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KATA: 

$MOD51 

CSEG 
ORG OOH 

JMP START 

VALUEO!: 
DB 

DB 
DB 
DB 
DB 

'** TURBIDITY **',O,'NTU',O 
73,74,75,76,77,0 

VALUE02: 82,83,84,0 
VALUE03: 89,90,91,92,93,0 

111,112,113,114,115,0 VALUE04: 

,------------------
Delay4mS 

,------------------
D4mS: MOY R7,#29 
D4mSOl: MOV R6,#64 

DJNZ R6,$ 
DJNZ R7,D4mSOl 
RET 

,-----------------
Delay 1 S 

,-----------------
DlS: 
DlSOl: 
D1S02: 

MOV R7,#20 
MOV R6,#128 
MOY R5,#180 

DJNZ R5,$ 
DJNZ R6,Dl S02 
DJNZ R7,DlSOl 
RET 

,--------------------------------
Enable Pulse Instruction 

,--------------------------------
EPI: ANL A,#OOFH ;4 Bit 

ORL A,#ODOH ;Enable High, Instruction Input 
MOY PO,A 
ANL A,#OCFH ;Enable Low, Instruction Input 
MOY PO,A 

ACALL D4mS ;Delay 4 mS 
RET 

,-------------------------------
LCD Control Instruction 

,-------------------------------



LCI: MOV R5,A 
SWAP A 
ACALL EPI 

MOV A,R5 
ACALL EPI 
RET 

Inisialisasi LCD 4 Bit 

;Ambil4 Bit (D7 .. D4) 
;Enable Pulse Instruction 

;Ambil4 Bit (D3 .. DO) 
;Enable Pulse Instruction 

,------------------------------
IL4B: MOV R5,#3 
IL4BOl: MOV A,#03H 

ACALL EPI 
DJNZ R5,IL4BOI 

MOV A,#02H 
ACALL EPI 

MOV A,#28H 
ACALL LCI 
MOV A,#06H 
ACALL LCI 
MOV A,#OCH 
ACALL LCI 

MOV A,#OlH 
ACALL LCI 
RET 

,-------------------------
Enable Pulse Data 

,-------------------------

;Diulang 3 Kali 
;Reset Sequence 

;Enable Pulse Instruction 

;Reset Sequence 
;Enable Pulse Instruction 

;Function Set 
;(4 Bit, 2 Lines, 5 x 7 Dot Matrik) 
;Entry Mode Set 
;(Increment, No Display Shift) 
;Display OnIOff Control 

;(Display On, Cursor Off, Blink Off) 
;Display Clear 

;LCD Control Instruction 

EPD: ANL A,#OOFH ;4 Bit 
ORL A,#OFOH ;Enable High, Data Input 

MOV PO,A 
ANL A,#OEFH ;Enable Low, Data Input 
MOV PO,A 

MOV R7,#40 ;Delay 40 uS 
DJNZ R7,$ 
RET 

,------------------------
LCD Control Data 

,------------------------
LCD: MOV R5,A 

SWAP A 
ACALL EPD 

MOV A,R5 

;Ambil4 Bit (D7 .. D4) 
;Enable Pulse Data 

;Ambil4 Bit (D3 .. DO) 



ACALL EPD 
RET 

;Enable Pulse Data 

,--------------------~ 
Tampilan Awal 

,---------------------
KDKL: MOV A,#O 

MOVC 
;Kirim Data ke LCD 

A,@A+DPTR 
INC DPTR 

JZ EscKDKL 
ACALL LCD 

JMP KDKL 

;Huruf sudah habis ? 
;LCD Control Data 

EscKDKL: RET 

TA: MOV A,#080H ;Cursor Home Line 1 Colom 0 
ACALL LO ;LCD Control Instruction 
MOV DPTR,#KATA 
ACALL KDKL ;Kirim Data ke LCD 
MOV A,#OC9H ;Cursor Home Line 2 Colom 9 
ACALL LCI ;LCD Control Instruction 
ACALL KDKL ;Kirim Data ke LCD 
RET 

-----------------------------, 
Tampilkan Data ke LCD 

-----------------------------, 
TDKL: MOV A,#OC3H ;Cursor Home Line 2 Colom 3 

ACALL LCI ;LCD Control Instruction 
MOV RO,#64H 

mKLO 1: MOV A,@RO 
ADD A,#30H ;Ubah menjadi kode ASCII 
ACALL LCD ;LCD Control Data 
DEC RO 
CJNE RO,#5FH,mKLOl 
RET 

,---------------------------------
Analog Digital Conversion 

,---------------------------------
ADC: CLR P3.3 

CLR P3.2 
MOV Pl,#40H 
SETB P3.2 
SETB P3.3 
MOV R7,#100 

DJNZ R7,$ 

;Chip Select pin 
;Write pin 

;Write pin 
;Chip Select pin 



MOV Pl,#OFFH 
CLR P3.3 ;Chip Select pin 
CLR P3.1 ;Read pin 
SETB P3. 0 ;HBEN pin 
MOV R4,Pl ;4 MSB 
CLR P3.0 ;HBEN pin 
MOV R3,Pl ;8 LSB 
SETB P3.1 ;Read pin 
SETB P3.3 ;Chip Select pin 
RET 

,-----------------------
Devision 16 bit 

-----------------------, 
D16b: CLR C 

MOV 34H,#O 
MOV 35H,#O 
MOV R7,#16 

DOl: MOV R6,#4 
MOV RO,#32H 

D02: MOV A,@RO 

;Sisa bagi (LSB) 

;Diulang 16 kali 

RLC A ;Geser ke kiri (35H 34H 33H 32H) 
MOV @RO,A 
INC RO 

DJNZ R6,D02 

MOV A,34H 
ADD A,36H 
MOV 38H,A 
MOV A,35H 
ADOC A,37H 
MOV 39H,A 
JC D03 
DJNZ R7,DOl 
RET 

D03: CLR C 
MOV A,32H 

ORL A,#OlH 
MOV 32H,A 
MOV 34H,38H 
MOV 35H,39H 
DJNZ R7,DOI 
RET 

;Pengurangan 



-------------------------, 
Konversi Data ADC 

-------------------------, 
KDA: CLR C ; R4R3 

; 0043 

, 
;KDAOO: 

MOV A,R3 
SUBB A,#70 
MOV R3,A 
MOV A,R4 
SUBB A,#O 
MOV R4,A 

MOV Rl,#2 

------- ... , 
; R4R3 

; R4R3 
CLR C 

MOV A,R4 
RRC A 
MOV R4,A 
MOV A,R3 

; R4 R3 = -------
4 

RRC A 
MOV R3,A 
DJNZ Rl,KDAOO 

MOV 32H,R3 
MOV 33H,R4 
MOV 36H,#0 ISH ;Bagi 1000 
MOV 37H,#OFCH 
ACALL Dl6b ;Devision 16 bit 
MOV A,32H 
JZ KDAOl 
MOV 64H,A 

KDAOl: MOV 32H,34H 
MOV 33H,35H 
MOV 36H,#09CH ;Bagi 100 
MOV 37H,#OFFH 
ACALL Dl6b ;Devision 16 bit 
MOV A,32H 
JZ KDA02 
MOV 63H,A 

KDA02: MOV A,34H 
MOV B,#l0 ;Bagi 10 
DIV AB 
MOV 62H,A 
MOV 60H,B 
RET 



----------------, 
CekData 

----------------, 
CV: MOV A,#O ;Cek Value 

MOVC A,@A+DPTR 
JZ EscCV 
INC DPTR 
CJNE A,3H,CV 

EscCV: RET 

CD: MOV 64H,#OFOH 
MOV 63H,#OFOH 
CJNE R4,#0,COO5 
CLR C 
MOV A,#70 
SUBB A,R3 
JC COOl 
MOV 62H,#0 
MOV 60H,#0 
RET 

;FOH + 30H = " " (ASCII) 
;FOH + 30H = " " (ASCII) 

CDOl: MOV DPTR,#VALUEOI 
ACALL CV ;Cek Value 
JZ COO2 
MOV 62H,#0 
MOV 60H,#2 
RET 

COO2: MOV DPTR,#V ALUE02 
ACALL CV ;Cek Value 
JZ CD03 
MOV 62H,#0 
MOV 60H,#8 
RET 

COO3: MOV DPTR,#VALUE03 
ACALL CV ;Cek Value 
JZ COO4 
MOV 62H,#3 
MOV 60H,#6 
RET 

CD04: MOV DPTR,#V ALUE04 
ACALL CV ;Cek Value 
JZ COO5 



----------------, 
CekData 

, 
CV: MOV A,#O ;Cek Value 

MOVC A,@A+DPTR 
JZ EscCV 
INC DPTR 
CJNE A,3H,CV 

EscCV: RET 

CD: MOV 64H,#OFOH 
MOV 63H,#OFOH 
CJNE R4,#O,CD05 
CLR C 
MOV A,#70 
SUBB A,R3 
JC CDOI 
MOV 62H,#O 
MOV 60H,#O 
RET 

;FOH + 30H = " " (ASCII) 
;FOH + 30H = " " (ASCII) 

CDOl: MOV DPTR,#VALUEOI 
ACALL CV ;Cek Value 
JZ CD02 
MOV 62H,#O 
MOV 60H,#2 
RET 

CD02: MOV DPTR,#V ALUE02 
ACALL CV ;Cek Value 
JZ CD03 
MOV 62H,#O 
MOV 60H,#8 
RET 

CD03: MOV DPTR,#V ALUE03 
ACALL CV ;Cek Value 
JZ CD04 
MOV 62H,#3 
MOV 60H,#6 
RET 

CD04: MOV DPTR,#V ALUE04 
ACALL CV ;Cek Value 
JZ CD05 



Mav 62H,#4 
MaV 60H,#2 
RET 

CDOS: ACALL KDA 
RET 

,--------------------
Main Program 

--------------------, 

;Konversi Data ADC 

START: MaV 6lH,#OFEH ;FEH+30H="." (ASCII) 
ACALL lL4B ;Inisialisasi LCD 4 Bit 
ACALL TA ;Tampilan Awal 

MPOl: ACALL ADC 
ACALL CD 
ACALL TDKL 
ACALL DIS 
JMP MPOl 
END 

;CekData 
;Tampilkan Data ke LCD 

;Delay 1 S 
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Features 
• Compatible with MC5-S1 TM Products 
• 4K Bytes of In-System Reprogrammable Flash Memory 

- Endurance: 1,000 WritelErase Cycles 
Fully Static Operation: 0 Hz to 24 MHz 
Three-Level Program Memory Lock 
128 x 8-Bit Internal RAM 

• 32 Programmable 110 Lines 
• Two 1&-Bit Timer/Counters 
• Six Interrupt Sources 
• Programmable Serial Channel 
• Low Power Idle and Power Down Modes 

Description 
The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K 
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The 
device is manufactured using Atmel's high density nonvolatile memory technology 
and is compatible with the industry standard MCS-511M instruction set and pinout. The 
on-chip Flash allows the program memory to be reprogrammed in-system or by a con
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with 
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which 
provides a highly flexible and cost effective solution to many embedded control appli-

cations. (continued) 
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______________ AT89C51 

The AT89C51 provides the following standard features: 4K 
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit 
timer/counters, a five vector two-level interrupt architecture, 
a full duplex serial port, on-chip oscillator and clock cir
cuitry.ln addition, the AT89C51 is designed with static logic 
for operation down to zero frequency and supports two 
software selectable power saving modes. The Idle Mode 
stops the CPU while allowing the RAM, timer/counters, 
serial port and interrupt system to continue functioning. The 
Power Down Mode saves the RAM contents but freezes 
the oscillator disabling all other chip functions until the next 
hardware reset. 

Pin Description 
Vcc 
Supply voltage. 

GND 
Ground. 

PortO 
Port 0 is an 8-bit open drain bidirectional 110 port. As an 
output port each pin can sink eight TTL inputs. When 1s 
are written to port 0 pins, the pins can be used as high
impedance inputs. 

Port 0 may also be configured to be the multiplexed low
order address/data bus during accesses to external pro
gram and data memory. In this mode PO has internal pul
lups. 

Port 0 also receives the code bytes during Flash program
ming, and outputs the code bytes during program verifica
tion. External pullups are required during program verifica
tion. 

Port 1 
Port 1 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 1 output buffers can sink/source four TTL inputs. 
When 1s are written to Port 1 pins they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 1 pins that are externally being pulled low will source 
current (110 because of the intemal pull ups. 

Port 1 also receives the low-order address bytes during 
Flash programming and verification. 

Port2 
Port 2 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 2 output buffers can sink/source four TTL inputs. 
When 1s are written to Port 2 pins they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 2 pins that are externally being pulled low will source 
current (IlL) because of the internal pullups. 

Port 2 emits the high-order address byte during fetches 
from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @ 
DPTR). In this application it uses strong internal pullups 

when emitting 1s. During accesses to external data mem
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the 
contents of the P2 Special Function Register. 

Port 2 also receives the high-order address bits and some 
control Signals during Flash programming and verification. 

Port 3 
Port 3 is an 8-bit bidirectional I/O port with internal pull ups. 
The Port 3 output buffers can sink/source four TTL inputs. 
When 1 s are written to Port 3 pins they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (Ill) because of the pullups. 

Port 3 also serves the functions of various special features 
of the AT89C51 as listed below: 

Port Pin Alternate Functions 

P3.0 RXD (serial input port) 

P3.1 TXD (serial output port) 

P3.2 INTO (external interrupt 0) 

P3.3 INT1 (external interrupt 1) 
-- --

P3.4 TO (timer 0 external input) 
---

P3.5 T1 (timer 1 external input) 
~. 

P3.6 WR (external data memory write strobe) 

P3.7 RD (external data memory read strobe) 
-

Port 3 also receives some control Signals for Flash pro
gramming and verification. 

RST 
Reset input. A high on this pin for two machine cydes while 
the oscillator is running resets the device. 

ALEIPROG 
Address Latch Enable output pulse for latching the low byte 
of the address during accesses to external memory. This 
pin is also the program pulse input (PROG) during Flash 
programming. 

In normal operation ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and may be used for extemal tim
ing or clocking purposes. Note, however, that one ALE 
pulse is skipped during each access to external Data Mem
ory. 

If desired, ALE operation can be disabled by setting bit 0 of 
SFR location 8EH. With the bit set, ALE is active only dur
ing a MOVX or MOVC instruction. Otherwise, the pin is 
weakly pulled high. Setting the ALE-disable bit has no 
effect if the microcontroller is in external execution mode. 

PSEN 
Program Store Enable is the read strobe to external pro
gram memory. 
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When the AT89C51 is executing code from external pro
gram memory, PSEN is activated twice each machine 

cycle, except that two PSEN activations are skipped during 
each access to external data memory. 

EANpp 
External Access Enable. EA must be strapped to GND in 
order to enable the device to fetch code from external pro
gram memory locations starting at OOOOH up to FFFFH. 
Note, however, that if lock bit 1 is programmed, EA will be 
intemally latched on reset. 

EA should be strapped to Vee for internal program execu
tions. 

This pin also receives the 12-volt programming enable volt
age (Vpp) during Flash programming, for parts that require 
12-volt V pp. 

XTAL1 
Input to the inverting oscillator amplifier and input to the 
internal clock operating circuit. 

XTAL2 
Output from the inverting oscillator amplifier. 

Oscillator Characteristics 
XTAL 1 and XTAL2 are the input and output, respectively, 
of an inverting amplifier which can be configured for use as 
an on-chip OScillator, as shown in Figure 1. Either a quartz 
crystal or ceramic resonator may be used. To drive the 
device from an external clock source, XTAL2 should be left 
unconnected while XTAL 1 is driven as shown in Figure 2. 
There are no requirements on the duty cycle of the external 
clock signal, since the input to the internal clocking circuitry 
is through a divide-by-two flip-flop, but minimum and maxi
mum voltage high and low time specifications must be 
observed. 

Idle Mode 
In idle mode, the CPU puts itself to sleep while all the on
chip peripherals remain active. The mode is invoked by 
software. The content of the on-chip RAM and all the spe
cial functions registers remain unchanged during this 
mode. The idle mode can be terminated by any enabled 
interrupt or by a hardware reset. 

It should be noted that when idle is terminated by a hard 
ware reset, the device normally resumes program execu
tion, from where it left off, up to two machine cycles before 
the internal reset algorithm takes control. On-chip hardware 
inhibits access to internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate the possibility of 
an unexpected write to a port pin when Idle is terminated by 
reset, the instruction following the one that invokes Idle 
should not be one that writes to a port pin or to external 
memory. 

Figure 1. Oscillator Connections 

C2 
[---ll , XTAl2 
, ! 

-'-

C1 
-,-

! ~ .--)1 XTAl1 

GND 

Note: C1, C2 = 30 pF ± 10 pF for Crystals 
= 40 pF ± 10 pF for Ceramic Resonators 

Figure 2. External Clock Drive Configuration 

EXTERNAL 
OSCILLATOR 

SIGNAL 

XTAL2 

XTAL1 

GND 

Status of External Pins During Idle and Power Down Modes 

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float : Data Address Data 

Power Down Internal 0 0 Data : Data Data Data 

Power Down External 0 0 Float Data Data Data 
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______________ AT89C51 

Power Down Mode 
In the power down mode the oscillator is stopped, and the 
instruction that invokes power down is the last instruction 
executed. The on-chip RAM and Special Function Regis
ters retain their values until the power down mode is termi
nated. The only exit from power down is a hardware reset. 
Reset redefines the SFRs but does not change the on-chip 
RAM. The reset should not be activated before Vee is 
restored to its normal operating level and must be held 
active long enough to allow the oscillator to restart and sta
bilize 

Lock Bit Protection Modes 

\--. 
Program Lock Bits Protection Type 

LB1 I LB2 LB3 

1 U ! u U No program lock features. 

Program Memory Lock Bits 
On the chip are three lock bits which can be left unpro
grammed (U) or can be programmed (P) to obtain the addi
tional features listed in the table below: 

When lock bit 1 is programmed, the logic level at the EA pin 
is sampled and latched during reset. If the device is pow
ered up without a reset, the latch initializes to a random 
value, and holds that value until reset is activated. It is nec
essary that the latched value of EA be in agreement with 
the current logic level at that pin in order for the device to 
function properly 

2 p U U MOVe instructions executed from external program memory are disabled from fetching code 
bytes from internal memory, EA is sampled and latched on reset, and further programming of the 
Flash is disabled. 

3 p P U Same as mode 2, also verify is disabled. 
--

4 P P P Same as mode 3, also external execution is disabled. 

Programming the Flash 
The AT89C51 is normally shipped with the on-chip Flash 
memory array in the erased state (that is. contents = FFH) 
and ready to be programmed. The programming interface 
accepts either a high-voltage (12-volt) or a low-voltage 
(Vecl program enable signal. The low voltage program-
ming mode provides a convenient way to program the 
AT89C51 inside the user's system, while the high-voltage 
programming mode is compatible with conventional third 
party Flash or EPROM programmers. 

The AT89C51 is shipped with either the high-voltage or 
low-voltage programming mode enabled. The respective 
top-side marking and device signature codes are listed in 
the following table. 

T Vpp = 12V I Vpp= 5V 

Top-Side Mark AT89CS1 i AT89CS1 
xxxx i xxxx-S 

I 
yyww i yyww 

Signature (030H)=1EH i (030H)= 1 EH 
(031H)=S1H i (031H)=S1H 
(032H)=FFH i (032H)=OSH 

i The AT89C51 code memory array is programmed byte-by
byte in either programming mode. To program any non
blank byte in the on-chip Flash Memory, the entire memory 
must be erased using the Chip Erase Mode. 

Programming Algorithm: Before programming the 
AT89C51, the address. data and control signals should be 
set up according to the Flash programming mode table and 
Figures 3 and 4. To program the AT89C51, take the follow-
ing steps. 

1. Input the desired memory location on the address 
lines. 

2. Input the appropriate data byte on the data lines. 

3. Activate the correct combination of control signals. 

4. Raise EAIV pp to 12V for the high-voltage programming 
mode. 

5. Pulse ALE/PROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed 
and typically takes no more than 1.5 ms. Repeat steps 
1 through 5, changing the address and data for the 
entire array or until the end of the object file is reached. 

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an 
attempted read of the last byte written will result in the com-
plement of the written datum on PO.l. Once the write cycle 

has been completed. true data are valid on all outputs, and 
the next cycle may begin. Data Polling may begin any time 
after a write c cle has been initiated. y 

Ready/Busy: The progress of byte programming can also 
be monitored by the RDY/BSY output signal. P3.4 is pulled 
low after ALE goes high during programming to indicate 
BUSY. P3.4 is pulled high again when programming is 
done to indicate READY. 
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Program Verify: If lock bits LB1 and LB2 have not been 
programmed, the programmed code data can be read back 
via the address and data lines for verification. The lock bits 
cannot be verified directly. Verification of the lock bits is 
achieved by observing that their features are enabled. 

Chip Erase: The entire Flash array is erased electrically 
by using the proper combination of control signals and by 
holding ALE/PROG low for 10 ms. The code array is written 
with all "1 "s. The chip erase operation must be executed 
before the code memory can be re-programmed. 

Reading the Signature Bytes: The signature bytes are 
read by the same procedure as a normal verification of 
locations 030H, 

031H, and 032H, except that P3.6 and P3.7 must be pulled 
to a logic low. The values retumed are as follows. 

(030H) = 1 EH indicates manufactured by Atmel 
(031 H) = 51H indicates 89C51 
(032H) = FFH indicates 12V programming 
(032H) = 05H indicates 5V programming 

Programming Interface 
Every code byte in the Flash array can be written and the 
entire array can be erased by using the appropriate combi
nation of control signals. The write operation cycle is self
timed and once initiated, will automatically time itself to 
completion. 

All major programming vendors offer worldwide support for 
the Atmel microcontroller series. Please contact your local 
programming vendor for the appropriate software revision. 

Flash Programming Modes 

Mode RST PSEN ALE/PROG EANpp P2.6 P2.7 Pl.6 Pl.7 

Write Code Data H L HI12V I L H I H H 

'~---------~l.- .. ~I.--..-----+-~--~~ __ .---+I ____ +l:_ ··-L-+---f-

I 

---1-----/ 
Read Code Data H' L I H H L H I H --.-----,-----+--.L--.- .. --t-----+-----+---+--- .. ---t--+---1 

W~ ~ :: -: : I : I ~ ::: > -:--+---:-+---:---1 

IIBit-3--H--I·--~L----t-~-- HI12V H L - -H". -L.-
I~ I Ii 

I-- ______ ~. _____ ~ ___ J ________ --_ .. --- ~--~-----t--~-----.--+i ___ --+ __ +-----+--+------l 
Chip Erase H I L I ~ (1) I HI12V H L I L L 

Read Signature Byte H L H H I L L I L L 
Note. 1. ChIp Erase reqUIres a 10-ms PROG pulse. 
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AT89C51 

Figure 3. Programming the Flash Figure 4. Verifying the Flash 

+5V +5V 

AT89C51 0 AT89C51 Q 

AD DR. P1 vee ADDR. P1 Ve( 

OOOOHfOFFFH PGM OOOOHiOFFFH 
PO P2.0 - P2.3 PO DATA 

P2.0 • P2.3 

P2.6 P2.6 

SEE FLASH P2.7 ALE PROG SEE FLASH P2.7 ALE --
! 

PROGRAMMING PROGRAMMING 

MODES TABLE P3.6 MODES TABLE P3.B J 

'V,,, 
P3.7 P3.7 

• XTAL2 EA V1>1I'J",;;. .. XTAL2 EA 
I 

3-0!4 MHz ::::: :>-24 MHz ..... 

• e-
..l. - .,. 

, 

XTAl1 RST VIl-l • XTAL1 RST - Ii," e-- -

• GND PSEN .- GND PSEN 

~ ~ 
..:.. 
=- " 

Flash Programming and Verification Characteristics 
TA :: OOG to 700 G, Vee:: 5.0 ± 10% 

Symbol I Parameter i Min ! Max I Units 

Vpp(l) i Programming Enable Vonage I 11.5 ! 12.5 I V J I 
.. _--_. i r--Ipp(l) I Programming Enable Current , 

'I 
1.0 I rnA 

f-----. I 

I l/tCLCL I. Oscillator FreqUen~ 3 I 24 I MHz 
-- J -+- I -~ 

tAVGL I Address Setup to PROG Low I 48tclCL I I 
I 

f---

I 

i 

IGHAX 48tcLCL ! I 
, Address Hold After PROG J 

I 
t[],lGL Data Setup to PROG Low 48tcLCl i 1 

f----. I 

I 
t-----

IGHDX Data Hold After PROG 
i 48tcLCl I 

~Hs;----.I P2.7 (ENABLE) High 10 Vpp 
! I 

48tclCl I I I 

I 
J J 

ISHGL i Vpp Setup to PROG Low 10 i 
I iJ.S i 

I
GHSL

(l) i Vpp Hold After PROG 
, 

10 
, 

\ 
I iJ.S 

l- I PROGWidth 
~ 

IGLGH I 1 J 110 I i \ iJ.S 

'AVOV +-Address to Dala Valid 
I 

I 

J 

J 48tcLCL J r------- -.-- --- I --r--
~~--J ENABLE Low 10 Data Valid 

I 
I 48tCLCl 

, 

I I 0 
i 

48tcLCL 
--

tEHOZ ' Dala Float After ENABLE I 

tGHBL I PROG High to BUSY Low 
I 

I 1.0 I, iJ.s , 
I 

l---~---
twc ! Byte Write Cycle Time 

t 
2.0 I ms 

Note. 1. Only used In 12-volt programming mode. 
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V) 

P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALEfPROG 

P2.7 ._-........ --. 

(ENABLE) 

P3A 
(RDY!BSY) 

. PROGRAMMING· VERIFICATION 
····--------·--.···r===::A[)6RES-S-----l------t---AiJDRES§==)~'--' 

; i .-,- -~. "4--- lAVQV 

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V) 

P1.Q - P1.7 
P2.0 - P2.3 
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PORT (I 

Al.EfPROG 

P2.7 
(ENABLE) 

P34 __ 
(RDYIBSY) 

PROGRAMMINC', VERIFICATION 
}----ADDREss----)-t'--:';;DDRESS-> ..-

..... ---------- ..... ~ '--::-t~~!~~-"'" 
-------<.Pil:~ouCT)-···· 
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-----------___ AT89C51 

Absolute Maximum Ratings· 

Operating Temperature .................................. -55°C to +125°C 

Storage Temperature ..................................... -65°C to +150°C 

Voltage on Any Pin 
with Respect to Ground .................................... -1.0V to +7.0V 

Maximum Operating Voltage ............................................. 6.6V 

DC Output Current .................................................... 15.0 mA 

*NOTICE: Stresses be}'Ond those listed under "Absolute 
Maximum Ratings· may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

DC Characteristics 
T A = -40°C to 85°C. V cc = 5.0V ± 20% (unless otherwise noted) 

Symbol I Parameter i Condition Min Max I Units 

V,. -0.5 0.2 Vcc - 0.1 ! ! Input Low Voltage T (Except EA) V 

V,L1 t-=----
-0.5 0.2 Vec - 0.3 ! 

) 

1 Input Low \lc)ltage (EA) --li----- _________ .....-.j~-----+--...'::'"----+--V-_ 
i Input Hig~ItI_OI...:.ta __ g-:.e ___ . __ .. ___ +-[ -,(E_x_c._e~t XTAL 1, RST) _ _. __ +--__ =__ V VIH 0.2 Vce + 0.9 Vcc + 0.5 I ._. __ . -

) 0.7 Vec Vec+ 0.5 I 

0.45 

~__ __ I Input High _~oltage __ __. . i (XTAL 1,_ RST) V 

VOL i Output Low Voltage(1) (Ports 1,2,3) ,IOL = 1.6 rnA V 

0.45 i 1 Output Low VoHage(1) )' 10L = 3.2 rnA V 

I I (Port 0, ALE, PSEN) , 
~;-----···f.-I -'O-U-IP-u-'-t H-i-9h...:...V·o-lt-a-ge'---------+II-I-OH-=--6-0-~-A-,-V-cc-=-S-V-±-1-0-%--- +----2.-4---e---------+I---v--

I 

(Ports 1,2,3, ALE, PSEN) .-+-------~t-

L------.. --~I------· --- _. ________ 1 ::~.:"___:_:.~_:...:: ________ i_-O-~-7:-V....:Vce:..::'--__I--- I' . ~----
VOH1 Output High VoHage _~OH = -800 ~A, Vee = 5V_±_1 __ 0_% __ f.-___ 2_._4 ___ e-__ . __ _ I (Port 0 in External Bus Mode) 

i I' 10H = -30_0_..:..1lA ________ 1-__ 0_.75 Vec 

V 

i 
, i 

_______ ~----~------- .. _____ ~-10":"H'"-=--8-0.:.1lA--- _________ -+ __ 0_._9_V-'c.c"--_____ . __ . ______ -+-_ 
'll j . .:-~"ical 0 Input Current (Ports 1,2,3) 

'TL i Logical 1 to 0 Transition Current 
I (Ports 1,2,3) 

V 

I V , 
._-_. 

-50 I1A 
-650 I1A 

VIN = 0.45V 

i VIN = 2V, VCC=5V±10% 

I 
i Input Leakage Current (Port 0, EA) : 0.45 < VIN < Vee ±10 I1A 

300 
I 

Kn 

10 ! pF 
I ._-

~RS~__ I Reset pull<j~'Nn_~es_._is __ to_r ____ _+__i ________________ 1--___ 5_0_._-+-_____ _ 
.91() ____ -l-I_Pin Capacitance I Test Freq. = 1 MH~.:...!A'-=_25_o_C __ i_-----_+__---

! Icc 20 rnA ! Power Supply Current I Active Mode, 12 MHz 
! i----.....:....-.....:....---+-----+-----+----

Notes: 

Idle Mode, 12 MHz S i rnA 

! Power Down Model2) 

I 
Vec = 6V 100 I 

IlA i 

40 i I1A Vec = 3V 

1. Under steady state (non-transient) conditions IOL must be externally limited as follows: 
Maximum IOL per port pin: 10 mA 
Maximum IDl per 8-bit port: Port 0: 26 mA 

Ports 1, 2, 3: 15 mA 
Maximum totallOl for all output pins: 71 mA 
If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power Down is 2V. 
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AC Characteristics 
(Under Operating Conditions; Load Capacitance for Port 0, ALEIPROG, and PSEN = 100 pF; Load Capacitance for all other 
outputs = 80 pF) 

External Program and Data Memory Characteristics 

Symbol Parameter I 12 MHz Oscillator 16 to 24 MHz Oscillator 

I Min Max Min Max 

Units 

1ftCLCL i Oscillator Frequency! 0 24 MHz 

I-tLHLL ~ ALE Pulse Width--- ___ + il __ 12_7 __ +-____ +-_2!c-"CL=-:C:::L_-4_0_+ ________ +-_ns __ -1 

tAvLL i Address Valid to ALE Low I 43 tcLCL-13 ns 
tLLAX ! Add;~HO-ld--A-ft-e-r-A-L-E-L-O-W-----r48--t------+--tc-L-CL-_-20---+----------1----ns----I 
-----j--------t-----+------+--"='-=---+------ - -f----------j 

_tL_uV _____ I_~E Low to Valid Instruction In-+ ______ , ____ 23_3 __ +---____ --+_4_tc-=-L=-:C::::L'---6_5_~-- _~s __ 

tLLPL I ALE Low to PSEN Low '43 tcLCL -13 ns 

tpLPH I! PSEN Pulse Width 205 t 3tcLCL-20 
-tpuv i PSEN Lowt()"'~li~II1S!Uction-ln-------+, -----+--14-5--+-1' -------Ir--3-tc-L-C-L-4-5--- -+----n-s--I 

---------+-----+-------+------+-----------+----1 
tpXIX I Input Instruction Hold After PSEN I 0 i 1 0_115 __ 
~~ __ ~~I~put Instru~tl;F-loa---t A-ft-e-r-p-S-E-N---t--

jl 

-----+--59---+-1' -------Ir--tc-LC-L---10--+--- ns __ 

tpXAV ! PSEN to Address Valid I 75 i I tcLCL-8 
----------------J-----+-----+--"='-=---+-----f-------j 

~AVIV I Address to Valid Instruction In I __ -+ __ 3_12 ___ r-____ ~-5-=tc::::L=C=-L--5-5-+_--~~--
tp~ ! PSEN Low to Address Float j 10 i 10 ns 

1--=--=-=------+---------------+-----+----1---------+------+---------1 

:~~;_---r~~~::~-~-::-h---------+-----:~-~--tl;-----+i;-:~:=~=-:~=-~-:~-~--+----------I---::--4 

ns 

ns 

I 

tRUJII ! RD Low to Valid Data In ! 252 I 5tcLcL-90 

. 

f---~~--+-------------~----~---_4-----_4-- --------1--------1 
tRHDX I Data Hold After RD 0 I ! 0 ns 

------------+___-----J-----+------I-----~--~ 

tRHDZ I Data Float After RD 97 I 

ns 

ns 

:~~: ____ .l:_~;r; ; :a~~d :a:al~n _________ ~ _______ ~ ___ ~_1_: __ il--____ ---t-_:_-t ... ~-",~::-:~,--~:_:_5_tl---·--_:_5_--1--
tLLWL ! ALE Low to RD or WR Low ,200 i 300 ! 3tcLCL-50 3tcLCL +50 ns 
~~~--+-------------~----~---_4 

c-tAVWL Address to RD or WR Low L_203 _~, _____ +-_4-=tc::::L=C=-L-_75_+ _____ +-_n_s_--I 

~vw. x I Data Valid to WR Transition i 23 I tcLCL-20 ,. I I -- -..::-:=----+-----t--------I 
tQVWH Data Valid to WR High i 433 7tcLCL-120 ns 
tWHQX I Data Hold After WR-------------------\33 I tcLCL-2-0---+--------f----n-s--1 

I-----'------t--;;: 

_t~R~~~ __ il--R-D-Low--to-A-d-d-res-s-F-~-t------tl' ____ ~--O---+I-----+_--O---- i ns 
tWHLH I RD or WR High to ALE High I 43 123 i tcLCL-20 tcLCL+25 ns 

ns 
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______________ AT89C51 

External Program Memory Read Cycle 

ALE 

PSEN 

. .-.,i r-- tpLAZ 

tLLAX ~.~--.., i 
j : i tpXIX 

PORTO , __ AD ~~L=>---- ,-·j0~i:ii~=J}~ AC -A7 

---~ tAViV -_._. 

PORT 2 ,~8-A15 A8 - A15 

External Data Memory Read Cycle 

!,- .. _ .. tLHLL·······~ 

ALE 
! ,~--~--~ .. i 

--/( ~ ///-.. -----','..,~------~--_/// 

.. ...• ...-.. tV'.'HLH 
, 

. ____________ .. ____ ..1 

PSEN / 
--~' 1----------- tLLDV ..... ." 

, !".... t~LR'1 ... --. 

1+----- tLLWL ~ 

RD 

PORT 0 

... ~~. ~--::.~:=~.---.~'< ,/ 

==>~, A;;:~:~O" . r, .• -Il;~~, >'9"='''>~'' '" 4=}-! ; 
!: j 

~--. - tAV\NL --~ ... -.. -.- .. ~--~ 

rt---------- tNIOII ---------..t 
PORT 2 ......... -~k/--·-p2.'o-f>;;:.'L'?.F<..A8.:.~1§JB.()i1~[)PH ...><._l\i·:-~i~~FfZ'?rv1£,(;"'__~= 
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External Data Memory Write Cycle 

ALE 

PSEN 

WR 

PORT 0 

PORT 2 

External Clock Drive Waveforms 

! ------------Pj 

External Clock Drive 

Symbol I Parameter I Min I Max 
1 

Units 

1JtcLCL I Oscillator Frequency ! 0 

I 

24 i MHz 

•..•.• ~ 
I - ! ------ --.---~ ~- --- , -

tcLCL i Clock Period 41.6 
I 

I 
ns 

-. -------- ----- ............ _--_.-

IcHCX High Time 15 I ns 
. 

I I j ~GX Low Time 15 ns 

I 

, , 
tCLCH Rise Time I 20 i ns i ----

I 
-----

I 
.. 

I IcHCL Fall Time 20 ns 

4-40 AT89C51 



______________ AT89C51 

Serial Port Timing: Shift Register Mode Test Conditions 
(Vee = 5 0 V ± 20%· Load Capacitance = 80 pF) 

Symbol Parameter I 12 MHzOsc I 
I· Min Max 1 

Variable Oscillator 

Min Max 

tXLXL Serial Port Clock Cycle Time -+ 1.0 
l--: .... --....----.--... -------. .--___ ~12IcLeL_f---

Units 
.-

J.Is 
.. _-

ns tQVXH.. I ()utput D~ta Setup to Clock Rising Edge I 700 , lOtcLCL-133 I 
. tXHQX -===t Output Data Hold After Clock Rising Edge : 50 =!=2tcLCL-l17 I ~~ I--~)();DX -Taput Data Hold Aft~r Clock Rising Edge I 0 I 0 I ns 

700 I 
--

tXHOV Clock Rising Edge to Input Data Valid I lOtcLCL-133 i ns 

Shift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

WRITE TO SBUF 

• 
OUTPUT DATA 

CLEAR RI 
·······---T-··--·------' ... 

INPUT DATA 

-+-----~tXLXL 
................. ··-·-·· .... ~-········._.J·--_._ . .J·--·-L __ .r--l ___ .r---i_. _r---L ---l_1 

''''''':t,3~~~E?<L>CCi~x:: ':X'='::.;; :7 
.~~=.=------==~~~.=>~i~j><~=:~ALiQx~€9>-;=x~;:~~ _ __>~~<=_~~>~,~~;~~=>~~)<'~,=~x~~~ 

• 
SETRI 

AC Testing Input/Output Waveforms(1) Float Waveforms(1) 

Note: 

• 0.5\1 v + G.'V 
LOAD \/OL" O.'V 02 Vee + Q.9V 

TEST POINTS 

0.2 Vee· 0.1V 

VLOAD Timing Reference 
Points 

0.45V 

1. AC Inputs during testing are driven at V cc - 0.5V for Note: 
a logic 1 and 0.45V for a logic O. Timing measure-
ments are made at VIH min. for a logic 1 and VIL 
max. for a logic O. 

v ·0.1\' 
Lo.AD 

1. For timing purposes, a port pin is no longer floating 
when a 100 mV change from load voltage occurs. A 
port pin begins to float when 100 mV change from 
the loaded VOWVOL level occurs. 
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Ordering Information 

Speed T. 
(MHz) 

Power 
Supply 

T 
I Ordering Code Package ! Operation Range 

12 I 5V±20% 

I 

I 
I 

I 
i 

I 
i 

T AT89C51-12AC 

I AT89C51-12JC I 

44A 

44J 

AT89C51-120C 440 

Commercial 

L;' AT89C5.1-12PC 40P6 I 

---------- -----+--------------~ 

i

l 
:~:~:~::~I --::~ (-4~~~Ut::~oC) 
AT89C51-12PI 4

44

0P

0

6 i,l 

i . AT89C51-1201 I- AT89C51-12AA .-- --44A--"--t----Automot;v;------

I AT89C51-12JA 44J I (-40°C to 105°C) 

I 
' AT89C51-12PA 40P6 I 

. ' AT89C51-120A 440' 
---1--6---'-\-5-V-±-2-0-%-. ----li----AT-8-9C-51---1~6=--A.:..C--------- ~4A----I-------c-om-m-er-ci-a-1 -------1 

, I' AT89C51-16JC 44J I (O°C to 70°C) 

AT89C51-16PC 40P6 i 

__ A~89C51-16<?C___ 440 __ ----11--- .. _____ " ________ _ 
ATS9C51-16AI 44A i Industrial 

ATS9C51-16J1 44J 1,1 

ATS9C51-16PI 40P6 

f--. __ AT_S_9C_S_1_-1_60 __ 1 _______ -1-----_ 440 ---tl ----------- _____ --I 
i AT89C51-16AA 44A Automotive 

I I AT89CSl-16JA 44J I (-40°C to 10S°C) 

I ' ATB9CSl-16PA 40P6 I 

.--.------
----l- -+- ATS9CSl-16QA 440 i 

--20- i
l

---
s-V-±-2-0-%--- II',' -:-;-:-~-:-~-~:-~-AC-C-----+---4:-0pA-·6----III. -

',I ATS9CSl-20PC 

ATS9C51-200C 440 

Commercial 

'1: AT89CSl-20AI 44A 

ATS9C51-2OJI 44J 

I 
ATS9CSl-20PI 40P6 

AT89CSl-2001 440 
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______________ AT89C51 

Ordering Information 

Speed I Power I 
(MHz) I Supply Ordering Code Package Operation Range 

24 r 5V±20% AT89C51-24AC 44A Commercial 

AT89C51-24JC 44J (O"C to 70°C) 

AT89C51-24PC 44P6 I 
I AT89C51-24QC 44Q 

I AT89C51-24AI 44A Industrial 

I AT89C51-24J1 44J (-40°C to 85°C) 
i AT89C51-24PI 44P6 

I AT89C51-24Q1 
I 

44Q 
'--_~_ .----------1. ___ .-~-.~. .-~. ----

Package Type 

44A 44 lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) 

44J 44 lead, Plastic J-leaded Chip Carrier (PLCC) 

40P6 40 Lead, 0.600" Wide, Plastic Duallnline Package (PDIP) 

44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP) 
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~M~XI~M 
Multi.Range (:t10V, :t5V, +10V, +5V}, 

Single +5V, 12·8it DAS with 8+4 8us Interlace 
__________________ Genera' Description 

The Mi-\X'9i muit-range_ 12-:Jt data-acquIsition sys
I.,m (0.1'18) reqlHes ony a Single +liV supoy for opera
t on. yet accepts signa s at its analog inputs that may 
s:Jan both above ltle power-sup:Jly rail and below 
ground This system oral/ides 8 anaog Input channels 
lilat are independently software programmaoe for a 
',car'ety of ranges_ ±10V, ±5V, OV to +10V. or OV to +5V. 
rti!S increases effective dyT':arn C ran~lG to '14 bits, anci 
orovides the user flexibility to interface 4mA-to-20mA_ 
±i2V. and ±15V .oowered sensors to a singie +5V sys
tem. In add lion, the converter i8 overvoltage tolerant to 
t' 6.5V; a fault cor',d lion on any channel does not 
affect tr,e conversion result of the selected channel_ 
Other foatun,'s nc ude a 5Ml-iz bandw dth track/hod, d 
IOOksps throughput rate, software-selectaoie Interna' or 
external clock. and acquls'tion, 8+4 para'iel Interface, 
and an Intema 4_096V or an external reference. 

A hardware SIIDN pin and two programmab e power
down modes (STBVPD, FULLPD) are provrded for ow
cur-rent fihutdown between conversions, In STBYPD 
mode, the reference ouffer remains aclive, el mnatng 
start-up delays 

Tile MAX'97 emp oys a standard microprocessor (jJP) 
:!llerface. A three-state data 1/0 port s configured to 
operate With 8-bit data buses. and data-access and 
Dus-release t ming spoc f cations are compat ble \'Iith 
most populdr jJPs Ali log c 'flouts and outputs are 
rrL;CMOS cCHllpatio e 

The MAX'97 IS aIJai!ao!o in 28-0111 DIP, Wide SO, SSOP, 
aneJ Cf)fdrn c S8 packages 

For a different comb nation of fdnges (±4V ±2V, OV to 
4V, 0\1 to 2\/), refer to the MAX-' 99 data sileet. for - 2-b t 
pus interface. refer to the MAX196 and MAX198 dala 
sheets. 

__________ App'ications 
Industrei-Control Systems 

RoootiCS 

Data-Acquisllon Systems 

Automat c Testng Systen',s 

Medical Ir:strurnents 

T elecommun catons 

FuncttonBl DIagram 8ppe11rs lit end of dsts sheet. 

_________________________ Features 
• 12-Bit Resolution, 112LSB Linearity 
• Single +5V Operation 
• Software-Selectable Input Ranges: 

±10V, ±5V, OV to 10V, OV to 5V 

• Fault-Protected Input Multiplexer (±16.5V) 

• 8 Analog Input Channels 
• 61-16 Conversion Time, 100ksps Sampling Rate 
• Internal or External Acquisition Control 
• Internal 4.096V or External Reference 
• Two Power-Down Modes 
• Internal or External Clock 

Ordering Information 
PART TEMP RANGE PIN-PACKAGE 

MAX197ACNI O°C to +70°C 28 Narrow Plastic DIP 

MAX197BCNI O°C to +70°C 28 Narrow Plastic DIP 

MAX197ACWI O°C to +70°C 28 Wide SO 

MAX 197BCWI DOC to + 70°C 28 Wide SO 

MAX197ACAI DoC to +70°C 28SS0P 

MAX197BCAI DoC to +70°C 28SS0P 

MAX197BC/D O°C to +70°C Dice--
Ordering Intomlllllon contInUtKI 81 end Of dsts sheet. 
• Dice are specified at TA = +25°C, DC parameters only 

_______ Pin Configuration 

TOP VIEW 

eLK 

cs 
iVA 
R1i 

HBEN 

SHDN CH7 

DIPISOISSOP/CeramIc S8 

M.J!IXIM Maxim Integrated ProdUcts 

For pricing, delivery, and ordering information, please contact MaximlDallas Direct! at 
1-888-629-4642, or visit Maxim's website at www.maxim-ic.com. 



Multi.Range {±10V, ±Sv, +10V, +SVJ, 
Single +Sv, 1.2·Bit DAS with 8+4 Bus Interlace 

ABSOLUTE MAXIMUM RATINGS 
Vooto AGND.. . . ..................... . 
AGND to DGND .. 
REFtoAGND ..... 
REFADJ to AGND .. 
Digital Inputs to DGND .. 
Digital Outputs to DGND .. 
CHG-CH7 to AGND . 

. ..................... -0.3V to +7V 
.... -0.3V to +0.3V 

. ..... -0.3V to (Voo + O.3V) 

...... -O.3V to (Voo + O.3V) 
. ....... -0.3V to (Voo + O.3V) 
........ -O.3V to (VOO + O.3V) 

. ..... ±16.5V 
Continuous Power Dissipation (T A = + 70·C) 
Narrow Plastic DIP (derate 14.29mW;oC above +70'C) .... 1143mW 
Wide SO (derate 12.5Omwrc above + 70·C) ............. 1 OOOmw 
SSOP (derate 9.52mW/oC above +70·C) ... 7B2mW 
Narrow Ceramic SB (derate 2O.00mWrc above +70"C) .. 16OOmW 

Operating Temperature Ranges 
MAX197_C_ .. 
MAX197 _E __ ......... . 
MAX197 _M _ _ .. . 

Storage Temperature Range .. 
Lead Temperature (soldering, 1 Os) ... 

...... O·C to + 70T 
............ -40·C to +85°C 

. ...... -55°C to + 125°C 
.. -65°C to +150°C 

..+3OO"C 

Stresses beyond those fisted under "Absolute Maximum Ratfngs n may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other condffions beyond those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reffability. 

ELECTRICAL CHARACTERISTICS 
(VOD = 5V ±5%; unipOlar/bipoiar range; external reference mode, VREF = 4.096V; 4.7iJF at REF pin; external clock, felK = 2.0MHz 
with 50% duty cycle; TA = TMIN to TMAX, unless otherwise noted.) 

PARAMETER SYMBOL CONDmONS MIN TYP MAX UNITS 

ACCURACY (Note 1) 

Resolution 12 Bits 

INL 
MAX197A ±1/2 

LSB Integral Nonlinearity 
MAX197B ±1 

Differential Nonlinearity DNl ±1 lSB 

MAX197A ±3 
Unipolar 

MAX197B ±5 
Offset Error lSB 

MAX197A ±5 
Bipolar 

MAX197B ±10 

Channel-lo-Channel Offsel Unipolar ±0.1 
lSB 

Error Matching Bipolar ±0.5 

MAX197A ±7 
Unipolar 

MAX197B ±10 Gain Error 
lSB 

(Note 2) MAX197A ±7 
Bipolar 

MAX197B ±10 

Gain Temperature Coefficient Unipolar 3 
ppmrC 

(Note 2) Bipolar 5 

I DYNAMIC SPECIFICATIONS (10kHz sine-wave input, ±10Vp-p, fSAMPLE" 100ksps) 

MAX197A 70 
dB Signal-to-Noise + Distortion Ratio SINAD 

MAX197B 69 

Total HarmoniC Distortion THD Up to the 5th harmonic -85 -78 dB 

Spurious-Free Dynamic Range SFDR 80 dB 

Channel-lo-Channel Crosstalk 50kHz, VIN = ±5V (Note 3) -86 dB 

Aperture Delay External ClK mode/external acquisition control 15 ns 

External ClK modelexternal acquisition 
<50 ps 

control 
Aperture Jitter 

Internal ClK mode/internal acquisition 
control (Note 4) 

10 ns 

2 



Multi.Range (:t10V, :tSv, +10V, +SVJ, 
Single +Sv, 12·Bit DAS with 8+4 Bus Interface 

ELECTRICAL CHARACTERISTICS (continued) 
(Voo : SV ±S%; unipolar/bipolar range; external reference mode, VREF = 4.096V; 4.71lF at REF pin; external clock, feLK : 2.0MHz 
with 50% duty cycle; TA : TMIN to TMAX, unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

ANALOG INPUT 
Track/Hold Acquisition Time felK = 2.DMHz 3 Ils 

±10V range 5 

±5Vrange 2.5 
Small-Signal Bandwidth -3dB rolloff MHz 

OV to 10V range 2.5 

OV to 5V range I.2S 

0 10 
Unipolar 

0 5 Input Voltage Range 
V (See Table 1) -10 10 

Bipolar 
-5 S 

OV to 10V range 720 
Unipolar 

OV to 5V range 360 
Input Current 

-10Vto 10Vrange -1200 720 IlA 

Bipolar 
-SV to 5V range -600 360 

Unipolar 21 
Input Dynamic Resistance \ill 

Bipolar 16 

Input Capacitance (Note 5) 40 pF 

i INTERNAL REFERENCE 

REF Output Voltage VREF TA = +2SoC 4.076 4.096 4.116 V 

REF Output Tempco TC VREF 40 ppmt"C 

Output Short-Circuit Current 30 mA 

Load Regulation DmA to O.SmA output current (Note 6) 7.S mV 

Capacitive Bypass at REF 4.7 IlF 

REFADJ Output Vo~age 2.465 2.500 2.535 V 

REFADJ Adjustment Range With recommended circuit (Figure 1) ±1.S % 

Buffer Voltage Gain 1.6384 VN 

REFERENCE INPUT (Buffer disabled, reference input applied to REF pin) 

I nput Voltage Range 2.4 4.18 V 
Normal or STANDBY 400 

Input Current VREF = 4.18V 
power -down mode 

uA 
I FULL power -down 1 
i mode 

i Normal or STANDBY power-down mode 10 \ill I Input Resistance 
FULL power-down mode 5 MO 

I REFADJ Threshold for 
i Buffer Disable 

Voo - SOmV V 

3 



Multi-Range I ± 1 Ov, ±Sv, + 1 Ov, +SVJ, 
Single +5\', 12·8it DAS with 8+4 8us Interlace 

ELECTRICAL CHARACTERISTICS (continued) 
(Voo = 5V ;,5%; unipolar/bipolar range; extemal reference mode. VREF = 4.096V; 4.7iJF at REF pin; external clock. felK = 2.0MHz 
with 50% duty cycle; TA = TMIN to TMAX. unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

) POWER REQUIREMENTS 

Supply Voltage Voo 4.75 5.25 V 

Normal mode. bipolar ranges 18 

Normal mode. unipolar ranges 
mA 

Supply Current 100 
6 10 

Standby power-down (STBYPD) 700 850 

Full power-down mode (FULlPD) (Note 7) 120 
iJA 

Power-Supply Rejection Ratio 
PSRR 

External reference = 4.096V ;,1/2 

(Note 8) 
LSB 

Internal reference ±112 

TIMING 
i--:----------

Internal Clock Frequency tCLK CClK = lDOpF 1.25 1.56 
--.--~-~ 

2.00 MHz 

External Clock Frequency Range tClK 0.1 2.0 MHz 

I 
I External CLK 3.0 

tACQI Internal acquisition 

Acquisition Time 
I Internal CLK 3.0 5.0 

External acquisition (Note 9) 3.0 
iJS 

tACQE 
After FULLPD or STBYPD 5 

Conversion Time 
External CLK 6.0 

tCONV 
Internal CLK. CClK = 100pF 6.0 7.7 10.0 

\.IS 

External ClK 100 
Throughput Rate 

Internal CLK. CClK = 1 DOpF 62 
ksps 

Bandgap Reference 
Power-up (Note 10) 200 iJS Start-Up Time 

Reference Buffer Settling 
To O.1mVREFbypass I CRfF = 4.7iJF 8 

ms 
capacilorfully discharged I CREF = 33iJF 50 

i DIGITAL INPUTS (07-00. CLK. RD. WR.CS. HBEN. SHON) (Note 11) 
~;--.---

Input High Voltage VINH 2.4 V 

Input Low Vo~age VINl 0.8 V 

Input leakage Current liN VIN = OV Or VOD ±10 iJA 

Input Capacitance CIN (Note 5) 15 pF 

DIGITAL OUTPUTS (07-04. 03/011.021010.01/09. OO/DB.lNi) 

Output Low Voltage VOL VOD ~ 4.75V. IS INK = 1.SmA 0.4 V 

Output High Voltage VOH VOO = 4.75V. ISOURCE = lmA VDD -1 V 

Three·State Output Capacitance COUT (Note 5) 15 pF 

4 



Multi.Range (:t10~ :t5~ +1011, +5VJ, 
Single +5V, 12·Bit DAS with B+4 Bus Interface 

TIMING CHARACTERISTICS 
(Voo ~ 5V ±5%; unipolar/bipolar range; external reference mode, VREF ~ 4.096V; 4.7jJF at REF pin; external clock, fCLK ~ 20MHz 
with 50% duty cycle; TA = TMIN to TMAX, unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNrrS 
CS Pulse Width tcs 80 ns 

WR Pulse Width twR 80 ns 

CS to WR Setup Time tcsws 0 ns 

CS to WR Hold Time tCSWH 0 ns 

CS to RD Setup Time tCSRS 0 ns 

CS to RD Hold Time tCSRH 0 ns 

ClK to WR Setup Time tcws 100 ns 

ClK to WR Hold TIme tCWH 50 ns 

Data Valid to WR Setup tos 60 ns 

Data Valid to WR Hold tOH 0 ns 

RD Low to Output Data Valid too Figure 2, CL ~ 100pF (Note 12) 120 os 

HBEN High or HBEN low to 
tOOl Figure 2, CL ~ 100pF (Note 12) 120 ns Output Valid 

RD HIgh to Output Disable ITA (Note 13) 70 ns 

RD Low to INT High Delay tlNTl 120 ns 

Note 1: Accuracy specifications tested at Voo = 5.0V. Performance at power-supply tolerance limits guaranteed by Power-Supply 
Rejection test. Tested for the ±10V input range. 

Note 2: External reference: VREF = 4.096V, offset error nulled. ideal last code transition = FS - 3(2LSB. 
Note 3: Ground "on" channel: sine wave applied to all "off" channels. 
Note 4: Maximum full-power input frequency for 1 LSB error with IOns jitter ~ 3kHz. 
Note 5: Guaranteed by deSign. Not tested. 
Note 6: Use static loads only. 
Note 7: Tested using internal reference. 
Note 8: PSRR measured at full-scale. 
Note 9: External acquisition timing: starts at data valid at ACOMOD = low control by1e; ends at rising edge of WR with ACOMOD 

~ high control by1e. 
Note 10: Not subject to production testing. Provided for design guidance only. 
Note 11: All input control signals specified with IR = IF = 5ns from a voltege level of O.BV to 2.4V. 
Note 12: too and t001 are measured with the load circuits of Figure 2 and defined as the time required for an output to cross O.BV 

or 2.4V. 
Note 13: trR is defined as the time required for the data lines to change by O.5V. 



Multi-Range (±10V, ±5lt, +10V, +5V}, 
Single +511, 12·8it DAS with 8+4 8us Interlace 

________________ T'ypica' Operating Characteristics 
(TA = +25'C, unless otherwise noted.) 

INTEGRAL NONUIlEARfTY 
VI. DIGITAl COM 

0.250 r--.--r--r--,-.--,.--.-..,...-, 

iD 0.200 1--+--+--+-t-/---+---+--+---1' 
"l 
;; 0.150 1--+---1l---l1-t-/---tt--+-+--1 

~ 0.100 lr-tt-t-IIlt 
w z 
~ 0.050 

.......1 0.000 « 
or 
~ -0,050 HtfH1fff-tWClfIfIi'Iftfltl'fifll--l 
- -0.100 H+H---''-\t--+-t-'-Hf-+R--If-jJf----1 

-0.150 '-.!.--'---I..--'_'--J-..J...-'--' 
a 1000 looa 3000 4000 

DIGITAL CODE 

a 

-20 

in -40 
0!:!-
w 
0 
=> -60 !:: 
~ 
<>-

"" -80 « 

-100 

REfERENCE OUTPUT VOLTAGE (VREFl 
VI_ TEMPERATURE 

4.100 

4.095 

~ J 4.000 

/ 
./ 

'" J 

V 

4.085 
j Av· 1.6384 

,,~,5V 
'NTERN~E REF 

REFEREN E 

4.080 
I I rEFAf I I 

, 
i 
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./ 
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50 

EFFECTIVE NUMBER OF BITS 
VI. INPUT FREQUENCY 
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~ 11.0 1--+-+-H-++If+I--Hf-+++4fHl 
'" 
~ tt 10.5 I---+-++++I-t+l-----I-l-l--+-l-I~ 

1\ 

w 
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POWER-SUPPLY REJECTION RATIO 
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~ 
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'p 
I:1OOHz " ~ 

~ ~ ~ 
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CHANNEL-TO-CHANNEL 
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if 
/ 

"- I 
I-' 

0.27 
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Multi.Range 1±10V, ±Sv, +1011, +SVJ, 
Single +511, 12·Bit DAS with 8+4 Bus Interface 

___________________________________________________ ~nDescription 

PIN NAME 

1 ClK 

2 CS 

3 WR 

4 RO 

5 HBEN 

6 SHON 

7-10 07-04 

11 03/011 

12 02/010 

13 01/09 

14 00/08 

15 AGNO 

16-23 CHG-CH7 

24 INT 

25 REFADJ 

26 REF 

27 VDD 

28 DGND 

+5V 

FUNCTION 

Clock Input. In external clock mode, drive ClK with a TTUCMOS compatible clock. In internal clock mode, 
place a capacitor frorn this pin to ground to set the internal clock frequency; fCLK = 1.56MHz typical with 
CCLK = 100pF. 

Chip Select. active low. 

When CS is low, in the internal acquisITion mode, a rising edge on WR latches in configuration data and starts an 
acquisition plus a conversion cycle. When CS is low, in the external acquisrrion mode, the first rising edge on 
WR starts an acquisnion and a second rising edge on WR ends acquisition and starts a conversion cycle. 

If CS is low, a falling edge on RO will enable a read operation on the data bus. 

Used to mu~iplex the 12-M conversion result. When high, the 4 MSBs are mu~iplexed on the data bus; 
when low, the B lSBs are available on the bus. 

Shutdown. Puts the device into full power-down (FUllPO) mode when pulled low. 

Three-State Digital I/O 

Three-State Digital I/O. 03 output (HBEN = low), 011 output (HBEN = high). 

Three-State Digital I/O. 02 output (HBEN = low), 010 output (HBEN = high). 

Three-State Digital I/O. 01 output (HBEN = low), 09 output (HBEN = high). 

Three-State Digital I/O. DO output (HBEN = low), DB output (HBEN = high). DO - lSB. 

Analog Ground 

Analog Input Channels 

INT goes low when conversion is complete and output data is ready. 

Bandgap Voltage-Reference Output/External Adjust Pin. Bypass with a O.Ol~F capacitor to AGND. Connect 
to VDD when using an external reference at the REF pin. 

Reference Buffer Output/AOC Reference Input In internal reference mode, the reference butter provides a 
4.096V nominal output, externally adjustable at REFADJ. In external reference mode, disable the internal 
buffer by pulling REFADJ to VDD. 

+5V Supply. Bypass with 0.1 ~F capaCitor to AGNO. 

Digital Ground 

.NIAXI.NI 
MAXI91 

+5V 

lOO1<n <._--'\N'Ir--.... --! REFAOJ 

a. HIGtl-Z TO VOH AND VOL TO VOH b. HlGH·Z TO VOL AND VOH TO VOL 

Figure I. Reference-Adjust Circuit Rgure 2. Load Circuits for Enable Time 

7 



Multi.Range {:±10V, :±Sv, +10V, +SVJ, 
Single +Sv, 12·Bil DAS with 8+4 Bus Interlace 

______ .Detai'ed Description 
eonv""", Operafion 

The MAX197, a multi-range, fault-tolerant ADC, uses 
successive approximation and internal input track/hold 
(T /H) circuitry to convert an analog signal to a 12-bit 
digital output. The parallel-output format provides easy 
interface to microprocessors (IJPs). Figure 3 shows the 
MAX197 in its simplest operational configuration. 

Analog·lnput Traclc/Hoid 
In the Internal acquisition control mode (control bit 05 
set to 0), the T /H enters its tracking mode on WR's ris
ing edge, and enters its hold mode when the internally 
timed (6 clock cycles) acquisitiOn interval ends. A low 
Impedance input source, which settles in less than 
1.5jJs, is required to maintain conversion accuracy at 
the maximum conversion rate. 

In the external acquisition control mod~5 = 1), the 
T/H enters its tracking mode on the first WR rising e~ 
and enters its hold mode when it detects the second WR 
rising edge with 05 '" O. See the External Acquisition 
section. 

Input llandwldfh 
The ADC's input tracking circuitry has a 5MHz small
signal bandwidth. When using the internal acquisition 

liP 
CONTRO 
INPUTS 

1 

I~ 
- 2 

{ 3 

4 

5 

6 

7 

B 

9 

10 

11 

,....---!! 

If 
~ 
I'P DATA BUS 

eLK DGND 

MAXIM 
MAX197 Voo 

CS REF 
WR REFADJ 
IiJj 

HtlEN 1NT 

SHi5N CHl 

07 CH6 

06 
Cffi 

D5 
CH4 

04 CH3 

03All1 CH2 

D2Al10 
CH1 

D1Al9 
CHO 

0008 AGND 

Figure 3. Operauonal Diagram 
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22 
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20 
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mode with an external clock frequency of 2MHz, a 
100ksps throughput rate can be achieved. It is possible 
to digitize high-speed transient events and measure 
periodic signals w'lth bandwidths exceeding the AOC's 
sampling rate by using undersampling techniques. To 
avoid high-frequency signals being aliased into the fre
quency band of interest, anti-alias filtering is recom
mended (MAX274/MAX275 continuous-time filters). 

Input Range and Protection 
Figure 4 shows the equivalent input circuit. With VREF '" 
4.096V, the MAX197 can be programmed for input 
ranges of ± 10V, ±5V, OV to 10V, or OV to 5V by setting the 
appropnate control bits (03, 04) in the control byte (see 
Tables 2 and 3). The full-scale input voltage depends on 
the voltage at REF (Table 1). When an external reference 
is applied at REFAOJ, the voltage at REF is given by VREF 
= 1.6384 x VREFADJ (2.4V < VREF < 4.18V). 

Table 1. Full Scale and Zero Scale 

RANGEM 
0(05 

0(010 

±5 

±10 

12.Skn 

zsu)SCALEM -FULL SCALE 

0 

0 

-
-

-
-

-VREF x 1.2207 

-VREF x 2.4414 

o 
UNIPOLAR 

+FULLSCALE 

VREF x 1 .2207 

VREF x 2.4414 

VREF x 1.2207 

VREF x 2.4414 

VOLTAGE 
REFERENCE 

~ ___ -; "---i_ TIH 
OUT 

8.67kn 

HOL~ 

S 1 • BIPOLAR/UNIPOlAR SWITCH 
52 = INPUT MUX SWITCH 
S3, S4 = T/H SWITCH 

Figure 4. Equivalent Input Circuit 

53 TRACK OHOLO 

TRACK 54 

MAXIM 



Multi.Range 1:t10V, :tSv, +10V, +SVJI 
Single +Sv, 12·Bit DAS with 8+4 Bus Interface 

The input channels are overvOitage protected to 
±16.5V. Th:s protect lin is act:v0 evon if the device IS n 
Qower-dovvn 11':008. 

t::ven vith VOD = 0\/, tr'H:-~ nput res,st-V8 netvvork provides 
cu!ront~IiIYlitng that aejcqualoiy protects tho Liev co 

Digita/lnterlace 
input :Jata (canllO' ~)y!o) an:J output dat", arc mull pl~xcd 
en a three-state oaroJel interface. This :Ja.raile! ilO can 
eas,ly [}e ntE'riacod witll a IJP C~; Viii{ and m:l contro 
t!~18 \~ritE' and read ooerations. Cs is the standard chip~ 
seieel s gna!. which enables a iJP to address the MAX19l 
as an 110 oort. Whon hlgli, I dlsaoies Ihe V'\TR and R[) 
i'lCiuts and forces the ;nterfaC-E~ into 8 hi(Jtl~Z statr? 

Table 2. Control-Byte Format 

D7(MSB) D6 OS I D4 

P01 POO ACQMOO I RNG 

BIT NAME 

I 
I 

Input Fonnat 
The control byte~; latched 'ntel the dovice. on pins 
D/---DO, (~urjn-9 a VVi ite eye e Table ~2 shows H-le control·· 
b)'!e format. 

Output Data Format 
fho output datil format is 0 nary in un polar mode ilild 
hvos-ccrnplement b'n_~y. in b p~.0r mod(~. \Nhen road·· 
ina Ule output data, CS, and }1D must i]e low. When 
HBEN is low, tile lower eght b Is are !mld Wilen HBF..N 
is tiigr1, the uppe! four MS8s are 8.vaiiable and tile out
put dai2 b ts D4~D? are Gither set !OVv (;in unipo!'at" 
mocle) or set to tile value of tr,8 !vlSB ( n biocar mode) 
(Ta:)186) 

D3 I D2 1 Dt I DO (LSB) 

SIP I A2 I A1 I AO I 
DESCRIPTION 

7, 6 P01, POO These two bits select the clock and power-down modes (Table 4). 

5 ACQMOO o = internally controlled acquisition (6 clock cycles), 1 = externally controlled acquisition 

4 RNG Selects the full-scale voltage magnitude at the input (Table 3). 

3 BIP Selects unipolar or bipolar conversion mode (Table 3). 

2,1,0 A2,A1,AO These are address bits for the input mux to select the 'on" channel (Table 5). 

Table 3. Range and Polarity Selection Table 4. Clock and Power-Down Selection 
BIP RNG INPUT RANGE (V) PDt PDO DEVICE MODE 

0 0 Ot05 0 0 Normal Operation I External Clock Mode 

0 1 o to 10 
0 1 Normal Operation I Internal Clock Mode 

1 0 ±5 1 0 
Standby Power-Down (STBYPD); clock mode 
is unaffected 

1 1 ±10 
1 1 Full Power-Down (FULLPD); clock mode is 

unaffected 

Table 5. Channel Selection 

A2 At AO CHO CHt CH2 CH3 CH4 CHS CH6 CH7 
0 0 0 -
0 0 1 -
0 1 0 -
0 1 1 -
1 0 0 -
1 0 1 -
1 1 0 -
1 1 1 -

..NIAXI..NI 9 



Multi-Range (:1:1011, :1:511, +1011, +5V), 
Single +5\', 12·8;t DAS with 8+4 8us Interface 

Table 6. Data-Bus Output 
PIN HBEN = LOW HBEN = HIGH 

DO 80 (LS8) 88 

01 B1 B9 

I 02 82 BlO 

03 B3 B11 (MSB) 

04 B4 B11 (SIP = 1)/0(SJP=O) 

05 B5 B11 (BIP = 1)/O(BIP = 0) 

06 B6 811 (81P = 1) /0 (SIP = 0) 

07 B7 B11 (BIP = 1)/O(BIP= 0) 

How to Start a Conversion 
Conversions are in tided with a vlI'nte o08ration. wtY(:h 
S(}lects the rriU)i: chann0: and conf f~ures the M,AX'19( for 
either un:poiar' or biooiar input range. A wr!te puise r1JR 
+ CS) CEln 8::tiier start ~1n acquisit on interva or ,ilitiate a 
como:nec! acquisil10n 0 us conversion. The sarnpling 
Interv8\ occurs at. the (~nd of t.he acquis·!' on lnterva:. 
Hle .ACQMOD Oit 'n then~)\)t control oyte offers two 
ooi.!ons for H.cquir ng th~':! -s:gnai: internal or externa!. 
ThE;: GO(l'ver.sion oeriod lasts tor '12 c:ock cycles n £.ithE=:f 
:nterna or cxterna c:ock or acqu siton fTiode 

tcs_1 "1 
~ cs )'/ / :,," 

- tAcm -~ icONV 
1csws_ I- lWfl - f.-lfsWH 

Wii ~ / I 

07-00 ~~. 
ACOMOD='O' -

( INT ~ 

)jjj / 

I 
HBEN 

I 

-
HGH-Z 

OOUl I 

Figure 5. ConveTSlon Timing USing Internal AcqUJsl/Jon Mode 
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Wr ting a new contro' byh" ,:h.lr'[19 converSion cycle I'll 
abort conveison ani) start ,1 new acquiSition nterval. 

Internal Acquisition 
Select ntcrnal acqu sition by 'Nt t'ng t~10, contro byte 
with tt'le ACQMOD bt cleared (ACQMOD ~ 0). TIl'S 
CAuses the \!vrite quise to initiate an acc1uis hon interv8' 
whose duration is ntc!rnally t-I-;1ed COri\ierSH)n starts 
when th s six-clock-cyc,e acqu s ti~r; !nlerva (3}Js with 
fCli< ~. 2MHz) ends. See FI;)ure ~ 

External Acquisition 
Use tile external acqu's'\on tin\'-'q mode for orecise con
tro of tilO sampling ao(,r1um allel/or inclepenclenl contro 
of acqUisition and conversion Lmes. The user controls 
acquis \lon and starl-of-COlwmFlon with tlNO seoars!e 
wnte pulses. Tile first Duse, written wlch ACQMoiJ ~ -I. 
starts an acquistlon interv8! of ·ndeterrn nate len9th rile 
second wnte ouise, written v-I'th ACQ!v10D '" 0, teren!
n8.tes a,cqu'ls\tion 2nd -statts Gonvers on on \\iR" s r s nu 
edge (Figure 6) HOW8YGr, r the ,,(,cond contro Oyto 
contains ACOMOLJ " 1 an Indefinite acqUisition Illte'va 
IS restarted 

The address:) ts for tile Inout mux must have tile same 
value-s on the first and second \/1/1' tp pu ses. Povver
down mode bits (PDQ, PD"\) can assume neVi va'tJ6S on 
the second wr'te pulse (see Power-OovlIl Mode). 

I- lCSRS - 1= lCSRH 

///// 

ttlNTJ 

A" 

" 
"-

100 l- i- 1001 - - rlTR 
f'-. ~~'l-'mtIB./ ~~~~mlg 

HGH-Z 
./ 

_____ ~ ________ ~ ______ . ~AXI~ 



Multi.Range (:t10V, :t5", +101(, +5VJ, 
Single +51(, 12·Bit DAS with 8+4 Bus Interface 

~tcs_ 

/}~~ 
I- hRS - I~ tCSRH 

V /~ //// 
" 

fcsws 
--tWA-- W:OI -I- teoNV -

~ IcsHW " ~ 

to~~IoH 

~ ACOMOD~ "1" 

D7-00 

RD 

HBEN 

DOUT 

Figure 6. Conversion Timing Using External Acquisition Mode 

How to Read a Conversion 
A, standard intmrucrt signal, INT. S [lfOv,ded \0 a low the 
device to f 8g the pP when th~nversion has ended 
and a vaiid resuit is al(ailab;e INT goes low when con
version s complete and tr,e output data IS ready 
(Figures 5 and 6), It returns h gh on the f rsl read cycle 
01 if a new control byte's wn\ten. 

Clock Modes 
['he MAX197 operates w·tr, elliler an Interna or an 
externa coc~,. Control Oits (06, OIl select either inter
nal or external clock mode Once the deSired clock 
rnodes selecteei, changing these b ts to program 
pOl/v'er-down W iI not affect the ciock nlode, in each 
rnode,nlernal or external acquistion can be used. At 
oower-up, external cock mode is selected 

I 

I 

I 

I 

I 

Internal Clock Mode 
Seiect ir,terna clock mode \0 tree the pP from the 
Gurden of running the SAH converSion cock. To select 
!h's mode, write tt18 contro' byte \Vth 07 = 0 and 06 = 1. 
,A,100oF capaCitor oetween the eLK pin and ground 
sets this frequency to - .56MHz nomnai Figure 7 

- I-tlNTl 

V 

V 

100- -- to~ -- f-tTR 

~~~~~~~I~ ~~T~0~~I~ 

shows a linear re,atonsh,p oetween the nternal cock 
per oei and the 'Jal>.)E c f ttle 8xtl)!na' cap,<citor usee!. 

~ 21XXl 
.s-
o 
Q 
'" 1500 "" "-

'" <..) 

'" ~ <..) 11XXl 
~ « z 
a: 
w 
>- 500 :;:: 

o 
o 50 100 150 200 250 300 350 

GLOCK PIN GAPAGITOCE (pF) 

Figure 7. Internal Clock Period vs. Clock Pin CapaCitance 



Multi.Range 1:t10V, :tSv, +10\', +SV}, 
Single +Sv, 12-Bit DAS with 8+4 Bus Interface 

External Clock Mode 
Seit::ct e:<tern8i C clck rnode GV \v(,;ting the control oJ1§' 
vVlth Dr :::: 0 and 06 ::: O. hDure (3 shows eLI\. and ~VR 

rei,aflonships In 'nterrl8 and 8xterlld' acquls'llon 
rnodes;, \Jvlth 8n extern8! cock. A 10Ck,Yz to ?OMHz 

e~xternai clock vvi1h 45'%· tel 5S~/6 duty cycle is reqci!(ecl 
[or prOOE'r operation, Opera! ng at cloch, frequenees 
iOl,ver than 100kHz VI/ I' cause 8 vOilage droao 8Cross 
the hll d capac,tor, and sur)scquentiv degrade :XdOl

m8!1Ce 

:_ ACQU~ITION STAATS 

I 
I 

elK I 
I I 

-l l- tcws 
I 

ACQUISITION ENDS _~ CONVERSION STARTS 

I 
I 

WR ~~ %~------------------

CLK 

ACQMOO = "0· 

I I 
tcWH -I I- ACQUISITION STARTS 

I I 
I 

I 
I 
I 

WR60ES HIGH WHEN cue IS HIGH 

ACQUISITION ENOS ---1_ CONVERSION STARTS 
I 

WR ""~ %~-----------------------------------------

ACQMOO= "0· WR GOES HIGH WIlEli CLK IS LOW 

Figure 8a, External Clock and WR Timing (Internal Acquisition Mode) 

ACQUISITION STARTS ACOUISITION ENDS -I 1_ CONVERSION STARTS 
I I 
I I 

I 
C~ I 

I 
I \-1 tCWS - 1 -I DH I 

WR S~ j '\S\\S\\SSS\S\\SSS\~ ,{~----
ACQMOD" '1' I ACOMOO = '()" 

GLK 

I 
-I 

WR ""~ )' ACQMOD = '1' 

ACQUISITION STARTS 

WRSOES HIGH WHEN CU( IS HIGH 

ACQUISITION ENDS -I 
I 
I 

~~H r--

:-CONVERSION STARTS 

""SS:S:S:SS:S:SS:SSSSSS~ )~-----
WR60ES HIGH WHEII CLK IS LOW ACOMOO= ·0' 

Figure 8b, External Clock and WR Timing (External Acquisition Mode) 

12 -_________ , ___ , ____ ., ____ .. ,_,_, _________ , _______ , __ " ___________________ , ____ ' ____ .,_____ .MAXI.M 



Multi.Range (:t10V, :t5v, +1011, +5V), 
Single +511, 12·Sit DAS with 8+4 Sus Interface 

______________ Applications Information 
Powe,..On Reset 

At powl".r·uo, the ,nternal power-supp'y circuitry sets TNT" 
h gh and puts the devIce In norn-Ial operation/8xterna 
cock mode. Th!s state is seiected to keep the interna 
cock from !oad'no 1118 external cock driver wilen the 
Dart is used In exiflmal ciock mode 

Internal Dr External ReflHBnce 
Ihe MAX191 can operate wHo, {littler an nternal or an 
",:lema] reference. AI-, externa reference can be connect
fld to either the m,.!" pin or to thc FlEFAOJ oin (F gure 9) 

To use the m.F !nputdr8\~tl'(. cJ sable the internal buffer 
ny tying FlEFAD,) to VDD USil"l\J the REFAD,) Input e imi
nates iile need to buffer tho reference externa1y 
When n-,e reference IS apollcd at REFADJ, byoass 
iiEFf\DJ W!tll a 0.0- f-lF capac tor to AGND. 

Th" FlEFt,DJ interna buffer gain IS trimmed to 1_638,~ to 
provide 4 _096V at the f~EF pin from a 2.5V reference 

Internal Reference 
The internally trimmed 2.50V reference is gained 
through the REFADJ buffer to provide 4.096V at REF_ 
Bypass the REF pin with a 4.7f-lF capaCitor to AGND 
and the REFADJ pin with a O.D1IJF capaCitor to AGND. 
The internal reference voltage is adjustable to :t 1_5% 
(:t65 LSBs) with the reference-adjust Circuit of Figure 1. 

External Reference 
At REF and REFADJ, the input impedance is a mini
mum of 10kO for DC currents. During conversions, an 

REF 26 
AtAXI,M 

+ GREF MAX197 :::c 47"" 
-

REFADJ 25 

I. 001)11' 

Figure ga_ Internal Reference 

AI'IAXIAI'I 

external reference at REF must be able to deliver 
400IJA DC load currents, and must have an output 
impedance of 100 or less. If the reference has higher 
input impedance or is noisy, bypass it close to the REF 
pin with a 4.7f-lF capaCitor to AGND_ 

With an external reference voltage of less than 4.096V 
at the REF pin or less than 2.5V at the REFADJ pin, the 
increase in the ratio of the RMS noise to the LSB value 
(FS I 4096) results in performance degradation (loss of 
effective bits)_ 

,MAXINI 
MAX197 

~ __ -"RE=:.F+,,26"--<t-_ 4.D96V 

Voo 

REFADJ 25 

Figure 9b_ External Reference, Reference at REF 

,MAXI,M REF 26 

MAXT9r + GREF 

I 4.7"" 

REFADJ 25 
2.SV 

I 
001"" 

-

Agure 90. External Reference, Reference at REFAOJ 
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Multi.Range 1:t10V, :t5V, +101(, +5VJ, 
Single +51(, 12·B;t DAS with 8+4 Bus Interlace 

Powe",Down Mode 
I 0 save ~10)N{~r, you can put the convert.er into loyv
current shutdown moete uetween conversions. Two 
F)rO';)ranlrn8l)IG pO'Ner -down modes are available, n 
addition to a hardware si,utdown. Select STBYPD or 
H.JLU'D by pro~Jramrnli,g PDO and PO 1 in the nput 
contro. byte. When software power-down s asserted, It 
c)ecornes effective on i';' after the end of converSion. in al 
po\;ver-dov,tn modes, tile interface remains acLve and 
converSion resuits may oe reacl. Input overvotage oro
tection is actve in ali powor-down modes. The device 
r8tums to norma ooeration on the iirst WR (ailing edge 
during write operalion. 

For _t1ardware,·contnJ'lec:i (FULLPD) po\,ver-down, Qui! 
the sr~"!s-f~ oin \c)'\N. \;Vhen hardv.'sre s~)utdovvn s assert
ed, it becorn·3S effective Irnmo1jately and the corll'8i'
sian is at)orted 

Choosing Power-Down Modes 
The band gao reference alld reference buffer remain 
active in STBYPD mode, maintain ng the vO'tage on the 
4.7pF capac tor at the REF pin. Th s is a "DC" state that 
does not degrade after power-down of any duration. 
Tr,erefore. you can use any sampling rate w th this 
mode, willl0U\ r"gard 10 start"uD deays. 

QUTPUTCODE 
fULL-SCAlf llSB. ~ 

11 

"'t 11 110 --;r 
11 .101 

I 

I / I 
/ I 

/ I 
/ I 

/ I / 
/ I 

/ I 
/ I / 

/ I 
00 

~fcC 
I 
I 

00 I 
I 

00 I 

00 
I . I .. 

0 1 2 3 t FS 

INPUT VOlTAGE (LSB) FS-3/,LSB 

Figure 10. Unipolar Transfer Function 
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However. :n FULLPD mode. only the banlig80 wier
tence is ache; Connect a 33iJF caoaotor between f~EF 
and AGND to rnainta n the reference votage between 
COflvers,on and to reduce transients vifi"JE-n the buffer IS 
enaoied and d sabied. Throuahput rates down to 1 ksos 
CAn be achieved without alorting extra acqust:on time 
for referElnce recovery orior to conversion 'lhs sHows 
converson to DE.g II ,rnmediately after powN· .. down 
ends If tile discharge of the REF capaCitor dunng 
FULLPD ex.ceeds the des red 'imits for accuracy (!ess 
than a fracton of an LSB). run a STBYPD power-down 
cycle orior \0 starting conversions. Take into account 
that the reference buffer recharges the oypass caoaCi
tor at an 80rnVIms slew ratE and add 50ps for setting 
time. Throu<;Jhput rates of 'Oksos offer !yoica suppiy 
currents 01 4 i'llfJA, usrng ti;e recomml.,nded 33fJF 
capaC-lor value 

Auto-Shutdown 
Selecting STBYPD on every converSion automatically 
shuts the MAX197 down after each converson without 
requiring any start-uo t me on the next conversion. 

OUTPUTCOOE 

~:: ::: t JPSB= 2~1 
: I) I 
I I / I 

:: r -------?f-: ~----~-
111.111f I I 

I I I 
I ,I I 

'I I 

100 .010 EI' I I 
100 .00f I I 

I I 
100.000 I I 

I I 
! I I. 

..fS iN +fS - 1 l$!I 

INPUTVOLTAGE(LSB) 

Figure 11. Bipolar Transfer Function 

.~-- A4AXIA4 



Multi-Range (±10V, ±5V, +10V, +5VJ, 
Single +5V, 12-Bit DAS with 8+4 Bus Interface 

Transfer Function 
Output data codll1g tor the MAX19T is binary 111 un po
'ar mode w th 1 LSB = (FS I 4096) and twos-cornole
rnE;nt b'naf'y' i,1', '.J'-pol(:1( mode; vilti) 1 LSB = ({2 x IFS!) J 
ll(96), Cocie transitions OCCllr r,alfvv8y tletv';8En succes
Siv8-inteo(-::r LSB va\ue~;, Figures 10 and '1 ~ stiOvV the 
inrJul!oulput (If 0) treinster funotions for uni::,olar and 
bloolar OClemt on$, resppcbe.Y, For III I-sca'e (FS} v"l
lY:;S, see Tab!€· 1 

Layout, Grounding, and Bypassing 
Camiul pr nted c rcw! ooarc1 layouts essental for best 
sy'stem perforrnanCB. For t)8St PGrlormance, use a 
qfound p:8n(:, To f€.lduco crosstalk. and noise injection, 
keep analog and (j 9'1al Signa s seoarate, Dig tal 
ground InC's can run I)ctwCEJIi digital signal Iincs to 
Plinirn,z8 Interference. Connect analog grounds and 
DGND it! £) star cDnf gurClh)J1 10 AGJ\JD. For no:sB-Jree 
o~Jtyat on, ensure ttlC' ground roturn frorn AGND to the 
~,uppiy 9round s iO\,\1 !lTi:Jed.3,nce anc! as short as 00851-

hie, Connect the log;c ',?rounds direct'y to tho suor!)' 
(Jround 8ypass VDO witti CI ~ iJi" and 4JfJF caoacilors 
to AGhjD to m nim:zp tllgh- allC1 iO'lIi-frequenc"y' r-uc1u8-
tons, !f the supp y is oxce,ssivply noisy. connect. a 5U 
resistor beh,~/een the SUOP!y and VDf), a.s shovvn in 
F gure "2. 

+5V 

R"= sa 

• OPTIOt>IAl 

SUPPLY 

Ao1IJXIM 
MAXi!!! 

GNO 

DIGITAL 
CIRCUITRY 

•• CONNECT AGND AND DGND WITH A GROUND PLANE OR A SHORT TRACE 

Figure 12, Power-Supply Grounding Connection 

.MAXI.M 

_Ordering .nformafion (continued} 

PART TEMP RANGE PIN-PACKAGE 
MAX197AENI -40'C to +85"(; 28 Narrow Plastic DIP 

MAX197BENI -40'C to +85 'C 28 Narrow Plastic DIP 

MAX197AEWI -40'C to +85'C 28 Wide SO 

MAX197BEWI -40'C to +85'C 28 Wide SO 

MAX197AEAI -40'C to +85'C 28 SSOP 

MAX197BEAI -40'C to +85'C 28 SSOP 

MAX197AMYI -55'C to +125'C 28 Narrow Ceramic SB" 

MAX197BMYI -55'C to + 125'C 28 Narrow Ceramic SB" 

.. Contact factory for aVBJlabilJty and processlng to MIL -ST[)-883, 

_______ Chlp Topography 

RD 

HBEN 
SHDN 

D7 

D6 

D5 
D~ 

D3 

0,144" 
(3,659mm) 

TRANSISTOR COUNT: 2956 

SUBSTRATE CONNECTED TO GND 

CH6 

CHS 

CH4 

CH! 
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Multi.Range (:t10V, :tSv, +10V, +SVJ, 
Single +Sv, 12·8it DAS with 8+4 8us Interface 
_______________________________________________ Functiona.Diagrant 

CH7 
CHS 
CH5 
CH4 
CH3 
CH2 
CH1 

CHO 

CLK 

REF REFAOJ 
I I 

~ 1 10kn +2.5V 

l ~ 
~VI/'V REFERENCE 

SIGNAL , 
CONDITIONING TIH , 

BLOCK 
, 

b>------, 
AND CHARGE REDISTRIBUTION 

OVERVOL TAGE 12-8/T OAC 
TOLERANT 

~~ MUX 

SUCCESSIVE- -
APPROXIMATION 

CLOCK J REGISTER 

141 1a1 t f 
CONTROL lOGIC )4 8 ( AND 

LATCHES MUX 

I at r 
~. .NIAXI.NI 

MAX197 

I THREE-STATE, BIDIRECnONAL J I/O INTERFACE 

DI 00-07 8-BIT DATA BUS 

PERPUSTAKAANl 
UniVtf>lIaS halO 'k W ''','' fu"riJ".a 

l ~UKAilAYA j 

-~ 
HBEN 

Voo 
AGND 
DGND 

,'Vii>:},"): CCiinn,l a:"s::rr,6 ier~ixyi,·~ibi:i;J' tC;( 'iSf: or (iny C;(C~:}'!Y t:.'ti'[! ,'Jr.'an (,I;(;;;;!,'<'/ ':'."r:[,.',(:';"''1 s:n!J·g.i!·~·,':) ;n a .\·1ax;rp ;(j(-'-')I!C! /\'0 C'f;'Ctf'T PD,ler,j' ilC('!J:~es 2i!e 

;117{1;ipr!. U(iX;rn !0Serl/~iS ttit? ngnt !() chAnge ;f">e cir~:(jitry er,d spec-,'{fcF!tIO[)8 J/i;t11(IIj( notice a: any time 
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ANALOG 
DEVICES 

FEATURES 
Low Noise; 80 nV pop (0.1 Hz to 10 Hz), 3 nV/-fflz 
Low Drift; 0.2 .,.vre 
High Speed; 2.8 V/.,.s Slew Rate, 8 MHz Gain 

Bandwidth 
Low Vos; 10 .,.V 
Excellent CMRR; 126 dB at VCM of ±11 V 
High Open-Loop Gain; 1.8 Million 
Fits 725, OP07, 5534A Sockets 
Available in Die Form 

GENERAL DESCRIPTION 
The OP27 precision operational amplifier combines the low 
offset and drift of the OP07 with both high speed and low noise. 
Offsets down to 25 flVand maximum drift of 0.6 flVre, makes 
the OP27 ideal for precision instrumentation applications. 
Exceptionally low noise, en = 3.5 nWv'HZ", at 10 Hz, a low lIf 
noise corner frequency of 2.7 Hz, and high gain (1.8 million), 
allow accurate high-gain amplification of low-level signals. A 
gain-bandwidth product of 8 MHz and a 2.8 VI~ec slew rate 
provides excellent dynamic accuracy in high-speed, data
acquisition systems. 

A low input bias current of ± 10 nA is achieved by use of a 
bias-current-cancellation circuit. Over the military temperature 
range, this circuit typically holds IB and los to ± 20 nA and 15 nA, 
respectively. 

The output stage has good load driving capability. A guaranteed 
swing of ± 10 V into 600 Q and low output distortion make the 
OP27 an excellent choice for professional audio applications. 

(Continued on page 7) 

low-Noise, Precision 
Operational Amplifier 

PIN CONNECTIONS 

TO-99 
O-Suffix) 

HAL 

'V-(CASE) 
He = NO CONNECT 

8-Pin Hermetic DIP 
(Z-Suffix) 

Epoxy Mini-DIP 
(P-Suffix) 
8-PinSO 
(S-Sutlix) 

HC .. NO CONNEC1 

OP27 I 

SIMPLIFIED SCHEMATIC 

NONINVERTING o......jrlH-+-f--{ 
INPUT(+) 

INVERTING o-............... --,f-----+------' 
INPUTH 

REV.C 

Information furnished by Analog Devices is believed to be accurate and 
reliable. However. no responsibility is assumed by Analog Devices for its 
use, nocfor any infringements of patents or other rights of third Parties that 
may result from its use. No license is granted by implication or otherwise 
under any patent or patent rights of Analog Devices. Trademarks and 
registered trademarks are the property of their respective companies. 
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Fax: 7811326-8703 @2003 Analog Devices. Inc. All rights reserved. 



OP27-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@ Vs = ±15 v, TA = 25°C, unless otherwise noted.) 

OP27AJE OP27F OP27CJG 
Parameter Symbol Conditions Min Typ Max Min Typ Max Min Typ Max Unit 

INPUT OFFSET 
VOLTAGE! Vos 10 25 20 60 30 100 IlV 

LONG-TERM Vos 
ST ABJLITY2,3 Vosrrime 0.2 1.0 0.3 1.5 0.4 2.0 IlV/Me 

INPUT OFFSET 
CURRENT los 7 35 9 50 12 75 nA 

INPUTBIAS 
CURRENT IB +10 +40 ±12 ±55 +15 ±SO nA 

INPUTNOlSE 
VOLTAGE3,4 enp_p 0.1 Hz to 10 Hz O.OS O.lS O.OS O.lS 0.09 0.25 IlV p-p 

INPUTNOISE en fa= 10Hz 3.5 5.5 3.5 5.5 3.S S.O nV/-ffiZ 
Voltage Density' fo = 30 Hz 3.1 4.5 3.1 4.5 3.3 5.6 nV/-ffiZ 

fa= 1000 Hz 3.0 3.S 3.0 3.S 3.2 4.5 nV/-ffiZ 

INPUTNOISE in fo =10Hz 1.7 4.0 1.7 4.0 1.7 pN-ffiZ 
Current Density" , fo= 30 Hz 1.0 2.3 1.0 2.3 1.0 pN-ffiZ 

fo = 1000 Hz 0.4 0.6 0.4 0.6 0.4 0.6 pN-ffiZ 

INPUT 
RESISTANCE 

Differential-Mode6 
R!N 1.3 6 0.94 5 0.7 4 MQ 

Common-Mode RINCM 3 2.5 2 GO 

INPUT VOLTAGE 
RANGE 1VR +11.0 +12.3 +11.0 ±12.3 +11.0 +12.3 V 

COMMON-MODE 
REJECTION RATIO CMRR VcM =±llV 114 126 106 123 100 120 dB 

POWER SUPPLY PSRR Vs=±4V 
REJECTION RATIO to±lS V 1 10 1 10 2 20 IlVN 

LARGE-SIGNAL Ayo RL:? 2 kQ, 
VOLTAGE GAIN Vo "±10V 1000 lS00 1000 1800 700 1500 V/mV 

RL:? 600 n, 
Vo=±10V 800 1500 800 1500 600 1500 V/mV 

OUTPUT 
VOLTAGESWING Vo RL~ 2 kQ ±12.0 ±13.S ±12.0 ±l3.S ±11.5 ±l3.5 V 

RL~600n ±10.0 ±1l.5 ±IO.O ±11.5 ±1O.0 ±1l.5 V 

SLEW RATE' SR RL~2kQ 1.7 2.8 1.7 2.8 1.7 2.8 V/1lS 

GAIN 
BANDWIDTH 

PRODUCT' GBW 5.0 8.0 5.0 8.0 5.0 8.0 MHz 

OPEN-LOOP 
OUTPUT 

RESISTANCE Ro Vo"O,Io=O 70 70 70 n 

POWER 
CONSUMPTION Pd Vo 90 140 90 140 100 170 mW 

OFFSET 
ADJUSTMENT 

RANGE Rp= 10kQ ±4.0 ±4.0 ±4.0 mV 

NOTES 
I Input offset voltage measurements are performed - 0.5 seconds after application of power. AlE grades guaranteed fully warmed up. 
2Long_tenn input offset vol cage smbility refers to the average trend line of Vos versus. Tame over extended periods after the first 30 days of operation. Excluding the 
initiat hour of operation, changes in Vos during the first. 30 days 3fe typicaUy 2.5 \1V. Refer to typical performance curve. 

3Sample tested. 
4See test circuit and frequency response curve for 0.1 Hz to 10 Hz tester. 
5Scc tcst circuit for current noise measurement. 
6Guaranteed by input bias current. 
1 Guaranteed by design. 
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OP27 

ELECTRICAL CHARACTERISTICS (@Vs=±tSV, -55"& ~ TA~ 125°e, unless otherwise noted.) 

OP27A OP27C 
Parameter Symbol Conditions Min Typ Max Min Typ Max Unit 

INPUT OFFSET 
VOLTAGE' Vos 30 60 70 300 ltV 

AVERAGE INPUT 
OFFSET DRIFT TCVos 2 

TCVoSn 
3 0.2 0.6 4 l.8 ItV/oC 

INPUT OFFSET 
CURRENT los 15 50 30 135 nA 

INPUTBIAS 
CURRENT IB ±20 ±60 ±35 ±150 nA 

INPUT VOLTAGE 
RANGE IVR ±10.3 ±1l.5 ±10.2 ±1l.5 V 

COMMON-MODE 
REJECTION RATIO CMRR VcM =±10V 108 122 94 118 dB 

POWER SUPPLY 
REJECTION RATIO PSRR Vs = ±4.5 Vto ±18 V 2 16 4 51 ItVN 

LARGE-SIGNAL 
VOLTAGE GAIN Avo RL;>, 2 kO, Vo=±lOV 600 1200 300 800 V/mV 

OUTPUT 
VOLTAGE SWING Vo RL~2kO ±1l.5 ±13.5 ±lO.5 ±13.0 V 
NOTES 
1 Input offset voltage measurements are perfurmed by automated test equipment approximately 0.5 seconds after application of power. NE grades guarmteed fully 
warmed. up. 
~The TCVos performance is within the specifications unnulled or when nullod. with Rp = 8 k.O to 20 kn. TCVos is 100% tested for AlE grades, sample tested for 
ClF/G grades. 

'Guaranteed by design. 
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OP27 
ELECTRICAL CHARACTERISTICS 

(@Ys=±15 v, -25°C-~ TA s 85°C for OP21J, 0P27Z, DOC ~ TA ~ 700C for 0P27EP, 
OP27FP, and -40"C ~ TA ~ 85°C for OP27GP, OP27GS, unless oUterwise noted.) 

OP27E OP27F OP27G 
Parameter Symbol Conditions Min Typ Max Min Typ Max Min Typ Max Unit 

INPUTONSET 
VOLTAGE Vos 20 50 40 140 55 220 ~V 

AVERAGEINPUT 
OFFSET DRIFT TCVos I 0.2 0.6 0.3 1.3 04 1.8 Ilvrc 

TCVosn
2 0.2 0.6 0.3 1.3 04 1.8 ~V/OC 

INPUT OFFSET 
CURRENT los 10 50 14 85 20 135 nA 

INPUTBlAS 
CURRENT IB ±14 ±60 ±18 ±95 ±25 ±150 nA 

INPUT VOLTAGE 
RANGE NR ±10.5 ±11.8 ±1O.5 ±11.8 ±10.5 ±11.8 V 

COMMON-MODE 
REJECTION RATIO CMRR VcM =±10V 110 124 102 121 96 118 dB 

POWER SUPPLY 
REJECTION RATIO PSRR Vs =±4.5V 2 15 2 16 2 32 IlVN 

tot 18 V 

LARGE-SIGNAL 
VOLTAGE GAIN Avo RL? 2 kn, 

Vo =±lOV 750 1500 700 1300 450 1000 VimV 

OUTPUT 
VOLTAGESWING Vo RL ?2kn ±11.7 ±13.6 ±11.4 ±13.5 ±11.0 ±13.3 V 

NOTES 
IThe TCVos perfonnance is within the specifications unnuUed orwben nulled \Vim Rp == 8 W to 20 kO. TCVos is 100% tested for AlE grades~ sample tested for 
CIFIG grades. 

2Guaranteed by design. 
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OP27 
DIE CHARACTERISTICS 

-

r,~;in.;;~;;;;;;;;~~;;;;;jjil1. NU~~ 2. (-) INPUT 
3. (+) INPUT 
4. Y-
6. OUTPUT 
7. V+ 
8. NUll. 

WAFER TEST LIMITS (@Vs=±15V, TA= 25°C unless otherwise noted.) 

OP27N OP27G OP27GR 
Parameter Symbol Conditions Limit Limit Limit Unit 

INPUT OFFSET VOLTAGE* Vas 35 60 100 I!V Max 

INPUT OFFSET CURRENT los 35 50 75 nAMax 

INPUT BIAS CURRENT 1B ±40 ±55 ±80 nAMax 

INPUT VOLTAGE RANGE IVR ±ll ±II ± II V Min 

COMMON-MODE REJECTION 
RATIO CMRR VCM=IVR 114 106 100 dB Min 

POWER SUPPLY PSRR Vs =±4Vto±I8V 10 10 20 I!VNMax 

LARGE-SIGNAL VOLTAGE 
GAIN Ava RL~2kO,Vo=±10V 1000 1000 700 V/mVMin 

Avo RL~ 600 n, Va = ±10 V 800 800 600 V/mV Min 

OUTPUTVOLTAGES~G Yo RL~2kO ±12.0 ±12.0 +11.5 V Min 
Va RL2600n ±10.0 ±lO.O ±10.0 V Min 

POWER CONSUMPTION Pd Va == 0 140 140 170 mWMax 

NOTE 
"Electrical tests are perfonned at wafer probe to the limits shown. Dut: to variations in assembly methods and normal yidd loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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OP27 
TYPICAL ELECTRICAL CHARACTERISTICS (@Vs=±15V. TA= 25"& unless otherwise noted.) 

OP27N OP27G OP27GR 
Parameter Symbol Conditions Typical Typical Typical Unit 

AVERAGE INPUT OFFSET 
VOLTAGE DRIFf* TCVosor Nulled or Unnulled 0.2 0.3 0.4 jtV/oC 

TCVosn R,. = 8 kn to 20 k.Q 

AVERAGE INPUT OFFSET 
CURRENT DRIFr TClos 80 130 180 pN°C 

AVERAGE INPUT BIAS 
CURRENT DRIFr TCI. 100 160 200 pArc 

INPUT NOISE VOLTAGE 
DENSITY en 1'0= 10Hz 3.5 3.5 3.8 nV/-ffiZ 

en 1'0= 30 Hz 3.1 3.1 3.3 nV/-ffiZ 
en 1'0= 1000Hz 3.0 3.0 3.2 nV/-ffiZ 

INPUT NOISE CURRENT 
DENSITY in fo = 10 Hz 1.7 1.7 1.7 pN-ffiZ 

in fo=30Hz 1.0 1.0 1.0 pN-ffiZ 
in fo = 1000 Hz 0.4 0.4 0.4 pN-ffiZ 

INPUT NOISE VOLTAGE e",.-p 0.1 Hz to 10 Hz 0.08 0.08 0.09 jtV p--p 
SLEWRATE SR RL~2kn 2.8 2.8 2.8 V/jtS 

GAIN BANDWIDTH 
PRODUCT GBW 8 8 8 MHz 

NOTE 
*Input offset voltage measuremenm are performed by automated test equipment approximately 0.5 seconds after application of power. 
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OP21 
(Continued from page 1) 

PSRR and CMRR exceed 120 dB. These characteristics, coupled 
with long-term drift of 0.2 ltV/month, allow the circuit designer 
to achieve performance levels previously attained only by dis
crete designs. 

The OP27 provides excellent performance in low-noise, high
accuracy amplification of low-level signals. Applications include 
stable integrators, precision summing amplifiers, precision voltage
threshold detectors, comparators, and professional audio circuits 
such as tape-head and microphone preamplifiers. 

Low-cost, high-volume production of OP27 is achieved by 
using an on-chip Zener zap-trimming network. This reliable 
and stable offset trimming scheme has proved its effectiveness 
over many years of production history. 

The OP27 is a direct replacement for 725, OP06, OP07, and 
OP45 amplifiers; 741 types may be directly replaced by remov
ing the 741's nn\ling potentiometer. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 22 V 

Package Type IlJA3 IljC Unit 

Input Voltage' ............................... ±22 V T099G) 150 18 °CfW 
Output Short-Circuit Duration ................ Indefinite 8-Lead Hermetic DIP (Z) 148 16 °CfW 
Differential Input Voltage2 ...................... ±0.7 V 8-Lead Plastic DIP (P) 103 43 °CfW 
Differential Input Current2 

•••••••••••••••••••• ± 25 mA 20-Contact LCC (RG) 98 38 °CfW 
Storage Temperature Range ............ -65°C to + 150°C 8-Lead SO (S) 158 43 °CfW 
Operating Temperature Range NOTES 

OP27A, OP27C a, Z) ................ -55°C to +125°C 
OP27E, OP27F a, Z) ................. -25°C to +85°C 

IFor supply voltages less than ±22 V, the absolute maximwn input voltage is 
equal to the supply voltage. 

OP27E, OP27F (P) ...................... O°C to 70°C 2The OP27's inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to acbieve low noise. If differential input voltage 
exceeds ±O.7 V, the input current should be limited to 25 rnA. OP27G (P, S, J, Z) .................. -40°C to +85°C 

Lead Temperature Range (Soldering, 60 sec) ....... 300°C 36JA is specified for worst-case mounting conditions, i.e., aJA is specified for 
device in socket fot TO, CERDIP, and P-DIP packages; aJA is specified for 
device soldered to printed circuit board for SO package. 

Junction Temperature ................. -65°C to + 150°C 

TA = 25°C 
VosMax 
(flV) 

25 
25 
60 
100 
100 
100 

NOTES 

'Absolute Maximum Ratings apply ro both DICE and pacl<aged parn;, unless 
otherwise nored. 

ORDERING INFORMATION' 

Package 

Operating 
CERDIP Plastic Temperature 

TO-99 8-Lead 8-Lead Range 

OP27AJ2,3 OP27AZ2 MIL 
OP27EJ2, , OP27EZ OP27EP IND/COM 

OP27W IND/COM 
OP27CZ' MIL 

OP27GJ OP27GZ OP27GP XIND 
OP27GS' XIND 

IBum-in is available on commercial and. industrial temperature range parts in CERDIP, plastic 
DIP, and TO-can packages. 

2por devices processed in total compliance to MIL-S'JD..883, add 1883 after part number. 
Consult fuctory for 883 data sheet. 

JNot for new design; obsolete April 2002. 
4For availability and bum-in information on SO and PLCC packages, contact your local 
sales office. 

CAU110N __________________________________________________ _ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the OP27 features proprietary ESD protection circuitry, permanent damage may occur on devices 
subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 
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OP27-Typical Performance Characteristics 
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APPUCATION INFORMATION 
OP27 series units may be inserted directly into 725 and OP07 
sockets with or without removal of external compensation or 
nulling components. Additionally, the OP27 may be fitted to 
unnulled 741-type sockets; however, if conventional 741 nulling 
circuitry is in use, it should be modified or removed to ensure 
correct OP27 operation. OP27 offset voltage may be nulled to 
zero (or another desired setting) using a potentiometer (see 
Figure 1). 

The OP27 provides stable operation with load capacitances of 
up to 2000 pF and ± 1 0 V swings; larger capacitances should be 
decoupled with a 50 n resistor inside the feedback lOOp. The 
OP27 is unity-gain stable. 

Thermoelectric voltages generated by dissimilar metals at the 
input terminal contacts can degrade the drift performance. Best 
operation will be obtained when both input contacts are main
tained at the same temperature. 

V-.'J 

Figure 1. Offset Nulling Circuit 

REV.C 

OFFSET VOLTAGE ADJUSTMENT 
The input offset voltage of the OP27 is trimmed at waferlevel. 
However, if further adjustment ofVos is necessary, a 10 kO trim 
potentiometer can be used, TCVos is not degraded (see Offset 
Nulling Circuit). Other potentiometer values from 1 I:!l to 1 Mil 
can be used with a slight degradation (0.1 IlV/oC to 0,2 IlVlOC) 
of TCVos. Trimming to a value other than zero creates a drift of 
approximately (V os/300) IlV/oC. For example, the change in 
TCVos will be 0.33IlV/oC ifVos is adjusted to 100 IlV. The 
offset voltage adjustment range with a 10 k!l potentiometer is 
±4 mY. IfsmaJIer adjustment range is required, the nulling 
sensitivity can be reduced by using a smaller pot in conjuction 
with fixed resistors. For example, Figure 2 shows a nerwork that 
will have a ±280 IlV adjustment range. 
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OP27 
NOISE MEASUREMENTS 
To measure the 80 n V peak-to-peak noise specification of the 
OP27 in the 0.1 Hz to 10 Hz range, the following precautions 
must be observed: 

1. The device must be warmed up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 4 ltV due to increasing chip temperature 
after power-up. In the lO-second measurement intetval, 
these temperature-induced effects can exceed tens-of
nanovolts. 

2. For similar reasons, the device has to be well-shielded from 
air currents. Shielding minimizes thermocouple effects. 

3. Sudden motion in the vicinity of the device can also 
"feedthroughn to increase the observed noise. 

4. The test time to measure 0.1 Hz to 10 Hz noise should not 
exceed 10 seconds. As shown in the noise-tester frequency 
response curve, the 0.1 Hz comer is defined by only one 
zero. The test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from the frequency band 
below 0.1 Hz. 

5. A noise-voltage-density test is recommended when measuring 
noise on a large number of units. A 10Hz noise-voltage
density measurement will correlate well with a 0.1 Hz to 10Hz 
peak-to-peak noise reading, since both results are determined 
by the white noise and the location of the Iff comer frequency. 

UNITY-GAIN BUFFER APPUCATlONS 
When RfS 100 n and the input is driven with a fast, large signal 
pulse (> I V), the output waveform will look as shown in the 
pulsed operation diagram (Figure 3). 

Duting the fast feedthrough-like portion of the output, the input 
protection diodes effectively short the output to the input and a 
current, limited only by the output short-circuit protection, will 
be drawn by the signal generator. With R,. 2: 500 n, the output is 
capable of handling the current requirements llL S 20 rnA at 10 V); 
the amplifier will stay in its active mode and a smooth transition 
will occur. 

When R,. > 2 kO, a pole will be created with R,. and the amplifier's 
input capacitance (8 pF) that creates additional phase shift and 
reduces phase margin. A small capacitor (20 pF to 50 pF) in 
parallel with Rf will eliminate this problem. 

Figure 3. Pulsed Operation 

COMMENTS ON NOISE 
The 0P27 is a very low-noise monolithic op amp. The outstanding 
input voltage noise characteristics of the OP27 are achieved mainly 
by operating the input stage at a high quiescent current. The input 

bias and offset currents, which would normally increase, are held 
to reasonable values by the input bias-current cancellation circuit. 
The OP27AIE has 18 and los of only ±40 nA and 35 nA at 25°C 
respectively. This is particularly important when the input has a 
high source resistance. In addition, many audio amplifier design
ers prefer to use direct coupling. The high Is, Vos, and TCVos 
of previous designs have made direct coupling difficult, if not 
impossible, to use. 

Voltage noise is inversely proportional to the square root of bias 
current, but current noise is proportional to the square root of 
bias current. The 0P27's noise advantage disappears when high 
source-resistors are used. Figures 4, 5, and 6 compare OP27's 
observed total noise with the noise performance of other devices 
in different circuit applications. 

(Voltage Noise)2 + 

Total Noise = (Current Noise x Rs)' + 

(Resistor Noise)' 
]

!2 

Figure 4 shows noise versus source-resistance at 1000 Hz. The 
same plot applies to wideband noise. To use this plot, multiply 
the vertical scale by the square root of the bandwidth. 
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Figure 4. Noise vs. Source Resistance (Including Resistor 
Noise) at fOOD Hz 

At Rs <1 kO, the OP27's low voltage noise is maintained. With 
Rs < 1 kO, total noise increases, but is dominated by the resis
tor noise rather than current or voltage noise. It is only beyond 
Rs of 20 kO that current noise Starts [0 dominate. The argument 
can be made that current noise is not important for applica
tions with low to moderate source resistances. The crossover 
between the 0P27, OP07, and OPOS noise occurs in the 15 kO to 
40 kO region. 

Figure 5 shows the 0.1 Hz to 10 Hz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible and current 
noise becomes important because it is inversely proportional to 
the square root of frequency. The crossover with the OP07 
occurs in the 3 kO to 5 kO range depending on whether bal
anced or unbalanced source resistors are used (at 3 k!l the IB 
and los error also can be three times the Vos spec.). 
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Figure 5, Peak-to-Peak Noise (0,1 Hz to 70 Hz) as Source 
Resistance (Includes Resistor Noise) 

Therefore, for low-frequency applications, the OP07 is better 
than the OP27/0P37 when Rs > 3 1<0, The only exception is 
when gam error is imporrant. Figure 6 illustrates the 10Hz 
noise, As expected, the results are between the previous twO 
figures. 

For reference, typical source resistances of some signal sources 
are listed in Table 1. 

Table I. 

Source 
Device Impedance Comments 

Strain Gauge 

Magnetic 
Tapehead 

<5000 

<1500 Q 

Magnetic <1500 Q 

Phonograph 
Cartridges 

Linear Variable <1500 Q 
Differential 
Transformer 

Typically used in low
frequency applications. 

Low is very imporrant to 
reduce self-magnetization 
problems when direct coupling 
is used. OP27 IB can be 
neglected. 

Similar need for low IB in 
direct coupled applications. 
OP27 will not introduce any 
self-magnetization problem, 

Used in rugged servo-feedback 
applications. Bandwidth of 
interest is 400 Hz to 5 kHz. 

Open-Loop Gain 

Frequency at OP07 

3Hz 
10 Hz 
30Hz 

100 dB 
100 dB 
90 dB 

OP27 

124 dB 
120 dB 
110 dB 

0P37 

125 dB 
125 dB 
124 dB 

For further infOrn'lation regarding noise calculations, see "Minimization of Noise 
in Op Amp Applications,'" Application Note AN-15. 

OP27 

50(1 110: 510: 10k SOk 
Rs- SOURCE RESISTANCE-U 

Figure 6. 10Hz Noise vs. Source Resistance (Includes 
Resistor Noise) 

AUDIO APPUCATIONS 
The jollowinJI applications irifcnmation has been abstmcted 
from a PM! anick in the 12/20180 issue of Ekctronic De
sign magazine and updated. 

Figure 7 is an example of a phono pre-amplifier circuit using the 
OP27 for AI; RI-R2-CI-C2 form a very accurate RlAA net
work with standard component values. The popular method to 
accomplish RIAA phono equalization is to employ frequency
dependent feedback around a high-<Juality gain block. Properly 
chosen, an RC network can provide the three necessary time 
constants of3180, 318, and 75 lIS.' 

For initial equalization accuracy and stability, precision metal 
film resistors and film capacitors of polystytene or polypropy
lene are recommended since they have low voltage coefficientll, 
dissipation factors, and dielectric absorption.' (High-K ceramic 
capacitors should be avoided here, though low-K cerarnics
such as NPO types, which have excellent dissipation factors 
and sOl)1ewhat lower dielectric absorption-can be considered 
for small values.) 

MOVING MAGNET 
CARTRlDGE INPUT 

R, 
47.5kl1 

04121 .5 
W).lF 100kH 

~( ""l 
IF RQLLOFf I ~ 

C3 OUT 
O.47,~ 

R4 
7Sk.fl 

_ 01 

.---4 0.03"' 

02 
O,01p_F 

'----------;-------, 
G ;0. 1kHz GAJN 

::::0.10\ (t t~) 
;:: 98.611 (J9,9d6~ AS SHOWN 

Figure 7. Phono Preamplifier Circuit 
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OP27 
The OP27 brings a 3.2 nVtJHZ voltage noise and 0.45 pAl..[ffi 
current noise to this circuit. To minimize noise from other 
sources, R3 is set to a value of 100 0, which generates a voltage 
noise of 1.3 nV/..[ffi. The noise increases the 3.2 nVl..[ffi of the 
amplifier by only 0.7 dB. With a I W source, the circuit noise 
measures 63 dB below aim V reference level, unweighted, in a 
20 kHz noise bandwidth. 

Gain (G) of the circuit at 1 kHz can be calculated by the 
expression: 

G=O.IOl(l+ :) 

For the values shown, the gain is just under 100 (or 40 dB). 
Lower gains can be accommodated by increasing R3, but gains 
higher than 40 dB will show more equalization errors because of 
the 8 MHz gain-bandwidth of the OP27. 

This circuit is capable of very low distortion over its entire range, 
generally below 0.01 % at levels up to 7 V rms. At 3 V output 
levels, it will produce less than 0.03% total harmonic distortion 
at frequencies up to 20 kHz. 

Capacitor C3 and resistor R4 form a simple -6 dB-per-octave 
rumble filter, with a comer at 22 Hz. As an option, the switch
selected shunt capacitor C4, a nonpolarized electrolytic, bypasses 
the Jow-frequency rolloff. Placing the rumble filter's high-pass 
action after the preamp has the desirable resnlt of discriminating 
against the RJAA-amplified low-frequency noise components and 
pickup-produced low-frequency disturbances. 

A preamplifier for NAB tape playback is similar to an RIM 
I phono preamp, though more gain is typically demanded, along 

with equalization requiring a heavy low-frequency boost. The 
circuit in Figure 7 can be readily modified for tape use, as shown 
by Figure 8. 

TAPE Ra COl 
HEAD 

R1 
33ic.f.l 

A2 
SkH 

T1 ::;31S0fA-S 
T2 ::: 50,..~s 

Figure 8. Tape-Head Preamplifier 

While the tape-equaJization requirement has a flat high-frequency 
gain above 3 kHz (T, = 50 iJS), the amplifier need not be stabilized 
for unity gain. The decompensated OP37 provides a greater 
bandwidth and slew rate. For many applications, the idealized 
time constants shown may require trimming of RI and R2 to 
optiruize frequency response for nonidea1 tapehead perfonnance 
and other factors.' 

The network values of the configuration yield a 50 dB gain at 
1 kHz, and the dc gain is greater than 70 dB. Thus, the worst-case 
output otlEet is just over 500 mY. A single 0.47 W output capaci
tor can block this level without affecting the dynamic range. 

The tapehead can be coupled directly to the amplifier input, 
since the worst-case bias current of 80 nA with a 400 mH, 100 J.I 
inch head (such as the PRB2H7K) will not be troublesome. 

One potential tapehead problem is presented by amplifier bias
current transients which can magnetize a head. The OP27 and 
OP3 7 are free of bias-current ttanSients upon power-up or power
down. However, it is always advantageous to control the speed 
of power supply rise and fall, to eliminate transients. 

In addition, the de resistance of the head should be carefully 
controlled, and preferably below 1 W. For this configuration, 
the bias-current-induced offset voltage can be greater than the 
lOOp V maximum offset if the head resistance is not sufficiendy 
controlled. 

A simple, but effective, fixed-gain transformerless microphone 
preamp ( Figure 9) amplifies differential signals from low imped
ance microphones by 50 dB, and has an input impedance of 2 k.Q. 

Because of the high working gain of the circuit, an OP37 helps 
to preserve bandwidth, which will be 110kHz. As the OP37 
is a decompensated device (minimum stable gain of 5), a dummy 
resistor, Rp, may be necessary, if the microphone is to be 
unplugged. Otherwise the 100% feedback from the open input 
may cause the amplifier to oscillate. 

Common-mode input-noise rejection will depend upon the 
match of the bridge-resistor ratios. Either close-tolerance (0.1 %) 
types should be used, or R4 should be trimmed for best CMRR. 
All resistors shonld be metal film types for best stability and 
low noise. 

Noise performance of this circuit is linllted more by the input 
resistots RI and R2 than by the op amp, as RI and R2 each gener
ate a 4 nV/;/HZ noise, while the op amp generates a 3.2 nVtJHZ 
noise. The rms sum of these predominant noise sources will be 
about 6 nV/;/HZ, equivalent to 0.9 J.lV in a 20 kHz noise band
width, or nearly 61 dB below a 1 mV input signal. Measurements 
confirm this predicted performance. 

R1 
IkH 

LOW IMPEDANCE 
MICROPHONE INPUT ~ 

(2;; sonTO 200 H) ':' <>-, 

R' 
1kfL 

R' 
316kH 

CI 
"6 

100U 

R7 
lOki! OUTPUT 

Figure 9. Fixed Gain Transformerless Microphone 
Preamplifier 
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For applications demanding appreciably lower noise, a high 
quality microphone transformer-coupled preamp (Figure 10) 
incorporates the internally compensated OP27. Tl is aJE-l 15K-E 
150 0/15 ill transformer which provides an optimum source 
resistance for the OP27 device. The circuit has an overall gain of 
40 dB, the product of the transformer's voltage setup and the op 
amp's voltage gain. 

C2 
1800pF 

Rt R2 
121H 11Q(}H 

OUTPUT 

"'n -JENSEN JE -115K - E 

JEN$ENTRANSFORMERS 
10735 BURBANK BLVD_ 
N. HOLLYWOOD, CA 91601 

Figure 10. High Quality Microphone Transformer
Coupled Preamplifier 

Gain may be trimmed to other levels, if desired, by adjusting R2 
or RI. Because of the low offset voltage of the OP27, the output 
offset of this circuit will be very low, 1. 7 m V or less, for a 40 dB 
gain. The typical ourput blocking capacitor can be eliminated in 
such cases, but is desirable for higher gains to eliminate switch
ing transients. 

+1BV 

-lav 

Figure 11. Burn-In Circuit 

OP27 
Capacitor C2 and resistor R2 form a 2 \.lS time constant in this 
circuit, as recommended for optimum transient response by the 
transformer manufacturer. With C2 in use, Al must have unity
gain stability. For situations where the 2 \.lS time constant is not 
necessary, C2 can be deleted, allowing the faster OP37 to be 
employed. 

Some comment on noise is appropriate to understand the 
capability of this circuit. A 150 0 resistor and Rl and R2 
gain resistors connected to a noiseless amplifier will generate 
220 nV of noise in a 20 kHz bandwidth, or 73 dB below a 1 mV 
reference level. Any practical amplifier can only approach this noise 
level; it can never exceed it. With the 0P27 and Tl specified, the 
additional noise degradation will be close to 3.6 dB (or -69.5 refer
enced to 1 mV). 

Referen<:es 
1. Lipshitz, S.R, "On R1AA Equalization Networks,» JABS, 

Vol. 27, June 1979, p. 458-481. 

2. Jung, W.O., IC Op Amp Cookbook, 2nd. Ed., H.W. Sams and 
Company, 1980. 

3. Jung, W.O., Audio IC Op Amp Application., 2nd. Ed., H.W. 
Sams and Company, 1978. 

4. Jung, W.G., and Marsh, RM., "Picking Capacitors," Audio, 
February and March, 1980. 

5. Otala, M., "Feedback-Generated Phase Nonlinearity in 
Audio Amplifiers,» London AES Convention, March 1980, 
preprint 1976. 

6. Stom, D.F., and Kamman, M., Handbook of Operational 
Amp/ifier Circuit Design, New York, McGtaw-Hill, 1976. 

REV.C -15-



OP27 
OUTLINE DIMENSIONS 

S-Lead Plastic Dual-m-Line Package [PDlP1 

(N-S) 
Dimensions shown in incbes and (millimeten) 

0.375 \9.f.~ 
.., 0.3-5$ 19.21) r-

O
O.355 1e.n2) -~ 

!I 0.295 {7.49) 
0.285 (7.24} 

1 4~ 
.... ··-~·r 

0.100 12.54) 
sse 

O'1ao~ 0.015 
(4.57) riO.,.) 
MAX _ .• ...1. MIN 

0.1501 3.011 I - - J-l ~'SEATING 
O'130\3'30}..!-:~ PLANE 
oT10 (2.18)' ~ 0.060 (1.52) 

~J)22 (.0.56). 0 050 (1..27) 
0.618(0.46) 0.045tU4) 
01i14(O:36) 

COMPUANT TO JEOEC STANDARDS Mo-(}95AA 

CONTllOL.LlN(I DIMENSIONS ARE IN INCHES: MILLlMHERS DIMENSIONS 
(IN PARENTHESES) 

S-Lead Cerami" DIP - G1aas Hermetic Seal [CERDIP] 
(Q-S) 

Dimensionfi shown in inches and (millimeters) 

0.005 (0.13) O.0551,"1.40} 
MIN MAX 

';01<:'" ...... ~ , , ! 
0.310 (7.S7) 

PIN 1 0.2.20 {S.S9} 

" .' 4 J .... ... 
0.100 (2.54) sse 

0.405 (10:29) MAX 1 Q.32{l (8.13) ~ 
"' Ooj 0.060(1.52) 0.290 (7.37) I 

O'200r.5'08)ij~ D.015 (D.3B) F 
O.2UU:::} l.p - - U·_ty* 10.150 .3.811 'l I~, 
O.125(3.1B} U 1:-\ MIN' -+ 
MnIO.58)...j1.. 0.070(1.;;;; ~~~~~G ;5'· O.Q15 10.38) 
0.014 {IUS) 0.030 (fL76) lP 0.008 (0.20) 

CONTROLLING DIMENSIONS ARE IN INCH; MILLIMETERS DIMENSIONS 
(IN PARENTHESES) ARE ROUNDEO-oFF MILLIMETER EQUIVALENTS FOR 
REfERENCE ONL. V AND ARE NOT APPROPRIATE FOR USE IN DESIGN 
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8-Lead Standard Small Outline Paekage [SOle} 
Narrow Body 

(R-S) 
Dimensions shown in millimeters and (inches) 

...,5.00 {OJ eS8»),.. 
(SO (Q.1 890)1_ 

'-~"--f 4.00 (0.1514) !l.:W (0.24.40) 

3.80(~ , '~2") 

..., .. 
1.21 {O.DSOU) . 0.50 ~O.0196) , 

sse 1,75 {O.OSSS} "1 r-O.25 (0.0099) x 45' 

0.10 (0.0040) L 
a.25 t1Ul{I98) fr6iJ£ili['1,35 (O.0532) ~ 

.. Ji..O.51 10.0201) ,- 8: ....... 
COPLANARn y' \ 0.33 (O.0130} 0.25 (O.0098) 0" 1.27 to.QSOO) 

0.10 SE:~~ O.19~O.OO75) 0.':11 {O.DiGOI 

COMPLIANT TO JEOEC Sl'ANDARDS MS-012AA 

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS 
(IN PARENTHESES) ARE ROUNDED-OFF Mll.J.JMETEA EOUIVALENTS FOR 
REFERENCE, ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN 

8-Lead Metal Can [To-991 
(B-OS) 

DimensioIlJ shown in inches and (millimeters) 

~~ REFERENCE PLANE 

COMPlIANT TO JEDEC ST ANDAROS MI)-OO2AK 
CONTROLLING DIMENSIONS ARE IN INCHES, MILLIMETERS DNENSIONS 
(IN PARENTHESES. ARE ROUNDED·OFF EQUIVALENTS FOR 
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN 
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Turbidity 

What is Turbidity? 

Turbidity, or cloudiness, in water is caused by a variety of suspended materials. 
The material can be both organic (plankton, sewage) and inorganic (silt, clay). The 
suspended material will scatter and absorb light passing through the water. The 
light scattered back to the observer can be affected so that the water will have a 
color dependent upon the type and amount of suspended matter. The cloudiness 
and color can be observed also if a sample of water in a transparent container is 
held between the observer's eye and a light source. It is this fact that is used in the 
turbidity meter. 

What is a Turbidity Meter? 

The turbidity meter measures the clarity of a water sample. A 
beam of light is shown through the water sample. The turbidity, I 

its converse clarity, is read on a numerical scale. 

The turbidity meter contains a source of light, a photocell, and a 
meter. The path of the light is 90 degrees to the direction in whic 
the photocell points. When a sample is placed in the light beam, 
light scattered by the suspended material in the sample is detec 
by the photocell. The photocell converts the scattered light into, 
electrical current that is sent through the meter. The pOSition of 1 
needle on the meter or a digital read-out gives an indication of tt 
turbidity of the water sample. 

Turbidity determined by the technique described above is referre 
to as the nephelometriC method from the root meaning 
"cloudiness". This word is used to fonn the name of the unit of 
turbidity, the NTU. This acronym stands for Nephelometric 
Turbidity Unit. 

The meter reading cannot be used to compare the tUrbidity of different water samples unless the 
instrument is calibrated. The aquatic science instructors calibrate the meter regularly. Calibration 
consists of adjusting the meter reading to a known value when a standard sample is placed in the lit 
beam. A standard suspension is often made from a polymer called Formazin which has greater 
reproducibility. 

What is the significance of turbidity? 

file:/lE:\Home\Tanjung\Turbidity.htm 

Turbidity relates to the effect that suspended particles have on water claril 
High turbidity readings (lOW clarity) can indicate erosion and sedimentatior 
problems. Rainfall and runoff can increase the suspended solid load in a 
river and make the river appear cloudy or muddy. High biological producti. 
related to increases in nutrients and temperature can result in increases 0 

diatoms and other algae that contribute to tUrbidity. Turbidity meters can b 
used to estimate plankton density. 

River plumes that are rich in organiC matter and suspended solids are cle, 
differentiated from the Lake Michigan water as they enter they lake. Turbic 
readings in Lake Michigan are likely to range from 0.1 to 2.5 NTU. The 
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Grand River often ranges from 2 to 9 NTU. Spring Lake and Muskegon La 
have typical readings ranging between 0.1 and 4 NTU. 

Elevated turbidity can cause an increase in temperature Since suspended particles absorb heat. 
Reduction of light penetrating the water column due to turbidity can decrease the rate of 
photosynthesis. This, in tum, can decrease the amount of dissolved oxygen in the water. As 
suspended particles settle, they can impair the habitat needed for fish spawning and aquatic 
macroinvertebrates. They can also clog the gills of fish and the breathing apparatus of invertebrates 
Particles serve as places of attachment for harmful microorganisms and toxic materials. Turbidity in 
drinking water is decreased through the process of flocculation, which involves addition of alum or a 
mixture of iron, lime, and chloride to cause solids to settle out. 

1. Using specially marked beakers found in the main cabin, obtain samples of water from the 
water sampling devices (Van Dom Bottles) located on the rear deck. Use the beaker marked 
TURB T to obtain 50 mL of the top water sample from the Van Dom bottle marked "T". Use t 
beaker marked TURB B to obtain 50 mL of the bottom water sample from the Van Dom bottl 
marked "B". Be sure to match the symbols on the beakers with the same symbol on the Van 
Dom bottle (the symbol "T" for top and "B" for bottom). 

2. Bring the beakers containing the water samples back to the turbidity lab station in the main 
cabin. Measure the top water sample first then measure the bottom water sample. 

3. Select the empty SAMPLE cell (cuvette). Rinse the cell two times with the water sample and 
the cell to the line (about 15 mL) with the top "T" sample, taking care to handle the sample Ci 

by the top only. Put the cap on the cell and wipe the cell with a soft, lint-free cloth to remove 
water spots and fingerprints. 

4. Press the ON/OFF (110) key to tum on the turbidity meter. Gently invert the sample cell 2-3 
times and place the sample cell in the instrument cell compartment. Be sure the cell is lined i 

at the marks. 
5. Close the lid. Press READ. Record the turbidity reading after the lamp symbol turns off. The 

display will show the turbidity reading in NTUs. 
6. Record the meter reading in NTU units for the top sample in the appropriate place (TURB T) 

the data board then empty and rinse the sample cell with deionized water. 
7. Repeat steps 3 through 6 with the bottom "B" water sample. Record the meter reading in NT 

units for the bottom sample in the appropriate place (TURB B) on the data board then empty 
and rinse the sample cell. When you are finished clean all materials and store them as they 
were when you started. 

Instructions for use of a Turbidity Tube 

Another way to study water clarity is to use a turbidity tube Cigw" ·,1 C). Pour water drawn in a buckE 
into the tube until the image at the bottom of the tube is no longer visible when looking directly throu, 
the water column. Rotate the tube while looking down at the image to see if the black and white are, 
of the decal are distinguishable. Record this depth of water to the nearest 1 em. Enter data for each 
observer, not the average of the different observations. If you can still see the image on the bottom i 

the tube after filling it, simply record the depth as greater than (» the depth of the tube. 

To make a turbidity tube: 

1. Put a PVC cap over one end of 3-4-foot clear tube such as a fluorescent light protector. The 
cap should fit tightly so water cannot leak out. 

2. Cut a disk from wood, plastic, or cardboard the same size as the tube diameter. 
3. Divide the disk into fourths. Paint aHemating quadrants black and white. Seal the disk by 

laminating or painting with varnish to make it waterproof. 
4. Glue the disk in the bottom of the tube, painted side facing up (toward the open end of the 

tube). 
5. Use a marker and meter stick to make a scale on the side of the tube, beginning with 0 cm a 

the top of the disk. 

Source: Global Learning and Observations to Benefit the Environment (GLOBE) 
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Turbidity value 
The turbidity value is the quantitative statement of the 
qualitative phenomenon of turbidity. The objective of 
measuring turbidity is to obtain information on the 
concentration of scattering particles in a medium (solids 
concentration). This can be done by either of two 
fundamentally different methods: determination of the light 
loss of the transmitted beam (scatter coeffiCient) or 
determination of the intensity of the light scattered 
sideways. The scatter coefficient represents the total 
scattered light that has been withdrawn from the incident 
beam, while the scatter intensity states how much scattered 
llilbt has been deflected at a given angle. 

... 

Determination 
of the light 
loss of the 
transmitted 
beam 

Measurement 
of the light 
scattered 
sideways 

Both variables are proportional to the particle concentration 
and are therefore suitable for measuring turbidity. But they 
differ in their applicability at various concentration levels. 
Measurement of the scatter intensity permits the detection 
of lower concentrations, while transmission measurement is 
used for higher concentrations. The reason for this is the 
phenomenon of multi~scatter. At low concentrations, the 
light scattered by a given particle has room to propagate 
freely (simple scatter). At higher concentrations, however, 
two things happen: the particles closer to the light source 
tend to screen off the inCident light, and the scattered light 
can no longer propagate freely. As a result, the scatter 
intensity no longer increases in proportion to the 
concentration. 

Simple scatter is limited to about 10 FTU. In practice, 
however, electronic linearization makes it possible to use 
scatter intensity measurement for much higher measuring 
ranges (up to 2000 FTU). The lowest measurable turbidity 
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level depends on how much stray light is present. 

Measurement of the light loss of the transmitted beam 
permits the detection of high concentrations, but is limited 
at the lower levels. The trouble is that a large number of 
particles are necessary to detect the reduction of 
transmitted light reliably. In practice, transmission 
measurement covers a span from 50 fTU to 20,000 FTU. 

Practical interpretation of the turbidity value is achieved by 
comparison with a standard suspension, Le. turbldimeters 
are calibrated with a reference solution (usually formazine). 
An instrument that has been calibrated with formazine will 
measure any formazine concentration correctly. When it 
comes to other turbid media, one cannot be certain of a 
direct correlation between turbidity value and solids 
concentration, because the reading will be affected also by 
the particle size and the refractive index of the particles in 
relation to the medium. 

Attempts to compare the readings produced by different 
instruments are admissible only if they have the same 
characteristics with regard to wavelength of the light, 
scatter ang~, optical configuration, calibration and mlM 
compensation. For continuous measurements in industrial 
processes, the measuring technique applied (photometer) is 
also extremely important because of the need for high 
stability. 

© Sigrist-Photometer AG, CH-6373 Ennetburgen. 
Last update: 2004-05-14. 
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AIR MINUM DALAM KEMASAN 

PENDAHULUAN 

Standar Nasional Indonesia (SNI) Air Minum dalam Kemasan merupakan Revisi 
SNIOl-3553-1994. 
Revisi ini selain diutamakan untuk melindungi konsumen dari segi kesehatan dan 
keselamatan juga untuk: 
a. melindungi produsen 
b. mendukung perkembangan agro indsutri 
c. mendukung ekspor non migas 
d. menunjang instruksi Menteri Perindsutrian No. O4IM/INS/10/1989 tentang 

Pengawasan Makanan. 

Standar ini telah dibahas melalui rapat-rapat teknis pra Konsensus dan terakhir di 
Rapat Konsensuskan pada tanggal 22 Maret 1995 di Jakarta. 

Hadir dalam rapat tersebut pihak Konsumen, Produsen, Asosiasi, Iptek serta 
Instansi terkait. 

Standar ini disusun berdasarkan acuan: 

I. Hasil analisis contoh Air Minum dalam Kemasan di Balai Besar Litbang 
Industri Hasil Pertanian Bogor. 

2. SNI 01-3553-1994, Air Minum dalam Kemasan. 
3. SNI 01-3554-1994, Cara Uji Air Minum dalam Kemasan. 
4. PERMEN. KES.Rl. No. 416IMENKES/PERlIXl1990. 
5. World Health Organization Drinking Water Standart. 
6. Australian Standards (yang disampaikan pada Asia Pacific Food Industry 

August 1991). 
7. Codex Alimentarius Commison (Codex Standard 108-1998) 
8. Kumpulan Perudang-undangan di Bidang Makanan Jilid I edisi III Departemen 

Kesehatan RI 1993-1994. 
9. SNl-19-0429-1989, Petunjuk Pengambilan Contoh Cairan dan Semi Padatan. 

DAFTARISI 

PENDAHULUAN 

DAFTARISI 

I. RUANG LINGKUP 



2. DEFINISI 
3. SY ARAT MUTU 
4. CARA PENGAMBILAN CONTOH 
5. CARA UJI 
6. CARAPENGEMASAN 
7. SYARATPENANDAAN 

AIR MINUM DALAM KEMASAN 

1. RUANG LlNGKUP 

Standar ini meliputi defmisi, syarat mutu, cara pengambilan contoh, cara uji, cara 
pengemasan dan syarat penandaan. 
2. DEFINISI 

Air minum dalam kemasan adalah air yang telah diolahJdiproses, dikemas dan 
aman diminum. 

3.SYARAT MUTU 

NO. KRITERIA UJI SATUAN PERSYARATAN 

1. Keadaan 
1.1 Bau - Tidak Berban 
l.2 Rasa - Normal 

1.3 Warna UnitPtCo Maks.5 
2. PH - 6,5 - 8,5 
3. Kekeruhan NTU Maks.5 
4. Kesadahan, Sebagai CaCo., Mg/I Maks 150 
5. Zat yang larut Mg/I Maks.500 
6. Zat Organik (angka Kmno,) Mgli Maks.I,O 
7. Nitrat dihitung sebagai (N03 ) Mgll Maks.45 
8. Nitrit dihitung sebal!ai (No..) Mgll Maks.0,005 
9. Amonium (NH,) Mg/I Maks.0,15 
10. Sulfat (SO,) Mg/l Maks.200 
II. KloridaiCI) Mg/l Maks.250 
12. Fluorida (F) Mg/l Maks. I 
13. Sianida LeN). Mgll Maks.0,05 
14. Besi (Fe) Mgll Maks.0,3 
IS. Man2an(Mnl Mg/l Maks.0,05 
16. Klor Bebas Mg/I Maks.O,1 
17. Cernaran Log.rn 

17.1 Timbal (Pb) Mg/I Maks.0,005 
17.2 Tembaga (Cu) Mg/l Maks.0,5 



17.3 Kadmium (Cd) 
17.4 Raksa (Hg) 
18. Cemaran Arsen (As) 
19. Cemaran Mikroba: 

19.1 Angka lempeng total awal') 
19.2 Angka lempengan total 
19.3 Bakteri bentuk coli 

19.4 C. perfringens 
19.5 Salmonella 

*) Dr Pabnk 
•• ) Di Pasaran 

4. CARA PENGAMBILAN CONTOH 

Mg/l Males. 0,005 
Mg/I Maks.O,OOI 
Mg/I Maks.0,05 

Koloni/ml Maks. I,D X 10' 
Kolonilml Maks. I,D X 10'_ 

APMlIOOml <2 
KoloniflOO ml Nol 

- NegatifilOO ml 
- Negatifi'lOO ml 

Cara pengambilan contoh sesuai dengan SNI 19-0429-1989, Petunjuk 
Pengambilan Contoh Cairan dan Semi Padat. 

5. CARA UJI 

5.1. Persiapan Contoh 
Homogenkan contoh dengan cara mengocok, membolak-balikkan kemasan ke atas 
dan ke bawah. 

5.1.1. Keadaan 
Cara uji keadaan (bau dan rasa) sesuai SNI 01-3554-1994, Cara Uji Air Minum 
dalam Kemasan butir 2.2. 

5.1.2. Wama 
Cara Uji Wama sesuai dengan SNI 01-3554-1994, butir 2.1. 

5.2. pH 
Cara uji pH sesuai SNI 01-3554-1994, butir 3. 

5.3. Kekeruhan 
Cara uji kekeruhan sesuai SNI 01-3554-1994, butir 4. 

5.4. Kesadahan 
Cara Uji Kesadahan sesuai SNI 01-3554-1995, butir 5. 

5.5. Zat yang terlarut (Residu Terlarut) 



Cara uji zat yang terlarut sesuai SNI 01-3554-1994, butir 6. 

5.6. Zat Organik 
Cara uji Zat Organik sesuai SNI 01-3554-1994, butir 7. 

5.7. Nitrat 
Cara uji Nitrat sesuai SNI 01-3554-1994, butir 8. 

5.8. Nitrit 
Cara Uji Nitrit sesuai SNI 01-3554-1994, butir 9. 

5.9. Amonium 
Cara Uji Amonium sesuai SNI 01-3554-1994, butir 10. 

5.10. Sulfat 
Cara Uji Sulfat sesuai SNI 01-3554-1994, butir 1 L 

5.11. Klorida 
Cara Uji Klorida sesuai SNI 01-3554-1994, butir 13. 

5.12. Fluorida 
Cara Uji Fluorida sesuai SNI 01-3554-1994, butir 14. 

5.13. Sianida 
Cara Uji Sianida sesuai Sni 01-3554-1994, butir 15. 

5.14. Besi 
Cara Uji Besi sesuai SNI 01-3554-1994, butir 16. 

5.15. Mangan 
Cara Uji Mangan sesuai SNI 01-3554-1994, butir 17. 

5.16. KlorBebas 
Cara Uji Klor Bebas sesuai SNI 01-3554-1994, butir 20. 

5. 18. Cenaran Logam 

5. 18.l.Timbal 
Cara uji Timbal sesuai SNI 01-3554-1994, butir 18.1. 

5. 18.2.Tembaga 
Cara Uji Tembaga sesuai SNI 01-3554-1994, butir 18.2. 



5.18.3.Kadmium 
Cara Uji Kadmium sesuai SNI 01-3554-1994, butir 18.3. 

5.18.4.Raksa 
Cara Uji Raksa sesuai SNI 01-3554-1994, butir 18.4. 

5.19. Cemaran Arsen 
Cara uji cemaran arsen sesuai SNI 01-3554-1994, butir 19. 

5.20. Cemaran Mikroba 
5.20.l.Cara uji cemaran Mikroba sesuai SNI 01-3554-1994, butir 21 
5.20.2. Analisis Coliform Metode Penyaringan (Membran Filter). 
5.20.2.1. Prinsip 

Pertumbuhan bakteri coliform setelah contoh di inkubasikan dalam 
pembenihan yang cocok selama 24-48 jam pada suhu 36 ± 10 C. 

5.20.2.2. Peralatan 
a. pipet ukur 10 ml atau gelas ukur 100 ml 
b. cawan petri () 50 - 60 mm 
c. penyaring membran 0,45 
d. pinset 
e. unit alat penyaringan (filtration unit) 
f. lemari pengeram 36 ± 10 C. 

5.20.2.3. Pembenihan 
Violet red bile agar. 

5.20.2.4. Cara Kerja 
a. pasang peralatan penyaring membran yang terdiri dari corong, 

membran penyaring dan penampung yang telah disterilkan lebih 
dahulu, dan hubungkan dengan vakum Sistem; 

b. masukkan 100 ml cuplikan contoh atau sejumlah yang diperiukan 
ke dalam corong dari alat penyaring dengan menggunakan pipet atau 
gelas ukur steril; 

c. pergunakan vakum untuk menyaring cuplikan melalui membran dan 
saring cuplikan seluruhnya; 

d. bilas seluruh pennukaan dalam corong penyaring denganair 
pengencer atau air suling steril yang jumlahnya sama dengan jurnlah 
cuplikan yang disaring dan saring cairan pembilas; 

e. sesudah pembilasan selesai, hentikan vakum; 
f. buka kembali peralatan penyaring dan dengan pinset yang steril 

angkat membran penyaring dari alat penyaring; 



g. letakkan membran penyaring di atas perbenih-violet red bile agar 
dalam cawan petri ( usahakan jangan ada gelembung udara di bawah 
membran); 

h. inkubasikan cawan dengan posisi terbalik pada 36 ± 10 C selama 48 
jam; 

1. hitung koloni yang berwama merah gelap yang berukuran 0,5 mm 
atau lebih pada membran yang menyatakan jumlah bakteri coliform 
dalam 100 ml contoh. 

6. CARA PENGEMASAN 

Produk dikemas dalam wadah yang tertutup rapat, tidak dipengaruhi atau 
mempengaruhi isi. Produk disimpan dan diangkut dengan cara yang baik dan 
benar. 

7. SYARATPENANDAAN 

Syarat penandaan sesuai dengan UU RI. No. 23 Tahun 1992 tentang Kesehatan 
serta peraturan tentang label dan periklanan yang berlaku. 

PBRPUSTAKAAN 
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