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ABSTRACT

Nowadays, the development of automatic self-driving vehicle is very interesting. So this
project is presented as a model of the automatic car which can be applied to use for survey the
hazard area or use as the automatic mass-bus, etc. By deriving image from CCD camera on the
vehicle and passing the data conversion circuit , the microcontroller then processes the data and

controls the DC motor to drive the car through the right way without obstacles.
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s H#H##HH##H  AUTOMATIC LANE DETECTION CAR USING CCD  ########

P MAIN PROGRAM B

P HEHEHHHH P-Controller , PWM Control HHHHHEHE

s Kk ok ok ok ok ok kK kK P1.0 Control Right Motor kokkkkhkkkhkkk*k
sRkk kKKK KKK KKK P1.1 Control Left Motor kokkhkhkkkhkkk*k
pRK kKKK KKKk kK Kk P1.2 = Rd Signal kkkhkkkkkhkkk ok
pRE KKK KKK KK KKK P1.3 = Right Display hkkhkhkkkhhkhk*k
phEk kKKK KKK K KKK Pl1.4 = Straight Display hkkhkkkkkhhkhkk
j Rk koK ok ok ok ok ok kK P1.5 = Left Display hkkhkhkkkhhkhk*k
;KKK kK ok ok kK ok Kk P1.7 = V sync Signal Kok kkkkkkhkkkkk
pRE KKK KKk Kk Kk k EXO0 (using as §ORT) = Switch OFF khkkdkkkkkkk ok
s KKk Kk ok ok ok ok ok Adds begin at OAH,end at 76H kkkkkkkhkkkk
skkxxxkkkkkk  Max T ON = 19,875,Min T Off = 9651  kxkkkkkkkhkx
2Kk kK Kk kK ok kK Tlet Gain=150, Offset=12096 d ok ok ok ok Kk ok kok ok koK

ORG 0000H

AJMP MAIN

;***%%x% READ PROCEDURE when P1.2 Clr #***¥%x%

READ: MOV RO, #0AH
MOV TAB_R,#OFFH
MOV TAB_L,#OFFH
READ 2: CLR C
MOV R1, #00H
MOV A, #40H ; Check middle of line
SUBB A,RO
JC FIND TAB R
CHECK_B: CLR |

MOVX A, @RO
SUBB A, #B OR W

INC RO

Jc READ 2 ; Black=>back to check
CHECK _W: MOV TAB L,RO

INC R1

MOVX  A,@RO
SUBB A, #B OR W

INC RO
JNC CHECK W
CLR C
MOV A, #03H
SUBB A,R1 ; TAB WIDTH
Jc FIND TAB R
; INC R2
i CLR C
7 MOV A,R2
: SUBB A, #02H ; Accept error
; Jc READ 2
3 MOV R1,#00H
; MOV R2, #00H
. MOV TAB_L, #0FFH
JMP READ 2
FIND TAB R: CLR C
; MOV R2, #00H
MOV A,RO ; 40H=64D
SUBB A, #40H ; If Adds<40H => Error=40H
JNC TERMINAL

CLR €



TERMINAL:

CHECK B R:

CHECK W R:

Ne Ne Ne Ne Ne Ne Ne S

FIND CENTER:

ONLY R:

CHK R:

FIND:

BACK:

MOV

CLR
MOV
MOV
SUBB
Jc

CLR
MOVX
SUBB
INC
Jc

MOV
INC
MOVX
SUBB
INC
JNC
CLR

MOV
SUBB
JC

INC
CLR
MOV
SUBB
Jc
MOV
MOV
MOV

JMP

CLR
MOV
CJINE
MOV
CJINE
JMP

MOV
SUBB
MOV
JMP

MOV
CJINE
MOV
ADD
MOV
JMP

MOV
SUBB
MOV
DIV
ADD
MOV

RET

RO, #40H

C

R1, #00H

A, #76H

A,RO

FIND CENTER

C

A, @RO
A,#B OR W
RO
TERMINAL

TAB R, RO
R1

A, @RO

A, #B OR W
RO
CHECK_W_R
C

A, #03H
A,R1
FIND CENTER

R2

;

A,R2

A, #02H
READ 2

R1, #00H

R2, #00H
TAB_ L, #OFFH

TERMINAL

C
A,TAB L

A, #0FFH, CHK R

A,TAB R

A, #OFFH,ONLY R

BACK

A,TAB R
A, #40H
CENTER, A
BACK

A, TAB R

A, #OFFH, FIND
A, TAB_L

A, #40H
CENTER, A
BACK

A, TAB R
A,TAB L
B, #02H
AB

A, TAB L
CENTER, A

; Check the end of line

; Black=>back to check

; TAB WIDTH

; Accept error

; 40H=64D



;****************

DELAY OFFSET:
DELAY2 :
DELAY1:

;****************

MAIN:

INITIAL:

START:

STRAIGHT:

TURN L:

DELAY OFFSET PROCEDURE

MOV
MOV
DJNZ
DJNZ

RET

ERROR
TAB L
TAB R
TARGET
NOW
CENTER
TEMP

GAIN
B OR W

MOV
MOV
MOV
MOV
MOV
MOV

MOV
MOV

SETB
SETB
SETB
MOV
MOV
JNB

JB
JB
CALL
MOV
MOV
SUBB
MOV
Jc
CJINE

CLR
SETB
SETB
CALL
CLR
CLR
LJMP

CLR
CPL
INC
MOV
MOV
SUBB

R7, #4DH
R6, #4DH
R6,DELAY1
R7,DELAY2

MAIN PROGRAM

EQU 30H
EQU 31H
EQU 32H
EQU 33H
EQU 34H
EQU 35H
EQU 36H
EQU 300D
EQU 110B
IE, #00H
TMOD, #11H
PO, #O0FFH
P1,#10111100B
P2, #00H

P3,#00000100B

CENTER, #40H
NOW, #4 0H

P1.3

P1.4

PlW%

PSW, #00H

TCON, #00H
P3.2,TO_FINISH

P1.7,$

2 A

READ
TARGET , CENTER
A, TARGET

A, NOW

ERROR, A
TURN_L

A, #00H, TURN_R

P1.4

P1.0

P1.1

DELAY OFFSET
P1.0

P1.1

START

Q!

ERROR, A
A, #10H
A, ERROR

kkkkhhkhkkhkkkhkhkkkkhhhkkhdx

Delay offset procedure
4DH = 77D

Delay = 12092

kkhkkkkhkhkkhkkkhkkhkkkkhkhkkhkx*k

; Gain of P-controller=

6AH=

; white is > 110B,another is

Disable all interupt
Timer model

Set P1.7:1/P of V-Sync,

P1.2

Set P3.2:I/P of Switch off

middle of lane
Init reterence point

Clr PSW
Clr TCON
INTO to finish

Wait for the new frame
Wait for the Rd signal

ERROR=TARGET-NOW

LED of straight
on Motor_ R
on Motor L

off Motor R
off Motor_ L

20H=32D

If Error>20H => Error=20H



JNC LEFT

CLR ®
MOV ERROR, #10H
LEFT: MOV B, #GAIN
MOV A,ERROR
MUL AB
CPL A
ADD A,#01H
MOV TLO,A
MOV A,B
CPL A
ADDC A, #00H
MOV THO , A
CLR P1.5 ; LED of Turn Left
SETB P1.0 ; on Motor R
SETB Pl.l ; on Motor_L
CALL DELAY OFFSET
CLR Pl1.1 ; off Motor_ L
SETB TRO
JNB TFO, $ ; Delay ON Motor R
CLR P1.0 ; off Motor R
CLR TFO
CLR TRO
LJMP START
TO FINISH: JMP FINISH
TURN_R: MOV A, #10H ; 20H=32D
SUBB A,ERROR ; If Exrror>20H => Error=20H
JNC RIGHT
CLR ¢
MOV ERROR, #10H
RIGHT: MOV B, #GAIN
MOV A, ERROR
MUL AB
CPL A
ADD A,#01H
MOV TLO,A
MOV A,B
CPL A
ADDC A, #00H
MOV THO ,A
CLR P1.3 ; LED of Turn Right
SETB Pl O ; on Motor R
SETB P1% R i sO0/Motor L
CALL DELAY OFFSET
CLR P1.0 ; off Motor R
SETB TRO
JNB THO, S ; Delay ON Motor L
CILER P1.1 § off Motor L
CLR TFO
CLR TRO
LJMP START

.******************************************************************-k
’

FINISH: END
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cH####H###  AUTOMATIC LANE DETECTION CAR USING CCD HHHHHHEHH

P WHITE TAB TEST PROGRAM HHHHHHHE
;************* Pl.o Control nght Motor kkhkkhkkkkhkkkkkhk*k
;************* Pll cOntrol Left Motor kkhkkhkkkkkkkkhkkk*k
;************* Pl.2 = Rd Slgnal khkkhkkhkkkkkhkk,kkk*k
;************* P1_3 = Right Display kkhkkkhkkkkkkkkkk*kx
;************* P1_4 = Straight Display *kkkhkkhkkkkkkkhkhk*k
;************* Pl.s = Left Display khkkkkhkkkhkhkkkkkk
;************* Pl7 = V Sync Slgnal kkkhkkhkkkkkkkkkk*k

ORG 0000H
MAIN: ERROR EQU 30H

TAB EQU 31H

B OR_ W EQU 110B ; white is > 110B,another is B

MOV IE, #00H ; Disable all interupt

MOV P3,#00000100B 5. Set P3.2:I/P of Switch off (

MOV P1,#10111100B TmSet P1.7:I/P of V-Sync,Pl.2:

MOV PO, #0OFFH

MOV P2, #00H
INITIAL: MOV PSW, #00H ; Clr PSW

JNB P3.2,FINISH ; INTO to finish

JB PLY7 S ; Wait for the new frame

JB P1.2,$ ; Wait for the Rd signal
READ: SETB Pilg. 3

SETB Pl.4

SETB B\ N5

MOV RO, #0AH

MOV TAB, #OFFH
READ 2: CLR s

MOV R1, #00H

MOV A,#76H ; Check end of line

SUBB A,RO

Jc NEXT
CHECK B: CLR C

MOVX A,@RO

SUBB A,#B OR W ; 110-DATA

INC RO

Jc READ 2 ; DATA<110 = Black=s>back to ch
CHECK W: MOV TAB, RO

INC R1

MOVX  A,@RO
SUBB  A,#B_OR_W

INC RO
JNC CHECK W ; DATA>=110 =White
CLR c
MOV A, #04H
SUBB A,R1 ; TAB WIDTH
Jc NEXT
H INC R2
: CLR C
i MOV A,R2

SUBB A, #02H ; Accept error



~s Ne Ne =

NEXT:

NEXT2 :

RIGHT:

STRAIGHT:

LEFT:

Jc

MOV
MOV
MOV

JMP

MOV
CJINE
CLR
CLR
CLR
JMP

CLR
MOV
SUBB
Jgc

MOV
SUBB
Jc

CLR
LJMP

CLR
LJIJMP

CLR
LJIMP

READ 2
R1,#00H
R2,#00H
TAB, #OFFH

READ 2

A,TAB

A, #0FFH, NEXT2
P1.3

Pl.4

P1.5

INITIAL

cC

A, TAB
A, #40H
LEFT

A,TAB
A, #50H
STRAIGHT

P13
INITIAL

Pl.4
INITIAL

Plg. 5
INITIAL

TAB<40H =>LEFT

40H<TAB<50H =>STRAIGHT

TAB>50H

LED of straight

;*******************************************************************

FINISH:

END
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SECTION 1
OPERATION

1-1. FEATURES

The XC-711 (NTSC model)/XC-711P (PAL model) is a
color video camera module, which uses a CCD
(Charge Coupled Device) for the pick up device. With
application of a CCD, the camera produces an image
with little geometric distortion and has high
resistance to vibration and mechanical shocks. These
features, together with compact size and light weight,
make the XC-711/XC-711P suitable for application in a
monitoring or surveillance system, or as an input
device in an image processing system.

High resolution and natural color

The camera module can produce a high-quality, fine
image having a large number of picture elements : 768
x 493 (XC-711)/756 x 581 (XC-711P).

The CCD has filters for the three primary colors (RGB],
which allow the camera to achieve a high-fidelity color
reproduction.

RGB output

In addition to a composite video signal output, the
camera module has an RGB signal output, which can
be used for connection with ar RGB monitor or an im-
age processing device such as a TARGA board.

Adaptability to diversified signal processing

Gain control can be internally set to the AGC
(Automatic Gain Control) or Fixed, the y (gamma) com-
pensation can be set to ON or OFF, and the white
balance can be adjusted automatically or manually.
The integration mode of the electrical charge can be
internally changed from the frame integration to the
field integration. This enables the non-interlace mode
sensitivity to be elevated to the level equivalent to the
sensitivity of the interlace mode even when entering
signals into the external sync input for the setting of
the non-interlace mode.

Three types of external sync signals
Synchronization with other cameras is possible by
entering the three types of signals from the external
sync signal generator. The frequency lock range is set
as wide as +1% of the horizontal frequency.

HD and VD Signals: The unit automatically identifies
by the HD (Horizontal Drive) or VD (Vertical Drive)
signal whether it is the interlace or non-interlace
type and applies the external synchronization in ac-
cordance with the identified synchronization type.

SIVSIVBS Signal: The unit is synchronized with the S
(composite Sync) signal, VS (Video/composite Sync)
signal, or VBS (Video/Burst/composite Sync) signal.
(The synch system, whether by HD and VD signals
or SIVS/VBS signal, is automatically selected
accordingly.)

Internal sync signal output

Internally generated clock signal, HD and VD signals
can be output to synchronize connected equipment
with this camera module. (This function is activated
by modifying the circuit connections inside the
camera.)

Electronic shutter

The camera module has an electronic shutter. The
shutter speed can be set to 1/60, 1/120, 1/250, 1/500,
1/1000, 1/2000, 1/4000, or 1/10000 seconds. In addition,
the shutter can be set to the flickerless mode (1/100 or
1/120 seconds) to avoid the flickering image caused by
the lighting with fluorescent lamps.

Usable with an auto iris lens

The lens mount is a standard C mount. Beside the
VCL-16Y-M standard lens {manual iris), the VCL-08Y/
VCL-16Y auto iris lens is usable for the camera
module.

Solid body

The body consists of aluminum die cast and steel
panel. On the bottom are 2 screw holes (reference
holes) which can be used to keep deviation of the op-
tical axis at a minimum.

Long life and high stability

Precise image geometry

Low lag and little image sticking

High resistance to vibration and mechanical shock
Quick start-up

Shooting in a strong magnetic field

Low power consumption (5.5 W)

When the GAIN mode is set to AUTO or FIX-6dB for
shooting an object with overall high brightness,
flicker might occur in the picture.

In this case, reset the GAIN mode to FIX 0dB,
FIX+6dB or FIX+12dB before continuing operation.

1-1(E)



i-2. COMPOSITION

The CCD camera module system consists of the
XC-711/711P and other optional products as shown
Helow.
XC-711/711P CCXC-9DB camera cable
CCD camera module

PC-XC12 12-pin connector

VCL-16Y-M standard lens

Camera catbles
CCXC-12P02 (2m)
CCXC-12P05 (5m)

XC-711/711P CCD camera module

VCL-16Y-M standard lens
This is a standard lens of f=16 mm, F1.4. The iris and
focus are adjusted manually.

JB-77 junction box

This is aftached to the camera module using the
CCXC-12P02/12P05/12P10/12P25 camera cable and will
supply power, transmit video signals, and exchange
external sync signals.

PC-XC12 12-pin connector

This connector is prepared for system set up, and
used to connect to the DC IN/VBS connector of the
camera module.i

PC-XCO04 4-pin connector
This is used to attach the lens cord of the auto iris
lens to the LENS connector on the camera module.

CCXC-12P10 (10m)
CCXC-12P25 (25m)

CCXC-9DD camera cable

CCXC-12P02 (2m), 12P05 (5m), 12P10 (10m) and 12P25
(25m) camera cables

These cables can be attached to the 12-pin DC IN/VBS
connector on the rear of the camera module to supply
power, transmit video signals and exchange sync
signals.

CCXC-9DD camera cable (DSUB-DSUB)

CCXC-9DB camera cable (DSUB-BNC)

Either of these cables can be attached to the 9-pin
RGB/SYNC/YC connector on the rear of the camera
module to transmit RGB, sync, and VBS (or Y/C)
signals to an image processor, RGB monitor or other
equipment which has RGB input connectors. For
equipment having a DSUB 9-pin input connector, use
the CCXC-9DD cable. For equipment having BNC-type
input connectors, use the CCXC-9DB cable.

1-2(E)



1.3. PARTS LOCATION, FUMCTION AND OPERATION

1-3-1. XC-711/711P CCD Camera Module

Front

Lens mount
(C-mount)

Lens mount (C-mount)
Attach a C-mount lens, such as the VCL-16Y-M stan-
dard lens, or a piece of other optical equipment.

Projection of the lens or other piece of optical equip-

ment must be 7 mm or less from the lens mount face.

Lens mount face

7 mm or less

Bottom

—Reference

Tripod attachment
holes

hole

Reference holes

These are screw holes cut with high precision to affix
the camera module. Affixing the module according to
these reference holes keeps deviation of the opticai

axis at a minimum.
For details on dimensions, refer to the section 2 or later.

Tripod attachment hole
This hole (U1/4-20 UNC) is used to attach the camera

module to a tripod.

The screws to be used for attachment must be in accor-
dance with the following specifications. B
=

ISO standard: { = 4.5 mm 0.2 mm
ASA standard: ¢ = 0.197 inches

1-3(E)



Rear

T

o RGBISYNC/IYC connector (DSUB 9-pin)

The RGB, sync, and VBS (or Y/C) signals are output from
this connector. Connect to an RGB monitor or an image
processor using a CCXC-9DD (DSUB-DSUB) or
CCXC-9DB (DSUB-BNC) cable.

The pin assignment of this connector is shown in the
chart below.

0Je10I0Je;
eEO®OG

€@ RGBISYNCIYC connector (DSUB 9-pin)

o o @ DC IN/VBS connector (12-pin)

@ vBS OUT connector {BNC)

@ LENS connector (4-pin)

e " .s-Sync mode e
Pin No. - ' ternal External T
1 Ground ! Ground !
2 | Ground | Ground |
| 3 | R output | R output '
[ ax | i i
{4 i G output i G output
| 8 | B output | B output
2
YOS VBS output? Y output (NTSC)?’
‘ VBS output (PAL)"
7R3 vl Sync output Sync output
8 i Ground Ground
| g*xx*xx=* | Ground Ground ,

1). Signals cutput when y compensation is on. When y compensation is
off, YL signal is output.

The pin settings can be changed as follows by modify-

ing connections of the circuits inside the camera.

“ The sync signal can be added to the G signal out-
put from pin 4.

* % The output from pin 6 can be setto the Y signalin
all modes except when y compensation is off.
(Wheny compensation is off, YL signal is output.)

« %% The level of the sync signal output from pin7 can
be changed from 0.3 Vp-p (factory setting) to
2.0 Vp-p.

« % % * The output from pin 9 can be set to the chroma
signal in the y:on and internal sync mode. (For
the XC-711P, this is effective in the external sync
mode, t00.)

1-4(E)



0 DC IN/VBS (DC power input/VBS) connector (12-pin)

Connect a CCXC-12P02, CCXC-12P05, CCXC-12P10 or
CCXC-12P25 camera cable to this connector to supply

power (12 V DC) from an external power source and

- output the video signal from the vidso camera
module. When a sync signal generator is connected
to supply the HD and VD signals or SIVSIVBS signal,
the camera module can be operated on external sync

The pin assignment of this connector is shown in the
chart below.

“HD, VD RESTAR]
Ground Ground
2 +32V +12V +12V +12V
Video output* Video output* Video output* Video output*
3 .
(groundj) (ground) (ground) (ground)
4 Video output* Video output* Video output* Video output*
(signal) (signal) (signal) (signal) i
. HD input N HD input HD output !
(ground) (ground) (ground) i
6 HD input - HD input HD output :
(signal) (signal) (signal) |
- VD input SIVSIVBS input RESET PULSE VD output
(signal) (signal) (signal) (signal)
CLOCK output
8 - | 1/ ol
(ground)
CLOCK output
9 — — — .
(signal)
! 10 Ground Ground — Ground
i 11 +12V +12V . 3 +12V
E VD input SIVSIVBS input RESET PULSE VD output
| 12
| (ground) (ground) (ground) (qround)

*: When y compensation is ON—VBS output.
When y compensation is OFF—Yu output.

9 VBS OUT (output) connector (BNC connector)

The video signal from the video camera module is out-
put from this connector. This connector can be used on-
ly when a CCXC-12P02 camera cable is connected to the
. DC’IN/VBS connector and the video output of the 12-pin
connector of the CCXC-12P02 cable is not terminated
with 75 ohms.

The output signal from this connector is shown in the
chart below.

5 in 0 FF;::;:; o

2 Y ONi wila
External sync

Y output (NTSC) YL output
VBS output (PAL) i

Internal sync
VBS output

@ LENS connector (4-pin)
When the plug of an auto iris lens is connected to this
connector, the iris of the lens can automatically be

adjusted.
The pin assignment of this connector is shown in the

chart below.

Ouw O+
Or O~

Pin No. Signal
i +12V
2 Ground
3 —
4 Video signal

1-5(E)
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SECTION 2

COMPREHENSIVE SPECIFICATIONS

2-1. SPECIFICATIONS

<CAMERA MODULE XC-711P>
Pickup Device

Picture elements

Sensing area

Optical black
Vertical drive frequency
Horizontal drive frequency
Signal system
Cell size
Chip size
Optical System
Lens mount
Frange back length
Sync System
External sync input

External sync frequency tolerance
Jitter
Locking time when power is on.
Scanning System
Video Output

Horizontal Resolution
Vertical Effective lines
Sensitivity

Minimum lllumination
S/N ratio
Power Requirement (Tolerance)
Power Consumption
Weight
Camera module
Junction box
Storage Temperature
Operating Temperature
Shock resistance
Storage Humidity
Operating Humidity

<STANDARD LENS VCL-16Y-M>
Focal Length

Maximum Aperture Ratio

Iris Control

Filter Thread

Mount

Weight

Interline transfer CCD

756 (H) x 581 (V)

8.8 mm x 6.6 mm

(the same as the 2/3-inch camera tube)
60 pixels each horizontal line

15.625 kHz

14.1875 MHz

CCIR standard

11 pm (H) x 11 pm (V)

10.0 mm (H) x 8.2 mm (V)

C mount

17.526 mm

Internal/External automatic change
S/VBS/VS (sync level: 0.3 Vp-p = 6 dB)
HD and VD (HD, VD level: 2 to 5 Vp-p)
+ 1%

Within = 100 n sec

Within 10 sec

2 : 1Interface; 625 lines

VBS (1.0 Vp-p sync negative. 75 ohms unbalanced.)

RGB (0.7 Vp-p)

330 TV lines

2 : 1 Interlace; 575 lines

2000 Luxes with F4 (y ON/O dB)

25 Luxes, F1.4, + 12 dB
48 dB

DC 12 V (10.5 V to 15 V)
5.5W

380 g (XC-711P)
170 g (JB-77)
~20°C to +50°C
0°C to 40°C

70 G

Within 90%
Within 70%

16 mm

1:1.4

F1.4to F16

M 255 mm x P 0.5 mm
C mount

50 g



2-2. OUTPUT SIGNAL TIMING CHART

HD — 7
6.8uSec l

96 816
CCD. photo sensors s 55 70 22 =] L3 25
allocation &I O B . _ o O~ 000 - g VYl

RRRRRRs 5 5 o83 38-wmevoroa?  IEIIRRRRERLRG
.77/l L T
I )
L - 7 " 7 7
69.8nSec H register Optical
stop period black period Image sensing period
Optical Dummy
black period H register
CCD OUTPUT _——L‘_
SIGNAL
]
Effective picture
’ period
K [ —
169 1
H BLK 11.91p5ec
COMPOSITE
VIDEO OUTPUT l——J l—.__
(CAMERA OUTPUT o ] = [ 2 1)
I (=
SIGNAL) 1.55pSéc W HSYNT | S.71pSec | 52.09pSec
4 85uSec
508

64 pSec (1 horizontal line)




2-3. EXTERNAL SYNCHRONIZATION

There are three external synchronization modes:
1. S/VS/VBS mode

2. HD and VD mode

3. RESTART RESET mode

2-3-1. S/VS/VBS Mode

The S/VS/VBS mode provides external synchronization by
supplying a normal composite signal, S, VS or VBS, to pin
7 of the 12-pin connector.

2-3-2. HD and VD Mode

The HD and VD mode provides external synchronization by
supplying an HD signal to pin 6 and a VD signal to pin 7 of
the 12-pin connector.

® Input conditions of HD and VD signals
®Frequency (period)
HD: 15.625 KHz + 1% (64 us + 1%)
VD: 293 1/2Hto 1023 1/2 H
*The maximum number of vertical effective lines is 581
in the interlace mode.
In the non-interlace mode, it is 290 for both the ODD
field and the EVEN field.

e Phase
1H
64uS
(908)
I
HD __J =
]
O
| |
| f
VD ! |
EVEN —T—7 — 7 |
. H——-—ﬂ
field pem s
(216) (236) |
|
VD !
ODD T 7
. f————y
field 115.uS | 16.50S
(216) (236)
The figure in parentheses ( ) indicates the number of clock pulses

As shown in the illustration above, the EVEN field is
provided when the phase shift between the trailing edge of
the VD signal and the trailing edge of the HD signal is
between a lead of 15.1 us and a lag of 16.5 ps. The ODD
field is provided when the phase shift between the trailing
edge of the VD signal and the point 1/2H from the trailing
edge of the HD signal is between a lead of 15.1 jis and a lag
of16.5us. e

€5

® [nterlace and non-interlace

Operation can be performed in either interlace or non-
interlace mode by changing the input condition of the VD
signal. See Figure 1.

¢ Interlace

- To operate in the interlace mode, set the period of the VD

signal to (A + 1/2) H.A is an integer, 293 to 1023. In other
words, the phase of the leading edge of the VD signal
against the leading edge of the HD signal is changed fos
each VD signal. The field changes from ODD to EVEN and
to ODD, repeatedly during operation in the interlace mode.
At this time, the number of scanning lines per frams is 2A
+ 1.

*Non-interlace

To operate in the non-interlace mode, set the period of the
VD signal to A H. A is an integer, 293 to 1023. In other
words, the phase of tice leading edge of the VD signal
against the leading edge of the HD signal is not changed
for each VD signal, and the field ODD or EVEN remains un-
changed for operation in the non-interlace mode. The
number of scanning lines is A; this is half of the number of
scanning lines for operation in the interlace mode. The sen-
sitivity is half of the sensitivity provided in the interlace
mode, when the frame is stored. See Figure 2.



Features

® Compatible with MCS-51™ Products

® 4 Kbytes of In-System Reprogrammable Fiash Memory
Endurance: 1,000 Write/Erase Cycles
Data Retention: 10 Years

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable VO Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 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 to be reprogrammed in-system or by a conventional nonvolatile memory program-
mer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
ATB89C51 is a powerful microcomputer which provides a highly flexible and cost effective
solution to many embedded control applications.

The AT89C5! 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 AT89CS51 is

continued
PDIP/Cerdip
Pin Configurations i)
) ] 3 IR 0.0 (ADO)
P1.2 0.1 (AD1)
P1.3 0.2 (AD2)
P14 0.3 (AD3)
P1s 0.4 (AD4)
P16 0.5 (ADS)
P17 0.6 (AD6)
RST 0.7 (AD7)
(RXD) P3.0 EAIVPP
(TXD) P3.1 LE/PROG
(INTD) P3.2 SEN
([NT1) P3.3 2.7 (A15)
(T0) P3.4 2.6 (A14)
(T1) P3S 2.5 (A13)
(WR) P36 2.4 (A12)
(AD) P3.7 2.3 (A11)
XTAL2 2.2 (A10)
XTALY 2.1 (A9)
PQFP/TQFP GNOD 2.0 (A8)
ST e
coaoo
<< <<
INDEX Bttt
CORNER g
coo o
aaaa
"‘~(’?RENER xeunq
44, %0, A8 J6EH3C= Jmy  CORNER o, 22235
P15 ] 1 . 33 1 P0.4 (AD4)
P16 O 2 32 [JPO.5 (ADS)
P17 Q3 31 5 P06 (A06) 4 D bos os)
RST O 4 30, D PO-7:(AD7) P17 b Po.6 (AD6)
(RXD) P3.0 O 5 29 D EAIVPP RST b5 Po.7 (AD7)
NC 6 28 pNC (RXD) P3.0 b EAvee
(Tx0) P31 7 27 [0 ALE/PROG NC H ne
(NTo) P32 8 26 [0 PSEN (TXD) P31 b ALE/FROG
(INTT) P3.3 9 25 [OP2.7 (A1S) (iNTO) P3.2 D PSEN
(T0) P3.4 10 24 [OP2.6 (A14) (iNT1) P33 [0 P2.7 (A1S)
(TyP3s g n 23 D P2.5 (A13)  (TO) P3.4 D p2.6 (A14)
7 s29PP2.
16'718" %202 122 18'9202" 2223242556275 | P25 (A1)

8-Bit
Microcontroller
with 4 Kbytes
Flash
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Block Diagram
P20-P27
" --------------------------------- I -$—$_$-I--I-$‘$ ----- 1--1.-1.%-%-%-1-1 ---------------------------- :
Ve | '
PORT 0 omvens PORT 2 DRIVERS
GND ! C ? ; T :
= e
1 ; ]
S RAM ADDR. FAR PORT 0 PORT 2 :
. REGISTER ” LATCH LATCH PEROM :
: Y K K :
: +
] :
' v 4 Y :
3 H
: !
- H
: )
! \ PROGRAM !
‘ 8 STACK: :
: ADURESS .
REGISTER ACC POINTER REGISTER :
:
. H
. :
f !
: 3 A :
< BUFFER |« '
: TMP2 T™P1 .
. H
‘ .
H H
: :
! PC !
! ALY INCREMENTER >
INTERRUPT, SERIAL PORT,
¥ ~ AND TIMER BLOCKS ]
H A L \
. PROGRAM | i
1 PSW COUNTER > '
: e
PSEN <
rrrra PR TIMING :
uemos <1~ TS |nemren c o o :
EA/Vpp ——P| CONTROL b :
RST —— :
8 b A Y i
PORT 1 PORT 3 :
: LATCH LATCH ;
‘ K '.
' osc 3 :
: PORT 1 DRIVERS PORT 3 DRIVERS
P1.0-P1.7 P3.0-P37

""{E
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Description (Continued)

designed with static logic for operation down to zero frequency
and supports two software selectable power saving modes. The
Idle Mode stops the CPU while allowing the RAM, timer/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
reset.

Pin Description

Vee
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional /O port. As an output

. port each pin can sink eight TTL inputs. When 1s are writtca tc
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 internal 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 /O port with internal pullups. The
Port 1 output buffers can sink/source four TTL inputs. When Is
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 (I1L) 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 Is
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 (IiL) because of
the internal pullups.

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 internal pullups when emitting Is.
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.

Port 3

Port 3 is an 8-bit bidirectional /O port with internal pullups. The
Port 3 output buffers can sink/source four TTL inputs. When Is

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

Port 3 also serves the functions of various special features of the
ATB89CS1 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)

P3.4 TO (timer 0 extenal input)

P3.5 T1 (timer 1 external input)

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

Port 3 also receives some control signals for Flash programming
and'programming verification. '

RST

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

ALE/PROG

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

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

If desired, ALE opcration 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 Enable 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.

EANVpp

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 0000H_up to FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be internally latched on
reset.

EA should be strapped to Vcc for intemal program executions.
This pin also receives the 12-volt programming enable voltage
(Vpp) during Flash programming, for parts that require 12-volt
Vep.

continued
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Pin Description (Continued) Power Down Mode

XTAL1 In the power down mode the oscillator is stopped, and the in-
Input to the inverting oscillator amplifier and input to the inter- struction that invokes power down is the last instruction exe-
nal clock operating circuil. cuted. The on-chip RAM and Special Function Registers retain

their values until the power down modc is terminated. The only
XTAL2 exit from power down is a hardware reset. Reset redefines the
Output from the inverting oscillator amplifier. SERs but does not change the on-chip RAM. The reset should
not be activated before Vc is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

Oscillator Characteristics

XTALI1 and XTAL2 are the input and output, respectively, of an X .
inverting amplifier which can be configured for use as an on- Figure 1. Oscillator Connections
chip oscillator, as shown in Figure 1. Either a quartz crystal or
" . : Cc2

ceramic resonator may be used. To drive the device from an - XTAL2
external clock source, XTAL2 should be left unconnected while f [ A
XTALL 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-

Ct
two flip-flop, but minimum and maximum voltage high and low 3 I XTAL1
time specifications must be observed. '

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-chip GND
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 Notes: C1, C2 = 30 pF £ 10 pF for Crystals
reset. =40 pF * 10 pF for Ceramic Resonators

|||[

* It should bé noted that when idle is terminated by a hardware . ¢ .
reset, the device normally resumes program execution, from Figure 2. External Clock Drive Configuration
where it left off, up to two machine cycles before the internal

reset algorithm takes control. On-chip hardware inhibits access
(0 internal RAM in this event, but access to the port pins is not NC XTAL2
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
a port pin or to external memory. EXTERNAL
OSCILLATOR — XTAU
SIGNAL
L !
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 Extemal 1 1 Float Data Address Data
Power Down | Internal 0 0 Data Data Data Data
| Power Down Extemal 0 0 Float Data Data Data

4 AT89CH1 mormrearr s S T



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

without a reset, the latch initializes to arandom value, and holds
that value until reset is activated. It 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 AT89CS1 is normally shipped with the on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
to be programmed. The programming interface accepts either a
high-voltage (12-volt) or a low-voltage (Vcc) program enable
signal. The low voltage programming mode provides a conve-
nient way to program the AT89C51 inside the user’s system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPkOM programmers.

The AT89CS1 is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective tep-side
marking and device signature codes are listed in the following
table.

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

The AT89CS1 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
AT89CS]1, 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 AT89C5]1, 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 corrcct combination of control signals.

AImEL

4. Raise EA/Vppto 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 S, changing the address and data for the entire array
or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to 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 Polling may begin any time after a write cycle has been
initiated.

Ready/Busy: The progress of byte programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE goes high during programming to indicate BUSY.
P3.4 is pulled high again when programming is done to indicate
READY.

Program Verify: If lock bits LB1 and LB2 have not been 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,




. AlREL

031H, and 032H, except that P3.6 and P3.7 must be pulled to a Prog ramming Interface
logic low. The values returned are as follows.
(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51
(032H) = FFH indicates 12 V programming
(032H) = OSH indicates 5 V programming

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 write operation cycle is self-timed and once
initiated, will automatically time itself to completion.

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

Flash Programming Modes i

. AE EA/

Mode RST PSEN PROG Vep P2.6 P27 P3.6 P3.7
Write Code Data H L s oHAVD L H H H
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L s Hi2v H H H H

Bit- 2 H L s H2v H H L L

Bit-3 H ¥ L HA2V H L H L
Chip Erase H i0 L H/12V H L 5 L
Read Signature Byte H L H H L L L L

Notes: 1. The signature byte at location 032H designates whether 2. Chip Erase requires a 10 ms PROG pulse. )

Vpp =12 Vor Vpp=5V should be used to enable pro-

gramming.
Figure 3. Programming the Flash ! Figure 4. Verifying the Flash
+5V +5V
AT89C51 ]’ AT89C51 T
ADDR. L P1 Vee ADDR. ﬂr'_Alp P1 Vee
OOOOH/OFFFH > 0. PR PGM OOOOH/OFFFH gy - PGM DATA
A8 - ATl R < DpATA AB-ATT I 207 223 —NptistEL Jgg)
—»{ P26 —»| P26
SEE FLASH ——»{ P2.7 ALE [¢—— PROG SEE FLASH —{ P27 ALE e
PROGRAMMING PROGRAMMING
MODES TABLE —» P3.6 . MODES TABLE —*] P36 L
—» P37 ——»{ P37 "
XTAL2 EA [4—— Vi/Vep FI—_‘ XTAL 2 EA
4-24 MHz 424 MHZ_L
(] )
XTAL 1 RST te—— Vi XTAL 1 RST le—— Vg
GND PSEN _.—_L GND PSEN —_L

]
i

6 AT89C51 _————
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Flash Programming and Verification Characteristics
Ta=21'C1027°C, Voc =50 £ 10%

Symbol Parameter Min Max Units
Vpp(‘) Programming Enable Voltage 11.5 125 \'
tpp(" Programming Enable Current 1.0 mA
1/tcLeL Oscillator Frequency 4 24 MHz
tAvGL Address Setup to PROG Low 48tcicL

tGHAX Address Hold After PROG 48tcLoL

tovaL Data Setup to PROG Low 48tcLcL

tGHDX Data Hold After PROG 48tcLcL

tEHSH P2.7 (ENABLE) High to Vpp 48tCLCL

tSHGL Vpp Setup to PROG Low 10 us
tausl" | Vpp Hold After PROG 10 us
tGLGH PROG Width 3 1 . 110 us
tavav Address to Data Valid 48CLCL

teLav ENABLE Low to Data Valid 48tcLcL

teHav Data Float After ENABLE 0 48tcLoL

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

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

ATMEL
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Flash Programming and Verification Waveforms - High Voltage Mode

TP,
DATA OUT

VERIFICATION
ADDRESS
[+— tavav

PROGRAMMING
P1.0-P1.7
—_—A
P2.0-P23 ALDRESS
PORT O DATA IN
tovel  tomHox
tavaL toHax
ALE/PROG
tsHoL R taHsL
_— A Nee LOGIC 1
EANep ] LOGIC 0
[+ tensH
P27
(ENABLE)
 laHeL
P34 .
(RDY/BSY) BUSY
twe

Flash Programming and Verification Waveforms - Low Voltage Mode

P1.0-P1.7 PROGRAMMING VERIFICATION
o - . Yy
P2.0-P23 o g ADDRESS j ADDRESS
[4— tavav
(N TSI
PORT 0 ~t_‘ DATA IN ‘ DATA OUT
tovaL  taHox ‘ﬁ
taveL taHax
ALE/PROG
st —toLgH—
& LOGIC 1
EANgp L Z\0 BY [ty _“TOGICO.N T N ¥
iy
P2.7 > tewav "1 Ny oo
(ENABLE)
toHaL —* X
P3.4
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

. . . *NOTICE: Stresses beyond those listed under “Absolute Maxi-

Operating Temperature................. -565°C to +125°C mum Ratings” may cause permanent damage to the device.
4 . This is a stress rating only and functional operation of the de-
Storage Temperature................... -65'Cto +150°C vice at thesc or any other conditions beyond those indicated in
Voltage on Any Pin the opcra(ir.t),nall scc(ions_ of this speciﬁca‘;i.o.n is I;Ol impli::jd.dEx-
with Respect to Ground ................... -1.0Vto+7.0V posureito absolille maximum fatingiconditionsifonextende
periods may affect device reliabiiity.

Maximum Operating Voltage ..........c..ccocueuu..... 6.6V
O(01V1{ o] @1¥1 1 -1l ORI ————— 15.0 mA

D.C. Characteristics
TA=-40"Ct085°C, Vcc = 5.0 V+20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage ) (Except ﬁ) -0.5 0.2 Vcc-0.1 \"
ViLy Input Low Voltage (EA) -0.5 0.2 Vce-0.3 \Y
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 \Y
ViK1 Input High Voltage (XTAL1, RST) 0.7 Vce Vcc+0.5 \%
Output Low Voltage“) z
VoL (Ports 1.2,3) loL=1.6 mA 0.45 \"
Output Low Voltage“) J
Vou1 (Port 0, ALE, PSEN) loL=3.2mA 0.45 \Y
Output High Voltage loH=-60 pA, Vec =5V £ 10% 2.4 \Y
VoH I (Ports 1,2,3, ALE, PSEN) 1oH = -25 pA 0.75 Vce \V}
loH=-10 pA 0.9 Vcc A%
Output High Voltage loH =-800 pA, Vec =5V + 10% 2.4 \Y)
VOoH1 (Port 0 in External Bus loH = -300 pA 0.75Vce \Y
Mod
oge) loH = -80 pA 0.9 Vce \Y}
Logical O Input Current i
liL (Ports 1,2.3) ViN=0.45V 50 HA
Logical 1 to O Transition _
. Current (Ports 1,2,3) Vin=2V 630 HA
Input Leakage Current
Iu (Port 0, EA) 0.45<Vin< Vece +10 HA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, TA=25C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
- Idle Mode, 12 MHz 5 mA
Vec=6V 100 A
Power Down Mode® ce i
Vcc=3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, IoL must If IOL exceeds the test condition, VOL may exceed the
be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum IoL per port pin: 10 mA current greater than the listed test conditions.
Maximum Ioy. per 8-bit port: 2. Minimum VCC for Power Down is 2 V.
Port 0: 26 mA
Ports 1,2, 3: 15 mA
Maximum total IOL for all output pins: 71 mA

ATMEL .
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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

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1fcLeL | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLcL-40 ns
taviL Address Valid to ALE Low 28 tCLCL-13 ns
tLLAX Address Hold After ALE Low 48 tCLCL-20 ns
tLuv ALE Low to Valid Instruction In 233 4tCLCL-65 ns
tLLrL ALE Low toPSENLow | 43 | tcLel-18 ns
trLpH | PSEN Pulse Width 205 3tcLcL-20 ns
teLiv PSEN Low to Valid Instruction In 145 3tcLoL-45 ns
tPXIX Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 tcLee-10 ns
texav | PSEN to Address Valid 75 tcLcL-8 ns
taviv Address to Valid Instruction In 312 StcLeL-55 ns
tPLAZ PSEN Low to Address Float 10 10 ns
taRtRH | RD Pulse Width 400 6teLcl-100 s
twiwr | WR.Pulse Width 400 6tcLcL-100 ns
taov | RD Lowto ValidDataln : 252 StcLcL-90 ns
trepx | Data Hold After RD 0 0 ns
tRHDZ Data Float After RD 97 2tcLcL-28 ns
tLLDV ALE Low to Valid Data In 517 8tCLCL-150 ns
tAvDv Address to Valid Data In 585 StCLCL-165 ns
tiuwe | ALE Low to RD or WR Low 200 300 3tcelt-50  3toLcL+50 ns
tavwL | Address to RD orWR Low 203 AtcLeL-75 ns
tavwx | Data Valid to WR Transition 23 tcLcL-20 ns
tavwH Data Valid to WR High 433 7tcLeL-120 ns
twHax | Data Hold After WR 33 tcLcL-20 ns
{RLAZ RD Low to Address Float 0 0 ns
twHiH | RD or WR High to ALE High 43 123 tcLeL-20 tcLcL+25 ns




External Program Memory Read Cycle

i —
ALE

AT89C51

teLpn
tavi < ey
—» tupL fe—
PSEN N teuv %

r—texav

— [+—toaz

texiz
fax
toxix—  |e—
PORT 0 > A0-A7 INSTRIN p > A0-A7 >
< taviv
PORT 2 4 A8 - A15 X A8-Al15
External Data Memory Read Cycle
F tu—
ALE
X : =¥ twhiH
PSEN
Yoy »
le— tRLRH —»
— tuwe —

RD o i

t taLov tRHDZ
r— AVLL —» tR

— taHDx

LAZ 1
PORTO _ >KAO-A7 FROMRI OR DPL )()QI:(DATA INY

PORT 2

A0 - A7 FROM PCL>—INSTR IN

tavwi
e——— tavov

)
/]

P2.0 - P2.7 OR A8 - A15 FROM DPH

X

A8 - A15 FROM PCH

AIMEL

11



AIMEL

External Data Memory Cycle

to—
ALE N .
— twhLH
PSEN
le—— tiwe ——>te—twiwn —
taviL—» tavwx = — 1 twhox
— tavwH —
PORTO AO - A7 FROM RI OR DPL DATAOUT X XA0- A7 FROM PCL—NSTRIN

tavwe
PORT 2 i P2.0-P27ORAB-A15 FROMDPH X AB- A15 FROMPCH

External Ciock Drive Waveforms

tomex
teen — <— toneL
02V-0.1V
0.45V e e i 1 L
e torefl a7
< tole >
External Clock Drive
Symbol Parameter Min Max Units
1tcLee | Oscillator Frequency 0 24 MHz
tcLeL Clock Period 41.6 ns
tcHeX High Time 15 ns
tcLex Low Time 15 ns
{CLCH Rise Time 20 ns
tCHCL Fall Time 20 ns

12 AT89C51 e R



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 1.0 12tcLeL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
txHaX Output Data Hold After Clock Rising Edge .| 50 2tcLcL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

Shift Register Mode Timing Waveforms
INSTRUCTION | 0 | 1 | l 2 | 3 ]V 4 | 5 | 6 ! 7 I 8 |
nf L] TNISNNTWAZER I LT NN LT LT
T

goek T N W -We? (1 aWIT YLD T TN\ T L [
tavxn |
> F-txuqx
WRITE TO SBUE o 2X [ DX 2 514 Oems 4V X 7
; — t
OUTPUT DATA tov [ F oo SETT
_ CLEARRI |
v
INPUT DATA

AC Testing Input/Output Waveforms”  Float Waveforms ‘"’

Veg-0.5V

0.2V+09V Vo oY

TEST POINTS V5o Timing Reference
¥y i Points
0.45V ce” Vioan™! VootV
Note: 1. AC Inputs during testing are driven at Vcc- 0.5 V for a Note: 1. For timing purposes, a port pin is no longer floating when
logic 1 and 0.45 V fora logic 0. Timing measure- a 100 mV change from load voltage occurs. A port
ments are made at Vigmin. for a logic 1 and V. max. pin begins to float when a 100 mV change from the
for a logic 0. loaded Vou/Vou level occurs.

AIMEL 13



Ordering Information

14

Speed Power
(MHz2) Supply Ordering Code Package Operation Range
12 5V +20% AT89C51-12AC 44A Commerciai
AT89C51-12JC 44) (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44J (-40°C to 85°C)
AT89C51-12P! 40P6
AT89CSs1-12Ql 44Q
AT89CS51-12AA 44A Automotive
AT89C51-12JA 44) (-40°Cto 1 25°C)
AT89C51-12PA 40P6
AT89C51-12QA 44Q
5V+10% AT89C51-12DM 40D6 Military
AT89C51-12LM 44L (-55°C to 125°C)
AT89C51-12DM/883 40D6 Military/883C
AT89C51-12LM/883 44L Class B, Fully Compliant
(-55°C to 125°C)
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16J! 44J (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 44) {-40°C to 125°C)
AT89C51-16PA 40P6
AT89C51-16QA 44Q
20 5V+20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20J1 44) (-40°C to 85°C)
AT89C51-20PI 40P6
AT89C51-20Ql 44Q
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44] (0°C to 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24J1 44J (-40°C to 85°C)
AT89C51-24PI 44P6
AT89CS51-24Ql 44Q

ATE9C 51 s




Ordering Information

Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
444 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44L 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

44A, 44 Lead, Thin Plastic Gull Wing Quad Flatpack
(TQFP)
Dimensions in Millimeters and (Inches)

12.25(0.478)
11.75(0.458)

0.40(0.016)

__i- 0.30(0.012)
_[

~

Cermic Dual Inline Package (Cerdip)
Dimensions in Inches and (Millimeters)

MIL-M-38510 D-5 CONFIG |

1 2.09(s3.1)
2.04(51.8)

PIN

1 900 (48.26) REF

40D6, 40 Lead, 0.600" Wide, Non-Windowed,

_T

610 (15.5)
570(14.5)

1

}‘_ 098 (2 49)

225 (5. 72) oos ('.lﬂz'z)
SEATING
PLANE N
I 060 (1.52
RN 2—(—5 015, 3&1;
9.90(0.386) .125(3.18)
120(0.047) MAX 1.65)
0 065 (169 014 356
01700007) 7 ——————{ 410 27 045 (1.14) (:356)
0.13(0.005) | .090 (2 29) 620(15.7)
‘I l_ 0.75(0.029) o.w(o.ooq_T ".seo (15.0)" .
0.50(0.020) 0.05{0.002) @N 5 REF
015 (.381)
008 (.203) | =i
'I 700 (17.8) MAX

AlMEL
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Packaging Information

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

i 1045 (1.14) X 30 - 45~
045 (1.14) X 45 PINNO. 1 .012 (.30
IDENTIFY “‘ t— &;}2—03:

T

__L

M)T w03 o2 s

1026 (660) .L £95017.0) AR (3%
us(w 7 ~—-—-(—°”°g ::'g)
g ] .0)

050 (1.27) TYP 043(1.09)
.500 (12.7) REF SQ 1020 (:508)
120 (3.05)

:090 (2.29)
180 (4.57)
r 165 (4.19)
%mmmgimwwmm
—T

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

662(168)
T 6so(i6n
600 (15.2) 108 (2.74)

380 (14.7) ’I [ oes(z16)
662 (16.8) i \ 600 (15.2)
640(\63) H I]» 570(" 5)

( .03)
PIN 1 059( -50)
055 (1.40)
095 (2.41) 045 (1. 14) INDEX CORNER

075(‘ 91

T 025 (635) y 45"

ms (:381)

012 (305) s
500 (12.7) BSC | 007 (.178)

T 029(737)

Tl

050 (1.27) TYP T 040 (1.02) X 45 (3%)

085 (2.16)
500 (12.7) REF 065 (1.65)

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

2ﬂ(£s)
2.04 (51 a)

_F
_l

1.900 (48.26) REF j I._ 090(229)
AR A

l-] [_l ﬁ h [_] h 065 (1.65)
.161 (4.09 .‘L 015(381)
125(318 022 (559)

1220 (5.59)
MAX

SEATING
PLANE

014 (.356)
.110(2.79) 041 (1 04)
09o (2.29)
630(16.0)
|".590 (15.0)
2 0 Rer
012(.305) e
.008 (.203)
690 (17.5)
i"_.ewus.sf"l

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

13.45(0.525)

so-‘
12.95(0.506)
0.40(0.016)

g _i_ 0.30(Q.012)

-

=

10.10(0.394)
———— 50

9.90(0.386)
oA ! [- 2.45(0.096) MAX
E 0.25(0.010) MIN

[
0.17(0.007) 7

0.13(0.005)
__] L_ 0.95(0.037)
0.65(0.025)

AMEL




General Description

The LM1881 Video sync separator extracts timing informa-
tion including composite and vertical sync, burst/back porch
timing, and odd/even field information from standard nega-
tive going sync NTSC, PAL*, and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated circuit is also
capable of providing sync separation for non-standard, fast-
er horizontal rate video signals. The vertical output is pro-
duced on the rising edge of the first serration in the vertical
sync period. A default vertical output is produced after a
time delay if the rising edge mentioned above does not oc-
cur within the externally set delay period, such as might be
the case for a non-standard video signal.

&National Semiconductor

February 1995

LM1881 Video Sync Separator

Features

m AC coupled composite input signal

= >10 kQ input resistance

B <10 mA power supply drain current

®m Composite sync and vertical outputs

® Odd/even field output

® Burst gate/back porch output

@ Horizontal scan rates to 150 kHz

m Edge triggered vertical output

m Default triggered vertical output for non-standard video
signal (video games-home computers)

Connection Diagram
g LM1881N

COMPOSITE
SYNC OUTPUT
0.1 pF

COMPOSITE
VIDEO mpuro—'—"'_ 2

VERTICAL
sync outpuT O 3

ot

Vee

0 0DD/EVEN OUTPUT
0.1 uF /

Rser

BURST/BACK PORCH
i)
OUTPUT

680kQ

COMPOSITE
VIDEO INPUT

COMPOSITE “
SYNC OUTPUT

| ——

(AN TS

VERTICAL

SYNC OUTPUT
BURST OUTPUT 1]

u

ODD/EVEN

- U u

OuTPUT

TUH/9150-1
Order Number LM1881M or LM1881N
See NS Package Number MO8A or NOSE

*PAL ift this refers to P d “Phase Alternating Line”, and not to Programmable Array Logic.

RRAD-B30M115/Printed in U. S. A.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C
please contac‘t the National Semiconductor Sales ESD Susceptibility (Note 2) 2kV
Office/Distributors for availability and specifications. Soldering Information
Supply Voltage 13.2v Dual-In-Line Package (10 sec.) 260°C
Input Voltage 3Vpp (Vo = 5V) Small Outline Package

6 Vpp (Vcc 2 8V) Vapor Phase (60 sec.) 215°C
Output Sink Currents; Pins 1, 3,5 5mA Infrared (15 sec.) 220°C
Output Sink Current; Pin 7 2mA See AN-450 “Surface Mounting Methods and their Effect on
Package Dissipation (Note 1) 1100 mW Product Rghabxhty for other methods of soldering surface

< mount devices.

Operating Temperature Range 0°C — 70°C

Electrical Characteristics
Vgc = 5V; Rset = 680 kQ); Tao = 25°C; Unless otherwise specified

Tested Design Units
i Seadisns TP | Limit(Note3) | Limit(Noted) | (Limits)
Supply Current Outputs at Logic 1 Voo = 5V 5.2 10 mAmax
Voo = 12V 55 12 mAmax
DC Input Voltage Pin 2 1.3 Vmin
15
1.8 Vmax
Input Threshold Voltage Note 5 ) 55 mvVmin.
70
85 mVmax
Input Discharge Current Pin2; Vjy = 2V 6 pAmin
11
16 pAmax
Input Clamp Charge Current Pin2; Viy = 1V 0.8 0.2 mAmin
RgeT Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
122
1.35 Vmax
Composite Sync. & Vertical louT = 40 pA; Voc = 5V 4.5 40 Vmin
Outputs Logic 1 Voo = 12V 11.0 Vmin
lout = 1.6 mA Vec = 5V 36 24 Vmin
Logic 1 Veo = 12V 10.0 Vmin
Burst Gate & Odd/Even lout = 40 pA; Veg =5V 45 40 Vmin
Outputs Logic 1 Ve = 12V 11.0 Vmin
Composite Sync. Output louT = —1.6 mA,; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output lout = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output louT = —1.6 MA; Logic 0; Pin 5 02 0.8 Vmax
Odd/Even Output lout = —1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 psmax
Burst Gate Width 2.7 kQ from Pin 5 to Vo 4 25 psmin
4.7 psmax
Vertical Default Time Note 7 65 32 psmin
90 psmax
Note 1: For operation in ambient temp above 25°C, the device must be derated based on & 150°C d junction perature and a p thermal

resistance of 110° C/W, junction fo ambient.

Note 2: ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 k12 resistor”.

Note 3: Typicals are at Ty = 25°C and represent the most likely parametric norm.

Note 4: Tested Limits are g 1o National's AOQL ( ge Ouigoing Quality Level).

Nate 5: Relative difference between the input clamp voltage and the minimum input voltage which produces a horizontal output pulse.

Note 6: Careful attention should be made to prevent parasitic capacitance coupling from any output pin (Pins 1, 3, 5, and 7) to the Rget pin (Pin 6).
Note 7: Delay time between the start of vertical sync (at input) and the vertical output pulse.




Typical Performance Characteristics

Rget Value Selection
vs Vertical Serration
Pulse Separation
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Application Notes

The LM1881 is designed to strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM1881 operates from a single supply voltage between
5V DC and 12V DC. The only required external components
beside power supply and set current decoupling are the in-
put coupling capacitor and & single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync pulse; a burst gate
or back porch clamp pulse; and an odd/even output. The
odd/even output level identifies which video field of an inter-
laced video source is present at the input. The outputs from
the LM1881 can be used to gendock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
lines.

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(a-e)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
voltage to strip the sync signal, which is then buffered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pu'se amplitude (shown by the dashed
line on Figure 2(a) ). This threshold separation is indepen-
dent of the signal amplitude, therefors, for a 2V (p-p) input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0.1 pF is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst pulse pres-
ent throughout the vertical blanking period so that the burst
actually appears on the sync tips for three line periods in-
stead of at black level. A clean composite sync signal can
be generated from these sources by filtering the input sig-
nal. When the source impedance is low, typically 750, a
62042 resistor in series with the source and a 510 pF capack-
tor to ground will form a low pass filter with a corner fre-
quency of 500 kHz. This bandwidth is more than sufficient to
pass the sync pulse portion of the waveform; however, any
subcarrier content in the signal will be attenuated by almost
18 dB, effectively taking it below the comparator threshold.
Filtering will also help if the source is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to this filter.
This much delay will not usually be significant but it does
contribute to the sync delay produced by any additional sig-
nal processing. Since the original video may also undergo
processing, the need for time delay comrection will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internally integrating the
composite sync waveform (Figure 3). To understand the
generation of the vertical sync pulse, refer to the lower left
hand section Figure 3. Note that there are two comparators
in the section. One comparator has an internally generated
voltage reference called V4 going to one of its inputs. The
other comparator has an internally generated voltage refer-
ance called V, going to one of its inputs. Both comparators
have a common input at their noninverting input coming
from the internal integrator. The internal integrator is used
for integrating the composite sync signal. This signal comes
from the input side of the composite sync buffer and are
positive going sync pulses. The capacitor to the integrator
is internal to the LM1881. The capacitor charge current is
set by the value of the external resistor Rget. The output of
the integrator is going to be at a low voltage during the
normal horizontal lines because the integrator has a veiy
short time to charge the capacitor, which is during the hori-
zontal sync period. The equalization pulses will keep the
output voltage of the integrator at about the same level,
below the V4. During the vertical sync period the narrow
going positive pulses shown in Figure 2 is called the serra-
tion pulse. The wide negative portion of the vertical sync
period is called the vertical sync pulse. At the start of the
vertical sync period, before the first Serration pulse occurs,
the integrator now charges the capacitor to a much higher
voltage. At the first semation pulse the integrator output
should be between V4 and V5. This would give a high level
at the output of the comparator with Vy as one of its inputs.
This high is clocked into the “D” flip-flop by the falling edge
of the serration pulse (remember the sync signal is inverted
in this section of the LM1881). The “Q" output of the “D”
flip-flop goes through the OR gate, and sets the R/S fiip-
flop. The output of the R/S fiip-flop enables the internal
oscillator and also clocks the ODD/EVEN “D" fiip-flop. The
ODD/EVEN field pulse operation is covered in the next sec-
tion. The output of the oscillator goes to a divide by 8 circuit,
thus resetting the R/S flip-flop after 8 cycles of the oscilla-
tor. The frequency of the oscillator is established by the
internal capacitor going to the oscillator and the external
Rset- The “Q" output of the R/S flip-flop goes to pin 3 and is
the actual vertical sync output of the LM1881. By clocking
the “D” flip-fiop at the start of the first serration pulse
means that the vertical sync output pulse starts at this point
in time and lasts for eight cycles of the internal oscillator as
shown in Figure 2.

How Rsgt affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph is “Rget Value Selection vs Vertical Serration
Pulse Separation”. For this graph to be valid, the vertical
sync pulse should last for at least 85% of the horizontal half
line (47% of a full horizontal line). A vertical sync pulse from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement (the serration pulse is the
remainder of the period, 10% to 15% of the horizontal




Application Notes (Continued)
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vioeo  END OF FIELD 2(EVEN) [e— mmuzmc SERRATED EQUALIZING feic
& BOTIOM OF PCTURE VERTICAL PULSE PULSES TOP OF PICTURE j{"’m
\ BLACK
e

N annnnnnEEEE=
. LEVEL
| A

H.l -1“2“5-.74....5_.‘5....7_.<.a....g..<.|o...ﬁ..21..¢__ \{%mc

s 1] e TR
B35 us 318 pus 24 pus 47 ps
[ 230us typ —|
Y
c
JL
i 0DD FIELD =
EVEN FIELD

T T TTTOTMvw e

4

4 ps typ. ,635 us
TL/H/9150-3
FIGURE 2. (a) Composite Video; (b) Composite Sync; (c??);niml Output Pulse;
(d) Odd/Even Field Index; (e) Burst GatelBaek gorch Clamp
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Application Notes (continued)

half tine). Remember this pulse is a positive pulse at the
integrator but negative in Figure 2. This graph shows how
long it takes the integrator to charge its internal capacitor
above V1.

WITH Rget to0 farge the charging current of the integrator
will be too small to charge the capacitor above V4, thus
there will be no vertical synch output pulse. As mentioned
above, Rt also sets the frequency of the internal oscillator.
If the oscillator runs too fast its eight cycles will be shorter
than the vertical sync portion of the composite sync. Under
this condition another vertical sync pulse can be generated
on one of the later serration puises after the divide by 8
circuit resets the R/S flip-flop. The first graph also shows
the minimum Rget Necessary to prevent a double vertical
pulse, assuming that the serration pulses last for only three
full horizontal line periods (six serration pulses for NTSC).
The actual pulse width of the vertical sync pulse is shown in
the “Vertical Pulse Width vs Rget” graph. Using NTSC as an
example, lets see how these two graphs relate to each oth-
er. The Horizontal line is 84 ps long, or 32 ps for a horizon-
tal half line. Now round this off to 30 ps. In the “Rset Value
Selection vs Vertical Serration Pulse Separation” graph the
minimum resistor value for 30 ps serration pulse separation
is about 550 k). Going to the “Vertical Pulse Wirith vs Rgot”
graph one can see that 550 kQ gives a vertical pulse width
of about 180 ps, the total time for the vertical sync period of
NTSC (3 horizontal lines). A 550 k1 will set the internal
oscillator to a frequency such that eight cycles gives a time
of 180 us, just long enough to prevent a double vertical
sync pulse at the vertical sync output of the LM1881.

The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually long and has no
serration pulses. With a very long vertical sync time the inte-
grator has time to charge its intemal capacitor above the
voitage level V. Since there is no falling edge at the end of
a serration puise to clock the “D” flip-fiop, the only high
signal going to the OR gate is from the default comparator
when output of the integrator reaches V. At this time the
R/S fiip-flop is toggled by the default comparator, starting
the vertical sync puise at pin 3 of the LM1881. If the default
vertical sync period ends before the end of the input vertical
sync period, then the falling edge of the vertical sync (posi-
tive pulse at the “D" tiip-flop) will clock the high output from
the comparator with V4 as a reference input. This will retrig-
ger the oscillator, generating a second vertical sync output
pulse. The “Vertical Default Sync Delay Time vs Rget”
graph shows the relationship between the Rget value and
the delay time from the start of the vertical sync period be-
fore the default vertical sync pulse is generated. Using the
NTSC example again the smallest resistor for Rget is 500
k€. The vertical default time delay is about 50 ps, much
longer than the 30 ps serration pulse spacing.

A common question is how can one calculate the required
Rget With a video timing standard that has no serration puls-
es during the vertical blanking. If the default vertical sync is
to be used this is a very easy task. Use the “Vertical Default

Sync Delay Time vs Rget” graph to select the necessary
Rset to give the desired delay time for the vertical sync out-
put signal. If a second pulse is undesirable, then check the
“Vertical Pulse Width vs Rge”" graph to make sure the verti-
cal output pulse will extend beyond the end of the input
vertical sync period. In most systems the end of the vertical
sync period may be very accurate. In this case the preferred
design may be to start the vertical sync pulse at the end of
the vertical sync period, similar to starting the vertical sync
pulse after the first serration pulse. A VGA standard is to be
used as an example to show how this is done. In this stan-
dard a horizontal line is 32 us long. The vertical sync period
is two horizontal lines long, or 64 ps. The vertical default
sync delay time must be longer than the vertical sync peri-
od of 64 ps. In this case Rggt must be larger than 680 k2.
Rget must still be small enough for the output of the integra-
tor to reach Vy before the end of the vertical period of the
input pulse. The first graph can be used to confirm that Rget
is small enough for the integrator. Instead of using the verti-
cal serration pulse separation, use the actual pulse width of
the vertical sync period, or 64 ps in this example. This graph
is linear, meaning that a value as large as 2.7 MQ can be
used for Rget (twice the value as the maximum at 30 ps).
Due to leakage currents it is advisable to keep the value of
Rsget Under 2.0 MQ. In this example a value of 1.0 MQ is
selected, well above the minimum of 680 k. With this value
for Reet the pulse width of the vertical sync output pulse of
the LM1881 is about 340 ps.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be useful in frame memory storage appli-
cations or in extracting test signals that occur only in alter-
nate fields. For a composite video signal that is interlaced,
one of the two fields that make up each video frame or
picture must have a half horizontal scan line period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field” or “field 1”. The “even field”
or “field 2" has a complete horizontal scan line at the end of
the field. An odd field starts on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the vertical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figure 3). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulses is enough to allow the
capacitor voltage to reach a threshold level of a comparator
that clears a flipflop which is also being clocked by the sync
waveform. When the vertical interval is reached, the shorter
integration time between equalizing pulses prevents this




Application Notes (continued)

threshold from being reached and the Q output of the flip-
fiop is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect
as an equalizing pulse period, the Q output will have a differ-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an odd/even field in-
dex is generated. Pin 7 remains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In a composite video signal, the chroma burst is located on
the backporch of the horizontal blanking period. This period,
approximately 4.8 ps long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
a pulse at Pin 5 that can be used either to retrieve the chro-
ma burst from the composite video signal (thus providing a
subcarrier synchronizing signal) or as a clamp for the DC
restoration of the video waveform. This output is obtained
simply by charging an internal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simultaneously the
output of Pin 5 is pulled low and held until the capacitor
charge circuit times out—4 ps later. A shorter output burst
gate pulse can be derived by differentiating the burst output
using a series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normal (60-120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
el allows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individual fines within the vertical blanking
period (or anywhere in the active scan line period) can easi-
ly be extracted by counting the required number of tran-
sitions in the composite sync waveform following the start of
the vertical output puise.

The vertical blanking interval is proving popular as a means
to transmit data which will not appear on a normal T.V. re-
ceiver screen. Data can be inserted beginning with line 10
(the first horizontal scan line on which the color burst ap-
pears) through to line 21. Usually fines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different from field to field. In the U.S.,
line 19 is normally reserved for a vertical interval reference

signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining lines are used in a
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delete vertical interval test
signals (VITS) while lines 14 through 18 and line 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data on line 17 and cable
systems use the available lines in the vertical interval to
send decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later will be the start of line
14 in either field. At this point simple counters can be used
to select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded information applied to line select bits
b0-b7. A fine is selected by adding two to the desired line
number, converting to a binary equivalent and applying the
result to the line select inputs. The falling edge of the
LM1881's vertical pulse is used to load the appropriate
number into the counters (MM74C193N) and to set a start
count latch using two NAND gates. Composite sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to turn on
the analog switch (CD4066BC) during the desired line. The
falling edge of this signal also resets the start count tatch,
thereby terminating the counting.

The circuit, as shown, will provide a single line output for
each field in an interlaced video system (television) or a
single line output in each frame for a non-interlaced video
system (computer monitor). When a particular fine in only
one field of an interlaced video signal is desired, the odd/
even field index output must be used instead of the vertical
output pulse (invert the field index output to select the odd
field). A single counter is needed for selecting lines 3 to 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output bufi-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 5 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used to gate the video input's black level
through a low pass filter (10 k€2, 10 pF) providing black level
restoration at the video output when the output selected
line(s) is not being gated through.
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LM1881 Video Sync Separator

LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
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with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.
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Order this data sheet

MOTOROLA by MTP3055EL/D
TECHNICAL DATA

B
~ Designer’s Data Sheet MTP3055EL
TMOS IV

Y '~
= - - . “f:‘_ J
Power Field Effect Transistor PN
N-Channel Enhancement-Mode Silicon Gate TMOS.BxONg“%ETS
LOGIC}EVEL
This advanced E-FET is a TMOS power MOSFET designed to withstand high energy in r,,.nﬁ?félg'POE:*ggnm
the avalanche and commutation modes. This device is also designed with a low thresh- &Ps% ;2) ;OLTS
old voltage so it is fully enhanced with 5 Volts. This new energy efficient device also %5 &

offers a drajn-to-source diode with a fast recovery time. Designed for low voltage, high _%“*
speed switching applications in power supplies, converters and PWM motor controls, @{iﬁ &
these devices are particularly well suited for bridge circuits where diode speed and com=

e’
mutating safe operating areas are critical and offer additional safety margin against %;@ég*
unexpected voltage transients. : %

e Low Drive Requirement to Interface Power Loads to
Logic Level ICs or Microprocessors — VGS(th) = 2
Volts Max
o Internal Source-to-Drain Diode Designed to Replace
External Zener Transient Suppressor — Absorbs High
Energy in the Avalanche Mode — Unclamped
Inductive Switching (UIS) Energy Capability Specified
at 100°C
e Commutating Safe Operating Area (CSOA) Specified for
Use in Half and Full Bridge Circuits y
o Source-to-Drain Diode Recovery Time Comparahig
Discrete Fast Recovery Diode 3
o Diode is Characterized for Use in Bridge Ciggui

CASE 221A-04

TO-220AB
Symbol Value Unit
3 = ¥
Drain-Source Voltage & & Vpss 60 Vdc
P :4.‘.
Drain-Gate v°|ta%gga% 1 MQ) VDGR 60 vdc
Gate-Source V ‘v%%— Continuous VGs +15 Vdc
% — Non-repetitive {tp < 50 us) +20 Vpk
Drain Cyr ent & Continuous Ip 12 Adc
_{? ot — Pulsed IDM 26
Tdfal, u er Dissipation @ Tc = 25°C Pp 40 Watts
erate above 25°C 0.32 WrC
Ope}ating and Storage Temperature Range TJ. Tstg —-65 to 150 °C
THERMAL CHARACTERISTICS
Thermal Resistance — Junction to Case ReJc 3.12 °CW
— Junction to Ambient RgJA 62.5
Maximum Lead Temperature for Soldering TL 275 °C
— Purposes, 1/8" from case for 5 seconds

Designer‘s Data for “Worst Case” Conditions — The Designer’s Data Sheet permits the design of most circuits entirely from the information presented.
SOA Limit curves — representing boundaries on device characteristics — are given to facilitate “worst case'” design.

TMOS is a trademark of Motorola Inc.

m MOTOROLA ™

©MOTOROLA INC., 1988 DS3807



ELECTRICAL CHARACTERISTICS — continued (T¢ = 25°C unless otherwise noted)

Characteristic j Symbol Min Max T Unit ]
OFF CHARACTERISTICS
. Drain-Source Breakdown Voltage V(BR)DSS 60 —_ Vdc
' (Vgs = 0,Ip = 0.25 mA)
Zero Gate Voltage Drain Current IDSs pA
{Vps = Rated Vpss. Vgs = 0) — 1
{Vps = Rated Vpss, Vgs = 0, Ty = 150°C) = 50
Gate-Body Leakage Current, Forward (VGgsF = 15 Vdc, Vps = 0) IGSSF — 100 nAd% :
Gate-Body Leakage Current, Reverse (Vgsg = 15 Vdc, Vps = 0) IGSSR - 100 gw@‘%
ON CHARACTERISTICS* }&Eﬁ
Gate Threshold Voltage ' VGS(th) ! y & ‘} *Vdc
(Vps = Vgs: Ip = 1 mA) 1 S
Ty = 150°C 0.6 ‘égﬁ:&»
Static Drain-Source On-Resistance (Vgg = 5 Vdc, Ip = 6 Adc) DS(on) — & %@%8 Ohm
Drain-Source On-Voltage (Vgs = 5 V) VDS(on) @E@ Vdc
(Ip = 12 Adc) B 24
(Ip = 6 Adc, Ty = 100°C) 1.95
Forward Transconductance (Vpg = 15V, Ip = 6 A) — mhos
DRAIN-TO-SOURCE AVALANCHE CHARACTERISTICS
Unclamped Drain-to-Source Avalanche Energy See Figures 13 and 14 md
(ip=26A,Vpp =6V,.TC = 25°C, Single Pulse, Non-repetitive) 18
{ip = 12A, Vpp = 6V, Tc = 25°C, PW. < 100 ps, Duty Cycle < 1%) 35
{lp = 48 A, Vpp = 6V, T¢c = 100°C, PW. < 100 ps, Duty Cycle < 1%} 16
DYNAMIC CHARACTERISTICS \
VDS = 25V, VGs = 0, 1,54 MHz 400 (Typ) —
Input Capacitance VGs = 15 V. Vps = o,f% MHz Ciss 1000 (Typ) < pF
See Fi gure 15
Vpg = 25 V,&Oﬁ.f =1 MHz 30 (Typ) —
Reverse Transfer Capacitance VGgs = 1 s = 0,f = 1 MHz Crss 660 (Typ) — pF
igure 16
. \% Vgs = 0,f=1MHz =
Output Capacitance Lae SdsFigure 15 Coss 175 (Typ) pF
SWITCHING CHARACTERISTICS (T 5 005CF
Turn-On Delay Time ) ?%Jajf’ td(on) 20 (Typ) = ns
Rise Time 32,3 § v (VDDST/ 2;' V,Ip =506 lr\; t 95 (Typ) 4
: 3 GS = ° V.Rgen = ohms,
Turn-Off Delay Time gﬁgﬁgﬁ RGS =g50 ohms) td(off) 38 (Typ) —
: & ~
Fall Time J‘@‘ N bt 50 (Typ) —
B ¥
Total Gate Chaﬂ;ﬁg@_@ (Vps = 48V, Ip = 12 A, Qq 11 (Typ) 17 nC
Gate-Sourcg %@ e Vgs = 5 Vdc) Qgs 4 (Typ) —
Gate-Drgﬁ §ﬁar5§ See Figures 16 and 17 di 7 (Typ) —
SOUREEDRAIN DIODE CHARACTERISTICS
EogyArd On-Voltage (Ig = 12 A, Vgs = 0) Vsp | 104(Typt | 118 | Vde
Fgrward Turn-On Time (ig = 26 A, Vgs = 0, ton Limited by stray inductance
Reverse Recovery Time dig/dt = 400 A/us, VR = 30 V) T 55 (Typ) | = l ns
INTERNAL PACKAGE INDUCTANCE (T0-220)
Internal Drain Inductance L4 1 nH
(Measured from the contact screw on tab to center of die) 3.5 (Typ) —
(Measured from the drain lead 0.25" from package to center of die) 4.5 (Typ) —
Internal Source Inductance Ls 7.5 (Typ) —
(Measured from the source lead 0.25" from package to source bond pad.)

MOTOROLA MTP3055EL



TYPICAL ELECTRICAL CHARACTERISTICS

Figure 2. Gate-Threshold Voltage Variation

Figure 1. On-Region Characteristics With Temperature
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Figure 7. Breakdown Voltage Variation Figure 8. Maximum Rated Forward Biased
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FORWARD BIASED SAFE OPERATING AREA % i

The FBSOA curves define the maximum drain-to- The switchiitg safe operating area fundamental limits
source voltage and drain current that a device can safely are the p8gk current, Ipy and the breakdown voltage,
handle when it is forward biased, or when it is on, or V(BRA . This is applicable for both turn-on and turn-
being turned on. Because these curves include the limi- o%- e devices for switching times less than one
tations of simultaneous high voltage and high current, r’ir'l%i’lh econd.
up to the rating of the device, they are especially useful & e power averaged over a complete switching cycle
to designers of linear systems. The curves are based ong must be less than:
a case temperature of 25°C and a maximum junction teg- T : -7
perature of 150°C. Limitations for repetitive pulses atyais; Zd(max) = 'C
ious case temperatures can be determined by ughg the Rec
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COMMUTATING SAFE OPERATING AREA (CSOA)

The Commutating Safe Operating Area (CSOA) of
Figure 11 defines the limits of safe operation for com-
mutated source-drain current versus re-applied drain 15V
voltage when the source-drain diode has undergone for-
ward bias. The curve shows the limitations of Iy and
peak Vpgs for a given rate of change of source current. It
is applicable when waveforms similar to those of Figure
10 are present. Full or half-bridge PWM DC motor con-
trollers are common applications requiring CSOA data.

Device stresses increase with increasing rate of change
of source current so dlg/dt is specified with a maximum
value. Higher values of dlg/dt require an appropriate der-
ating of Igpy, peak Vps or both. Ultimately dlg/dt islimited
primarily by device, package, and circuit impedances.
Maximum device stress occurs during tyr as the diode
goes from conduction to reverse blocking.

VDS(pk) is the peak drain-to-source voltage that the
device must sustain during commutation; If is the max-
imum forward source-drain diode current just prior to the
onset of commutation.

VR is specified at 80% of V(BR)DSS to ensure that the
CSOA stress is maximized as |g decays from gy to zero.

RGs should be minimized during commutation. T has

Figure 10. Commutating Waveforms
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only a second order effect on CSOA.
Stray inductances in Motorola’s test circuit are qure 12. Commutating Safe Operating Area
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10 V/ns was attained with dlg/dt of 400 A/us.
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Figure 15. Capacitance Variation Figure 16. Gate Charge versus Gate-to-Source Voltage
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4+DEVICE TYPE
Vin[ 115 v AS DUT
2N3904
HDUT
MILLIMETERS INCHES
DIM | MIN | MAX | MIN | MAX
A | 1448 | 1575 | 0520 | 0620
B | 966 | 1028 | 0380 | 0405
C | 407 | a8 | 0160 | 0130
D | 064 | 088 | 0025 | 0035 |
F | 361 | 373 | 0142 | 014
NOTES: G | 242 | 266 | 0035 | 0105
1. DIMENSIONING AND TOLERANCING PER ANS! H | 280 | 383 | 0110 | 0155
Y14.5M, 1382. J 036 | 055 | 0014 | 0022
2. CONTROLLING DIMENSION: INCH. K | 1270 | 1427 | 0500 | 0.562
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND L] 115 | 139 ] 0045 | 0055
LEAD IRREGULARITIES ARE ALLOWED. N | 483 | 533 | 0190 | 0210
Q | 254 | 304 | 0100 | 0320
R | 204 | 279 | 0080 | 0110
CASE 221A-04 S | 115 | 139 | 0045 | 0055
TO-220AB T | 597 | 647 | 0235 | 0255
U | 000 | 122 | 0000 | 005
V[ 115 — Jo00ss| —
2 — [ 204 — | o080
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@ MOTOROLA

BCD DECADE COUNTERS/
4-BIT BINARY COUNTERS

The LS160A/161A/162A/163A are high-speed 4-bit synchronous count-
ers. They are edge-triggered, synchronously presettable, and cascadable
MS! building blocks for counting, memory addressing, frequency division and
other applications. The LS160A and LS162A count modulo 10 (BCD). The
LS161A and LS163A count modulo 16 (binary.)

The LS160A and LS161A have an asynchronous Master Reset (Clear)
input that overrides, and is independent of, the clock and all other control
inputs. The LS162A and LS163A have a Synchronous Reset (Clear) input that
overrides all other control inputs, but is active only during the rising clock

edge.

BCD (Modulo 10) Binary (Modulo 16)
Asynchronous Reset LS160A LS161A
Synchronous Reset LS162A LS163A

e Synchronous Counting and Loading

e Two Count Enable Inputs for High Speed Synchronous Expansion
e Terminal Count Fully Decoded

e Edge-Triggered Operation

e Typical Count Rate of 35 MHz

e ESD > 3500 Volts

CONNECTION DIAGRAM DIP (TOP VIEW)

Voo TC Qy Qi Q Q3 CET PE

[1e] [s] [1«] [1s] [i2] [11] [ro] o]

NOTE:

The Flatpak version

has the same pinouts

) (Connection Diagram) as
the Dual In-Line Package.

*MR for LS160A and LS161A
*SR for LS162A and LS163A

SN54/74LS160A
SN54/74LS161A
SN54/74LS162A
SN54/74LS163A

BCD DECADE COUNTERS/
4-BIT BINARY COUNTERS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
'CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

@ D SUFFIX
= soIc

CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

PIN NAMES LOADING (Note a)
) HIGH LOW
PE " Parallel Enable (Active LOW) Input 1.0U.L. 0.5U.L.
Po—-P3 Parallel Inputs 05U.L. 0.25U.L.
CEP Count Enable Parallel Input 05U.L. 0.25U.L.
CET Count Enable Trickle Input 1.0U.L. 0.5U.L.
CP. Clock (Active HIGH Going Edge) Input 0.5U.L. 0.25U.L.
MR Master Reset (Active LOW) Input 0.5U.L. 0.25U.L.
SR Synchronous Reset (Active LOW) Input 1.0 U.L. 0.5U.L.
Qp-Q3 Parallel Outputs (Note b) 10U.L. 5(2.5)U.L.
TC Terminal Count Output (Note b) 10U.L. 5(.5)U.L.
NOTES:

a) 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL
9 3 4 5 6

L]

PE Pg P{ P2 P3
P

7 CE
10 — CET TC—15
2—cC

p
‘R Qo Q1 Q2 @3

1 14 13 12 1
Voo =PIN 16
GND=PIN8

*MR for LS160A and LS161A
*SR for LS162A and LS163A

FAST AND LS TTL DATA
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SN54/74LS160A « SN54/74LS161A
SN54/74LS162A « SN54/74LS163A

STATE DIAGRAM
LS160A « LS162A

FUNCTIONAL DESCRIPTION

The LS160A/161A/162A/163A are 4-bit synchronous
counters with a synchronous Parallel Enable (Load) feature.
The counters consist of four edge-triggered D flip-flops with
the appropriate data routing networks feeding the D inputs. All
changes of the Q outputs (except due to the asynchronous
Master Reset in the LS160A and LS 161A) occur as aresult of,
and synchronous with, the LOW to HIGH transition of the
Clock input (CP). As long as the set-up time requirements are
met, there are no special timing or activity constraints on any
of the mode control or data inputs. )

Three control inputs — Parallel Enable (PE), Count Enable
Parallel (CEP) and Count Enable Trickle (CET) — select the
mode of operation as shown in the tables below. The Count
Mode is enabled whenthe CEP, CET, and PE inputs are HIGH.
When the PE is LOW, the counters will synchronously load the
data from the parallel inputs into the flip-flops on the LOW to
HIGH transition of the clock. Either the CEP_or CET can be
used to inhibit the count sequence. With the PE held HIGH, a
LOW on either the CEP or CET inputs at least one set-uptime
prior to the LOW to HIGH clock transition will cause the
existing output states to be retained. The AND feature of the
two Count Enable inputs (CETeCEP) allows synchronous
cascading without external gating and without delay accu-
mulation over any practical number of bits or digits.

The Terminal Count (TC) output is HIGH when the Count
Enable Trickle (CET) input is HIGH while the counter is in its
maximum count state (HLLH for the BCD counters, HHHH for

LS161A ¢ LS163A

LOGIC EQUATIONS
Count Enable = CEP ¢ CET ¢ PE —
TC for LS160A & LS162A =CET e Q2 Qq e Qp Q3
TC for LS161A & LS163A=CETeQp*Qq Q2 Q3
Preset = PE o CP + (rising clock edge)
Reset = MR (LS160A & LS161A)
Reset = SR e CP + (rising clock edge)
(LS162A & LS163A)

NOTE:

The LS160A and LS162A can be preset to any state,
but will not count beyond 9. If preset to state 10, 11,
12, 13, 14, or 15, it will return to its normal sequence
within two clock pulses.

the Binary counters). Note that TC is fully decoded and will,
therefore, be HIGH orily for one count state.

The LS160A and LS162A count modulo 10 following a
binary coded decimal (BCD) sequence. They generate a TC
output when the CET inputis HIGH while the counteris in state
9 (HLLH). From this state they increment to state 0 (LLLL). If
loaded with a code in excess of 9 they retum to their legitimate
sequence within two counts, as explained in the state
diagram. States 10 through 15 do nof generate a TC output.

The LS161A and LS163A count modulo 16 following a
binary sequence. They generate a TC when the CET inputis
HIGH while the counter is in state 15 (HHHH). From this state
they increment to state O (LLLL).

The Master Reset (MR) of the LS160A and LS161A is
asynchronous. When the MR is LOW, it overrides all other
input conditions and sets the outputs LOW. The MR pin should
never be left open. If not used, the MR pin should be tied
through a resistor to Vg, or to a gate output which is
permanently set to a HIGH logic level. FERE

The active LOW Synchronous Reset (SR) input of the
LS162A and LS163A acts as an edge-triggered control input,
overriding CET, CEP and PE, and resetting the four counter
flip-flops on the LOW to HIGH transition of the clock. This
simplifies the design from race-free logic controlled reset
circuits, e.g., to reset the counter synchronously after
reaching a predetermined value.

MODE SELECT TABLE
*SR | PE | CET | CEP |Action on the Rising Clock Edge (1)
L X X X RESET (Clear) *For the LS162A and
H L X X LOAD (P — Qp) LS163A only.
H H H H COUNT (Increment) H = HIGH Vottage Level
H H L X NO CHANGE (Hold) L = LOW Vottage Level
H H X L NO CHANGE (Hold) X =Don't Care

FAST AND LS TTL DATA



SN54/74LS160A « SN54/74LS161A
SN54/74LS162A e SN54/74LS163A

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
vece Supply Voltage 54 4.5 5.0 5.5 Vv
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0
LS160A and LS161A
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 20 \ Al Inputs ‘
54 0.7 Guaranteed Input LOW Voltage for
V| Input LOW Voltage \"
L g 74 08 Al Inputs
ViK Input Clamp Diode Voltage -065 | -1.5 \" Vce =MIN, iy =—18 mA
54 25 3.5 Vv Ve =MIN, o = MAX, ViN = VIH
V HIGH - Y
54, 74 025 | 04 v loL =4.0 mA Vcc=Vcc MIN,
VoL Output LOW Voltage VIN=V|LorVIH
74 0.35 0.5 A% loL =8.0 mA per Truth Table
Input HIGH Current ¥
MR, Data, CEP, Clock 20 pA Vece =MAX, ViN=2T7V
IH PE, CET 40
MR, Data, CEP, Clock 0.1 mA Vec =MAX, ViN=7.0V
PE, CET 0.2
Input LOW Current
TR MR, Data, CEP, Clock -04 mA Vec =MAX, VN =04V
PE, CET -08
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
Power Supply Current
Icc Total, Output HIGH 31 mA Ve = MAX
Total, Output LOW 32
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
FAST AND LS TTL DATA
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SN54/74LS160A « SN54/74LS161A
SN54/74LS162A ¢ SN54/74LS163A

LS162A and LS163A
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 20 \ Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage = BE Vv All inputs
VIK Input Clamp Diode Voltage -065 | —-15 v Voo =MIN, iy =-18 mA
54 25 3.5 \% Ve =MIN, IoH = MAX, VN = V4
54,74 025 | 04 \ loL =4.0mA Vecc =Vcc MIN,
VoL Output LOW Voltage VIN=ViLorViH
74 0.35 0.5 \% loL=8.0mA per Truth Table
Input HIGH Current
Data, CEP, Clock 20 pA Vee =MAX, VN =27V
™ PE, CET, SR 40
Data, CEP, Clock 0.1 mA Ve =MAX,VIN=7.0V
PE, CET, SR 0.2
Input LOW Current .
I Data, CEP, Clock, PE, SR -04 | mA | Voo =MAX, Vjy=04V
CET -038
los Short Circuit Current (Note 1) -20 -100 mA | Ve =MAX
Power Supply Current
Icc Total, Output HIGH 31 mA Vce =MAX
Total, Output LOW 32
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 25 32 MHz
tPLH Propagation Delay 20 35
tPHL Clock to TC 18 35 g
tPLH Propagation Delay 13 24 Vcec=5.0V
tPHL Clockto Q 18 27 0 CL=15pF
tpLH Propagation Delay 9.0 14
tPHL CETtoTC 9.0 14 ns
tPHL MR or SRto Q 20 28 ns
FAST AND LS TTL DATA
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SN54/74LS160A « SN54/74LS161A
SN54/74L.S162A « SN54/74LS163A

AC SETUP REQUIREMENTS (Tp = 25°C)

Limits
Symbol Parameter Min Max Unit Test Conditions
twCP Clock Pulse Width Low 25 ns
tw MR or SR Pulse Width 20 ns
tg Setup Time, other* 20 ns
ts Setup Time PE or SR 25 ns Vcc=5.0V
th Hold Time, data 3 ns
th Hold Time, other 0 ns
trec Recovery Time MR to CP 15 ns

*CEP, CET or DATA

DEFINITION OF TERMS
SETUP TIME (tg) — is defined as the minimum time required
for the correct logic level to be present at the logic input prior to

the clock transition from LOW to HIGH in order to be recog-
nized and transferred to the outputs.

HOLD TIME (th) — is defined as the minimum time following
the clock transition from LOW to HIGH that the logic level must
be maintained at the input in order to ensure continued recog-

nition. A negative HOLD TIME indicates that the correct logic
level may be released prior to the clock transition from LOW to
HIGH and still be recognized.

RECOVERY TIME (t;ec) —is defined as the minimumtime re-
quired between the end of the reset pulse and the clock transi-
tion from LOW to HIGH in order to recognize and transfer
HIGH Data to the Q outputs.

AC WAVEFORMS

OTHER CONDITIONS:
PE = MR (SR) = H
CEP=CET=H

Figure 1. Clock to Output Delays, Count
Frequency, and Clock Pulse Width

MR 13 vr_ T

o
trec QTHER CONDITIONS:
v PE=L
cp VA Pg=Pq=Pp=P3=H

tPHL
Qp-Q1-Q2-Q3 13v

Figure 2. Master Reset to Output Delay, Master Reset
Pulse Width, and Master Reset Recovery Time

FAST AND LS TTL DATA



SN54/74LS160A « SN54/74LS161A
SN54/74L.S162A « SN54/74L.S163A

AC WAVEFORMS (continued)
COUNT ENABLE TRICKLE INPUT
TO TERMINAL COUNT OUTPUT DELAYS CET ]L 13v *k b
The positive TC pulse occurs when the outputs are in the e tpy fe—] toyL
(Qp » Q1 * Q2 » Q3) state for the LS160 and LS162 and the
(Qp ® Q1 * Q2 » Q3) state for the LS161 and LS163. 1Cc ]t 13V M
Figure 3 OTHER CONDITIONS: CP = PE = CEP=MR = H

CLOCK TO TERMINAL COUNT DELAYS

cP 13V 13V 1.3V
The positive TC pulse is coincident with the output state l-——{ tPLH |<—>| tPHL
(Qq * Q1 » Q2 « Q3) state for the LS161 and LS163 and
(Qp ® Q1 » Q2 e Q3) for the LS161 and LS163. TC ]L 13V ‘NL‘M v
Figure 4 OTHER CONDITIONS: PE = CEP = CET =MR = H
. 13v /13y
SETUP TIME (ts) AND HOLD TIME (tr,) ts(H) ts(L)
FOR PARALLEL DATA INPUTS Tl thiso 1 b =0
T/ [ \\\ AN 7777
The shaded areas indicate when the input is permitted to TPy B -Rs 13V 13V 13V,
change for predictable output performance.
QpeQq°Q22Q3 - / .
Figure 5 OTHER CONDITIONS: PE =L, MR = H

SETUP TIME (ts) AND HOLD TIME (t) FOR
COUNT ENABLE (CEP) AND (CET) AND
PARALLEL ENABLE (PE) INPUTS

The shaded areas indicate when the input is permitted to
change for predictable output performance.

cp 13V 13V = 13V -Mv
tS(L)T‘:<— th(L)=0 i :Y_Yte(YH) =0 K T—’ th(H) =0 T—. th(L) =0
SR or PE 1\ T1LET
Wk /R RNy %,*,%Y////////////////

PARALLEL LOAD COUNT MODE " )
(See Fig. 5) (See Fig. 7) ts e =0 s Tﬁ:F (1) = 0
— 777 TN AW
Q RESPONSE TO PE >( X EER 1.?_‘\,;% 13V 13V 13V
RESET COUNT OR LOAD COUNT HOLD HOLD
Q RESPONSEM Q ><
OTHER CONDITIONS: PE = H, MR =H
Figure 6 Figure 7
FAST AND LS TTL DATA
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