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ABSTRACT

This thesis presents Automatic Liquid Supply to Blood Vessel. The microcontorller
MCS-51 is used to control supplying liquid. Infared sensor is used to detect the quantity of liquid.
The Automatic Liquid Supply to Blood Vessel can display setting value numerically. More over,
an alarm will show on screen in case of emergency. The Automatic Liquid Supply to Blood
Vessel has 3 advancetages. First, it is convenient to use. Second, it is cheaper than imported

machine. Third, it can operate automatically.
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;** PROGRAM : AUTOMATIC LIQUID SUPPLY TO BLOOD VESSEL **
;** DATH : APRIL, 04,2001 il
;** CREATOR : ED ENGINEER21, KMITL, BANGKOK, THAILAND **

PORT A EQU OEOEOH
PORT B EQU PORT A+l
PORT C EQU PORT A+2
PORT CT EQU PORT A+3
COMMAND EQU OEOCOH
READBUSY EQU COMMAND+1
WRITEDATA EQU COMMAND+2
READDATA EQU COMMAND+3
TIME 0 EQU 65536-50000
PORT RUN EQU P1.0

PORT DIR EQU P1.1
TIME10S EQU 2FH
DELUE EQU 30H
DPH_UP EQU 31H
DPL_DW EQU 32H
DPH_DW EQU 33H

VALUE EQU 34H
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DROP EQU
COUNT EQU

ORG
LJMP

ORG
LJMP

ORG
LJMP

ORG
LJMP

ORG
S$SINCLUDE

ENTRY: MOV
LCALL
LCALL
LCALL
LCALL
LJMP

MAIN: MOV
LCALL

LCALL

MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
LCALL
CJINE
LJMP
CJINE
LJIJMP
CJINE
LJMP

37H
38H

0000H
ENTRY

0003H
INT EXTO

000BH
INT_TO

0013H
INT EXT1

0020H
“MAIN.ASM”

SP, #O0FH

INIT SYS
INIT LCD
CREATE_ASCII
WIRE_ON
LOGO_UP

SP, #0FH
CLR_LCD

WIRE_OFF

A, #80H

WRITE_ INS
DPTR, #LINEO4
SHOW

A, #0COH
WRITE INS
DPTR, #LINEOS
SHOW

SCAN_ KEY

A, #01H, $+6
MANUAL

A, #02H, $+6
START

A, #03H, $-15
ABOUT

call
call

jump

show

show

check
key 1

key 2

key 3

initial system
initial lcd

show logo

ascii l1lineO4

ascii 1lineO05

key
for manual

for start

for about
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MANUAL:

MAMUALO :

MANUALIL:

LCALL
LCALL
LCALL
MOV

MOV
LCALL
MOV
MOV
MOV
LCALL
MOV
LCALL
MOV
MOV
MOV
LCALL

LCALL
CJNE
CJINE
LJMP
DEC
MOV
MOV
MOV

MOV
JNZ
DEC
DEC
DJINZ

MOV
MOV
MOV
LCALL
LCALL

MOV
MOV
MOV

MOV
JNZ
DEC
DEC
DJINZ

MOV
MOV
MOV
LCALL
LCALL

CLR. LCD
SHOW_TIP
CLR LED
R4, #00H

A, #80H
WRITE_ INS
DPTR, #LINE17
DPL_UP, DPL
DPH_UP, DPH
SHOW

A, #0COH
WRITE INS
DPTR, #LINE18
DPL_DW, DPL
DPH_DW, DPH
SHOW

SCAN_KEY

A, #0AH, MANUAL2
R4, #00H, $+6
MANUAL1

R4

RO, #40

DPL, DPL_UP
DPH, DPH_UP

A,DPL
S$+4
DPH
DPL
RO, $-8

DPL_UP, DPL
DPH_UP, DPH
A, #80H
WRITE_INS
SHOW

RO, #40
DPL, DPL_DW
DPH, DPH_DW

A, DPL
S+4
DPH
DPL
RO, $-8

DPL_DW, DPL
DPH_DW, DPH
A, #0COH
WRITE_INS
SHOW

clear lcd
show tip
clear lcd

show manual 1 up
push dptr lcd up

show manual 1_down

push dptr lcd_up

call scan key

check key up

pop dptr lcd up

decrement dptr_ up

push dptr lcd up

pop dptr lcd down

decrement dptr_up

push dptr lcd down
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LJMP

CJNE
INC
CJINE
LJMP
MOV
MOV
MOV

MANUALZ2 :

INC
DJINZ

MOV
MOV
MOV
LCALL
LCALL

MOV
MOV
MOV

INC
DJINZ

MOV
MOV
MOV
LCALL
LCALL
LJMP

CJINE
LJMP
LJIJMP

MANUAL END:

LCALL
LCALL
LCALL
CLR
CLR
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL

MANUAL1

A, #0BH, MANUAL END

R4

R4, #10,S$+6
MAIN

RO, #40
DPL, DPL_UP
DPH, DPH_UP

DPTR
RO, $-1

DPL_UP, DPL
DPH_UP, DPH
A, #80H
WRITE_INS
SHOW

RO, #40
DPL, DPL_DW
DPH, DPH_DW

DPTR
RO, $-1

DPL_DW, DPL
DPH_DW, DPH
A, #0COH
WRITE_INS
SHOW
MANUAL1

A, #0CH, $+6
MAIN
MANUALL

CLR_LCD
SHOW_TIP
CLR-LCD

IE.7

TRO

A, #80H
WRITE_INS
DPTR, #LINE37
SHOW

A, #0COH
WRITE_INS
DPTR, #LINE38
SHOW

~e

; check key down

pop dptr lcd up

increment

push dptr

dptr_up

lcd _up

pop dptr lcd down

increment

push dptr

check key

clear lcd
show tip

clear: lcd
interrupt

dptr down

lcd down

2ND (exit)

disable

show insert value

show space for insert value
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OK_VALUE:

CONFIRM:

AFEW SHOW: MOV

CUR_SHOW:

AGAIN:

AGAIN END:

START END:

LCALL
CJINE
SJMP
LJMP

MOV
LCALL
MOV
LCALL
LCALL
CJINE
LJMP
CJINE

RO, #5
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
DJINZ

MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL

MOV
SETB

JB
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL

LCALL
CJINE
LJMP

CJINE

SCAN_KEY

A, #0DH, $+5 ; check key enter
S+5

START END

A, #80H

WRITE_INS

DPTR, #LINE39 ; show confirm value
SHOW

SCAN_KEY

A, #0CH, $+6 ; check key 2ND (exit)
START+6

A, #0DH, $-9 ; check key enter

CLR_LCD

R5, #10 ; delay 1 sec
DELAY_ 100MS

A, #80H

WRITE INS

DPTR, #LINE40 ; show a few minute (blink)

SHOW

R5,#10 ; delay 1 sec
DELAY 100MS

RO, $-24

A, #80H

WRITE INS

DPTR, #LINE41l ; show currently value
SHOW

A, #0COH

WRITE INS

DPTR, #LINE42 ; show value

SHOW

IE,#10000111B ; set interrupt enable
TRO

TIME10S,AGAIN END
A, #0C7H

WRITE_INS

A, VALUE+2

WRITE DATA

A, VALUE+1

WRITE DATA

A, VALUE

WRITE DATA

SCAN_KEY
A, #0CH, AGAIN ; check key enter
START+9

A, #0CH, $+6 ; check key 2ND (exit)
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LJMP MAIN
LJMP START+9

ABOUT: MOV R4, #00H
LCALL CLR _LCD ; clear lcd
LCALL  SHOW_TIP ; show tip
LCALL CLR _LCD ; clear lcd
HEADO: MOV A, #80H
LCALL  WRITE_INS
MOV DPTR, #LINEOG6 ; show creators
LCALL  SHOW
MOV A, #0COH
LCALL  WRITE INS ; show name 1
MOV DPTR, #LINE1O

LCALL SHOW

HEAD1: LCALL SCAN_KEY
CJNE A, #0BH, ABOUT_END; check key down
INC R4
HEAD2: CJINE R4, #04H, HEAD3
MOV A, #80H
LCALL WRITE INS
MOV DPTR, #LINEO7 ; show addvisor
LCALL SHOW
MOV DPTR, #LINE13

SJMP CONT

HEAD3: CJINE R4, #05H, HEAD4
MOV A, #80H
LCALL WRITE_INS
MOV DPTR, #LINEOS8 ; show co-addvisor
LCALL SHOW
MOV DPTR, #LINE14

SJMP CONT

HEAD4 : CJINE R4, #06H, HEADS
MOV A, #80H
LCALL WRITE INS
MOV DPTR, #LINEO9S ; show specail thank
LCALL SHOW
MOV DPTR, #LINE15

SJMP CONT

HEADS5: CJNE R4,#07H, $+6 ; check press key over 6
LJMP MAIN

CONT: MOV A, #0COH
LCALL WRITE INS
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ABOUT END:

MOV
INC
DJINZ
LCALL

CJINE
LJMP

; Subroutine show logo

LOGO_UP:

LOGO_UP1:

LOGO UP2:

MOV

MOV
LCALL
MOV

MOV

MOVC
CJINE
LJMP

LCALL
INC
CJINE
MOV
LCALL

LCALL
Jz
LJMP

INC
LJMP

; Subroutine show logo

LOGO_DOWN:

LOGO DOWN1:

LOGO_DOWNZ2:

MOV

MOV
LCALL
MOV

MOV

MovC
CJINE
LJMP

LCALL
INC
CJINE

R1, #20 ;
DPTR

R1,$-1

SHOW

A, #0CH, HEAD1 H
MAIN

DPTR, #LINEOO

A, #80H
WRITE INS
R3, #00H

A, R3

A, @A+DPTR
A, #00H, $+6
LOGO_DOWN

WRITE DATA
R3

R3, #20, LOGO_UP2
RS, #2

DELAY 100MS

SCAN KEY
S+5
MAIN

DPTR
LOGO UP1

DPTR, #LINEO1

A, #0COH
WRITE INS
R3, #00H

A,R3

A, GA+DPTR
A, #00H, $+6
LOGO_UP

WRITE DATA
R3
R3, #20, LOGO DOWN2

show next name

check key 2ND (exit)
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MOV RS, #2

LCALL  DELAY_100MS
LCALL  SCAN_KEY

Jz $+5

LJMP  MAIN

INC DPTR
LJMP LOGO_DOWN1

SINCLUDE "MAIN2.ASM"

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: 0 Hz to 24 MHz

Three-level Program Memory Lock

¢ 128 x 8-bit Internal RAM

¢ 32 Programmable I/O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

¢ Programmable Serial Channel

* Low-power Idle and Power-down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Pin Configurations o
o
Pro00]1 _«0vce
P12 39 3 P0.0 (ADQ)
P1203 38 [J PO.1 (ADY)
P304 373 P0.2 (AD2)
Pra(s 36 [J P0.3 (AD3)
P150)6 35[J P0.4 (AD4)
P67 34[JPOS(ADS)
Pr7(e 333 P06 (ADS)
RST{S 32[3P0.7 (AD7)
PQFP/TQFP (Rx0y P3.0C] 10 31 [0 EANPP
(Tx0) P31 11 30 [J ALE/PROG
3 e (iNTO) P3.2( 12 291 PSEN
e 8ac838 (T P33 13 280127 (A15)
= <2< (101 P3a(]1e 27{1P26 (A14H
SR e I 8 g = g g {_Tl)PJ.SC\S 26[1P2.5(A13)
cao0aaZ>adaadaa (WR) P36(J16 251 P2.4 (A12)
~N0NN0N0N0NNa0nN (RD) P37 17 2¢[1P2.3 (A1)
I3 5883 xTAL2(] 18 23[1P2.2 (A10)
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PisO 33|3P0.4 (AD4) ono Q20 211 P20 (A8)
P1.6002 32 [1P0.5 (ADS)
P73 31 [1P0.6 (AD6)
AST < 30 [1P0.7 (AD7) PLCC
(RX0) P3.0s 29 [ EAVPP :
ncdse 28 [ANC scaa
(TxD) P31 7 27 [JALE/PROG 2222
(INTO) P3.2C] 8 26 [JPSEN caN~-0 Qo-aao
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o rsect o 2« br2o ria SOOOARARARAR
@ Pasd 23[1P25 (A13) P1sC]7 0¥ ¥ T ¥ F39]3P0.4 (AD4)
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pEpSpapERERaRERERERS) P79 371.iP0.6 (ADE)
SeY s ooanNax RSTC] 10 36{11P0.7 (AD7)
Lo E<5oadaaa (RXD) P3.0 (] 11 35 [ 1EAvPP
e gzecg nC 12 34| INC
s (TXD) P3.1 (] 13 33| 1 ALE/PROG
(iNT0) P3.217] 14 32| 1PSEN
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8-bit
Microcontroller
with 4K Bytes
Flash

AT89C51

Rev. 0265G—-02/00
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ATMEL

Block Diagram

P0.0 - PO.7 P2.0 - P2.7
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The AT89CS51 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 reset.

Pin Description

VCC
Supply voltage.

GND
Ground.

Port 0

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

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

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

Port 1

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

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

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (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
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

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

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source 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 externally being pulled low will source
current (I, ) because of the pullups.

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (externai interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

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

RST

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

ALE/PROG

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

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL 3
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit O 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.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/VPP

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 should be strapped to Ve for internal program
executions.

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

XTALA

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
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unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

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

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

Figure 1. Oscillator Connections

c2

”‘Iw XTAL2
(o%]
—t

XTAL1

GND

i
<

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

=40 pF + 10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE | PSEN | PORTO PORTH PORT2 PORT3
Idle Internal 1 1 ' Data Data Data Data
Idle External 1 1 | Float Data Address Data
Power-down Internal 0 0 i Data Data Data Data
Power-down External 0 0 i Float Data Data Data
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Figure 2. External Clock Drive Configuration

NC — XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

GND

L

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-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. 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
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

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

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U U No program lock features

2 P U u MOVC 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
Same as mode 2, also verify is disabled

P P! Same as mode 3, also external execution is disabled

AIMEL 5
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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
(Vee) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
ATB89C51 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 AT89C51

XXXX XXXX-5

yyww yyww
Signature (030H) = 1EH (030H) = 1EH

(031H) =51H (031H) =51H

(032H) =F FH (032H) = 05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Algorithm: Before programming the
ATB9CS51, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the AT89C51, take the
following steps.

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

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

Activate the correct combination of control signals.

4. Raise EA/Vp, to 12V for the high-voltage program-
ming 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

@
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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 completed, true 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 pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

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

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel
(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 can be erased by using the appropriate combi-

nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

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

Mode RST PSEN ALE/PROG EAN,; | P26 | P2.7 | P36 | P37
Write Code Data H i H12v s H H H
Read Code Data H L H H L {= H H
Write Lock Bit - 1 H L H/12v H H H H
=
Bit- 2 H L H/12v H H L L
"
Bit- 3 H s H/12Vv H L H L
N\
Chip Erase H L ) H/12v H E t G
ZNSKCRY
Read Signature Byte H B H H L L |2 L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
ATB9C51 o ATB9C51 ©
ADDR, A0V FLY Voo |- s I G LI T Vee |———
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO |« o e P20 - P23 PO |—» (USE 10K
A8 - Al1 A8 - Al PULLUPS)
— AR e g " 726
SEE FLASH | » P27 ALE [« PROG SEE FLASH » P2.7 ALE |«
PROGRAMMING —| PROGRAMMING- 1|
MODES TABLE , — %] P3.6 MODES TABLE : ——» P3.6 =
s » P3.7 ie.—} P37 el
° XTAL2 “EA —— Ve ’-—T—m—— XTAL2 EA |«
LAl
324 MHz | L 3-24 MHz_i_ 1B
= o
ol Nk -
T ~
! ; |
i i
L —@——- - XTAL1 RST |« Vi ° 3—{ XTAU RST J-——- Vi
»— GND PSEN GND PSEN |—

|||||

AIMEL
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
Boin: lpbiati i e e ADDRESS ADDRESS
— tavav
TR
PORT O I/ DATA IN —{ DATA OUT
F_’ toveL  taHox
tavaL g B
ALE/PROG N
oL [ ——— tanst
= o e e e LOGIC 1
EMNVee A S N\ LA LOGIC NN~ .
le—t le—t
P2.7 = ferav i i
(ENABLE)
taHaL —* vy
P3.4 ./ BN
(RDY/BSY) BUSY READY
— twe

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

P1.0 - P17 PROGRAMMING VERIFICATION
P2 . pos A\ b oI N ADDRESS ‘Jh ADDRESS
e < tavav
PORT 0 ' DATA IN I DATA OUT
L—' toval  taHox F"I
tavaL [ n *| tanax
ALE/PROG A
fsroe f oo
il LOGIC 1
EAN g, 77 e gy e e LQEICR QT e e e
ae—t =
P2.7 e teLav e— *— leraz
(ENABLE) Vi
taHaL —* s
P3.4
(RDY/BSY) BUSY READY
twe

8 AT89C51 T
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Flash Programming and Verification Characteristics
Ta=0°Cto 70°C, Vo = 5.0 £ 10%

Symbol Parameter Min Max Units
Vept" Programming Enable Voltage 115 12.5 Vv
lpp Programming Enable Current 1.0 mA
NeieL Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48tc o,

tarax Address Hold After PROG 48te oL

toieL Data Setup to PROG Low 48tc oL

taHox Data Hold After PROG 48t oL

temsn P2.7 (ENABLE) High to Vpe 48tc oL

toral Vpe Setup to PROG Low 10 us
tans ! Vep Hold After PROG 10 us
taiaH PROG Width - 1 110 ys
tavav Address to Data Valid 48t cL

teLav ENABLE Low to Data Valid 48tc oL

tenaz Data Float After ENABLE 0 48t oL

tansL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

AIMEL
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[los i vanin o g
Absolute Maximum Ratings*
Operating Temperature................ocooevvceseven -55°C to +125°C *NOTICE:
Storage Temperature ...........cccceeveeeereeceveneeceens -65°C to +150°C

Voltage on Any Pin

with Respect to Ground

Maximum Operating Voltage

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
conditions for extended periods may affect device

reliability.
DEOUputiCurtente s At s i s
DC Characteristics
Ta =-40°C to 85°C, V¢ = 5.0V £ 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 Vge- 0.1 v
Vi Input Low-voltage (EA) -0.5 0.2 Vec-0.3 v
Vin Input High-voltage (Except XTAL1, RST) 0.2Vcc+0.9 Vee+ 0.5 \
Vins Input High-voltage (XTAL1, RST) 07V e Ve + 0.5 v
Vou Output Low-voltage‘") (Ports 1,2,3) lo.= 1.6 MA 0.45 v
Output Low-voltage!"
V, = 3. .45 \Y
ot (Port 0, ALE, PSEN) =_IT™ 1
low = -60 A, Vee = 5V ¢ 10% 2.4 v
Output High-voltage
V, Ol =-25 pA 0.75V v
of (Ports 1,2,3, ALE, PSEN) Ion ZEEH cc
low = -10 pA 0.9 Ve v
lon = -800 A, Ve = 5V £ 10% 24 v
Output High-voltage nes A 5
V, =-30 75V, v
Sl (Port 0 in External Bus Mode) don " Q004 (5 Vee
low = -80 HA 0.9 Ve X
lie Logical 0 Input Current (Ports 1,2,3) Viy = 0.45V -50 HA
Logical 1 to 0 Transition Current
| V=2V, VCC =5V £ 10% - A
L Fottni 28] w=2V.VCC =5V £ 10 650 n
Iy Input Leakage Current (Port 0, EA) 0.45 < Vi < Ve +10 pA
RRST Reset Pull-down Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
|dle Mode, 12 MHz 5 mA
lec
Vee = 6V 100 pA
Power-down Mode®
Ve =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

10

Maximum Ig_per port pin: 10 mA

Maximum I, per 8-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
If 1o_exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power-down is 2V.

AT89C5H1 e
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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

AIMEL

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1heicl Oscillator Frequency 0 24 MHz
tim ALE Pulse Width 127 2te 40 ns
tavie Address Valid to ALE Low 43 toc-13 ns
tLiax Address Hold After ALE Low 48 torc-20 ns
v ALE Low to Valid Instruction In 233 4tccL-65 ns
tueL ALE Low to PSEN Low 43 toc-13 ns
tepn PSEN Pulse Width 205 3t o 20 ns
teuv PSEN Low to Valid Instruction In 145 3toc 45 ns
toxix Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 tele 10 ns
texav PSEN to Address Valid 75 teiel-8 ns
taviv Address to Valid Instruction In 312 5tc cL-55 ns
toaz PSEN Low to Address Float 10 10 ns
tairH RD Pulse Width 400 Bt o -100 ns
twiwn WR Pulse Width 400 Bt c -100 ns
taiov RD Low to Valid Data In 252 Ste o -90 ns
trrox Data Hold After RD 0 o A 0 e né
tanoz Data Float After RD 97 2t 28 ns
tiov ALE Low to Valid Data In 517 8tc o -150 ns
tavov Address to Valid Data In 585 Otec-165 ns
tuwe ALE Low to RD or WR Low 200 300 3t -50 3tc o +50 ns
tavwi Address to RD or WR Low 203 ate 75 ns
tavwx Data Valid to WR Transition 23 teic 20 ns
tovwh Data Valid to WR High 433 Tte c-120 ns
twrax Data Hold After WR 33 teroL-20 ns
taiaz RD Low to Address Float 0 0 ns
twhi RD or WR High to ALE High 43 123 toe-20 toroL+25 ns
11
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External Program Memory Read Cycle

tLHLL
ALE #.,_,_/_‘ ——_\i
* teLen
tavie [ e Ly
TRl
PSEN s " teuv
LT toxav
tLLAX tPXIZ ==
texix —
PORT 0 D G INSTR IN AOAT L
ety ————"
PORT 2 G il A8-Al5 ~ X A8-At5
External Data Memory Read Cycle
— !
ALE - t‘ RAAY MU | 7
X tWHLH
PSEN :
ETT 5 oy !
le— tRLRH —>
— twe —>
AD e— L ax —* ———t'—/ - t
t 1 *RLOV RHDZ
M avu—" e ]
— & RHDX
PORT 0 _ > A0 - A7 FROM Rl OR DPL |——KoATA INIS3A0 - A7 FROM PCL>—< INSTR IN
< tavwL '
[« tAVDV NSO
PORT 2 K P20- P27 OR AB - Al5 FROM DPH > A8 - A15 FROM PCH

12
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External Data Memory Write Cycle

t— i
ALE : s b
tWHLH
ﬁS—E—N —/——— --------- == mrossetn s z -5 N i
fowe 'i‘ twiwr —>
S e e
MR —1 ax T
e— tavi—> tavwx P —* 1 twhax
e tQVWH 7%
PORT 0 _ > A0 - A7 FROM Rl OR DPL DATA OUT )X XA0 - A7 FROM PCLO—INSTR IN
tavwi g
PORT 2 p 4 P2.0 - P27 OR A8 - Als FROM DPH > A8 - A15 FROM PCH

External Clock Drive Waveforms

02 Vgg- 0.1V
0.45V

External Clock Drive

Symbol Parameter Min Max Units
oL Oscillator Frequency 0 24 MHz
tewet Clock Period 41.6 e
terex High Time 15 o
terex Low Time 15 e
teien Rise Time 20 i
teneL Fall Time 20 =

AIMEL

13
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Serial Port Timing: Shift Register Mode Test Conditions
(Ve = 5.0 V £20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
txixe Serial Port Clock Cycle Time 1.0 12tccL us
tauxH Output Data Setup to Clock Rising Edge 700 10tg c -133 ns
txHax Output Data Hold After Clock Rising Edge 50 2t o -117 ns
txHox Input Data Hold After Clock Rising Edge 0 0 ns
txmov Clock Rising Edge to Input Data Valid 700 10t o -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 | 1 | 74 | 3 | 4 | 5! | 6 | 7 | 8 |
ae _JF T DOE-N TS S IWE=B LL TTANT LT T
t
e '""_'""t’"”" | g2 PR B! XLXLF 1. A PR e ot s e, '\ T
QVXH {-—_: LM ‘xu!ox
WRITE TO SBUF 0 1 ‘I>< o\ N 3 e a5 28 BE X 7
OUTPUTDATA txpoy <—~¥~ﬁ [ twox : N2 L] oseT Tl»_T
celeann g 5. 2w DG > S D Dap s s D
INPUT DATA SET ail

AC Testing Input/Output Waveforms!"  Float Waveforms("

Vg - 0.5V , M Qi ol i :
cc - 0.2 VCC + 0.9V = v VLQAD’ O‘W/?’“ ’\VOL' 0-1¥
/ e % 7 "y i
TEST POINTS V4 \oas /¢ Timing F}e(erence it ol
\ o Points
0.45V e\’ Dy Voo AN ff . Vo OV

Note: 1. AC Inputs during testing are driven at Ve - 0.5V for a Note: 1. For timing purposes, a port pin is no longer floating

logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at V;y min. for a logic 1 and V, max. for a port pin begins to float when 100 mV change from
logic 0. the loaded Vou/Vo, level occurs.

14 AT89C51 e TS,
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V £20% AT89C51-12AC 44A Commercial
AT89CS51-12JC 44) (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44y (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Q 44Q
16 5V £20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16J! 44) (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 7C°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20JI 44J (-40°C to 85°C)
AT89C51-20PI 40P6
AT89C51-20Ql 44Q
24 5V +£20% AT89051-24ACMW : 44/\ N F4 éomn;ercu’il x
AT89C51-24JC 44y (0°C to 70°C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24JI 44 (-40°C to 85°C)
AT89C51-24PI 40P6
AT89C51-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
444 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

ATMEL

15
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Packaging Information
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44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21(0.478) sa

PIN 11D 11.75(0-458)

0.45(0.018)

0.30(0.012)

0.80(0.031) BSC L
_’,

-

10.10(0.394)
9.90(0.386) 2

r 1.20(0.047) MAX

0.20(.008) _

0.09(:003) ‘i i t ﬂ }
_.l [_17_5(%3_01 0.15(0‘005)_’

0.45(0.018) 0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45°

PIN NO. 1 045(1.14) X307 57 012(305)
: -ADENTIFY |t == Go8(203)
v & .—.ﬁ 5 e
s 7 5:(16 7) ! o 630({6 0)
L b souss)so 1 Tsso(i5.0)
o32(813) | 7 t 27 .021(533)
1026(:660) 'ff I 595(‘77’50 =sCEEu)
Ly b |e8s(17.4)” | ==
T P (Bily
.050(1.27) TYP BRI L K G—L:—J_

-~} .500(12.7) REF SQ

IETYEVAY)

Cadisiczadid

= 165(4.19)

022(.559) X 45° MAX (3X)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6) |
2.04(51.8) P'N
566(14.4)
530(13.5)
j=— 090(2.29)
1.900(48.26) REF MAR
220(5 59) .005(.127)
MIN
SEATING
PLANE 065(1 65)
.161(4.09) 015(.381)
125(3 18) 022(.559)
-065(1.65) 014(:356)
110(2 79) -041(1.04)
090(2.29) 630(16.0)
I“ 590(15.0)
0 g
.012(.305) _./5
1008(-203
209) 690(17.5)
610(155)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525) sa
12.95 (0.506)
PIN 11D

0.50 (0.020)

='__(' 0.35(0.014)
=1

0.80 (0.031) BSC 7

=

10.10 (0.394)
5.90 (0.386) o

J—— 2.45 (0.096) MAX

o

0.17 (0.007) 7

007 _] 7
0.13 (0.005) &{
P i

0.78 (0.030)
Controlling dimension: millimeters

‘.
L 0.25 (0.010) MAX

16 AT89C51
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5804

OCL'¥819C
188ys ejeq

BiMOS Il UNIPOLAR

STEPPER-MOTOR TRANSLATOR/DRIVER

SUPPLY

OuTPUT
ENABLE

DIRECTION

GROUND

GROUND

STEP INPUT

HALF-STEP

CNE-PHASE

Dwg. W-194

Note that the UCNS804B (dual in-line package)
and UCNS804LB (small outline IC package) are
electrically identical and share a common
terminal number assignment.

ABSOLUTE MAXIMUM RATINGS

Output Voltage, Vg ..ocoeeemersesseseesasinnens 50V
Output Sustaining Voltage,

ch [T R
Output Sink Current, loyt -w-eeeeceeseeesees
Logic Supply Voltage, Vpp- -
Input Voltage, Viy..ccceereeermisescesencansnins 70V

Package Power Dissipation,

P ai el See Graph
Operating Temperature Range,

T Avessiniies fhastavt st s sinnndends -20°C to +85°C
Storage Temperature Range,

e e e et -55°C to +150°C

Combining low-power CMOS logic with high-current and high-voltage
bipolar outputs, the UCN5804B and UCNS5804LB BiMOS Il translator/
drivers provide complete control and drive for a four-phase unipolar stepper-
motor with continuous output current ratings to 1.25 A per phase (1S A
startup) and 35 V.

The CMOS logic section provides the sequencing logic, DIRECTION
and OUTPUT ENABLE control, and a power-on reset function. Three
stepper-motor drive formats, wave-drive (one-phase), two-phase, and half-
step are externally selectable. The inputs are compatible with standard
CMOS, PMOS, and NMOS circuits. TTL or LSTTL may require the use of
appropriate pull-up resistors to ensure a proper input-logic high.

The wave-drive format consists of energizing one motor phase at a time
in an A-B-C-D (or D-C-B-A) sequence. This excitation mode consumes the
least power and assures positional accuracy regardless of any winding
inbalance in the motor. Two-phase drive energizes two adjacent phases in
each detent position (AB-BC-CD-DA). This sequence mode offers an
improved torque-speed product, greater detent torque, and is less susceptible
to motor resonance. Half-step excitation alternates between the one-phase
and two-phase modes (A-AB-B-BC-C-CD-D-DA), providing an eight-step
sequence. e

The bipolar outputs are capable of sinking up to 1.5 A and withstanding
50 V in the off state (sustaining voltages up to 35 V). Ground-clamp and
flyback diodes provide protection against inductive transients. Thermal
protection circuitry disables the outputs when the chip temperature is exces-
sive.

Both devices are rated for operation over the temperature range of -20°C
to +85°C. The UCNS804B is supplied in a 16-pin dual in-linc plastic batwing
package with a copper lead frame and heat-sinkable tabs for improved power
dissipation capabilities; the UCNS5804LB is supplied in a 16-lead plastic
SOIC batwing package with a copper lead frame and heat-sinkable tabs.

FEATURES

H 1.5 A Maximum Output Current

| 35V Output Sustaining Voltage

B Wave-Drive, Two-Phase, and Half-Step Drive Formats
® Internal Clamp Diodes

E Output Enable and Direction Control

B Power-On Reset

H Internal Thermal Shutdown Circuitry

Always order by complete part number, e.g., UCN58048B |.

S lllegro~

‘eRE WMy ” " MicroSystems, Inc.
it § i
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5804

BiMOS II UNIPOLAR
STEPPER-MOTOR
TRANSLATOR/DRIVER

TYPICAL INPUT CIRCUIT

Vob

Dwg. EP-010-5

TYPICAL OUTPUT DRIVER

ouT

Dwg. EP-021-4

Rg T = 6.0°CW

43°C/W

N\ SUFFIX'B" Ry, =
]

oreea

X

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

1 ==
\
SUFFIX 'LB', ReJA = 63°C/W
0
25 50 75 1
TEMPERATURE

00
IN °C

TRUTH TABLE

125 150

Dwg. GP-049-2A

Drive Format Pin9 Pin 10
Two-Phase & L
One-Phase H E
Half-Step L H
Step-Inhibit H H

T

‘MicroSystems, Inc.

115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036 (508) 853-5000

Copyright © 1987, 2000 Allegro MicroSystems, Inc.
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5804
BiMOS II UNIPOLAR
STEPPER-MOTOR
TRANSLATOR/DRIVER
ELECTRICAL CHARACTERISTICS at Ta = 25°C, T; <150°C, Vpp=4.5Vto 5.5V
(unless otherwise noted).
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current lcex Vour=50V — 10 50 pA
Output Sustaining Voltage VeE(sus) lour=125A,L=3mH 35 — —
Output Saturation Voltage Vee(san lout =700 mA — 1.0 1.2
louT=1A = 1.1 1.4
louT=1.25A - 120 s
Clamp Diode Leakage Current IR VR=50V — 10 50 HA
Clamp Diode Forward Voltage Vg lF=125A — 1.5 3.0 v
Input Current lingr) Vin =Vop — 0.5 5.0 pHA
lino) Vin=0.8V —_ 05 5.0 pA
Input Voltage Ving) Vpp=5V 35 — 5.3
Vin) 0.3 B 0.8
Supply Current Iop 2 Outputs ON — 20 30 mA
Turn-Off Belay ton 50% Step Inputs to 50% Output — — 10 us
Turn-On Delay tore 50% Step Inputs to 50% Output — — 10 us
Thermal Shutdown Temperature Ty — 165 — °C
TIMING CONDITIONS
- cLock ﬂfuwmﬂmmmm
one prase |7k |
HALF STEP I
OUTPUT ENABLE i oy —B R
st A | |
OUTPUTC —I‘_|_l_‘ Sl _! ]|
outputp  — U g
TWO -PHASE;‘, HALF-STEP l,WAVE DRIVE |DISABLED
Dwg. W-110A

A. Minimum Data SetUpTime ................... e 100 ns
B. MinimumDataHoldTime .......................... 100 ns
C. Minimum Step Input Pulse Width .. ............ ... ... 3.0 us

www.allegromicro.com
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5804

BiMOS II UNIPOLAR
STEPPER-MOTOR
TRANSLATOR/DRIVER

APPLICATIONS INFORMATION

WAVE-DRIVE SEQUENCE

Internal power-on reset (POR) circuitry resets Halsen =G Onetha et
OUTPUT, (and OUTPUT} in the two-phase Step A B Cc D
drive format) to the on state with initial applica-
tion of the logic supply voltage. After reset, the P?R 8: 8:::2 g;i SEE
circuit then steps according to the tables. 2 OFF ON OFF OFF

The outputs will advance one sequence 3 OFF OFF ON OFF
position on the high-to-low transition of the STEP 4 OFF OFF OFF ON
INPUT pulse. Logic levels on the HALF-STEP
and ONE-PHASE inputs will determine the drive
format (one-phase, two-phase, or half-step). The
DIRECTION pin determines the rotation se- TWO-PHASE DRIVE SEQUENCE
quence of the outputs. Note that the STEP
INPUT must be irl:: the low state when changing i el ©, B
the state of ONE-PHASE, HALF-STEP, or Step A B (o] D
DIRECTION to prevent erroneous stepping. POR ON OFF OFF ON

All outputs are disabled (off) when OUTPUT 1 ON OFF OFF ON
ENABLE is at a logic high. If the function is not 2 ON ON OFF OFF
required, OUTPUT ENABLE should be tied low. 3 OFF ON ON OFF
In that condition, all outputs depend only on the & OFF OFF ON ON
state of the step logic.

During normal commutation of a unipolar
stepper motor, mutual coupling between the HALF-STEP DRIVE SEQUENCE
motor windings can force the outputs of the
UCNS5804B below ground. This condition will ialf Stgpe=, One @hasgL.
cause forward biasing of the collector-to-substrate Step A B c D
junction and source current from the output. For
many L/R applications, this substrate current is POR ON OFF OFF OFF
high enough to adversely affect the logic circuitry 1 ON pre OFF OFF
and cause misstepping. External series diodes & ON ON OFF OFF
(Schottky are recommended for increased 3 OFF ON OFF OFF
efficiency at low-voltage operation) will prevent £ OFE ON ON OFF
substrate current from being sourced through the 5 OFF OFF ON OFF
outputs. Alternatively, external ground clamp 6 OFF OFF ON ON
diodes will provide a preferred current path from I OFF OFF OFF ON
ground when the outputs are pulled below ground. 8 ON OFF OFF ON

Internal thermal protection circuitry disables
all outputs when the junction temperature reaches
approximately 165°C. The outputs are enabled
again when the junction cools down to approxi-
mately 145°C.

115 Northeast Cutoff, Box 15036

IO

MicroSystems, Inc.

Worcester, Massachusetts 01615-0036 (508) 853-5000
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5804

BiMOS Il UNIPOLAR
STEPPER-MOTOR
TRANSLATOR/DRIVER

OR

TYPICAL APPLICATION
L/R Stepper-Motor Drive

g
Voo | 16
OE |15
m DIRECTION
CONTROL

STEP INPUT

The products described here are manufuctured under one or more
U.S. patents or U.S. patents pending.

Allegro MicroSvstems, Inc. reserves the right to make. from time to
time, such departures from the detail specifications as may be
required to permit improvements in the performance, reliability, or
manufacturability of its products. Before placing an order, the user is
cautioned to verify that the information being relied upon is current.

Allegro products are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information included herein is believed to be uccurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringement of patents or other rights of
third parties which may result from its use.

www.allegromicro.com




141

5804
BiMOS IT UNIPOLAR
STEPPER-MOTOR
TRANSLATOR/DRIVER
UCNS5804B
Dimensions in Inches
(controlling dimensions)
16 NOTE 4 9
0.280
0.240
8
__lo.mo‘__ l..._o,oos
MIN
i
0.210
MAX
o0
0.015 0.150
- 0.115
— o
Dwg MAQO1-17A
Dimensions in Millimeters
(for reference only)
NOTE 4
I ) S i L0 i | Y Pt ﬂ
711
6.10
8
_l 2.54 L l.,_ 0.13
19.68 8sC MIN
18.67
f
5.33 ==
MAX {
0.39
MIN
=J {0558
0 356 Owg MA-001-17A mm
NOTES: 1. Exact body and lead configuration at vendor's option within limits shown.

. Lead spacing tolerance is non-cumulative.

. Webbed lead frame. Leads 4, 5, 12, and 13 are internally one piece.
. Supplied in standard sticks/tubes of 25 devices.

1.
2
3. Lead thickness is measured at seating plane or below.
4
5

dlls

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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5804

BiMOS II UNIPOLAR
STEPPER-MOTOR
TRANSLATOR/DRIVER

UCNS5804LB

(add “TR" to part number for tape and reel)
Dimensions in Inches
(for reference only)

HARAAAATN T

0.2992 0.419
0.2914 0.394

0.050
0.016

HHHHHBHG
2

cE s s

-—

0.4133
0.3977

[~
1 0.050 P
BSC 0°7108°

|

=}
0.0926
0.1043

0.0040 M. Ovg, MA D084
Dimensions in Millimeters
(controlling dimensions)

16 2 TR ==
_HAAAARAH Wl
7.80 1000
%
ol £ S |
INEEEEEE il =
2 2 g o R rroef
10.10
| ‘
2.65
Glisi=i iRl
_'_L_OJO MIN. il e

NOTES: 1. Exact body and lead configuration at vendor's option within limits shown.
2. Lead spacing tolerance is non-cumulative.

3. Lead thickness is measured at seating plane or below.

4. Webbed lead frame. Leads 4, 5, 12, and 13 are internally one piece.

5

. Supplied in standard sticks/tubes of 47 devices or add “TR" to part number for tape and reel.

www .allegromicro.com
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5804
BiMOS II UNIPOLAR
STEPPER-MOTOR
TRANSLATOR/DRIVER
MOTOR DRIVERS

Function Output Ratings* Part Numbert

INTEGRATED CIRCUITS FOR BRUSHLESS DC MOTORS N
3-Phase Power MOSFET Controller — 28V 3933
3-Phase Power MOSFET Controller — 50V 3932
3-Phase Power MOSFET Controller — 50 V 7600
2-Phase Hall-Effect Sensor/Driver 400 mA 26V 3626
Bidirectional 3-Phase Back-EMF Controller/Driver +600 mA 14V 8906
2-Phase Hall-Effect Sensor/Driver ‘900 mA 14V 3625
3-Phase Back-EMF Controller/Driver +900 mA 14V 8902—-A
3-Phase Controller/Drivers +2.0A 45V 2936 & 2936-120

INTEGRATED BRIDGE DRIVERS FOR DC AND BIPOLAR STEPPER MOTORS
Dual Full Bridge with Protection & Diagnostics +500 mA 30V 3976
PWM Current-Controlled Dual Full Bridge +650 mA 30V 3966
PWM Current-Controlled Dual Full Bridge +650 mA 30V 3968
PWM Current-Controlled Dual Full Bridge +750 mA 45V 2916
PWM Current-Controlled Dual Full Bridge +750 mA 45V 2919
PWM Current-Controlled Dual Full Bridge +750 mA 45V 6219
PWM Current-Controlled Dual Full Bridge +800 mA 332V 3964
PWM Current-Controlled Full Bridge +1.3 A 50V 3953
PWM Current-Controlled Dual Full Bridge +1.5 A 45V 2917
PWM Current-Controlled Microstepping Full Bridge +1.5A 50V 3955
PWM Current-Controlled Microstepping Full Bridge +1.5A 50V 3857
PWM Current-Controlled Dual DMOS Full Bridge +1.5A 50V 3972
Dual Full-Bridge Driver +2.0A 50V 2998
PWM Current-Controlled Full Bridge +20A 50V 3952
DMOS Full Bridge PWM Driver +20A 50 vV 3958
Dual DMOS Full Bridge +2.5A 50 V 3971
UNIPOLAR STEPPER MOTOR & OTHER DRIVERS

Voice-Coil Motor Driver +500 mA 6V 8932-A
Voice-Coil Motor Driver +800 mA 16V 8958
Unipolar Stepper-Motor Quad Drivers 1A 46V 7024 & 7029
Unipolar Microstepper-Motor Quad Driver 1.2A 46V 7042
Unipolar Stepper-Motor Translator/Driver 1.25A 50V 5804
Unipolar Stepper-Motor Quad Driver 1.8A 50V 2540
Unipolar Stepper-Motor Quad Driver 1.8A 50V 2544
Unipolar Stepper-Motor Quad Driver 3A 46V 7026
Unipolar Microstepper-Motor Quad Driver 3A 46V 7044

Current is maximum specified test condition, voltage is maximum rating. See specification for sustaining voltage limits

or over-current protection voltage limits. Negative current is defined as coming out of (sourcing) the output.

1 Complete part number includes additional characters to indicate operating temperature range and package style.

Also, see 3175, 3177, 3235, and 3275 Hall-effect sensors for use with brushless dc motors.

‘qE" WP
at i Ld

=
m% : 115 Northeast Cutoff, Box 15036
MicroS: s. lnc.

Worcester, Massachusetts 01615-0036 (508) 853-5000
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Order this document by LM324/D

@ MOTOROLA

¥

Quad Low Power
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with true
differential inputs. They have several distinct advantages over standard
operational amplifier types in single supply applications. The quad amplifier
can operate at supply voltages as low as 3.0 V or as high as 32 V with
quiescent currents about one—fifth of those associated with the MC1741 (on
a per amplifier basis). The common mode input range includes the negative
supply, thereby eliminating the necessity for external biasing components in
many applications. The output voltage range also includes the negative
power supply voltage. .

e Short Circuited Protected Outputs

True Differential Input Stage

Single Supply Operation: 3.0 V to 32V

Low Input Bias Currents: 100 nA Maximum (LM324A)
Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply
Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

LM324, LM324A,
LM224, LM2902,
LM2902V

QUAD DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

w N SUFFIX

\ W PLASTIC PACKAGE
]" CASE 646

14 (LM224, LM324,
1 LM2902 Only)

l D SUFFIX

AR PLASTIC PACKAGE
1 CASE 751A

(SO-14)

PIN CONNECTIONS

out 1 [1] 4] Out 4
Inputs 1 {%bJ % } Inputs 4

LM224 LM2902, vee (4] ] Vee. Gnd
Rating ‘| Symbol LM324, LM324A LM2902V Unit E E
Inputs 2{ } Inputs 3
Power Supply Voltages Vde 2 [e] 9] =
Single Supply Vce g2 26
Out2|7 8| Out3
Split Supplies Vce. VEE +16 +13 4 [: :]
Input Differential VIDR +32 +26 -Vdc (Top View)
Voltage Range (See
Note 1)
ORDERING INFORMATION
Input Common Mode VICR -0.3t0 32 -0.3t026 Vdc -
Voltage Range Operating
Device Temperature Range Package
Output Short Circuit tsc - Continuous LM2302D SO-14
. = o O
Duration [Magoan | A= 40710 +105°C 5 i oip
Junction Temperature Ty 150 °C EMegie D Ta = —40°to +125°C SO-14
= LM2902VN Plastic DIP
Storage Temperature Tstg —65 to +150 C
Range : LM224D | 1, = _ps°to +85°C 50-14
LM224N Plastic DIP
Operating Ambient Ta -2510 +85 —40to+105 | °C LM324AD SO-14
T 00 +70 —40to +125
emperiure Range . LM324AN BT 3 Plastic DIP
NOTE: 1. Split Power Supplies. LM324D TA=0°t0+70°C SO-14
LM324N Plastic DIP

©® Motorola, Inc. 1996 Rev 3
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LM324, LM324A, LM224, LM2902, LM2902V
ELECTRICAL CHARACTERISTICS (Vcc=5.0V, VEg = Gnd, Ta = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902v

Characteristics Symbol [ Min | Typ | Max | Min | Typ | Max | Min | Typ | Max [ Min | Typ | Max | Min [ Typ | Max Unit

Input Offset Voltage Vio mV
Vec=50Vio30V
(26 V for LM2902,
V). Vicr=0Vto
Vee-17V.Vgo =
14V,Rg=0Q
Ta=25°C =20 s Es [oeoalia0 di—| 20 | rio fo— 20 | 70 )= | 20| 7.0
TA = Thigh(1) - - |70} - - | s0 | - - |90 | - - 10 | - - 13
TA = Tiow( V) - - 70 | - - 50 | - - 9.0 | - - 10 - - 10

Average Temperature AV|/AT | - 7.0 - - 7.0 30 - 7.0 - - 7.0 - - 7.0 - uvrc
Coefficient of Input
Offset Voltage

TA = Thigh to Tiow!

Input Offset Current lio — 4”309 30 | - | 50 |30 .],- | 50 | 50 - 5.0 50 - | 50 | s0 nA
TA=Th-,ghm-rbw(1) - - 100 | - - 75 - - 150 | - - 200 | - - 200

Average Temperature | Aljp/AT | — 10 - - 10 300 | - 10 - - 10 - - 10 - pArC
Coefiicient of Input
Offset Current

Ta = Thigh 10 Tiow(")
Input Bias Current I8 - | 90 |-150] - | 45 |-100| - | 90 | 250 | - | -80 |-250 | - | -90 |-250| nA
Ta = Thigh ©© Tiow(® - - |-300] - - | =200 - - | -500} - - | -s00| - - | -500

Input Common Mode VIcr \%
Voltage Range(2)
Vece =30V (26 V for 0 = 28.3 0 - 283 0 - 283 0 - 243 0 - 243
LM2902, V)
Ve =30V (26 V for o jemmesig oa] 5oL 177 - el | O\Jle=sP| CEmlmomt, X | 227Y ol | - | 2¢
LM2902, V),
Ta = Thigh o Tiow
Differential Input ViOR - - Vee |7~ - Vee - - Vee - - Vee - - Vee Y
Voitage Range

Large Signal Open AvoL VimV
Loop Voltage Gain
R =2.0kQ, Voo = 50 100 - 25 100 - 25 100 - 25 100 - 25 100 -
15V, for Large Vg 25 i
Swing, Tp = Thigh

to Tiow(?)

Channel Separation Ccs - | —-120 - - | -120 - - | -120 - - | -120 - - | -120 - dB
10 kHz << 20 kHz,
Input Referenced

Comamon Mode cMr | 70) 8 | - |es| 70| =65 |70 | - [|s0| 70 =i is0] 70 = 8
Rejection, Rg < 10 kQ

Power Supply PSR 65 100 - 65 | 100 - 65 100 - S0 100 - 50 100 - d8
Rejection

Output Voltage—High VoH \

Limit =Thi,
wa)%\ Thigh to
Ve =50V,R = 33| las it mii s eas ot fieaas [ 2|33 38 cilias|2iais =
2.0kQ, Tp =25°C
Ve =30V (26 Vfor 2 | - - |28 | - = lee | = 2t Lo TR s o e 2
LM2902, V),
R =2.0kQ
Ve =30V (26 V for 27 28 - 27 | 28 - 27 | 28 - 23 24 = 23 24 =
LM2902, V),
RL = 10kQ

NOTES: 1. Tjoy = -25°C for LM224 Thigh = +85°C for LM224

= 0°C for LM324, A = +70°C for LM324, A
= —40°C for LM2902 = +105°C for LM2902

= —40°C for LM2902V = +125°C for LM2902V
2. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of the

common mode voltage range is Vo -1.7 V.

2t MOTOROLA ANALOG IC DEVICE DATA
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LM324, LM324A, LM224, LM2902, LM2902V
ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, VEE = Gnd, Ta = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902v
Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Min Typ | Max | Min [ Typ | Max | Min | Typ | Max Unit
Output Voltage — Low VoL - 5.0 20 - 5.0 20 - 5.0 20 - 5.0 100 - 5.0 100 mVv
Limit, Vcc =S5.0 V. R
=10k, TA = Thigh to
T|°w(1) o
Output Source Current o+ mA
Vip=+10V.Vcc =
15V)
Ta=25°C 20 40 - 20 40 - 20 40 - 20 40 - 20 40 -
TA = Thigh © Tiow(" 10 | 20 - | 10| 20 - | 10f 2 - 10| 20 - |10 2 -
Output Sink Current o mA
(Vip=-1.0V.Vgc = 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -
15V) Tp = 25°C
TA = Thigh 10 Tiow(" so| 80 | - [so] 80| - [s0]|] 80| - |50]| 80| - |S50] 80 -
Vip=-10V,Vg = 12 50 - 12 50 - 12 50 - - - - - - - HA
200 mV, Tp = 25°C)
Output Short Circuit to Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
Ground(3) /
Power Supply Current Ilcc mA
(TA = Thigh to Tiow)(!
Vece =30V (26 Vfor - - 3.0 - 1.4 3.0 - - 3.0 - - 3.0 - - 3.0
LM2902, V),
Vo=0V,R ==
Vee=5.0V, - - 1280 S™70.7 02 \ = - 12 | - - 12 | - - 1.2
Vo =0V,R_ = e
NOTES: 1.T|o,, =-25°C for LM224 Thigh = *+85°C for LM224
= 0°C for LM324, A = +70°C for LM324, A
= —40°C for LM2902 = +105°C for LM2902
= —40°C for LM2902V = +125°C for LM2902V
2. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of the
common mode voltage range is Vo =1.7 V.
Representative Circuit Diagram
(One—Fourth of Circuit Shown) Bias Circuitry
Common to Four
Output Amplifiers
o
oV
r} Q15 l‘; : 3 : cc
at16 TR Re—y—{ Q14 i Q2 I
Q13 [ |
40k [ |
Q19 | |
| | |
5.0 pF Qi2 P
% ( | Q24| |
25 3 | Q23 |
. —
Q18 Q20 | |
Inputs f [ |
jan [ |
——| ol I :}_ﬁ |
-0— Qi7 Q21 | |
r/—< Q6 | Q7 | Q25 |
@‘ Q5 L1 af el gy § '
Q8 Q10 | |
Q3 Q4 Q26 r‘ ‘\1 20k [ |
& * L I 0 VEg/Gnd
3

MOTOROLA ANALOG IC DEVICE DATA
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LM324, LM324A, LM224, LM2902, LM2902V
CIRCUIT DESCRIPTION

The LM324 series is made using four internally Large Signal Voltage Follower Response
compensated, two-stage operational amplifiers. The first

stage of each consists of differential input devices Q20 and ] V,ﬁi}_’g’ k‘ﬁ§°
Q18 with input buffer transistors Q21 and Q17 and the Ta =25°C

differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller >
compensation capacitor (only 5.0 pF) can be employed, thus \

Tt

INERISNER]

4

1.0 VIDIV

saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

™

INNIEERE (RN N

5.0 us/DIV

Each amplifier is biased from an internal-voltage regulator
which has a low temperature coefficient thus giving each
amplifier good temperature characteristics as well as
excellent power supply rejection.

Single Supply Split Supplies
3.0Vto Vee(max) VCC

{ o
o ‘ = 15VtoVegmax)
N2
ol
amvo s =]
S 4 0 = 15VtoVEE(max)

——i VEE

4 MOTOROLA ANALOG IC DEVICE DATA



148

LM324, LM324A, LM224, LM2902, LM2902V

Figure 1. Input Voltage Range

Figure 2. Open Loop Frequency

20 120
: . RN
S 2 100 . Voo =15V
= 16 H2i= ™~ VEg =Gnd
w L Zhat N Ta=25°C
Q 1 C O 80 A
= / L D w N
o 12 A 4o g
= e g5 6 N
5 10 : 5ira 52 NN
S Negatnve/ /A/ e N
= 8.0 i oo N
= 1,//‘ Positive e N
3 =2 5 N
4.0 a
7 o N
Sl 0
-20
0
0 2.0 14.0556.022:8:0:22-10 12" _ 416 18 20 1.0 10 100 1.0k 10k 100 k 10M
+VCCNEE, POWER SUPPLY VOLTAGES (V) f, FREQUENCY (Hz)
Figure 4. Small-Signal Voltage Follower
Figure 3. Large-Signal Frequency Response Pulse Response (Noninverting
g P
14
= q PN A
g R =2.0kQ 500
>+ 12 \ Ve = 3
= cc=15V =
g \ VEE = Gnd = as0 e
= N Gain=-100 8 L
e = < Output N\
= N Ry =1.0kQ = 400 S
o B0 Re=100k2 1111 g Vi /
g \ £ 3% /
S 60 a \
N £ w1
N
SN 4 © 250 |- U/ Vec =30V
53 N | T VEE = Gnd
& 20 N 200“ Tp = 25°C
=} F OT C =50pF
1.0 10 100 1000 0 1.0 2.0 30 4.0 5.0 6.0 7.0 8.0
f, FREQUENCY (kHz) t, TIME (us)
Figure 5. Power Supply Current versus Figure 6. Input Bias Current versus
Power Supply Voltage Power Supply Voltage
c Bt
=241 Ta=25°C
E Rl < %0
£ 18 = &
w =
g 15 o S
2 I o
o | T =]
> 1.2 8
a <
5 09 = 80
o 5
o
ugi 0.6 %
& 03 =
Q
o
a0 70
0 5.0 10 15 20 25 30 35 0 20 40 60 80 10 12 14 16 18 20
Ve, POWER SUPPLY VOLTAGE (V) Vce. POWER SUPPLY VOLTAGE (V)
5
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LM324, LM324A, LM224, LM2902, LM2902V

Figure 7. Voltage Reference Figure 8. Wien Bridge Oscillator
50k
R1 A
50k
10k Vce
? —e Vg ;. Vret ® YA
—o VO
MC1403
1
fos
1 0~ 2nRC
= Vret =3 Voo #
R For: fy = 1.0 kHz
% =2.5v(1+— R=16kQ
0 RZ) C=001pF
Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis
ch R2
AR Hysteresis
VoH "_’{I
R1
V 1
Vref 0 Y |
O —e I
Vi V,
in O Y VOL |
1 VinL | VinH
cR | |
s 5l Vinl = gy ¥Rz (VOL = Vren) * Vet ref
3 PR
VinH= Ri+ Rz (VOH—Vref) * Vref
ep=C(1+atb)(ep-e R1
0=C( ) (e2-e1) H= ives VoH-Vou
Figure 11. Bi—Quad Filter
R
AN S
' R s fo= 7 xRC
I¢ € A R1= QR !
Vin O R2 c c _Rl Vier=3 Vce
—|F——w—2o R L Tep
— AW —
5% 100k > R3=TNR2
; e C1=10C
O LM324 3
Vref 3 For. fo = 1.0kHz
e J o Bandpass Vref Q=10

Vref Output Tgp =1

0O
R3
5 F—W\— TN =1

R1 N
R2
AN f C1

X 0

o

+—|———e NotchOutput R =160 kQ

C =0.001pF
R1 = 1.6 MQ
Vref Where: Tgp = Center Frequency Gain R2 =16 MQ
TN = Passband Notch Gain R3 =16 MQ

6 MOTOROLA ANALOG IC DEVICE DATA
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LM324, LM324A, LM224, LM2902, LM2902V

Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Filter
1 y
Vref = 5 Ve Tnag%l;epm/a\:e .'3«2\. _L
o 300k ' c c
R
ref O R3 ¥ Vin o
o 75k o—o—o '__I(__. Vo
10(?; < = oatae R2 Co=10C
,__’(__ 5 g/atvel
C ref utpu v, =
e = ref Vi il v
Ry ref =2 VCC
SRIERE _ R2Rt1 ;
524 CR{R1 3 = R2 +R1 Given: fo = cer.ﬂerfrequency
Alfo) = gain at center frequency
Choose value fy, C
. wpile]
Then: R3= TC
R3
RI= 240
._ RIR3
4Q2R1-R3
: ~ Qofy
For less than 10% error from operational amplifier, BW <0.1

where fo and BW are expressed in Hz.

If source impedance varies, fitter may be preceded with
voltage follower buffer to stabilize filter parameters.

MOTOROLA ANALOG IC DEVICE DATA ¥
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