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$MOD51

CSEG
ORG 0OCH
JIMP START

KATA: DB  "** TURBIDITY **,0,NTU.0

VALUEO1: DB  73,74,75,76,770
VALUEQ2: DB 82,83,84,0
VALUEO3: DB 89,90,91,92,93.0

VALUEO4: DB 111,112,113,114,115,0

; Delay 4 mS

D4mS: MOV R7#29

D4mS0l: MOV  R6#64
DINZ R6$
DINZ R7.D4mS01
RET

;  Delayl$§

DIS: MOV R7420

DISOI: MOV R64128

DISO2: MOV R5A#180

DINZ R5.S$

DINZ R6,D1S02
DINZ R7,1D1501
RET

¥

: Enable Pulse Instruction

EPL: ANL A #OOFH
ORL A #0DOH
MOV  POA
ANL A #0CFH
MOV  P0A
ACALL D4mS
RET

: LCD Control Instruction

;4 Bit

;Enable High, Instruction Input
;Enable Low, Instruction Input

:Delay 4 mS



LCI: MOV RS5A
SWAP A :Ambil 4 Bit (D7..D4)
ACALL EPI :Enable Pulse Instruction
MOV  ARS ;Ambil 4 Bit (D3..D0)
ACALL EPI :Enable Pulse Instruction
RET
: Inisialisasi LCD 4 Bit
1L4B: MOV RS5#3 ;Diulang 3 Kali
1L4BO01: MOV  A#O3H :Reset Sequence
ACALL EPI :Enable Pulse Instruction
DINZ RS,IL4B01
MOV  A#02H :Reset Sequence
ACALL EPI :Enable Pulse Instruction
MOV  A#28H :Function Set
ACALL LCI ;(4 Bit, 2 Lines, 5 x 7 Dot Matrik)
MOV A #06H :Entry Mode Set
ACALL LCI :(Increment, No Display Shift)
MOV  A#0CH :Display On/Off Control
ACALL LCI ;(Display On, Cursor Off, Blink Off)
MOV  A#01H ;Display Clear
ACALL 1O :LCD Control Instruction
RET
: Enable Puise Data
EPD: ANL A #00FH 4 Bit
ORL A #0FOH :Enabie High, Data Input
MOV POA
ANL A #0EFH :Enable Low, Data Input
MOV POA
MOV R7#40 :Delay 40 uS
DINZ R7.%
RET
: LCD Control Data
LCD: MOV RSA
SWAP A ;Ambil 4 Bit (D7..14)
ACALL EPD ;Enable Pulse Data
MOV ARS ;Ambil 4 Bit (D3..D0)



ACALL EPD :Enable Pulse Data

RET
; Tampilan Awal
KDKL: MOV A#0 Kirim Data ke LCD
MOVC A, @A+DPTR
INC DPTR
IZ EscKDKI. :Huruf sudah habis ?
ACALL LCD :1.CD Control Data
IMP KDKL
EscKDKL: RET
TA: MOV A #080H :Cursor Home Line 1 Colom 0
ACALL LCI :LCD Control Instruction
MOV DPTRH#KATA
ACALL KDKL :Kirim Data ke LCD
MOV  A#O0C9H :Cursor Home Line 2 Colom 9
ACALL L(CI :LCD Control Instruction
ACALL KDKL :Kirim Data ke LCD
RET
Tampilkan Data ke LCD
TDKL: MOV A #0C3H :Cursor Home Line 2 Colom 3
ACALL LCI :L.CD Control Instruction

MOV RO #64H
TDKLOL: MOV A @RO
ADD A#30H ;Ubah menjadi kode ASCH

ACALL LCD ;:LCD Control Data
DEC RO
CJNE RO#S5FH,TDKLO1
RET

;  Analog Digital Conversion

ADC: CLR P33 ;:Chip Select pin
CLR P32 ;Write pin
MOV Pl #40H
SETB P32 ;Write pin
SETB P33 ;Chip Select pin
MOV  R7#100

DINZ R7.$



MOV P1#0FFH

CLR P33 ;Chip Select pin
CLR P3.1 :Read pin

SETB P3.0 ;HBEN pin
MOV R4Pi ;4 MSB

CLR P3.0 ;HBEN pin
MOV R3,P1 ;8 LSB

SETB P3.1 ;Read pin

SETB P33 ;Chip Select pin
RET

k]

kS

Devision 16 bit

D16b-

DO1:

DO02:

DO03:

CLR C
MOV 34H#0  :Sisa bagi (LSB)
MOV 35H#0
MOV R7#16  :Diulang 16 kali

MOV  R6#4

MOV RO#32H

MOV A,@RO

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

DINZ R6,D02

MOV A 34H :Pengurangan
ADD A36H

MOV 38HA

MOV  AJ3SH

ADDC AJ37H

MOV  39HA

JC D03

DINZ R7.D01

RET

CLR C
MOV  A32H

ORL A#01H
MOV 32HA
MOV 34H,38H
MOV 35H,39H
DINZ R7.D01
RET
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Konversi Data ADC

i(DA:

KDAOT:

KDAO2:

CLR C ; R4R3
MOV AR3 ; 0043
SUBB A#70 J s s
MOV R3A ; R4R3
MOV  AR4
SUBB A#0
MOV R4A

MOV RI1,#2

CLR C
MOV AR4 ; R4 R3
RRC A ;RAR3 = -omev
MOV R4A ; 4
MOV  AR3
RRC A
MOV R3A
DINZ RI1,KDAGO

MOV  32HR3

MOV  33HR4

MOV 36H#0i8H  ;Bagi 1000
MOV  37H#0FCH

ACALL Dlé6b :Devision 16 bit
MOV  A32H

JZ  KDAD]

MOV  64H A

MOV  32H34H
MOV 33H,35H
MOV  36H,#09CH ;:Bagi 100
MOV  37H#0FFH
ACALL DIié6b :Devision 16 bit
MOV  A32H
JZ  KDAO2
MOV 63HA

MOV  Aj34H

MOV  B#10 ‘Bagi 10
DIV AB

MOV  62H,A

MOV  60HB

RET



EscCV:

CD:

CDO01Y:

CDO02:

CDO03:

CD04:

MOV  A#0 :Cek Value
MOVC A,@A+DPTR
JZ  EscCV
INC DPTR
CINE AJ3HCV
RET

MOV 64H#0FOH  ;FOH + 30H ="" (ASCII)
MOV  63H#0FOH  ;FOH + 30H=""(ASCII)
CINE R4#0,CDO0O5
ClR C
MOV  A#70
SUBB AR3
¢ CDO1
MOV  62H#0
MOV  60H.%#0
RET

MOV DPTR #VALUEO1
ACALL CV :Cek Value
1Z CDO02
MOV  62H#0
MOV  60H#2
RET

MOV  DPTR#VALUEQ2
ACALL CV :Cek Value
JZ.  CDO03
MOV  62H #0
MOV  60H,#8
RET

MOV  DPTR #VALUEOQ3
ACALL CV :Cek Value
JZ  CD04
MOV  62H#3
MOV  60H. #6
RET

MOV  DPTR#VALUEO4
ACALL CV :Cek Value
JZ  CDO05



EscCV:

CD:

CDO1:

CDO02:

CD03:

CD04:

__________

MOV  A#0 :Cek Value
MOVC A,@A+DPTR
JZ  EscCV
INC DPTR
CINE A3HCV
RET

MOV  64H#0FOH  :FOH + 30H ="" (ASCII)
MOV  63H#0FOH  :FOH + 30H ="" (ASCII)
CINE R4.#0CDOS
CLR C
MOV A#70
SUBB AR3
JC  CDol
MOV 62H,40
MOV 60H,#0
RET

MOV DPTR#VALUEO1
ACALL CV :Cek Value
Iz CD02
MOV  62H#0
MOV  60H #2
RET

MOV DPTR #VALUEQ02
ACALL CV :Cek Value
JZ  CDO03
MOV  62H#0
MOV 60H,#8
RET

MOV  DPTR#VALUEO3
ACALL CV :Cek Value
JZ CD04
MOV  62H#3
MOV 60H#6
RET

MOV  DPTR #VALUEO4
ACALL CV :Cek Value
JZ  CDO05



MOV  62H,#4

MOV  60H.#2
RET

CDO5: ACALL KDA :Konversi Data ADC
RET

: Main Program

’START: MOV 6IH#0FEH FEH+ 30H="." (ASCII)
ACALL 114B :Inisialisasi LCD 4 Bit
ACALL TA ;Tampilan Awal

MPO1: ACALL ADC
ACALL CD ;Cek Data
ACALL TDKL ;Tampilkan Data ke LCD
ACALL DIS ;Delay 1 8
IMP  MPO1

END
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Features

» Compatible with MCS-51™ Products

+ 4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

= Fully Static Operation: ¢ Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit internal RAM

32 Programmable {/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmabie Serial Channel 8.Bit

* Low Power idle and Power Down Modes

¢ s ¢ s

L Microcontroller
Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K with 4K Bytes
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The Fl h

device is manufactured using Atmel's high density nonvolatile memory technology as
and is compatible with the industry standard MCS-51™ 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 versatite 8-bit CPU with AT89051
Fiash 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.

Pin Configurations

(continued)
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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. In 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 resef.

Pin Description

Vce
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/O 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 multipiexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PQ has internal pul-
lups.

Port 0 also receives the code bytes during Ftash 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 /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 pulied high by
the internal puliups and can be used as inputs. As inputs,
Part 1 pins that are externally being pulled low will source
current (I, ) because of the internat pullups.

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

Port 2

- Port 2 is an 8-bit bidirectional O port with internal puliups.
The Port 2 output buffers can sink/source four TTL inputs.

When 1s are written to Port 2 pins they are pulied high by

the internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being puiled low will source

current (I, ) 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

ATEL

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ R}, Port 2 emits the
contents of the P2 Speciat 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 1/O port with internal pullups.
The Port 3 output buffers can sink/scurce four TTL inputs.
When 1s 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 exlernally being pulled low will source
current (I ) because of the puliups.

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)

P33 INTT (external interrupt 1}

P34 T0 {timer 0 external input) ]
P3.5 T1 (timer 1 external input) o

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 cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output puise for latching the low byte
of the address during accesses to external memory. This
pin is alse 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 external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal 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.

4-31



When the ATB89C51 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 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA shouid be strapped to Vcc for intemnal program execu-
tions.

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

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

XTAL2
OCutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillater, 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 XTAL1 is driven as shown in Figure 2.

It should be noted that when idie 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 intemal 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 ldle is terminated by
reset, the instruction following the one that invokes idle
should rot be one that writes o a port pin or to external
memory.

Figure 1. Oscillator Connections

cz
Y XTAL2
c T
o f——&—- XTAL1
S GND

Note: C1,C2 =30 pF + 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external NG I

dlock signal, since the input to the internal clocking circuitry T

is through a divide-by-two flip-flop, but minimum and maxi-

mum voltage high and low time specifications must be

observed.

EXTERNAL
OSCILLATOR ———— XTAL1

Idle Mode SIGNAL

In idle mode, the CPU puts itself to sleep while all the on-

chip peripherals remain active. The mode is invoked by GND

software. The content of the on-chip RAM and all the spe-

cial functions registers remain unchanged during this L

mode. The idle mode can be terminated by any enabled =

interrupt or by a hardware reset.

Status of External Pins During ldie 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 Data Data Data Data
Power Down Externai 0 Float Data Data Data

432 AT89C 51 mns S
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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 V¢ 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 Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to cbiain the addi-
fional 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
vaiue, 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 praperly.

Program Lock Bits Protection Type
LBt LB2 LB3

1 u u U No program lock features.

2 P ) u MCVC 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.

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
(Vce) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATBIC51 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.

Vpp = 12V Vpp = 5V
Top-Side Mark AT89C51 ATBOC51
! XXX { XHXX-5
| yyww | Yyww
Signature | (030H)=1EH i (030H)=1EH
! (031H)=51H | (031H)=51H
| (032H)=FFH | (032H)=05H

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

AImEL

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 EA/Vpp 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.7. Once the write cycle

has been compieted, frue data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is puiled
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 iock 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 controf 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)} = 1EH indicates manufactured by Atmei
{031H) = 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 ¢an 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.

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

Filash Programming Modes

Mode RST PSEN ALE/PROG _Empp P26 | P27 P3.6 P3.7
Write Code Data H L H/12v L H H H
—~_
Read Code Data H H H L L H H
Write Lock Bit- 1 H HM2v H H H H
v
Bit-2 H L H/M2V H H L L
—~_
Bit-3 H L H/M12V H L . H _L
L —\f
f— PR _{.__g_._ P -
Chip Erase H L ™ H/12V H L L L
v
Read Signature Byte i H i L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.
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Figure 3. Programming the Flash

+5V

Figure 4. Verifying the Flash

AT89CS1

+5Y

ATB9CS1 o ATBICS1 ©
AC - AT ; AD - AT V.. f
ADDR. P oo ADDR. ———"#| P1 S S
OOOCHIOFFFH ‘ PGM DOQOH/OFFFH | PGM DATA
P20 - P23 PO b nagp P20 - P23 PO - (USE 10K
AS - AY1 ~ A8 - At PULLUPS)
P omt P26 P P26
SEE FLASH | »| P27 ALE M PROG SEE FLASH | - » P27 ALE J- o,
PROGRAMMING | PROGRAMMING | R
VODES TABLE | -» P35 MODES TABLE = — ¥ P38 ey
L P37 L —p P3T P
B N 1 ¥TALZ EA i VoV, @ o g XTALZ EA le—
394 MHz = 324 MHz _ =
= —_— i
= T
o - 1 xTAL1 RST |a Vi el ] XTALY RST |a - Vi
n GND PSEN & -] GND PSEN |-
= - = =
Flash Programming and Verification Characteristics
T = 0°C to 70°C, Ve = 5.0 + 10%
Symbot rParameter i Min ’L Max I Units
Vpp! ! | Programming Enable Voltage 4[ 11.5 { 125 l v
tppt" Programming Enable Current hjr ; 1.0 1 mA
- 4
1MoL f Osciflator Frequency 4‘ 3 ( 24 1 MHz
™ * agsrocs Solus 0 FAGS | T - 2
| tavel & Address Setup thPROG Low 1 48l o [ },
tomAx | Address Hold After PROG 48l !
1 — =
toveL Data Setup to PROG Low l 48t~ o1 i
| et aitiabatibbiettinid — S _
| fowox | DetaHold After PROG - L ~Y- S
| tewsn | P27 (ENABLE) High to Vpp | 48to, oL |
tsnaL [L Vpp Setup to PROG Low L 10 L i us
: ——— %
tops|” | Vpp Hold After PROG | 10 ! § us
| S — e - —_}———~‘ —————
toLak PROG Width ! 1 | 110 L s
T S
tavay I‘ Address to Data Valid | 48t oy ]
_‘ —_— .*._«_‘.—_—_.—_—-__—__}—v—‘ —_—_————  ———— . t—.—.
teLay ‘L ENABLE Low to Data Valid | 48t~ 01 !
tenaz | Data Fioat After ENABLE | 0 \ 48t c) A‘ -
i P a— —
tonee | PROG High to BUSY Low | | 1.0 ™
twe g Byte Write Cycle Time o B 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)

P10 - P17
Pz0 - P23

AIMEL
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N e
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- S S S o
EANGe o lwaico
””” > + lengn .
P27 =LAy
(ENABLE) A

P34
(RDY/BSY)

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)
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P20 - P23

PORT C

~LOGIC 1
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VERIFICATION
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(ENABLE)
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e A T 89C 51

Absolute Maximum Ratings*

Operating Temperature..............cccoocovvevvennnn.. -55°C to +125°C "NOTICE:
Storage Temperature ...........oceeecveeeevvecverne... -65°C to +150°C

Voltage on Any Pin

with Respectte Ground ... ..o, -1.0V to +7.0V

Maximum Operating Vollage. ...........c....ccccerneveceninneeccnnnne, 6.6V

DC Output Gurment...........coeeivuvieeeeeeeeeeeeeae 150 mA

DC Characteristics

Ta =-40°C to 85°C, Ve = 5.0V £ 20% (unless otherwise noted)

Stresses beyond 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
canditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi, input Low Voltage (Except EA) -0.5 02Vee-0.1 |
Vi | Input Low Voltage (EA) 0.5 0.2Vge-03 | v
| Vi f Input High Voltage (Except XTAL1, RST) 0.2Vep+0.9 Vee+ 05 [ v
i Ven E Input High Voltage {XTAL1, RST) 0.7 Vee Voo + 0.5 v
| VaL | Output Low Voltage(" (Ports 12,3) | I, = 1.6 mA 0.45 Y
Vout | Output Low Voltage() loL =3.2mA 0.45 v
(Port 0, ALE, PSEN)
TOH Output High Voltage low =-80 BA, Voo =5V = 10% 24 v
(Ports 1,2,3, ALE, PSEN) Jop = 25 A 0.75 Vo v
fon =-10 uA 0.9 Vee %
Vous 1 Output High Vol;;ge lop = -800 pA, Ve =5V + 10% 2.4 vV
% {Port 0 in External Bus Mode) low = -300 pA 0.75 Voe v
, lon = -80 YA 0.9 Vee Y
hi ; Logica! 0 input Current (Ports‘{ :2,3) Vi = 0.45V -50 WA
Y E Logicat 1 to 0 Transition Current ‘r Vin=2V,VCC =5V £ 10% -650 pA
| (Ports 1,2,3) |
L % Input Leakage Current (Port 0, EA) i 0.45 < Vyy < Ve +10 pA
RRST Reset Pulldown Resistor [ 50 300 KQ
Co Pin Capacitance | Test Freq. = 1 MHz, Ty = 25°C 10 E pF
fee Power Supply Current Active Mode, 12 MHz 20 E mA
idie Mode, 12 MHz 5 | maA
Power Down Mode!?) Vg =6V 100 E LA
Voo = 3V 40 | A
Notes: 1. Under steady state (non-transient} conditions, | must be externally limited as follows:

Maximum Ig per port pin; 10 mA
Maximum g, per 8-bit port:

Port 0: 26 mA

Ports 1, 2, 3: 15 mA
Maximum total 1y for all output pins: 71 mA
If lo1. exceeds the test condition, Vo may exceed the reiated specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
| 2. Minimum Ve for Power Down is 2V.

AIMNEL
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AC Characteristics

{Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF)

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
- VMin Max Min Max

MereL Oscillator Frequency o 24 MHz
L ALE Pulse Width 127 2oy o 40 ns
tavie Aaaress Valid to ALE Low 43 tore-13 ns
L Lax Addr&ésm Hold After ALE Low 48 torc-20 - ns
tT_UV o ALE Low to Valid Instruction In 233 4te o 65 ) ns
P ALE Low to PSEN Low 43 to cr-13 ns
teLpH PSEN Pulse Width 205 3teLcL-20 ns
touy PSEN Low to Valid thstruction in 145 3t o145 ns
toxix tnput Instruction Hold After PSEN ] 0 ns
texiz input Instruction Float After PSEN 59 toLo-10 ns
taxay PSEN to Address Valid 75 torol-8 ns
tavy Address to Valid Instruction In 312 St 155 ns
tpiaz PSEN Low to Address Float 10 10 ns
r tRLRH RD Puise Width 400 Bt cL-100 ns
WK WR Puise Width 400 6teLc-100 ns
’ triov RD Low to Valid Data In 252 Stcy ci-90 ns
truDX Data Hold After RD 0 0 ) o ns
tRHDZ Data Float After RD 97 2t o 28 ns
tLiov ALE Low to Valid Data in 517 8tc o1 -150 ns
| tavov Address to Valid Data in 585 Yoo -165 ns
‘u:v;;. ALE Low toRD or WR Low A 200 300 3te 50 3tcLoL+50 ns
tavve Address to RD or WR Low 203 Ao o -75 ns
tavx Data Valid to WR Transition 23 tore-20 ns
tavwH Data Valid to WR High 433 Tter 120 ns
twmgx | Data Hold After WR o 7 33 fercL-20 ns
traz ' RD Low to Address Float 0 0 ns
twiH RD or WR High to ALE High 43 123 toLor-20 toLoL+25 ns
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External Program Memory Read Cycle

ALE

PORT 0

PORT 2

~ YL >
Vo N
-
La
—w
- \\\..v g
tLLAX
tPXIX
—K ag-a7 K INSTR IN AG-AT e
T 4B - A15 X aB-A1S
External Data Memory Read Cycle
*" LTI
T ST 4
! Bl UV R
. "/
— e gy R .
ARy —

RD

PORT G

PORT 2

riov o+ lruoz

i
- L

o g —
R
PP E— tLLr'\X — ‘\ .
. t ‘i §
o b —» i
triaz > '
" > AU A7 FROM Ri OR DPLE_ ¥ 4K

rﬂ\‘-f‘NL i

T tA"/D\J’

. .
DATA IN K AD - A7 FROM PCL>- INSTR IN

P20 - P27 OR A8 - A15 FROM

DPH > AB -

AINEL
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External Data Memory Write Cycle

P e

s e
—w g

I fiw vl b >

Lo tLLAx -------—bé N

DR P Lvx — e Bl tevax
; | toyown —
|

PORT 0 ¥ AD - A7 FROM RI OR DPL:%X?\_ DATA OUT B <AO - A7 FROM PCL»INSTR IN

s EAVVVL E—

P20 - P27 OR AS - A15 FROM DPH e A8 - A15 FROM PCH

: ; logox >
_ % teren > - - *+ loHoL
Vi = D5V ——permommm N —
e . /-
ST 07 Vi oy —n e
e ‘ ’ N N
P 6.2 VCC - 0V —\T ﬁ‘* '*A:\:‘
[ AV S— o e e N,
e T
i PP ————
External Clock Drive
Symbol Parameter Min Max Jl Units
MercL Oscillator Frequency 0 24 5 MHz
toioL Clock Period 416 ns
tenex High Time 15 ns
terex Low Time 15 ns
toLeH Rise Time 20 ns
teHeL [ Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

{Voe = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Parameter I 12 MHz Osc | Variable Oscillator [ Units
Min Max Min Max
txixt Serial Port Clock Cycle Time 1.6 2o - ps
| tavxn Output Data Setup to Clock Rising Edge 700 Otg o133 | T e ]
txrax Output Data Hoid After Clock Rising Edge 50 2oL 117 ns
txhDX Input Data Hold After Ciock Rising Edge ¢ 0 - » ns&
. Clock Rising Edge to Input Data Valid 700 1 10tg o133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION
ALE
CcLOCK ]
[EV9PY PR B T
e A e B e
WRITE TO 8BUF Sl X2 K s e K s K e X7
¥ —— e i
SUTPLIT DATA t}(ﬁg\j '“'7"“‘% XHOX SETTI
CCLEARRE e e G ik e o i
v a
INPUT DATA SETRI
. 1
AC Testing Input/Output Waveforms!"  Fioat Waveforms(?
Yo w BEY e S —— - R [
e 02 Vo + 08V Vioan &7V - My oY
TEST POINTS VLGAG : Timing F_{eference
02 Voo - DAV . . o Points .
0.45Y weE Voo : VLOAD- o O VDL* G
Note: 1. AC Inputs during testing are driven at Ve -0.5Vior  Note: 1. For timing purposes, a port pin is no ionger floating

a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V,,y min. for a logic 1 and V)
max. for a logic 0.

AIMEL

when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the icaded Voy/Vq| level occurs.
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Ordering information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V + 20% AT89CH1-12AC 44A Commercial
AT89C51-12JC 444 (0°C to 70°C)
AT89C51-12PC 40P
AT89C51-12QC 440
AT89C51-12Al 44A Industrial
ATBICS1-12J) 44J (-40°C to B5°C)
AT89C51-12PI 40P6
ATBIC51-12Q 44Q
| ATBAIC51-12AA A I Automative
| ATBIC51-12JA 44) (-40°C to 105°C)
| ATB9C51-12PA 40P8
i AT89C51-12QA 44Q
16 BV + 20% | AT89C51-16AC 44A Commercial
i ATBIC51-16JC 44J (0°C to 70°C)
' ATB9C51-16PC 40P6
AT89C51-16QC 440
%  ATBOC51-16Al | a4n ” Industrial |
[ ATBYC51-16J1 444 (-40°C to 85°C)
AT89C51-16P 40P6
ATBYC51-16Q1 44Q
AT89C51-16AA 44A ” " Automotive
AT89C51-16JA 44J (~40°C to 105°C)
| ATBIC51-16PA 40P6
AT89C51-16QA 44Q
20 | 5V+20% |  AT89C51-20AC 44A N Commercial
s | ATBICS1-200C 444 (0°C to 70°C)
ATB9C51-20PC 40P6
AT89C51-20QC 440
| ATBICS51-20Al 44A Industrial
AT89C51-20J1 44 (-40°C to B5°C)
AT89C51-20P| 40P6 |
| ATBYCS1-20Q) 44Q I

442 AT89C51 mese———————————
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Ordering Information

Speed ] Power T
(MHz) Supply Ordering Code Package Operation Range
24 5V +20% AT89C5H1-24AC 44A Commercial
AT89C51-244C 44) (0°C to 70°C)
ATB9C51-24PC 44P6
AT89C51-24QC : 44Q
AT89C51-24A1 44A Industrial
AT89C51-24.1 444 (-40°C to 85°C)
AT89C51-24P} 44P6
| ~amsacst-240 _ 4Q o
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44 | ead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 JT 40 Lead, 0.600" Wide, Plastic Dual inline Package (PDIP}
44Q ] 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
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MAXIN

Multi-Range (+10V, +5V, +10V, +5V),

Single +5V, 12-Bit DAS with 8+4 Bus Interface

General Description
The MAX:Q7 multrange. 12-al data-acquisition sys-
e {DAS) recuires only a singte +5V supoy for opera-
ton, yvet accepts signas at its analog inputs that may
soan both sbove the power-supyly rail and below
ground. This system provides 8 anaog input channels
that are indspendenily software programmadcie for 2
variety of ranges. £10V, £58Y, OV 1o +10V, or OV fo +5V.
This increases affective dyname range to 14 bis, and
orovides the user floxibility to interface 4rmA-10-20mA,
+12V, and +15V powered sensors (o a single +5Y sys-
e, In addtion, the converier iz overvoilage tolerant to
+ 8.8V a fault condiion on any channe! does not
affect the conversion resuit of the selected channel.
Other fealuras nciude a BMHZ bandw dih track/hod. &
100ksos throughput rate, software-zelsctanie internal or
extornal clock and acquisition, 8+4 parailel interface,
and an miterna: 4.096V or an axlernal reference.

A& hardware SHDN pin and two programmabe power-
dawrt mades (STBRYPD. FULLPD) are provided for ‘ow-
current shutdown belween conversions. In STBYPD
mode, the reference ouffer remains active, eiminatng
start-up delays.

The MAX 97 empoys a standard microprocessor {uh)
nterface. A three-siate data /O port s configured to
operate with 8-bit data buses, and data-access and
ous-release tming spec fcations are compatble with
most poputar yPs. All logc inpuls and gultouts are
TTL/CMOS compatinie,

The MAX197 is availadle in 28-0in DIP, wide SO, S50P,
and ceramc SB packages.

For a different comi nation of ranges {£4V. +2V, OV to
4V, BV 10 2V}, refer to the MAX' 89 data sheet. For = 2-bit
pus interface, reler to the MAX1968 and MAX198 data
shoetls,

Applications
tndustrai-Contral Systems

Roootics

Data-Acquisit on Systems

Automat'c Testing Systems

Medical instruments

Teleconumnunicatons

Functional Diagram appears at end of data sheet.

MAXIMN

Features

+ 12-Bit Resolution, 1/2LSB Linearity
+ Single +5V Operation

+ Software-Selectabie Input Ranges:
=10V, £5Y, OV 1o 10V, 0V to 5V

+ Fauit-Protected Input Multiplexer (x16.5V)
4+ 8 Analog Input Channels
¢ 6us Conversion Time, 100ksps Sampling Rate
+ internal or External Acquisition Control

¢+ internal 4.096Y or External Reference

¢ Two Power-Down Modes
¢ Internal or Externa!l Clock

Ordering Information

PART TEMP RANGE  PIN-PACKAGE
MAX197ACNI 0°C to +70°C 28 Narrow Piastic DIP
MAX197BCNI 0°C o +70°C 28 Narrow Plastic DIP
MAX197ACWI 0°C to +70°C 28 Wide SO
MAX197BCW! 0°C to +70°C 28 Wide SO
MAX197ACAI 0°C 10 +70°C 28 SS0P
MAX197BCAI 0°C to +70°C 28 880P
MAX197BC/D 0°C to +70°C Dice*

Ordering Information continued af end of data sheet,
*Dice are specified at TA = +25°C, DC parameters only.

Pin Configuration

TOP VIEW —
ck [ 23] naND
sz 27| Voo
wR [2] % REF
RD 4 25] RerApl
upen [5] AMAXIM B4} it
S5 [5] MAX197 -
07 [7] 22] cHe
ps[e 21] cus
ns% 20} CH4
b4 10 19] CH3
DeN l% 18] cH2
o010 fi2] 7] ot
o1/08 fi3 5] cHo
po/s [14 [15] aGnD
DIP/SO/SSOP/Ceramic SB

Maxim integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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Multi-Range {10V, +5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

ABSOLUTE MAXIMUM RATINGS

VDD AGND .. e -0.3Via +7V Operating Temperature Ranges

AGND O DGND. ..o -0.3V to +0.3V MAXI97_Co ...0°Cto +70°C
REFIaAGND.. ..o, -0.3V to (Vpp + 0.3V) MAX197 E__ ... ....-40°C t0 +85°C
REFADJ to AGND.. ... .03V o (Voo + G.3V) MAXIG7_M_ . .-85°C to +125°C
Digital Inputs 1o DGND ... .-0.3V o (Vpp + 0.3V) Storage Temperature Range.............. .-65°C t0 +150°C
Digital Qutputs to DGND 0.3V to (VDD + D.3V) Lead Temperature {soldering, ‘lOs) ................................. +300°C
CHO-CHZtW AGND ... . i, +16.5V

Continuous Power Dissipation (TA +70°C)
Narrow Plastic DIP {derate 14 29mW/°C above +70°C) ... 1143mW
Wide SO (derate 12.50mW/°C above +70°C).............. 1000mwW
SSOP (derate 8.52mW/°C above +70°C) ..o 762mwW
Narrow Ceramic SB (derate 20.00mW/*C above +70°C)..1600mW

Stresses beyond those listed under "Absoiute Maximum Ratings” may cause permanent damage 1o the device. These are stress ratings only, and functional
operation of the device at thase or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
ahsolute maximum rating conditions for extended periods may affect device reliabflity.

ELECTRICAL CHARACTERISTICS

(Vpp = 5V £5%; unipolar/bipolar range; external reference mode, VRer = 4.096V,; 4.7uf at BEF pin; external clock, foLk = 2.0MHz
with 50% duty cycle; Ta = TMIN to TMAX, uniess otherwise noted.)

PARAMETER [ sYMBOL | CONDITIONS ] M TYP maX | UNITS
ACCURACY (Note 1)
Resolution 12 Bits
. . MAX197A +1/2
Integral Nonlinearity INL LSB
MAX1978 +1
Differential Nonlinearity DNL +1 LSB
. MAX197A +3
Unipotar MAX1978 <5
Oftset Error — LSB
X MAX197A +5
Bipolar
MAX197B +10
Channel-to-Channel Offset Unipolar =0.1
; - LSB
Error Matching Bipolar +0.5
Unioolar MAX197A 7 |
i
Gain Error po MAX197B +10
LSB
(Note 2) Binol MAX197A +7
s
fpola MAX1978 <10
Gain Temperature Coefficient Unipoiar 3
m/°C
(Note 2) Bipolar 5 pem”
| DYNAMIC SPECIFICATIONS (10kHz sine-wave input, +10Vp-p, TgAMPLE = 100ksps)
- 3 T
MAX197A 70
Signal-to-Noi Distortion Rati SINAD daB
ignal-to-Noise + ortion Katio MAX197B 9
Totat Harmonic Distartion THD Up to the 5th harmonic -85 -78 dB
Spurious-Free Dynaric Range SFDR 80 dab
Channel-to-Channel Crosstatk 50kHz, ViN = £5V (Note 3) -86 dB
Aperture Delay External CLK mode/external acquisition control 15 ns
S;t:;g‘a! CLK mode/external acquisition <50 ps
A i —
perture Jitier Internal CLK mode/internal acquisition 10 ) ns
contral (Note 4)

I S MAXI M




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

ELECTRICAL CHARACTERISTICS (continued)

(Voo = 5Y +5%:; unipolar/bipolar range; external reference mode, VRer = 4.096Y; 4.7uF at REF pin: external clock, fouk = 2. 0MHz
with 50% duty cycie; Ta = TMIN 10 Tmax, uniess otherwise noted.)

PARAMETER | sYmMBOL | CONDITIONS MIN TYP  MAX | UNTS
ANALOG INPUT
Track/Hold Acquisition Time foik = 2.0MHz 3 us
+10V range 5
5V ran 25
Small-Signal Bandwidth -3dB rolloff oV range MHz
OV to 10V range 25
QV to 5V range 1.25
. s} 10
Unipolar
input Voltage Range 8] 5 y
{See Table 1) 5 .10 10
ipolar
P -5 5
) OV to 10V range 720
Unipolar
OV to 5V range 360
Input Current WA
. -10V to 10V range -1200 720
Bipolar
-5V 10 5V range -600 380
Unipolar 21
Input Dynamic Resistance - P k&2
Bipolar 16
input Capacitance {Note 5) 40 pF
INTERNAL REFERENCE
REF Qutput Voltage VREF Ta = +25°C 4076 4096 4116 vV
REF Qutput Tempco TC VRer 40 ppm/f°C
Qutput Short-Circuit Current 30 mA
Load Regulation OmA to 0.5mA output current (Note 6) 7.5 my
Capacitive Bypass ai REF 4.7 uF
REFADJ Qutput Voltage 2465 2500 2535 v
REFADJ Adjustment Range With recommended circuit (Figure 1) +15 %
Buffer Voltage Gain 1.6384 i
REFERENCE INPUT {Buffer disabled, reference input applied to REF pin)
Input Voltage Range 24 4.18 vV
Normal or STANDBY
power-down mode 400
input Current VREF = 4.18V FULL power-down 1 pA
mode
Inout Resistance Normail or STANDBY power-clown mode 10 W2
ARy sia FULL power-down mode 5 MQ
REFADJ Thresheld for
Butfer Disable Voo - S0mv v
3

MAXIMN
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Multi-Range {+10V, +5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

ELECTRICAL CHARACTERISTICS (continued)

(VDD = 5V 5%, unipolar/bipolar range; externat reference mode, Vrer = 4.096V; 4.7uF at REF pin; external clock, foik = 2.0MHz
with 50% duty cycle; Ta = TN to TMAX, unless otherwise noted.)

PARAMETER | sSYMBOL | CONDITIONS ] MIN  TYP  MAX | UNTS |
! POWER REQUIREMENTS
| Supply Vokage Voo ' 475 528 | v
! Normal mode, bipelar ranges 18 A
Normal mode, unipoler ranges 6 10
Supply Current oo
| Standby power-down {STBYPD) 700 850 oA
i Full power-down mode (FULLPD) (Note 7} 120
Power-Supply Relection Ratio PSRA { External reference = 4.096V xfp LSB
{Note 8) { Internal reference T +if2
I TIMING
Internal Clock Frequency foLk CCLKmOpF T 125 156 200 | MHz
Externat Clock Frequency Range foLk 0.1 2.0 Mtz
} tACQl internal acquisition Exterfial GLK 39
o ) internal CLK 30 5.0
Acquisition Time —- us
tAcaE External acquisition (Note 8) 3.0
After FULLPD or STRYPD 5
Cenversion Time tCoONY | External CLK 60 s
tnternal CLK, Coii = 100pF 6.0 77 100
Throughput Rate 3 External CLK 190 ksps
tnternal CLK, CoLk = 100pF 62
igg;tciazp_r?i;erence | Power-up {Note 10) 200 Hs
. To 0.ImV REF Caer = 4.7pF 8
Reference Buffer Settiing l capagitor fully m o | Cror = B34 50 T ms
i DIGITAL INPUTS (D7-D0. CLK, BD, WR, CS, HBEN, S5HDN) (Note 11)
| Input High Votage VN | 1 24 v
Input Low VYoltage VinL 0.8 v
input Leakage Current N Vin =0V or Vpp +10 HA
| input Capacitance J CiN {Note 5) 15 pF
| DIGITAL OUTPUTS (D7-D4, D3/D11, D2/D10, D1/09, Do/D8, TNT} B
Cutput Low Voitage VoL Vpop = 475V, Isink = 1.6mMA 0.4 vV
Cutput High Voltage VoH Voo = 4.75V, IS0URCE = 1TMA Vpp -1 V
ﬁ' hree-State Output Capacitance | Cour {Note 5) 15 pF

4 . i —— e RAXIM




Multi-Range (£10V, 15V, +10V, +5V),

Single +5V, 12-Bit DAS with 8+4 Bus Interface

TIMING CHARACTERISTICS

(VoD = 5V +5%; unipolar/bipolar range; externat reference mode, Vaer = 4.096V, 4.7uF at REF pin; external clock, foix = 2.0MHz
with 50% duty cycie; Ta = Tmin to Tvax, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
CS Pulse Width cs 80 ns
WR Pulse Width twR 80 ns
{_§§to WH Setup Time tcsws 0 ns
[ €8 to WR Hoid Time 1CSWH 0 ns
T8 to RD Setup Time tCSRS 0 ng
S to RO Hold Time 1CSRH 0 ns
CLK to WR Setup Time ows 100 ns
CLK to WR Hold Time 1OWH 50 ns
Data Valid to WR Setup ins 60 ns
Data Valid to WR Hald tDH 0 ns
%Low to Cutput Data Valid jis'e) Figure 2, CL = 100pF (Note 12) 120 ns
gﬁiﬁ:\!}g; . HBENLow to tno1 | Figure 2, CL = 100pF (Note 12) 120 | ns
RD High to Qutput Disable TR {Note 13) 70 | ns
RO Low to INT High Delay HNTY 120 L ns

Note 1: Accuracy specifications tested at Vpo = 5.0V. Performance at power-supply tolerance limits guaranteed by Power-Supply

Note 10:
¢ Altinput control signals specified with tR = tr = 5ns from a voltage level of 0.8V to 2.4V,
Note 12:

Note 13:

Rejection test. Tested for the +10V input range.

External reference: VREF = 4.096V, offset error nulled, ideal last code transition = FS - 3/2LSB.
Ground "on" channel; sine wave applied to all "off" channeis.

Maximum full-power input frequency for 1LSB error with 10ns jitter = 3kHz.

Guaranteed by design. Not tested.

Use static loads anly.

Tested using internal reference.

PSRR measured at full-scale.

External acquisition timing: starts at data vakid at ACQMOD = low control byte; ends at rising edge of WR with ACQMQD
= high control byte.

Not subject to production testing. Provided for design guidance only.

10O and tpon are measured with the lpad circuits of Figure 2 and defined as the time required for an output to cross 0.8V
or 2.4V,
TR is defined as the time required for the data lines to change by 0.5V,

MAXIM — — e B
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Multi-Range {10V, 5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Typical Operating Characteristics

{Ta = +25°C, unless otherwise noted.)

IKTEGRAL NONLINEARITY EFFECTIVE NUMBER OF BITS
vs. DIGITAL CODE FFT PLOT vg. INPUT FREQUENCY
4.250 . i . 120 -
H T T 1 T Tz
— 0.200 Tﬁ | 1% frone = 10kHzZ i Faampi g = 100kMz (f2
@ | 20 {5ampL s = 100kHz @
= 0150 & 115
= = ~
< 0100 | ht g 0 s
= g &
2 0050 2 60 2 1o
2 0.000 g ¥
2 2w 5 \
& 000 g 105
= 0100 -100
‘ A Tl K
-0.150 120 10.0
o 1000 2000 3000 4000 g 2 50 1 10 100
DIGITAL CODE FREQUENGY (iHz) INPUT EREQUENCY (kHz)
REFERENCE QUTPUT VOLTAGE (VRer) POWER-SUPPLY REJECTION RATIO
vs. TEMPERATURE vs. TEMPERATURE
4100 . 0.4 o
P4 T 11 =
H Vpp = 5V +0.25V i

02 120tz e

4085 N : / \
/ 100Hz \

4090 pdfl I
02 ¥
Ay=1.6384 S
4085 o 1 R
: [ INTERNAL REF 0.4
REFERENGE

Vree (V)

~
PSAR (LSE)

REFAD
4080 | i | ] A i 0.6
55 .35 45 5 25 45 B5 &5 105 125 70 -56-30 10 10 30 50 70 80 110 130
TEMPERATURE {°C) TEMPERATURE {°C)
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Multi-Range {10V, 5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Pin Description

["PIN | NAME FUNCTION
Clock Input. In external clock mede, drive CLK with a TTL/CMOS compatible clock. In internal clock mode,
1 CLK place a capacitor from this pin to ground 1o set the internal clock frequency, foLk = 1.56MHz typical with
Ccik = 100pF.
2 [of Chip Select, active low.
. When £S5 is low, in the internal acquisition mode, a rising edge on WR latches in configuration data and staris an
3 WR acquisition plus a conversion cycle. When CSis low, in_t@ external acquisition mode, the first rising edge on
WR starts an acquisition and a second rising edge on WR ends acquisition and starts a cenversion cycle.
4 RD 1f CSis tow, a falling edge on RD will enable a read operation on the data bus.
5 HBEN Used to multiplex the 12-bit conversion result. When high, the 4 M$Bs are multiplexed on the data bus;
when low, the 8 LSBs are available on the bus.
6 SHDN Shutdown. Puts the device into full power-down (FULLPD) mode when pulled low.
7-10 D7-D4 Three-State Digital /O
11 D3/D11 Three-State Digital 1/O. D3 output (HBEN = low), D11 output (HBEN = high).
12 Dz/D10 Three-State Digital /0. D2 output (HBEN = fow), D10 cutput (MBEN = high).
13 D1/08 Three-State Digital 1/O. 01 output {(HBEN = low), DS output (HBEN = highj).
14 DG/D8 Three-State Digital 1/O. DO output (HBEN = low), D8 output (HBEN = high). DO = LSB.
15 AGND Analog Ground
16-23 | CHO-CH7 | Analog Input Channeis
24 INT 'H_\ﬁ"goes tow when conversion is complete and output data is ready.
o5 REFADY Bandgap Voltage-Reference QOuiput/External Adjust Pin. Bypass with a 0.01uF capacitor 1o AGND. Connect
to Vpp when using an external reference at the REF pin.
Reference Buffer Qutput/ADC Reference Input. In internal reference mode, the reference buffer provides a
26 REF 4.096Y nominal cutput, externally adjustable at REFADJ. In external reference mode, disable the internal
buffer by pulling REFADJ to Vpp.
27 VoD +BV Supply. Bypass with Q.1pF capacitor to AGND.
28 DGND Digitat Ground
+5v
Y AAXLAA a2
MAX197 Dour
100k A Dgur
REFADJ
k2 Cioan G
LOAD
oL I T
20 T = = =
u = a. HIGH-Z TO You AND Vg TO Vpy b. HIGH-Z TO Vg, AND Vigu TO Vo,

Figure 1. Reference-Adjust Circuit

MAXIMN

Figure 2. Load Circuits for Enable Time
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Multi-Range {10V, £5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Detailed Description

Converter Operation
The MAX197, a muiti-range, fault-lolerant ADC, uses
successive approximation and internal input track/hold
(T/H} circuitry to convert an analog signal to a 12-bit
digita! output. The parallei-output format provides easy
interface 1o microprocessors (UPs). Figure 3 shows the
MAX187 in its simplest cperational configuration.

Analog-Input Track/Hold
in the internal acquisition controi mode (control bit DS
set to D), the T/H enters its tracking mode on WR's ris-
ing edge, and enters its hoid mode when the internally
timed (6 clock cycles) acquisition interval entds. A low
impedance input source, which settles in less than
1.5us, is required to maintain conversion accuracy at
the maximum conversion rate.

in the external acquisition control mode (D5 = 1}, the
T/H enters its tracking mode on the first WR rising edge
and enters its hold mode when it detects the second WR
rising edge with D5 = 0. See the External Acquisition
section.

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

mode with an exiernal clock frequency of 2MHz, a
10Cksps throughput rate can be achieved. It is possible
to digitize high-speed transient events and measure
periodic signais with bandwidths exceeding the ADC's
sampling rate by using undersampling techniques. To
avoid high-frequency signals being aliased into the fre-
guency 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 VRer =
4.096V, the MAX197 can be programmed for input
ranges of 10V, £5V, OV to 10V, or OV to 5V by setting the
appropriate control bits (D3, D4) in the control byte (see
Tables 2 and 3). The full-scale input voltage depends on
the valtage at REF (Table 1). When an external reference
is applied at REFADJ, the voltage at REF is given by VREF
= 1.6384 x VREFADJ (2.4V < VREF < 4.18V).

Table 1. Full Scale and Zero Scale

RANGE (V)| ZERO SCALE (V)| -FULL SCALE |+FULL SCALE
0tos 0 — VREF x 1.2207

0to 10 0 — VRer x 2.4414
+5 — -VReF x 1.2207 | VRer x 1.2207
+10 -~ -VREF X 2.4414 | VREF x 2.4414

1 28
Ok DGND
I
— MAX187 Voo a7 )-—T—*—S—\L
TRy ra s
up 3 WR REFADJ & J0wF 47uF
CONTROL s} 5 u R e
APUTS 5 veen e OUTPUT STATUS
6§ TN CHr p
7 oHe
o7 21
8 CHS
2 b5 b ANALDE
10] o o b NPUTS
1} pamrs C: -
121 bartn gm "
31 b1
( 14} pome acvo 2
e -
4P DATA BLS

BIPOLAR VOLTAGE

REFERENCE

]
UNIPOLAR

125652 00 #

CH ChoLp

™
out
TRACKL o HOLD
TRACK 54

HOUiI‘
S1 = BIPODLAR/LNIFOLAR SWITCH

82 = INPUT MUX SWITCH

53, 54 = T/H SWITGH

Figure 3. Operational Diagram

Figure 4. Equivalent input Circuit
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Multi-Range (+10V, £5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

The inpul channels are overvoltage protected io
=160V, This protecton is achve even if the device is n
oower-(own mode.

Even with Vo = QV, the nput registve
w‘rc,m fimitireg that adeguately protects

network provides
e device.

Digital interface
(contro! byte; and output data are muitpexed
This parailgl VO can

‘:nput daia

a Ihree-state paraldl interface,
sasiy be nterfaced with a pP. € H, and RO contro
‘ e write and read operations. TS is the standard chip-
o signal, which enables a pf o dddl‘s%vﬂlé: MAX19Y
as atv WO port. Wher high, T disables the |

WR and RD

InputFarmat
Tha controi byte s latched nto the device, on pins
D7-D0, during 8 wiile cyce. Tabie 2 shows the corilrol-

byte format,

Quiput Data Format

Th!‘ ULdD‘ it clata furmat | 0 mry iIn un pald' mt}ce and

ing ihe ouwu Ga’ ‘“C‘x and T?EJ must e ov Whrn
HBEN is Iow, the icmer eight bl are read When HBEN
is high, the uppt,r four MSBs are avaliable and the out-

nut dala bits U4-D7 are either set iow {in unipolar
mioda) o sel to the value of the MSB (in bipoar mode)

inouts and forces the interface into a high-7 state. (Tanie B)
Table 2. Control-Byte Format
| D7 (MsB) D6 Ds D4 D3 D2 D1 DO (LSB)
{ PO PDO ACQMQD ANG BIP A2 At AD
BIT NAME DESCRIPTION
7,6 PD1, PDO These two bits select the clock and power-down modes (Tabie 4).

5 ACAOMOD 0 = 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 (Tabie 3).

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

Table 3. Range and Polarity Selection

Tabile 4. Clock and Power-Down Selection

BIP RNG INPUT RANGE (V) PD1| PDQ DEVICE MODE
o o 0to5 —J 0 Q0 | Normal Operation/ Externat Clock Made
0 1 010 10 0 1 | Normal Operation / Internal Clock Mode

Standby Power-Down (STBYPDY; clock mode
! 0 £5 ! 0 is unaffected
1 1 +10 ] 1 i Eﬁg;:c:v::gDown {FULLPDY, clock mode is
Table 5. Channel Selection
A2 Al A0 CHO CH1 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 ¥ _

1 i 1 .

MAXIAN . i 3
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Multi-Range {10V, 25V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Table 6. Data-Bus Output

L PIN HBEN = LOW HBEN = HIGH
0o BO (LSB;) B8
D1 B1 B9
D2 B2 B10
D3 B3 B11 (MSB)
D B4 B11(BIP =1)/C{BIP =0)
D5 85 B11(BIP=1)/0{BIP=0}
D6 B6 B11(BIP =1}/ D{BIP = D}
D7 B7 B11(BIP =1)/0(BIP = 0)

How to Start a Conversion

Lonversions are intiated with a wnite ogeration, which
cts the mux channe and confgures the MAX197 for
sither urppalar o Dinolar Now range. A write puise (WH
+ 5} can either ;tczrt an acquisitan interva ar nitiate a
camomed ACQUISon s e nversion. The sampling
!nizrvf{» Cours m[ the end of the acquiston interval,
g ACOMOD bit in the input control gyte offers two

oa ions for acquirng the sgnall intemal or exlernal.
conversion pericd lasts for 12 ciock c.rlPs n either

interna: or exierna olock or acquisiton mods.

Writing a new contral Dyte dunng converson oycle will
abort conversion and start a new acquisition nterval,

Internal Acquisition
Select nternal acqusition by webing the conlra’ byle
with the ACOMOCD bit cleared (ACGQMOD = ). This
causas the write pulse 10 inibale an acousiion interval
whose duration ig internally tmed. Conversion starts
whﬂn this six-clock-cycle acguistion inlerval (3us with
foLk = PMHZ) ends. See Figure &

External Acquisition
Use the external acquisiton tinng mode for orecise can-
troy of the sampling aperture anuor inc jependent Contre
of acgusition and gonversion bmes. The user controls
acouistion and start-of-conversion with two separate
write pulses. The first puse, written with ACQMOD = 1,
starts an acquistion interval of indeterrninate length. The
second write oulse, witten with ACQMOD == 0, termi-
nates acOuisiion and siars converson on WR's reng
adge {(Figwe 6). However,  the second conlro: Dyle
contains ACOMOL = 1, an indefinite acquisiton nterval
is restarted.
The address 0 Is for the moul Mux must have the same
values on the first and second write puses. Power-
down mode bits (PDO, PO can assume new values on
the second write pulse (seg Power-Doven Mode;.

fes | — P teas - Losp
& ~ laco =
=~ toowy
tesws— gp—— Ihicswn
WA
— ‘DH
tog r
“
07-D0 LA )
ACOMOD 0" _— by
33
W =
INT K
i Uy —\ P
&
HBEN .
HGH-Z .
DouT ¥

Figure 5. Conversion Timing Using Internal Acquisition Mode

10

— MAXIM




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

IC'S —_— —  loses — [~— ICSRH
ERANL AN ) ((l J777
tosws o fa— toony —»
= e T
WR e {
1 - e oy
Bs
b7-Do :()
ACOMOD < 1" ACOMOD =0
— t=—twrs
— ?)
INT N
T @ N —
RD L y
)
HBEN 2
Lot
18[} ——t- — tTH
bouT ¢ BYTE VALID BYTE vaLID

Figure 6. Conversion Timing Using External Acquisition Mode

How to Read a Conversion
A standard intermaot signal, INT, s provided 1o allow the
device to fag the pP when the conversion has ended
and a vaid resuil is available. INT goes low when con-
version s complete and the output data is ready
(Figures 5 and 8). l returns high on the frst read cycie

ot it a new control byte is written,
T 200 +
Clock Modes =
The MAX197 operates with sither an interna o5 an 2
externa’ clock. Control nits (D6, T7) select sither inter- SR U
nal or external clock mode. Once the desired ctock §
mode :s selected, changing these b:s {o program 2 1w +
power-down wil nat affect the ciock mode. In each =
rnode, ntermnal ar external acquistion can be used. Al &
oower-up, exiernal c.ack made is salected. = 500 T
internal Clock Mode
il ——t——

Seiec! interna’ clock mode o free the pP from the
ourcen of running the SAR conversion cock. To select
this mode, write the contra’ byte with D7 = D and D6 = 1.
A 100pF capaciior betweern the CLK pin and ground
zets this frequency 1o . .56MHz nominal. Figure 7

shows a linear reatonship selween the nlsmal clock
perod and the valugs ¢f the éxiermal capaciter used.

T T T T
0 sb1m1502m 250 300 3%0

GLOCK PIN CAPACITANCE (pF}

Figure 7. internat Clock Period vs. Clock Pin Capacitance
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Multi-Range [(+10V, 5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Externaj Clotk Mode
Swiect externdl ciock mode oy writing the contro! byle
enth D7 = 0 and D6 = 0 Fygure 8 shows CLK and WR
sming refationshios I interna’ and externa acquisiton
modes, with an external ciock. A 100kH? o 2 OMHz

extarnal clock with 45% to &% duty ovels is reguired
lor prooer Operation. Operatng at clock frequenc.es
lower than 100kHz wl cause a voilage drooo across
lhe hod capacitor, and sunsequently degrade pertor-
mance.

-—  ACQUISITION STARTS

ACQUISITION ENDS —--}__- CONVERSION STARTS

S o o N 0 s T e B B
et
AN\ e

ACAMOD = 07

|
!
t
|
'
1

WR GOES HIGH WHEN CLK IS HIGH

b
fowh—1  — ACQUISITION STARTS

R e N e N e

AGQUISITION ENDS —-»{«— CONVERSION STARTS

S N

I

|
|
I
|
|
!

ACOMOD = "0

WR GOES HIGH WHEN CLK IS LOW

Figure 8a. Externai Clock and WR Timing (Internal Acquisition Mode)

ACQUISITION ENDS —-|

Y

1'.*—— ACCUISITION STARTS E...._ CONVERSION STARTS

B

2 R S R St

R e B B

._..: be— tow fows ——-—: |:4—
I )i/ AU N NSNS N NN NN J:V
eauB=T WH GDES HIGH WHEN CLX IS HigH een=

le—  ACQUISITION STARTS

w L

ACQUISITION ENDS —-

LU T

LL-—- CONVERSION STARTS

T S I

|
—_ #'—IDH o~ :'—
NN ANNMNNANN RN NN RSN
ACOMOD -1 WR GOES HIGH WHEN CLKISLOW  ACOMOD - 0"

Figure 8b. External Clock and WR Timing (Externat Acquisition Mode)
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Multi-Range (+10V, +5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Applications information
Power-On Reset

At power-up, the internal power-suply alrcuilry sets iNT
fugh and puts the device in normal operation/exierna:
clock mode. This state is selecied to keep the interna
c'ock from inading the external clock driver when the
part is used in external clock mode,

internal or External Reference
Tne MAX187 can operate with sither an internal or an
enternal reference. An externa reference can be connect-
a1 aither the REF pin or to the REFADU pin (Fgure 9.
To use e BEF input drectly, disable the intemnal buffer
by tying REFADY 1o VoD, Using the BEFAD input eimi-
nates the need to bulfer the reference externaly.
When the reference is applied at REFADJ, byoass
REFADJ with 2 0.0 uF capac-tor to AGND.
The REFADJ internal buffer gain is gimmed to 1.6384 1o
orovide 4,096V at the REF pin from & 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 7uF capacitor to AGND
and the BREFADJ pin with a 0.01uF capacitor to AGND.
The internal reference voitage is adjustable to £1.5%
(65 LSBs) with the reference-adjust circuit of Figure 1.

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

external reference at REF must be able to deliver
400pA DC load currents, and must have an output
impedance of 100 or less. If the reference has higher
input impedance or is naisy, bypass it close to the REF
pin with a 4.7uF capacitor 1o AGND.

With an externai reference voltage of less than 4.096vV
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 / 4096) results in perfarmance degradation (ioss of
sffective bits).

AAAXOAN BEER%

MAX197 L Crer
:_E 4.7nf
Ay= 1638 Voo

REFADJ § 25 J

1062
28V

Figure 8b. External Reference, Reference at REF

AADAM e
4+
MAX197 % E*;E;F
A\j:l.m
REFADJ | 25
O.0TuF
102 x
25

AANAYRAA REF | 26
MAXT97 % g
T
By=1638
RIS o L
L gonr
100 L
asv

Figure 9a. Internal Reference

MAXIMN

Figure 9¢. External Reference, Reference at REFADJ
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Multi-Range [(+10V, t5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Power-Down Mode
T'o gsave powear, you can pul the converlar inlo 1ow-
current shuldown mode between conversions, Two
programmabie power-down modes are available, n
addifion to a hardware shutdown. Select STBYPD or
FULLPD by programming PDO and PD1 in the nput
contro: biyte. When software power-down § asserted, it
pecormes effective only afler the end of conversion:. in al
powear-dawn modes, the interfacs remaing aclve and
conversion results may e read. Input overvoltage pro-
tection is actve in all power-down mades. The device
returne to norma operation on the first WH {alling edge
curing write operation.

For hardware-controied (FULLPDS power-down, pufl
the SHDN oin low, YWhen hardware shuidown is assert-
ad, t pecemes etfeclive immedialely end the conver-
slan is aborled

Choosing Power-Down Modes
The pandgan reference and reference buffer remain
active in STBYPOD mode, maintainng the voitage on the
4.7uF capactor at the REF pin. This is a "DC” state that
does not degrade after power-down of any duration.
Therefore, you can use any sampling rate with this
mods, without regard to start-un delays.

However, in FULLPD mode, only the bhandgao refer-
ence is actve. Connact a 33uf capacitor between REF
and AGND 1o maintain the reterence vodage bebtween
conversion and to reduce fransients when the buffer is
enadied and dsabied. Throughput rates dovwn o Tksps
can be achieved without afotling extra acquigton time
for reference recovery orior (o conversion This allows
convers.on o Deg n immediately after powsr-down
angs. If the discharge of the REF capacitor during
FULLPD exceeds the desired limits for acouragy {ess
than a fracton of an LSB), run a STBYPD power-down
cycle orior W0 starting conversions. Take inlo account
that the reference buffer recharges the oypass cagaci-
lor at an 80mv/ma siew rate and add 50us for sefting
time. Throughput rates of 10ksos offer tyoica supply
currents of 470uA, using the recommended 33pF
capacior valus

Auto-Shutdown
Sefacting STBYPD on every conversion automatically
shuts the MAX197 down after sach converson without
requiring any start-up tme on the next conversion.

GUTPUT £0DE . _fS
FULL-SCALE 1188 = 52—
.1 TRANSITION ~ 4096
1. 10 !
11...10% |
t 1
i / :
i /
/ i
1 / i
’ !
I ’
| ’ }
/ 1
! y i
! Ve |
00, 011 s :
... 10 :
00... 001 }
00..000 Ly o L.
g 1 2 3 S
INPUT VOLTAGE (LSB) FS-3/5158

QUTPUY CODE
, | 1L58= —zlw%%l
o111 |
o11. 110 | {
! i

| : |

| |

) ] // !

i / i
000001 L (- [
{
000, 000 | e — e — e ,1‘_
. L : !

i I |

I s | !

! Ve | i
100..010 ) : :
100.. a0t + : i
100... 000 } {

| |
ot ) 1 Lo
+3 w +#5-1158
INPUT VOLTAGE (LSB)

Figure 10. Unipolar Transfer Function
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Figure 11. Bipofar Transfer Function
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Multi-Range {10V, 5V, +10V, +5V),
Single +5V, 12-Bit DAS with 8+4 Bus Interface

Transfer Function
Cuiput data coding for the MAX12Y is binary in unpo-
lar mode wih 1LSB = (F§ / 4098) and two's-comple-
erit onary in vinolar mode with 1LSE = {2 » |FShH/
4086}, Code transitions gccur halfway between succes-
sive-integer LB values, Figures 10 and 17 ghow the
inoutfoutout (VO transfer {functions for unipolar and
Dinolar ocoperalons, respectvely, Far ful-scals (FS) val-
uss, see Table 1

Layout, Grounding, and Bypassing
Carelld printed cirowl Doard layout 5 essental for bast
svstem performancs. For bost parformance, use a
ground plare. To reduce crosstalk and noise injection,
keep analog and digital signa’s saparate. Digital
ground fnes can run betwegn digital signal lines (o
minimize interference. Connect analog grounds and
DGEND vy 2 star confgurabon to AGND. For nose-free
operaton, ensure the ground retum from AGMND o the
supply ground (s low imogdance and as shorl as possi-
ple. Connect the logic grounds directly 1o the supply
ground. Bypass Yoo with 0.1pF and 4.7uF caoacilors
to AGND to mnimize high- and iow-frequency fuctua-
tong. W othe supply is excessively noisy. cannect a ba
resistor between the suoply and Vop, as shown in
Figure 12,

SUPPLY
+5V GND
A
R =50 .
O1uF "
% I
Voo AGND DGND 45V DEND
M AXIAN DIGITAL
MAX157 CIRCUITRY
" CPTIONAL
** CONNECT AGND AND DGND WITH A GROUND PLANE OR A SHORT TRACE

Figure 12. Power-Supply Grounding Connection

MAXIM

_Ordering Information {continued)

[ PART TEMP RANGE  PIN-PACKAGE
MAX197AENI  -40°Cto +85°C 28 Narrow Plastic DIP
MAX197BENI  -40°C 10 +85°C 28 Narrow Plastic DIP
MAX197AEWI  -40°C 1o +85°C 28 Wide SO
MAX197BEW)  -40°Cto +B5°C 2B Wide SO
MAX107AEAI  -40°C o +85°C 28 SSOP
MAX1G7BEA!  -40°Cto +85°C 28 SSOP
MAX197AMY!  -55°Cto +125°C 28 Narrow Ceramic SB*"

| MAX197BMY!

-55°C 10 +125°C

28 Narrow Ceram

ic SB*

** Contact factory for availabifity and processing to Ml -STD-853.

HBEN
SHON

n?

D6
D4

D3

D2

CH
D8  AGND

0.144"

REFADJ
INT

CH?

(5.87
CHE
CHE
CHa
CH3
CH2

{3.669mm)

TRANSISTOR COUNT: 2856
SUBSTRATE CONNECTED TO GND

Chip Topography

8.231"

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

Functional Diagram

REF REFADJ
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8-BIT DATA BUS
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—m ANALOG
Ld DEVICES

Low-Noise, Precision
Operational Amplifier

0P2/

FEATURES

Low Noise; 80 nV p-p {0.1 Hz to 10 Hz}, 3 nVAHz

Low Drift; 0.2 aV/°C

High Speed: 2.8 V/ps Slew Rate, 8 MHz Gain
Bandwidth

Low Vgg: 10 pV

Excellent CMRR: 126 dB at Vg of =11V

High Open-Loop Gain: 1.8 Million

Fits 725, OP07, 5534A Sockets

Availabie in Die Form

GENERAL DESCRIPTION

The QP27 precision operational amplifier combines the low
offset and drift of the OPO7 with both high speed and low noise.
Offsers down to 25 UV and maximum drift of 0.6 pV/°C, makes
the OP27 ideal for precision instrumentation applications.
Exceprionally low noise, e, = 3.5 nV/vHz, ar 10 Hz, a low 1/
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 V/sec slew rate
provides excellent dynamic accuracy in high-speed, data-
acquisition systems.

A Jow 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 Iy and Ing 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

QP27 an excellent choice for professional audio applications.
(Continued on page 7)

PIN CONNECTIONS

TO-99
(J-Suffix)

4~ (CASE}
NC = NO CONKECT

8-Pin Hermetic DIP
(Z-Suffix)
Epoxy Mini-DIP
{P-Suffix)
8-Pin SO
(S-Suffix)

SIMPLIFIED SCHEMATIC

$A3

Yos ADL ¥pge

A23 | R24

Q28 | a2a

NONINVERTING
INPUT (4} 0 R5
INVERTING Q26 o
WPUT (- mp arg ¢ 1 . —}\045
Qz7 Q28
A
*A1 AND R2 ARE PERMANENTLY
ADJUSTED AT WAFERTEST FOR

MINIMUM OFFSET VOLTAGE. { * ]
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0P27-SPECIFICATIONS
ELECTRICAL GHARACTERISTICS (@ v, = +15v, 1, = 25°, unless otharwise noted.)

OP2IA/E OmMm7F Oor27CIG
Parameter Symbol | Conditions Min Typ Max [Min Typ Max |[Min Typ Max |Unit
INPUT OFFSET
VOLTAGE! Vos 10 25 20 60 30 100 |
LONG-TERM Vgs
STABILITY?? Vos/Time 02 1.0 63 15 0.4 20 (VMo
INPUT OFFSET
CURRENT Ios 7 35 9 50 1275 nA
INPUT BIAS
CURRENT I 110 +40 12 155 +15 +80 |{nA
INPUT NOISE
VOLTAGE™* €npp 0.1Hzto 10 Hz 0.08 0.18 0.08 0.18 0.09 025 |(Wp-p
INPUT NOISE e, fo = 10 Hz 35 55 35 55 3.8 80 [oVHz
Volrage Density? fo =30 Hz 31 43 31 45 33 56 [nVWHz
fo = 1000 Hz 3.0 3.8 3.0 38 3.2 45 |nVWHz
INPUT NOQISE in fo =10 Hz 1.7 4.0 1.7 4.0 1.7 pA~NHz
Current Density™® fo=30Hz 1.0 23 1.0 23 1.0 pANHz
fo = 1000 Hz 0.4 0.6 0.4 06 04 06 |[pANT:Z
INPUT
RESISTANCE
Differential-Mode®  |Ryy 13 6 094 5 0.7 4 MQ
Common-Mode Rinem 3 2.5 2 GQ
INPUT VOLTAGE
RANGE IVR +11.0 £12.3 +11.0 £12.3 £11.0 +12.3 v
COMMON-MODE
REJECTION RATIO |[CMRR |V =+11V | 114 126 106 123 100 120 dB
POWER SUPPLY PSRR  |Vs=14V
- REJECTION RATIO to+18V 1 10 1 10 2 20 |uWviv
LARGE-SIGNAL Avo R, 22kQ,
VOLTAGE GAIN Vo=110V 1000 1800 1000 1800 700 1500 VimV
R, = 600 Q,
Vo=+10V 800 1500 800 1500 600 1500 V/imV
- QUTPUT
VOLTAGE SWING |V, Ri22KkQ +12.0 +13.8 +12.0 +13.8 +11.5 +135 v
Ry > 600 © +10.0 +11.5 +10.0 115 +10.0 +11.5 v
SLEW RATE’ SR Ry 2 2kQ 1.7 2.8 17 28 1.7 28 Vips
GAIN
BANDWIDTH
PRODUCT’ GBW 50 8.0 50 8.0 50 80 MH:
OPEN-LOOP
OUTPUT
RESISTANCE Ro Vo=0,Ip=0 70 70 70 Q
POWER
CONSUMPTION P, Vo 90 140 90 140 100 170 |mW
OFFSET
ADJUSTMENT
RANGE Rp= 10KQ £4.0 +4.0 +4.0 mv
NOTES

'Input offset voltage measurements are performed ~ 0.5 seconds after application of power. A/E grades gusranteed fidly warmed up.
*Long-term input offset voltage stability refers to the average trend line of Vos versus, Time over extended periods after the first 30 days of operation. Excluding the
initat hour of eperation, changes in V5 during the first 30 days are typically 2.5 V. Refer to typical performance curve.

3Sample rested.

#See test circuit and frequency response curve for 0.1 Hz to 10 Hz tester.
%See test circuit for current noise measurement.
SGuarsnteed by input bias current.

"Guaranteed by design.

-2~
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ELECTRICAL CHARACTERISTICS (@ v, = +15v, -55°¢ <7, < 125°, unlass otharwise noted.)

0P27

OP27A OP27C
Parameter Symbel |Conditions Min Typ Max |Min Typ Max | Unit
INPUT OFFSET
VOLTAGE! Vos 30 60 70 300 |pv
AVERAGE INPUT
QFFSET DRIFT TCVos?
TCVos,” 0.2 0.6 4 1.8 |uvreC

INPUT OFFSET
CURRENT Ios 15 50 30 135 nA
INPUT BIAS
CURRENT Ig +20 +60 135 150 nA
INPUT VOLTAGE
RANGE IVR +10.3 +11.5 +10.2 +11.5 A%
COMMON-MODE

REJECTION RATIO [CMRR  |Vey =+10V 108 122 94 118 dB
POWER SUPPLY

REJECTION RATIO |[PSRR  |Vs=24.5Vio118V 2 16 4 51 WV
LARGE-SIGNAL
VOLTAGE GAIN Avo R 22k, Vo=+10V | 600 1200 300 800 VimV
QUTPUT
VOLTAGE SWING Vo Ry 22k0 t11.5 +13.,5 +105 130 v
NOTES
'Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. A/E grades guaranteed fully
warmed up.
“The TCVys performance is within the specifications unnulied or when nuiled with Rp = 8 k2 to 20 k2. TCV; is 100% tested for A/E grades, sample tested for

CiFIG grades.

*Guaranteed by design.
REV.C _3-



0P27

ELECTRICAL CHARACTERISTICS

{@ Vg =+15V,-25°C"< T, < B5°C for OP271, BP27Z, 0°C < T, < 70°C for OP2TEP,
OP27FP, and —40°C < T, < 85°C for OP276P, OPZTES, unless otherwise noted.)

-4~

OP27E OP27F or27G
Parameter Symbol | Conditions ({Min Typ Max {Min Typ Max {Min Typ Max [ Unit
INPUT ONSET
VOLTAGE Vos 20 50 40 140 55 220 |V
AVERAGE INPUT
OFFSET DRIFT TCVos' 02 0.6 03 1.3 04 1.8 |uvreC
TCVgs.? 0.2 06 03 13 04 1.8 |{pvreC
+ INPUT OFESET
CURRENT Tos 10 50 14 85 20 135 nA
INPUT BIAS
CURRENT Iy +14 160 +18 195 125 +150 [nA
INPUT VOLTAGE
RANGE VR +105 1118 +10.5 +11.8 +105 1118 v
COMMON-MODE
REJECTION RATIO | CMRR | Vo =210V (110 124 102 121 96 118 4B
POWER SUPPLY
REJECTION RATIO | PSRR V=145V 2 15 2 16 2 32 wiv
w8V
LARGE-SIGNAL
VOLTAGE GAIN Avyo Ry 22KQ,
Vo=210V 750 1500 700 1300 450 1000 VimV
OQUTPUT
VOLTAGE SWING | Vo R 22k |117 136 $114 +13.5 +11.0 £13.3 v
NOTES
IThe TCVgs performance is within the specifications unnulled or when mulled with R, = 8 kQ to 20 k. TCV 5 is 100% tested for A/E grades, sample tested for
C/F/G grades,
2Guaranteed by design.
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DIE CHARACTERISTICS

WAFER TEST LIMITS (@ v, = 15V, T, = 25°C unless atherwise nated.)

0P27

OP27IN omiG OP27GR

Parameter Symbol Conditions Limit Limit Limit Unit
INPUT OFFSET VOLTAGE* Vos 35 60 100 uv Max
INPUT OFFSET CURRENT Ios 35 50 75 nA Max
INPUT BIAS CURRENT IB 40 155 180 nA Max
INPUT VOLTAGE RANGE IVR +11 11 +11 VY Min
COMMON-MODE REJECTION
RATIO CMRR Veu=IVR 114 106 100 dB Min
POWER SUPPLY PSRR Vs=14V1o118V 10 10 20 VvV Max
LARGE-SIGNAL VOLTAGE
GAIN Ayg R 22k, Vo=110V 1000 1000 700 V/mV Min
OUTPUT VOLTAGE SWING Yo Riz2KQ +12.0 12,0 +11.5 ¥ Mio

Vo R1.2600n +10.0 +10.0 +10.0 V Min
POWER CONSUMPTION Py Vo=0 140 140 170 mW Max
NOTE

*Electrical tests are performed at wafer probe to the limirs shown. Dus to varistions in assembly methods and normal yield loss, yield after packaging is not guaranteed
for standard product dice. Consult factory 1o negotiate specifications based on dice lot qualification through sample lot assembty and testing.

REV. C



0P27

TYP":AL ElEﬁTRlCAL CHARACTENS“GS (@ V; =115V, T, = 25°C unless otherwise noted.)

OP27N OP27G | OP2IGR
Parameter Symbol Conditions Typical Typical Typical Unit
AVERAGE INPUT OFFSET
VOLTAGE DRIFT* TCVps or | Nulled or Unnulled 0.2 03 0.4 N/ ®
TCVosn Rp=8 kQ to 20 kKQ
AVERAGE INPUT OFFSET'
CURRENT DRIFT TClgs 80 130 180 pA/°C
AVERAGE INPUT BIAS
CURRENT DRIFT TClg 100 160 200 pA/°C
INPUT NOISE VOLTAGE
DENSITY & fo= 10 Hz 3.5 35 38 nVNTHz
en fo= 30 Hz 3.1 3.1 33 nV/Hz
i e, fo= 1000 Hz 3.0 3.0 3.2 aVAHz
INPUT NOISE CURRENT
DENSITY iy fo =10 Hz 1.7 1.7 1.7 pANHz
in fo = 30 Hz 1.0 1.0 1.0 pANHz
in fo = 1000 Hz 0.4 0.4 0.4 pANHz
INPUT NOISE VOLTAGE Eopp 0.1 Hzto 10 Hz 0.08 0.08 0.09 LV p-p
SLEW RATE SR RL22k0 2.8 2.8 2.8 Vius
GAIN BANDWIDTH
PRODUCT GBW 8 8 8 MHz
NOTE
*Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
—6— REV.C



0P21

(Continued from page 1)

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

Low-cost, high-volume production of QP27 is achieved by
using an oni-chip Zener zap-trimming network. This reliable
and stable offset trimming scheme has proved its effectiveness
over many years of production history.

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.

The QP27 is a direct replacement for 725, OP06, OP07, and
OP45 amplifiers; 741 types may be directly replaced by remov-
ing the 741’s nulling potentiometer.

ABSOLUTE MAXIMUM RATINGS*

3 .
Supply VOIZE . ..o oo oot 122y  Packase Type O Yc Unit
Input Voltage! ........... ... .. .ot 22V TO99I M 150 18 °C/W
Output Short-Circuit Duration ................ Indefinite 8-Lead Hermetic DIP (Z) | 148 16 *CIwW
Differential Input Voltage® .. .................... 0.7V 8-Lead Plastic DIP (P) 103 43 °CIW
Differential Input Current® .................... +25 mA 20-Contact LCC (RC) 98 38 *C/W
Storage Temperature Range ............ -65°C to +150°C 8-Lead SO (S) 158 43 *CrwW
Operating Temperature Range NOTES
OP27A, OP27TC (L,Z) ... ala -55°C to +125°C !For supply voltages less than 322 V, the absclute maximum input voltage is
OP27E,OP27F (,Z) ....... ..o .. .. ~25°C 10 +85°C equal to the supply voltage.
OP27E, OP27F (P) .. oo, 0°C to 70°C *The OP27’s inputs are protecred by back-to-back diodes. Current limiting
° o resistors are not used in order ro achieve low noise. If differendal inpur voltage
OPZIG (P, 8,1, Z) ......... S -40°C 1o +85°C exceeds £0.7 V, the input current should be limited to 25 mA.
lead Temperature Range (Soldering, 60 sec) ....... 300°C 29;a is specified for worst-case mounting conditions, i.c., 8 is specified for
Junction Temperature ................. -65°C to +150°C device in socket for TQ, CERDIP, and P-DIP packages; 6y, is specified for
device soldered to printed circuit board for SO package.
$Absolute Maximum Ratings apply to both DICE and packaged parts, uniess
otherwise noted.
ORDERING INFORMATION!
Package
Ty =25°C Operating
Vos Max CERDIP Plastic Temperature
w©v) TO-99 8-Lead 8-Lead Range
25 OP27AJ>? OP27AZ? MIL
25 OP27E}>? OP27EZ OP27EP IND/COM
60 OP27FP® IND/COM
100 oP27CZ° MIL
100 OP27G} OP27GZ OP27GP XIND
100 OP27GS* | XIND
NOTES

CAUTION

!Burn-in is available on commercial and industrial temperature range parts in CERDIP, plastic
DIP, and T()-can packages.
?For devices processed in total comphiance to MIL-STD-883, add /883 after part number.

Consult factory for 883 data sheet.

*Not for new design; obsolete April 2002.
#For availability and bum-in information on 8O and PLCC packages, contact your local

sales office.

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 proprictary ESD protection circuitry, permanent damage may occur on devices
subjected to high-energy clectrostadc discharges. Therefore, proper ESD precautions are
recommended to avoid performance degradation or loss of functionality.

WARNING!

L e

ESD SEMSITIVE DEVICE

REV.C
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0OP27-Typical Performance Characteristics
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APPLICATION INFORMATION

QP27 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 74! nulling
circuitry is in use, it should be modified or removed to ensure
correct QP27 operation. OP27 offset voltage may be nulled w
zero (or another desired setiing) using a potentiometer (see
Figure 1).

The OP27 provides stable operation with load capacitances of
up to 2000 pF and £10 V swings; larger capacitances should be
decoupled with a 50 Q 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-0

Figure 1. Offset Nulling Circuit

REV.C

OFFSET VOLTAGE ADJUSTMENT

The input offset voltage of the OP27 is trimmed at wafer level.
However, if further adjustment of Vg is necessary, a 10 kQ trim
potentiometer can be used. TCVys is not degraded (see Offset
Nulling Circuit). Other potentiometer values from 1 kQ to 1 MQ
can be used with a slight degradation (0.1 WV/°C 10 0.2 pv/°C)
of TCVps. Trimming to a value other than zero creates a drift of
approximately (Vos/300) pV/°C. For example, the change in
TCVps will be 0.33 pV/°C if Vs is adjusted to 100 pV. The
offset voltage adjustment range with a 10 kQ potentiometer is
+4 mV. If smaller 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 UV adjustment range.

é 4.7k} 11 POT 47U 8

-l

Ve

Figure 2, Offset Voltage Adjustment
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NOISE MEASUREMENTS

To measure the 80 nV 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 UV due to increasing chip temperature
after power-up. In the 10-second measurement interval,
these temperature-induced effects can exceed tens-of-
nanovolts.

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

3. Sudden motion in the vicinity of the device can also
“feedthrough™ to increase the cbserved 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 corner is defined by only one
zero. The test time of 10 seconds acts as an additional zero
10 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 10 Hz noise-voltage-
density measurement will correlate well with 2 0.1 Hz o 10 Hz
peak-to-peak noise reading, since both results are determined
by the white noise and the Iocation of the 1/f comer frequency.

UNITY-GAIN BUFFER APPLICATIONS

When R¢< 100 © and the input is driven with a fast, large signal
pulse (>1 V), the output waveform will look as shown in the
pulsed operation diagram (Figure 3).

During 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, > 500 Q, the ontput is
capable of handling the current requirements (J;, < 20 mA at 10 V);
the amplifier will stay in its active mode and a smooth transition
will eccur.

When R; > 2 kQ, a pole will be created with Ry 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 R; will eliminate this probiem.

By

0P27 - 2.8V/ps
ot
Figure 3. Pulsed Operation
COMMENTS ON NOISE

The QP27 is a very low-noise monolithic op amp. The outstanding
input voltage noise characteristics of the QP27 are achieved mainly
by operating the input stage at a high quiescent current. The input
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bias and offset currents, which would normaily increase, are held
10 reasonable values by the input bias~current cancellation circuit.
The OP27A/E has Iy and Igs of only 140 nA and 35 nA at 25°C
respectively. This is particularly important when the input hasa
high source resistance. In addition, many audio amplifier design-
ers prefer to use direct coupling. The high I, Vs, and TCVs
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 OP27’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.
2 2
(Volmge Noise) +

Total Noise = | {Curvent Noisex Ry ) +
(Rm'isror N’mﬁse)2
Figure 4 shows noise versus source-resistance at 1000 Hz. The

same plot applies to wideband noise. To use this plot, mulnply
the vertical scale by the square root of the bandwidth.

100
ASENES N
50 - - : - i
‘ : Ep N
Int 3 * 4 ,’
T PO/t
13 O 08 v -
2 1 - A% ‘2
: ey ;
- oPp? N e o g o o
@10 -
g - =
= : T -
3 ; LS 1 Ry UNMATCHED
:C:‘ SITT]5584 T H 7] 00y =Ry = 10k, Agy oD
it —— H 2Rg MATCHED
- + w9 Py = 10K Ry, = Rgp = 5L
opzrr T P .
! AGISTER _AE,N“:D
P! NOISE ONLY o )
50 100 500 1k 5k 10k 50k

Rg ~ SOURCE RESISTANCE - (1

Figure 4. Noise vs. Source Resistance (Including Resistor
Noise] at 1000 Hz

At Rg <1 K, the OP27’s low voltage noise is maintained. With
Rj <1 Kkf), total noise increases, but is dominated by the resis-
tor noise rather than current or voltage noise. It is only beyond
Rgof 20 kQ that current noise starts to 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 OP27, OP07, and OP08 noise occurs in the 15 kQ to
40 k() 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 QP07
occurs in the 3 kKQ to 5 kQ range depending on whether bal-
anced or unbalanced source resistors are used (at 3 Q2 the Iy
and I error also can be three times the Vg spec.).
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Figure 5. Peak-to-Peak Noise (0.1 Hz to 10 Hz) as Source
Resistance (Includes Resistor Noise}

Therefore, for low-frequency applications, the OP07 is better
than the OP27/0OP37 when Rg > 3 k{2. The only exception is
when gain error is important. Figure 6 illustrates the 10 Hz
noise. As expected, the results are between the previous two
figures.

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

Table 1.
Source
Device Impedance Comments
Strain Gauge <500 Q Typically used in low-
frequency applications.
Magneric <1500 Q Low is very important to
Tapehead reduce self-magnetization
problems when direct coupling
is used. OP27 Iy can be
neglected.
Magnetic <1500 ) Similar need for low I in
Phonograph direct coupled applications.
Cartridges OP27 will not introduce any
self-magnetization problem.
Linear Variable <1500 Q Used in rugged servo-feedback
Differential applications. Bandwidth of
Transformer interest is 400 Hz to 5 kHz.
Open-Loop Gain
Frequencyat OP07 or2? oP37
3Hz 100 dB 124 dB 125dB
10 Hz 100 dB 120 4B 125 4B
30 Hz 90 dB 110 B 124 4B

For further information regarding noise calculations, see “Minimizaton of Noise
in Op Amp Applications,” Applicarion Note AN-15.
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Figure 6. 10 Hz Noise vs. Source Resistance (Includes
Resistor Noise}

AUDIO APPLICATIONS

The following applications tnformation has been abstracted
Jrom a PMI article in the 12120180 issue of Electronic De-
sign magazine and updated.

Figure 7 is an example of a phono pre-amplifier circuit using the
OP27 for Al; R1-R2-C1-C2 form a very accurate RIAA net-
work with standard component values. The popular methed to
accomplish RIAA phono equalization is to employ frequency-
dependent feedback around a high-quality gain block. Properly
chosen, an RC network can provide the three necessary time
constants of 3180, 318, and 75 ps.!

For initial equalization accuracy and stability, precision metal
film resistors and film capacitors of polystyrene or polypropy-
lene are recommended since they have low voltage coeflicients,
dissipation factors, and dielectric absorption.? (High-K ceramic
capacitors should be avoided here, though low-K ceramics—
such as NPO types, which have excellent dissipation facrors
and somewhat lower dielectric absorption—can be considered
for small values.)

4 RS
220uF 100keY

3.+ Q'

LF ROLLOFF
C3 QUT ¢

MOVING MAGNET
CARRTRIDGE INPUT

- 04TpF
L La 1L
SRa ] 150pF i -0
T a7 5k0 iM——l' 75:‘5:; OUTPGT
Rt
Sorekn - O1 0
0.03pF
$R2 c?

3 L
TETROL T 0.

<R3
¥ 1061

pu

+  G=ikHz GAIN
=001 (1+ )
A
= 88,677 (39.9dB} AS SHOWN

Figure 7. Phono Preamplifier Circuit
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The OP27 brings a 3.2 nVAHZ voltage noise and 0.45 pA/NHz
current noise to this circuit. To minimize noise from other
sources, R3 is set to a value of 100 Q, which generates a voltage
noise of 1.3 nVAHz. The noise increases the 3.2 nVAHz of the
amplifier by only 0.7 dB. With a 1 kQ source, the circuit noise
measures 63 dB below a I mV reference level, unweighted, in a
20 kHz noise bandwidth.

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

Ri
G=0.101{1+==
0.10 ( tR 3)
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 corner at 22 Hz. As an option, the switch-
selected shunt capacitor C4, a nonpolarized electrolytic, bypasses
the low-frequency rolloff. Placing the rumble filter’s high-pass
action after the preamp has the desirable result of discriminating
against the RIAA-amplified low-frequency noise components and
pickup-produced low-frequency disturbances.

A preamplifier for NAB tape playback is similar to an RIAA
phono preamp, though more gain is typically demanded, along
with egualization requiring a heavy low-frequency boost. The

circuit in Figure 7 can be readily modified for tape use, as shown

by Figure 8.
’x_‘ 0.47pf
JAPEC 3hs pCa oR27 —
EAD - as 15Kk61
+

33k 0y

A2
sigy  BO1aF

<1081 T1=3180ps

T2 = 80us

==

Figure 8. Tape-Head Preamplifier

While the tape-equalization requirement has a flat high-frequency
gain above 3 kHz (T; = 50 is), the amplifier need not be stabilized
for unity gain. The decompensared QP37 provides a greater
bandwidth and slew rate. For many applications, the idealized
time constants shown may require trimming of R1 and R2 to
optimize frequency response for nonideal tapehead performance
and other factors.”

-14—

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 offset is just over 500 mV. A single 0.47 yF output capaci-
tor can block this level without affecting the dynamic range.

The tapehead can be coupled directly o the amplifier input,
since the worst-case bias current of 80 nA with a 400 mH, 100
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

OP37 are free of bias-current transients upon power-up or power-
down. However, it is always advantageous to control the speed

of power supply rise and fzil, to eliminate transients.

In addition, the dc resistance of the head should be carefully
controlled, and preferably befow 1 k. For this configuration,
the bias-current-induced offset voltage can be greater than the
100pV maximum offset if the head resistance is not sufficiently
controlled.

A simple, but effective, fixed-gain rransformeriess microphone
preamp { Figure 9) amplifies differential signals from low imped-
ance microphones by 50 dB, and has an input impedance of 2 k{2.
Because of the high working gain of the circuit, an OP37 helps
1o preserve bandwidth, which will be 110 kHz. 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
march of the bridge-resistor ratios. Either close-tolerance (0.1%)
types should be used, or R4 should be trimmed for best CMRR.
All resistors should be meral film types for best stability and
low noise.

Noise performance of this circuit is limited more by the input
resistors R1 and R2 than by the op amp, as R1 and R2 each gener-
ate 2 4 nVATHz noise, while the op amp generates a 3.2 nVAHz
noise. The rms sum of these predominant noise sources will be
ghout 6 nVAHz, equivalent 10 0.9 iV in a 20 kHz noise band-
width, or nearly 61 dB below a 1 mV input signal. Measurements
confirm this predicted performance.

R1 RS bt RB
SEF q000)

e

LOW IMMPEDANGE

j LHT
MICACPHONE INPUT O—-————] <
(2 = 300270 200 1Y) = < 10k{: QUTPUT
[o o
R
R1 R2 o

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. T1 is 2 JE-115K-E
150 Q/15 kQ transformer which provides an optimum source
resistance for the QP27 device. The circuit has an overall gain of
40 dB, the product of the transformer’s voltage setup and the op
amp’s vohage gain.

=]
18U0pF
it
—if
A1 Az
12840 11604}
- (4—aoureut
A b
1 + t’
1506 ! E PR
SOURCE | 1000 *T4 ~ JENSEN JE ~ 115K - E
Lt JENSEN TRANSFOAMERS
+ L A 10735 BURBANK BLYD.

N, HOLLYWOOD, CA g1601

Figure 10. High Quality Microphone Transformer-
Coupled Preamplifier

Gain may be trimmed to other levels, if desired, by adjusting R2
or R1. Because of the low offset voltage of the OP27, the output
offser of this circuit will be very low, 1.7 mV or less, for a 40 dB
gain. The typical output blocking capacitor can be eliminated in
such cases, but is desirable for higher gains to eliminate switch-
ing transients.

+18Y
Q

O
-18V

Figure 11. Burn-In Circuit

REV.C

Capacitor C2 and resistor R2 form a 2 ys 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 ps 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 Q resistor and R1 and R2
gain resistors connected to a noiseless amplifier will generate
220 oV of noise in a 20 kHz bandwidth, or 73 dB below a I mV
reference level. Any practical amplifier can only approach this noise
level; it can never exceed it. With the OP27 and T1 specified, the
additional noise degradation will be close to 3.6 dB (or —69.5 refer-
enced to 1 mV).
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OUTLINE DIMENSIONS

8-Lead Plastic Dual-in-Line Package [PDIP]
(N-8)

Dimensions shown in inches and (millimeters)

0.37519.55)

0.368(0.27) |,
*1 0355 (8.02)
PN =Y

0.295 {7.43}
0.985 (7 .24}

\ 4 I TIT5EER
e - ¥ 2.326 (8.26)
- - 0310 (78%)
0 10§q{’é-5‘} §.36017.62) 0.150 1381)
= r._,_ﬁ.' —-~0.13513-13Fl
0180 uén';as F126(3.85)
1457} I( -38)
MAX o R
- / 0.015 (0.38)
5.150(3.81) SEATING {510 (0.25)
G.301{3,30) i "PLANE ¢ 2.008 (D20}

0110(2 TE) 2.060 (152}
8.022 (0.58) GARG (127)
9_,21_8‘—(94{2 Q.45 {1 14)
J0V4 [6.36;

COMPLIANT TO JEDEG STANDARDS MO-09544
CONTROLLING DIMENSIONS ARE IN INCHES: MILLIMETERS DIMENSIONS
(/N PARENTHESES)

8-Lead Ceramic DIP - Glass Hermetic Seal [CERDIP]
Q-8

Dimensions shown in inches and (millimeters)

0.008 (0.13)  0.085 {1 40)
Py Max

pg) - ne Mg
‘ B 5
4518 (7 BT}
PIN { 8.220(5.58)
* -l 4

.-
0.100 (2.54) BSC
0.40% (10,28 TIAX
G 080 (1 52} <-f

6.320 (8.13)
5.290 [7.57) f“’

0.200 [508 Uﬂ15(ﬂ$8] :‘
Ty i
0.200 (5.08) ﬂ‘j ﬂTEB 13.81) i‘
8,725 (3.18)
0,093 (0.58) |‘ ssmm; i 0.015 (5.38)
FhiaioaE ™ % PLANE i 57008 (0.20)

CONTROELING DIMENSIONS ARE IM INCH; MILLIMETERS DIMENSIONS
{IN PARENTHESES) ARE RQUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

»
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0.3700 {9.40)
0.3380 (8.51)

8-Lead Standard Small Qutline Package [SOIC]
Narrow Body
(R-8)

Dimensions shown in miltimeters and (inches)

5.00 (0.1868)
4780 {6.1840)
HHRAH i—_T‘

‘ 8 5
400 (D.1574) _L 6.20 (02440}
586 {0.2284)

3754 (0.1487) 'p al
t— a}

EHE
FE w0
.27 {0.0500) 0.5040.0198) .
BSC 1,75 (0.0688} = I* 53575005~ ¥
1.35 (§.0592) h

0.25 |0.8088)
30 (00040 3
o 0-51 (a.0201) T g

e
03500730 025 (0.00gg) O 127 (00500}

COPLANARITY
347 ©.0160)

0.10 SEATING

PLANE 0.19 ¢0.0075)

COMPLIANY T JEDEC STANDARDS MS-012A4

CONTROLLING DHMENSIONS ARE IN MILLINETERS, tNCH DIMENSIONS
(M PARENTHESES) ARE ROUNDED-GFF MILLIMETER EQUIVALENTS FOR
AEFERENCE {INLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

8-Lead Metsl Can [TO-99]
(H-08)

Dimenstons shown in inches and (millimeters}

~ REFERENCE PLANE
; o.sooonz 70)
0.1850 (4 70) HEIN
0.1550° (4 gy ~5.2600 (6.35) MIN 0,080 (2,50} BSC
e ,Jr ausou {t. 27; MAX - 0,1600 (4.08)

D108

03350 (8.51)
06,3050 {7.76)

v A i S
¥ —— J 0 mm 0. 48)\ "(;‘gg;] ~_,/’\'\
0.0400 (1.02) MAX—> i«’ 06180641 BSC 00340 {0.86) -
’ 09219__(0‘53_) 6.0260 (0. Ty
80400 (1.02) b.0160 (.41)
BT 625 ™ 5 BSC

BASE & SEATING PLANE

COMPLIANT TO JEDEC STANDARDS MO-002AK
CONTROLLING DIMENSIONS ABE IN INCHES: MILLIMETERS DERENSIONS

{IN PARENTHESES}) ARE ROUNDED-OFF EQUIVALENTS FOR
REFERENCE GNLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN
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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 wilt 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 cbserved 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?

.z4 The turbidity meter measures the clarity of a water sample. A
B beam of light is shown through the water sample. The turbidity, «
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 sampie is placed in the light beam,
q light scattered by the suspended material in the sample is detec
by the photocell. The photccell 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 methed from the root meaning
"cloudiness". This word is used to form 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 lic
beam. A standard suspension is often made from a polymer called Formazin which has greater
reproducibility.

What is the significance of turbidity?

&= Turbidity relates to the effect that suspended particles have on water clarit
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 productiv
I related to increases in nutrients and temperature can result in increases o
diatoms and other aigae 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 t0 2.5 NTU. The

file://E:\Home\Tanjung\Turbidity. htm 5/31/2004



@ 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 colurmn 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 chioride to cause solids to settle out.

Instructions for use of a Turbidity Meter:

1. Using specially marked beakers found in the main cabin, obtain samples of water from the
water sampling devices (Van Dorn Botties) located on the rear deck. Use the beaker marked
TURB T to obtain 50 mL of the top water sample from the Van Dorn bottle marked "T". Use t
beaker marked TURB B to obtain 50 mL of the bottom water sampie from the Van Dom bottl
marked "B". Be sure to match the symbois on the beakers with the same symbol on the Van
Dorn 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 c:
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 (I/Q) 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
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 bottorn 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 1o use a turbidity tube ( . 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 throw
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 cm. Enter data for each
observer, not the average of the different observations. if you can still see the image on the bottom ¢
the tube after filling it, simply record the depth as greater than (>) the depth of the tube.

To make a turbidity tube:

-

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

Cut a disk from wood, plastic, or cardboard the same size as the tube diameter.

Divide the disk into fourths. Paint afternating quadrants black and white. Seal the disk by
laminating or painting with vamish to make it waterproof.

Glue the disk in the bottom of the tube, painted side facing up (toward the open end of the
tube).

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.

ok~ ON

Source: Global Learning and Cbservations ta 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
light has been deflected at a given angle.

Determination
of the light

) loss of the
transmitted
beam

» AR i"» Measurement

PN of the light
N 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 multiple scatter. At low concentrations, the
light scattered by a given particle has room to propagate
freely (simple scatter). At higher concentrations, however,
twe 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 measurabie turbidity

file://E:\Home\Tanjung\Glossary.htm
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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, i.e. turbidimeters
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 vaiue and solids
concentration, because the reading wili 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 waveiength of the light,
scatter angle, optical configuration, calibration and color
compensation. For continuous measurements in industrial
processes, the measuring technique applied {photometer) is
aiso extremely important because of the need for high

stability.
© Sigrist-Photometer AG, CH-6373 Ennetbiirgen. Piease send yo,
Last update; 2004-05-14. or comments at

_web;ite to the
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AIR MINUM DALAM KEMASAN

PENDAHULUAN

Standar Nasional Indonesia (SNI) Air Minum dalam Kemasan merupakan Revisi
SNI01-3553-1994.

Revisi ini selain diutamakan untuk melindungi konsumen dari segi kesehatan dan
keselamatan juga untuk:

melindungt produsen

mendukung perkembangan agro indsutri

mendukung ekspor non migas

menunjang instruksi Menteri Perindsutrian No. 04/M/INS/10/1989 tentang
Pengawasan Makanan.

po o

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 pthak Konsumen, Produsen, Asosiasy, 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.

SNI 01-3553-1994, Air Minum dalam Kemasan.

SNI 01-3554-1994, Cara Uji Air Minum dalam Kemasan.

PERMEN. KES.RI. No. 416/MENKES/PER/IX/1990.

Worid Health Organization Drinking Water Standart.

Australian Standards (yang disampaikan pada Asia Pacific Food Industry

August 1991).

Codex Alimentarius Commison (Codex Standard 108-1998)

8. Kumpulan Perudang-undangan di Bidang Makanan Jilid I edisi 111 Departemen
Kesehatan RI 1993-1994.

9. SNI-19-0429-1989, Petunjuk Pengambilan Contoh Cairan dan Semi Padatan.

S

~

DAFTARISI

PENDAHULUAN

DAFTARISI

1. RUANG LINGKUP



DEFINISI

SYARAT MUTU

CARA PENGAMBILAN CONTGH
CARA UMl

CARA PENGEMASAN

SYARAT PENANDAAN

-V R NV

AIR MINUM DALAM KEMASAN

1. RUANG LINGKUP

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

Air minum dalam kemasan adalah air yang telah diolah/diproses, dikemas dan
aman diminum.

3SYARAT MUTU

NO. KRITERIA UJI SATUAN PERSYARATAN
. Keadaan

1.1 Bau - Tidak Berbau
1.2 Rasa - Normal

1.3 Warna Unit PtCo Maks. 5

2 PH - 6,5-85

3 Kekeruhan NTU Maks. 5

4. Kesadahan, Sebagai CaCQ, Mg/l Maks 150

S. Zat yang larut Mg/l Maks. 500

6 Zat Organik (angka Kmn(y) Mg/l Maks. 1,0

7 Nitrat dihitung sebagai (NO;3) Mg/l Maks. 45

8. Nitrit dihitung sebagai (NG;) Mg/l Maks. 0,005

9. Amonium (NH,} Mg/l Maks. 0,15
10. Sulfat (80y) Mg/l Maks. 200
1. Klorida (Cl) Mg/l Maks. 250
12. | Fluorida (F) Mg/l Maks. |

13. | Sianida (CN) Mg/l Maks. 0,05
14, Besi (Fe) Mg/l Maks. 0,3
15. Mangan {Mn) Mg/l Maks. 0,05
16. Klor Bebas Mg/l Maks. 0,1
17. Cemaran Logam
17.1 Timbal (Pb) Mg/l Maks. 0,005
17.2 | Tembaga (Cu) Mg/l Maks. 0,5




17.3 Kadmium (Cd) Mg/l Maks. 0,065
174 | Raksa (Hg) Mg/l Maks. 0,001
18. Cemaran Arsen (As) Mg/l Maks. 0,05
19. Cemaran Mikroba:
19.1 Angka lempeng total awai*) Koloni/ml Maks. 1,0 X 107
19.2 Angka lempengan total Koloni/ml Maks. 1,0 X 17
19.3 Bakteri bentuk coli APM/100 ml <2

Koloni/100 ml Nol
164 | C. perfringens - Negatif/100 ml
19.5 | Salmonella - Negatif/100 ml

*) DI Pabrik

**) Di Pasaran

4, CARA PENGAMBILAN CONTOH

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

5.1.2. Warna
Cara Ujt Warna sesuai dengan SNI 01-3554-1994, butir 2 1.

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

5.3. Kekeruhan
Cara wji 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 teriarut (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 11.

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

5.18. Cenaran Logam

5.18.1.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 SN 01-3554-1994, butir 18.4.

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

5.20. Cemaran Mikroba

5.20.1.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 36t 1°c.

5.20.2.2. Peralatan

pipet ukur 10 ml atau gelas ukur 100 mi
cawan petri@ 50 - 60 mm

penyaring membran 0,45

pinset

unit alat penyaringan (filtration unit)
lemari pengeram 36+ 1°C.

The 0 op

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 contch atau sejumlah yang diperlukan
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 permukaan dalam corong penyaring denganair
pengencer atau air suling steril yang jumlahnya sama dengan jumlah

cuplikan yang disaring dan saring cairan pembilas;
sesudah pembilasan selesai, hentikan vakum;

o

f. buka kembali peralatan penyaring dan dengan pinset yang stenl

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 + 1° C selama 48
jam;

i. hitung koloni yang berwarna 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. SYARAT PENANDAAN

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

PERPUSTAKAAN
Universitas Kato 'k W... .4 lwandala
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