/°C Max
Ultra-Stable vs. Time: 1.5 pV/Month Max
Low Noise: 0.6 pnV p-p Max

Wide Input Voltage Range: =14 V

Wide Supply Voltage Range: 3 Vto 18 V
Fits 725,108A/308A, 741, AD510 Sockets
125°C Temperature-Tested Dice

APPLICATIONS
Wireless Base Station Control Circuits
Optical Network Control Circuits
Instrumentation
Sensors and Controls

Thermocouples

RTDs

Strain Bridges

Shunt Current Measurements
Precision Filters

GENERAL DESCRIPTION

The OP07 has very low input offset voltage (75 1V max for
OPO7E) which 15 obtained by trimming at the wafer stage. These
low offset voltages generally eliminate any need for external null-
ing. The OPO07 also features low input bias current (4 nA for
OPO7E) and high open-loop gain (200 V/mV for OPO7E). The
low offsets and high open-loop gain make the QP07 particularly
useful for high-gain instrumentation applications.

The wide input voltage range of £13 V minimum combined with
high CMRR of 106 dB (OP0O7E) and high input impedace pro-
vides high accuracy in the noninverting circuit configuration.
Excellent linearity and gain accuracy can be maintained even at

PIN CONNECTIONS

Epoxy Mini-Dip (P-Suffix)
8-Pin SO (S-Suffix)

Vos TRIM [ 1] [8] vos TRIM
-IN [ 2] Vs
+IN n‘> 1s] out
E B

NC = NO CONNECT

high closed-loop gains. Stability of offsets and gain with time or
variations in temperature is excellent. The accuracy and stability
of the OP07, even at high gain, combined with the freedom
from external nulling have made the OP07 an industry standard
for instrumentation applications.

The OPO07 is available in two standard performance grades. The
OPO7E is specified for operation over the 0°C to 70°C range, and
OPO07C over the —-40°C to +85°C temperature range.

The OP07 is available in epoxy 8-lead Mini-DIP and 8-lead SOIC.
It is a direct replacement for 725,108A, and OP05 amplifiers;
741-types may be directly replaced by removing the 741’s nulling
potentiometer. For improved specifications, see the OP177 or
OP1177. For ceramic DIP and TO-99 packages and standard
micro circuit (SMD) versions, see the OP77.

ve O
R2A° g~
(OPTIONAL
NULL)
1 8
*NOTE
R2A AND R28B ARE R1A R18

ELECTRONICALLY

—C1

ADJUSTED ON CHIP
AT FACTORY FOR

MINIMUM INPUT
OFFSET VOLTAGE

NON -
INVERTING
INPUT [e}}

INVERTING 02 :‘:,
INPUT

R9

A
id
i

OuUTPUT
6

—C3 c2

R10

Qa4

) ¥o|3 (P R6

Figure 1. Simplified Schematic
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OPO7-SPECIFICATIONS
UP[”E ELECTRICAL CHARACTERIS"CS (Vs= =15V, Ty = 25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offset Voltage! Vos 30 75 uv
Long-Term Vog Stability? Vos/Time 0.3 1.5 uV/Mo
Input Offset Current Ios 0.5 3.8 nA
Input Bias Current Ip +1.2 +4.0 nA
Input Noise Voltage €n P-P 0.1 Hz to 10 HZ® 0.35 0.6 uV p-p
Input Noise Voltage Density €n fo =10 Hz 10.3 18.0 nVVHz
fo = 100 HZ® 10.0 13.0 nWHz
fo=1kHz 9.6 11.0 nWHz
Input Noise Current I, p-p 14 30 PAp-p
Input Noise Current Density I, fo=10 Hz 0.32 0.80 pAVHz
fo = 100 HZ® 0.14 0.23 pAVHz
fo = 1 kHz 0.12 0.17 pAVHZ
Input Resistance—Differential Mode?| Ry 15 50 mQ
Input Resistance—Common-Mode Rinem 160 GQ
Input Voltage Range IVR +13 t14 \Y%
Common-Mode Rejection Ratio CMRR Vem =113V 106 123 dB
Power Supply Rejection Ratio PSRR Vs=+3Vio+18V 5 20 (Y%
Large-Signal Voltage Gain Avo RL22kQ,Vo=+10V 200 500 V/mV
R 2500 Q, Vo =105V,
Vs =13 V* 150 400 V/mV
OUTPUT CHARACTERISTICS
Output Voltage Swing Vo R 210 kQ +12.5 +13.0 \Y%
R, 22kQ +12.0 +128 Y
R.>1kQ +10.5  +12.0 %
DYNAMIC PERFORMANCE
Slew Rate SR Ry > 2 kQ? 0.1 0.3 Vips
Closed-Loop Bandwidth BW Ayor = 1° 0.4 0.6 MHz
Closed-Loop Output Resistance Rgy Vo=0,Io=0 60 Q
Power Consumption Py Vs =115V, No Load 7D 120 mW
Vs =%13 V, No Load 4 6 mW
Offset Adjustment Range Rp =20 kQ 4 mV

NOTES

'Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.

2Long-term input offset voltage stability refers to the averaged trend time of VOS vs. Time over extended
tial hour of operation, changes in VOS during the first 30 operating da;

3Sample tested.
*Guaranteed by design.
Guaranteed but not tested.

Specifications subject to change without notice.

periods after the first 30 days of operation. Excluding the ini-
ys are typically 2.5 UV refer to the typical performance curves. Parameter is sample tested.

REV. A
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OP07C ELECTRICAL CHARACTERISTICS (v, = =15V, 1, = 25, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offset Voltage' Vos 60 150 uv
Long-Term Vg Stability? Vos/Time 0.4 2.0 uV/Mo
Input Offset Current Ios 0.8 6.0 nA
Input Bias Current Ig +1.8 +7.0 nA
Input Noise Voltage e, p-p 0.1 Hz to 10 HZ® 0.38 0.65 uVp-p
Input Noise Voltage Density en fo = 10 Hz 10.5 20.0 nWHz
fo = 100 HZ? 10.2 13.5 nWHz
fo = 1kHz 9.8 11.5 nWHz
Input Noise Current I.p-p 15 35 PApP-p
Input Noise Current Density I, fo = 10 Hz 0.35 0.90 pAvVHz
fo = 100 HZ® 0.15 0.27 pAVHz
fo=1kHz 0.13 0.18 pAVHz
Input Resistance- Differential Mode* | Ry 8 33 mQ
Input Resistance- Common-Mode Rinem 120 GQ
Input Voltage Range IVR +13 +14 A"
Common-Mode Rejection Ratio CMRR Vem =£13V 100 120 dB
Power Supply Rejection Ratio PSRR Vs=1£3Vto+18V 7 32 [IYAY
Large-Signal Voltage Gain Ayo RL22kQ,Vo=£10V 120 400 V/mV
RL2500Q,Vo =205V,
Vs=+3 V4 100 400 Vim\
OUTPUT CHARACTERISTICS
Output Voltage Swing Vo R > 10 kQ +12.0 +13.0 \Y
Rp 22 kQ +11.5 +12.8 A"
Ry >1kQ +12.0 vV
DYNAMIC PERFORMANCE
Slew Rate SR Ry 22 kQ3 0.1 0.3 Vs
Closed-Loop Bandwidth BW Avor = 1° 0.4 0.6 MHz
Closed-Loop Output Resistance Ry Vo=0,Ip=0 60 «Q
Power Consumption ) Vs =115V, No Load 80 150 mW
Vs =%13V, No Load 4 8 mW
Offset Adjustment Range Rp =20 kQ +4 mV

NOTES

'Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
Long-term input offset voltage stability refers to the averaged trend time of VOS vs. Time over extended periods after the first 30 days of operation. Excluding thc -
tial hour of operation, changes in VOS during the first 30 operating days are typically 2.5 uV refer to the typical performance curves. Parameter is sample tested

>Sample tested.
*Guaranteed by design.
Guaranteed but not tested.

Specifications subject to change without notice.
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OP07-SPECIFICATIONS

0PO7E ELECTRICAL CHARACTERISTICS (v,= =15V, 0°c <, < 70°C, unless

otherwise noted.)

Parameter ] Symbol Conditions Min Typ Max Unit

INPUT CHARACTERISTICS
Input Offset Voltage' Vos 45 130 Y
Voltage Drift without External Trim® | TCVg 0.3 1.3 wvrC
Voltage Drift with External Trim® TCVosn | Rp=20kQ 0.3 1.3 wvreC
Input Offset Current Ios 0.9 5.3 nA
Input Offset Current Drift TClos 8 35 pA/rC
Input Bias Current Ig +1.5 +5.5 nA
Input Bias Current Drift TClg 13 35 pA/rC
Input Voltage Range IVR 13 +13.5 \"%
Common-Mode Rejection Ratio CMRR Vem =113V 103 123 dB
Power Supply Rejection Ratio PSRR Vs=13Vtotl8V 7 32 WV
Large-Signal Voltage Gain Avo R 22kQ,Vo=1210V 180 450 V/mV

OUTPUT CHARACTERISTICS
Output Voltage Swing Vo Ry 210 kQ +12 +12.6 \%

NOTES

'Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.

2Guaranteed by design.

3Sample tested.

Specifications subject to change without notice

0P[]7C ELECTRICAL CHARACTER'S”CS (Vs= =15V, —40°C <T, < +85°C, unless otherwise noted.)

Parameter I Symbol Conditions Min Typ Max Unit

INPUT CHARACTERISTICS !
Input Offset Voltage! | Vigs 85 250 uv
Voltage Drift without External Trim* | TCVg 0.5 1.8 uvreC
Voltage Drift with External Trim’ | TCVosx | Rp=20kQ 0.4 1.8 uv/ieC
Input Offset Current | €)% 1.6 8.0 nA
Input Offset Current Drift TClos 12 50 pA/rC
Input Bias Current Ig +28 +9.0 nA
Input Bias Current Drift " TClg 18 50 pArC
Input Voltage Range i IVR +13 F'18.5 A%
Common-Mode Rejection Ratio -~ CMRR Vem =x13V 97 120 dB
Power Supply Rejection Ratio © PSRR Vs=23V1wot18V 10 51 Y%
Large-Signal Voltage Gain Avo RL22kQ,Vo=210V 100 400 V/mV

OUTPUT CHARACTERISTICS
Output Voltage Swing | Vo Ry 210 kQ +11 +12.6 A%

NOTES

'Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.

2Guaranteed by design.

3Sample tested.

Specifications subject to change without notice
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ABSOLUTE MAXIMUM RATINGS* Package Type 055" 05c Units
Supply Voltage (Vs) ... . +22V
Input Voltage* . ............................... 122V 8-Lead Plastic DIP (P) 103 43 °Cw
Differential Input Voltage ....................... +30V  8-Lead SOIC (S) 158 43 °Cw
Output Short-Circuit Duration ................ Indefinite . . T . . -
S S — 654 is specified for worst case conditions, ie., Ojais spccnﬁec? for device insocket
torage p g for P-DIP package, 4 is specified for device soldered to printed circuit board
S,PPackages ...................... —65°C to +125°C for SO package.
Operating Temperature Range
OPO7E ..., 0°C to 70°C
OPOTE: v s 5 390 8355 55 020055 52 i o 0 10 -40°C to +85°C
Junction Temperature Range . .................... 150°C

Lead Temperature Range (Soldering, 60 sec)

*For supply voltages less than +22 V, the absolute maximum input voltage is equal
to the supply voltage.

ORDERING GUIDE
Temperature Package Package | Branding

Model Range Description Option Information

OPO7EP 0°C to 70°C 8-Lead Epoxy DIP P-8

OP0O7CP -40°C to 85°C 8-Lead Epoxy DIP P-8

OP07CS —-40°C to 85°C 8-Lead SOIC S-8
CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARNING!

accumulate on the human body and test equipment and can discharge without detection. Although

the OP07 features proprietary ESD protection circuitry, permanent damage may occur on devices W“ ey

subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are recom- ESD SENSITIVE DEVICE
mended to avoid performance degradation or loss of functionality.

REV. A _5_



0P07 — Typical Performance Characteristics
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Figure 2. Typical Offset Voltage Test Circuit
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TYPICAL APPLICATIONS
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APPLICATIONS INFORMATION

OPO07 series units may be substituted directly into 725, 108A/
308A* and OP05 sockets with or without removal of external
compensation or nulling components. Additionally, the OP07
may be used in unnulled 741 type sockets. However, if conven-
tional 741 nulling circuitry is in use, it should be modified or
removed to enable proper OP07 operation. OP07 offset voltage
may be nulled to zero through use of a potentiometer (see offset
nulling circuit diagram).

PRECISION ABSOLUTE-VALUE CIRCUIT

The OP07 provides stable operation with load capacitance of
up to 500 pF and +10 V swings; larger capacitances should be
decoupled with a 50 Q decoupling resistor.

Stray thermoelectric voltages generated by dissimilar metals at
the contacts to the input terminals can degrade drift performance.
Therefore, best operation will be obtained when both input con-
tacts are maintained at the same temperature, preferably close to
the package temperature.

*TO-99 Package only
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General Description

The MAXT7219/MAX7221 are compact, serial input/out-
put common-cathode display drivers that interface
microprocessors (pPs) to 7-segment numeric LED dis-
plays of up to 8 digits, bar-graph displays, or 64 indi-
vidual LEDs. Included on-chip are a BCD code-B
decoder, multiplex scan circuitry, segment and digit
drivers, and an 8x8 static RAM that stores each digit.
Only one external resistor is required to set the seg-
ment current for all LEDs. The MAX7221 is compatible
with SPI™, QSPI™, and Microwire™, and has slew-rate-
limited segment drivers to reduce EMI.

A convenient 3-wire serial interface connects to all
common pPs. Individual digits may be addressed and
updated without rewriting the entire display. The
MAX7219/MAX7221 also allow the user to select code-
B decoding or no-decode for each digit.

The devices include a 150pA low-power shutdown
mode, analog and digital brightness control, a scan-
limit register that allows the user to display from 1 to 8
digits. and a test mode that forces all LEDs on.

Applications

Bar-Graph Displays
7-Segment Displays
Industrial Controllers
Panel Meters

LED Matrix Displays

Pin Configuration

SN AKX/

Serially Interfaced, 8-Digit LED Display Drivers

Features

® & & S O o o o

10MHz Serial Interface
Individual LED Segment Control

Display Blanked on Power-Up

for Lower EMI (MAX7221)

L 4

4 24-Pin DIP and SO Packages

Decode/No-Decode Digit Selection
150pA Low-Power Shutdown (Data Retained)
Digital and Analog Brightness Control

Drive Common-Cathode LED Display

Slew-Rate Limited Segment Drivers

SPI, QSPI, Microwire Serial Interface (MAX7221)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX7219CNG 0°Cto +70°C 24 Narrow Plastic DIP
MAX7219CWG 0°Cto +70°C 24 Wide SO
MAX7219C/D 0°Cto +70°C "~ Dice"

MAX7219ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX7219EWG  -40°Cto +85°C 24 Wide SO
MAX7219ERG -40°C to +85°C 24 Narrow CERDIP

Ordering Information continued at end of data sheet.
‘Dice are specified at Ta = +25°C.

Typical Application Circuit

10P VIEW N\
om [1] [24] pour
0160 2] @) seeo
DI 4 3] [22] seG o
o (4] maxiwm [ see
066 5 | i [20] seG
niG2 6] 19] v-
063 [7] 18] iseT
067 8] 17] stG 6
ono [9] 16] sc 8
o6 s [10] [i5] seG
061 [1] [14] 566 A
Lomo (©3) [12] 13] cik
() MAX7221 ONLY DIP/SO

OO0 00000
O O BN A N R
\5v
19
feg1 DIG 0-DIG 7
/AKX 8DIGITS
. MAX7219
MOSI DIN MAXT7221
WP 1o 12 om0 ©9)
SCK LKL SESGEé“DGP'
9 8 SEGMENTS
GO g
4
() MAX7221 ONLY 8-DIGIT 1P DISPLAY

SPland QSPI are trademarks of Motorola Inc. Microwire is a trademark of National Semiconductor Corp.

AKXV

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 408-737-7600 ext. 3468.
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

ABSOLUTE MAXIMUM RATINGS

Voltage (with respect to GND)
NV
DIN, CLK, LOAD, CS.

Al Other PINS ...

Current

Continuous Power Dissipation (Ta = +85°C)

Operating Temperature Ranges

Narrow PIastic DIP ... 0.87W
Wide SO ...0.76W
Narrow CERDIP ...ttt e 1T.0W

Stresses beyond thosc listed under "Absolute Maximum Ratings” may cause permancnt damage to the device e

MAXT7219C_GIMAXT2270. G
MAXT7219E_G/IMAX7221¢ (5
Storage Temperature Range
Lead Temperature (soldenng 10sec) ...

............ 0°Cto +70°C

..-40°C to +85°C

.-65°C to +160°C

+300°C

are stress ratings only. and functional

operation of the device at these or any other conditions beyond those indicated. in the operational sections o e ~pecifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ =5V £10%, RSET = 9.53kQ £1%, Ta = TMIN to TMAX. unless otherwise noted.)

(MAX7219 only)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Supply Voltage V+ 5.5 \Y
Shutdown Supply Current I+ Al digital inputs at V+ or GND, Ta = =25° i 150 A

RsSET = open circuit 8
Operating Supply Current I+ All segments and decimal point on, mA
330
ISEG_ = -40mA
Display Scan Rate fosc 8 digits scanned 800 1300 Hz
Digit Drive Sink Current IpicIT | V+ = 5V, VouT = 0.65V mA
Segment Drive Source Current ~2 Ta= +25°C, V+ = 5V, Voyi = (V- - 1V) -40 -45 mA
Segment Current Slew Rate
= °C, V+ = 5V, VouT = (V= -1V 5 :
(MAX7221 only) AlSEG/At | Ta = +#25°C, V+ = 5V, VouT = ( ) 20 50 mA/uS
Segment Drive Current Matching|  AlSEG 3.0 %
Digit Drive Leakage .
\Y =Y -1 A
(MAX7221 only) IpigiT | Digit off, VpigIT + 0 vl
Segment Drive Leakage
5 =0V

(MAX7221 only) SRG Segment off, Vsgg = 0 1 pA
Digit Drive Source Current :

SIT LV = (V+ - V A
(MAX7219 only) IpigiT | Digit off, Vpigit = (V+-0.3V) m
Segment Drive Sink Current . Segment off, VSgG = 0.3V _

AKXV




Serially Interfaced, 8-Digit LED Display Drivers

ELECTRICAL CHARACTERISTICS (continued)

(V+ =5V £10%, RseT =9.53kQ +1%, TA = TMin to Traax. unless otherwise noted.)

PARAMETER l SYMBOL 1 CONDITIONS MIN TYP MAX | UNITS

LOGIC INPUTS
Lﬂgxb?%em BN ELE, IiH, it Vin = OV or V+ -1 1 HA
Logic High Input Voltage ViH 35 \Y
Logic Low Input Voltage ViL 0.8 \%
Output High Voltage VoH DOUT iSOQURCE = -1TmA V+ -1 \Y
Output Low Voltage Vor DOUT Isink = 1.6mA 0.4 \Y
Hysteresis Voltage AVy DIN. CLK, LOAD, CS 1 v
TIMING CHARACTERISTICS
CLK Clock Period tcp 100 ns
CLK Pulse Width High (CH 50 ns
CLK Pulse Width Low cL | - 50 ns
CSFall to SCLK Rise Setup Time o - N
(MAX7221 only) ‘
CLK Rise to CS or LOAD Rise Ty } 1 N
Hold Time
DIN Setup Time SAw | 25, ns
DIN Hold Time tDH 1 / 0 ns
Output Data Propagation Delay DO E Op& 25 ns

-Risi 2 > lock
A2 [T so
}l\ﬂl/liig;jmum—cisor LOAD Pulse ; - Y ~ e
Data-to-Segment Delay IDSPD I 2.25 ms

I AKX/ S 3
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Serially Interfaced, 8-Digit LED Display Drivers

(V+ = +5V, Ta = +25°C, unless otherwise noted.)

SCAN FREQUENCY vs.
POSITIVE SUPPLY VOLTAGE
830 =
820 s
810 E:
E ) <]
=
2 719
S 180
o
< m
<
& 160
750
740
730
40 44 48 52 56 6.0
POSITIVE SUPPLY VOLTAGE (V)
MAX7219
SEGMENT OUTPUT CURRENT
| MAXIMUM INTENSITY = 31/32
v :
| | $
{ ‘ :
10mA/div ‘\ = et

Sus/div

MAKI219/21.03

SEGMENT DRIVER OUTPUT CURRENT
vs. OUTPUT VOLTAGE

Typical Operating Characteristics
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Serially Interfaced, 8-Digit LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is loaded into the internal 16-bit shift register on CLK's rising edge.
23 5.8 Eight-Digit Drive Lines that sink current from the display common cathode. The MAX7219 pulls
'1 O’ 1 ' DIG 0-DIG 7 the digit outputs to V+ when turned off. The MAX7221's digit drivers are high-impedance when
' turned off.
4,9 GND Ground (both GND pins must be connected)
LOAD - : e
Load-Data Input. The last 16 bits of serial data are latched on LOAD's rising edge.
- (MAX7219)
CsS Chip-Select Input. Serial data is loaded into the shift register while CS is low. The last 16 bits of
(MAX7221) serial data are latched on CS's rising edge.
Serial-Clock Input. T0MHz maximum rate. On CLK's rising edge, data is shifted into the inter-
13 CLK nal shift register. On CLK's falling edge, data is clocked out of DOUT. On the MAX7221. the
CLK inputis active only while CS is low.
14-17 SEG A-SEG G Seven Segment Drives and Decimal Point Drive that source current to the display. On the
20 23' op ' MAX7219, when a segment driver is turned off it is pulled to GND. The MAX7221 segment dri-
- vers are high-impedance when turned off.
18 ISET Connect to Vpp through a resistor (RsgT) to set the peak segment current (Refer to Selecting
RSeT Resistor section). T
19 Va+ Positive Supply Voltage. Connect to +~5V. £
24 DOUT Serial-Data Output. The data into DIN is valid at DOUT 16.5 clock cycles later. This pin is used

to daisy-chain several MAX7219/MAX7221's and is never higivimpedance.

Funetional Diagram

N\
SEG A-SEG G. DP DIG 0-DIG 7 “t‘
SEGMENT DRIVERS DIGIT DRIVERS \
A A 4 A ¥ /L pi 8
[
& [ ]
i > SHUTDOWN REGISTER
CODEB = MODE REGISTER
Vs ROMWITH 5 WJSINSSNY
BYPASS > INIENSITY REGISTER o
P A > SCAN-LIMIT REGISTER MODULATOR
SEGMENT 7””5?77 - DISPLAY-TEST REGISTER
CURRENT - | s |
REFERENCE | DUAL-PORT =t ®  MULTIPLEX
| SRam > Sean
Y ADDRESS CIRCUITRY
/3 8 REGISTER
LOAD (CS) » - DECODER
A
/4
DIN - -bogm 02 D:';”!LbztjDs}D'é D7 D8 D9 DI0 D11 D12 D13 D14|D15 - DOUT
e P EEREE bbb A LY
(LSB) (MSB)

() MAX7221 ONLY

VI A XKWL
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Serially Interfaced, 8-Digit LED Display Drivers
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Figure 1. Timing Diagram

Table 1. Serial-Data Format (16 Bits)

D15 [ 014 [013 o1z o1 [ oo po [ pe . 06 [ b5 | pa | p3.] b2 | o1 | DO
X X X X ADDRESS | DATA LSB
Detailed Description Digit and Control Registers
2 lists the 14 addressable digit and control regis-
MAX7219/MAX7221 Differences - The digit registers are realized with an on-chip,
The MAX7219 and MAX7221 are identical except for ‘ual-port SRAM. They are addressed directly so
two parameters: the MAX7221 segment drivers are - snwidual digits can be updated and retain data as
slew-rate limited to reduce electromagnetic interfer- 5 V= typically exceeds 2V. The control registers
ence (EMI), and its serial interface is fully SPI compati- i of decode mode, display intensity, scan limil
ble. torof scanned digits), shutdown, and display tesl
Serial-Addressing Modes s on).
For the MAX7219, serial data at DIN, sent in 16-bit Shutdown Mode
packets, is shifted into the internal 16-bit shift register . the MAX7219 is in shutdown mode, the scan oscil-
with each rising edge of CLK regardless of the state of ' s halted, all segment current sources are pulled to
LOAD. For the MAX7221, CS must be low to clock data ©.adoand all digit drivers are pulled to V+, thereby
in or out. The data is then latched into either the digit or © - ng the display. The MAX7221 is identical, excepl
control registers on the rising edge of LOAD/CS ' nvers are high-impedance. Data in the digit and
LOAD/CS must go high concurrently with or after the ol registers remains unaltered. Shutdown can be
16th rising clock edge, but before the next rising clock 1o save power or as an alarm to flash the display by
edge or data will be lost. Data at DIN is propagated . cessively entering and leaving shutdown mode. For
through the shift register and appears at DOUT 16.5 mirimum supply current in shutdown mode, logic inputs
clock cycles later. Data is clocked out on the falling <nould be at ground or V+ (CMOS-logic levels).

edge of CLK. Data bits are labeled DO-D15 (Table 1).
D8-D11 contain the register address. D0-D7 contain
the data, and D12-D15 are "don't care” bits. The first
received is D15, the most significant bit (MSB).

Typically, it takes less than 250ps for the MAX7219/
WAXT227 1o leave shutdown mode. The display driver

be programmed while in shutdown mode, and
utdown mode can be overridden by the display-test

6 __ e . MAXI




Serially Interfaced, 8-Digit LED Display Drivers

Table 2. Register Address Map

ADDRESS HEx

REGISTER T

%1152‘ | D11 | D10 | D9 | D8 | CODE
No-Op o | o 0 X0
Digit 0 oo 1 X1
Digit 1 x | oo 0 X2
Digit 2 x | o | g™ 1 X3
Digit 3 | 0 1 0| o0 X4
Digit 4 | 40 1 o X5
Digit 5 'Y BN
Digit 6 o 1 1 1 X7
Digit 7 | o Lo | o X8
Decode
o oo |1 X9
Intensity 0 1 XA
Scan Limit | 0 1 1 XB
Shutdown ! 1 0 0 XC
Display 1 1 1 1 NG
Test

Initial Power-Up
On initial power-up, all control registers are reset, the
display is blanked, and the MAX7219/MAX7221 enter
shutdown mode. Program the display driver prior to
display use. Otherwise, it will initially be set to scan one
digit, it will not decode data in the data registers, and
the intensity register will be set to its minimum value.

Decode-Mode Register
The decode-mode register sets BCD code B (0-9, E, H,
L, P, and -) or no-decode operation for each digit. Each
bit in the register corresponds to one digit. A logic high
selects code B decoding while logic low bypasses the
decoder. Examples of the decode mode control-regis-
ter format are shown in Table 4.

When the code B decode mode is used, the decoder
looks only at the lower nibble of the data in the digi
registers (D3-D0), disregarding bits D4-D6. D7, which
sets the decimal point (SEG DP), is independent of the
decoder and is positive logic (D7 = 1 turns the decimal
point on). Table 5 lists the code B font.

When no-decode is selected, data bits D7-DO corre-
spond to the segment lines of the MAX7219/MAX7221
Table 6 shows the one-to-one pairing of each data bit
to the appropriate segment line.

Table 3. Shutdown Register Format (Address (Hex) = XC)

REGISTER DATA
- ADDRESS CODE
(HEX) D7 D6 D5 D4 D3 D2 D1 DO
Shutdown B
X X X X X 0
Mode X i
Henmal X X X X X X X 1
Operation
Table 4. Decode-Mode Register Examples (Address (Hex) = X9)
REGISTER DATA HEX
DECODE MODE
D7 D6 D5 D4 D3 D2 D1 DO CODE
No decode for digits 7- 0 0 0 0 0 0 0 0 00
Code B decode for 3y 0 0 0 0 0 0 0 . 01
No decode for digi
Code B decode for -0
0 1 F
No decode for diqit 0 s e ! i 1 g
Code B decode for -0 1 1 1 1 1 1 1 1 FF

AKXV
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Serially Interfaced, 8-Digit LED Display Drivers

Table 5. Code B Font

REGISTER DATA ON SEGMENTS = 1
7-SEGMENT
CHARACTER | D7* | D6-D4 | D3 | D2 | D1 | Do |DP*| A B c D E F G
0 X 0 0 0 0 1 1 1 1 1 1 0
1 X 0 0 0 1 0 1 1 0 0 0 0
2 X 0 0 1 0 1 1 0 1 1 0 1
3 X 0 0 1 1 1 1 ] 1 0 0 1
4 X 0 1 0 0 0 1 1 0 0 1 1
5 X 0 1 0 1 1 0 1 1 0 1 1
6 X 0 1 1 0 1 0 1 1 1 1 1
7 X 0 1 1 1 1 1 1 0 0 0 0
8 X ] 0 0 0 1 1 1 1 1 1 1
9 X 1 0 0 1 1 1 1 1 0 1 1
— X 1 0 1 0 0 0 0 0 0 0 1
£ X 1 0 1 1 1 0 0 1 1 1 1
H X 1 1 0 0 0 1 1 0 1 1 1
L X ] 1 0 ] 0 0 0 1 1 ] 0
B X 1 1 1 0 1 1 0 0 1 1 1
blank X 1 1 1 1 0 0 0 0 0 0 0

"The decimal point is set by bit D7 = 1

Table 6. No-Decode Mode Data Bits and
Corresponding Segment Lines

U Uc

L
D

STANDARD 7-SEGMENT LED

oP

REGISTER DATA
D7 | D6 | D5 | D4 | D3| D2 | D1 | DO

=

Corresponding
Segment Line

DP | A B cC D £ E G

Intensity Control
and Interdigit Blanking
The MAX7219/MAX7221 allow display brightness to be
controlled with an external resistor (RSET) connected
between V+ and ISET. The peak current sourced from
the segment drivers is nominally 100 times the current
entering ISET. This resistor can either be fixed or vari-
able to allow brightness adjustment from the front
panel. Its minimum value should be 9.53Q, which typi-
cally sets the segment current at 40mA. Display bright-
ness can also be controlled digitally by using the
intensity register.

Digital control of display brightness is provided by an
internal pulse-width modulator, which is controlled by
the lower nibble of the intensity register. The modulator
scales the average segment current in 16 steps from a
maximum of 31/32 down to 1/32 of the peak current set
by RSeT (15/16 to 1/16 on MAX72217). Table 7 lists the
intensity register format. The minimum interdigit blank-
ing time is set to 1/32 of a cycle.

VLA XTI VI




Serially Interfaced, 8-Digit LED Display Drivers

Table 7. Intensity Register Format (Address (Hex) = XA)

Slellibn L D7 D6 D5 D4 D3 D2 D1 DO s
MAX7219 MAX7221 CODE
(n:i/n 3§n) (m% fn) X X X X 0 0 0 0 X0
332 216 X X X X 0 0 0 1 X
5132 316 X X X X 0 0 1 0 X2
7132 a6 X X X X 0 0 1 1 X3
9/32 5716 X X X X 0 1 0 0 Xa
11732 616 X X X X 0 1 0 1 X5
13/32 16 X X X X 0 1 1 0 X6
15/32 816 X X X X 0 1 1 1 X7
17732 96 X X X X 1 0 0 0 X8
19732 10116 X X X X 1 0 0 1 X9
2132 11716 X X X X 1 0 1 0 XA
2332 1216 X X X X 1 0 1 1 XB
25/32 13/16 X X X X 1 1 0 0 XC
27132 14716 X X X X 1 1 0 1 XD
29/32 15/16 X X X X 1 1 1 0 XE
31/32 (nl:i fn) X X X X 1 1 1 1 XF

Table 8. Scan-Limit Register Format (Address (Hex) = XB)

REGISTER DATA HEX
SCAN LIMIT

D7 D6 D5 D4 D3 D2 D1 DO CODE
Display digit 0 only” X X X X X 0 0 0 X0
Display digits 0 & 1 X X X X X 0 0 1 X1
Display digits 0 1 2 X X X X X 0 1 0 X2
Display digits 012 3 X X X X X 0 1 1 X3
Display digits 012 3 4 X X X X X 1 0 0 X4
Display digits 012345 X X X X X 1 0 1 X5
Display digits 0123456 X X X X X 1 1 0 X6
Display digits 01234567 X X X X X 1 1 1 X7

“See Scan-Limit Register section for application

Scan-Limit Register scanned. Since the number of scanned digits affects

The scan-limit register sets how many digits are dis- the display brightness, the scan-limit register should
played, from 1 to 8. They are displayed in a multiplexed not be used to blank portions of the display (such as
manner with a typical display scan rate of 800Hz with 8 leading zero suppression). Table 8 lists the scan-limit
digits displayed. If fewer digits are displayed, the scan register format.

rate is 8fosc/N, where N is the number of digits

W1 XV 9
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Serially Interfaced, 8-Digit LED Display Drivers

If the scan-limit register is set for three digits or ‘ess
individual digit drivers will dissipate excessive amounts
of power. Consequently, the value of the Rsg1 resistor
must be adjusted according to the number of digits dis-
played, to limit individual digit driver power diss pation
Table 9 lists the number of digits displayed anc the
corresponding maximum recommended segment «ur-
rent when the digit drivers are used.

Display-Test Register
The display-test register operates in two modes: normal
and display test. Display-test mode turns all LEDs on
by overriding, but not altering, all controls and aiait req-
isters (including the shutdown register). In display-test
mode, 8 digits are scanned and the duty cycle 15 37/32
(15716 for MAX7221). Table 10 lists the display-test reg-
ister format.

Table 9. Maximum Segment Current for
1-, 2-, or 3-Digit Displays

NUMBER OF DIGITS blidil A\ Pae o A
DISPLAYED
(mA)

1 10 ;
2 20 j
3 30 5

Table 10. Display-Test Register Format

(Address (Hex) = XF)

REGISTER DATA ]
MODE &5
D7 | D6 [ D5 | D4 [ D3 [ D2 | D* | DO |
Normal X ¥ % X X » I
Operation ‘ |
Display Test | ]
i X | x| x| x [ x|x ‘ ‘ J

Note: The MAX7219/MAX7221 remain in display-test mode
(all LEDs on) until the display-test register is reconfigured
for normal operation.

No-Op Register
The no-op register is used when cascading MAX7219s
or MAX7221s. Connect all devices' LOAD/CS inputs
together and connect DOUT to DIN on adjacent
devices. DOUT is a CMOS logic-level output that easily
drives DIN of successively cascaded parts. (Refer to
the Serial Addressing Modes section for detailed infor-
mation on serial input/output timing.) For example, if
four MAX7219s are cascaded, then to write to the

10

fourth chip. sent the desired 16-bit word, followed by
three no-op codes (hex XX0X, see Table 2). When
LOADI/CS goes high, data is latched in all devices. The
first three chips receive no-op commands, and the
fourth receives the intended data.

Applications Information

Supply Bypassing and Wiring
To minimize power-supply ripple due to the peak digit
driver currents, connect a 10uF electrolytic and a 0.1pF
ceramic capacitor between V+ and GND as close to
the device as possible. The MAX7219/MAX7221 should
be placed in close proximity to the LED display, and
connections should be kept as short as possible to
minimize the effects of wiring inductance and electro-
magnetic interference. Also, both GND pins must be
connected to ground.

Selecting RseT Resistor and
Using External Drivers
The current per segment is approximately 100 times
the current in ISET. To select RsgT, see Table 11. The
MAXT7219/MAX7221's maximum recommended seg-
ment current is 40mA. For segment current levels
above these levels, external digit drivers will be need-
ed. In this application, the MAX7219/MAX7221 serve
only as controllers for other high-current drivers or tran-
sistors. Therefore, to conserve power, use RSET = 47kQ
when using external current sources as segment dri-
vers.

The example in Figure 2 uses the MAX7219/MAX7221's
segment drivers, a MAX394 single-pole double-throw
analog switch, and external transistors to drive 2.3"
AND2307SLC common-cathode displays. The 5.6V
zener diode has been added in series with the decimal
point LED because the decimal point LED forward volt-
age is typically 4.2V. For all other segments the LED
forward voltage is typically 8V. Since external transis-
tors are used to sink current (DIG 0 and DIG 1 are used
as logic switches), peak segment currents of 45mA are
allowed even though only two digits are displayed. In
applications where the MAX7219/MAX7221's digit dri-
vers are used to sink current and fewer than four digits
are displayed, Table 9 specifies the maximum allow-
able segment current. RseT must be selected accord-
ingly (Table 17).

Refer to the Power Dissipation section of the Absolute
Maximum Ratings to calculate acceptable limits for
ambient temperature, segment current, and the LED
forward-voltage drop.
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Serially Interfaced, 8-Digit LED Display Drivers

Table 11. RSET vs. Segment Current and
LED Forward Voltage

VLED (V)
| mA
REGAMA) 1.5 2.0 2.5 3.0 3.5
12.2 11.8 11.0 10.6 9.69
3 17.8 171 15.8 15.0 14.0
20 29.8 28.0 25.9 24.5 22.6
10 66.7 63.7 59.3 55.4 912
Computing Power Dissipation
The upper Imit for power dissipation (PD) for the
MAX7. "2 MAXT221 is determined from the following
equaticy
PC - - % 8mA) + (V+ - VLED)(DUTY x ISEG x N)
where
1y voltage
iuty cycle set by intensity register
'+ of segments driven (worst case is 8)
- D forward voltage
~yment current set by RSgT
D ample:
nACN =8 DUTY =31/32, Viep = 1.8V at
525V
J8mMA) + (5.25V - 1.8V)(31/32 %
1.1TW
Thue - -ERDIP package (64A = +60°C/W from
Tat © o maximum allowed ambient temperature
T,’x 3 v
1 TA+PDx6JA +150°C = TA +1.71W.x
60°C/W
whert -83.4°C.

VXL /L

Table 12. Package Thermal Resistance
Data

PACKAGE THERMAL(:E)SISTANCE
24 Narrow DIP +75°CIW
24 Wide SO +85°C/IW
24 CERDIP +60°C/IW

Maximum Junction Temperature (TJ) = +150°C

Maximum Ambient Temperature (Ta) = +85°C

Cascading Drivers
The example in Figure 3 drives 16 digits using a 3-wire
pP interface. If the number of digits is not a multiple of
8. set both drivers’ scan limits registers to the same
number so one display will not appear brighter than the
other. For example, if 12 digits are need, use 6 digits
per display with both scan-limit registers set for 6 digits
so that both displays have a 1/6 duty cycle per digit. If
11 digits are needed. set both scan-limit registers for 6
digits and leave one digit driver unconnected. If one
display for 6 digits and the other for 5 digits, the sec-
ond display will appear brighter because its duty cycle
per digit will be 1/5 while the first display’s will be 1/6.
Refer to the No-Op Register section for additional infor-
mation.
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

AND2307SLC AND2307SLC
3 [ mnopEop 5 ANODE OP
"1 moDEA L ANODE A
3t moDeF % | AnooE F
81 oot s 8 f ANODE B
10 10
ANODE G ANODE G
‘2‘ ANODEC ‘2‘ ANODE C
- ANODE £ » ANODE E
INS524B ANODED D
56V 5% CATHODE ANODE D CATHODE
8 8
23
£6D
a1 b
20 )
o se6C
18] *CC maxam 5y
% EEES MG Vi f19 4.7k
N MAX7221 NS
SEGA
2 30k [ = °
SEG DP M
4 18 16 [
GND ISFT 4
g, GND NCY 3
7
‘ Sl IRF540
&) 1 21 1 AN
/ = DIGO |—e
QN TN T 0| MAX394
LOAD (CS), » 3] Lo © DIG 1 2] N2 com2
CLOCK = =—=| CLk ey
NO2
5
p
4.7%€2 PULL-UP REQUIRED FOR MAX7221 oy IRF540
() MAX7221 ONLY

Figure 2. MAX7219/MAX7221 Driving 2.3-Inch Displays
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Serially Interfaced, 8-Digit LED Display Drivers

/M AKX/

MAX7219
MAX7221

ooooooo0 ooooooon
UL IR O NN IR R RO N O
T 1T 1T 1717 ‘ { 1
8/ 8, 8/ 8)
DATA IN ——] DIN pouT DIN DoUT
e nico SEG0 —e o] 0iGo SEG D |—e
o DG4 SEGDP |—o o 0iG4 SEGOP |—e
oND SEGE |—e GND SEGE [—e
o 0iG6 SEGC f—o f}‘j ] DiG6 SEGC f—o
o 0i62 Vi o— Di? Ve
e—{ DIG3 ISET e—{ DIG3 ISET
o 067 SEGG f—e 953 o 0iG7 SEGG e
GND SeGB |—o GND 566 B |—e
- e D65 SEGF f—e S T SEGF |—o
I SeoA| AKXV Y F=boien SEG A
o . 1
LOAD (CS) CLK mf;ﬁ ;7’ LOAD (C5) CLK
LOAD DAIA B @
() MAX7221 ONLY CLOCK B °

Figure 3. Cascading MAX7219/MAX7221s to Drive 16 7-Segment LED Digits

AKXV
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Serially Interfaced, 8-Digit LED Display Drivers

= _Ordering Information (continued) Chip Topography
N PART TEMP. RANGE _ PIN-PACKAGE
ﬁ MAX7221CNG ~ 0°Cto -/ C 24 Narrow Plastic DIP GND  DIG7 DIG3 DIG2 DIG6  GND
MAX7221CWG  0'Cto- . 24 Wide SO ﬁ\f
>< MAX7221C/D 0°C o - 7 Dice’
q MAX7221ENG -40°C w0 24 Narrow Plastic DIP . DI 4
MAX7221EWG  -40°C 0 - - 24 Wide SO
MAX7221ERG _ -40°C0 -85 C 24 Narrow CERDIP |
m ‘Dice are specified at Ta - - 25 DIGO
F 0.093"
ﬁ DIN  (2.36mm)
>< DOUT
< T SEGD
E *2, 3 i‘ E‘E%f 4 da
SEG F —i ﬁ B E ] B . m [ | ,
SEG B ISET SEG C SEGDP
SEG G SEGE
0.080"
e (2.03mm) o

TRANSISTOR COUNT: 5267
SUBSTRATE CONNECTED TO GND

“ e - VAKXV




Serially Interfaced, 8-Digit LED Display Drivers

Package Information

ﬁ,
— DI
N
s—_E——
D ‘ Ry
T
(el I
il 0 =152k
BI L il
eA
eB
INCHES MILLIMETERS INCHES MILLIMETERS
MIN MAX | MIN MAX MIN MAX | MIN MAX | N [MS001
A|l-—- 10.200 | --= [5.08 0.348]0.390 | 884 | 991 |8 [AB
A110.01S |--- 10.38 AP 0.735]0.76518.67 [19.43 |14 |AaC

A210.125 |0.175 |318 [4.45
A3[0.055]0.080 [1.40 [2.03
B 10.016 0.022 |0.41 0.56
B110.045(0.065 [1.14  [1.65
C 10.008}0.012 ]0.20 - [0.30
D1]0.005 |0.080 J013 |2.03

0.745]0.765[18.92 [19.43 |16 |AA
0.88510.915 |22.48|23.24|18 |AD
1.015 |1.045 |25.78|26.54|20 |AE
114 11265 ]28.96|32.13 |24 |AF
1.36011.380 [34.54|35.05]28][%5

Oooooioog

£ 10.300 10.325 |7.62 [8.26 NOTES:

1. DLE DO NOT INCLUDE MOLD FLASH
£110.2400.310 [6.10 [7.87 2. MOLD FLASH OR PROTRUSIONS NOT
e @100 | "R JeOviy 2 3 ESN%gEE?NGJSSJ';c(NOSOISD‘; MILLIMETER

. : M|
eA|0.300 | —-- |762 | ---— 4. MEETS JEDEC MSO001-XX AS SHOWN
eB -——=10.400 | --= {1016 IN ABOVE TABLE

0115 [0.150_|2.92 |3.81 IR - Uislls )

[g_gﬁ_{;ﬁf_tgyj um@{ FAMILY DUTLINE: PDIP 300"} 2/ 81‘0043

AKXV 15
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

Package Information (continued)

HAHRA BEABA
N

:

EH

FEEE BB

D

* A\
\Tﬁtﬂjﬁﬁﬁﬂﬁﬁmf* R L»Hﬁ

20 oo lg ARG i AT

Al

INCHES MILLIMETERS INCHES MILLIMETERS
MIN | MAX |MIN | MAX MIN | MAX | MIN | MAX | N [MS0I3

A 10.093]|0.104 {2.35]2.65 D 10.398(0.413 [10.10 |10.50[16 | AA

Al1]0.004 | 0.012 |0.10 | 0.30 D 1044710463 ]11.35]11.7518 | AB

B |0.014 | 0.019]0.35[0.49 D [0.496]0.512 |12.60{13.00(20 | AC

C|0.009(0.013 ]0.23]0.32 D |0.59810.614 [15.20]15.60{24 | AD

e 0.050 1%y D [0.69710.713 |17.70[18.10 (28| AE

F£10.291]0.299(7.40| 7.60

H10.394]0.41910.00] 10.69 ""Re 50N dNCLUDE MOLD FLasH

h10.010 | 0.030{0.25}0.75 2 MOLD FLASH OR PROTRUSIONS NOT

L[ 0016 [005070:4011.27 3. LEADs 70 Bt COPLANAR WITHIN
.102mm .004°)

4. CONTROLLING DIMENSION: MILLIMETER

S. MEETS JEDEC MSO013-XX AS SHOWN
IN ABOVE TABLE

6. N = NUMBER OF PINS

ig_éﬂxﬂl{:,!] PACKAGE.F AMILY CUTLINC: SDiC .300'} gﬁggﬁ@]
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implied Maxim rescrves the right to change the circuitry and specifications without notice at any time

16 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600

© 1997 Maxim Integrated Products Printed USA MAXIM s a registered trademark of Maxim Integrated Products.





