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ABSTRACT

According to this project,the 89C51 microcontroller is applied to control the simulation of
the lift motion system in order to make it have the capabilities to present upward or
downward movements that belong to the input from the outer part. The 89C51 can
process these movements by receiving the code signals from the lift drive motor.
Furthermore, the microcontroller also controls the system to open the lift door and

display lift position,once it reaches any floor.
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annsageazidanlfaingsasrauniuazsziaang

fatinamnsne CONTROL WORD lu LM629N nignidenidlulisunsy

Filter Contro! word Bit Allocation

Bit Position Function

Bit 15 Derivative Sampling Interval Bit 7
Bit 14 Derivative Sampling Interval Bit 6
Bit 13 Derivative Sampling interval Bit 5
Bit 12 Derivative Sampling Interval Bit 4
Bit 11 Derivative Sampling Interval Bit 3
Bit 10 Derivative Sampling Interval Bit 2
Bit9 Derivative Sampling Interval Bit 1
Bit 8 Derivative Sampling Interval Bit O
Bit7 Not used

21




R )

TSI AT — m———— — e

— — Y, wmarm W

- e o mm —— e om

——
.

— ———
PR

nagaanuLu tlﬂ:ﬂ']ﬁ"sfﬂﬂ%"']d

Bit 6
Bit5
Bit 4
Bit 3
Bit 2
Bit 1
Bit0

Not used

Not used

Not used
Loading kp Data
Loading ki Data
Loading kd Data

Loading il Data

Trajectory Control word Bit Allocation

4

Bit Position Function

Bit 15 Not used

Bit 14 Not used

Bit 13 Not used

Bit 12 Forward Direction (velocity Mode Only)
Bit 11 Velocity Mode

Bit 10 Stop Smoothly (decelerate as Programmed)
Bit 9 Stop Abruptly (Maximum deceleration)
Bit 8 Turn off Motor (Output Zero Drive)

Bit 7 Not used

Bit 6 Not used

Bit5 Acceleration will be Loaded

Bit4 Acceleration will be Relative

Bit 3 Velocity will be Loaded

Bit 2 Velocity will be Relative

Bit 1 Position will be Loaded

Bit0 Position will be Relative
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Status Byte Bit Allocation

Bit Position Function
Bit7 Motor Off
Bit 6 Breakpoint Reached (Interrupt)
Bit 5 Excessive Position Error(Interrupt)
Bit 4 Wraparound Occurred(Interrupt)
Bit 3 Index Pulse Observed(Interrupt)
Bit 2 Trajectory Complete(Interrupt)
Bit 1 Command Error(Interrupt)
Bit 0 Busy Bit
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;FILE NAME
;DESCRIPTION
;HARDWARE
;DD-MM-YY

BANK:

DIR:
STORY:
SWITCH:
FiL:

TRJ:
SYSSTACK:

RESETCODE
LFIL

UDF

DFH

LTRJ

STT

RDRP

R_COMMAND
R_DATA

R_RESET:
LOOP1:

AASM
PROGRAM TEST
89C51
07-04-98
ORG 0000H
DS 32

DS 1

DS 1

DS 1

DS 10

DS 14

DS 32

EQU OOH
EQU 1EH
EQU 04H
EQU 02H
EQU 1FH
EQU 0O1H
EQU OAH

EQU 0O000H
EQU 0100H

ORG 0000H
AJMP R_RESET
MOV RO,#0FFH
MOV R1,#0FFH
DJNZ R1,$
DJNZ RO,LOOP1
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MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

IE,#00H
SWITCH,#0FFH
DIR,#00H
FIL+0,#00H ;FILTER CONTROL WORD
FIL+1,#00001111B
FIL+2,#01H KP
FIL+3,#0FFH
FiL+4,#00H Kl
FIL+5,#00H
FIL+6,#00H ;KD
FIL+7 #00H
FIL+9,#00H il
FIL+10,#0FFH

TRJ+0,#00H ;TRAJECTORY CONTROL WORD
TRJ+1,#001010108B
TRJ+2,#00H A
TRJ+3,#00H
TRJ+4,#0FFH
TRJ+5#0FFH
TRJ+6,#00H Vv
TRJ+7,#00H
TRJ+8,#0FFH

TRJ+9 #OFFH
TRJ+10,#0COH ;P
TRJ+11,#00H
TRJ+12,#00H
TRJ+13,#00H

LCALL LM629
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SET_DFH:

GET_KEY3:

TEST:

SETB P3.2

JB P3.2,SET_DFH

MOV TRJ+0,#00011001B
MOV TRJ+1,#001010108B
MOV TRJ+10,#00H
MOV TRJ+11,#00H
MOV TRJ+12,#00H
MOV TRJ+13,#00H
LCALL R_LTRJ

LCALL R_STT

LCALL R_DFH

SETB DIR.7

MOV STORY,#00H
MOV P1#0FFH

MOV A,P1

ANL A#11011111B
CJINE A#11011111B,TEST
LIMP GET_KEY3

SETB ACC.5

MOV SWITCH,A

MOV P1,SWITCH

LJMP OPN_DOOR

MOV A, STORY
CJINE A#01H,CHK2
SETB SWITCH.5
SJMP LED_END
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CHK2:

CHKa:

CHKA4:

LED_END:

RUP:
OPN_DOOR:

LOOPS:

CLS_DOOR:

R_DW:

MOV A.STORY
CJNE A#02H.CHK3

ORL SWITCH,#00011000B

SJMP LED_END
MOV A,STORY
CJNE A#03H,CHK4

ORL SWITCH,#00000110B

SJMP LED_END
MOV ASTORY

CJNE A#04H,LED_END

SETB SWITCH.O
MOV P1,SWITCH
RET

LJMP R_UP

CLR P3.0

SETB P3.1

JB P3.4,0PN_DOOR
MOV RO,#0FFH
MOV R1#0FFH
DJNZ R1.$

DJNZ RO,LOOP3
SETB P3.0

SETB P3.1

JB P3.5,CLS_DOOR
JB DIR.7,RUP
DEC STORY

LCALL R_LED

MOV A,STORY
CJINE A#02H,LD_DW
MOV TRJ+0,#00H
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R_SDFH:

GET_KEY2:

MOV TRJ+1,#00101010B
MOV TRJ+10,#0COH
MOV TRJ+11,#00H
MOV TRJ+12,#00H
MOV TRJ+13,#00H
LCALL R_LTRJ

LCALL R_STT

SETB P3.2

JB P3.2,GET_KEY2
MOV TRJ+0,#000110018B
MOV TRJ+1,#00101010B
MOV TRJ+10,#00H
MOV TRJ+11,#00H
MOV TRJ+12,#00H
MOV TRJ+13,#00H
LCALLR_LTRJ

LCALL R_STT

LCALL R_DFH

SETB DIR.7

MOV STORY,#00H

CLR SWITCH.5

MOV A,SWITCH

CJNE A#11011111B,O0PN_DOOR
MOV P1,#0FFH

MOV AP1

ANL SWITCH,A

MOV P1,SWITCH

SJMP R_SDFH
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LD_Dw:

DW2:

N_Dw:

R_UP:

LD_UP:

CLR DIR.7

MOV TRJ+0,#00H
MOV TRJ+1,#001010108
MOV A,STORY
CJINE A #04H,DW2
MOV TRJ+10,#00H
MOV TRJ+11,#00H
MOV TRJ+12#11H
MOV TRJ+13,#30H
LCALL N_DW

CJINE A #03H,N_DW
MOV TRJ+10,#00H
MOV TRJ+11,#00H
MOV TRJ+12,#08H
MOV TRJ+13,#98H
LCALL R_LTRJ
LCALL R_STT

AJMP GET_KEY
INC STORY
LCALL R_LED

MOV A,STORY
CJINE A#04H,LD_UP
AJMP LD_DW
SETB DIR.7

MOV TRJ+0,#00H
MOV TRJ+1,#00101010B
MOV A,STORY
CJINE A#01H,UP2
MOV TRJ+10,#00H
MOV TRJ+11,#00H
MOV TRJ+12,#08H
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UP2:

UP3:

N_UP:

GET_KEY:

MOV TRJ+13,#98H
LIMP N_UP

CJNE A#02H,UP3
MOV TRJ+10,#00H
MOV TRJ+11,#00H
MOV TRJ+12,#11H
MOV TRJ+13,#30H
LIMP N_UP

CJNE A#03H,LD_DW
MOV TRJ+10,#00H
MOV TRJ+11,#00H
MOV TRJ+12,#19H
MOV TRJ+13,#0C8H
LCALL R_LTRJ

LCALL R_STT

AJMP GET_KEY

MOV P1#0FFH

MOV A,P1

ANL SWITCH,A
MOV P1,SWITCH
MOV DPTR#R_COMMAND
MOV A #RDRP
MOVX @DPTRA
LCALL R_BUSY

MOV DPTR#R_DATA
MOVX A@DPTR
MOV RO,A
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R_DFH:

MOV DPTR#R_DATA
MOVX A@DPTR
MOV R1A

LCALL R_BUSY

MOV DPTR#R_DATA
MOVX A@DPTR
MOV R2,A

MOV DPTR#R_DATA
MOVX A@DPTR
MOV R3A

LCALL R_BUSY

MOV AR3

CJINE A TRJI+13,GET_KEY

MOV AR2

CJINE A TRJ+12,GET_KEY

MOV AR1

CJNE ATRJ+11,GET_KEY

MOV ARO

CJINE A TRJ+10,GET_KEY

LJMP OPN_DOOR

MOV DPTR#R_COMMAND

MOVX A@DPTR
JB ACC.0,R_BUSY
RET

MOV DPTR,#R_COMMAND

MOV A#DFH
MOVX @DPTR,A
LCALL R_BUSY
RET
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R_LFIL:

MOV DPTR#R_COMMAND

MOV A#LFIL

MOVX @DPTR,A
LCALL R_BUSY

MOV DPTR#R_DATA
MOV AFIL+0

MOVX @DPTR,A
MOV DPTR#R_DATA
MOV AFiL+1

MOVX @DPTR.A
LCALL R_BUSY

MOV DPTR#R_DATA
MOV AFIL+2

MOVX @DPTR,A
MOV DPTR#R_DATA
MOV AFIL+3

MOVX @DPTRA
LCALL R_BUSY

MOV DPTR#R_DATA
MOV AFIL+4

MOVX @DPTR,A
MOV DPTR#R_DATA
MOV AFIL+5

MOVX @D.PTR.A
LCALL R_BUSY

MOV DPTR,#R_DATA
MOV AFIL+6

MOVX @DPTR,A
MOV DPTR#R_DATA
MOV AFIL+7

MOVX @DPTR,A

;FILTER CONTROL WORD

KP

Kl

KD
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R_UDF:

R_LTRJY:

LCALL R_BUSY

MOV DPTR#R_DATA
MOV AFIL+8

MOVX @DPTR,A
MOV DPTR#R_DATA
MOV AFIL+9

MOVX @DPTR,A
LCALL R_BUSY

RET

MOV DPTR#R_COMMAND

MOV A#UDF
MOVX @DPTR,A
LCALL R_BUSY
RET

MOV DPTR#R_COMMAND

MOV. A#LTRJ
MOVX @DPTR,A
LCALL R_BUSY

MOV DPTR#R_DATA
MOV ATRJ+0
MOVX @DPTR,A
MOV DPTR#R_DATA
MOV ATRJ+1
MOVX @DPTR,A
LCALL R_BUSY

MOV DPTR#R_DATA
MOV ATRJ+2
MOVX @DPTR,A

;TRJ CONTROL WORD

‘A
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MOV DPTR#R_DATA
MOV ATRJ+3
MOVX @DPTR.A
LCALL R_BUSY
MOV DPTR,#R_DATA
MOV A, TRJ+4
MOVX @DPTR.A
MOV DPTR#R_DATA
MOV ATRJ+5
MOVX @DPTR,A
LCALL R_BUSY
MOV DPTR #R_DATA
MOV ATRJ+6
MOVX @DPTRA
MOV DPTR#R_DATA
MOV ATRJ+7
MOVX @DPTR.A
LCALL R_BUSY
MOV DPTR#R_DATA
MOV A, TRJ+8
MOVX @DPTRA
MOV DPTR#R_DATA
MOV ATRJ+9
MOVX @DPTR.A
LCALL R_BUSY
MOV DPTR#R_DATA
MOV ATRJ+10
MOVX @DPTR,A
MOV DPTR#R_DATA
MOV ATRJ+11
MOVX @DPTRA
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R_STT:

LM629:

LOOP2:

LCALL R_BUSY

MOV DPTR,#R_DAT/;\
MOV ATRJ+12
MOVX @DPTR,A

MOV DPTR#R_DATA
MOV A TRJ+13
MOVX @DPTR,A
LCALL R_BUSY

RET

MOV DPTR#R_COMMAND
MOV A#STT

MOVX @DPTRA
LCALL R_BUSY

RET

MOV DPTR#R_COMMAND
MOV A#RESETCODE
MOVX @DPTR,A
LCALL R_BUSY

MOV RO,#0FFH

MOV R1,#0FFH
DJNZ R1,$

DJNZ RO,LOOP2
LCALL R_LFIL

LCALL R_UDF

LCALL R_LTRJ
LCALLR_STT

RET

END
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Features

¢ Compatible with MCS-51™ Products
* 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

Data. Retention: 10 Years
Fuily Static Operation: 0 Hz to 24 MHz
Three-Level Proagram Memory Lock
128 x 8-Bit Internal RAM
32 Programmable /O Lines
Two 16-Bit Timer/Counters

IMEL

Five Interrupt Sources

Descnptlon

Programmable Serial Channel
Low Power Idle and Power Down Modes

The AT89C5I isa low-powcr. high-performance CMOS 8-bit microcomputer with 4 Kbytes
of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manufac-
tured using Atmel’s high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction set and pinout. The on-chip Flash allows the program
memory (0 be reprogrammed in-system or by a conventional noavolatile memory program-
mer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
ATB9C51 is a powerful microcomputer which provides a highly flexible and cost effective
solution to many embedded control applications.
The AT89CS! provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 /O lines, two 16-bit timer/counters, a five source two-level interrupt architecture, a
full duplex serial port, on-chip oscillator and clock circuitry. In addition, the AT89CS1 is

8-Bit
Microcontroller
with 4 Kbytes
Flash

continued
PDIP/Cerdip
. . e
Pin Configurations
£0.0 (ADO}
PO.1 (ADY}
P0.2 (AD2)
£0.3 (ADJ)
PO.4 (AD4)
0.5 (ADS)
£0.6 (A06)
P0,7 (AD7)
(RXD) P3.0 Exrvee
(TXD) P31 ALE/PRGD
(IRTD) P22 PSEN
(N7 P23 P27 (A1S5)
(10} P34 P2.6 (At4)
{T1) P35 P2.5 (A1)
(WH) P34 2.4 (A12)
{AD) r3.7 P2.3 (A1%)
XTALZ £2.2 (A10}
XTALY £2.1 (A9)
PQFPITQFP anND b P2.0 (A8)
STaae
ggoa 3
<< <<
INDEX Pt
CORNER taNne ga-an
B L E-X-X-]
acacaaazT>aooa
nanaaQpaoo INDEX
©4,_ 42, 40,38, 36 :nt COANEA :
43741 " 397 37" s \
PLS 1 33 [3 0.4 (AD4)
Pie 2 32 3 P05 (ADS) rsclr 43 41395 P0.4 (404}
Py 3 31 [J PO.S (ADS) srecle 38
R |5 Po.s (A0$)
RST ] 4 36 D1PO.7 (ADT) 11l 5 o
- . . .6 {ADS)
(RX0) P3.0CJ S 29 D EA/VPP AST [ P07 (ADT)
NC [ 8 28 QNG (RXD) P3.0 1t Exver
(Tx0) P31 ] 7 27 [ ALE/FRGG Ne iz =
(B Pr2 ] 8 2¢ b F5EN rxoy P31 13 2 ALe/PAGS
(INTT) P3.3 9 25 D PLT (A15) (T P32 14 N
{T0) P3.4 10 24 [JP2.8 (A14) (iNTi) P33 C]1S IPIPT (ALS)
(THPIS ] 11 23 BP2.s(A13)  (TojPaadis 0P P2.6 (A1)
T PISC1Y D r2.s (a13
| e2® n 18' 92021253324 23,52 755 Qe
212 OUGU U
on .‘N‘:_—lggo:qnv
a0 tfxxsTagad
P B B -
—— 8 $¥sc-w
g BE 23332
AIMEL

AT89C51
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Block Diagram

RAM ADOR. R PORTO PORT 2 AOM
REGISTER M LATCH LATCH Fe
4
Y 4 A
y 4
PROGRAM
e STACK
ADORESS
REGISTER AcC PONTER REGISTER
L Y
< BUFFER
™P2 ™PY
PC
Wi INCREMENTER [€
INTERRUPT, SERIAL PORT,
ANO TIMER BLOCKS
4 PROGAAM |
COUNTER
PSEN <4——1
PROG €——] Twang y DPTR
ALEPROG < ANO
EA/Vew — ] CONTROL REGISTER ] s
AST — P
H Y
POAT 1 POAT 3
LATCH LATCH

ATS9C51 momrmoses e T —

PLO-PLY
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Description (Continued)

designed with static logic for operation down (o zero frequency
and supports (wo software selectable power saving modes. The
Idie Mode stops the CPU while allowing the RAM, timer/count-
ers, serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes the os-
cillator disabling all other chip functions until the next hardware
resct.

Pin Description

Vee
Supply voitage.

GND
Ground.

Port0

Port 0 is an 8-bit open drain bidirectional /O port. As an output
port each pin can sink cight TTL inputs. When Is are written to
port 0 pins, the pins can be used as high-impedance inputs.
Port 0 may also be configured to be the multiplexed low-order
address/data bus during accesses to external program and data
memory. In this mode PO has intemal pullups.

Port 0 also receives the code bytes during Flash programming,
and outputs the code bytes during program verification, Exter-
nal pullups are required during program verification.

Port 1

Port 1 is an 8-bit bidirectional IO port with internal pullups. The
Port 1 output buffers can sink/source four TTL inputs. When 1s
are written to Port | 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 (IiL) because of
the internal pullups.

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

Port 2

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

Port 2 emits the high-order address byte during fetches from ex-
ternal program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @ DPTR). In this
application it uses strong intemal pullups when emitting 1s.
During accesses to external data memory that use 8-bit ad-
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

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

Port3

Port 3 is an B-bit bidirectional /O port with internal pullups. The
Port 3 output buffers can sink/source four TTL inputs. When 1s

are written to Port 3 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 3 pins that are
externally being pulied low will source current (InL) because of
the pullups.

Port 3 also serves the functions of various special features of the
AT89CS1 as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (extenal interrupt 0)

P3.3 INTT (extenal interrupt 1)

P34 TO (timer 0 extenal input)

P35 T1 (timer 1 external input)

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

Pont3 also receives some control signals for Flash programming
and programming verification.

RST

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

ALE/PROG

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

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

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

PSEN

Program Store Enabie is the read strobe to external program
memory.

When the AT89CS1 is executing code from external program
memory, PSEN is activated twice each machine cycle, except
that two PSEN activations are skipped during each access to ex-
ternal data memory.

EANPp

External Access Enable. EA must be strapped to GND in order
to enable the device to fetch code from external program mem-
ory locations starting at Q000H _up to FFFFH. Note, however,
thatif lock bit 1 is programmed, EA will be internally latched on
reset.

EA should be strapped to Ve for internal program executions.
This pin also receives the 12-volt programming cnable voltage
(Vep) during Flash programming, for parts that require 12-volt
Vpe.

continued

ATMEL
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Pin Description (Continued)

XTAL1
Input to the inverting oscillator amplifier and input to the inter-
nal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL! and XTAL?2 are the input and output, respectively, of an
inverting amplifier which can be configured for use as an on-
chip oscillator, as shown in Figure 1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an
external clock source, XTAL2 should be left unconnected while
XTALL1 is driven as shown in Figure 2. There are no require-
ments on the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a divide-by-
two flip-flop, but minimum and maximum 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 special functions
registers remain unchanged during this mode. The idle mode
can be terminated by any enabled interrupt or by a hardware
reset.

It should be noted that when idle is terminated by a hardware
reset, the device normally resumés 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 is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to

Power Down Mode

in the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Ve is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

Figure 1. Oscillator Connections

c2
r—"‘——I-— XTAL2
O]
C1
3t I XTAL1
GND

Notes: C1, C2 = 30 pF % 10 pF for Crystals
=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NG ——————— XTAL2

a port pin or to external memory. EXTERNAL
OSCILLATOR XTAL1
 SIGNAL
Status of External Pins During Idle and Power Down
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down | Intemaf 0 0 Data Data Data Data
Power Down | Extemal 0 0 Float Data Data Data
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Program Memory Lock Bits

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

When lock bit 1 is programmed, the logic level at the EA pin is
sampled and latched during reset. If the device is powered up

Lock Bit Protection Modes

AT89C51

without a reset, the latch initializes to a random value, and holds
that value until reset is activated. [t is necessary that the latched
value of EA be in agreement with the current logic level at that
pin in order for the device to function properly.

Program Lock Bits

LB1 LB2 LB3 Protection Type

1 U U U

No program lock features.

-

2 P U u

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

Same as mode 2, also verify is disabled.

Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
(o be programmed. The programming interface accepts either a
high-voltage (12-volt) or a low-voltage (Vcc) program enable
signal. The low voltage programming mode provides a conve-
nient way to program the AT89CS5! inside the user's system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

The AT89CS1 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.

Vep=12V Vpp=5V
AT89CS51 AT89C51
Top-Side Mark XXXX ’0,005'5
yyww Yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The ATB9CS1 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
ATBICSI, the address, data and control signals should be set up
according to the Flash programming mode table and Figures 3
and 4. To program the AT89C51, take the following steps.

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

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

3. Activate the correct combination of control signals.

4. Raise EA/Vpe to 12 V for the high-voltage programming
mode.
5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps 1
through 5, changing the address and data for the entire array
or until the end of the object file is reached.
Data Polling: The AT89CS! features Data Polling to indicate
the end of a write cycle. During a write cycle, an attempted read
of the last byte written will result in the complement of the writ-
ten datum on PO.7. Once the write cycle has been completed,
true data are valid on all outputs, and the next cycle may begin.
Data Polting may begin any time after a write cycle has bee
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 LB and LB2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The lock bits cannot be
verified directly. Verification of the lock bits is achieved by
observing that their features are enabled.
Chip Erase: The entire Flash array is erased electrically by
using the proper combination of control signals and by holding
ALE/PROG low for 10 ms. The code array is written with all
"1"s. The chip erase operation must be executed before the code
memory can be re-programmed. ’
Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 030H,

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

(030H) = {EH indicates manufactured by Atmel

(031H) = 51H indicates 89C51

(032H) = FFH indicates 12 V programming

(032H) = OSH indicates § V programming

Programming Interface

Every code byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of
control signals. The wrile 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 pro-
gramming vendor for the appropriate software revision.

Flash Programming Modes

. to . ____  AE EA/
Mode " RST PSEN ~PROG Vep - - P26 P27 P3.6 _ P3.7
Write Code Data H L o v L R H H
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L s H/12V H H H H
Bit - 2 H L R H/12V H H L L
Bit- 3 H L A H/12v H L H L
2)
Chip Erase H L ~ ey H L L L
Read Signature Byte H L H H L L L L
Notes: 1. The signature byte at location 032H designates whether Z. Chip Erase requires a 10 ms PROG pulse.
Vpp =12V or Vpp = 5 V should be used to enable pro-
gramming.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
ATB9CS51 T ATB89CS1
ADDR. 20-A7 1, Vee aoR. 29AT o, Ve
QOQOH/OFFFH | QOCOHIOFFFH PGM DATA
as ATP| P20-P23 PO le— Ganl A,;E;. AT P20-P23 PO [+ (USE 10K
— | P2s ] s PULLUPS)
SEE FLASH ~——9{ P2.7 ALE [«— PROG SEE FLASH ——» P2.7 ALE
PROGRAMMING PROGRAMMING
MODES TABLE —*| P36 MODES TABLE ——®] P3.6 by
—» P37 —{ P37 "
* XTAL 2 EA fe—— VylVer e XTAL 2 EA |«
4-24 MHz|_ I 424 MHz| I ’
czi—] m}—[
pn =
* XTAL 1 RST j&—— Vv, * XTAL 1 AST [¢—— Vy
E GND PSEN — F GND PSEN —l

6 AT89C51
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Flash Programming and Verification Characteristics

Ta=21"Ct027°C, Vcc = 5.0 £ 10%

Symbol Parameter Min Max Units
veel! Programming Enable Voltage 11.5 12,5 v
tepl" Programming Enable Current 1.0 A
1AcLeL Oscillator Frequency 4 24 MHz
tAVGL Address Setup to PROG Low 48teLcL
tGHAX Address Hold After PROG 48tcicL
toval Data Setup to PROG Low 48tcLct
tGHDX Data Hold After PROG 48tcLcL
tenwsn - | P2.7 (ENABLE) High to Vep 48tCLCL
tSHGL - | Vpp Setup to PROG Low 10 s
tanst | Vpp Hold Atter PROG 10 s
GLGH PAOG Width 1 110 us
tavav Address to Data Valid 481CLCL
tetav ENABLE Low to Data Valid 48teLeL
teHav Data Fioat After ENABLE 0 48tercL
taHBL PROG High to BUSY Low 1.0 B
twe Byte Write Cycle Time 20 Y
Note: 1. Only used in 12-volt programming mode.
Tl—
L ]
ATiET
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P1.0-P1.7
P2.0-P2.3

PORT 0

ATmEL

Flash Programming and Verification Waveforms - High Voltage Mode

ALE/PROG

EAVpp

P2.7
(ENABLE)

P34
(RDY/BSY)

Flash Programming and Verification Waveforms - Low Voitage Mode

PROGRAMMING [ VERIFICATION
—{ ADDRESS ADDRESS
r— tavav
-——-———————L DATA IN ! (_ DATA OUT
toval  terox ‘—J’]
taver ¢ - torax
—
tsHaL [, P tamsL
A Ve LOGIC 1
UV RO SUURL o * o ¢ L , E U AU
e tensn

tareL —

PROGRAMMING

VERIFICATION
P10 P }—+_ avoRESS >
P20 P23 ADDRESS —Jm—
— tavav
Aalar X
PORT O -‘t_' DATA IN \ DATA OUT
tovar  lemox "‘:]
taveL < taHax
ALE/PROG /]
tsmat —taLgH—*
_ LOGIC 1
EANVgp LLr ool ___dOGICO | ____
H—{,
- EHSH terav s *— tenaz
(ENABLE)
tomaL —*
P34__
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating Temperature.........cuevene. -55'Cto +125°C
Storage Temperature.........c.ccvereneee -65°C to +150°C
Voltage on Any Pin

with Respect to Ground ..........ceueeee. -1.0Vto+7.0V
Maximum Operating Voltage ...........ccoveveieenenene 66V
DC Output Current.... 15.0 mA

D.C. Characteristics
Ta=-40"C 10 85°C, Vcc = 5.0 V + 20% (unless otherwise noted)

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings™ may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage {Except -E—A) -0.5 0.2 Vce-0.1 )
Vit Input Low Voltage (EA) -0.5 0.2 Vcc-0.3 \Y
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vce+0.9 Vec+0.5 v
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vcc Vee+0.5 \]
Output Low Voltage!" = )
Vou {Ports 1,2,3) Tla = 1_;5‘,1':\ 0.45 v
Output Low Voltagem =
Vot (Port 0, ALE, PSEN) loL=3.2mA 0.45 \
Output High Voltage loH = -60pATVeec =5V £ 10% 2.4 N
Vou ) (POﬂS 1,2.3, ALE, pSEN) loH = 25 uA ‘ 0.75 Vce Vv
low =-10 tA .0.9 Vco \'%
Output High Voltage loH = -800 pA, Vcc =5V £ 10% 2.4 A
VoH1 (Pocr,t 0 in External Bus lox = -300 pA 0.75 Vee \4
M
ode) loH = -80 A 0.9 Veo v
Logical 0 input Current \
i (Ports 1,2,3) Vin=0.45V -50 HA
Logical! 1 to 0 Transition 2
m Current {Ports 1,2,3) ViN=2V -650 KA
Input Leakage Current
Iy (Port 0, ER) 0.45 < Vin < Vee +10 HA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, TA=25C 10 pF
i mA
Power Supply Current Active Mode, 12 MHz 20
lcc Idle Mode, 12 MHz 5 mA
Power Down Mode® Veg=6V 100 HA
Vec=3V 40 A

Notes: 1. Under steady state (non-transient) conditions, Io,. must

be externally limited as follows:

Maximum Iov per port pin:

Maximum Iog per 8-bit port:
Port 0:
Ports 1,2, 3:

10 mA current greater than the listed test conditions.
2. Minimum VCC for Power Down is 2 V.

26 mA
15 mA

Maximum total IOL for all output pins: 71 mA

AIMEL

If IOL exceeds the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink
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A.C. Characteristics
(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
other outputs = 80 pF)

External Program and Data Memory Characteristics

AIMEL

12 MHz Oscillator 16 to 24 MHz Oscilfator

Symbol Parameter Min Max Min Max Units
1tcLeL | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLeL-40 ns
tAVLL Address Valid to ALE Low 28 tCLCL-13 ns
fLLAX Address Hold After ALE Low 48 tCLCL-20 ns
v ALE Low to Valid Instruction In 233 4tCLCL-65 ns
tLLPL ALE Low to PSEN Low 43 tcucL-13 ns
{PLPH PSEN Pulse Width 205 SteLe-20 ns
tPLIv PSEN Low to Valid Instruction In 145 3toLcL-45 ns
teXIX input Instruction Hold After PSEN 0 0 ns
tpxiz input Instruction Float Atter PSEN 59 tcLeL-10 ns
texav | PSEN to Address Valid 75 tcicL-8 ns
{AvIV Address to Valid Instruction In 312 Stcrer-55 ns
tPLAZ PSEN Low to Address Float 10 10 ns
tauaH | RD Pulse Width 400 6tcret-100 ns
twewr | WR.Pulse Width 400 6tcLct-100 ns
taiov | RO Low to Valid Data in 252 Steue-90 ns
tRHOX Data Hold After RD 0 Q ns
trHpz | Data Float After RD 97 2tcLcL-28 ns
tLLDV ALE Low to Valid Data in 517 8tCLCL-150 ns
tavov Address to Valid Data In 585 AHCLCL-165 ns
tuwL | ALE Low to RD or WR Low 200 300 3tcLcl-50 3terel+S0 ns
tavwL | Address to RD or WR Low 203 AtcLel-75 ns
tavwx | Data Valid to WR Transition 23 tcLoL-20 ns
tavwr | Data Valid to WR High 433 TtcicL-120 ns
twhax | Data Hold After WR 33 teLcL-20 ns
taaz | RD Low to Address Float 0 0 ns
twrtd | BD or WR High to ALE High 43 123 tcLeL-20 toLcL+25 ns

10

ATSOCST e T




- mn

— o [ -

- e

External Program Memory Read Cycle

AT89C51

iy ——*
ALE .
' . teLpn
AVLL ] tLLPL l— LV
PSEN \© teuv 1A
re—tpxa
Y _4 ez texiz
tpxlx—J e
PORT 0 K" A0-A7 INSTRIN S A0-a7 >
’ taviv
PORT 2 <4 A8-A15 X A8-AlS
External Data Memory Read Cycle
tou—
ALE ,F h N .
—¥ twhn
SEN
PSE oy t'i /
RLRH —#
— tuw —-F_
RD et ax s Nl
el vu——-i o taLov lanoz
RLAZ __4 tarox
PORT0 __>KA0- A7 FROM Ri OR DPL X KDATA INYX A0 - A7 FROM PCL-(NSTR IN
tavw
———— vov —————
PORT 2 4 P20-P270RA8-A15 FROMDPH X A8- A15 FROM PCH

ATREL

11
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External Data Memory Cycle

ALE /{ . N -
—* twrr

PSEN /

_— N 4
WR —tax N }‘—
tavie tavwx = [+ — twrax
j — ~— tavwh —ﬂ
PORT 0 A0 - A7 FROM RI OR DPL DATAQUT X XA0 - A7 FROM PCLO—<INSTR IN

tavwe,
PORT 2 J P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

Voo -05 VJ;-

0.7 Ve

terex

teren — +— toneL

0.2Vge- 0.1V

045V
i torex —*
> teloL
External Clock Drive
Symbol Parameter Min Max Units
1Rcict | Oscillator Frequency 0 24 MHz
teLet Clock Period 41.6 ns
terex High Time 15 ns
terex Low Time 15 ns
tCLCH Rise Time 20 ns
tcHeL Fall Time 20 ns

12 AT89C51
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AT89C51

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

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
IXLXL Serial Port Clock Cycle Time P10 12tcicL us
tavxH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
txHQX Output Data Hold After Clock Rising Edge . 50 2tcLe-33 ns
txHOX Input Data Hold After Clock Rising Edge 0 0 ns
tXHOV Clock Rising Edge to Input Data Valid 700 101CLCL-133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTION | o 1 | 2 |

e st il e U s e N U Nl Ma s s Uil

cLocy Jf — = sl i A | | | ~ { o
~F t'_—: b— ‘»«I:x
WRITE TO SBUF =T SR A e ot b @YD L K
v L = tenx seri i
OUTPUT DATA bowov [ I

_CLEARAI |
v

INPUT DATA

AC Testing Input/Output Waveforms ‘"

0.2V +08V

TEST POINTS .
02Vee-0.4V

045V

Note: 1. AC Inputs during testing are driven at Vee- 0.5 V fora
logic 1 and 0.45 V for a logic 0. Timing measure-
ments are made at Viy min. for a logic | and Vi max.
for a logic 0.

1
VOL-O v

v Timing Reference
S5 Points
VLOAO v oY
Note: 1. For timing purposes, a port pin is no longer ﬁoating when

2 100 mV change from load voltage occurs. A port
pin begins to float when a 100 mV change from the
loaded Vou/Vod level occurs.

ATMEL BT
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Speed Power .
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% ATB9CS51-12AC 44A Commercial
AT89CS51-12JC 44 (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
ATBICS1-12Al 44A Industrial
AT89CS51-12J1 44 (-40°C 10 85°C)
AT89C51-12P! 40P6
AT89C51-12Ql 44Q
: AT89CS51-12AA 44A Automotive
AT89C51-12JA 44 (-40°C to 125°C)
AT89CS51-12PA 40P6
ATB89C51-12QA 44Q
5V+10% AT89CS51-12DM 4006 Military
AT89C51-12LM 441 (-55°C to 125°C)
AT89C51-12DM/883 4006 Military/883C
AT89C51-12L.M/883 44L Class B, Fully Compliant
(-55°C to 125°C)
16 S5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44 (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
ATB89C51-16Al 44A Industrial
AT89C51-16J1 44J (-40°C to 85°C)
AT89C51-16P! 40P6
AT89C51-16Ql 44Q
AT839C51-16AA 44A Automotive
ATB9CS1-16JA 444 (-40°C to 125°C)
AT89C51-16PA 40P6
AT89C51-16QA 4Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industriat
AT89C51-20J1 44) (-40°C to 85°C)
AT89C51-20P1 40P6
AT89C51-20Ql 44Q
24 5V+20% ATB89CS51-24AC 44A Commercial
AT89C51-24JC 44J (0°C to 70°C)
AT89CS51-24PC 44P6
AT89C51-24QC 44Q
ATB9C51-24Al 44A Industrial
AT89C51-24J1 44 (-40°C to 85°C)
AT89C51-24P] 44Pg ‘
AT89C51-24Ql 44Q

14
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AT89C51

Ordering Information

Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
4006 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
444 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
441 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

Packaging Information

(TQFP)

0.17(0.007)
0.13(0.005)

44A, 44 Lead, Thin Plastic Gull Wing Quad Flatpack

Dimensions in Millimeters and (Inches)

0.80(0.031) BSC —L_ =

40D$, 40 Lead, 0.600" Wide, Non-Windowed,
Cermic Dual Inline Package (Cerdip)
Dimensions in Inches and (Millimeters)
MIL-M-38510 D-5 CONFIG |

2.09(53.9)
12.25(0.478) 2 04 (51 8)

11.75(0.458)

_T

810 (15.5)
570 (14.5)

0.40(0.016}
'r' 0.30(0.012) i B i

1098 (2.49)
MAX.

1 900 (48.26) REF

225 (5 72) °°5( ‘25)

SEATING
oso 1.52
10.10(0394150 200 (S. oe) 018 ( 381;
2.90(0.358) 125 (3.18)

1 20{0.047) MAX 01‘(356)
_____{ 110(2.79) 045 (1 M)

IO

090 (2. 29)
L 620 (15.7)
__H_ 0.75(0.029) o.:o(o.om)_—[ -590(15.0)-.‘ o
0.50{0.020)  0.05(0.002) 15 FEF
015(.381) 3
008 (.263) —~
700 (17.8) MAX

AIMEL

15
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Packaging Information

44], 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
- JEDEC QUTLINE MO-047 AC

048 (1.14) X 30 - 48~

D45 (LI41X4S  PINNO.1 212¢
? ety T

s
T
£21(.533)

(m)]_
.tm(uo) RITTLIZ N -°"(-ﬁ o
“’(‘7 e %0 ]1.{0)
043 (1,09)

050 (1.27) TYP'
500 (12.7) REF so - - G20 (x00)
120 (3.08)

090 (2.29)

160 (4.57)

165 (4.19)
%m@% N

T

44L, 44 Pad, Non-Windowed,
Ceramic Leadless Chip Carrier (LCC)
Dimensions in Inches and (Millimeters)

662(16 8)
640 (18.3)
500 (15.2) 108 (2.74)
580(14.7) -] I~ sesa1e
862 (18.8) 600 (15.2)
640 (18.3) $70(14.9)
I
1080 (2.03)
PN 1 555(150)

055 (1.40
095 (2.41) 045 (I u) NDEX COANER

075(' 91
__L_.’xAs
015 (.381)
012(:305) pa s
5oo(|z.n 8SC o= °°7( 178)

‘[ 029 (.737)
4 B3
050 {127) TYP -ﬂ E T L 040 (1.02) X 45 (3%)

085 (2.16)
500 (12.7) REF L Wu%s)

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

— 2,07 (52.6)
2,04 (51.8) PR ]

_[
_L

}—— %0229

1.900 (48.26) REF

zzo(s 59) r._ 005(127)
SEA‘HNG
135(318 L JL ms(m)
014 356
110(2.79) 79 041 (1 0‘) ( ’
oso(zze)
630 (16.0)
”'.ssous.o)
%REF
012(308) _
.008 (.203) —~
690 (17.5)
}‘_.510(15.5)_‘4

44Q, 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
Dimensioas in Millimeters and (Inches)

~

13.45(0.525)

PN1IO 12.95(0.506)

0.40(0.018)

0.80{0.031) 8SC L ‘{ 0.30(0.012)
' >

10.10(0.364)
$Q|

9.50(0.326)

[ 2.45(0.008) MAX

0
0.17(0.007) K2
0.13(0.005) i
0.95(0.03 HT
..4' L 2450057 L. 0.25(0.010) N

0.85(0.025)

ATMEL
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NNational Semiconductor

LM628/LLM629 Precision Motion Controller

General Description

The LM628/LM629 are dedicated motion-control proces-
sors designed for use with a variety of DC and brushless DC
servo motors, and other servomechanisms which provide a
quadrature incremental position feedback signal. The parts
perform the intensive, real-time computational tasks re-
quired for high performance digital motion control. The host
control software interface is facilitated by a high-level com-
mand set. The LM628 has an 8-bit output which can drive
either an 8-bit or a 12-bit DAC. The components required to
build a servo system are reduced to the DC motor/actuator,
an incremental encoder, a DAC, a power amplifier, and the
LM628. An LM629-based system is similar, except that it
provides an 8-bit PWM output for directly driving H-switches.
The parts are fabricated in NMOS and packaged in a 28-pin
dual in-line package or a 24-pin surface mount package

- {LM622 only). Both 6 MHz and 8 MHz maximum frequency

versions are available with the suffixes -6 and -8, respec-
tively, used to designate the versions. They incorporate an
SDA core processor and cells designed by SDA.

Features

W 32-bit position, velocity, and acceleration registers

R’ Programmable digita! PID filter with 16-bit coefficients

® Programmable derivative sampling interval

® 8- or 12-bit DAC output data (LM628)

& 8-bit sign-magnitude PWM output data (LM629)

® Internal trapezoidal velocity profile generator

m Velocity, target position, and filter parameters may be
changed during motion

M Position and velocity modes of operation

® Real-time programmable host interrupts

® 8-bit parallel asynchronous host interface

W Quadrature incremental encoder interface with index
pulse input

® Available in a 28-pin dual in-line package or a 24-pin
surface mount package (LM623 only)

LM6238 -
COMMAND POSITION l HOST
SEQUENCER(S? sur)’ INTERFACE
of DIGITAL

PID FLTER

HOST /0 PCRT
10 HOST PROCESSOR

DAC PORT
) >

(168a)

POSMON FEEDBACK
PROCESSOR(32 BIT)

INCREMINTAL
N 3 ENCODER
TL/H/9219-1
FIGURE 1. Typical System Block Diagram.
Connection Diagrams
LM628N LM629N LM629M

_ - . ./

Fi- 28}y w1 28f-veq ne 2e}-0s

A-12 27 |- #sT S 1 27}~ BT 0242 23b-04

83 26 0K 83 260K o143 22405
014 25 -0ac0 07—+ 25f—ne po—4 21108
06{s 24 |—oact 065 24f-ne —

s 20407

56 23 }-0ac2 05— 231N — 1

o7 2}-mes oa—7 2p=-Ne e 198
os—s 21}—pacs 038 21f-ne GRD—7 18— A
D29 20 |- oues 029 201~NC “R—8 17—
pi—10 19 }-0ACE o1—{10 19f—pPwi WAG ] 16 Voo
0o~{11 18 F-0uc7 po~f11 18|—Pwi S W — 0 15wt
&2 R &2 17p-u Wi siGN —] 11 14 —ctx
w13 il B3 16j-7% xe - I -
cHo—{14 15 | WR oo—1s 15}~ Wk

TUH9219-2 TUH/9218-3 Do not connect, TWH/O218-21

Order Number LM629M-6, LM629M-8, LM628N-6, LM628N-8, LM629N-6 or LM629N-8

See NS Package Number M248 or N28B

J




o -

w wormom wmewsgmy  wEIm

- —

o e— w— e T T DX 0 Zm E—

R

o

ST e W 5 STERTTES

Typical Applications (Continued)

+30V ¥

+ l
100 uf
I MR752

1.69K 2.0K

—AA\A\—¢
R1 R2
- N
LM12 >
410V INPUT +

Auris2

WuR160s W

100 F‘l’ -
H I 30V

TU/H/8219-17

FIGURE 15. Driving a Motor with the LM12 Power Op Amp

UOTOR B
SuPPLY
VOLTAGE £ 68 %
+5Y B
Vss A
e u ouTs
(PIN 18) SIGN INt 2
FROM 5
LM629 IN3 10 12 out3
(PIN 19) MAG — , tuiszes ouT2
iN2 3 AAA
4 12
NG 14 A
185 1 oun
I GND 4x100mA i
SENSE SENSE L
A B =

FIGURE 16. PWM Drive for Brush/Commutator Motors

-

TU/H/9219-13
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r Theory of Operation (Continued)

1 ONE t
oy ENCODER o
) UNE
B 1 1
. '], ‘l.._.l‘ |"—
[ T B
1 i l
ISR EEREERE
R '
111213345 11234 paerme STATE
_ N
5 :

—+] b NDEX = AsBelN

UuﬂNu veLoamY

A

)
,1?05

DIRECTION

: INEG
[

O | =]

wlol=ln ool |0

TUH/S219-11

FIGURE 9. Quadrature Encoder Signals

CONSTANT
Acea.mmou
AND DECELERATION

STOPPING POSITION
IS INTEGRAL OF
TRAPEZOID

(a) STANDARD TRAPEZOAL PROFILE

veLocmy

TME

)

(v) MOOINIED TRAPEZODAL PROFILE

VELOCITY PROFILE (TRAJECTORY) GENERATION

The trapezoidal velocity profile generator computes the de-
sired position of the motor versus time. in the position mode
of operation, the host processor specifies acceleration,
maximum velocity, and final position. The LM628 uses this
information to affect the move by accelerating as specified
until the maximum velocity is reached or until deceleration
must begin to stop at the specified final position. The decel-
eration rate is equal to the acceleration rate. At any time
during the move the maximum velocity and/or the target
position may be changed, and the motor will accelerate or
decelerate accordingly. Figure 10 illustrates two typical trap-
ezoidal velocity profiles. Figure 10 (a) shows a simple trape-
zoid, while Figure 10 (b) is an example of what the trajectory
locks like when velocity and position are changed at differ-
ent times during the move.

When operating in the velocity mode, the motor accelerates
tc the specified velocity at the specified acceleration rate
and maintains the specified velocity until commanded to
stop. The velocity is maintained by advancing the desired
position at a constant rate. If there are disturbances to the
motion during velocity mode cperation, the long-time aver-
age velocity remains constant. If the motor is unable to
maintain the specified velocity (which could be caused by a
locked rotor, for example), the desired position will continue
1o be increased, resulting in a very large position error. If this

N\ / THE

TLW/H/9219-12

FIGURE 10. Typlcal Velocity Profiles

condition goes undetected, and the impeding force on the
motor is subsequently released, thie motor could reach a
very high velocity in order to catch up to the desired position
(which is still advancing as specified). This condition is easi-
ly detected; see commands LPE! and LPES.

All trajectory parameters are 32-bit values. Position is 8
signed quantity. Acceleration and velocity are specified as
16-bit, positive-only integers having 16-bit fractions. The in-
teger portion of velocity specifias how many counts pef
sampling interval the motor will traverse. The fractional por-
tion designates an additional fractional count per sampllng
interval. Although the position resolution of the LM628 is
limited to integer counts, the fractional counts provide in
creased average velocity resolution. Acceleration is treated
in the same manner. Each sampling interval the command-
ed acceleration value is added to the current desired veloc-
ty to generate a new desired velocity (unless the command
velocity has been reached).

One determines the trajectory parameters for a desired
move as follows. if, for example, one has a 500-line shaft
encoder, desires that the motor accelerate at one revelution
per second per second unti!l it is moving at 600 rpm, and
then decelerate to 2 stop at a position exactly 100 revolw-
tions from the start, one would calculate the trajectory pg-
rameters as follows:
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FIGURE 5. Command Byte Write Timing

TL/H/9219-7

AN

e T11
________________ Yo  HIGH P L — R o ] Low
00-07 e - Yo ene o
Busy '
BT
FIGURE 6. Data Word Read Timing

TL/H/9219-8
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FIGURE 7. Data Word Write Timing
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AC Electrical Characteristics (Continued)
(Vpo and Ta per Operating Ratings; foik = 6 MHz; Cioap = 50 pF; input Test Signal t; = t = 10 ns)
Timing Interval T+ Tested Limits Units
Min Max
STATUS BYTE READ TIMING (See Figure 4)
Chip-Select Setup/Hold Time T7 0 ns
Port-Select Setup Time T8 30 ns
Port-Select Hold Time T8 30 ns
Read Data Access Time T10 . 180 ns
Read Data Hold Time T11 0 ns
RD High to Hi-Z Time Ti2 180 ns
COMMAND BYTE WRITE TIMING (See Figurs 5)
Chip-Select Setup/Hold Time T7 0 ns
Port-Select Setup Time T8 30 ns
Port-Select Hold Time T9 30 - ns
Busy Bit Delay T13 (Note 3) ns
WR Puise Width T14 100 ns
Write Data Setup Time T15 50 ns
Write Data Hold Time i T16 120 ns
DATA WORD READ TIMING (See Figure 6) ‘
Chip-Select Setup/Hold Time T7 0 ns
Port-Select Setup Time T8 30 ns T
Port-Select Hold Time T9 30 [ »
Read Data Access Time T10 180 ns
Read Data Hold Time T11 [¢] ns
RD High to Hi-Z Time T2 180 ns
Busy Bit Delay T13 (Note 3) ns
Read Recovery Time T17 120 ns
DATA WORD WRITE TIMING (See Figure 7)
Chip-Select Setup/Hold Time T7 0 ns
Port-Select Setup Time T8 30 ns
Port-Select Hold Time T9 30 ns
Busy Bit Delay T13 {Note 3) ns
WR Pulse Width Ti4 100 ns
Write Data Setup Time T15 50 ns
Write Data Hold Time T16 120 ns
Write Recovery Time T18 120 ns
Note 1: Absolute Maximur Ratings indicate limits beyond which damage to the device may OCCuf. DC and AC electrica! specifications do not apply when operating
e davice bayond tha above Operating Ratings.
Nots 2: Whan operaling at ambient temperatures above 70°C, the davice must be protected against excessive junction temperatures. Mounting the package on &
odnted circult board having an area greater than three square inches and sumounding the leads and body with wide copper traces and large, unintermupted areas of
copper, such as a ground plane sutfices. The 28-pin DIP (N} and the 24-pin surface mount package (M) are molded plastic packages with soid copper lead frames.
Most of the heat generated at the die flows from the die, through the copper lead frame, and into copper traces on the prnted circuit board. The copper races act
as a heat sink. Double-sided of mufti-layer boards provide heat transfer characternistics superior to those of single-sided boards.
Note 3: In order to read the busy bit. the status byte must first be read. The time required 10 read the busy bit far excesds the time the chip requires 10 set the Dusy
bet It is, therefore, impossibia 10 test actual busy bit delay. The busy bit is guaranteed to be valid as soon as the user is able 1o read it

|
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Absolute Maximum Ratings wote ) Operating Ratings
It Military/Aerospace specified devices are required, Temperature Range —~40°C < Tp < +§5°C
please contact the National Semiconductor Sales Clock Frequency:
Office/Distributors tor avallabllity and specifications. LM628N-6, LM629N-6,
Voltage at Any Pin with LM629M-6 1.0 MHz < fork < 6.0 MHz
Respect to GND —0.3Vto +7.0V [LM628N-8, LMB629N-8,
Ambient Storage Temperatura —65°Cto +150°C LM529M'? 1.0MHz < f{cik < 8.0MHz
Lead Temperature Vpp Range 4.5V < Vpp < 5.5V
28-pin Dual In-Line
Package (Soldering, 4 sec.) 260°C
24-pin Surface Mount
Package (Soldering, 10 sec.) 300°C
Maximum Power Dissipation (Ta < 85°C, Note 2) 605 mW
ESD Tolerance
{Czap = 120 pF, Rzap = 1.5k) 2000V
DC Electrical Characteristics (vppand T per Operating Ratings: fo x = 6 MHz)
Symbol Parameter Conditions TR0 Limits Units
Min Max
b Supply Current Outputs Open 110 mA
INPUT VOLTAGES
M Logic 1 Input Voltage 2.0 \
ViL Logic 0 Input Voltage 0.8 v
hN Input Currents 0<ViNS Vop —-10 10 HA
OUTPUT VOLTAGES
Vou Logic 1 loH = —1.6mA 24 \
VoL Logic 0 lot, = 1.6 mA 0.4
lout TRI-STATE® Output Leakage Current 0 < Vout < Vpo -10 10 nA
AC Electrical Characteristics
(Voo and Ta per Operating Ratings; fcix = 6 MHz; CLoap = 50 pF; Input Test Signal ¢ = ty = 10 ns)
Timing Interval T# Tegted Limits Units
Min Max
ENCODER AND INDEX TIMING (See Figure 2)
Motor-Phase Pulse Width Tt 16
—3 s
folk #
Dwell-Time per State T2 8
=t us
fcik
Index Pulse Setup and Hold Ta 0
(Relative to A and B Low) us
CLOCK AND RESET TIMING (See Figure 3)
Clock Pulse Width
LM628N-6, LM629N-6, LM629M-6 T4 78 ns
LM6E28N-8, LM629N-8, LM629M-8 T4 57 ns
Clock Period
LM628N-6, LM629N-6, LM629M-6 T5 166 ns
LM628N-8, LM629N-8, LM629M-8 T5 125 ns
Reset Pulse Width 76 8
= us
fcLk .
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Pinout Description

{Sed Connection Diagrams) Pin numbers for the 24-pin sur-
face mount package are indicated in parentheses.

Pin 1 (17), Index (IN) Input: Receives optional index pulse
from the encoder. Must be tied high if not used. The index
position is read when Pins 1, 2, and 3 are low.

Pins 2 and 3 (18 and 19), Encoder Signal (A, B) inputs: -
Recsive the two-phase quadrature signals provided by the
incremental encoder. When the motor is rotating in the posi-
tive (“forward") direction, the signal at Pin 2 leads the signal
at Pin 3 by 90 degrees. Note that the signals at Pins 2 and 3
must remain at each encoder state (See Figure 9) for a
minimum of 8 clock periods in order to be recognized. Be-
causa of a four-to-one resolution advantage gained by the -
method of decoding the quadrature encoder signals, this
corresponds to a maximum encoder-state capture rate of
1.0 MHz (fcik = 8.0 MHz) or 750 kHz (fcix = 6.0 MH2).
For other clock frequencies the encoder signals must also
remain at each state a minimum of 8 clock periods.

Pins 4 to 11 (20 to 24 and 2 to 4), Host 170 Port (DO to
D7): Bi-directional data port which connects to host comput-
er/processor. Used for writing commands and data to the
LM628, and for reading the status byte and data from the
LM628, as controlled by TS (Pin 12), PS (Pin 16), BD (Pin
13), and WR (Pin 15). . .

Pin 12 (5), Chip Select (CS) Input: Used to select the
LM628 for writing and reading operations.

Pin 13 (6), Read (RD) Input: Used to read status and data.
Pin 14 (7), Ground (GND): Power-supply return pin.

Pin 15 (8), Write (WR) Input: Used to write commands and
data.

Pin 16 (9), Port Select (PS) Input: Used to select com-
mand or data port. Selects command port when low, data
port when high. The following modes are controlled by Pin
16:

1. Commands are written to the command port (Pin 16 low),
2. Status byte is read from command post (Pin 16 low), and
3. Data is written and read via the data port (Pin 16 high).
Pin 17 (10), Host Interrupt (HI) Output: This active-high
signal alerts the host (via a host interrupt service routine)
that an interrupt condition has occurred.

Pins 18 to 25, DAC Port (DACO to DAC7): Output port

* which is used in three different modes:

1

1. LM628 (8-bit output mode): Outputs latched data to the
DAC. The MSB is Pin 18 and the LSB is Pin 25.

2.1M628 (12-bit output mode): Outputs two, multiplexed
6-bit words. The less-significant word is output first. The
MSB is on Pin 18 and the LSB is on Pin 23. Pin 24 is used
to demultiplex the words; Pin 24 is low for the less-signifi-
cant word. The positive-going edge of the signal on Pin
25 is used to strobe the output data. Figurd 8 shows the
timing of the multiplexed signals.

3. LM8B29 (sign/magnitude outputs): Outputs a PWM sign
signal on Pin 18 (11 for surface mount), and a PWM mag-
nitude signal on Pin 18 (13 for surface mount). Pins 20 to
25 are not used in the LM629. Figure 11 shows the PWM
output signal format.

Pin 26 (14), Clock (CLK) Input: Receives system clock.

Pin 27 (15), Reset (RST) Input: Active-low, positive-edge

triggered, resets the LM628 to the internal conditions shown

below. Note that the reset pulse must be logic low for a

minimum of 8 clock periods. Reset does the following:

1. Filter coefficient and trajectory parameters are zeroed.

2. Sets position error threshold to maximum value (7FFF
hex), and effectively executes command LPEL

3. The SBPA/SBPR interrupt is masked {(disabled).
4. The five other interrupts are unmasked (enabled).
5. Initializes curment position to zero, or *home" position.

6. Sets derivative sampling interval to 2048/fc k or 256 pus
for an 8.0 MHz clock.

7. DAC port outputs 800 hex to “zero” a 12-bit DAC and
then reverts to 80 hex to “zero™ an 8-bit DAC,

Immediately after releasing the reset pin from the LM628,
the status port should read '00". If the reset is successfully
completed, the status word will change to hex ‘84" or "C4’
within 1.5 ms. If the status word has not changed from hex
‘00’ to "84’ or ‘C4’ within 1.5 ms, perform another reset and
repeat the above steps. To be certain that the reset was
propedy performed, execute a RST! command. If the chip
has reset properly, the status byte will change from hex ‘84°
or ‘C4’ to hex ‘80" or ‘C0". If this does not occur, perform
another reset and repeat the above steps.

Pln 28 (16), Supply Voltage (Vpo)? Power supply voltage
(+5V).

2048

fouk

NN
(PINS 1ar-MzT§): \ X 6 LOW BITS X 6 HIGH BITS
4

L
N—"T>
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fax

SELECT: (¢

(PIN 24) })
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FIGURE 8. 12-Bit Muitiplexed Output Timing -
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Theory of Operation 17

INTRODUCTION

The typical system block diagram (See Figure 1) illustrates
a servo system built using the LM628. The host processor
communicates with the LM628 through an I/0 port to facili-
tate programming a trapezoidal velocity profile and a digital
compensation filter. The DAC output interfaces to an exter-
nal digital-to-analog converter to produce the signal that is
power amplified and applied to the motor. An incremental
encoder provides feedback for closing the position servo
loop. The trapezoidal velocity profile generator calculates
the required trajectory for either position or velocity mode of
operation. in operation, the LM628 subtracts the actual po-
sition {feedback position) from the desired position (profite
generator position), and the resulting position error is pro-
cessed by the digital filter to drive the motor to the desired
position. Table | provides a brief summary of specifications
offered by the LM628/LM62S:

POSITION FEEDBACK INTERFACE

The LM628 interfaces to a motor via an incremental encod-
er. Three inputs are provided: two quadrature signal inputs,

.

TABLE I. System Specifications Summary

and an index pulse input. The quadrature signals are used
to keep track of the absolute position of the mator. Each
time a logic transition occurs at one of the quadrature in-
puts, the LM628 internal position register is incremented or
decremented accordingly. This provides four times the reso-
lution over the number of lines provided by the encoder.
See Figure 9. Each of the encoder signal inputs is synchro-
nized with the LM628 clock.

The optional index pulse output provided by some encoders
assumes the logiclow state once per revolution. If the
LM8628 is so programmed by the user, it will record the ab-
solute motor position in a dedicated register (the index reg-
ister) at the time when all three encoder inputs are logic low.
If the encoder does not provide an index output, the LM628
index Input can also be used to record the home position of
the motor. In this case, typically, the motor will close a
switch which is arranged to cause a logic-low level at the
index input, and the LM628 will record motor position in the
index register and alert (interrupt) the host processor. Per-
manently grounding the index input will cause the LM628 to
malfunction.

Position Range

—1,073,741,824 {0 1,073,741,823 counts

Velocity Range
counts/sample

0 t0 1,073,741,823/216 counts/sample; ie, 0 to 16,383 counts/sample, with a resolution of 17216

Acceleration Range

010 1,073,741,823/216 counts/sample/sample; ie, 0 to 16,383 counts/sample/sample, with a
_ resolution of 1/216 counts/sample/sample

Motor Drive Output LM628: 8-bit parallel output to DAC, or 12-bit muitiplexed output to DAC
LM629: 8-bit PWM sign/magnitude signals

Operating Modes Position and Velocity

Feedback Device

Incremental Encoder (quadrature signals; support for index pulse)

Control Algorithm

Proportional Integra! Derivative (PID) (plus programmabile integration limit)

Sample Intervals

Derivative Term: Programmable from 2048/1cy k to (2048 * 256)/fc In steps of 2048/fc1 (256
t0 65,536 s for an 8.0 MHz clock).

Proportional and Integral: 2048/ foLk
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Theory of Operation (continued)

let P = target position (units'= encoder counts)
fet R = éncoder lines * 4 (system resoluhon)
then R = 500 * 4 = 2000

and P = 2000 * desired number of revoluﬁons

P = 2000 * 100 revs = 200,000 counts (value to
load)

P (codmg) 00030040 (hex code written to LM628)

let V.= velocity (units = counts/sample)
let T = samplé time (seconds) = 341 ps (with 6 MHz
clock)
let C = coriversion factor = 1 minute/60 seconds
then V =R * T *'C * desired rpm
and V = 2000 * 341E~6 *° 1/60 * 600 rpm
V = 6.82 counts/sample
A (scaled) = £.82 * 65,536 = 446,955, 52
V (rounded) = 446,956 (value to load)
V (coding) = 0006D1EC (hex code written o LM628)

let A = acceleration (units = counts/sample/sample)

A =R*T*T " desired acceleration (rev/sec/sec)
then A = 2000 * 341E—6 * 341E-6 * 1 rev/sec/sec
and A = 2.33E—4 counts/sample/sample

A (scaled) = 2.33E—4 * 65,536 = 15.24

A (rounded) = 15 (value to load)

- A (coding) = 0000000F (hex code written to LM62B)
The:-above position, velocity, and acceleration values must
be converted to binary codes to be loaded into the LM628.
The values shown for velocity and acceleration must be
multiplied by 65,536 (as shown) to adjust for the required
integer/fraction format of the input data. Note that after
scaling the velocity and acceleration values, literal fractional
data cannot be loaded; the data must be rounded and con-
verted to binary. The factor of four increase in system reso-
fution is due to the method used to decode the quadrature
encoder signals, see Figure 9.

PID COMPENSATION FILTER

The LM628 uses a digital Proportional Integral Derivative
(PIDY filter to compensate the control loop. The motor is
held at the desired position by applying a restoring force to

the motor that is proportional to the position error, plus the

integral of the error, plus the derivative.of the error. The
following discrete-time equation illustrates the control per-

formed by the LM628:
n

u(n) = kp*e(n) + kxz e(n) +
N=0Q ~

kdle(n’) — e(n’ — 1)] (Eq.1)

where u(n) is the motor control signal output at sample time

n, e(n) is the position emor at sample time n, n* indi-

cates sampling at the derivative sampling rate, and

kp, ki, and kd are the discrete-time filter parameters
loaded by the users.

The first term, the proportional term, provides a restoring

force porportional to the position error, just as does a spring

obeying Hooke's law. The second term, the integration

erm, provides a restoring force that grows with time, and

thus ensures that the static pesition error is zero. If there is

.

a constant torque loading, the motor will stxll be able to
achieve zero position error. .

The third term, the derivative term, provides a force propor-
tional to the rate of change of position error. It acts just like
viscous damping in a damped spring and mass system (like
a shock absorber in an automoblle) The sampling interval
associated with the derivative term is usar-selectable; this
capability enables the LM628 to control a wider range of
inertial loads (system mechanical time constants) by provid-
ing a better approximation of the continuous derivative. In
general, longer sampling intervals are useful for low-velocity
operations.

In operation, the filter algorithm receives a 16-bit error signal
from the loop summing-junction, The error signal is saturat-
ed at 16 tits to ensure predictable behavicr. In additicn to
being multiplied by filter coefficient kp, the ‘error signal is
added to an accumulation of previous errors (to form the
integral signal) and, at a rate determined by the chosen de-
rivative sampling interval, the previous error is subtracled
from it (to form the derivative signal). All filter multiplications
are 16-bit operations; only the bottom 16 brts of the product
are used.

The integral signal is maintained to 24 bits, but only the top
16 bits are used. This scaling technique results in a more
usable (less sensitive) range of coefficient ki values. The 16
bits are right-shifted eight positions and multiplied by filter
coefficient ki to form the term which contributes to the mo-
tor control output. The absolute magnitude of this product is
compared to coefficient il, and the lesser, appropriately
signed magnitude then conmbu(es to the motor control sig-
nal.

The derivative signal is multiplied by coefficient kd each de-
rivative sampling interval. This product contributes to the
motor control output every sample interval, independent of
the user-chosen dernvative sampling interval.

The kp, limited ki, and kd product terms are summed to form
a 16-bit quantity. Depending on the output mode (wordsize),
either the top 8 or top 12 bits become the motor control
output s«gnat

LM628 READING AND WRITING OPERATIONS

The host processor writes commands to the LM628 via the
host 1/0 port when Port Select (PS) input (Pin 16) is logic
low. The desired command code is applied to the parallel
port line and the Write (WR) input (Pin 15) is strobed. The
command byte is latched into the LM628 on the rising edge
of the WR input. When writing command bytes it is neces-
sary to first read the status byte and check the state of a
flag called the “busy bit” (Bit 0). If the busy bit is logic high,
no command write may take place. The busy bit is never
high longer than 100 us, and typicaily falls within 15 ps to
25 ps.

. The host processor reads the LM628 status byte in a similar

manner: by strobing the Read (RD) input (Pin 13) when PS
(Pin 16) is low; status information remains valid as long as
RO is low.

Writing and reading data to/from the LM628 (as opposed to
writing commands and reading status) are done with PS (Pin
16) logic high. These writes and reads are always an inte-
gral number (from one to seven) of two-byte words, with the
first byte of each word being the more significant. Each byte
requires a write (WR) or read (RD) strobe. When transferring
data words (byte-pairs), it is necessary to first read the
status byte and check the state of the busy bit When meJ

e |
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Theory of Operation (continued)

1

busy bit is fogic low, the user may then sequentially transfer
both bytes comprising a data word, but the busy bit must
again be checked and found to be low before attempting to
transfer the next byte pair (when transferring multiple
words). Data transfers are accomplished via LM628-internal
interrupts (which are not nested); the busy bit informs the
host pracessor when the LM628 may not be interrupted for
data transfer (or a command byte). if a command is written
when the busy bit is high, the command will be ignored.

The busy bit goes high immediately atter writing a command
byte, or reading or writing a second byte of data (See Fig-
ures 5 thru 7).

MOTOR OUTPUTS

The LM629 provides 8-bit, sign and magnitude PWM output
signals for directly driving switch-mode motor-drive amplifi-
ers. Figure 11 shows the format of the PWM magnitude out-
put signal.

OUTY CYCLE:
1 {oN)

o) gg=or
e "R
®awe J__ N1 1

1 e

84 _sox 1
() 335=

PWM_MAGNITUDE WAVEFORMS (pin 19):

b
9

£l

DRIVE
The LM628 DAC output port can be configured to provide & 508
either a latched eight-bit parallel output or a multiplexed wax _‘1 fox r_
12-bit output. The 8-bit output can be directly connected to @12 opos I I i I
a flow-through (non-input-latching) D/A converter; the 12-bit = o 2048 \
output can be easily demultiplexed using an external 6-bit X Tk 1
latch and an input-latching 12-bit D/A converter. The DAC 028y |
output data is offset-binary coded; the B-bit code for zero is 128 neve © (0FF)

80 hex and the 12-bit code for zero is 800 hex. Values less
than these cause a negative torque to be applied to the
motor and, conversely, larger values cause positive motor
torqus. The LM628, when configured for 12-bit output, pro-
vides signals which control the demultiplexing process. See

TUH/9219-13
Note: Sign output {pin 18) not shown
FIGURE 11. PWM Output Signal Format

Figure 8 for details.

TABLE Il. LM628 User Command Set

Data

Command Type Description Hex Bytes Note‘
RESET Initialize Reset LM628 00 o] 1
PORTS8 Initialize Select 8-8it Output 05 0 2
PORT12 Initialize Select 12-Bit Output 06 0 2
DFH Initialize Define Home 02 0 1
SIP Interrupt Set Index Position 03 Q 1
LPEI Interrupt Interrupt on Error 1B 2 1
LPES Interrupt Stop on Error 1A 2 1
S8PA Interrupt Set Breakpoint, Absolute 20 4 1
SBPR interrupt Set Breakpoint, Relative 21 | 4 1
MSKI Interrupt Mask Interrupts 1C 2 1
RST Interrupt Reset Interrupts 10 2 1
LFIL Filter Load Filter Parameters 1E 2t0 10 1
UDF Filter Update Filter 04 0 1
LTRJ Trajectory Load Trajectory 1F 2to 14 1
STT Trajectory Start Motion (W] 0 3
RDSTAT Report Read Status Byte None 1 1.4
RDSIGS Report Read Signals Register oC 2 1
RDIP Report Read Index Position 09 4 1
RDDP Report Read Desired Position 08 4 1
RDRP Report Read Real Position 0A 4 1
RDDV Report Read Desired Velocity o7 4 1
RDRV Report Read Real Velocity 08 2 1
RDSUM Report Read Integration Sum oD 2 1

Note 2: C. not

to

L

Note 1: Commands may be executed “On the Fly" during motion.

during motion.

Note 3: Command may be executed during motion if acceleration parameter was not changed.
Mote 4: Command needs no code because the command port status-byte read is totally supported by hardware,
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! Uéer Command Set

GENERAL :

The following paragraphs describe the user command set of
the LM628. Some of the commands can be issued alone
and some require a supporting data structure, As examples,
the command STT (STarT motion) does not require addi-
tional data; command LFIL (Load FllLter parameters) re-
quires additional ‘data (derivative-term sampling interval
and/or filter parameters).

Commands are_categorized by function: initialization, inter-
rupt control, filter control, trajectory contro!, and data report-
ing. The commands are listed in Table I and described in
the following paragraphs. Along with each command name
is its command-byte code, the number of accompanying
data bytes that are to be written (or read), and a comment
as to whether the command is executable during motion.

Initialization Commands

The following four LM628 user commands are used primari-
ly to initialize the system for use.

RESET COMMAND: RESéT the LM628

Command Code: - 00 Hex

Data Bytes: None

Executable During Motion: Yes
This command (and the hardware reset input, Pin 27) re-
sults in setting the following data items to zero: filter coeffi-
cients and their input buffers, trajoctory parameters and
their input buffers, and the motor control output. A zero mo-
tor'control output is a half-scale, offset-binary code: (80 hex
for the 8-bit output mdde; 800 hex for 12-bit mode). During
reset, the DAC port outputs 800 hex to “zero” a 12-bit DAC
and reverts to 80 hex to “zero” an 8-bit DAC. The command
also clears five of the six interrupt masks (only the SBPA/
SBPR interrupt is masked), sets the output port size to
8 bits, and defines the current absolute position as home.
Reset, which may be executed at any time, will be complet-
ed in less than 1.5 ms. Also see commands PORTS and
PORT12.

PORT8 COMMAND: Set Output PORT Size to 8 Bits

Command Code: 05 Hex

Data Bytes: . None

Executable During Motion: Not Applicable
The default output port size of the LM628 is 8 bits; so the
PORT8 command need not be executed whien using an
8-bit DAC. This command must not be executed when using
a 12-bit converter; it will result in erratic, unpredictable mo-
tor behavior, The 8-bit output port size is the required selec-
tion when using the LM629, the PWM-output version of the
LM628.

PORT12 COMMAND: Set Output PORT Size to 12 Bits

Command Code: 06 Hex

Data Bytes: None

Executable During Motion: Not Applicable
When a 12-bit DAC is used, command PORT12 should be
issued very early in the initialization process. Because use
of this command is determined by system hardware, there is
orly one foreseen reason to execute it later: if the RESET
command is issued (because an 8-bit output would then be
selected as the default) command PORT12 should be im-

mediately executed. This command must not be issued
when using an 8-bit converter or the LM629, the PWM-out-
put version of the LM628. .

DFH COMMAND: DeFine Home
Command Code: 02 Hex -
Data Bytes: None

Executable During Motion: Yes

This command declares the current position as “home", or
absolute position 0 (Zero). If DFH is executed during motion
it will not affect the stopping position of the on-going move
unless command STT is also executed.

Interrupt Control Commands-

The following seven LM628 user commands are associated
with conditions which can be used to interrupt the host com-
puter. In order for any bf the potential interrupt conditions to
actually interrupt the host via Pin 17, the corresponding bit
in the interrupt mask data associated with command MSKI
must have been set to logic high (the non-masked state).

The identity of all interrupts is made known to the host via
reading and parsing the status byte. Even if all interrupts are
masked off via command MSKI, the state of each condition
is still reflected in the status byte. This feature facilitates
polling the LM628 for status information, as opposed to in-
terrupt driven operation.

SIP COMMAND: Set Index Positlon
Command Code:. 03 Hex .
Data Bytes: None '
Executable During Motion: Yes )

After this command is executed, the absolute position which
corresponds to the occurrence of the next index pulse input
will be recorded in the index register, and bit 3 of the status
byte will be set to logic high. The position is recorded when
both encoder-phase inputs and the index pulse input are
logic low. This register can then be read by the user (see
description for command RDIP) to facilitate aligning the defi-
nition of home position (see description of command DFH)
with an index pulse. The user can also arrange to have the
LM628 interrupt the host to signity that an index pulse has
occurred. See the descriptions for commands MSKI and
RSTI. ’

LPE! COMMAND: Load Position Error for Interrupt

Command Code: 18 Hex
Data Bytes: Two
Data Range: 0000 to 7FFF Hex

Executable During Motion: Yes

An excessive position error (the output of the loop summing
junction) can indicate a serious system problem; e.g., a
stalled rotor. Instruction LPEI allows the user to input a
threshold for position error detection. Error detection occurs
when the absolute magnitude of the position error exceeds
the threshold, which resulls in bit 5 of the status byte being
set to logic high. If it is desired to also stop (turn off) the
motor upon detecting excessive position error, see com-
mand LPES, below. The first byte of threshold data written
with command LPE! is the more significant. The user can
have the LM628 interrupt the host to signify that an exces-
sive position error has occurred. Ses the descriptions for
commands MSKI and RSTI.
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Interrupt Control Commands (Continied)

LPES COMMAND: Load Position Error for Stopping

Command Code: 1A Hex
Data Bytes: Two
Data Range: 0000 to 7FFF Hex

Executable During Motion: Yes

Instruction LPES is essentially the same as command LPE!
above, but adds the feature of turning off the motor upon
detecting excessive position error. The motor drive is not
actually switched off, it is set to half-scale, the offset-binary
code for zero. As with command LPEY, bit 5 of the status
byte is also set to logic high. The first byte of thresho!d data
written with command LPES is the more significant. The
user can have the LM628 interrupt the host to signify that an
excessive position error has occurred. See the descriptions
for commands MSKI and RSTI.

SBPA COMMAND:
Command Code: 20 Hex
Data Bytes: Four
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes )

This command enables the user to set a breakpoint in terms
of absolute position. Bit 6 of the status byte is set to logic
high when the breakpoint position is reached. This condition
is useful for signaling trajectory and/or filter parameter up-
dates. The user can also arrange to have tha LM628 inter-
rupt the host to signify that a breakpoint position has been
reached. See the descriptions for commands MSKI and
RSTL

SBPR COMMAND:
Command Code: 21 Hex
Data Bytes: Four
Data Range: See Text

Executable During Motion: Yes

This command enables the user to set a breakpoint in terms
of relative paosition. As with command SBPA, bit 6 of the
status byte is set 10 logic high when the breakpoint position
{relative to the current commanded target position) is
reached. The relative breakpoint input value must be such
that when this value is added to the target position the result
remains within the absolute position range of the system
(C0000000 to 3FFFFFFF hex). This condition is useful for
signaling trajectory and/or filter parameter updates. The
user can also arrange to have the LM628 interrupt the host
to signify that a breakpoint position has been reached. See
the descriptions for commands MSK! and RSTI. .

MSKI COMMAND: MaSK Interrupts

Command Code: 1C Hex
Data Bytes: . Two
Data Range: Sea Text

Executable During Motion: Yes

The MSKI command lets the user determine which potential
interrupt condition(s) will interrupt the host. Bits 1 through 6
of the status byte are indicators of the six conditions which
are candidates for host interrupt(s). When interrupted, the
host then reads the status byle to learn which condition(s)
occurred. Note that the MSKI command is immediately fol-
lowed by two data bytes. Bits 1 through 6 of the second
(less significant) byte written determine the masked/un-
masked status of each potentiat interrupt. Any zero(s) in this

h*

.

6-bit field will mask the corresponding interrupt(s); any
one(s) enable the interrupt(s). Other bits comprising the two
bytes have no effect. The mask controls only the host inter-
rupt process; reading the status byte will still reflect the ac-
tual conditions independent of the mask byte. See Table !l

TABLE lil. Mask and Reset Bit Allocations for interrupts

n

Bit Posltion Function
Bits 15thru 7 Not Used
Bit6 Breakpoint Interrupt
Bit5 Position-Error Interrupt
Bit 4 Wrap-Around Interrupt
Bit3 Index-Pulse Interrupt
Bit 2 Trajectory-Complete Interrupt
Bit 1 Command-Error Interrupt
Bit 0 Not Used
RSTI COMMAND: ReSeT interrupts e
Command Code: 10 Hex
Data Bytes: Two - 3
Data Range: See Text

Executable During Motion: Yes
When one of the potential interrupt conditions of Table il
occurs, command RSTI is used to reset the corresponding
interrupt flag bit in the status byte. The host may reset one
or all flag bits. Resetting them one at a time allows the host
to service them one at a time according to a priority pro-
grammed by the user. As in the MSK! command, bits 1

through 6 of the second (less significant) byte corespond to .

the potential interrupt conditions shown in Table Hll. Also
see description of RDSTAT command. Any zero(s) in this
6-bit field reset the corresponding interrupt(s). The remain-
ing bits have no effect.

Filter Control Commands

The following two LM628 user commands are used for set-
ting the derivative-term sampling interval, for adjusting the
filter parameters as required to tune the system, and to con-
trol the timing of these system changes.

LFIL COMMAND: Load FlLter Parameters

Command Code: 1E Hex
Data Bytes: Two to Ten
Data Ranges...

Filter Control Word: See Text

Filter Coefficients: 0000 to 7FFF Hex (Pos Onty)
Integration Limit: 0000 to 7FFF Hex (Pos Only)
Executable During Motion: Yes
The filter parameters (coetficients) which are written to the
LM628 to control loop compensation are: kp, ki, kd, and #
(integration limit). The integration fimit (i) constrains the
contribution of the integration term
n

ki 'Z e(n)

N=0
(see Eq. 1) to values equal o or less than a user-defined
maximum value; this capability minimizes integral or reset
“wind-up” (an overshooting effect of the integral action).
The_positive-only input valua is compared to the absoluts

- |
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Filter Control Commands (Continued)

magnitude of the integration term; when the magnitude of
integration term value exceeds il, the il value (with appropri-
ate sign) is substituted for the integration term value.

The derivative-term sampling interval is also programmable
via this command. After writing the command code, the first
two data bytes that are written specify the derivative-term
sampfiing interval and which of the four filter parameters
is/are 10 be written via any forthcoming data bytes. The first
byte written is the more significant. Thus the two data bytes
constitute a filter contro! word that informs the LM628 as to
the nature and number of any following data bytes. See
Table Iv. .

TABLE V. Filter Control word Bit Allocation

Bit Position Function
Bit 15 Derivative Sampling Interval Bit 7
Bit 14 Derivative Sampling Interval Bit 6
Bit13 Derivative Sampling Interval Bit 5
Bit 12 Derivative Sampling Interval Bit 4
Bit 11 Derivative Sampling Interval Bit 3
Bit10 Derivative Sampling Interval Bit 2
Bit 9 Derivative Sampling Interval Bit 1
Bit 8 Derivative Sampling Interval Bit 0
Bit 7 Not Used
Bit 6 Not Used
Bit 5 Not Used
Bit 4 Not Used
Bit 3 Loading kp Data
Bit 2 Loading ki Data
Bit 1 Loading kd Data
Bit 0 Loading it Data

Bits 8 through 15 select the derivative-term sampling inter-
val. See Table V. The user must locally save and restore
these bits during successive writes of the filter control word.
Bits 4 through 7 of the filter control word are not used.

Bits 0 to 3 inform the LM628 as to whether any or all of the
filter parameters are about to be written. The user may
choose to update any or all (or none) of the filter parame-
ters. Those chosen for updating are so indicated by logic
one(s) in the corresponding bit position{s) of the filter con-
trol word.

TABLE V. Derivative-Term Sampling Interval Selection Codes

—1

The data bytes specified by and immediatety following the
filter control word are written in pairs to comprise 16-bit
words. The order of sending the data words to the LM628
comesponds to the descending order shown in the above
description of the filter control word: i.e., beginning with kp,
then ki, kd and il. The first byte of each word is the more-sig-
nificant byte. Prior to writing a word (byte pair) it is neces-
sary to check the busy bit in the status byte for readiness.
The required data is written to the primary buffers of a dou-
ble-buffered scheme by the above described operations; it
is not transferred to the secondary (working) registers until
the UDF command is executed. This fact can be used ad-
vantageously; the user can input numerous data ahead of
their actual use. This simple pipeline effect can relieve po-
tential host computer data communications bottlenecks,
and facilitates easler synchronization of muttiple-axis con-
trols.

UDF COMMAND: UpDate Fiiter

Command Code: - 04 Hex

Data Bytes: None

Executable During Motion: Yes
The UDF command is used to update the filter parameters,
the specifics of which have been programmed via the LFIL
command. Any or all parameters (derivative-term sampling
interval, kp, ki, kd, and/or il) may be changed by the appro-
priate command(s), but command UDF must be executed to
affect the change in filter tuning. Filter updating is synchro-
nized with the calculations to eliminate erratic or spurious
behavior.

Trajectory Control Commands

The following two LM628 user commands are used for
setting the trajectory control parameters (position, velocity,
acceleration), mode of operation {position or velocity), and
direction (velocity mode only) as required to describe a de-
sired motion or to select the mode of a manuaily directed
stop, and to control the timing of these system changes.
LTRJ COMMAND: Load TRadJectory Parameters '

Command Code: 1F Hex
Data Bytes: Two to Fourteen
Data Ranges. ..
Trajectory Controt Word: See Text
Position: C0000000 to 3FFFFFFF Hex
Velocity: 00000000 to 3FFFFFFF Hex
(Pos Onty)
- Acceleration: 00000000 to 3FFFFFFF Hex
(Pos Only)

Executable During Motion: Conditionally, See Text

Blt Position Selected Derivative
15 14 13 12 11 10 9 3 Sampling Interval
0 0 0 0 0 0 0 0 256 ps
0 0 0 0 0 0 0 1 512 s
0 0 0 0 0 0 1 0 768 ps
0 0 0 0 0 0 1 1 1024 ps, etc. ..
theu 1 1 1 1 1 1 1 1 65,536 ps

HMote: Sampling intervals shown are when using an 8.0 MHz ciock. The 256 Comespends to 2048/8 MHz: sample intervals must be scaled for other clock

Squences.

-
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T?Trajectory Control Commands (Continueq)

The trajectory control parameters which are written to the
LM628 to control motion are: acceleration, velocity, and po-
sition. in addition, indications as to whether these three pa-

- rfameters are to be considered as absolute or relative inputs,

selection of velocity mode and direction, and manual stop-
ping mode selection and execution are programmable via
this command. After writing the command code, the first two
data bytes that are written specify which parameter(s) is/are
being changed. The first byte written is the more significant.
Thqs the two data bytes constitute a trajectory control word
that informs the LM628 as to the nature and number of any
following data bytes. See Table Vi.

- TABLE V1. Trajectory Control Word Bit Allocation

B8R Position " Functlon
Bit15 Not Used
Bit14 Not Used
Bit 13 Not Used
Bit 12 Forward Direction (Velocity Mode Only)
Bit 11 Velocity Mode -
8it 10 Stop quoth!y (Decelerate as Programmed)
Bit 9 Stdp Abruptly (Maximum Deceleration)
__Bits Tum Off Motor {Output Zero Drive}
TBt'7T 7] NotUsed
Bit 6 Not Used
« Bt 5 Acceleration Will Be Loaded
R Bit 4 _ Acceleration Data Is Relative
» Bit 3 Velocity Witl Be Loaded
gt 2, Velocity Data Is Retative
. Bit 1 Position Will Be Loaded
i Bit 0, Position Data Is Refative

Bit 12 determinas the motor direction when in the velocity
mode. A logic one indicates forward direction, This bit has
no effect when in position mode.

Bit'11 determinies whether the LM628 operates in velocity
mode (Bit 11 togic one) or position mode (Bit 11 logic zero).
Bits 8 through 10 are used to select the method of manually
stopping the motor. These bits are rof provided for one to
merely specify the desired mode of stopping, in position
mode operations, normal stopping is always smooth and
occurs automatically at the end of the specified trajectory.
Under exceptional circumstances it may be desired to man-
uvally intervene with the trajectory generation process to af-
fect a premature stop. In velocity mode operations, howev-
er, the normal means of stopping /s via bits 8 through 10
(usually bit 10). Bit 8 is set to logic one to stop the motor by
turning off motor drive output (outputting the appropriate off-
set-binary code to apply zero drive to the motor); bit 9 is set
to one to stop the motor abruptly (at maximum available
acceleration, by setting the target position equal to the cur-
rent position); and bit 10 is set to one to stop the motor
smoothly by using the current user-programmed accelera-
tion value. Bits 8 through 10 are to be used exclusively; only
one bit should be a logic one at any time.

Bits 0 through 5 inform the LM628 as to whether any or ail
of the trajectory controlling parameters are about to be writ-
ten, and whether the data should be interpreted as absolute
or relative. The user may choose to update any or all (or

——————
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none) of the trajectory parameters. Those chosen for updat.
ing are so indicated by logic one(s) in the coesponding bit
position(s). Any parameter may be changed while the motor
is in motion; however, if acceleration is chdiged then the
next STT command must not be issued until the LM628 has
completed the current move or has been manually stopped,

The data bytes specified by and immediately following the
trajectory control word are written in pairs which comprise
16-bit words. Each data item (parameter) requires two 16-bit
words; the word and byte order is most-to-feast Significant
The order of sending the parameters to the LM628 corre-
sponds to the descending order shown in the above de:
scription of the trajectory control word: i.e., beginning with
acceleration, then velocity, and finally position. - oo
Accsleration and velocity are 32 bits, positive only; but
range only from 0 (00000000 hex) to {230} 1 (3FFFFFFE
hex). The bottom 16 bits of both accelaration and velocity
are scaled as fractional data; therefore, the least-significant
integer data bit for these parameters is bit 16 (where the bits
are numbered 0 through 31). To determine the coding for g
given velocity, for example, one multiplies the desired veloc.
ity (in counts per sample interval) times 65,536 and converts
the result to binary. The units of acceleration are counts per
sample per sample. The value loaded for acceleration mus{
not exceed the value loaded for velocity. Position is a
signed, 32-bit integer, but ranges only from - (290)
(C0000000 hex) to [230) — 1 (3FFFFFFF Hex).

The required data is written to the primary buffers of a douv-~
ble-buffered scheme by the above described operations: &
is not transferred to the secondary (working) registers untl
the STT command is executed. This fact can be used ad-
vantageously; the user can input numerous data ahead of
their actual use. This simple Pipeline effect can relieve po-
tential host computer data communications bottlenecks,
and facilitates easier synchronization of muttiple-axis coh-
trols.

STT COMMAND: STarT lﬁoﬁon Control

Command.Code: 01 Hex

Data Bytes: None .

Executable During Motion: Yes, if acceleration has not
" been changed =

The STT command is used to execute the desired trajecto-
1y, the specifics of which have been ‘programmed via the
LTRJ command. Synchronization of multi-axis contro! {lo
within one sample interval) can be arranged by loading the
required trajectory parameters for each {and every) axis and
then simultaneously issuing a single STT command to al
axes. This command may be executed at any time, unless
the acceleration value has been changed and a trajectory
has not been completed or the motor has not been manual
ly stopped. i STT is issued during motion and acceleraton
has been changed, a command error interrupt will be gener-
ated and the command will be ignored.

Data Reporting Commands

The following seven LM628 user commands are used 10
obtain data from various registers in the LM628. Status, po-
sition, and velocity information are reported. With the excep-
tion of RDSTAT, the data is read from the LM628 data port
after first writing the corresponding command to the com-,

mand port.
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T >z-1ta Reporting Commands (continueq)

“ RDSTAT COMMAND: ReaD STATus Byte .
1

Command Code:  “~  None . ,
Byts Read: - One IR
Data Range: = . SeoText. <.¢ -

Executable During Motion: Yes :

The RDSTAT command is really not a command, but is list-
ed with thé other commands because it is used very fre-
quently to control communications with the host computer.
There is no identification code; it is directly supported by the
hardware and may be executed at any time. The single-byte
status read is selected by placing TS, PS and AD at logic
zero. See Table Vil. . s ..

" TABLE VII. Status Byte Bit Alication

.

|

Bit Position " Function

Bit7 MotorOff ¢ .
Bit6 Breakpoint Reached [Interrapt]
Bits Excessive Position Error {Interrupt]
Bit4. - Wraparound Occurred {interrupt]

+ .. Bit3 - 1. index Pulse Observed [interrupt}

i Bit2 Trajectory Complete [Interrupt]

; Bit 1 Command Error [Interrupt] :: -

! Bito Busy Bit 2 M BN

Bit 7, the motor-off flag, is set to logic one when the motor
drive output is off (at the haff-scale, offsét-binary coda for
zero). The motor is turned off by any of the following condi-
\ions: power-up reset, command RESET, excessive position
arror (if command LPES had been executed), or when com-
nand LTRJ is used to manually stop the motor via turning
ihe motor off. Note that when bit.7 is set in conjunction with
command LTRJ for producing a manual, motor-off stop, the
2ctual setting of bit 7 does not occur until command STT is
ssued to affect the stop. Bit 7 is cledred by command STT,
2xcept as described in the previous sentence. e
3it 6, the breakpoint-reached interript flag, is $et to logic
cne when' the position breakpoint loaded via command
SBPA or SBPR has been exceeded. The flag is functional
ndependent of the host interrupt: mask status. Bit 6 is
“leared via command RSTI,

" 3it 5, the excessive-position-error interrupt flag, is set to
ogic one when a position-error interrupt condition exists.
This occurs when the efror threshold loaded via command
-PEl or LPES has been exceeded. The flag is functionat
2dependent of the host interrupt mask status. Bit 5 is
:leared via command RSTI. L
3it 4, the wraparound interrupt flag, is set to logic one when
i numerical “wraparound"” has occurred. To “wraparound”
7eans to exceed the position address space of the LM628,
vhich could occur during velocity riode opération. If a wrap-
wround has occurred, then position information will be in
-or and this interrupt heips the user to ensure position
:2ta integrity. The flag is functiona! independent of the host
~terrupt mask status. Bit 4 is cleared via command RSTI.

: 13, the index-pulse acquired interrupt flag, is set to logic
~@ when an index pulse has occurred (if command SIP had
zen executed) and indicates that the index position regis-

2~ has been updated. The flag is functional independent of
"2 host interrupt mask status. Bit 3 is cleared by command
ST

Bit 2, the trajectory complete interrupt flag, Is set to logic
one when the trajectory programmed by the LTRJ com-
mand and initiated by the STT command has been complet-
ed. Because of overshoot or a limiting condition (such as
commanding the velocity to be higher than the motor can
achieve), the motor may not yet be at the final commanded
position. This bit is the logical OR of bits 7 and 10 of the
Signals Register, see command RDSIGS below. The flag
functions independently of the host interrupt mask status.
Bit 2 is cleared via command RSTI,

Bit 1, the command-error interrupt flag, is set to logic one
when the user attempts to read data when a write was ap-
propriate (or vice versa). The flag is functional independent
of the host interrupt mask status. Bit 1 is cleared via com-
mand RSTI

Bit 0, the busy flag, is frequently tested by the user (via the
host computer program) to determine the busy/ready status
prior to writing and reading any data. Such writes and reads
may be executed only when bit 0 is logic zero (not busy).
Any command or data writes when the busy bit is high will
be ignored. Any data reads when the busy bit is high will
read the current contents of the 1/0 port buffers, not the
data expected by the host. Such reads or writes (with the
busy bit high) will not generate a command-error interrupt.

RDSIGS COMMAND: ReaD SIGnalS Register

‘Command Code: 0C Hex
Bytes Read: Two
Data Range: See Text

Executable During Motion: Yes

The LM628 internal “signals™ register may be read using
this command. The first byte read is the more significant.
The less significant byte of this register {with the exception
of bit 0) duplicates the status byte. See Table V.

TABLE VIil. Signals Register Bit Allocation
Bit Position

Bit 15 Host Interrupt

Bit 14 Acceleration Loaded (But Not Updated)
Bit13 UDF Executed (But Filter Not yet Updated)
Bit 12 Forward Direction .

Bit 11 Velocity Mode

Bit 10 On Target

Function

Bit 9 Turmn Off upon Excessive Posiiion Emor
Bit 8 Eight-8it Output Mode

Bit 7 Motor Off

Bit 6 Breakpoint Reached [Interrupt)

Bit 5 Excessive Position Eror [Interrupt]

Bit 4 Wraparound Occurred [Interrupt]

Bit 3 Index Pulse Acquired [interrupt]

8it 2 Trajectory Complete [interrupt)

Bit 1 Command Error [Interrupt]

Bit 0. Acquire Next Index (SiP Executed)

Bit 15, the host interrupt flag, is set to logic one when the
host interrupt output (Pin 17) is logic one. Pin 17 is set to
logic one when any of the six host interrupt conditions occur
(if the comresponding interrupt has not been masked). Bit 15
(and Pin 17) are cleared via command RSTI.

Bit 14, the acceleration-loaded flag, is set to logic one when
acceleration data is written 10 the LM628. Bit 14 is cleared

by the STT command.
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Data Reporting Commands (Continued)

Bit 13, the UDF-executed flag, is set to logic one when the
UDF command is executed. Because bit 13 is cleared at the
end of the sampling interval in which it has been set, this
signal is very short-lived and probably not very profitable for
monitoring. . . .
Bit 12, the forward direction flag, is meaningful only when
the LMB28 is in velocity mode. The bit is set to logic ona to
indicate that the desired direction of motion is “forward";
zero indicates “'reverse” direction. Bit 12 is set and cleared
via command LTRJ. The actual setting and clearing of bit 12
does not occur until command STT is executed. .
Bit 11, the velocity mode flag, is set to logic one to indicate
that the user has selected (via command LTRY) velocity
mode. Bit 11 is cleared when position mode is selected (via
command LTRJ). The actual setting and clearing of bit 11
does not occur until command STT is exacuted.

Bit 10, the on-target flag, is set to logic one when the trajec-
tory generator has completed its functions for the last-is-
sued STT command. Bit 10'is cleared by the next STT com-
mand. '

Bit 9, the turn-off on-error flag, is set o logic one when
command LPES is executed. 8it 8 is cleared by command
LPEI i )

Bit 8, the 8-bit output flag, is set to logic one when the
LM628 is reset, or when command PORTS is executed. Bit
8 is cleared by command PORT12, -

Bits 0 through 7 replicate the status byte (see Table VIIj,
with the exception of bit 0. Bit 0, the acquire next index flag,
Is set to logic one when command SIP is executed:; it then
remains set until the next index pulse occurs.

RDIP COMMAND: ReaD Index Position

Command Code: 09 Hex
Bytes Read: Four
Data Range: C0000000 to 3FFFFFFF He:

Executable During Motion: Yes

This command reads the position recorded in the index reg-
ister. Reading the index register can be part of a system
error checking scheme. Whenever the Sip command is exe-
cuted, the new index position minus the old index position,
divided by the incremental encoder resolution (encoder
lines times four), should always be an integral number. The
RDIP command facilitates acquiring .these data for host-
based caiculations. The command ¢an also be used to iden-
tify/verity home or some other special position, The byles
aré read in most-to-least significant order.

RDDP COMMAND: ReaD Desired Position

Command Code: 08 Hex
Bytes Read: Four
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: - Yes '

This command reads the instantaneous desired (cdrrent
temporal) position butput of the profile generator. This is the
“setpoint” input to the position-loop summing junction. The
bytes are read in most-to-least significant order.

RDRP COMMAND: ReaD Real Position

Command Code: OA Hex
Bytes Read: Four
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes

PR

This command reads the current actual position of the g
tor. This Is the feedback input to the loop summing junction,
The bytes are read in most-to-least significant order, < :
RDDV COMMAND: ReaD Deslred Velocity

Command Code: 07 Hex .
Bytes Read: Four N -
Data Range: * . CO000001 to 3FFFFFEE

- Executable During Motion: Yes .
This command reads the integer and fractional portions of
the instantaneous desired (current temporal velocity, ag
used to generate the desired position profile. The bytes are
read in most-toeast significant order. The value read i
property scaled for numerical comparison with the user-sup.
plied (commanded) velocity; however, because e two
least-significant bytes represent fractional velocity, only the
two most-significant bytes are appropiate for comparison
with the data obtained via command RDRV (see below).
Also note that, although the velocity input data is con-
strained to positive numbers (see command LTRJ), the data
retumned by command RDOV represents a signed quantity
where negative numbers represent operation in the reverse
dirsction, . .

RDRV COMMAND: ReaD Real Velocity

.Command Code: . 08 Hex L
Bytes Read: 1 Two L. .
Data Range: " * CO000 1o 3FFF Hex, See Text

Executable During Motion: Yes
This command reads the Integer porton of the instants-
neous actual velocity of the motor. The internally maintained
fractional portion of velocity is not reported because the
reported data is derived by reading the incremental encod-
er, which produces only integer data. For comparison with
the result obtained by executing command RDDV {or the
user-supplied input value), the value retumed by command |
RDRV must be multiplied by 216 (shifted left 16 bit posi-
tions). Also, as with command RDDV above, data retumed
by command RDRV is a signed quantity, with negative vak
ues representing feverse-direction motion.
RDSUM COMMAND: ReaD Integration-Term SUMmation

Value

Command Code: 0D Hex-

Bytes Read: Two L

Data Range: 00000 Hex to = the Cument

g Value of the Integration Limit

Executable During Motion: Yes
This command reads the vaiue to which the integration torm
has accumutated. The ability to read this value may be help-
ful in initially or adaptively tuning the system. 5

Typical Applications

Programming LM628 Host Handshaking (interrupts)

A few words regarding the LM628 host handshaking will be
helpful to the system programmer. As indicated in various
portions of the above text, the LM628 handshakes with the
host computer in two ways: via the host interrupt output (Pin
17), or via polling the status byte for “interrupt” conditions.
When the hardwired interrupt is used, the status byte is also
read and parsed to determine which of six possible cond-
tions caused the interrupt. ’
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T Typical Applications (continued)

When using the hardwired interrupt it is very important that
the host interrupt service routine does not interfers with a
command sequence which might have been in progress
when the interrupt occurred. If the host interrupt service rou-
tine were to issue a command to the LM628 while it is in the
middie of an ongoing command sequence, the ongoing
command will be aborted (which could be detnmental to the
application).

Two approaches exist for avoiding this problem. If one is
using hardwired interrupts, they should be disabled at the
host prior to issuing any 1.M628 command sequence, and
re-enabled after each command sequence. The second ap-
proach is to avoid hardwired interrupts and poll the LM628
status byte for “interrupt” status. The status byte always
reflects the intemupt-condition status, independent of
whether or not the interrupts have been masked.

Typical Host Computer/Processorinterface

The LM628 is interfaced with the host computer/processor
via an 8-bit parallel bus. Figure 12 shows such an interface
and a minimum system configuration. .

As shown in Figure 12, the LM628 interfaces with_the host
data, address and control lines. The address fines are de-
coded to generate the LM628 TS input; the host address
LSB directly drives the LM628 P3 input. Figure 12 also
shows an 8-bit DAC and an LM12 Power Op Amp interfaced
to the LM628.

LM628 and High Performanca Controller (HPC)
interface

Figure 13 shows the LM628 interfaced to.a National HPC
High Performance Controller. The delay and logic associat-
ed with the WH ling is used to effectively increase the write-
data hold time of the HPC (as seen at the LM628) by caus-
ing the WR pulse to rise earty. Note that the HPC CK2 out-
put provides the clock for the LM628. The 7415245 is used
to decrease the read-data hoid time, wh«:h is necessary
when interfacing to fast host busses.

Interfacing a 12-Bit DAC

Figure 14 illustrates use of a 12-bit. DAC with the LM628.
The 74LS378 hex gated-D flip-flop and an inverter demulti-
plex the 12-bit output. DAG oftset must be adjusted to mini-
mize DAC linearity and monotonicity efrors. Two methods
axist for making this adjustment. {f the DAC1210 has been
socketed, remove it and temporarily connect a 15 kN resis-
tor between Pins 11 and 13 of the DAC socket (Pins 2 and 6
of the LF356) and adjust the 25 kN potenuometer for OV at
Pin 6 of the LF356.

If the DAC is not removable. the second method of adjust-
ment requires that the DAC1210 inputs be presented an all-
zeros code. This can be aranged by commanding the ap-
propriate move via the LM628, but with no feedback from

the system encoder. When the all-zeros code is present.

adjust the pot for OV at Pin 6 of the LF356.

. can deliver up to 8A at 30V (using the LM12L/LM12CL).

. allows for amplifier output saturation at +22V with a +10V

. configured as a current dnver see 1987 Linear Databook,

'signals too long a distance with simple TTL lines can also

A Monolithic Linear Drive Using LM12 Power Op Amp

Figure 15 shows a motor-drive amplifier built using the LM12
Power Operationat Ampilifier. This circuit is very simple and

Resistors R1 and R2 should be chosen to set the gain to
provide maximum output voltage consistent with maximum
input voltage. This example provides a gain of 2.2, which

input, assuming power supply voltages of +30V. The ampli-.
fier gain should not be higher than necessary because the
system is non-linear when saturated, and because gain
should be controlied by the LM628. The LM12 can also be

Vol. 1, p. 2- 280

Typlcal PWM Motor Drive Interfaces

Figure 16 shows an LM18298 dual full-bridge driver inter-
faced to the LM629 PWM outputs to provide a switch-mode
power amplifier for driving small brush/commutator motors.
Figure 17 shows an LM621 brushless motor commutator
interfaced to the LM629 PWM outputs and a discrete device
switch-mode power amplifier for driving brushless DC mo-
tors. y

Incremental Encoder Interface

The incremental (position feedback) encoder interface con-
sists of three lines: Phase A (Pin 2), Phase B {Pin 3), and
Index (Pin 1). The index pulse output is not available on
some encoders. The LM628 will work with both encoder
types, but commands SIP and RDIP will not be meanlngful
without an index pulse (or alternative input for this input . .

be sure to tie Pin 1 high if not used).

Some consideration is merited relative to use in high Gauss-
lan-noise environments. If noise is added to the encoder
inputs (either or both inputs) and is such that it is not sus-
tained until the next encoder transition, the LM628 decoder
logic will reject it. Noise that mimics quadrature counts or
persists through encoder transmons must be eliminated by
appropriate EMI design.

Simple digital “filtering" schemes merely reduce susceptibil-
ity to noise (there will always be noise pulses longer than
the filter can eliminate). Further, any noise filtering scheme
reduces decoder bandwidth. In the LM628 it was decided
(since simple filtering does not eliminate the noise problem)
to not include a noise filter in favor of offering maximum
possible decoder bandwidth. Attempting to drive encoder

be a source of “noise” in the form of signal degradation
{poor risetime ‘and/or ringing). This can also cause a system
to lose positional integrity. Probably the most effective
countermeasure to noise induction can be had by using bal-
anced-line drivers and receivers on the encoder inputs. Fig-
ure 18 shows circuitry using the DS26L.S31 and DS26L.532.

4
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Typical Applications (continued)
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R1 + R2
Note: A, ——=
ofe: Ay = Y]
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Rt + R2

24

FIGURE 12. Host Interface and Minimum System Configuration
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FIGURE 13, LM628 and HPC Intertace
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Typical Applications (continveq)
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‘ypical Applications (continueq)
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FIGURE 17. PWM Drive for Brushless Motors
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IﬂNational Semiconductor

LMD18201 3A, 55V H-Bridge ' s

General Description . - I TTL and CMOS oon{ba!ible inputs

The LMD18201 is a 3A H-Bridge designed for miotion con- ™ :: s"‘l’°' th'.""gg W"e’::t C14C

trol applications. The device is built using a muilti-technology ¥ Thermal warning flag output &

process which combines bipolar and CMOS control circuitry ™ Thermal shutdown (outputs off) at 170°C

with DMOS power devices on the same monolithic struc- B Intemal clamp diodes

ture. The H-Bridge configuration is ideal for driving DC and ~ ® Shorted load protection

stepper motors. The LMD18201 accommodates peak out- W Intermnal charge pump with external bootstrap capability
put currents up to 6A. Current sensing can be achieved via .

a small sense resistor connected in series with the power Applications

ground lead. For current sensing withoyt disturbing the path DC and stepper motor drives

of current tQ the load, the LMD18200 is recommended. ® Position and velocity servomechanisms

® Factory automation robots
u Numerically controlled machinery
® Computer printers and plotters

Features

u Delivers up to 3A continuous output

& Operates at supply voltages up to 55V°
& Low Rpsony typically 0.3302 per switch

Function'all Diagram

~ THERWAL FLAG OUTPUT  BOOTSTRAP 1 OQUTPUT 1 Ys OUTPUT 2 BOOTSTRAP 2

Epz=surg allEen
THERMAL j 15

SENSRG
LOCKOUT _ PUNP PUMP
ORIVE DRIVE

i

OVERCURRENT
DETECTION

sHutoown

OB ST I

Loce .\ T

e 5 O—> (5
o ;

8 Power Cround/Sense

" Sinal Ground TL/H/10793-1 7

W_

Connection Diagram and Ordering Information

T n BOOTSTRAP 2 .
’ OUTPUT 2
> THERMAL FLAG OUTPUT
[ > SIuL GROUND
[ > POWIR GROUND/SENSC

-
=]

O [ "> v POWER SUPPLY Order Number LMD18201T
WM HPUT See NS Package Number TA118B
—— Y XYY
[——> DRECTION MPUT
ne— T S

® N AL u e B

| e—— BOOTSTRAP 1

-/uowmc TAB CONNECTED TO GROUND (PR 7)

)

TUH/10793-2
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Absolute Maximum Ratings (Note 1)

It Military/Aerospace specifled devices are requlired,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Total Supply Voltage (Vs, Pin 6) 60V
Voitage at Pins 3, 4, 5 and 9 12v
Voltage at Bootstrap Pins (Pins 1 and 11) VYourt + 16V
Peak Output Current (200 ms) : . 8A
Continuous Output Current (Note 2) © o 3A
Power Dissipation (Note 3) B T 25W
Sense Voltage {Pin 7 to Pin 8) +0.5Vto —1.0V

Electrical Characteristics .

The foliowing specifications apply for Vg = 42V, unless otherwise specified. Boldface fimits apply over the entire operating

Power Dissipation (T = 25°C, Free Air) - - . 3w
Junction Temperature, T ymax) “150°C
ESD Susceptibility (Note 4) 1500v
- Storage Temperature, TsTg —65'Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300rC

Vs Suppty Voltage

Operating Ratings (Note 1)
Junction Temperature, Ty 740'0 to +125°C

+12V 1o +55v

temperature range, ~40°C < T < +125°C, all ot{\er limits are for T = Ty = 25°C. (Note 5)

Symbol Parameter Conditions Typ Limit Units
Ros(on) Switch ON Resistance ‘Output Current = 3A (Note 6) 0.33 0.4/0.6 N (max)
Ros(oN) Switch ON Resistance Output Current = 6A (Note 6) 0.33 0.4/0.6 1 (max)
Vetame Clamp Diode Forward Drop Clamp Current = 3A (Note 6) 1.2 1.5 V {max)
Vi Logic Low input Voltage Pins3,4,5 ~0.1 V (min)

- 1 0.8 V (max)
hit. Logic Low Input Current Vin = —0.1V, Pins = 3, 4,5 -10 pA (max)
Vin Logic High Input Voltage Pins3,4,5 2 V (min}

12 V (max)
e Logic High input Current Vin = 12V, Pins = 3,4,5 10 pA (max)
Undervoltage Lockout 7 Outputs Tum OFF 9 V (min},
. 11 V(max) -
Tow Warning Flag Temperature Pin8 £0.8V,I =2mA 145 C
Vron Flag Output Saturation Voitage Ti=Tyw.IL = 2mA 0.15 v
lriorn Flag Output Leakage Vg = 12V 0.2 10 RA (max)
Tisp Shutdown Temperature Outputs Tum OFF 170 ‘C
Is Quiescent Supply Current All Logic Inputs Low 13 25 mA (max)
toon) Output Turn-On Delay Time Sourcing Outputs, loyr = 3A 300 ns
Sinking Outputs, loyt = 3A 300 ns
ton Output Turn-On Switching Time Bootstrap Capacitor = 10 nF
Sourcing Outputs, loyt = 3A 100 ns
Sinking Outputs, oyt = 3A 80 ns
tolorn Output Turn-Off Delay Times Sourcing Outputs, loyt = 3A 200 ns
) Sinking Outputs, loyr = 3A 200 ns
torFr Qutput Turn-Off Switching Times .Bootstrap Capacitor = 10 nF
Sourcing Outputs, loyr = 3A 75 ns
" Sinking Outputs, loyt = 3A 70 ns
tpw Minimum Input Pulse Width Pins3,4and5 1 S
tceR Charge Pump Rise Time No Bootstrap Capacitor 20 us
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Electrical Characteristics (Continued)

Note 1: Absolute Maximurm Ratings indicate imits

the device beyond its rated operating conditions,

at el d t andlsatuncdoqro(TJ(w,. 64a, and Tp. The maximum allowable power

Note 2: See Appfh Int foc details reg: g current limiting.
Note 3: The power dissipation must be d ~,,
dissipation at any temp s P, = (Timax) = Ta) 8,4, of the number given

(211
from junction o case (8,¢) is 1.0°C/W and from junction to ambient (84) is 30°C/W.
Note 4: Human-body model, 100 pF discharged theough a 1.5 k! resistor. Except Bootstra;
Note 5: All limits are 100% production tested at 25°C. T

‘ﬂ

beyondwhichdamagetothedevlcemyoccw.DCandACs‘ectdcalspodﬁcaﬁonsdonotapptywhenoperaﬁnq

in the Absolute Ratings, whichever is lower. The typical thermal resistance
For guaranteed operation Taemax) = 125°C.

p;‘xns(pinsiandu)whidurepfotectedtowOOVofEso.

xtr fimits are g via

methods. All imits are used to calcutate AOOL, (Average Outgoing Quality Level).
Note 6: Output clsrents are pulsed (lw < 2 ms, Duty Cycle < 5%).n

Typical Performance Characteristics
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Pinout Description (see connection Diagram)
Pin 1, BOOTSTRAP 1 Input: Bootstrap capacitor. pin for
half H-Bridge number 1. The recommended capacitor
(10 nF) is connected between pins 1 and 2.

Pin 2, OUTPUT 1: Half H-Bridge number 1 output.

Pin 3, DIRECTION Input: See Table I. This input cor_ftrols
the direction of current flow between QUTPUT 1 and OUT-
PUT 2 (pins 2 and 10) and, therefore, the direction of rota-.
tion of a motor load. ’

Pin 4, BRAKE Input: See Table . This input is used to
brake a motor by effectively shorting its terminals, When
braking is desired, this input is taken to a logic high level
and it is also necessary to apply logic high to PWM input, pin
5. The drivers that short the motor are determined by the

logic level at the DIRECTION input (Pin 3): with Pin 3 logic

high, both current sourcing output transistors are ON: with
Pin 3 logic low, both current sinking output transistors are
ON. All output transistors can be turned OFF by applying a
logic high to Pin 4 and a logic low.to PWM input Pin 5; in this
case only a small bias current (approximately — 1.5 mA} ex-
ists at each output pin. e

Pin 5, PWM Input: See Table I. How this input (and DIREC-
TION input, Pin 3) is used is determined by the format of the
PWM Signal.

Pin 6, Vg Power Supply

Pin 7, POWER GROUND/SENSE Connection: This pin is
the ground return for the power DMOS transistors of the H-
Bridge. The current through the H-Bridge can be sensed by
adding a small, 0.10, sense resistor from this pin to the
power supply ground.

Pin 8, SIGNAL GROUND: This is the ground retisn for the °
internal logic circuitry used to control the PWM switching of
the H-Bridge. P .
Pin 9, THERMAL FLAG Output: This pin provides the ther-
mal warning flag output signal. Pin 9 becomes active-low at
145°C (junction temperature). However the chip will not'shut
itself down until 170°C is reached at the junction.

Pin 10, OUTPUT 2: Half H-Bridge number 2 output,

Pin 11, BOOTSTRAP 2 Input: Bootstrap capacitor pin for
half H-Bridge number 2. The recommended capacitor ~
(10 nF) is connected between pins 10 and 11.

TABLE |. Logic Truth Table

PWM Dir Brake Active Qutput Drivers

Source 1, Sink 2
Sink 1, Source 2
Source 1, Source 2
Source 1, Source 2
Sink 1, Sink 2

~rXIIrXxTx

X~ I XrxI
IxXxTXxXrrr

NONE

Locked Anti-Phase PWM Control

50T DUTY CY0uL 75X VT Cral 29% WY QL

= (L TU LS

o 1 r
K .

AVDRAGE LOAD CURRONT
FLOWS ROV JUTPUT 2
10 WUt 1

TUH/IC™R3 -2
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Application Information .. ﬁ

TYPES OF PWM SIGNALS : <A
The LMD18201 readily interfaces with different forms &f
PWM signals. Use of the part with two of the more poputd
forms of PWM is described in the following paragraphs.” *

Simple, locked anti-phase PWM consists of a single, vari-
able duty-cycle signal in which is encoded both direction
and amplitude information. A 50% duty-cycle PWM signal
<represents zero drive, since the net valua of voltage (inte-
grated over one period) delivered to the load is zero. For the
LMD18201, the PWM signal drives the direction input {pin 3
“and the PWM input (pin 5) is tied to fogic high. = _ -+ 7
Sign/magnitude PWM consists of separate direction (sign)
and amplitude (magnitude) signals. The (absolute) magni-
tude signal is duty-cycle modulated, and the absence of a
pulse signal (a continuous logic low level) represents zero
drive. Current delivered to the load is proportional to pulse
width. For the LMD18201, the DIRECTION input (pin 3) is
driven by the sign signal and the PWM input {pin 5) is driven
by the magnitude signal.

USING THE THERMAL WARNING FLAG |

The THERMAL FLAG output (pin 9) is an open collector
transistor. This permits a wired OR connection of thermaf

)

- warning flag outputs from multiple LMD18201's, and aliows

the user to set the logic high level of the output signal swing
to match system requirements. This output typically drives
the interrupt input of a system controller. The interrupt serv-
ice routine would then be designed to take .appropriate
steps, such as reducing load currents or initiating an orderty
system shutdown. The maximum voltage compliance on the
fiag pin is 12V.

SUPPLY BYPASSING

During switching transitions the levels of fast current chang- -
es experienced may cause troublesome voltage transients
across system stray inductances.

Itis normally necessary to bypass the supply rail with a high
quzi_lity capacitor(s) connected as close as possible to the
Vs Power Supply (Pin 6) and POWER GROUND (Pin 7). A
1 uF high-frequency ceramic capacitor is recommended.
Care should be taken to limit the transients on the supply
pin below the Absolute Maximum Rating of the device.
When operating the chip at supply %Itages above 40V a
voltage suppressor (transorb) such as P6KEG2A is recom-
mended from supply to ground. Typically the ceramic ca-
pacitor can be eliminated in the presence of the voltage
suppressor. Note that when driving high load currents a
greater amount of supply bypass capacitance (in general at
least 100 uF per Amp of foad current) is required to absorb
the recirculating currents of the inductive loads.

Sign/Magnitude PWM Control

L
<5, (LT _ﬂ_ﬂf UL
wa (VO T -U—L-U—'Lﬂ_

-
MOTCR SPETD:  sow .o rast s < 125
ATRAL SEVENT RLOWS FaCw

DT TUT Y
TLIM/ICTRS-S

AVIACE CUPRINT NCwS FRow
XTI T D WY 2
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Application Information (continued)

CURRENT LIMITING -

Current’ Ilmmng protectron circuitry has been incorporated
into the design of the LMD18201. With any power device it
is important to consider the effects of the substantial surge
currents through the device that may occur as a result of
shortéd loads. The protection circuitry monitors the current
through the upper transistors and shuts off the power de-
vice as quickly as possible in the event of an overload con-
dition (the threshold is set to approximately 104). In a typi-
cal motor driving application the most common overload
faults 'are caused by shorted motor windings and locked
rotors. Under these conditions the inductance of the motor
(as well as any series inductance in the Vee supply line)
serves to reduce the magnitude of a current surge to a safe
tavel for the LMD18201. Once the device is shut down, the
control circditry will geriodicaily try to turn the power device
back on. This feature allows the immediate retumn to normal
operation once the fault condition has been removed. While
the fault remains however, the device will cycle in and out of
thermal shutdown. This can create voltage transients on the
Ve supply line and therefore proper supply bypassing tech-
niques are required.

The most severe condition for any power device is a direct,
hard-wired (“screwdriver™) long term short from an output to
ground. This condition can generate a surge of current
through the power device on the order of 15 Amps and
require the die and package to dissipate up to 500W of
power for the short time required for the protection circuitry

.to shut off the power device. This energy can be destruc-

tive, particularly at higher operating voltages (>30V) so
some precautions are in order. Proper heat sink design is
essential and it is normally necessary to heat sink the Veg
supply pin (pin 6) with 1 square inch of copper on the PC
board.

+g
TO GATE
DRIVE
CIRCUT
C CHARGE PUMP
GROUND
TL/H/10783-6

FIGURE 1. Internal Charge Pump Clrcuitry

INTERNAL CHARGE PUMP AND USE OF
BOOTSTRAP CAPACITORS

To turn on the high-side (sourcing) DMOS power devices,
the gate of each.device must be driven approximately 8V
more positive than the supply voltage. To achieve this an
internal charge pump is used to provide the gate drive volt-
age. As shown in Figure 1, an internal capacitor is alternate-
ly switched to ground and charged to about 14V, then
switched to Vg thereby providing a gate drive voltage great-
er than V. This switching action is controlled by a continu-
ously running internal 300 kHz oscillator. The rise time of
this drive voltage is typically 20 us which is suttable for op-
erating frequencies up to 1 kHz.

For higher switching frequencies, the LMD18201 provides
for the use of external bootstrap capacitors. The bootstrap
principle is in essence a second charge pump whersby a
large value capacitor is used which has enough energy to
quickly charge the parasitic gate input capacitance of the
power device resulting in much faster rise times. The switch-
ing action is accomplished by the power switches them-
selves (Figure 2). External 10 nf capacitors, connected
from the outputs to the bootstrap pins of each high-side
switch provide typically less than 100 ns rise times allowing
switching frequencies up to 500 kHz.

INTERNAL PROTECTION DIODES

A major consideration when switching current through in-
ductive loads is protection of the switching power devices
from the large voltage transients that occur. Each of the four
switches in the LMD18201 have a buiit-in protection diode
to clamp transient voltages exceeding the positive supply or
ground to a safe diode voltage drop across the switch.

The reversa recovery characteristics of these diodes, once
the transient has subsided, is important. These diodes must
come out of conduction quickly and the power switches
must be able to conduct the additional reverse recovery cur-
rent of the diodes. The reverse recovery time of the diodes
protecting the sourcing power devices is typically only 70 ns
with a reverse recovery current of 1A when tested with a full
3A of forward current through the diode. For the sinking
devices the fecovery time is typically 100 ns with 4A of re-
verse current under the same conditions.

OVS

—_—

T0 GATE PIN 1 OR 11
ORIVE
CiRCuT IP-—J 4}_ EXTERNAL
CAPACITOR
! PIN 2 OR 10
1
]
[}
]
GROUND !
TWH/10793-7

FIGURE 2. Bootstrap Circuitry
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Typical AppTications

BASIC MOTOR DRIVER

The LMD18201 can directly interface to any Sign/Magni-
tude PWM controller. The LM629 is a motion control proc-
essor that outputs a Sign/Magnitude PWM signal to coordi-
nate either positional or velocity control of OC motors. The
LMD18201 provides fully protected motor driver stage.

CURRENT SENSING

in many motor control applications it is desirable to sense
and control the current through the motor. For these types
of applications a companion product, the LMD18200, is also
available. The LMD18200 is identical to the LMD18201 but
has current sensing transistors that output a current directly
proportional to the current conducted by the two upper
DMOS power devices to a separate curtent sense pin. This
technique does not require a low valued, power sense resis-
tor and does not subtract from the available voitage drive to
the motor.

To sense the bridge current through the LMD18201 requires
the addition of a small sense resistor between the power
ground/sense pin (Pin 7) and the actual circuit ground. Thig
resistor should have a value of 0.10 or less to stay within
the allowable voltage compliance of the sense pin, particy-
tarly at higher operating current levels. The voltage between
power ground/sense (Pin 7) and the signal ground (Pin 8)
must stay within the range of ~1V to +0.5V. Intemally
there is approximately 2501 between pins 7 and 8 and this
resistance will slightly reduce thé value of the extemnal
sense resistor. Approximately 70% of the quiescent supply
current (10 mA) flows out of pin 7. This will cause a slight
offset to the voltage across the sense resistor when the
bridge is not conducting. During reverse recovery of the in-
ternal protection diodes the voitage compliance between
pins 7 and 8 may be exceeded. The duration of these spikes
however are only approximately 100 ns and do not have
enough time or energy to disrupt the operation of the
LMD18201.

Basic Motor Driver

+5Y
% 10k Motor Voltage
«<
1 ¥s
9 6 2
IRQ
Sign Ot o s
1
Host 8, 629 LMD18201 1 Motor
uC pd
Bus Wagnitud P\'N; 5
10
Ed 4 8 7
Bruqu l
Z
2{( 3 Encoder
TUH/10783-10
Current Sensing
+55Y
Vs
Diroction ————3 9 6 ,foutl
P 5, 10nF
Brake ————P14 l
+5Y 1
LND18201 1 Motor
10k 10nf
Thermal Flag S 10
. 8 7 Out2
—i— Vsense
~ oua 0 to 0.3V for up to
. 3A of Bridge Current
- TUH/10733-11
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