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ABSTRACT

The Automatic Rice Vending Machine is provided for the consumers who require to
buy rice as easily and convenient for 24 hours as appropriate. Consumer able to insert the
coin through the machine then select the type of rice, demand of quantity and consume
will be provided by this machine as well. This way neither support the consumer to buy
and consume enough for living nor the reducing the loss of much quantity of rice. The
development of the Automatic Rice Vending Machine as for the typical machine which is
expected to deserve the consumers daily life to be more convenient as usual as follow by

the high performance machine will be succeed in the near future.
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Features

Compatible with MCS-51" Products

8K Bytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Futly Static Operation: O Hr tg 24 MHz
Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Pregrammable KO Lines

Threa 16-bit Timer/Counters

Elght Imerrupt Sources

Programmabde Serlal Channsl
Low-power |dle and Power-down Modes

» & % 8 8 8 s

Description

The ATBOCS2 is & low-power, high-performance CMOS 8-bit microcomputer with BK
bytes of Flash programmable and srasable read only memory (PEROM). The device
is manyfactured using Atmel's kigh-density nonvolatile memory technolagy and is
compatible with the industry-standard 80C51 and 80CS52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-sysiem or by a
conventional nonvolatile memory pragrammer. By combining a versatile B-bit CPU
with Flash on a monalithic chip, the Atmel ATBICS2 is a powerlul microcomputer
which provides a highly-flexible and cost-affective solution lo many embedded contral
applications.

Y )

8-bit
Microcontroller
with 8K Bytes
Flash

. = .
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The AT89CS2 provides the foliowing standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 /O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89CS2 is designed with stalic logic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters,
serial porl, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling ali other chip functions until
the next hardware reset

Pin Description

vyCC

Supply vyoltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional /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 can also be configured to be the multiplexed low-
order address/dala bus during accesses 1¢ external pro-
gram and data memory. in this mode, PO has internai
pultups,

Port { also receives the code bytes during Flash program-
ming and outputs the code byiles during program
verification. External pullups are raquired during program
verification.

Port 1

Port 1 is an B-bit bi-directional VO 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 puiled low will source
cument (i, ) because of the intemal puliups.

In addition, P1.0 and P1.1 ¢an be configured {0 be the
timer/counter 2 external count input {P1.0/T2) and the
timerfcounter 2 trigger input (P1.1/T2EX}, respectively, as
shown in the following tabile.

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

Port Pin | Atternmate Functions

Pt.0 T2 (external count input to Timer/Counter 2),
clock-aut

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port 2

Port 2 is an 8-bit bi-directional /O port with intemal puiiups.
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 intemal puliups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (1) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memeory and dwing accesses o
external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory 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 signais during Fiash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional /O port with intemal pullups.
The Port 3 output buffers san sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal puliups 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 ATBYCS1, as shown in the following table.

Port 3 also receives some control signais for Flash pro-
gramring and verification.

Port Pin Afternate Functions

P3.0 RXD {gerial input port)

P3.1 TXD (serial cutput port)

P3.2 TNTO {externat intemrupt ) ]
Eé— _ﬁ (exte-ram_te-nupl 1 )
P34 | T0 (timer 0 external input] —;l

P35 T1 (timer 1 external input)

P36 WR {external data memory wrile stroba)

[Fa.'f ' D (external data memary raad strobe)
RST

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

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses 0 external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In nomal operation, ALE is emiited at a constant rate of 1/6
the oscillator frequency and may be used for axternal

AIMEL 3
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
mernory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location BEH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weaakly pulied high. Setting the ALE-disabie bil has no
eftect it the microcontroller Is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the ATBIC52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycla, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EAVPP o

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 V¢ for internal program
executions.

This pin also receives the 12-volt programming enabie volt-
age (Vpp) during Flash programming when 12-volt
programming is selected.

XTAL1
Input to the inverting oscillator amplifier and input to the
intemal clock operating circuit,

XTAL2
Cutput from the inverting oscillator amplifier.

T
OFaH i CFFH
OFgH B OF7H
00000000
oEaH 0EFH
ACC
BOH | oo o E CETH
uDeH ! oDFH
PSW
oM | oS oD7H
ocen | T2CON T2MoD RGAP2L RCAP2H T2 | TH? oCFH
00000000 | XXOCKX00 | 00000000 | 000DOOGO | 00DCODDO . 0ODOOOOD
oCOH 0CTH
P -
oBEH |y o0 0BFH
Pa
H
OBOH | q911911 087
€
OABH | (o o OAFH
P2
CADH | jq1v1t1 OATH
SCON SBUF
9H | 40000000 | 3000000 SFH
P
BOH | yy111111 o7H
- TCON T™MOD Lo L THo THi 6FH
06000000 00000000 00000000 . 000G000O | 00ODD0OG |  DOOODO0D
aoH PO P oL DFH PCON | o
1111111 00000111 00000000 | B0000000 OXXX00G0
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Special Function Registers

A map of the on-chip memaory area called the Special Func-
tion Register (3FR) space is shown in Table 1.

Nate that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted [oca-
tions, since they may be used in future products 1o invoke

Table 2. T2CON — Timet/Counter 2 Control Registe

new features. In that case, the reset or inactive vaiues of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
reqgisters T2CON {shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 15-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are
in the IE register. Two pricrilies can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = OC8H
Bit Addressable

Reset Value = 0000 00008

Bit TF2 EXF2 ACLK TCLK

EXEN2 '@ TR2 CP/ALZ

7 6 5 4

CiT2
1

0

Symbal Function

RCLK =10or TCLK = 1.

TF2 Timer 2 overflow flag sat by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either

EXF2

(DCEN = 1.

Timer 2 external llag set when either & capture or reload is caused by a negative transilion on T2EX and
EXENZ = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector ta the Timer 2 interrupt
routing. EXF2 must be cleared by software. EXF2 does nof causa an interrupt in up/down counter mode

ACLK

Receive clock enable. When sat, causes the serial por to use Timer 2 overflow pulses for ifs raceive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK

Transmit clock enable. When set, causes the serial porl to use Timer 2 overllow pulses for s transmit ckack in serla
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows io be used lor the transmit clock.

EXEN2

* Timer 2 external enable. When set, allows a caplure or reload 1o ocour as a result of a negative transition on T2EX
! if Timer 2 is not being used to dock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at TZEX.

TR2 i Start/Stop control for Timer 2, TH2 = 1 starts the timer.

cif2
triggered).

Timer or counter select for Timer 2. C/T2 = 0 for fimer funclion. G/T2 = 1 for external event counter (falling edge

Capture/Aekad select. CP/ALZ = 1 causes caplures to ocour an negalive transitions at T2EX if EXENZ = 1. CP/ALZ
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2ZEX when EXEN2
= 1, When elther RCLK or TCLK = 1, this bit is ignored and the timer is farced to auto-reload on Timer 2 overflow.

CPALZ

Data Memory

The ATBOCS2 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction

accesses the SFH at location 0AOH {which is P2).
MOV QAOH, #data

AIMEL 5
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the foliowing indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address QAOH, rather than P2 (whose
address is 0AOH).
MOV @R0, #data

Mote that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the ATBICS2 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/TZ in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TLZ. In the
Timer function, the TL2 register is incremented every
machine cycle, Since a machine cycte consists of 12 oscil-
{ator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

ACLK +TCLK | CPALZ | TR2 | MODE
1] 0 1 16-bit Auto-reload
1] 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 {Off)

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding extemal

input pin, T2. In this funclion, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one ¢ycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since twu machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the osciliator
frequency. To ensure that a given lavet is samplad at least
once before it changes, the level should be hald for at least
one full machine cycla.

Capture Mode

In the capture modse, two options are sefected by bit
EXEN2 in T2CON. If EXEN2 == 0, Timer 2 is a 18-bit timer
or counter which upon overtlow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXENZ2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be sel. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed o count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN {Down Counter Enable) bit located in
the SFR T2MOD (see Table 4}, Upon reset, the DCEN bit
is sot to 0 so that timer 2 will default to count up. Whan
DCEN is set, Timer 2 can count up or down, depanding on
the value of the T2EX pin.

ATE9C52 s ———
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instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains OAOH, accesses
the data byte at address 0AQH, rather than P2 {whose
address is 0AQH).
MOV @RQ, fdata

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the ATB9C52 operate the same way
as Timer 0 and Timer 1 in the ATB9C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selectad by bit C/T2 in the SFR T2CON {shown in Table 2).
Timer 2 has threg operating modes; capture, auto-reload
(up or down counting), and baud rate generator. The
modes &ra selectad by bits in T2CON, as shown in Table 3.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a maching ¢ycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Times 2 Opetating Modes

RCLK+TCLK | CP/RLZ | TR2 | MODE
Q 0 1 16-bit Aute-reload
a 1 1 16-bit Capture
1 x 1 Baud Rate Generator
X X 0 (Off)

In the Counter function, the register is incremented in
response o a 1-to-0 transition at its corresponding extemal

input pin, T2. In this tunction, the extemal input is sampled
during S6P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycie following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods} are required o recognize a 1-t0-0 transi-
tion, the maximum count rate (s 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once befare it changes, tha lavel should be held for at least
one full machine cyde.

Capture Mode

In the capture mode, two options are selected by bit
EXENZ2 in T2CON. If EXEN2 = 0, Timar 2 is a 16-bit timer
or counter which upon overfiow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXENZ2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. in addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can gsnerate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload {Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reipad mode. This feature is
invoked by the DCEN (Down Counter Enable} bit jocated in
the SFR T2MCGD (see Table 4}. Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

6 AT89C52 memessssse————————



Figure 1. Timer in Capture Mode
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Figure 2 shows Timer 2 automatically counting up when
DGEN = 0. In this mode, two cptions are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overfiow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAPZL are preset
by softwars. It EXEN2 = 1, a 18-bit reload can be friggered
gither by an overflow or by a 1-t0-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt it enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count, A logic 1 at T2EX makes Timer 2
count up. The timer will gverflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timar 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underfiow sets the TF2 bit and
causes OFFFFH to be rejoaded into the limer registers.
The EXF2 bit toggles whenever Timer 2 overflows or
underilows and can be used as a 17th bit of resolution. In
this gperating mode, EXF2 does not flag an interrupt.

ATMEL ?
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)
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TRANSITION
DETECTOR
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Table 4. T2MOD — Timer 2 Mode Control Register
T2MOD Address = 0C9H Raset Valua = X000 XX00B
Mot Bit Addressable
[ - - - - - - T20E DCEN
Bit 7 3] 5 4 3 2 1 0
Symbol Function
- Nat implemented, reserved for future
T20E Tirmer 2 Qutput Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Tabie 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting ACLK andfor TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4,

The baud rate generator mode is similar to the auto-reload
modde, in that a roliover in TH2 causes the Timer 2 registers
ta be reloaded with the 16-bit value in registers RCAPZH
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according fo the following equation.

Timer 2 Overflow Rate

Modes 1 and 3 Baud Rates = T

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation Is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timet, it increments every machine cycle (at 1/12 the
oscillator frequency}. As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

N hiF TH2
| osC H 32 ﬁ%ﬂ—ﬂl_() U————" (g.BITS) : (B—BITS]W -------- :
i [ |

P1.0

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _ Oscillator Freguen:
Baud Rate 32 x {65536 - (RCAP2H RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4, This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt, Nota too, that if EXEN2 is set, a 1-to-0
transition in T2EX will sat EXF2 but will not cause a reload
from (RCAP2H, RCAPZ2L} to {TH2, TL2). Thus when Timer
2 i5 in use as a baud rate generalor, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1} as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written 10. Under these conditions, the Timer is
incremenied every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or rejoad errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAPZ registers.

TR2

(T2) "

/

e TRANSITION
% DETEGTOR

e T

EXEN2

10 AT89C52
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Programmable Clock Out

A 50% duty eycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar 110 pin, has two alternate functions. it can be
pregrammed to input the external clock for Timer/Counier 2
or to output a 50% duty cycle clock ranging from 61 Hz 1o 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be deared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.
The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Qscillator Fequency
5536 — (RCAP2H,ACAP2L))

Clock-Out Frequency= %

in the clock-out mode, Timer 2 roll-overs will not gensrate
an interrupt. This behavior is similar to when Timer 2 Is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simukta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UARAT In the AT89CS1.

Interrupts

The ATB9C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTQ and INT1), three timer interrupts
(Timers 0, 1, and 2}, and the serial port interrupt. Thesa
interrupts are all shown in Figure 6.

Each of these intarmupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register |E. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position |E.6 is unimple-
mented. In the ATB9C51, bit position IE.5 is also
unimplemented. User software shoutd nol write 15 to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. in fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TF¢ and TF1, are set at
S5P2 of the cycie in which the timers overfiow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 fiag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrnipt Enable (JE) Register

(MSB} {LSB}
Ea |- |em |Es |EM | Ex1 | ET0 | 260 |
Enabla Bit = 1 enables tha interrupt.
Enable Bit = () disabtas the interrupt.
Symbal Poagition Function
EA IE.7 Disabies all interrupts. f EA=G,
na interrupt is acknowladged.
EA = 1, each interrupt source is
individually enabled or disabled
by satling or clearing its enable
bit.
- IE.6 Resarved.
ET2 : IE5 Timer 2 interrupt enable bit,
-
E3 IE.4 Serial Port imterrupt enable bit. N
ET1 IE.3 Timer 1 interrupt enable bit.
EX1 IE.2 Externat interrupt 1 enable bit.
ETO IE1 Timer O interrupt enable bit.
EX0 iE.0 External interrupt 0 enable bit.
User software should never write 15 {o unimplemented bite,
because they may be used in future ATBS products.

Figure 6. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTALZ are the input and outpul, respectively,
of an inverting amplifier that can be contigured for use as
an on-chip oscillator, as shown in Figure 7. Either a quanz
crysial 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 8.
Thera are no requirements on the duty cycle of the external
clock signa, since the input to the intemal clocking circuitry
is through a divide-by-two tlip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

idle Mode

In idle mode, the CFU 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 rernain unchanged during this
mode. The idie mode can be terminated by any enabled
interrupt or by a hardwars reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from whare it left off, up to two machine ¢ycles before the
internal reset algorithm takes confrol. On-chip hardware

is restored to its normal operating level and must be held
active iang enough to allow the osclilator to restart and
stabilize.

Figure 7. Osciliator Connections

c2

il
"

XTAL2

—i[ |

XTAL1

GND

ul

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

= 40 pF £ 10 pF for Ceramic Resonators

Figure B. External Clock Drive Contiguration

inhibits access to internal RAM in this event, but access to

the port pins is not inhibited. To eliminate the possibitity of NG XTALZ

an unexpected write to a port pin when idle mode is termi-

nated by a reset, the instruction following the one that

invokes idle made should not write to a port pin or to exter-

nal memory. EXTERNAL

OSCILLATOR XTAL1

Power-down Mode SIGNAL

in the power-down mode, the oscillator is stopped, and the

instruction that invokes power-down is the last instruction GND

executad, The on-chip RAM and Spscial Function Regis-

ters retain their values until the power-down mode is =

terminated, The only exit from power-down is & hardware - _—

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before Ve

Status of External Pins During ldle and Powe-down Modes

[ Mode Program Memory \ ALE ‘ PSEN PORTO | PORTY PORT2 PORT3
Idle tntemal 11 Data Data Data Data
idle External 1 1 Float Data Address Data
Power-down Internal - ¢ ] Data Data Data Daia
Power-down External 0 o | Float Data | Data Data

12
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Program Memory Lock Bits

The ATBACS2 has three lock bils that can be left unpro-
grammed (U} or can be programmed (F) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits
LB1 LBz 1LB3
1 u | U |
2 P u u

Protaction Type
: No program lock features.

| MOV instructions executed
from extemat program
memory are disabled from
fetching code bytes from
internal memory, EAis
sampled and laiched on reset,
and further programming of
the Flash memory is disabled.

| Same as mode 2, but verily is
also disabled.

Same as mode 3, but external
execution is also disabled.

When fock bit 1 is programmed, the logic level at the EA pin
is samplad and latched during reset. If the device is pow-
ered up without a reset, the latch initializas to a random
value and holds that value until reset is activated. The
latched value of EA must agres with the curren! logic leval
at that pin in order for the device to function properly.

Programming the Flash

The AT89CS2 is normally shipped with the on-chip Flash
mermory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts gither a high-voltage {12-volt} or a low-voltage
{Vzc) program enable signal. The Low-voltage program-
ming mode provides a convenient way o program the
ATBIC52 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

Tha AT8IC52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respactive
top-side marking and device signature codes are listed in
the following table.

" Vpp =12V Vpp= 5V
Top-side Mark ATBOCS2 ATE8C52
X0 0xx - S
Yyww Yyww

AIMEL

Vpp = 12V Vgp= 5V
Signatura ' (030H) = 1EH {030H} = 1EH
(031H) = 52H (031H) = 52H
(032Hy=FFH  ’ (032H) = 05H

The ATBICS52 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 enlire memory
must be erased using the Chip Erase Mode.

Programming Algerithm Before programming the
ATB8CS2, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 8 and Figure 10. To program the ATBIC52, take the
foliowing steps.

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

2. Input the appropriate data biyte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EAVpp 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 rmare 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 AT89CS2 features Data Polling to indi
cale the end of a write cycle. During a write cycle, an
attemnpted read of the iast byle written will result in the com-
plament of the written data on PO.7. Once the write cycle
has been completed, true data is 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 te 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 bils is
achieved by observing that their features are enablad.

Chip Erase The enlire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PEOG fow for 10 ms. The code amay is written
with all 15, The chip erase gperation must be executed
before the code memory can be reprogrammed.

13
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Reading the Signature Bytes The signature bytes are
read by the same procedure as a normal veritication of
locations D30H, 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 manutactured by Atmel

{031H)} = 52H indicates 83C52

{032H) = FFH indicates 12V programming

{032H) = DEH indicates SV programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be writlen, and the
ehtire array can be erased, by using the appropriate combi-
nation of controt 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 sottware revision.

Mode RST PSEN ALEFPROG EAV., P26 | P27 | P36 | P37
Writa Coda Data H L | Hi12v L H H H
SN
Read Code Data H L H H L L H
Write Lock Bit- 1 L HA12V H H
~
Bit-2 H L Hi12V H H L £
~
Bit- 2 H L HA2V H L H L
~
Chip Erase H L ) HH12V H L L L
~
Read Signature Byte H L H H L L L L

Note: 1. Chip Erase requires a 10 ms PROG pulse.

14
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Figure 9. Programming the Flash Memory

Figure 10. Verifying the Flash Memary

+5Y +5V
ATB7F52 ATB7F52 T
aDDR, 20 A7 p Ve ADDR. AR A7) p, Voo y
COOOH/FFFH DOOOHAFFEH PGM DarA
P20 - P24 PO fe— oM P20 - P24 PO | (USE 10K
Ag - Al2 A8 - A12 PULLUPS)
e P26 —w P28
SEE FLASH | ——] P27 ALE [¢—— PROG SEE FLASH | —» P27 AE
PROGRAMMING PROGRAMMING
MODES TABLE | —%| P36 MODES TABLE | — ¥ P36 by
—~— PaT — Pa7 "
XTaL2 EA f— Vv XTAL2 EA
324 MHz | L 324 MHIJ L
D [ = -
S5 xTaLt RST h—— v, XTALY AST Je—— vy
GND PSEN GND PSEN
i o+ <

Flash Programming and Verification Characteristics

Ty=0Cto 70°C, V. = 5.0+ 10%
Symbel Parameter Min Max Units
Vpp't Programming Enabla Veltage 11.5 125 v
Ip'" Programming Enable Current 1.0 mA
Werer Oscillator Frequancy 3 24 MHz
tavad Addrass Sstup to PAGG Low 48ty
tarax Addrass Hold after PROG 481 o
toveL Data Setup to PROG Low 48t 0
taoy Data Hold atter PROG 48l oy
tevsy P2.7 (ENABLE) High to Ve 48l o
taral Vpp Selup to PROG Low 10 pe
tans Vpe Hold atter PROG 10 ps
toran PROG Width 1 110 s
tavay Addrass to Data Valid 484 a1
teray ENADLE Low to Data Valid 480
tenaz Data Float after ENABLE 0 48leia
taue, PROG High to BUSY Low 1.0 s
twr Byte Writa Cycle Time 2.0 ms
Nate: 1. Only used in 12-volt programming mode.

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

PiD - PLY ____ PROGRAMMING VERIFICATION
I ADDRESS m-:f ADDRESS
) e Loy
PORT D et DATA N } DATA QUT --———
o lonox :
bavaL " lanax
ALE/PROG TN AT
et e T tanst
_ A Ve T NLOGIC 1
BANw I welcd T
%)
py7 L e o T e
(ENABLE) | ) U
! tap —> ’ ‘
P4
{RDY/B5Y) b BUSY READY
——— tye —™

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

P10 - P17 PROGRAMMING VERIFIGATION
P2D - P24 ADDRESS tFmoness —
_ *— Lavaw
PORT 0 ___DAAIN__ 3 "DATA OUT_—
el lguor it ?
tavsl * — T
ALE/PROG -
‘et R 0
BANgp Ay T eie el T T T
—* *— epgn —
P27 § —
{ENABLE) A
; lgHpL —™
Pa4 A
(RDY/BSY) ____ BUSY " READY

16
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Absolute Maximum Ratings*

Operating Temperaturg...... .....-55°C 10 +125°C "NOTICE:  Stresses beyond those ligted under “Absolute
Maximum Ratings™ may cause permanent dam-
Storaga Tempersitea . ... ccenivssonieens -63°C 10 +150°C age to the devics. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions bayand those indicated in the
with Respect to Ground ... o= 1,0V 10 47,0V operafional seclions of this spacification is not
) implied. Expasurs 1o absolute maxirmum rating
Maximum Opersling Vettage .... ... BBV conditions for extanded periods may affect
device reliability.
DC OUpUt CUSTBINL. .. .....ccoiscrnvesreenss s corrsnst eosiassenenree 19,0 A
DC Characteristics
The vatues shown in this table are valid for T, = 40°C to 85°C and V.. = 5.0V & 20%, unless otherwise noted.
Symbol Paramater Condition Min Max Unlts 1
Vi Input Low-vollage {Except EA) -0.5 0.2 V0.1 v
Vi Input Low-voltage (EA} 0.6 0.2 V0.3 ¥
Vin Input High-voltage (Excopt XTAL1, RST} 02V.+0.9 Veet0.8 v
Vi Input High-vottage (XTALY, RET) 0.7 Ve V0.5 v
Voo Output Low-voltags'™ (Poris 1,2,5) lo = 1.6 mA 0.45 v
Vo OCutput Low-voltage!™ o = 3.2 mA 045 v
(Port 8, ALE, FSER}
Vou Oulpyt High-valiage | lopr = -60 pA. Vg = 5V + 109 2.4 v
ris 1,2,3, ALE, PSER)
(Ports 1.23, lop = 25 A 0.75 Vo v
i 10 pA 0.9 Ve v
Vout OCutput High-voltage top = -BOQ pA, Vg = 5V £ 10% 2.4 v
{Por 0 in Exlernal Bus Mode) long = 300 p D75 Vee v
I = 80 pA 4.9 Veo v
1 Logical 0 inpat Current (Ports 1,23} | V= 0.45V 50 pA
n Logical 1 to 0 Transition Gurrent V=2V Vg =5V 1 10% -850 pA
{Ports 1,2.3)
Iy Input Leakage Current (Port 0, EA) | 0.45 <V < Voo =10 uh
RRST Resey Pulldown Resistar 50 30 K12
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
tec Powar Supply Currenl Aciha Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Modet® Voo =8V 100 pA
[ Veg=av 40 pA
otes: 1. Under steady siate (non-transient) conditions, [, must be extemally miled as follows:

Maximum |, par port pin: 10 mA
Maximum |, per 8-bit port:

Port 0: 26 mA Poris 3, 2, 3: 15mA
Maxirnum total I, for all output pins: 71

mA,

If 1y exceeds tha test condition, Vi, may exceed the related specification. Pins are not guaranteed to sink cumen greater

than the listed test conditions.
2. Minimum V. tor Powar-down is 2V.

AUNEL
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AC Characteristics

Under operating conditions, foad capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for aii other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Gscillator Variable Oscillator
Symbeol Parameter Min Max Min Max Unita
o100 Oscillator Frequency 0 24 MHz
Y ALE Pulse Width 127 2y ~40 ns
tavie Address Valid to ALE Low Lk torcm13 ns
toax Address Hold Aftar ALE Low 48 terc-20 ns
tw Al_E Low to Valid Instruction in 233 4t o -65 ns
tyrp, ALE Low to PSEN Low 43 o c-13 ns
m,,u PSEN Pulse Width 205 Btg o220 na
b PSEN Low to Valid instruction In 145 3tg 45 ns
Toyix Inputt Instruction Hold after PSEN o 0 ns
towz input Instruction Float after PSEN 59 ero-10 ns
tprcav PSEN to Address Valid 75 o8 ns4‘
Yoy Address to Valid Instruction In 312 Bl oy 55 ns
lovaz PSEN Low to Address Float 10 10 ns
Tmm AD Pulse Width 400 Bt oL 100 | ns
bapwn WH Puise Width 400 Bl o 100 ns
to oy FD Low to Valid Data In 252 Sy -90 ns
tamox Data Hold After D ] o ns
tenpz Data Float After RD 97 oy e-28 ne
tupy ALE Low to Valid Data In 517 8l -150 ns
tavoy Address to Valid Data In 585 e, 166 ns
Ty ALE Low to AT or WH Low 200 300 Bt o50 By o +50 ns
| - Addrass to FID or WH Low 203 Moo 75 ns
fovwex Dalz Valid o WH Transition ’ 23 \g o 20 ns
tovwh Data Valid to WH High 433 o120 ns
twrax Data Hold After WR 33 teper-20 ns
Az AD Low 1o Address Float ; 0 o ns
Yo D or WH High ta ALE High 43 123 | tua-20 tey i +25 ns

18 AT 89C 5.2 50
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External Program Memory Read Cycle

ALE

PSEN

PORT ¢

PORT 2

* ey

tgy :

L AN
oy

toy—> -

A INSTRIN 55 - A A7 <

X hB-A15

External Data Memory Read Cycle

ALE

PSEN

PORT 0

PORT 2

rtmu.—"’

[ tniWD\-’ —

* - Ly AN
trLRr —»
i Y —
e
111 ax S P
N RLDY
‘_!AML#* t
RLAZ
- ]
X Ao . a7 FROM R OR DPL,K)()' K DATA INYSHH(A0 - A7 FROM PCLY < INSTA iN
ety —————|

< P2.0 - P27 OR Ad - A15 FAOM DPH b

AR - A1 FROM PCH

AlMNEL



External Data Memory Write Cycle

i —
ALE __ 1 ’ . .
—» twHLH
PSEN
ol ——se— by —»
WR PR o
o —» tovwx [+ s Loy
— tovwn —
PORT 0 _ (A0 - A7 FROM Ri OR DFL}{ | OATA GUT _J~. AD - A7 FROM PCL>-(INSTR iN
™

e e, >
PORT 2 j( P2.0 - P27 OR AB - A15 FROM DPH >/ AB - A15 FROM PCH

External Clock Drive Waveforms

*— ToneL

External Clock Drive

Symbol Parameter Min Max Unita
N, Oscillator Frequercy 0 24 MHz
teror Clock Period 41.6 ns
tonex High Time 15 ns
torex Low Tima 15 ns
toron Rise Time 20 ns
tonen Fall Time 20 ns

20 AT89C52 mmssssssssessssss————
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vi = 5.0V + 20% and Load Capacilance = BD pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min | Max Min r Max Units
taa Serial Port Clock Cycle Time 1.0 12t s
YauxH Output Data Setup to Clock Rising Edge 700 T ~133 ns
L S Output Data Hokd Atter Glock Rising Edge 50 2o e -117 ns
txnox Input Data Hold Atter Clock Rising Edge 0 0 ns
| — Clock Rising Edge to Input Data Valid 700 10t 0 -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION
ALE

CLOCK

WRITE TO SBUF ™ \

OUTPUT DATA
. CLEARRI |
¥

INPUT DATA
AC Testing Input/Output Waveforms'"

202 Vo + 0.8V / )
TEST POINTS
0.2 Voo - 0.1V 7/ -

N

Vpg- 06V

Note: 1. AC Inputs during testing are driven at V.. - 0.5V
for e logic 1 and 0.45Y tor a logic 0. Timing measure-
mants are made at V\,, min. for a logic 1 and ¥y max.
tor a logic &.

SET HIT

Float Waveforms'"

v

Note:

1.

- 04
v LCnD

~,

v

NS

0y

+ DAY

Timing FReference [P

LOAD T

For timing purposes. a port pin is no longer floating

when a 100 mY change from load voltage occuas. A
port pin begins to float when a 100 mY change from
the Joaded Vy/Vg Jevel cecurs.

21
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Ordering!nformation
Spead Power
(MHz) Supply Ordering Cade Package Operation Range
12 5V 1 207 ATH3CS2- 1288 - 448 Commercial
ATE9C52-12JC 44 [0°C 1o T0°C)
ATBRCE2-12PC 40P6
ATRBT52-1201C 44Q
ATB9CS2-12A) 448 Industrial
ATEICS2-12J1 44 {-40°C 10 85°C)
ATBECS52-12PI 40P86
ATaaCs2-12Ql 44C
18 5V +20% ATA9CH2-16AC 44A Commarcial
ATBICS2-16JC ad) (0°C o 70°C)
ATBaCH2-16PC 40P6
ATA9C52-160C 44Q
AT89C52-16Al 44 A Industrial
ATBSCS52-16J] 444 {-40°C to 85°C)
ATB9C52-16P1 40P6
ATRECE2-16Q1 44Q
20 BV 1 20% AT83052-20A0 448 Commercial
ATBSC52-20JC 44 (0C 10 70°C)
AT88C52-20PC 40P8
ATB88C52-20QC 440
ATBACH2-20A| ddp Industrial
ATBBC52-20J1 44, {-40°C to 85°C)
ATB9C52-20P| 40P8
ATasCE2-200 440
24 5V £ 20% ATBOCE2-24AC 44p Commercial
ATBRCS2-24.)C 44 {0°C to 70°C)
ATB9C52-24PC 40P8
ATagC52-24QC 440
ATSOCE2-24A1 447 Industrial
ATBOC52-241 444 (-43°C to 85°C)
ATBACE2-24P} 40P8
ATAICSE2-24QH 440
Package Type
44A 44-lead. Thin Plastic Gull Wing Quad Flatpack {TQFP)
444 44-lead, Plastic JHeaded Chip Carrier (PLCC)
40P6 40-fead, 0,600" Wide, Plastic Dual Inline Package {PDIP}
440 44-lgad, Plastic Gull Wing Quad Flaipack (PQFP)

2 AT89C52 e ——————
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444, 44-lead, Thin {1.0 mm) Plastic Gull Wing Quad
Flatpack (TOFP)

Dimensions in Millimeters and {Inches}*

JEDEC STANDARD MS-026 ACB

HEHE
_r. b 200073 MAX

17 l

LControfling dimansion: millimeters

44), 44-lead, Plastic JH{eaded Chip Carrier (PLCC)
Dimansions in Inches and {Millimeters)

JEDEC STANDARD MS-012 AC
EL--SRE R mm} ClS(L 1) X0 - A5 D105
t o ~ it
4 T AR0{18.09
[ 25318, |
:mo.g” L
Ty L

SW(17.T)
T4

ﬁammw::%—m_'.—t
BO1Z7) FEF 30
% e
%ﬂﬂﬁ@%ﬁ“‘“"”“‘”

ITFET

40P6, 40-land, 0.600" Wide, Plastic Dual Inline
Package (PDIP}
Dimensions in Inches and (Millimetars}

r—ﬁ*ﬂ
__J_

1,890(48.28} REF —e] I‘qmﬂ
5 it
SEATIHG ....-..
PLANE
4 | L %‘%
560
1062703 : %‘E}

[ o .
G

.nm&:]_"l

440, 44-lead, Plastic Quad Flat Package (POFP)
Dimensions in Millimelers and {inches)™
SEDEC STANCAAD MS-022 AB

W00 o

r 2.45 (0.0 KAX

J{ e 1=hwamo&m

Q17 Eﬂ!n
013 (0.00%)

i

Controiling dimersion: millimeters

mm 23
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MICROCHIP

MCP601/2/3/4

2.7V to 5.5V Single-Supply CMOS Op Amps

Features

-

Single-Supply: 2.7V to 5.5V

Rail-to-Rail Cutput

Input Range Includes Ground

Gain Bandwidth Product: 2.8 MHz {typ.)
Unity-Gain Stable

Low Quiescent Current: 230 yAdamplifier (typ.)
Chip Select (CS): MCP603 only
Temperature Ranges:

- Industrial; -40°C to +85°C

- Extended: -40°C to +125°C
Available in Single, Dual and Quad

Typical Applications

Portable Equipment
A/D Converter Driver
Photo Diode Pre-amp
Analog Fitters

Data Acquisition
Notebooks and PDAs
Sensor Interface

Available Tools

SPICE Macro Models at www.microchip.com
FiterLab® Software at www.microchip.com

Description

The Microchip Technology Inc. MCP601/2/3/4 family of
low-power operational amplitiers {op amps) are offered
in single (MCP601), single with Chip Select {CS)
(MCP803), dual (MCP602) and quad (MCPB804)}
configurations. These op amps utilize an advanced
CMOS technology that provides law bias current, high-
speed operation, high open-loop gain and rail-to-rail
output swing. This product offering operates with a
single supply voltage that can be as low as 2.7V, while
drawing 230 pA (typ.) of quiescent curent per
amplifier. In addition, the common mode input voltage
range poes 03V below ground, making these
amplifiers ideal for single-supply operation.

These devices are appropriate for low-power, battery-
operated circuits due to the low quiescent current, for
A/D convert driver amplifiers because of their wide
bandwidth or for anti-aliasing filters by virtue of their low
input bias current.

The MCPB01, MCP802 and MCPS03 are avaiiable in
standand 8-fead PDIP, SOIC and TSSOP packages.
The MCP801 and MCPS0QMR are also available in &
standard 5-lead SOT-23 package, while the MCP603 is
available in a standard 6-lead SOT-23 package. The
MCP&04 is offered in standard 14Jead PDIP, SOIC and
TSSOP packages.

The MCPB01/2/3/4 family is available in the industrial
and Extended temperature ranges and has a power

supply range of 2.7V to 5.5V.
Package Types
MCP&01 MCPg02 MCP&03 MCP604
PDIF, SOIC, TSSOP PDIP, SQIC, TSSOP PDIP, SOIC, TSSOP PDIP, SOIC, TSSOP
NG T IEING Voo [0 Y [B Voo NeE[ Y [BIEE Vo Y @ Vour
V- [Z] [7Hvoo V- [2] 7 Vours  Vin- 2 MVop  Vine- 13 iy
Vint [3] [8) Vour  Yina* 3] Bl Vi~ Vint [3] B vour Vet {3 Vinp+
Ves [&] [Z]NC Vss [4] Bl Vet Vs (] [ZINC Voo [] 1] Vs
Vi [E] ift]
MCP601 MCP§01R MCP603 Nl = - x'"c’
50T23-5 507235 SOT23-6 v e = - INE™
Vour @] vopo Vo[ ~ [BlVes Vourll] ~ [BVep U Veute
Vss [2] Von ] Vgs 2} 5] C8
Vint [E] [Gvin- Vit B v Vit [3] 4] Vin-

© 2004 Microchip Technology Inc.
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MCP601/2/3/4

—— M e
1.0 ELECTRICAL PIN FUNCTICN TABLE
CHARACTERISTICS -
Name Function

Absolute Maximum Ratings t Ve Vivat: Vgt Vet Vinp? {Noninyertiog Inputs
v Vi Vina= Ving— Vg Vinp= | Inverting Inputs

DD‘ VSS PUR R R T TSRS --......v...u.-----.........-----?-DV V Positive Power su |
All puis and outputs Vgg - 0.3V to Vpp + 0.3V 0o : PPy
Difference input voitage ... . [Vpp - Vesi Vss Negative Powar Supply
Output Shorl Cireuit Curment. .continucus Vour Youta YouTe. YouTe: Cutpuls
Current at Input Pin... 42 mA Youtp
Curent at Output and Supply Pins . .30 mA ©s Chip Selact
Storage temperature ... 85°C 1o +150°C -
Jungtion temperature .............. NC No Intemal Connaction

ESD protection on all pins (HBI:J!; Ml‘;li) -

t Mofice; Stresses above those listed under “Maximum Rat-
ings" may cause pemmanent damage ‘o iha device. This is a
stress rating onty and functionat operation of the device at
those or any other condifions above those indicated in the
operational listings of this specification is not implied.
Exposure to maximum rating conditions for extended periods
may affect device reliability.

DC CHARACTERISTICS

Electrical Specifications: Unless otherwise specified, Ty = +25°C, Vpp = +2.7V {0 +5.5V, Vgg = GND, Vioy = V2,
Yaur = Yoo/ and Ry = 100 k) 1o Vpp/2.
Parameters I Sym l Min i Typ L Max l Units ] Conditions
Input Offset
Input Offset Voltage Yos -2 0.7 +2 my
Industrial Temperature Vos -3 #1 +3 my ) Ty = -40°C to +85°C (Note 1)
Extended Temperature Vos 45 +1 +45 mV [T = -40°C to +125°C (Note 1)
Input Offset Temperature Dt | AVos/ATaf  — 25 — | BYFC| Ty =-40°C 10 +125°C
Power Supply Rejection PSRR 80 83 —_ dB |Vpp=27Vio 5.5V
Input Current and Impedance
Input Bias Curent Ig — 1 — PA
Industrial Temperalure Iz — 20 60 pA | Ty = +85°C {Note 1)
Extended Temperature lg — 450 5000 pA | Ty = +125°C {Note 1)
Input Offset Current J - +1 —_ pA
Common Maode Input Impedance Zom - 1076 - Q|lpF
Differential Input Impedance Zorr — 101313 — QllpF
Common Mode
Cammon Made Inpul Range Vewr | Vgs—031 — |Vpp~12[ V¥
Common Mode Rejection Ratio CMRR 75 90 - dB [Vpp = 5.0V, Vo = -0.3V o 3.8V
Open-oop Gain
DC Open-loap Gain (lange signal) AgL 100 115 — dB R = 25ke o Vpp/2,
Vot = 100 mV to Vpy = 100 mvV
Apy 85 110 — dB | R =5kl o Vo2,
Vi = 100 MV to Vpp = 100 my
Output
Maximum Output Voltage Swing | Vor. Von| Ves* 15| — | Vop—20{ mV | R, =25 kilto Vpp/2, Output overdiive = 0.5V
Voo Vo| Ves*45| — | Vpo—-80] mV [R =5k to Vo2, Oulput overdrive = 0.5V
Linear Output Voltage Swing Vour | Veg* 100] — |[Vpp-100 mV | R = 25ki2 1o Vpp/2, Ag 2 100 dB
Vour | Vsg+100] — [vpp-1000 mv = 5 K} to Vppi2, Ag 2 95dB
Output Short Circuit Current lsc — 122 — mA |Vpp =55V
lsc — +12 - mA |Vpp=27V
Power Supply
Supply Voltage Vop 27 — 55 v
Quiescent Current per Amplifier la — 230 325 pA flg=0

Note 1: These specifications ara not tested in either the SOT-23 or TSSOP packages with date codes older than YYWW = 0408.
In these cases, the minimurm and maximurn values are by design and characlerization only.

-
DS21314F-page 2 © 2004 Microchip Technology Inc.
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AC CHARACTERISTICS

MCP

601/2/3/4

Electrical Specifications: Unless otherwise indicated, Ty, = +25°C, Vpg = +2.7V to +5.5Y, Vgg = GND, Vg = Vop/2,
Vour = Yoo/2, RL = 100 kQ to Viyy2 and C; = 50 pF,

Parameters l Sym l Min ! Typ l Max ] Units I Conditions
Frequency Response
Gain Bandwidth Product GBWP | - 28 — | mHz
Phase Margin P - 50 - S (Gt VIV
Step Response
Slew Rate SR — I 23 — | vis |G=r1v
Seftiing Time (0.01%) [ — | 45 — | s |G =+t VN 38V step
Noise
Input Noise Voitage £, - 7 — | Wpp |F=04HZt010Hz
Input Noise Voltage Density B -~ 2 — [nviHz|1=1kHz
&y — 21 —  n¥iHz [T=10kHz
Input Neise Gurrent Density ini - 0.6 — | sanHz [5=1hnz

MCP603 CHIP SELECT CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Ty = +25°C, Vpp = +2.7V 10 +5.5V, Vgg = GND, Vo = Vpp/2,
Vour = Vppf2. R = 100 kitto V2 and Cy = 50 pF.

Parameters Sym | Min I Typ [ Max | Units ] Conditions
DC Characteristics
TS Logic Threshold, Low vy Vg — |p2vg| Vv
G Input Gurent, Low lest 4.0 — - pA JCS=02vyp
CE Lagic Threshold, High Viy BVpp | — Vop v
TS Input Current, High sy - 0.7 20 | pA |CS=Vpp
Shutdown Vgg cunrent fhgon | 20 | 07 | — pA [CE=Vpg
Amplifier Qutpul Leakage in Shutdown | g s — 1 - nA
€3 Threshold Hysteresis HYST - 03 - V | internal switch
Timing
TS Low to Amplifier Qutput Turn-on ton - 31 0 ps |G 0.2Vpp, G =+ VAV
Time
TS High to Amplifier Output High-Z Time | topr - 100 - ns €Sz 0.8vpg, G = +1 VN, Noload.
Vour H-Z  / Output Aw
Iop 20A (typ.) /7 230uA {typ.)
lgs  -TOO NA (typ.)y_-230 pA (tyo.)
TS 700mA 20 (tM
Current nA {yp)
FIGURE 1-1: MCP603 Chip Select (CS)
Timing Diagram.
I — _

© 2004 Microchip Technology Inc.
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3.0 APPLICATIONS INFORMATION

The MCP601/2/3/4 tamity of op amps are fabricated on
Microchip’'s state-of-the-art CMOS process. They are
unity-gain stable and suitable for a wide range of
general purpose applications.

31 Input

The MCPE01/2/3/4 amplifier family is desigred to rot
exhibit phase reversal when the input pins exceed the
supply rails. Figure 2-33 shows an input voltage that
exceeds both supplies with no resuling phase
imversion.

The Common Mode input Vollage Range (Vemg)
includes ground in single-supply systems {Vgg), bui
does not include Vpg. This means that the amplifier
input behaves lineaply as long as the Common Mode
Input Voltage (Vepm) is kept within the specified Vg
limits (Vgg — 0.3V o Vpp — 1.2V at +25°C).

Input voltages that exceed the input voltage range
{Vigg ~ 0.3V 1o Vg~ 1.2V at +25°C) can cause exces-
sive current to flow into or out of the input pins. Current
beyond 1+2mA may cause reliability problems.
Applications that exceed this rating must externally
limit the input current with a resistor (Ry,), as shown in
Figure 3-1.

Rin
]
P (maximum expected Vi) = Fyp,
w= Imd
R Vg — (mimimum expected ¥ 1)
= 2md
FIGURE 3-1: Ry fimits the current fiow

into an input pin.

3.2  Rail-to-Rail Qutput

There are two specificatons that describe the output
swing capability of the MCP601/2/3/4 family of op amps.
The first specification (Maximum Qutput Voltage Swing)
defines the absolute maximum swing that can be
achieved under the specified load corditions, For
instance, the output voltage swings to within 15 mV of
the negative rail with a 25 k{2 load ta /2. Figure 2-33
shows how the output voltage is limited when the input
goes beyond the linear region of operation.

The second specfiication that describes the cutput
swing capability of thess amplifiers is the Linear Output
Voltage Swing. This specification defines the maximum
output swing that can be achieved while the amplifier is
still operating in its linear region. To verify kinear
operationin this range, the large signal (DC Open-Loop
Gain (Agy)} is measured at points 100 mV inside the
supply rails. The measurement must exceed the
specified gains in the specification table.

33 MCPE03 Chip Select (CS)
The MCP603 is a single amplifier with Chip Select

(CS). When CS is pulled high, the supply current drops
to 0.7 pA {typ.}, which is pulled through the C8 pin to
Vgs. When this happens, the amplifier output is put into
a high-impedance state. Pulling CS Jow enables the
amplifier and, i the CS pin is left floating, the amplifier
may not operate properly. Figure 1-1 is the Chip Select
timing diagram and shows the output voltage, supply
currents and CS current in respense to a CS pulse.
Figure 2-27 shows the measured output voltage
response to a CS pulsa,

34  Capacitive Loads

Driving large capacitive lcads can cause stability
problems for voltage feedback op amps. As the load
capacilance increases, the feedback loap’s phase
margin decreases and the dosed-loop bandwidth is
reduced. This produces gain peaking in the requency
response with overshoof and ringing in the step
resporse,

When driving large capacitive loads with these op
amps (6.9., > 40 pF when G = +1), a small series
resistor at the output (R gg in Figure 3-2) improves the
feedback loop’s phase margin (stability) by making the
output load resistive at higher frequencies. The
bandwidth will be generally lower than the bandwidih
with no capacitive load.

FIGURE 3-2: Output resistor Risg
stabilizes large capacitive loads.

Figure 3-3 gives recommended Ry values for
different capacitive loads and gains. The x-axis is the
normalized load capacitance (C(/Gy,) in order to make
it easier to interpret the pict for arbitrary gains. Gy is the
circuit's noise gain. For non-inverting gains, Gy and the
gain are equal. For inverfing gains, Gy = 1 + (Gainj
(e.g.. -1 VIV gives Gy = +2 VIV].

© 2004 Microchip Technalogy Inc.
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FIGURE 3-3: Recommended R 5o values
for capacitive loads.

Once you've selected R,gp for your circuit, double-
check the resulting frequency response peaking and
step response overshoot in your circuit. Evaluation on
the bench and simulations with the MCPB801/2/3/4
SPICE macro model are very helpful. Modify Rigo's
value until the response is reasonable.

35  Supply Bypass

With this famity of op amps, the power supply pin (Vg
for single-supply) should have a local hypass capacitar
(i.0., 0.01 pF to 0.1 yF} within 2 mm for gocd high-fre-
quency performance. It also needs a butk capacitor
(i.e., 1 pF or larger) within 100 mm fo provide large,
slow currents. This bulk capacifor can be shared with
other paris.

36 PCB Surface Leakage

In applications where low input bias current is critical,
printed circuit board (PCB) surface leakage effects
need to be considered. Surface leakage is caused by
humidity, dust or other contamination on the board.
Under low humidity conditions, a typical resistance
between nearby traces is 1072Q. A 5V difference
would cause 5 pA of current to flow. This is greater
than the MCPE01/2/3/4 family’s bias current at +25°C
(1pA. typ.}.

The easiest way to reduce surface leakage is to use a
guard ring around sensitive pins {or fraces). The guard
ring is biased at tha same voltage as the sensitive pin.
An example of this type of layout is shown in
Figure 3-4.

Guard Ring

Vine Vins

FIGURE 3-4: Example Guard Ring layout.

1. Connect the guard ring to the inverting input pin
(Vin—) for non-inverting gain amplifiers, includ-
ing unity-gain buffars. This biases the guard ring
to the common mode input voltage.

2. Connectthe guard ring to the non-inverting input
pin {V)y+) for inverting gain amplifiers and
transimpedance amplifiers {(converts current to
voltage, such as photo detectors). This biases
the guard ring to the same reference voltage as
the op amp {e.g., Vpp/2 or ground).

3.7  Typical Applications

371 ANALOG FILTERS

Figure 3-5 and Figure 3-6 show low-pass, second-
order, Butterworth filters with a cutoff fraquency of
10 Hz. The filter in Figure 3-5 has a non-inverting gain
of +1 V1V, and the filter in Figure 3-6 has an inverting
gain of -1 VIV,

Cy G=+1VNV
47 nF fp= 10 Hz
i

FIGURE 3-5:
Sallen-Key Filter.

Second-Order, Low-Pass

R, G=-1VN
B18 kQ2 fp=10Hz

Cy
B8.2nF
""'OVDUT

FIGURE 3-6: Second-Order, Low-Pass
Multiple-Feedback Fifter.

The MCP&01/2/3/4 family of op amps have low input
bias cumrent, which allows the designer to select larger
resistor values and smaller capacitor values for these
filters. This helps produce a compact PCB layout
These filters, and others, can be designed using
Microchip's FilterLab® software.

.
DS21314F-page 12
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————
3.7.2 INSTRUMENTATION AMFLIFIE
CIRCUITS :

Instrumentation amplfiers have a differential input that
subtracts one input voltage from another and rejects
common mode signals. These amplifiers also provide a
single-ended output voltage.

The three-op amp instrumentation amplifier is illustrated
in Figure 3-7. One advantage of this approach is unity-
gain operation, while one disadvaniage is that the
common mode input range s reduced as Ry/Rg gets
larger.

Vo= (V=1 + 22 Ry
ovr = (F;= V) R, R )" Vaer

3

FIGURE 3-7: Three-Op Amp
instrumentation Amplifier.

The two-op amp instrumentation amplifier is shown in
Figure 3-8. While its pawer consumption is lower than
the three-op amp version, its main drawbacks are that
the common mode range is reduced with higher gains
and it must be configured in gaing of two or higher.

Vour
Q

R, 2R,

Four = (Vi=Voll i+ +— |+ Vo

our 1 2( R, RG) REF
FIGURE 3-8: Two-Op Amp

instrumentation Amplifier,

Both instrumentation amplifiers shouid use a bulk
bypass capacitor of at least 1 yF. The CMRR of these
amplifiers will be set by both the op amp CMRR and
resistor matching.

MCP601/2/3/4

e —.

3.7.3 PHOTO DETECTION

The MCP801/2/3/4 op amps can be used to easily
convert the signal from a sensor that produces an
output current (such as a phota diode) into a voltage {(a
transimpedance ampiifier). This is implemented with a
single resistor (R,} in the feedback loop of the
amplifiers shown in Figure 3-9 and Figure 3-10. The
optional capacitor (G} sometimes provides stability for
these circuits.

A photodiode configured in the Photovoltaic mode has
zero voltage potential placed across it (Figure 3-9). In
this mode, the light sensitivity and iinearty is
maximized, making it best suited for precision
applications. The key amplifier specifications for this
application are: low input bias cumrent, low noise,
common mode input voltage range {including ground}
and rail-to-rail output.

*)
Ik
¥
Ra

or) [T VWA——$-0 Vour

D1 vV,

oD
By
Light %
L Vout =Ip1 Rz
FIGURE 3-9: FPhotovoltaic Mode Detecior.

In contrast, a photodiode that is configured in the
Photoconductive mode has a reverse bias voltage
across the photo-sensing element (Figure 3-10). This
decreases the diode capacitance, which Facilitates
high-speed operation (e.g., high-speed digital
communications}). The design trade-off is increased
diode leakage current and linearity ¢rrors. The op amp
needs to have a wide Gain Bandwidth Product
(GBWP).

C;
]I
W
Ro
|D1l i—,\lw—ﬂ—o VDUT
Voo
D
Light 1o MP1
Veias “ Vour = Ip1 Ry
Vaias <OV
FIGURE 3-10: Photoconductive Mode
Defectfor.

© 2004 Microchip Technology inG.
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MICROCHIP MCP3202

2.7V Dual Channel 12-Bit AfD Converter
with SPI"" Serial Interface

Features Package Types

« 12-bit resolution PDIP, MSOP, SOIC, TSSOP
« 11 LSB max DNL

« +1 LSB max INL (MCP3202-B) CSISHDNL] 1
+ 2 LSB max INL {(MCP3202-C) CHO[ 2
« Analog inputs programmable as single-enced or CH1[] 3
pseudo-differential pairs v..l4
« On<chip sample and hold 58
« SPt™ serial interface (modes 0,0 and 1,1}
Single supply operation: 2.7V - 5.5V
100 ksps max. sampling rate ai Vpg = 5V
50 ksps max. sampling rate at Vp, = 2.7V
+ Low power CMOS technology
- 500 nA typical standby currert, 5 yA max. F— o — e — — — 1
- 550 pA max, active current at 5V |

Inpuest
+ Industrial temp range: 40°C {o +85°C gm Ghannel _< DAC  |e——
+ 8-pin MSOP, PDIP, SOIC and TSSOP packages Mux

I

I

|

Comparator |
)—I 12.Bit SAR i

I

I

|

J

8 [ Voo Veer
7 OCK

8 O Do
5

zozedow (]

Functional Block Diagram

Applications

+ Process Control
« Data Acquisition
» Battery Operated Systems

Description L—— _:;stm; j _lu:. — +. _

Shift

|

1

«+ Sensar Interface !
I

I

| Register

The Microchip Technology inc. MCP3202 is a succes-
sive approximation 12-bit Analog-to-Digital {A/D) Con-
verter with on-board sample and hold circuity. The
MCP3202 is programmable to provide a single pseudo-
differential input pair or dual single-ended inputs. Dif-
farential Nonlinearity {DNL) is specified at £1 LSE, and
Integral Monlinearlty (INL) is offered in +1LSB
(MCP3202-B) and +2LSB (MCP3202-C) versions.
Communication with the device is done using a simple
serlal interface compatible with the SP} protocol. The
device is capable of conversion rates of up 0 100 ksps
at 5V and 50 ksps at 2.7V, The MCP3202 device oper-
ales over a broad vollage range (2.7V - 5.5V}. Law cur-
rent design permits operation with typical standby and
active currents of anly 500 nA and 375 pA, respec-
tively, The MCP3202 is offered in 8-pin MSOP, PDIP,
TSSOP and 150 mil SOIC packages.

e

& 2001 Microchip Technology Inc. D521034C-page 1
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MCP3202

i it i —

1.0 ELECTRICAL PIN FUNCTION TABLE
CHARACTERISTICS
Name Function
11 Maximum Ratings*
Voo!Veer +2.7V to 5.5V Power Supply and
LU OSSR SISPRP 1| Reference Voltage Input
All inputs and outputs w.rt. Vgg...... -0.6V to Vpp 0.6V CHQ Channel 0 Analog Input
Storage temperature ... 65°C to +150°C CH1 Channel 1 Analog Input
Ambient temp. with power appiied .....-65°C to +125°C CLK Sedal Clock
ESD protection on all ping (HBM)..........c.. >4 kY .
) ) Dy Serial Data In

*Notlce: Stresses above those listed undar "Maximum Ratings™ may
cause permanent damape to the device. This is a stress rating only Doyt Serial Data Qut
and funclional oparation of the device at those or any other conditions
abova thosa indicated in the pperational listings of this specification is e Thin Selact
not implied. Exposure o maximum rating condiions for extended CS/SHON Chip Select/Shutdown Input

periods may affect device refiability.

ELECTRICAL CHARACTERISTICS

Al parametars apply at Vg = 5.5V, Vg = 0V, Tayg = 40°C 10 +85°C, fayp e = 100 ksps and fo . = 18" Tgaupe
unless otherwise noted.
Parameter | Sym | Min. I Typ. | Max, | Units l Conditions
Conversion Rate:
Conversion Time teone —_ e 12 clock
cycles
Analog Input Sample Time toammie 1.5 clock
cycles
Throughput Rate fonpe | — — 100 ksps | Vpp = Ve = 5V
— — 50 ksps |Vpp= Ve = 2.7V
DC Accuracy:
Resolution 12 hits
Integral Nonlnearily INL — 1+0.75 11 LS8 [MCP3202-B
— £ 12 LSB |MCP3202-C
Differential Nonlinearity DNL - 0.5 11 I.SB |No missing codes over
temperature
Offset Emor — +1.25 +3 LSB
Gain Errot - $1.25 t5 LS8
Dynamic Performance:
Total Harmenic Distortion THD — -82 — dB |V =0.1V o 4.9V@1 kHz
Signal to Noise and Distortion SINAD — 72 — d8 |V, = 0.1V i 4.9V@1 kHz
(SINAD)
Spurious Free Dynamic Range SFDR — 88 —_ dB V= 0.1V 10 4.9V@1 kHz
Analog Inputs:
Input Voltage Range for CHO or Vas — Voo v
CH1 in Single-Ended Mode
input Voltage Range for IN+in IN+ IN- — | VpptIN- See Sections 3.1 and 4.1
Pseudo-Differential Mode
input Voltage Range for IN-in IN- Vesr100 | — | Vgt 100 mV | See Sections 3.1and 4.1
Pseudo-Differential Mode
Leakage Current — .o +1 pA
Switch Resistance Rgse — 1k —_— 0 See Figure 4-1

Note 1: This parameter is established by characterization and not 100% tested.
2: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 for more information.

DS21034C-page 2 © 2001 Microchip Technology Inc.
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MCP3202

3.0 PIN DESCRIPTIONS
31 CHO/CHY

Analog inputs for channels 0 and 1 respectively. These
channels can programmed to be used as two indepen-
dent channels in single ended-mode or as a single
pseudo-diffierantial input where one channel is IN+ and
one channel is IN-. See Section 5.0 for information on
programming the channet configuration.

3.2 Chip Select/Shutdown (CS/SHON)
The CS/SHDN pin is used to initiale communication
with the device when pulled low and wilt end a conver-
sion and put the device in low power standby when
pulled high. The CS/SHDN pin must be pulled high
between conversions.

3.3  Serial Clock (CLK)

The SPI clock pin is used to inifiate a conversion and to
clock out each bit of the conversion as It fakes place.
See Section 6.2 for constraints on clock speed.

3.4  Serial Data Input (DiN)

The SPI port serial data input pin is used to clock in
input channel configuration data.

35  Seriat Data Output (Dout)

The SP| serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place.

4.0 DEVICE OPERATION

The MCP3202 A/D Converter employs a conventional
SAR architecture. With this architecture, a sample is
acquired on an internal samplethold capacitor for
1.5 clock cycles starting on the second rising edge of
the serial clock after the start bit has been received.
Following this sampie time, the input swilch of the can-
vertet opens and the device uses the collected charge
on the internal sample and hold capacitor to produce a
serial 12-bit digital output code. Conversion rates of
100 ksps are possible on the MCP3202. See
Section 6.2 for information on minimum clock rates,
Communication with the davice is done using a 3-wire
SPi-compatible interface.

41 Analog lnputs

The MCP3202 device offers the choice of using the
analog input channeis configured as two single-ended
inputs or & single pseudo-differential input. Configura-
tion is done as part of the serial command before each
conversion begins, When used in the pseudo-differen-
tial mode, CHO and CHY are programmed as the IN+
and IN- inputs as part of the command string transmit-
ted 1o the device. The IN+ input can range from IN- to
Vegr (Voo * IN-). The IN- input is limited 1o £100 mV
from the Vg rail. The IN- input can be used to cancel
small signal common-mode noise which is present on
both the IN+ and IN- inputs.

For the A/D Converter to meet specification, the charge
holding capacitor {Cgawee) Must be given enough time
to acquire a 12-bit accurate voltage level during the
1.5 cloek cycle sampling period. The analog input
modet is shown in Figure 4-1.

In this diagram, it is shown that tha source impedance
{Rs} adds 1o the internal sampling switch (Rgs) imped-
ance, directly affecting the time that is required to
charge the capacitor, Cguume- Consequently, larger
source impedances increase the offset, gain, and inte-
gral linearity errors of the conversion.

Ideally, the impedance of the signal source should be
near zero. This is achievable with an operaticnal ampli-
fier such as the MCPS01 which has a dosed loop out-
put impedance of tens of ochms. The adverse affects of
higher source impedances are shown in Figure 4-2.

When operating in the pseudo-differentiat mode, if the
voltage level of IN+ is equal to or less than IN-, the
resultant code will be 000N, If the voitage at IN+ is
equat to or greater than {[Vo + (IN-)] - 1 LSE], then the
output code will be FFFh. If the voltage level at IN- is
more than 1 LSB below Vg, then the voltage level at
the IN+ input will have to go below Vg to see the 000h
output code. Conversely, if IN- is more than 1LSB
above Vg, then the FFFh code will nol be seen unless
the iN+ input level goes above Vi, level.

42  Digital Qutput Code

The digital output code produced by an A/D Converter
is a function of the input signal and the reference volt-
age. For the MCP3202, Vy, is used as the refarence
voltage. As the Vp, level is reduced, the LSB size is
reduced accordingly. The theoretical digital autput code
produced by the A/D Converter is shown belaw.

. 4096-V,y,
Digital Oulput Code = ————
Vop
where:
I, = analog input voltage
Fpn = supply voltage
- — — —

& 2001 Microchip Technology Inc.
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MCP3202

6.2  Maintaining Minimum Clock Speed
When the MCP3202 initiates the sample period, charge
is stored on the sample capacitor. When the sample
period is complete, the device converis one bit for each
clock that is received. It is impartant for the user to note
that a slow clock rate will allow charge to bleed off the
sample cap while the conversion is laking place. At
85°C {worst case condition), the part will maintain
proper charge on the sample capacitor for at least
1.2 ms after the sample period has ended. This means
that the time between the end of the sample period and
the time that alt 12 data bits have been clocked out
must not exceed 1.2 ms (effective clock frequency of
10 kHz). Failure to meet this crilerta may induce linear-
ity errors into the conversion cutside the rated specifi-
cations. }t should be noted that during the entire
conversion cycle, the A/D Converter does not require a
constant clock speed or duty cycle, as long as all timing
specifications are met.

63  Buffering/Filtering the Analog inputs

If the signal source for the A/D Converter is not a low
impedance source, it will have to be buffered or inaccu-
rate conversion resulls may accur. It is also recom-
mended that a filter be used to eliminate any signals
that may be aliased back into the conversion results.
This is illustrated in Figure 6-3 below where an op amp
is used to drive the analog input of the MCP3202. This
amplifier provides a low impedance output for the con-
verer input and a low pass filter, which eliminates
unwanled high frequency naise.

Low pass (anti-aliasing) filters can be designed using
Micrachip's interactive FilterLab™ software. FilterLab
will calculate capacitor and resistor values, as well as,
determine the number of pokes that are required for the
application. Far mare infarmation on filtering signals,
see the application note ANE99 “Anti-Aliasing Analog
Fillers for Data Acquisition Systems.

\ 10 uF

1
0.1 )

i

MCP3202

IN%,

\||_T"%

FIGURE 6-3: The MCPE01 Operational Amplifier is
used lo implement a 2nd order anti-aliasing fiter for
the signal being converted by the MCP3202.

64  Layout Considerations
When laying out a printed circuit board for use with
analog components, care shauld be taken fo reduce
noise wherever possible. A bypass capacitor should
always be used with this device and should be placed
as close as possible to the device pin. A bypass capac-
itor vatue of 0.1 yF is recommended.

Digital and analog traces should be separated as much
as possible on the board and no traces sheould run
undemeath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high
frequency signals {such as dock lines) as far as possi-
ble from analog traces.

Use of an analog ground plane is recommended in
otder to keep the ground polential the same for alt
devices on lhe board. Providing Vpp conneclions to
devicas in a “star” configuration can also reduce noise
by eliminating current retum paths and associated
errors. See Figure 6-4. For more information on layout
tips when using A/D Converters, refer to ANG88 “Lay-
out Tips for 12-Bit A/D Converter Applications”.

vop
Connaction

FIGURE 64: V,, fraces amanged in a ‘Star
configuration in order to reduce errors caused by
cumrent retum paths.

0521034C-page 16
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IﬁJ‘i tbNId ﬂ'JﬂJQNﬂ']‘iﬁN‘lu‘lIEN bA3D9

// Header: load shell 1.0

// File Name: load shell.c

// Author: chawalit meekhcom and Parinya Singhngarm

// Date: 22-02-200¢

// Include Function For Keilbl // R opa 20 k
#include <REGX5Z.H>

//#include <at89x51.h>

#include <intrins.h>

#include <STDLIB.H>

#include <stdio.h>

f e e 595 display-=——========-=—-=———
sbit CLOCK = P1"1;

sbit STOBE = PL"Z;

sbit DATA = P1l"0;

bit £9;

bit £3,f2;

unsigned int Pricl, PricZ, couter;

[ /e ——_——————————— e —
sbit BEEP = P1™6;
spit zero = P2"0;
sbit ok =P2"4;
shbit cancel =P2°5;
sbit upl =P2"0C;
sbit dewl=P2"1;
sbit up2 =p2°2;
sbit dowZ2=P2"3;
shit chl =p276;
sbit ch2 =p2°7;
sbit ledl=P0"7;
shit ledz=P0"6¢;
sbit V1 =P0"0;
sbit V2 =P0"1;
shbit sensor=pP0"4;
sbit M1 =pP0~2;
sbit M2 =P0*3;
[ - —— locd shell-===-memmeme e —
float v;
long float cutl,out;
unsigned int ADCBUF[EB];
unsigned int ddl, cari,bs, num;
unsigned char id, 1d, cou;
bit d1,d2;

unsigned int d;
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/********** I/O PORT **********/

sbhit ADCS = P3"5;
shit ADCK = P3"4;
sbhit ADDO = P3"3;
sbhit ADDT = P3"2;

/********** RAM WORKING **********/

unsigned int ADCBUF[8];

/********** SUB FUNCTION **********/

unsigned int mcp3202r0 (void) | // read mcp3202 a/d channel O
unsigned char i;
unsigned int =x;
x = 0;
ADCK =
ADCS =

Q; // clk low first
0
ADDI = 1; ADCK
1
0
1
)

; // chip select
BADCK // start bit
ADCK // SGL/DIFF =
ADCK // ODD/SIGN = 0
ADCK // MSBF =1

I f
[ RS
I
|
o

i
(=N e e i)

ADDI = 1; ADCK =
ADDIL = (0; ADCK
ADDI = 1; ADCK
nop_ ();
_nop_ ()5
for (i=0;i<=11;1i++) { // 12 bit data

ADCK = 1; ADCK = 0;

X <<= 1;

X = % | ADDO;

me ma ma ey
. e

.

H
ADCS = 1;
return (x);

1

unsigned int mcp320Za0 (void) { // read a/d (ave buffer)
unsigned char i;
unsigned leong x;
ADCBUF{7] = ADCBUFI[6]
ADCBUF[&] = ADCBUF{5]
ADCBUF([5] = ADCBUF{4]
ADCBUF [4] ADCBUF (3]
ADCBUE [ 3] ADCBUF[2] ;
ADCBUF[Z2] = ADCBUFI[1]:;
ADCBUF[1] = ADCBUF[O0];
ADCBUF[0] = mcp3202r0 {(};
x = 07
for (i=0;i<=7;i++} x += ADCBUF[i];
x = x / 8;
return (x);

f
I
’
r

}
/**f(******* MIN FUNCTION ****‘k‘k****/

void start {wvoid) ¢ // speed z 1
SCON = 0x5h2Z; // set R5232 parameter
TMOD 0x20;
TH1 = Oxfd; PCON |= 0x80; // 18200
TR1 = 1;

}
unsigned char gt;
/ibit bed =P3"3;
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void bed {void}
{
BEEP=0;

BEEP=1;

if{gt < 20){gt=10;}else{ gt=gt-20;}
dmsec (gt} ;

code unsigned char
segment[11]={0x40,0xf4,0x82,0x90,0x34,0x18,0x08,0xf0,0x00,0x10
,Ox£E};

code unsigned char
patt 1(8]={0x01,0=02,0x04,0x08,0x10,0x20,0x40,0x80};

bit lok;
void dis sub(unsigned char dat)
{ char j:

for{j=7;3>=0;3--)
{

if{{segment[dat] & patt 1[3}] )} == patt 1i{]]) { DATA=1; }
else{ 1if(j==0) {DATA=1;if({f3==1)&{£2==1)){DATA=0;}}lelse{DATA=0;}
}
nep_{); nop (}; nop {(); nop_(}: nop_():; nop {); nop (}:
_nop_(}:_nop {};
CLOCK=1; necp (); nop (}; nop_(); nop (); nop (}); nop (};
_nop_(); _nop_{}; _nop_{(}); nop (};
CLOCK=G; nep (J; nop (); nop (}; nop_(};
“nop (}; nop ()i nop (}; nop (); nop_(};_nop_(};
nop_{}; nop (); nop (}; nop (}; nop_ (}); nop (};
}
e e
anddis?
vold displayd (unsigned int dat)
{
e e e Kg-————————— -
dis_sub((dat/lOOO}%lO);
£3=1; dis sub{(dat/100)%310); £3=0;
dis sub{(dat/10)%10};
dis sub(({dat/1)%10);
~nop ()7 nop_ ()i _nop_();_nop_(); _nop_();_nop_(};
~nop_); _nop_{)i_nop_();_nop_ (); _nop_();_nop_(};
nop {}; nop (}; nop (); nop (};

F e e e e e e
vold Read {wvold)

{

d = mcp3z202ad ()

cut ={d/1.39);

1fldl==0)
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if (d2==1){cari=4000-ddl; dl=1;}

void ok cancel (void)

r

dmsec (800) ;
while {sensor==1);
dnsec{300); M1=0;M2=0;

unsigned int out run;

vold run (vold)

{Read(); cari=4000-ddl;couter=0;
dmsec {200) ;

if(ledl==0} {out run={num* {100/Pricl));
V1l=1;

}

if(led2==0){out_run=(num*{lOO/PriCZ));
VZ2=1;

while (1)
{Read{); display4 (cut) ;
ifi{out > cut run){V1=0;V2=0; couter=800;break;}
if(out » 700}
V1=0;V2=0;break;

couter++; dmsec{10};if{couter > 60000) {break;}

dmsec{200};
num=0;
display4 {out runj;
dmsec (3000) ;
h
f“’ ____________________________________________________________
void main (wvoid)
{
M1=0;
MZ2=0;
V1=0;
Vz=0;
S Int set start timerQ==err—rr—ror— e
THO=0x47; // 100 usec 11.059 * 1
TLO=0x47;
TRO=1;
ET0=1;
f == Run interup all----————"""——"—""—"—"""————————
EA=0;

¥4 printf{"\n Print Start Power ON");
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delay(85000%;

Pricl=10;
Pricz=20;

ledl=0;
led2=1;

Ml=1;

ok cancel():

num=0;
while (1)
{ couter++;
if(couter > 300) {couter=60000;}
£f2=1; //display4d (out);
£3=0; // R cpa 20 k
if(upl==0) { Pricl++;dmsec{1l00);couter=0;£9=1;}
iftdowl==0){ Pricl-—;dmsec(100);couter=0;£5=1;}
if(up2==0) { Pric2++;dmsec(100);couter=0;f9=0;}
if (dow2==0){ Pric2~-;dmsec(100};couter=0;£9=0;}
j - SY§ ———————————- cantrol

iftnum > 0)
{if{chl==0) {ledl=1;led2=0;}

if{ch2==0) {led2=1;1ledl=0;}
display4d (num*100); couter=700;
if {ok==0)

run(); Mi=1;ok cancel();
ledl=1;1led2=1;num=0;ledl=:;
led2=1;

if (cancel==0){ MZ2=1;0k cancel{);
ledl=0;ledZ2=1;num=0;}

aelse{Read();
if(couter>300){ displayd{out);}leise{if(f%==1){ display4(Pricl);
}
if(£9==0){ display4(Pric2);}

}

pit look:
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sbit in _put = P3°0;

veid tTimerCO{void) interrupt 1
{ TLO=0x7f;
THO=0xff; //1.054 khz //11.059
if{in put==1) {lock=0;}
if(look==0} {if{in_put==0) {num++;look=1;}}
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