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2000
ABSTRACT

Developing of a vision-based object detection system is very interesting but we are

facing the difficult in a process to give the picture out. This project uses as a tracking object
robot , by tracking the image of the object form digital video camera on vehicle. Then take
the movement of the object image to process system so that a computer acknowledge
situation. The vehicle movement is controller by microcontroller. This robot can fallow
quite well, but we face the problems about colors between object and background. Object’s
colors should be stronger than background’s color and the movement of the robot should

not be so far better processing.
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Features

* Compatibie with MCS-51™ Products

R ST

° 8K 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
° 256 x 8-bit Internal RAM

° 32 Programmable I/O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

° Programmable Serial Channel

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microco
bytes of Flash pregrammable and erasable
is manufactured using Atmel's high-densit
compatible with the industry-standard 80C

with Flash on a monolithic chip, the Atme
which provides a highly-flexible and ¢

applications.

Pin Configurations
PQFP/TQFP

cC
37 [3P0.0 (ADO)
31 P0.1 (AD1)

RST 30[3P0.7 (AD7)
(RXD) P3.6 29 EANVPP
nNCde 28INC
(TXDj P3.1 27 [ ALEPROQ
(INTO) P3.2(] 8 26 1 PSEN
(INT1)P3.31)9 25 2 P2.7 (A15)
(To) @3.4C] 10 JP2.6(A14)

: x o=
________ a8l
-~ JCO0COUGCooOo
2NYSQRoO-a o
o = & o
aé’::&‘&‘a&'&'n
Taxk FAaoa
. 2228
ze frzzz

32[1P0.4 (AD4)
327 PO (ADS)

23[1P2.5(A13)

Low-power Idle and Power-down Modes

mputer with 8K

read only memory (PEROM). The device
y nonvolatile memory technology and is
51and 80C52 instruction set and pinout.

I AT89C52 is a powerful microcomputer

ost-effective solution to many embedded control

PDIP

1
2
3
4
5
6
7
8
8

25

(A9) P21

(A10) P2.2 (] 26
(A11) P23 ¢

31[3P2.7 (A15)
30[1P26 (A14)
291,25 (A13)

(A12) P24 (|28

8-bit
Microcointroller
with 8K Bytes
Flash
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/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 AT8IC52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idie 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 /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/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 intemal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When ts 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 (1) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2E ), respectively, as
shown in the following table.

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

LPort Pin ‘ Alternate Functions j

T2 (external count input to Timer/Counter 2),
clock-out

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

AT89C52

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 interral pullups 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 memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). 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 conients 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 puiled 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 shown in the following table.

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

Port Pin Alternate Functions —}
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input) -
P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)
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 is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/
the oscillator frequency and may be used for external
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memaory.

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

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

When the AT89C52 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.

Table 1. AT89C52 SFR Map and Reset Values

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 or reset. :
EA should be strapped to V¢ for internal program
executions.

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

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

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFEH
OFOH -
00000000 OF7H
0E8H OEFH
ACC
OBOH | 50000000 BEw
0D8H 0DFH
PSW
ODOH | o o 0D7H
oca | T2CON T2MOD RCAP2L RCAP2H T2 TH2 oCFH
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
0B8H 1P
XX000000 i
P3
RBeH 11111111 oB7H
IE
0ABH | (oot o CAFH
P2
0AOH 11111111 QATH
- SCON SBUF
00000000 |  XXXXXXXX 2FH
P1
S0H 11111111 H7H
- TCON T™MOD TLo LY THo TH1
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000 i
i PO sp DPL DPH POON |
11111111 00000111 00000000 | 00000000 0XXX0000

AT89C52




Special Function Registers

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

Note 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 loca-
tions, since they may be used in future products to invcke

Table 2. T2CON - Timer/Counter 2 Control Registe

AT89C52

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

Timer 2 Registers Control and status bits are contained in
registers 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 16-bit cap-
ture mode or 16-bit auto-reload mode.

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

T2CON Address = 0C8H Reset Value = 0000 00008 |
Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 Cc/T2 CP/RL2 ]'
7 6 5 4 3 2 1 o |
Symbol Function
TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10orTCLK = 1.
EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
(DCEN = 1).
RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive 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 port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.
EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.
TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.
CrT2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. G/T2 = 1 for external event counter {falling edge
triggered).
CP/RL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEND = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EX EN2
i = 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.
Data Memory

The AT89C52 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

ATMEL

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 SFR at location 0AOH (which is P2).
MOV OAOQH,

B3at o
+data

fimssieimimmrav s



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

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 AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that ¢an operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 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 TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK+TCLK | CP/RLZ | TR2 | MODE
0 0 1 16-bit Auto-reload
0 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 external

6 AT89C52

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycie, 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 to recognize a 1-t0-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overilow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 trarsition 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 generate 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-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 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,
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Figure 1. Timer in Capture Mode
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RCAszIl RCAP2L l
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T2EX PIN D——J S w/o— - —’ EXFZ_:‘
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EXEN2

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. 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 RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overfiow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if 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

o '-*ﬁe-s-.---,:-‘w-—'th-:-flr'v-wfﬂ-%'-yr-

Y ope o gmen e o

| conTROL

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow 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 Timer 2 count down. The timar
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resoiution. In
this operating mode, EXF2 does not flag an interrupt.

~
EE
mi
F



Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

Table 4. T2MOD - Timer 2 Mode Control Register

osc 12—
lcr2 =0
L
[} | e
T2 PIN
TRANSITION
DETECTOR
T2EX PIN D——-J T

ANMEL

RCAP2H

RCAP2L

P N TR e T T T T ST

OVERFLOW

S yoare

TIMER 2
INTERRUPT

o

» o TF2

i

| conTRoL
EN2

EXF2

Ent

|

T2MOD Address = 0C9H
Not Bit Addressable

Reset Valug = XXXX XX00B

-

[ - = = R - - T2OE DCEN ﬁ;
| B 7 6 5 4 3 2 1 ol |
LSymbol Function
! - Not implemented, reserved for future
[ T20E" Timer 2 Output Enable bit.

DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.

AT89C52
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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 (Table 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 RCLK and/or 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
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

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

Modes 1 and 3 Baud Rates = Timer 2 O;/e;rﬂow Rate
The Timer can be configured for sither timer or countar
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. Noimally,
as a timer, 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

0OSsC +2

— Wty T2
A %‘T————(j fva .—_*——bffBlTS) (8-BITS)1}'*" S
| i g ‘ |

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

Modes 1and 3 _ Oscillator Frequency
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 it RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-t0-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2is in use as a baud rate generator, T2EX can be used as
an extra extemal 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 to. Under these conditions, the Timer is
incremented 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 reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

TH2

—_——— !

| : i ! ik ‘ .
| - Z&-JZ}
I S
! I ; ;
___W*ADM_@__ 3 f ;
A | - i
I! l’ RCAP2L HCAP2H]
’°—~——o—— Cr2 BIT
P1.0
T20E (T2MOD.1)
TRANSITION
% DETECTOR
SRR )
(T2EX) ot O— EXF2 |— ——, TIMER 2
N INTERRUPT
T
1
EXEN2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a requ-
lar 1/O pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging frora 61 Hz to 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 cleared 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.

Oscillator Fequency
4 % {65536 - (RCAP2H,RCAP2L)]

Clock-Out Frequency=

In the clock-out mode, Timer 2 roll-overs will not generate
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 simulta-
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
UART in the AT89C51.

-lnterrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

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

Note that Table shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positicns, 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, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

e e e s S s rermpe gy
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the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(Lés)
| F72 | ES | e l EX1 ] ETO i Exoj

(MSB)
(= [-

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol | Position Function

EA f 1E.7 Disables all interrupts. If EA =0, |
} no interrupt is acknowledged. If !
| EA =1, each interrupt source is
| individually enabled or disabled
i by setting or clearing its enable i
i bit. |

- IE.6 Reserved. {

i 3 FER— )

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET1 EL3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO =5} Timer 0 interrupt enable bit.

EX0 IE.0 External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 6. Interrupt Sources

D
Oj/

.

INTO —2-7, IEO +
1.
i A i
‘ y |
TFO
—D>—
Oy |
o 2 i
INTY -—Cr” IE1 |--»
* F
i
et
b e
TF1 +
—
RI —y o 4

TF2 —
EXF2

———p
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier-that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the extemal
clock signal, since the input to the intemal 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.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
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 mode is termi-
nated by a reset, the instruction following the one that
invokes Idle mode should not write to a port pin or to exter-
nal memory.

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

Figure 7. Oscillator Connections

c2
—)——0—— XTAL2
o ‘
o—j|——e——{ XTALT
i

|

0-———————1 GND

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

=40 pF + 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC ——— XTAL2

EXTERNAL

OSCILLATOR ———— XTAL1
Power-down Mode SIGNAL
'n the power-down mode, the oscillator is stopped, and the
nstruction that invokes power-down is the last instruction GND
3xecuted. The on-chip RAM and Special Function Regis-
‘ers retain their values until the power-down mode is e
-erminated. The only exit from power-down is a hardware o
‘eset. Reset redefines the SFRs but does not change the
»n-chip RAM. The reset should not be activated before Vee
Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 g PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

2 | AT89C52
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

B T T e B

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 onreset,
and further programming of
the Flash memory is disabled.

8 P P U Same as mode 2, but verify is
also disabled.

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

“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. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vce) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
ATB89C52 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Fiash or EPROM programmers.

The AT89C52 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.

’( | Vop =12V Vpp =5V
| Top-side Mark | ATB9CS?2 AT89C52
[ f XXXX XXXX - 5
\ | yyww yyww

T e e f e e o et P TR T T

Vep = 12V Vpp =5V
Signature (030H) = 1EH (030H) = 1EH
(031H) = 52H (031H) = 52H
(032H) = FFH (032H) = 054

The AT89C52 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

AT89C52, the address, data and control signals shouid be

set up according to the Flash programming mode table and

Figure 9 and Figure 10. To program the AT89C52, take the

following steps.

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

2. Input the appronriate data byte on the data lines.
Activate the correct combination of contro! signals.

4. Raise _EK/VPP 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
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 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 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 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 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

3!
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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) = 52H indicates 89C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

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.

Mode RST PSEN ALE/PROG EANV,» P2.6 P27 | P36 P3.7
Write Code Data - R/12V L H - H H
SN\ |
Read Code Data H L H H L L. H H
Write Lock Bit - 1 H L H/12V H H : H H
V i
Bit - 2 H L H/12V H Ry L L
S |
Bit- 3 H L H/12V H L | H L
V |
Chip Erase H L (1) H/12V H 1 J N L
V !
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.

14 AT89C52




Figure 9. Programming the Flash Memory

cwzeses AT89C52

Figure 10. Verifying the Flash Memory

+5V +5V
ATB7F52 —T ATB7F52 ?
roDR. RO ATl o Ves apor, A0 AT e Yep [os
QAUDHARRA L, P2.0 - P24 PO |e— FOM OOCORIFFFH |l p2o - poa PO | (USE 10K
A8 - A12 A8 - A12 PULLUPS)
—»{ P26 —> P26
SEE FLASH J_» P27 ALE [«—— PROG SEE FLASH | —» P27 ALE f4—
PROGRAMMING PROGRAMMING |
MODES TABLE L——» P3.6 MODES TABLE | —*| P36 i
——» P37 L—>{ P3.7 !
© XTAL2 EA t¢—— VidVep & XTAL2 EA 4_.__.J
|
3-24 MHz | “II: 3-24 MHz :|
T I ‘
l ‘E XTAL1 RST [¢—— V,, & > x1aL1 RST f¢—— V,,
GND PSEN GND PSEN
ok i
- Flash Programming and Verification Characteristics
T, = 0°C to 70°C, Ve = 5.0 + 10%
.| Symbol Parameter Min Max I Units
Vept" Programming Enable Voltage 11.5 12.5 Vv
lpp" Programming Enable Current 1.0 A
1teLcl Oscillator Frequency 3 24 MHz
vt Address Setup to PROG Low 48t ot
Brors, Address Hold after PROG o) T
Eyicl Data Setup to PROG Low 48t cL
foitg Data Hold After PROG 48t oL
tensiy P2.7 (ENABLE) High to Vpp 4Bte,
tshaL Vep Setup to PROG Low 10 us
tons ™ Vpp Hold after PROG 10 us
sty PROG Width 1 110 us )
tavay Address to Data Valid 4Bt L
teLqy ENABLE Low to Data Valid 48teice
T Data Float after ENABLE 0 48l oL
teHaL 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. )

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

P10 - P17 PROGRAMMING i ; VERIFICATION
P20 - pog ADDRESS — ADDRESS >
T hvav
g Lo |y}
PORT 0 ~ ———— DATA IN +—+———+DATA OUT }-————
C *lvel  loHox ¢ | |
tavaL ¢ g > lgnax |
ALE/PROG N A |
tSHGLr_ g tGLGH—_;‘___»% onsL
_ A > LOGIC {]
BANee NN/ LoGIco .
‘ (@
— et AN
P2.7 . e =r TN T e
(ENABLE) g4 = _"
fd, TN V=< i
P3.4 i S _
(RDY/BSY) BUSY " READY
|
twe g

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

P10 - P17 : PROGRAMMING ’ VERIFICATION
K . % »_Y ';,_..._.,,_( e N
P20 - P24 i ADDRESS ADDRESS A
: (= N |-y Vo)
PORT 0 I é DATA IN ‘ —— DATA OUI,,-:E’ —_—
e et toHox *—> ;
Lavecrs % lonax
) | ] i S
ALE/PROG NS
tsHaL > !
o7 =lelen—"" |
o : | LOGIC 1] )
EANVpp LA TN PN ar. ANk oGIe o .
! i I
— resy : L T
P ERSH | - __,I " e EHQZ
(ENABLE) L I v }’ _d/:/ B
loheL =+ ‘
P3.4 a0 i | L
(RDY/BSY) Y BUSY " READY
I twe ’:
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Absolute Maximum Ratings*

X

BB Sl an TR T ST ey

Operating Temperature .......................... -55°C 10 +125°C "NOTICE:
Storage Temperature................................... -65°C to +150°C

Voltage on Any Pin

with Respectto Ground ..o -1.0V to +7.0V

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

DC Output CUIMeNt ... 15.0 mA

DC Characteristics

The values shown in this table are valid for Ta=

R R S R TR g By

AT89C52

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.

-40°C to 85°C and V.~ = 5.0V + 20%, unless otherwise noted.

Symbol Paramster Condition Min ] Max Units
Vi Input Low-voltage (Except EA) 05 0.2 V0.1 Vv
Vi, Input Low-voltage (EA) -0.5 0.2 V0.3 v
ViH Input High-voltage (Except XTAL1, RST) 0.2 Vc+0.9 Vee+0.5 \Y
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Veet+0.5 \Y
VoL Output Low-voltage!” (Ports 1,2,3) * 1 I, =1.6 mA 0.45 v
Veur Output Low-voltage!" low =3.2 mA 0.45 V.
(Port 0, ALE, PSEN)
Vou Output High-voltage lon =60 pA, Ve = 5V + 10% 24 \Y
(Ports 1,2,3, ALE, PSEN) T
lon = -25 pA 0.75 V¢ \Y
IOH =-10 pA 0.9 VCC \Y
Vo1 Output High-voltage lon = -8C0 pA, Ve = 5V = 10% .4 V j{
(Port 0 in External Bus Mcde) =il
low = 300 pA 0.75 Ve v
lon = -80 pA 0.9 Vo v
N Logical 0 Input Current (Ports 1,2,3) Vi =0.45V -50 | pA
I Logical 1 to 0 Transition Current Vin =2V, Ve =5V £ 10% -650 pA
(Ports 1,2,3)
I Input Leakage Current (Port 0, EA) | 0.45 <V, < Ve +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
lec | Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 65 mA
Power-down Mode!" Vee =6V 100 pA
| VCC =3V 40 IJA
Notes: 1. Under steady state (non-transient) conditions, Iy, must be externally limited as follows:

Maximum |, 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 Io, exceeds the test condition, VoL may exceed the related specification. Pins are not guaranteed to sink ciirrent greater

than the listed test conditions.
2. Minimum Ve for Power-down is 2V.

=TT ey e 20 e et e

AlMEL

17



AC Characteristics

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

External Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator

Symbol Parameter Min Max Min Max Units
Mol Oscillator Frequency 0 24 MHz
t ALE Pulse Width 127 2loc-40 i
tavie Address Valid to ALE Low 43 tere-13 ns
tax Address Hold After ALE Low 48 torc-20 ns
tuy ALE Low to Valid Instruction In 233 4o cL-65 L nsi N
s ALE Low to PSEN Low 43 e <13 i\ ns
toLpH PSEN Pulse Width 205 3tore 20 ! ns ﬁ
. PSEN Low to Valid Instruction In 145 8t -45 ns
tayix Input Instruction Hold after PSEN 0 0 ; ns
| Input Instruction Float after PSEN 59 tae-10 | ns

| toseay PSEN to Address Valid 75 toc, -8 ns
taviv Address to Valid Instruction In 312 Stec-55 ns
- PSEN Low to Address Float 10 10 ns |
- RD Pulse Width 400 Bte e -100 | ons
s WR Pulse Width 400 Bte o -100 L ons
tripy RD Low to Valid Data in 252 Stouc,-S0 ns
tnie Data Hold After RD 0 0 ns
taHDz Data Float After RD 97 2tc o128 ns
tuov ALE Low to Valid Data In 517 8tec-150 ns
tavov Address to Valid Data In 585 Steie-165 ns
twe ALE Low to RD or WR Low 200 300 3tere 50 leeet50 | ns
vt Address to RD or WR Low 203 4tc o775 f s |
— Data Valid to WR Transition 23 te 20 . 4‘
B Data Valid to WR High 433 Phopscp- 100 i oons !
. Data Hold After WR 33 tere-20 | ns
tRLAZ RD Low to Address Float 0 0 o 7 ns
Ywan | RD or WA High to ALE High 43 123 tecl-20 toLoi+25 ! s 1,
8 AT89 052 AT YR o bt A i 6 0SSR W A 1 arory
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External Program Memory Read Cycle

T Y T

ALE . \

i3 o - > topn
tavL T [ "

o o I L ;
PScN g : ‘ T by .
| I 1 ~—lpxay—>
| ez il
_— . PXIZ +——>
LLAX H———»! | ' i |

t
|

? L toyix —> il ]
PORTO ",__AQ;?&?_-_;»,—‘_l'\.ﬁfel'?_'N_LI.A N A0-A7  —

< Ly ——

PORT2 A SRl 7= NN

External Data Memory Read Cycle

et —

ALE 7

|
|
\
i
|
i

PSEN s

] | ) ’ P
e — % JTIN 40N~ .
* ]

i tLLDV ) !

i o = tHLRH —=iZ
1 |

A= e 3

i
N /

——rlgoy - ’J‘itRHDZ

; |
Ll —» «—-lanox
|

T

I

r— tLiax —»
e— Lay L —

i

b

PORT 0

|
(A0 - A7 FROM RI OR DPL) ¥ +—K DATA IN ={7A0 - A7 FROM PCL>— INSTR IN
|

 —

¥

LavwiL

— oy ————

PORT 2 P2.0 - P27 OR A8 - A15 FROM DPH B2 AB - A15 FROM PCH
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External Data Memory Write Cycle

ol —— |

ALE : I o
. i —> A s
i - b o o
PSEN - i -
,l*— twe ——>~—twiwy —>
|
| S
o : ! ]
Wi ;""‘tLLAX' v |
P L~ tavwx :’i = R < twHax
, % = lavwh T i
i |
PORT 0 *_‘—'/ A0 - A7 FROM Rl OR DPL }+{ __DATA OUT '~ A0 - A7 FROM PCL —INSTR IN
jx*"“““——“ lavwe, ——¢"
i
e [ — S P = SECE
PORT 2 i P2.0 - P27 OR A6 - A15 FROM DPH - A15 FROM PCH

External Clock Drive Waveforms

< t > i
| CHCX ! :
'4* tCHCX tCLCH A E‘“— =¥ B tC‘—C
Vee - 0. 5V y, \ | | -
0.7V £ e
? ey } /| I
‘/ 02 Vgg - 0.1V -—\ 7/ _K
0.45V ’ —
% toLex |
3 teret >
External Clock Drive
Symbol Parameter Min Max Units |
1tcLeL Osciliator Frequency 0 24 MHz
leLeL Clock Period 416 ns ;
sy High Time 15 ns 5
loex Low Time 15 ns
toLcH Rise Time 20 ns
tCHCL Fall Time 20 ns |
0 AT89052 R T Y 2 B e LA Yee Vit b4 AT DA 0, 0h 'y
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Ordering information

Speed | Power ! ! ’
(MHz) l Supply Gde Package . Operation Range
12 I 5V+20% AC 44A ’ ' Commercial : *1
i e 44y | (0°C to 70°C) |
f pc 40P6 | |
| Kc ’ 440 | J
f ey I 44A B Industrial o |
! Hi 44y (-40°C to 85°C) !
| pI | 40ps |
| Al | 440 | 4
16 | 5vz20% AC | daA r Commercial o
ne | 4 (0°C to 70°C) |
' pC | aops : |
Ac 443 | |
| Y Ny —E T N\ e ——— -
| al 44y { (-40°C to 85°C)
P 40P6
’ Al 44Q I
20 i 5V +20% AC 44A Commercial
’ IC 44y (0°C to 70°C)
C 40P6
nC 44Q |
Al 44A Industrial T
| i 449 ! (-40°C to 85°C)
,‘ 4 40P6 | |
| Al 44Q ; ,;
24 ! 5V £20% 44A | Commercial St 7
! 44y ,' (0°C to 70°C) |
| 40P6 | (
| i
f f i
| Industrial
! 44y (-40°C to 85°C)
i | 40P6
L ,! 1|

|

Package Type

| 44-lead, Thin Plastuad Flatpack (TQFP) ‘<{
ii 44-lead, Plastic J-lgrier (PLM‘

a4A
444
40Ps | 40-lead, 0.600" Wid Inline Package (PDIP)
| . -
44Q | 44-lead, Plastic Giilatpack (PQFP)
22 ATe

T e perc e NI 30 L



Packaging Information

memzn AT89C52

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,

1 11.75(0. 4‘8\

0.45(0.018)
{ 0.30(0.012)
=)
, 10.1€0.394) o
[ 1.26(0.047) MAX
o !
0.20008 7
6.09(.003) ] ’/'
by —f
AN I1_ 0.75(0.030) 0.15(0.006) |

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

C45(1.14) X 30 - 457

PINNO 1
[ ) IDENTIFY

:' 656116.7)

o , 656(165)
.032(.813)

.02€(.6€0)

.695(17.7)

635(17.4)

Rl

i
0£0{1.27) TYP === = !

—_— 1 : i .043(1.09)
— 500(127 REF SQ P

020(.503)

165(4.19)

» s ;- - .022(.559} X 45° MAX (3X}
C TR AT

i U 1

40P8, 40-lead, 0.600" Wide, Plastic Dua! Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

i 2.07(52.6) |
= 2.04(51.8) PIN i
1
inlinlsiniisNek N

i
I

lfuﬂ“‘

{ / / 566(14.4)
i [ 530(135)
| { |
I‘T:rtr\" 7 N
- }._ .090(229)
1.900(48.26) REF
.220{5.55) .005(.127)
MAX., ) MIN
T :
SEATING | G
PLANE T i
161 ('4 3g) 0 oo 5
.125(3f1{i)_J i , [__ 0?(31555(9?81)
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tne circuit biocks required to drive and conltro! current in a ® Low Rpgon, Of typically 0.302 per power switch
brushed type DC motor or one phase of a dipolar stepper
motor. The multi-technology grocess used to ouild the device
combines bipolar and CMOS contio! and protection circuntry
with DMOS power switches on the same mono'thic struc-
ture. The LMD 18245 controls the motor Current via a fixed
otf-time chopper lechniqua

Iaterna! ciamp diodes

Low-ioss current sensing method

Digital or analog control of motor current

TTL and CMOS compatible inputs

Thermal shutdown (outputs offfat T, =155 C
Overcurrenl protection

No shoot-through currents

® 15-lead TO-220 moided power package

j April 1998
i National Semiconductor

f LMD18245

| 3A, 55V DMOS Full-Bridge Motor Driver

] .

| General Description Features

’f Tne LMD 18245 fuil-ordge power amglfier incorporates ai!  ® DMOS power stage rated at 55V and 3A continuous

!

I

An ali DMOS H-bridge power stage delivers continuous out-
put currents up to 3A (6A peak) al supply voltages up lo 55V
The DMOS power switches fealure low Rosion, for high ef-
ficiency, and a diode intrinsic to the DMOS body structure . v
eliminates the discrete diodes typically required to clamp bi- Appllcatlons

polar power stages. ® Full. half and microstep stepper motor drives

An innovative current sensing method eliminales the power g Stepper molor and brushed DC motor servo drives
loss associated with a sense resistor in series with the motor. w Automated factory. medical ang office equipment
A four-bit digital-to-analog converter (DAC) provides a digital

path for controlling the motor current. and. by extension, sim-

plifies implementation of full, half and microstep stepper mo-

tor drives. For higher resolution appiications, an external

DAC can be used.

Functional Block and Connection Diagram (15.Lead 70220 Moidec Power Package (T))

COVALRATOR

SN TCwF oLt cs acr Mg v owe
0S611678.1

Order Number LMD18245T
See NS Package Number TA15A

AW07a Sam concucir Cormavaton  DSG1i678 vaww.nationai. com
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Absolute Maximum Ratings (Note 1) Power D'ssipation (Note 3)

T0-220 (T, = 25 C. Infinte Heatsink) 25w

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Office/ TO-220 (T, = 25°C, Frce Air) 3 5w
Distributors for availability and specifications. ESD Susceptibiity (Note 4) 1500V
DC Voltage at: Storage Temperature Range (Tg) -40 Cto +150°C

OUT 1. Vee. and OUT 2 +60V Lead Temzerature (Soldering. 10 seconds) 300 C

DIRECTION. CS OUT. and DAC REF Operating Conditions (Note 1)

OC Voitage PGND to SGND 1400mVv Temperature Range (T,) (Nnte 3) -0 Ctlo+125¢C
Continuous Load Current 3A Supply Voitage Range (Vee) +12V to +55v
Peak Load Current (Note 2j B6A CS OUT Voltage Range OV to +5V
Junction Temperature (T ) +150'C DAC REF Voitage Range 0V to +5v

MONOSTABLE Pulse Range 10 ys to 100 ms

Electrical Characteristics (Note 2)

The following specifications apply for Ve = +42V, unless otherwise stated. Boldface limits apply over the operating tem-
perature range, —40°C < T, < +125°C. All other limits apply for T, = 325G

| I
[ COMP OUT. RC, M4, M3. M2. M1, BRAKE, +12V
|
|
|
I
|
|

Symbol Parameter Conditions Typical Limit Units
(Note 5) (Note 5) (Limits)
, [ Quiescent Supply Current DAC REF = QV, V. = +20V ‘ 8 mA
* 15 mA (mazx)
( POWER OUTPUT STAGE
g Rosion; Switch ON Resistance lloap = 3A 03 04 €2 (max)
| ! 0.6 €2 (max)
| liong = 6A o3 04 0 (max)
| 1 0.6 O (max;
! Voiooe Body Diode Forward Voltage loiooe = 3A ! 1.0 \
i 1.5 V(max}
T. , Diode Reverse Recovery Time loiope = 1A i 80 ns
i Q, ] Diodz Reverse Recovery Charge loiooe = 1A ! 40 nC
' toiony Output Turn ON Delay Time l
! . Sourcing Outputs llosao = 3A [ 5 us
i Sinking Outputs Iioab = 3A ’ 900 ns
f toorey | Outpul Turn OFF Delay Time
( Sourcing Outputs loao = 3A 600 ns
Sinking Outputs lloao = 3A 400 ns
! ton Output Turn ON Switching Time ’
‘.I Sourcing Outputs lloao = 3A ) 40 I us
f Sinking Outputs lloan = 3A 1 us
! lose Output Turn OFF Switching Time
l Sourcing Outputs lloao = 3A / 200 , ns
i Sinking Outputs lloan = 3A 80 ns
L Minimum Input Pulse Width Pins 10 and 11 ] 2 l ps
os , Minimum Dead Band [ (Note 6) 40 l f ns
URRENT SENSE AMPLIFIER

Q¢

Current Sense Output lLoao = 1A (Note 7) pA (min)

’ } 250 pA (min)

PA (max)

! ) ! PA (max)

Current Sense Linearity Error 0.5A < I oap < 3A (Note 7)

!
|
— e
J
|
|
|
I

l Current Sense Offset ‘ lloao = 0A




gk

|
Electrical Characteristics inote 2) (Continued)

Tne ‘oliow:ng specifications appl ior Ve = +42V. uniess otherwise slated. Boldface limits apply over the operating tem-
perature range, —40°C < T, < +125°C. All other mits apply for T, = T, = 25°C

Symbol Parameter Conditions Typical Limit Units
| (Note 5) (Note 5) (Limits)
| DIGITAL-TO-ANALOG CONVERTER (DAC)
i Resolution 4 Bits (min)
Monotonicity 4 Bits (min)
; Total Unadyusted Error C.125 0.25 LS8 (rnax)
\ 0.5 LSB (max)
i Propagation Delay 50 ns
{ DAC REF Input Current DAC REF = +5V 205 A
i *10 | WA (Max)
‘ COMPARATOR AND MONOSTABLE
:‘ | Compareator High Output Leve! 6.27 \
Comparator Low Output Leve! 88 mV
Comparator Output Current
Source 0.2 mA
Sink 832 mA
toeLay Monostable Turn OFF Delay (Note 8) 112 us
2.0 us (max)
PROTECTION AND PACKAGE THERMAL RESISTANCES
Undervoltage Lockout, Ve 5 V (min)
V (max)
_TJSD Shutdown Temperature, T, 155 'C
! Package Thermal Resistances
e Junction-tc-Case, TO-220 1.5, cw
6,4 Junction-to-Ambient, TO-220 35 | C/w
LOGIC INPUTS
Vi Low Level input Voltage -0.1 V (min)
0.8 V (max)
Vin High Level Input Voltage 2 V (min)
12 V (max)
Ik Input Current Vv = OV or 12V . *10 | pA (max)

Note 1: Adsolute Maximum Ratings incicate limits beyona which camage to the device may occur. Electrical specifications do not apply when operating the cevice
outsice the ~atec Operating Concitions

Note 2: Unless otherwise statec, loac currents are sulses with wcths less than 2 ms and duty cycles less than 3%

Note 3: The ~aximum allowable power dissipation at any ambient temperature is Pyy,, = (125 - Ta)8ya. where 125 C 1s the maximum junction temperature for op-
eration T 1s the ambient temperature i "C. anc f,.1s the junction-lo-ambient thermal resistance in "C/W Exceecirg P, voics the Electrical Specifications by forc-
g T,above 125°C If the junction temperalure exceecs 155°C.nternal circuilry cisables the power bridge. When a healsink is used, 0jpis the sum of the
junchion-to-case thermal resistance of the packaga. # ;. and the case-lo-ambient thermal resistance of Ihe healsink

Note 4: ESD rating is based on the human body mocel of 100 pF cischarged through a 1.5 k¢2 resistor M1, M2. M3 and M. pins 8. 7. 6 and 4 are protected 1o 800V

Note 5: All mits are 100% procuction tested at 25'C  Temperalure extreme limits are guaranteed via correlation using accepted SQC (Statistical Quality Control; -
! Tethocs All mits are used 1o calculate AOQL (Average Outgoing Quality Level). Typicals are at T, = 25°C anc represent the most likely parametric norm

Note 6: Asy—~etric turn OFF anz ON celay times anz switching imes ensure a swilch turns OFF before the other switch in the same half H-bricge begins 1o turn
i ON Ipreventing momentary short circuits between the power supply anc ground). The transitionai peric.: curng which both switches are OFF 1s com~cnly referrec
| toas the ceac Dand

Note 7: {I .5, Isensg) 0ata points are taken for loac currents of 0. 5A. 1A, 2A and 3A The current sense gain 1s specified as Isense/lLoap for the 14 cata point
The current sense linearity is specified as the slope of the line between the 0 5A anc 1A data points minus the slope of the hne between the 2A anc 3A cata points

by the slope of the line between the 0 5A ang 1A data points

OFF delay. tpg av. is cefinec as the ime from the voltage at the output of the current sense amphfier reaching the DAC output voltage to the lowe*
h beginning to turn OFF With Ve = 32V, DIRECTION high. and 200¢2 connected between OUT1 and V. the voltage at RC is increased from OV to
' 3Vat12Vius anc tpgay 1S measured as the time ‘rom the voltage at RC reaching 2V to the time the voltage at OUT 1 reaches 3V.

3 waw.national.com




Typical Performance Characteristics
RDS(ON) vs Temperature RDS(ON) vs Load Current
0c - S B 03
I
4’,_
c I
g
RDS(ON) vs Current Sense Output
Supply Voltage vs Load Current
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Connection Diagram

FGND 15 ouT 2
14 DAC REF
] m———- T
G| sa—-1

SGND

2
R} o > DIRECTION

BRAKE

NN U oy 0 O
ES
=

O

|

Top View
15-Lead TO-220 Molded Power Package
Grder Number LMD18245T
See NS Package Number TA15A

Pinout Descriptions (see Functional Biock
and Connection Diagrams)

Pin 1, OUT 1: Output node of the first half H-bridge.

Pin 2, COMP OUT: Output of the comparator. If the voltage
at CS OUT zxceeds that provided by the DAC, the compara-
tor triggers the monostable.

Pin 3, RC: Monostable timing node. A parallel resistorca-
pacitor network connected between this node and ground
sets the monostable timing pulse at about 1.1 RC seconds.
Pin 5, PGND: Ground return node of the power bridge. Bond
wires (internal) connect PGND to the tab of the T0-220
package.

Pins 4 and 6 through 8, M4 through M1: Digital inputs of
the DAC. These inputs make up a four-bit binary number
with M4 as the most significant bit or MSB. The DAC pro-
vides an analog voltage directly proporticnal to the binary
number applied at M4 through M1.

Pin 9, Vet Power supply node.

Pin 10, BRAKE: Brake logic input. Pulling the BRAKE input
'ogic-high activates both sourcing switches of the power
bridge — effectively shorting the load. See Table 1. Shorting
the load in this manner forces the load current to recirculate
and decay to zero.

Pin 11, DIRECTION: Direction logic input. The logic level at
this input dictates the direction of current flow in the load.
See Table 1.

Pin 12, SGND: Ground return node of all signal level circuits

Pin 13, CS OUT: Outout of the current sense amplifier The
current sense amphifier sources 250 pA (typical) per ampere
of total forward current conducted Sy the upper two swilches
of the power bridge.

Pin 14, DAC REF: Voitage reference input of the DAC. The
DAC provides an ana'og voltage equal to Vpac per x D/36,
where D is the decimal eguivalent (0-15) of the binary num-
ber applied at M4 through M1,

Pin 15, OUT 2: Gutput node of the second half H-bridge

TABLE 1. Switch Control Logic Truth Table

BRAKE | DIRECTION | MONO |  Active Switches |
H X I X | Source 1. Source Zj
L H | L | Source2 7
L H H | Source 2. Sink 1
L (5 L Source 1
L 1 I H Source 1, Sink 2

X = don't care
MONO 1s the outa.t of the ~crastabie

Functional Descriptions

TYPICAL OPERATION OF A CHOPPER AMPLIFIER

Chopper amgiifiers empicy feedback driven switching of a
power bridge to control and hmit current in the winding of a
motor (Figure 1). The oridge consists of four solid slate
power switches and four diodes connected in an H configu-
ralion. Control circuitry (not shown) monitors the winding
current and compares 1t to a threshold. While the winding
current remains iess than tne threshold, a source switch and
a sink switch in opposite haives of the bridge force the sup-
ply voltage across the winding, and the winding current in-
creases rapidly towards V /R (Figure 12 and Figure 1d)
As the winding current surpasses the threshold, the control
circuitry turns OFF the sink switch for a fixed period or
off-time. During the off-time. the source switch and the oppo-
site upper diode short the winding, and the winding current
recirculates and decays slowly towards zero (Figure 1b and
Figure 1e). At the end of the off-time, the control circuitry
turns back ON the sink switch, and the winding current again
increases rapidly towards Vee/R (Figure 1a and Figure 1d
again). The above sequence repeats to provide a current
chopping action that limits the winding current to the thresh-
old (Figure 1g ). Chopping only occurs if the winding current
reaches the threshold. During a change in the direction of
the winding current, the diodes provide a decay path for the
initial winding current (Figure 1c and Figure 1f). Since the
bridge shorts the winding for a fixed period, this type of chop-
per amplifier i1s commonly referred to as a fixed off-time
chopper.

/
/
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Functional Descriptions (continued)

053 Ak

oStk OSC"1B76-F

(a)

\

¢ [
053116769

FIGURE 1. Chopper Amplifier Chopping States: Full V.cApplied Across the Winding (a) and (d), Shorted Winding (b)
and (e), Winding Current Decays During a Change in the Direction of the Winding Current (c) and (f), and the
L Chopped Winding Current (g)

weers national.com 6



Functional Descriptions (Continued)

THE LMD18245 CHOPPER AMPLIFIER

The LMD18245 incorporates ali the circuit blocks needed to
impiement a fixed off-time chopper amplifier. These blocks
include: an all DMOS. full H-bridge with clamp diodes, an
amplifier for sensing the load current, 3 Comparator, a
monostable, and a DAC for digital control of the chopping
threshold. Also incorporated are logic. level shifting and drive
dlocks for digital control of the direction of the load current
and braking

THE H-BRIDGE

Tne power stage cons'sis of four DMOS power swilches and
associated body diodes connected in a~ H-brdge configura-
ton (Figure 2 Turn 7g ON a source swilch and a sink

0SG*"376.7¢

Swilch in opposite halves of the bridge forces the full supply
voltage less the switch drops across the motor winding.
While tne bridge remains in this state, the winding current in-
creases exponentially towards a limit dictated by the supply
voltage. the switch drops, and the winding resistance. Sub-
sequently turning OFF the sink switch causes a voltage tran-
sient that forward biases the body diode of the other source
swilch. The dioce clamps the transient at one diode drop
above the supply voltage and provides an alternative current
path. While the bridge remains in this state, it essentially
shorts the wind'ng and the winding current recirculates and
decays exponeritially towards zero. During a change in the
direction of the winding current, both the switches and the
body diodes provide a decay path for the initial winding cur-
rent (Figure 3)

Ver

0SC11878.41

FIGURE 2. The DMOS H-Bridge

Winding
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Functional Descriptions (continved)
THE CURRENT SENSE AMPLIFIER ’

Many transistor cells in paralle! make up the DMOS power
switches. The current sense amplfier (Figure 4) uses a
small fraction of the celis of both upper switches to provide a
unique. low-loss mears for sensing the load current. In prac-
tice. each upper switch functions as a 1x sense device in
paraliel with a 4000x power device. The current sense ampli-
fier forces the voltage at the source of the sense device to
equal that at the source cf the power device: thus, the de-
vices share he totai drain current in srogortion to the 1:4000
cell ratio Only the current flowing from drain to source, the
forward current, registers at the outsut of the current sense
amplfier The current sense amplifer. therefore. sources
250 pA per ampere of Ictai forward cu rent conducted by the
upper two switches of the power bridge

The sense current develops a potentiai across Rsthat is pro-

portional to the load current. for examole, per ampere cf load'

current, the sense current develops one volt across a 4 k()
resistor (the product of 250 pA per ampere and 4 k(). Since
chopping of the load current occurs as the voltage at CS
OUT surpasses the threshold (the DAC output voltage), Rg
sets the gain of the chopper amplifier: for example, a 2 kQ2
resistor sets the gain at two amperes of load current per volt
of the threshold (the reciprocal of the product of 250 pA per
ampere and 2 k(). A quarter watt resistor suffices. A low
value capacitor connected in paralle! with Rg filters the ef-
fects of switching noise from the current sense signal.
While the specified maximum DC voltage compliance at CS
OUT is 12V. the specified operating voltage range at CS
OUT is OV to 5V

THE DIGITAL-TO-ANALOG CONVERTER (DAC)

The DAC sets the tireshold voltage for chopping at
Voac res x /10, where D is the decimal equivalent (0-15)
of the binary number applied at M4 through M1, the digital in-
puts of the DAC. M4 is the MSB or most significant bit. For
applications that require higher resolution, an external DAC
can drive the DAC REF input. While the specified maximum
DC voltage compliance at DAC REF is 12V, the specified op-
erating voltage range at DAC REF is 0V to 5V.

THE COMPARATOR, MONOSTABLE AND WINDING
CURRENT THRESHOLD FOR CHOPPING

As the vetage at CS OUT surpasses that at the output of the
DAC. the comparator triggers the monostable, and the
monostat'e. once triggered, provides a timing pulse to the
control iogic. During the timing pulse. the power bridge
shorts the motor winding. causing current in the winding to
recircuiate and decay slowly towards zero (Figure 1b and
Figure 12 again). A parallel resistor-capacitor network con-
nected between RC (pin #3) and ground sets the timing
pulse or off-time at about 1.1 RC seconds

Chopping of the winding current occurs as the voltage at CS
OUT exceeds that at the output of the DAC: so chopping oc-
curs at a winding current threshold of about

(Voac mer X D/16) * ((250 x 107°) x Rg)) amperes.

SINSE 1

Current Sense
Amplifier

4C00x 1x
Motor '—_ }_—
Winding *lour 2

L T ]

74

Isense 2

0SQ187E. 2

FIGURE 4. The Source Switches of the Power Bridge and the Current Sense Amplifier
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Applications Information
POWER SUPPLY BYPASSING

Step changes in current crawn from the power supply occur
repeatedly during norma! operation and may cause large
voltage spikes across inductance in the power supply line
Care must be taken to limit voltage spikes at Ve toless than
the 650V Absolute Maximum Rating. At a change in the direc-
tion of the load currenl, the :nit:a! load current tends to raise
the voltage at the power suzply rail (Figure 3) again. Current
lransients caused by the reverse recovery of the clamp di-
odes tend to puli down the voltage at the power supply rail
Bypassing the power supply line at Vi is required to protect
the device and minimize the adverse effects of normal op-
eration on the power suppiy raii. Using both a 1 pF high fre-
Guency ceramic capacitor and a large-value aluminum elec-
trolytic capacitor is highly recommended. A value of 100 uF
per ameere of load current usually suffices for the alumiaum
electrolytic capacitor. Botn capacitors should have short
leads and be Incated with.n one half inch of Vee.

OVERCURRENT PROTECTION

If the forward current in either source switch exceeds a 12A
threshold. internal circuitry disables both source switches,
forcing a rapid decay of the fault current (Figure 5). Approxi-
mately 3 us after the fault current reaches zero, the device
restarts. Automatic restar allows an immediate return to nor-
mal operation once the fault condition has been removed. If
the fault persists. the device will begin cycling into and out of
thermal shutdown. Switching large fault currents may cause
potentially destructive voltage spikes across inductance in
the power supply line: therefore, the power supply line must
be properly bypassed at Ve for the motor driver to survive
an extended overcurrent fauit

Trace Fault Current 5t SA/civ
Honzontal 20 psiciv

In the _ase of a locked rotor. the inductance of the winding
tends to mit the rate of change of the fault current to a value
easily handled by the protection circuitry. In the case of a low
inductance short from either output to ground or between
outputs, the fault current could surge past the 12A shutdown
threshold, forcing the device to dissipate a substantial
amount of power for the brief period required to disable the
source swilches. Because the faull power must be dissi-
pated by only one source switch, a short from output to
ground represents the worst case fault. Any overcurrent fault
'S potentially destructive, especially while operating with high
supply voltages (230V). so precautions are in order Sinking
Vee for heat with 1 square inch of 1 ounce copper on the
printed circuil board 1s highly recommended. The sink
switches are not internally protected against shorts to V...

THERMAL SHUTDOWN

Internal circuitry senses the junction temperature near 'he
power bridge and disables the brdge if the junction tempera-
ture exceeds about 155°C. When the junction temperalture
cools past the shutdcwn threshold (lowered by a shght hys-
teresis), the device automaticaliy restarts.

UNDERVOLTAGE LOCKOUT

Internal circuitry aisables ihe power bridge if the power sup-
ply voltage drops below a rough threshold between 8V and
SV. Should the power supply voitage then exceed the thresh-
old. the device automaticatly restants

DSO11875.1¢

FIGURE 5. Fault Current with Vee =30V, OUT 1 Shorted to OUT 2, and CS OUT Grounded

The Typical Application

Figure 6 shows the typical application, the power stage of a
chopper drive for bipolar stepper motors. The 20 k(2 resistor
and 2.2 nF capacitor connected between RC and ground set
the off-time at about 48 ps. and the 20 k<2 resistor connected
between CS OUT and ground sets the gain at about 200 mA

per volt of the threshold for chopping. Digital signals control
the thresholds for chopping, the directions of the winding
currents, and, by extension, the drive type (full step, half
step, elc.). A pprocessor or pcontroller usually provides the
digital control signals.

www.national.com




The Typical Application (continueq)

29V
5V IyFFIl'CC af
,,,,, JAC REF V. 203 STTP/RT N rsAlD
DIRECTION & — cC our w. ; /515 5 ;\:*: U
SRALT L —
TEOM M L —
_IINTROLLER MY o2 —— LMD18245
M2 L —
A — Clis2
cs out PC PGNC SOV
2040 AN
2040
500 &F l'
{7 sl
40V
s5v »urI: —:. ol
DAC REF Vee
Su”
LMD18245
Gut 2z
s out °C PGND SGND
20%0 2.2nF
2040
500 ¢F

T

FIGURE 6. Typical Application Circuit for Driving Bipolar Stepper Motors

ONE-PHASE-ON FULL STEP DRIVE (WAVE DRIVE)
To maxe the motor take full steps. windings A and B can be
€nerg zed in the saguence

A—=B—A"—B ' —A— .
wnere A represents winding A energized with current in one
directcn and A” represents winding A energized with current
in e 2o00site direction. The motor takes one full step each
time one winding is de-energized and the other is energized.
To ma*e the motor step in the opposite direction, the order of
the accve sequence must be reversed. Figure 7 shows the
winging currents and digital control signals for a wave drive
apu'.caton of the typical application circuit

TWO-PHASE-ON FULL STEP DRIVE
To make the motor take full steps. wind ngs A and B can also
be energized in e sequence

AB—A'B—A'B'—AB —AB—
and because botn windings are energized at all imes, this
sequence produces more torque than that produced wilh
wave drive. The motor takes one full step at each change of
direction of either w:nding current Figure 8 shows the wind-
Ing currents and digitai conltrol signals for this application of
the typical applizat.on circuit, and Figure 9 shows, for a
single phase. tne winding current and voltage at tne output of
the associated current sense amphfier.




The Typical Application (continued)
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FIGURE 7. Winding Currents and Digital Control Signals for One-Phase-On Drive (Wave Drive)
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The Typical Application (coninued)
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FIGURE 8. Winding Currents and Digital Control Signals for Two-Phase-On Drive
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FIGURE 9. Winding Current and Voltage at the Output of the Associated Current Sense Amplifier

HALF STEP DRIVE WITHOUT TORQUE
COMPENSATION
To make the motor take half steps. windings A and B can be
energized in the seque - .ce

A—AB—=B—A"B—A"—

B —B"—AB" -

Tne motor takes one hali step each time the number of en-
ergized windings changes It i1s important to note that al-

though half stepping doubles the slep resolution, changing
the number of energized windings from two to one de-
creases (one o two increases) torque by about 40%. result-
ing in significant torque ripple and possibly noisy operation
Figure 10 shows the winding currents and digital controt sig-
nals for this haif step application of the typ:cal apphcation
circuit

w national com 12



The Typical Application (continued

Phase A\Yincing Current at 1ACIv
‘ace Phase 3 'Wincing Current at 1A/Civ
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A=BRAKEB =C

FIGURE 10. Winding Currents and Digital Control Signals for Half Step Drive without Torque Compensation

HALF STEP DRIVE WITH TORQUE COMPENSATION

To make the motor take half sleps. the windings can also be
enc-gzed wits sinusoidal currents (Figure 11). Contrelling
Ine « 1ding currents in the fashion shown doubles the step
=SC Lo without the sigruficant torque ripple of the prior
cnniGue The motor takes one half step each time the
9" einer wnding current changes. Half step drive with
{B75.2 compensation is microstepping drive. Aiong with the
0% cus advantage of increased step resolution. microstep-
205 reduces botn full step oscillations and resonances that
Gccur as the moior and loac combination is driven alits natu-
fal resonant frequency or subharmonics thereof Bolh of

these advantages are oblained by replacing full steps witn
bursts of microsteps. When compared lo full step drve. the
motor runs smoother and guieter

Figure 12 shows the lockup table ‘or this application of tn
typical application circuit. Dividing 90 electnical ser ‘Uil s
Dy two microsteps per ‘ull step yieids 45 electricai o
crosten. . therefore. increases from 010 315 in increre=is
of 45 . Each full 380 cyc'e comprises eight na’? stecs
Rounding |cosu| to four oits gives D A, the decima gquva-
‘ent of the binary numser aspliea at M4 A through M1 A Di-
RECTION A controls the paianity of the current in wanding A
Figure 11 shows the s:nuso:dal wind: ing currents
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The Typical Application (contnueq)

Top Trace Phase A Vincing Current at 1Aciv
Bottom Trace Phase B Winzing Current at 1A:civ
Honzontai z Tsiuwv

*500 stepsiseconc

ue L

BRAKE A = BRAKE B = G
90 ELECTRICAL/FULL STEP - 2 MICROSTEPS/FULL STEP = 45 ELECTRICAL/MICROSTEP
FIGURE 11. Winding Currents and Digital Control Signals for Half Step Drive with Torque Compensation

FIGURE 12. Lookup Table for Half Step Drive with Torque Compensation

; | p Jcos(i)] DA DIRECTION A Isinr)] DB DIRECTION 8 } ;
’ FORWARD 0 1 15 1 3 0 i |
% i 45 0707 11 1 0757 1 1
! a0 o 0 0 15 ]
135 0.707 11 0 0757 1 1
! 7 180 1 15 0 o 0 0
I REVERSE 225 0.707 11 0 0707 1 0
I | 270 0 0 1 1 15 0
I 315 0.707 11 1 0707 1 0
! REPEAT
|
I}
|
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The Typical Application (contnuea:

QUARTER STEP DRIVE WITH TORQUE
COMPENSATION

Figure 13 shows the w.nding currents and lookup tas'e ‘cr a
quarter step drive (four microsteos per full step) witn torcue

comzensation.

—-

L
SEBEE
SR

0A

teps/seconc

90 ELECTRICAL/FULL STEP -~ 4 MICROSTEPS.FULL STEP = 22.5° ELECTRICAL/MICROSTER

E o |cos(u)] DA DIRECTION A |sin{e)! DB DIRECTION B
3 1 i S 1 a 0 1
2 0924 14 ¢ 0333 [ 1
| L >s) 0.707 i1 1 07937 1" 1
FORWARD 7.5 0.383 <) 1 0824 14 1
i o) 0 ] 0} g b5 1
0.383 6 0 0924 14 1
- 6707 1 0 0.737 1 1
REVERSE 0924 14 0 0383 o 1
| 1 15 0 ¢} o} 0
0.924 14 o} 0333 6 G
0.707 11 0 0.707 11 0
0.383 B 0 0.922 14 G
0 0 1 15 0
0.383 [ 1 14 0
0.707 1i 1 1 g
0.924 o 1 [} o]

42 A BRAKE E ¢

FIGURE 13. Winding Currents and Lookup Table for Quarter Step Drive with Torque Compensation
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Test Circuit and Switching Time Definitions
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LMD18245 3A, 55V DMOS Full-Bridge Motor Driver

Physical Dimensions inches (mhimeters) unless cinenrwse ne'e=

KRCRL YT

s O ———— 017740005 |
- (2001207254 ! e p
6120:0010 . -~ € 15020 007 _ . i yo6r 20001
TRTarozsy T ~ 310005y [ £ 11020 ey | == e
! ! 20057
i s N I y
|

L.%. ' R
1 i i 1 1 i

= 00 -0
2 € N-0C10

0685 -0 6c8 AR
175020127

i S421z0005

i 10690127

Voo o Y — L. aseez00z
l i i[ ll 7700=0568
W
i ) L 8880 z002¢
PINNO 1 | | (2184358
J i
L LYY Y |
I !
v | ¥
0.028 20.003 i [ | 0050:¢ 010 i , . Besz0010
's'mm:nms;_"nf & =3 'r""'f\ BEREC 1€29320 254)
0.700:0 010 1 il AT
(17.78=2C254; 70.:;0‘1!0

re— 0
; 15080 =C 254;
001620 002

- .15 2
’ (0406 70 051;

15-Lead TO-220 Power Package (T)
Order Number LMD18245T
NS Package Number TA15A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2. Acritical component in any component of a life support

tems which, (a) are intended for surgical implant into
the bady. or (b) support or sustain life, and whose fail-
ure to perform when properly usecd in accordance

device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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