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Controller Hand Robot By Using Hand-Motive Detection

Prasert Dechkamon
Akkaporn Phiewdaeng
Assoc. Prof. Somsak Mitatha Advisor

Nareth Malai Advisor

ABSTRACT

Now the technology is developed increasingly. It’s make an idea for building a material , tool and
new machine for work such as an industry. It’s necessary to have a material , tool , and new machine that
have ability to do work replace a people in the hard and dangerous job. So the idea to make a robot or a
machine begins and expands. Now the people can make a robot  that is as walk as a human and talk with a
people ,too. Out side to build a new material. It’s important to make a control program for a material for a
comfortable and easy work too.

This thesis is one of the ideas to design and make a robot hand and a fitting control program for
work. Through the idea of people hand moving to make a robot hand , for using as hand of the people. Sc it’s
design the finger move is independent by the motor and wire. It’s as sinew of human that make it moving.
Then the control program is designed an built in form a gloves for an appropriation of werk. Through the
gloves have a sensor . It inspect moving of hand which take a success to calculate for control a robot hand

for work as move as a human.
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STEP EQU 030H
ORG 0000H
MOV P0,#00H
MAIN: MOV STEP,#00000001B
MOV P0,STEP
LOOP: CINE A#01H,ROTATE LEFT

AJMP ROTATE RIGHT

aflumsyuuemesmedudo
ROTATE_LEFT: MOV A STEP
SWAP A
CLR C
RLC A
JNC NEXT_LEFT
MOV A, #00010000R
NEXT LEFT: SWAP A
MOV STEP,A
MOV PO,STEP
ACALL DELAY_100ms
AIMP LOOP

flumsnyuueine s MeduYN
ROTATE RIGHT: MOV A,STEP
CLR C
RRC A
JNC NEXT RIGHT

MOV  A,#00001000B

NEXT RIGHT: MOV STEP,A
MOV PO,STEP

ACALL DELAY_100ms
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AJMP LOOP
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5

o 1 A v oA e
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AR AR AR AR AR SRR AR R KRR A AR Ak
DELAY_100ms: MOV R7,#100
DELAY_100ms_1: MOV R6#0E6H
DELAY_100ms_2: NOP
NOP
DINZ R6,DELAY_100ms_2
DINZ R7,DELAY_100ms_1
RET
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ovoumumed | minvaldvar | mintaldva andava | e ldvas
finile Tundozdo Tdgaiie dqeile | lagaile (v) | apageiiens
Yinedle (V) | nadie (V) YRS (V)
DIP 3.57 3.47 3.52 3.89
i PIP 3.86 3.95 3.90 3.38
MCP 4.09 4.10 4.10 4.16
DIP 4.09 4.07 4.08 4.06
f:'JNN PIP 3.68 3.68 3.68 3.58
MCP 3.83 4.11 3.97 3.65
DIP 4.54 438 4.46 433
finan PIP 3.65 3.71 3.68 3.38
MCP 3.89 3.99 3.94 445
DIP 3.92 3.90 3.91 3.64
it PIP 3.91 3.87 3.89 3.96
MCP 436 4.60 4.48 3.88
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IP 3.96 3.84 3.90 3.63

MCP 337 3.41 3.39 3.30
Abduction Sensor 4.92 4.78 4.85 4.80
Rotation Sensor 3.38 3.49 3.44 3.77
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fovoumuaed | mavaldvae | minvaldvas | mitialdvasoags
fiaite Tzt | ldgaifeviuii | diflov) | wasviiudaumses
(i (v) s (v)

DIP 213 2.83 2.04
firfen PIP 2.65 2.59 239
MCP 3.81 3.70 2.35
DIP 2.56 3.13 257
i PIP 2.52 2.44 241
MCP 3.16 3.06 2.34
DIP 3.09 2.94 2.61
‘é’;)ﬂaN PIP 2.88 2.64 2.54
MCP 257 2.56 2.05
DIP 2.70 2.73 2.62
s PIP 2.29 2.11 242
MCP 13.00 3.20 224
IP 2.95 2.98 274
il MCP 2.44 3.19 237
Abduction Sensor 4.52 4.52 4.63
Rotation Sensor 2.98 2.76 2.76
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Sovouwurod | munduvas aiialdvae RN
ihile luisazdo | ldgailo (v | laguiiew fuity | msuiivihile)
wmﬁ V)
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MCP 4.10 3.81 0.29
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f:'JHN PIP 3.68 2.52 1.16
MCP 3.97 3.16 0.81
DIP 4.46 ~3.00 1:37
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MCP 4.48 3.00 1.48
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Features

@ Compatible with MCS-51™ Products

e 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable I/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 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 pirout. 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 Flashon a monolithic chip, the Atmel AT89CS51
is a powerful micrecomputer which provides a highly flexible and cost effective solution to
many embedded control applications.

The AT89C51 provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt architecture, a
full duplex serial port, on-chip oscillator and clock circuitry. In addition, the AT89CS1 is

(continued)
PDIP/Cerdip
Pin Configurations £ é‘—u_}, b i
P1.1 2 39 [J P0.0 (ADO)
P12 3 38 [3J P0.1 (AD1)
P1.30 4 37 [J P0.2 (AD2)
P1.4C5 36 [0 P0.3 (AD3)
P1.5C] 6 35 [0 P0.4 (AD4)
P1.6 7 34 19 P0.5 (ADS)
P1.7C 8 33 |1 P0.6 (AD6)
RST ] 9 32 [3 P0.7 (AD7)
(RXD) P3.0 ¢ 10 31 [0 EAIVPP_
(TXD) P3.1 ] 11 30 [J ALE/PROG
(INTO) P3.2 O] 12 29 |3 PSEN
(INT1) P3.3 OJ 13 28 [J P2.7 (A15)
(TO) P3.4 ] 14 27 |1 P2.6 (A14)
(T1) P3.5.00 15 26 O P2.5 (A13)
(WR) P3.6 O] 16 25 [1 P2.4 (A12)
(RD) P3.7 ] 17 24 [0 P2.3 (A11)
XTAL2 O] 18 23 |3 P2.2 (A10)
XTAL1 O] 19 22 |71 P2.1 (A9)
PQFP/TQFP GND [ 20 21 [0 P2.0 (AB)
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(RXD) P3.0:45 29 DJEAIVPP RST ] 10 363 P0.7 (AD7)
NC T 6 28 ONC _ (RXD) P3.0]11 35[0 EA/VPP
(TXD) P3.1 2 7 27 [ ALE/PROG NC O] 12 3af NC
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(INT1) P33 = 9 25 [3P2.7 (A15) (INTO) P3.2]14 320 PSEN
(TO) P3.4 = 10 24 [3 P26 (A14) (INT1)P3.3CH{15 31[3 P2.7 (A15)
(T1) P3.5 = 11 23 I P2.5 (A13)  (T0) P3.4 C]16 30[30P2.6 (A14)
3 1
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8-Bit
Microcontroller
with 4 Kbytes
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- = P1.0 - P1.7 ha 0 P
|
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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
Vce

Supply voltage.

GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an output
port each pin can sink eight TTL inputs. When 1s are written to
pert 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 prograraming,
and outputs the code bytes during program verification. External
pullups are required during program verification.

Port 1

Port 1 is an 8-bit bidirectional 1/ port with internal pullups. The
Port 1 output buffers can sink/source four TTL inputs. When 1s
are written to Port 1 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 1 pins that are
externally being pulled low will source current (L) 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 I/O port with internal pullups. The
Port 2 output buffers can sink/source four TTL inputs. When 1s
are written to Port 2 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (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 I/O port with internal puliups. The
Port 3 output buffers can sink/source four TTL inputs. When 1s
are written to Port 3 pins they are pulled high by the internal

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

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

| Port Pin | Alternate Functions ‘
' P3.0 RXD (serial input port)

P31 TXD (serial output port)

P3.2 INTO (extenal interrupt 0)

| P3.3 INT1 (extenal interrupt 1) 3
- P34 TO (timer 0 extenal input)
P35 T1 (timer 1 external input) |
| P3.6 WR (extenal data memory write strobe) |
| P3.7 RD (external 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 ata constant rate of 1/6 the
oscillator frequency, and may be used for external timing or
clocking purposes. Note, however, that one ALE pulse is
skipped during each access to external Data Memory.

If desired, ALE operation can be disabled by setting bit C 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 mi-
crocrontroller is in external execution mode.

PSEN

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

When the AT89C51 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.

_E.A/Vpp

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 I is programmed,_E_A will be internally latched on
reset.

EA should be strapped to Vcc for internal program executions.

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

(continued)
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Pin Description (Continued)
XTAL1

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

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

Idle Mode

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

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

Power Down Mode

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

Figure 1. Oscillator Connections

c2
———e——| XTAL2
ct T
+—H———a— XTAL1

Notes: Cl, C2 = 30 pF £ 10 pF for Crystals
=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NE ="~ XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
— GND

Status of External Pins During Idle and Power Down

~ Mode

Program Memory ALE PSEN PORTO  PORT1 PORT2  PORT3
pidlens o E Internal 1 1 Data Data Data Bata .
_Idle 1 Externa! 1 1 Float Data Address Data ‘
 Power Down | Internal B 0 e e e
Power Down | External 0 0 Float Data Data Daia

3-36
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Program Memory Lock Bits

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

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

Lock Bit Protection Modes

56

without a reset, the latch initializes to a random 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.

1
Program Lock Bits |
LB1 LB2 LB3 Protection Type |

1 U U U No program lock features. \
MOVC instructions executed from external program memory are disabled from |

2 P u U fetching code bytes from internal memory, EA is sampled and latched on reset, and |
g further programming of the Flash is disabled. |

3 P P U Same as mode 2, also verify is disabled. ‘;
P P P Same as mode 3, also external execution is disabled. :

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash mem-
ory array in the crased 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 conven-
ient way to program the AT89CS51 inside the user’s system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

The AT89C5! is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective top-side
marking and device signature codes are listed in the following
table.

Vpp =12V Vpp=5V
‘ ‘ ATB9C51 AT89C51
Top-Side Mark [ XxXX XXXX-5
t yyww yyww
| (030H)=1EH (030H)=1EH
Signature | (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89C51 code memory array is programmed byte-by-byte
in either programming mode. To progran: 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 AT89C51,
the address, data and control signals should be set up according
to the Flash programming mode table and Figures 3 and 4. To
program the AT89C51, take the following steps.

1. Input the desired memory location on the address lines.
2. Input the appropriate data byte on the data iines.
3. Activate the correct combination of control signals.

ATmEL

4. Raise EA/Vpp to 12 V for the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps 1
through 5, changing the address and data for the entire array
or until the end of the object file is reached.

Data Polling: The 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 PC.7. Once the write cycle has been compieted,
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 direcily. Verification of the lock bits is achieved by ob-
serving that their features are enabled.

Chip Evase: 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,
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031H, and 032H, except that P3.6 and P3.7 must be pulled to a

logic low. The values returned are as follows.
(030H) = 1EH indicates manufactured by Atmel

(031H) = 51H indicates 89C51

(032H) = FFH indicates 12 V programming
(032H) = 05H indicates 5 V programming

Flash Programming Modes

37

Programming Interface

Every code byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of con-
trol signals. The write operation cycle is self-timed and once in-
itiated, 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.

ALE/ EA/
Mode RST PSEN  PROG  Vep P2.6 P2.7 P3.6 P3.7
Write Code Data H L \ Higv(!) Ny H H H
Read Code Data H = H H L [ H H
Write Lock Bit - 1 H L g H/12V H H H H
Bit- 2 H L @ Hiav H H L L
Bit- 3 H L A H/12V H L H L
Chip Erase H L - H/12V H L i L
Read Signature Byte H t H H L E E L

Notes: 1. The signature byte at location 032H designates whether Vpp

=12 V or Vpp= 5V should be used to enable program-

ming.

3-38
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Figure 3. Programming the Flash

AT89C51

Figure 4. Verifying the Flash

58

+5V
AT89C51 o
ADDR, AL-A7 l oy Vee —1
OOOOH/OFFFH L
A8 - A11 s y
— > P26
SEE FLASH —» P27 ALE |¢——
PROGRAMMING
MODES TABLE —»| P3.6
— | P37
I——o)——— XTAL 2 EA [&——
4-24 MH21 -
= |
\-—o——j' XTAL 1 RST |¢—
e—| GND PSEN

|
il

+gv
AT89C51 l
AR, S0l P1 . —PJGM DAT
OOOOH/OFFFH A
EOM P2.0-P23 PO [-» (USE 10K
DATA A8 - A1 :
PULLUPS)
—»| P26
PROG SEE FLASH —»{ P27 ALE
PROGRAMMING
MODES TABLE —» P36 ¢
i lypaty I
N vI——— XTAL 2 EA
4-24 MHz__
)
Vi XTAL 1 RST |« Vi
GND PSEN

Flash Programming and Verification Characteristics
Ta=21°C to 27°C, Vee = 5.0 £ 10%

+

E—Symbol Parameter Min Max Units q
mpm 3 Programming Enable Voltage 1.5 12.5 \Y

ipp(") Programming Enable Current 1.0 mA

1tcLeL | Oscillator Frequency 4 24 MHz

tavGL | Address Setup to PROG Low 48tcLcL

teHax | Address Hold After PROG 48tcLcL |

tovGL | Data Setup to PROG Low 48tcLcL

tohpx | Data Hold After PROG 48tcioL .

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

tSHGL | Vpp Setup to PROG Low 10 us

tousl”) | Vpp Hold After PROG 10 us ~i
| tGLGH PROG Width 1 110 s
| tavav Address to Data Valid 48tCLCL
| telqu | ENABLE Low to Data Valid 48tcLcL 0
1 teHav | Data Float After ENABLE 0 48tcLcL J
' torBL PROG High to BUSY Low 1.0 e
rtwc | Byte Write Cycle Time 2.0 ms 1
Note: 1. Only used in 12-volt programming mode.
S Ry R A S S e RS 3-39
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Flash Programming and Verification Waveforms - High Voltage Mode

P10-P1.7 PROGRAMMING VERIFICATION
: : e ADDRESS 4—j ADDRESS

P2.0-P23

<— tavav
PORT 0 DATA IN 1 BAIAOULE S v
toveL  teHDx “’l
taveL ¢ < > teHAX
ALE/PROG /|
tstoL te—teLoH—]
- e e e
EANpg - & e [ e QG IC O S e o
t
P2.7 F’ i teLav le— * lenaz
(ENABLE)
teHBL =] le—
PaA ' -
(RDY/BSY) RUSY READY

Flash Programming and Verification Waveforms - Low Voltage Mode

P10-P17 PROGRAMMING VERIFICATION
P2.0-P23 ADDRESS fj ADDRESS
— tavav
NY e
PORT 0O l/ DATA IN NATAOUTL ¥
m teHDx &
taveL ¢ > < > torax
ALE/PROG
fsHt [« —teLoH—>
=te LOGIC 1
EANep S/ N, Y R AT YN Y EOGIC Qe g .« n g

o — teHsH — tenaz
P2.7 | -l e
(ENABLE) = /
|

toHBL —* "—

P34
(RDY/BSY) BUSY READY
— twe
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Absolute Maximum Ratings*

' Operating Temperature.................. -55°C to +125°C
| Storage Temperature.............c.o..... -65°C to +150°C
Voltage on Any Pin
with Respect to Ground .................. -1.0Vto+7.0V
Maximum Operating Voltage ..........ccccccoecieeiinns 6.6V
DE QUIpUtEUrenta=i s e 15.0 mA

D.C. Characteristics

*NOTICE: Stresses beyond those listed under “Absolute Maximum

Ratings” may cause permanent damage to the device. This isa
stress rating only and functional operation of the device at these
or any other conditions beyond those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect de-
vice reliability.

Ta =-40°C to 85°C, Vcc = 5.0 V £ 20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage, (Except EA) 0.5 0.2 Voe-0.1 Vv
Vit | Input Low Voltage (EA) 0.5 \Rgveed3 V|
VIH Input High Voltage (Except XTAL1, RST) 0.2 Vec+0.9 Vec+0.5 Y
VIH1 Input High Voltage (XTAL1, RST) 0.7 Vcc Vce+0.5 \Y
Output Low Voltagem 7 i
VoL (Ports 1,2,3) loL = 1.6 mA 0.45 v
Output Low Voltage!") 4 ‘
Vou1 (Port 0, ALE, PSEN) loL =32 mA 0.45 \Y
outok bice20s loH =-60 uA, Vec =5V + 10% 2.4 Vi
utput High Voltage N s P ANTIATTNAN ¢ T ~ L 7 :
VoH (Ports 1,2,3, ALE, PSEN) loH=-25 uA 0.75 Vce Ve |
loH =-10 pA 0.9 Vce Voo
Output High Voltage loH =-800 pA, Vcc =5V £10% 2.4 V i
VoH1 (Port 0 in External Bus loH = -300 pA 0.75 Vee V|
hlode) lon = -80 pA 0.9 Vee Vi
Logical O Input Current o
I (Ports 1,2,3) ViN =045V -50 HA J
Logical 1 to 0 Transition &
L Current (Ports 1,2,3) =2V -650 HA i
Input Leakage Current X :
] (Port 0, EA) 0.45 <VIN < Vce +10 pA
RRST | ResetPulldown Resistor S g 50 ° 300 L K®
Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MH |
Power Supply Current el = 20 e
o "~ idee Mode, 12 MHz 50 |
Vec=6V
\ Power Down Mode®® e 100 A
l Vec=3V 40 uA
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:
Maximum lor per port pin:10 mA
Maximum lor per 8-bit port:
Port 0:26 mA
Ports 1,2, 3:15 mA
Maximum total IOL for all output pins:71 mA

(3]

related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.
Minimum VCC for Pewer Down is 2 V.

AlMEL 341



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)

ATmEL
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External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1ftcLcL ¢ Oscillator Frequency 0 24 MHz
twHe | ALEPuseWidth 127 a0
tavLL E Address Valid to ALE Low 28 tCLCL-13 ns
tLLax Address Hold After ALE Low 48 tCLCL-20 ns
v | ALE Lowto Vql@rilggructlor)rln UMCNNN 238 il L 2 4CLCL-65 | ns
fpL | ALE Low to PSEN Low 43 toLcL-13 ns
tpLpH | PSEN Pulse Width 205 3toLct-20 ns
tPLIV @\J— Low to Valid Instruction In | 145 3tcLcL-45 ns
texix | Input Instruction Hold After PSEN 0 0 ns
tpxiz J Input Instruction Float After PSEN 59 tcLeL-10 ns
tpxav | PSEN to Address Valid & 3 tcLoL-8 A ns
taviv | Address to Valid Instruction In 312 5tcLeL-55 ns
tpLaz | PSEN Low to Address Float 10 10 ns
| tRLRH | RD Pulse Width (S ARERRNS 6tcLcL-100 s
twiwH | WR Pulse Width 400 6tcLoL-100 ns
tRLDV RD Low to Valid Data In 252 _Sterel-90 ns
tRrpx _ Data Hold AfterRD - 0 S g o P
| trHDz | Data Float After RD 97 2tcLcL-28 ns
tluov | ALE Low to Valid Data In 517, 8tCLCL-150 ns
tavbv mLAgidrress to Valid Data In = %980 | | # S _ OtCLCL-165 | ns
tuwL | ALE Low to RD or WR Low 200 300 3tcLeL-50 3tcLcL+50 nsi
tavwL  Address to RD or WR Low 203 4tcLcL-75 s |
| tavwx  Data Valid to WR Transition_ R | teLct-20 ns
| tquwH  Data Valid to WR High 433 7tcLcL-120 ns
twHQX Data Hold After WR 33 tcLeL-20 ns
tRLAZ | RD Low to Address Float : 0 0 ns
| twHLH | RD or WR High to ALE ngh 43 123 tcLcL-20 tcLoL+25 ns
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External Program Memory Read Cycle

Ll
ALE
< ‘ > tpLpH
tavie ¢ < > v
— lip «—
PSEN _ — buv
} —tpxay
— [«tpiaz | t
t | PXIZ
LLAX |« > ‘
Lotexix— e
PORT 0 A0 - A7 — ‘ INSTR IN A0 - A7
< taviv >
PORT 2 (g A8 - A15 A8-A15
External Data Memory Read Cycle
= tLHLL—»i
ALE /{
=g twHLH
PSEN ;
5 llow
| l4— trIRH —>
e— tuwe —»
0 et ax — et
¢ «—»triov [« trHDZ
e— tavii—» &
— trHDX
PORTO _ A0 -A7 FRCM Rl OR DPL X DATA IN l A0 - A7 FROM PCL>—<(NSTR IN
— tavwL
< tavov
PORIE2: =i P2.0 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

AIMEL
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External Data Memory Cycle

r— t HL— : |
ALE C—\___J
= twHLH
PSEN
—— twL —le—twiwr —»
WR e—tLiax —
le— taviL—»] tavwx i —> 1+ twHax
— taywh —»
PORT 0O :>— AO - A7 FROM RI OR DPL DATA OUT P< AO - A7 FROM PCL INSTR IN
t— = tAVWL EE—
PORT 2 X P20-P27O0RAB-AI5FROMDPH __ X_ _ A8-A15FROM PCH

External Clock Drive Waveforms

toLen — ¢ teHeL

< teLoL

External Clock Drive
rSymbol Parameter Min Max Units

1/tcLeL Oscillator Frequency 0 24 MHz
| tcLeL Clock Period 41.6 ns

ool fHgmme 0 6 0 .

tcLex | Low Time 15 ns =
| tcLcH ‘ Rise Time = 20 ns
_leweL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V £ 20%; Load Capacitance = 80 pF)

; ‘ 12 MHz Osc Variable Oscillator

\ Symbol | Parameter Min Max Min : Max Units

tax. | Serial Port Clock Cycle Time Elo i2iel s

| tQuxH | Output Data Setup to Clock Rising Edge 700 10icLcL-133 ns
txHQX 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
ALE

CLOCK

WRITE TO SBUF
il e g

v
OUTPUT DATA
CLEARRI |

T

v
INPUT DATA

L

AC Testing Input/Output Waveforms"”

0.2Ve+ 09V

TEST POINTS
0.2 Vge- 0.1V

Vec- 0.5 v—\
N

0.45 V——/

Note: 1. AC Inputs during testing are driven at Vcc- 0.5 V for a
logic 1 and 0.45 V for a logic 0. Timing measurements
are made at ViH min. for a logic 1 and ViL max. for a

logic 0.

AImEY

1
Float Waveforms"”

Y 0at?*% Lo NV A Y
3 Timing Reference )

V,
LOAD %
Points
0.1V
Voap™ S Vg o1V
Note: 1. For timing purposes, a port pin is no longer floating whena

100 mV change from load voltage occurs. A port pin be-
gins to float when a 100 mV change from the loaded
Von/ VoL level occurs.
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Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 | 5V+20% AT89C51-12AC 44A Commercial
} AT89C51-12JC 44 (0°C to 70°C)
‘ AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44) (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Q 44Q
AT89C51-12AA 44A Automotive
| AT89C51-12JA 44) (-40°C to 125°C)
; AT89C51-12PA 40P6
; AT89C51-12QA 44Q
5V +10% AT89C51-12DM 40D6 Military
| AT8ICST-12LM LY Rl (§XC10125°C) |
AT89C51-12DM/883 40D6 Military/883C
AT89C51-12LM/883 441 Class B, Fully Compliant
e B oy g __(-85°C t0 125°C)
16 5V +20% AT89C51-16AC 44 A Commercial
AT89C51-16JC 44 (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC '/ <o vl 44Q e W BE i
AT89C51-16Al 44A Industrial
AT89C51-16J1 44) (-40°C to 85°C)
AT89C51-16P! 40P6
B e BU SOV P Nz SR e | an PR & A |
AT89C51-16AA 44A Automotive
AT82C51-16JA 44y (-40°C to 125°C)
AT89C51-16PA 40P6
| AT89C51-16QA 44Q < ry -
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44 (0°C to 70°C)
5 AT89C51-20PC 40P6
| AT89C51-20QC | 44Q -
| AT89C51-20Al 44A Industrial
‘! AT89C51-20JI 44) (-40°C to 85°C)
‘ AT89C51-20PI 40P6
AT89C51-20Ql 44Q :
24 5V +20% AT89C51-24AC 44A Commercial
g AT89C51-24JC 44 (0°C to 70°C)
| AT89C51-24PC 44P6
| AT89CS1-4QC 440 & B
AT89C51-24Al 44A Industrial
2 AT89C51-24J1 44) (-40°C to 85°C)
\ AT89C51-24P| 44P6
1 AT89C51-24Ql 44Q
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Ordering Information

66

Package Type
aan 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) )
P 40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
44J 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)

AIMEL
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NNational Semiconductor

ADC0816/ADC0817

with 16-Channel Multiplexer

General Description

The ADC0816, ADCO0817 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 16-channel multiplexer and microprocessor compat-
ible control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 16-channel multiplexer can
directly access any one of 16-single-ended analog signals,
and provides the logic for additional channel expansion.
Signal conditioning of any zralog input signal is eased by
direct access to the multiplexer output, and to the input of the
8-bit A/D converter.

The device eliminates the need for external zero and
full-scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0816, ADC0817 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0816, ADC0817 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For similar
performance in an 8-channel, 28-pin, 8-bit A/D converter,
see the ADC0808, ADC0809 data sheet. (See AN-258 for
more information.)

July 1999

8-Bit yP Compatible A/D Converters

Features

m Easy interface to all microprocessors

m Operates ratiometrically or with 5 V¢ or analog span
adjusted voltage reference

m 16-channel multiplexer with latched control logic

Outputs meet TTL voltage level specifications

m 0V to 5V analog input voltage range with single 5V

supply

No zero or full-scale adjust required

Standard hermetic or molded 40-pin DIP package

Temperature range -40°C to +85°C or -55°C to +125°C

Latched TRI-STATE output

Direct access to “comparator in” and “multiplexer out” for

signal conditioning

m ADCO0816 equivalent to MM74C948

m ADCO0817 equivalent to MM74C948-1

Key Specifications

m Resolution 8 Bits
® Total Unadjusted Error +% LSB and £1 LSB
m Single Supply 5 Vpe
u Low Power 15 mW
u Conversion Time 100 ps

Block Diagram
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Connection Diagram

Dual-In-Line Package

1 40
Ny — @ U —IN2
39
ING = b— N1
38
IN5 — N0
ms—;- '3—7EXPANS|GN’C0NTHDL
N7 — o A0DA
IN8 — —ADD B
1 34
INg — — ADDC
8 33
IN10—— - Aooo
INT e p— ALE
10 ADC0816 )l
L ADCO817 50 27 'Ms8
IN13 —f — -2
12 29
IN14 —ol |
1 28
E0C — — 2—4
INts 14 e
MULTIPLEXER 15 | 26 26
OUT 46 %5 4
START =1 2
17 2
vcc-ﬁ. 0158
COMPARATOR IN ——i b— REF(-)
19
REF(+) ——1 — CLOCK
GND —— OUTPUT
ENABLE
TOP VIEW

DS005277-6

Order Number ADC0816CCN or ADC0817CCN
See NS Package Number N40A

Ordering Information

TEMPERATURE RANGE

-40°C to +85°C

Error *5 Bit Unadjusted

ADC0816CCN

ADC0816CCJ

+1 Bit Unadjusted

ADC0817CCN

Package Outline

N40A Molded DIP

J40A Hermetic DIP

www.national.com




Absolute Maximum Ratings (Notes 1, 2) Lead Temp. (Soldering, 10 seconds)
If Military/Aerospace specified devices are required, Dual-In-Line Package (Plastic) 260°C
please contact the National Semiconductor Sales Office/ Molded Chip Carrier Package
Distributors for availability and specifications. Vapor Phase (60 seconds) 215°C
Supply Voltage (Vcc) (Note 3) 6.5V - Infrared (15 seconds) 220°C
Voltage at Any Pin -0.3V to (Vect+0.3V) ESD Susceptibility (Note 9) 400V
Except Control Inputs s Frey
Voltagepat Control I:puts -0.3V to 15V Operatlng Conditions (Notes 1, 2)
(START, OE, CLOCK, ALE, EXPANSICN CONTROL, Temperature Range (Note 1) TvinST a<Tmax
ADD A, ADD B, ADD C, ADD D) ADC0816CCN, ADC0817CCN -40°C<T 5s+85°C
Storage Temperature Range -65°C to + 150°C Range of V¢ (Note 1) 4.5 Vpe to 6.0 Vpe
Package Dissipation at T, = 25°C 875 mW Voltage at Any Pin 0V to Vee
Except Control Inputs
Voltage at Control Inputs 0V to 15V

(START, OE, CLOCK, ALE, EXPANSION CONTROL,
ADD A, ADD B, ADD C, ADD D)

Electrical Characteristics

Converter Specifications: Vce=5 Vpe= Vrer@) Vrer-)=GND, Vin=Vcomparator in,TminETmax and fo x = 640 kHz unless
otherwise stated. ‘4

Symbol Parameter : Conditions Min Typ Max Units
ADC0816
Total Unadjusted Error 25°C %2 LSB
(Note 5) Tmin to Taax % LSB
ADC0817
Total Unadjusted Error 0°'Cto 70°C +1 LSB
(Note 5) Tain 10 Tmax t1va LSB
Input Resistance L From Ref(+) to Ref(-) 1.0 45 kQ
Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 Vect0.10 | Vpe
VRer(+) Voltage, Top of Ladder Measured at Ref(+) Vee Veet0.1 \Y
VREF(+) + VREF(-) Voltage, Center of Ladder Veel2-0.1 | Veel2 | Vec/2+0.1 \
2
VRer(-) Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 Vv
Comparator Input Current f.=640 kHz, (Note 6) a2 05 2 A

Electricai Characteristics

Digital Levels and DC Specifications: ADC0816CCN, ADC0817CCN-—4.75V<V<5.25V, -40°C<T os+85°C unless other-
wise noted.

Symbo! l Parameter I Conditions I Min Typ ] Max Units
ANALOG MULTIPLEXER
Ron Analog Multiplexer ON (Any Selected Chanrel)
Resistance TA=25'C, R =10k 1.5 3 kQ
TA=85C 6 kQ
Ta=125C 9 kQ
ARoN AON Resistance Between Any (Any Selected Channel) 75 Q
2 Channels R_ =10k
lore+ OFF Channel Leakage Current Vee=5VY, Vin=5V,
TaA=25"C 10 200 nA
Tain 10 Tyax 1.0 A
loFr(-) OFF Channel Leakage Current Vee=5V, Vin=0,
TA=25°C -200 nA
T 10 Tax -1.0 A

3 www.national.com

[@))
O

21800Aav/91800aVv



ADC0816/ADC0817

70

Electrical Characteristics (Continued)

Digital Levels and DC Specifications: ADC0816CCN, ADC0817CCN —4.75V<Vc<5.25V, -40'C<TA<+85°C unless other-
wise noted.

Symbol I Parameter l Conditions Min Typ Max Units
CONTROL INPUTS
Vine Logical “1" Input Voltage Vee—1.5 "
Vineo) Logica! “0" Input Voltage 1.5 \Y
ling1 Logical “1" Input Current V=15V 1.0 pA
(The Control Inputs)
lingo) Logical “0" Input Current Vin=0 -1.0 pA
: (The Control Inputs)
lee Supply Current fo =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT)
VouT(1) Logical “1” Output Voltage 1o=-360 pA, To,=85°C Vee-0.4 Vv
15=-300 pA, To,=125'C
Vour) Logical “0" Output Voltage 10=1.6 mA 0.45 \
VouTt() Logical “0" Output Voltage EOC 16=1.2 mA 0.45 \%
louT TRI-STATE Output Current Vo=Vee : 3.0 pA
Vo=0 -3.0 pA

Electrical Characteristics
Timing Specifications: Voc=Vrer)=5Y, Vrer(-=CND, t,=t,=20 ns and To=25°C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) (Note 7) 100 200 ns
twaLe Minimum ALE Pulse, Width (Figure 5) 100 200 ns
{4 Minimum Address Set-Up Time (Figure 5) 25 50 ns
Th Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rs=0% (Figure 5) 1 2:5 us

from ALE
tuts tho OE Control to Q Logic State C_=50 pF, R =10k (Figure 8) 125 250 ns
tim, ton OE Control to Hi-Z C,.=10 pF, R =10k (Figure 8) 125 250 ns
ic Conversion Time f.=640 kHz, (Figure 5) (Note 8) 90 100 116 us
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2us Clock

Periods

Cin Input Capacitance At Control Inputs 10 15 pF
Cour TRI-STATE Output At TR!-STATE Outputs (Note 8) : 10 15 pF

Capacitance

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
tne device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to GND, unless otherwise specified.

Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vpc.

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop
greater than the V¢ supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vy does not exceed the supply voltage
by more than 100 iV, the output code will be correct. To achieve an absolute 0 Vpc to 5 Vpc input voltage range will therefore require a minimum supply voltage
of 4.900 V¢ over temperature variations, initial tolerance and loading.

Note 5: Total unadjusted error includes offset, full-scale, and linearity errors. See Figure 3. None of these A/Ds requires a zero or fuil-scale adjust. However, if an
all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages can be
adjusted to achieve this. See Figure 13.

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has
little temperature dependence (Figure 6). See paragraph 4.0.

Note 7: If start pulse is asynchronous with converter clock or if fo > 640 kHz, the minimum start pulse width is 8 clock periods plus 2 ps. For synchronous operation
at f. < 640 kHz take start high within 10C ns of clock going low.

Note 8: The outputs of the data register are updated one clock cycle before the rising edge of EOC.
Note 9: Human body model, 100 pF discharged through a 1.5 kQ resistor.

www.national.com 4




Functional Description

Multiplexer: The device contains a 16-channel single-ended
analog signal multiplexer. A particular input channel is se-
lected by using the address decoder. Table 1shows the input
states for the address line and the expansion control line to
select any channel. The address is latched into the decoder
on the low-to-high transition of the address latch enable
signal.

TABLE 1.

Selected Address Line Expansion

Analog Channel DlcCcilB]|]A Control
INO Lalate e ltel H
IN1 B B | el B H
IN2 BBl e o 1 A H
IN3 B peif bt e L L Bl H
IN4 (Bl {0 46 H
INS L | H/|J44H H
IN6 L] Hg gt | L H
IN7 L|HAHgHIH H
IN8 HYW| L==tC H
IN9 H¥| &L L | & H
IN10 H i =" H (f L H
IN11 H¥| L. @ lgH H
IN12 H | HY Oyl ls H
IN13 Bo=H | Lelekl H
IN14 B o™=0 LHe L H
IN15 H|H]|]H|H H

All Channels OFF | X | X | X | X &

X=don't care

Additional single-ended analog signals can be multiplexed to
the A/D converter by disabling all the multipiexer inputs using
the expansion control. The additional external signals are
connected to the comparator input and the device ground.
Additional signal conditioning (i.e., prescaling, sample and
hold, instrumentation amplification, etc.) may also be added
between the analog input signal and the comparator input.

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive
approximation register, and the comparator. The converter's
digital outputs are positive true.

The 256R !adder network approach Figure 1 was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feedback
control systems. A non-monotonic relationship can cause
oscillations that will be catastrophic for the system. Addition-
ally, the 256R network does not cause load variations on the
reference voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output transi-
tion occurs when the analog signal has reached + 2 LSB
and succeeding output transitions occur every 1 LSB later up
to full-scale.

CONTROLS FROM S.A.R.
1

REF(+) o—l /{ +

14R
R

.
R

.

256R

.
R
.
R .
%R
<
>——

T0
. > COMPARATOR
INPUT

REF(-) O—

DS005277-2

FIGURE 1. Resistor Ladder and Switch Tree

w
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Functional Description (continued)

INFINITE RESOLUTION
n PERFECT CONVERTER
" - 10 +1/2 LSB IDEAL 3-BIT CONVERTER
i=- FULL-SCALE w TotAL L P
110 IDEAL CURVE -4 ERROR=1/2LSB S 101 | UNADJUSTED ™ [-tid_i
- 2 ERROR |
w 101 = 190 -11S8
] & ABSOLUTE
g 100 3 m ACCURACY
£ S mof - L-IIZ LsB
ANTIZATI
8 = i~ NONLINEARITY = 1/2 LsB 001 QUANTIZATION
< NONLINEARITY = —1/2 LSB 000 vin
01| - 0/8 1/8 2/8 3/8 4/3 5/8 §/8 1/8
-~ R=-1/4L
,m[',' [ER2ER0 R 18158 Vi VIn AS FRACTION OF FULL-SCALE :
0/8 1/8 2/8 3/8 4/8 5/8 6/8 1/8 Ds00s271:4
V|N AS FRACTION OF FULL-SCALE FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
DS005277-3
FIGURE 2. 3-Bit A/D Transfer Curve
+1/2 LSB TOTAL UNADJUSTED ERROR REFERENCE LINE

QUANTIZING
ERROR
NPYT OV s e B =8 = () = S E e N —
VOLTAGE
~1/2 LSB TOTAL UNADJUSTED ennon—/

— FuLLseaL

DS005277-5

FIGURE 4. Typical Error Curve

Timing Diagram

i

oy Ak Sz Yl ERE

START §0% 50%

b tW§ —=|

ALE 50%7[ mxﬁ
—wae—l |

STABLE ADDRESS

s T

]

S
anatos  \/ STABLE it g g
INPUT A i

<
lSB_’l

MULTIPLEXER
out

t—rt tp—

0UTPUT / \eviei
ENABLE
k 50%
S EOC

TRI-STATE
CUTPUTS == = = o o o o — e — = ———————— ——— ——— — ———— — —— -

EoC

DS005277-7

FIGURE 5.
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Timing Diagram (Continued)

The successive approximation register (SAR) performs 8
iterations to approximate the input voltage. For any SAR
type converter, n-iterations are required for an n-bit con-
verter. Figure 2 shows a typical example of a 3-bit converter.
In the ADC0816, ADC0817, the approximation technique is
extended to 8 bits using the 256R network.

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the rising edge of start
conversion.

The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ulimate accuracy of the entire converter. It is also the com-
parator drift which has the greatest influence on the repeat-
ability of the device. A chopper-stabilized comparator pro-
vides the most effective method of satisfying all the
converter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through 2
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0816 as
measured using the procedures outlined in AN-179.

www.national.com
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Typical Performance Characteristics

15 I
fe = 1200 kHz

iAlrA

M= 640 kHz

1

0.5

/V

-1 I = 1200 kHe
0 1.25 25
Vin (V)

TYPICAL Iy (A)
o

175 5

DS005277-18

FIGURE 6. Comparator |,y vs Viy
(Vec=Vrer=5V)

Ta=85'C

TAV—\
.

1.25

TYPICAL Rpy (kS2)

o
e

2.5
Vin (V)

3.75 5

o

DS005277-19

FIGURE 7. Multiplexer Roy VS Viy
(Vec=Vrer=5V)

TRI-STATE Test Circuits and Timing Diagrams

th1 CL=50pF

50%

DS005277-9

'HO' CL=50 pF

Applications Information

OPERATION
1.0 RATIOMETRIC CONVERSION

The ADCO0816, ADC0817 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which is
not necessarily related to an absolute standard. The voltage
input to the ADC0816 is expressed by the equation

__ql; 10%

'1Hth1 tﬂ'l' CL=10 pF
Vee
OUTPUT
ENABLE
OUTPUT
enasLe © a]
CL 10K
| oUTPUT
e £ =3 il
tow tHo
Vee Vee
Vee
OUTPUT
10k ENABLE
GND
oUTPUT a
ENABLE
L Vee
I QUTPUT
= = Vou
FIGURE 8.

—-—tgH

DS005277-10

ViN

s Dx
Vis—Vz Dmax—DMIN

(1)
V,n = !nput voltage into the ADC0816

V(s = Full-scale voltage

V, = Zero voltage

Dy = Data point being measured

Duax = Maximum data limit

Dwin = Minimum data limit

www.national.com 8




Applications Information (continued)

A good example of a ratiometric transducer is a potentiom-
eter used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voltage across it. Since the data is represented
as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0816,
ADCO0817 is that the input voltage range is equal to the
supply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a
system reference must be used which relates the full-scale
voltage to the standard volt. For example, if Vec = Vrer =
5.12V, then the full-scale range is divided into 256 standard
steps. The smallest standard step is 1 LSB which is then 20
mV.

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected input 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which is
referenced to the supply. The voltages at the top, center and
bottom of the ladder must be controlled to maintain proper
operation.

The top of the ladder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(-), should
not be more negative than ground. The center of the ladder
voltage must also be near the center of the supply because
the aralog switch tree changes from N-channel switches to
P-channel switches. These limitations are autcmaticaly sat-
isfied in ratiometric systems and can be easily met in ground
referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must be
trimmed to match the reference voltage. For instance, if a
5.12V reference is used, the supply should be adjusted to
the same voltage within 0.1V.

]

Vee
L [—4 REF(+)

L

MSB
DIGITAL
OUTPUT

Qout PROPORTIONAL

TO ANALOG
INPUT
o g

LS8 VREF Voo
4.75V sVgc =VREFs5.25V

* Ratiometric transducers

C

ADCO816, 17

DS005277-11

FIGURE 9. Ratiometric Conversion System

The ADC0816 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 11 a ground references system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply
the millliamp of supply current and the desired bus drive, or
if a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 pF output capacitor.

The top and bottom ladder voltages cannot exceed Ve and
ground, respectively, but they can be symmetrically less than
Vee and greater than ground. The center of the ladder
voltage should always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of the
LSB steps decreased) by using a symmetrical reference
system. In Figure 13, a 2.5V reference is symmetrically
centered about Vec/2 since the same current flows in iden-
tical resistors. This svstem with a 2.5V reference allows the
LSB to be half the size of the LSB in a 5V reference system.

www.national.com
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Applications Information (continued)

vee
SUPPLY vee
MsB
VREF REF(+) DIGITAL
5 CUTPUT
REFERENCED
o— s Ul BEFEREN
vwdo— © GROUND
L]
o In0
= REF(-) L8 ALl
— GND VREF
4.75V =Vcc = VREF s5.25V
ADCO0816, 17
DS005277-12
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
v+
+ Vee
g MSB
T +
VREF REF(+) DIGITAL OUTPUT
] RENCEDTO
VREF(+) 0 — n1s ) 3 2:;%,450"‘: 4l
°
Vin { O— :
o ]
[— REF(-) LSB Q VIN
® GND OUT = VREF
4.75V sVcc=VREF <5.25V
ADCO816, 17

Reference Generating Vcc Supply

LM3298

10-15Vpc
O

1k

1000 pF
1

[

+ 10uF
e 90L1D

FIGURE 12. Typical Reference

& >
v

DS005277-13

FIGURE 11. Ground Referenced Conversion System with

Vee
REF(+)

TANTALUM

GND
REF(-)

DS005277-14

and Supply Circuit
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Applications Information (continued)

5V

ﬂAi

3.75V

Vee

Ints

*
*
[ 1.25V

®

25V
REFERENCE Rg

ey

REF(-)

GND

REF(+) Mot
DIGITAL OUTPUT
PROPORTIONAL TO
Bout ANALOG INPUT
1.25V < VN £ 3.75V
e Ra=Rg
* Ratiometric transducers

DS005277-15

FIGURE 13. Symmetrically Centered Reference

3.0 CONVERTER EQUATIONS

The transition between adjacent codes N-and N + 1 is given
by:

N
Vin=1 (v —VRer(-) | —+=—| £V + 4
IN {( REF(+)~ VREF( ))[256 512] TUE} VREF(-)

The center of an output code N is given by:

N
VIN= { (VREF(+)_VREF(—))["—256] iVTUE] +VREF(-)
(3)

The output code N for an arbitrary input are the integers
within the range:

N =Mﬂ—x 256 + Absolute Accuracy
VREF(+)~ VREF(-) (@)
where: V| = Voltage at comparator input
Vgrer = Voltage at Ref(+)
Vrer = Voltage at Ref(-)
Vrue = Total unadjusted error voltage (typically

Vrer(*) +512)
4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the
periodic switching of on-chip stray capacitances These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with V,y as shown in Figure
6.

If no filter capacitors are used at the analog or comparator
inputs and the signal source impedances are low, the com-
parator input current should not introduce converter errors,
as the transient created by the capacitance discharge will die
out before the comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the character-
istics of a DC bias current whose effect can be predicted
conventionally. See AN-258 for further discussion.
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Typical Application

ADDRESS
DECODE
(AD4-AD15)*

500 kHz=—— CLK

5.000V = VREF(+)

- __I INTERRUPT
0E

EoC INTERRUPT

0.000V = VREF(-—)

2-1}—» o087 MSB

START 2-2—— DB6

ALE 2-3}—— D85

2-4 —> D84

ADO—] A 2-5 —— 083

ADI=——B  apcogrs 28— D82

AD2 = C ADCOB17 -7 pe—ep DB
AD3—D 2-8——> 080 LS8

5V SUPPLY
EXPAND
Vee

GROUND =

GND

COMMON 0UT
COMPARATOR
IN

IN15 p=—=Vp 16
[}
0-5v
ANALOG
~% INPUT RANGE
INO =V py 1

Microprocessor Interface Table

DS005277-16

*Address latches needed for 8085 and SC/MP interfacing the ADC0816, 17 to a microprocessor

PROCESSOR READ WRITE INTERRUPT (COMMENT)

8080 MEMR MEMW INTR (Thru RST Circuit)

8085 RD WR INTR (Thru RST Circuit)

Z-80 RD WR INT (Thru RST Circuit, Mode 0)

SC/IMP NRDS NWDS SA (Thru Sense A)

6800 VMA+$ 2:R/W VMA-Q,RW | TRQA or IRQ@B (Thru PIA)
www.national.com 12




Physical Dimensions inches (millimeters) unless otherwise noted

2.043-2.070

(51.89-52.58)

| o) [ [ () [l [ (el [l [ [ [ [ [e] ) [) PoR) [ed] [) [g] [

0.052
“':7:; 0.550 :0.005
{13.9700127)
PIN NO. 1 (DENT—\ ‘
\I
T UWUEN UM O W W W W e
0.580
el 0.030
(0.762) 0.050
0.600-0.620 MAX T 0.125-0.165
l‘ {15.200-15.128) { Yp (3.175-4.191) i
j ] 1 = Il 0.145-0210
(3683-5.33)
95°=5° 0.008-0.015 _“;_r—‘_
o525 0025 {0.229-0.381) Tvp | 0020
| 7770015 | 0.075:0.015 i___ ‘ |__ 0.100 0.010 | 0.018=0.003 u:.‘sl:s)
i . ~— = R | 457 +0.
I (1575 tgg:?) (1.905 :0.381) (2,540 20.254) {0.457 :0.076) 012520140

(3.175-3.556)

NAOA (REV E)

Molded Dual-In-Line Package (N)
NS Package Number N40A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expectied to result in a
significant injury to the user.

2. A critical component is any component of a life

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

National Semiconductor National Semiconductor

Corporation Europe

Americas Fax: +49 (0) 180-530 85 86
Email: support@nsc.com Email: europe.support@nsc.com

Ceutsch Tel. +43 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
www.national.com Frangais Tel: +33 (0) 141 91 8790

National Semiconductor National Semiconductor
Asia Pacific Customer Japan Ltd.

Response Group Tel: 81-3-5639-7560
Tel: 65-2544466 Fax: 81-3-5639-7507

Fax: 65-2504466
Email: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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