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54 CHARACTERISTICS OF THE SPI BUS

The SPI bus consists of two serial data lines (MISO and MOSI), a clock line (SCK),
ancl a Slave Select line (S5).

541 Overview

During an SPI transfer, a byte is shifted out one data pin while a different byte is
simultaneously shifted in through a second data pin. It can be viewed as two 8-bit
shift registers connected together in a circular manner, where one shift register is
located on the master side and the other on the slave sicle. Thus the data bytes in the
master clevice and slave device are effectively exchanged. The MISO and MOSI data
pins are used for transmitting anc receiving serial data. When the SPIis configured
as a master, MISO is the master data input line, and MOSI is the master data output
line. When the SPI is configured as a slave device, these pins reverse roles.

Clock control logic allows a selection of clock polarity and a choice of two
fundamentally different clocking protocols to accommodate most available
synchronous serial peripheral devices. When the SPI is configured as a master, the
control bits in the HCKR select the appropriate clock rate, as well as the desired clock
polarity and phase format (see Figure 5-6 on page 5-11),

The SS line allows individual selection of a slave SPI device: slave clevices that are not
selected do not interfere with SPI bus activity (i.e., they keep their MISO output pin
in the high-impedance state). When the SHI is configured as an SPI master device,
the SS line should be held high. If the SS line is driven low when the SHI is in SPI
Master maocle, a bus error will be generated (the HCSR HBER bit will be set).

5.5 CHARACTERISTICS OF THE I°C BUS

The I?C serial bus consists of two bi-clirectional lines, one for clata signals (SDA) and
one for clock signals (SCL). Both the SDA and SCL lines must be connected to a
positive supply voltage via a pull-up resistor.

Note: Within the I2C bus specifications, a low-speed mode (2 kHz clock rate) and a

high-speed mode (100 kHz clock rate) are defined. The SHI operates in the
high-speed mode only.

5.5.1 Overview

The 1°C bus protocol must conform to the following rules:

«  Data transfer may be initiated only when the bus is not busy,

*  During clata transfer, the data line must remain stable whenever the clock line
is high. Changes in the data line when the clock line is high will be interpreted
as control signals (see Figure 5-7).
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Figure 6-7 I2C Bit Transfer

Accordingly, the I°C bus protocol defines the following events;

«  Bus not busy—Both data and clock lines remain high.

= Start data transfer—The Start event is defined as a change in the state of the
data line, from high to low, while the clock is high (see Figure 5-8).
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* Stop data transfer—The Stop event is defined as a change in the state of the
data line, from low to high, while the clock is high (see Figure 5-8).
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Figure 5-8 1°C Start and Stop Events

* Data valid—The state of the data line represents valid data when, after a Start
event, the data line is stable for the duration of the high period of the clock
signal. The data on the line may be changed during the low period of the clock
signal. There is one clock pulse per bit of data.

Each 8-bit word is followed by one acknowledge bit. This acknowledge bit is a high
level put on the bus by the fransmitter when the master device generates an extra
acknowledge-related clock pulse. A slave receiver that is addressed is obliged to
generate an acknowledge after the reception of each byte. Also, a master receiver
must generate an acknowledge after the reception of each byte that has been clockecl
out of the slave transmitter. The device that acknowledges has to pull down the SDA
line during the acknowledge clock pulse insuch a way that the SDA line is stable low
during the high period of the acknowledge-related clock pulse (see Figure 5-9).
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Figure 5-9 Acknowledgment on the I12C Bus
By definition, a device that generates a signal is called a “transmitter,” and the device
that receives the signal is called a “receiver.” The device that controls the signal is
called the "master” and the devices that are controlled by the master are called

“slaves”. A master receiver must signal an end-of-data to the slave transmitter by not
generating an acknowledge on the last byte that has been clocked out of the slave
device. In this case the transmitter must leave the data line high to enable the master
generation of the Stop event. Handshaking may also be accomplished by use of the
clock synchronizing mechanism. Slave devices can hold the SCL line low, after
receiving and acknowledging a byte, to force the master into a wait state until the
slave device is reacly for the next byte transfer. The SHI supports this feature when
operating as a master clevice and will wait until the slave device releases the SCL line
before proceeding with the data transfer,

5.5.2 | 2C Data Transfer Formats

I2C bus data transfers follow the follewing format: after the Start event, a slave device
address is sent. This address is 7 bits wide, the eighth bit is a data direction bit
(R/W); "0 indlicates a transmission (write), and '1" indicates a request for data (read).
A data transfer is always terminated by a Stop event generated by the master device,
However, if the master device still wishes to communicate on the bus, it can generate
another Start event, and address another slave device without first generating a Stop
event (this feature is not supported by the SHI when operating as an IC master
device). This method is also used to provide indivisible clata transfers. Various
combinations of read/write formats are illustrated in Figure 5-10 and Figure 5-11.
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Figure 5-10 1°C Bus Protocol For Host Write Cycle
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Figure 5-11 12C Bus Protocol For Host Read Cycle

Note: The first data byte in a write-bus cycle can be used as a user-predefined
control byte (e.g., to determine the location to which the forthcoming data
bytes should be transferred).

5.6 SHIPROGRAMMING CONSIDERATIONS

The SHI implements both SPI and IC bus protocols and can be programmed to
operate as a slave clevice or a single-master device. Once the operating mocde is
selectecl, the SHI may communicate with an external device by receiving and/or
transmitting clata. Before changing the SHI operational mocde, an SHI individual reset
should be generatec by clearing the HEN bit. The following paragraphs describe
programming considerations for each operational mocle.

5.6.1 SPI Slave Mode

The SPI Slave maode is entered by enabling the SHI (HEN = 1), selecting the SPI mocde
(HIEC = 0), and selecting the Slave maocle of operation (HMST = 0). The programmer
should verify that the CPHA and CPOL bits (in the HCKR) correspond to the
external host clock phase and polarity. Other HCKR bits are ignored. When
configured in the SPI Slave mode, the SHI external pins operate as follows:

* SCK/SCL is the SCK serial clock input.

»  MISO/SDA is the MISO serial data output.

+  MOSI/HAQO is the MOSI serial data input.

« SS/HAZ is the SS Slave Select input.

+ HREQ is the Host Request output.

In the SP1Slave mode, a receive, transmit, or full-cluplex data transfer may be
performed. Actually, the interface simultaneously performs both data receive and
transimit. The status bits of both receive and transmit paths are active, however, the
programmer may disable undesired interrupts and ignore non-relevant status bits. It
is recommencled that an SHI individual reset (HEN cleared) be generated before
beginning data reception in order to reset the HRX FIFO to its initial (empty) state
(e.g.. when switching from transmit to receive data).

If a write to HTX occurs, its contents are transferred to IOSR between data word
transfers. The IOSR data is shifted out (via MISO} and received clata is shifted in (via
MOSI). The DSP may write HTX if the HTDE status bit is set. If no writes to HTX
occurred, the contents of HTX are not transferred to IOSR, so the data that is shiftec
out when receiving is the same as the data present in the IOSR shift register at the
time. The HRX FIFO contains valid receive data, which may be reac by the DSP, if
the HRINE status bit is set.

The HREQ output pin, if enabled for receive (HRQE1-HRQEO = 01}, is asserted when
the IOSR is reacly for receive and the HRX FIFO is not full; this operation guarantees
that the next received cata word will be stored in the FIFO. The HREQ output pin, if
enabled for transmit (HRQEI-HRQE( = 10}, is asserted when the IOSR is loaded
from HTX with a new clata word to transfer, If HREQ is enabled for both transmit
and receive (HRQELI-HRQED = 11), it is asserted when the receive and transmit
conditions are true simultaneously. HREQ is deasserted at the first clock pulse of the
next data word transfer. The HREQ line may be used to interrupt the external master
device. Connecting the HREQ line between two SHI-equipped DSPs, one operating
as an SPI master device and the other as an SP1 slave device, enables full hardware
handshaking if operating with CPHA = L.

The SS line should be kept asserted during a data word transfer. If the SS line is
deasserted before the end of the data word transfer, the transfer is aborted and the
received data word is lost.

5.6.2 SPI Master Mode

The SPI Master macdle is initiated by enabling the SHI (HEN = 1), selecting the SPI
mode {HIZC = 0}, and selecting the Master mode of operation (HMST = 1). Before
enabling the SHI as an SPI master device, the programmer should program the
proper clock rate, phase, and polarity in HCKR. When configured in the SPI Master
mocdle, the SHI external pins operate as follows:

»  SCK/SCL is the SCK serial clock output.
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«  MISO/SDA is the MISO serial data input.
*  MOSI/HAQO is the MOSI serial data output.

* SS/HAZ is the SS input. It should be kept deasserted (high) for proper
operation.

« HREQ is the Host Request input.

The external slave device can be selected either by using external logic or by
activating a GPIO pin connected to its SS pin. However, the SS input pin of the SPI
master cevice should be held deasserted (high) for proper operation. If the SPI
master device SS pin is asserted, the Host Bus Error status bit (HBER) is set. If the
HBIE bit is also set, the SHI issues a request to the DSP interrupt controller to service
the SHI Bus Error interrupt.

In the SP1 Master mocde the DSP must write to HTX to receive, transmit, or perform a
full-duplex data transfer. Actually, the interface performs simultaneous data receive
and transmit. The status bits of both receive and transmit paths are active; however,
the programmer may disable undesired interrupts and ignore non-relevant status
hits. In a data transfer, the HTX is transferred to IOSR, clock pulses are generated, the
IOSR data is shifted out (via MOSI) and received data is shifted in (via MISO). The
DSP programmer may write HTX (if the HTDE status bit is set) to initiate the transfer
of the next word. The HRX FIFO contains valid receive data, which may be read by
the DSP, if the HRNE status bit is set.

Note: Motorola recommends that an SHI individual reset (HEN cleared) be
generated before beginning clata reception in order to reset the receive FIFO to
its initial {empty) state, such as when switching from transmit to receive data.

The HREQ input pin is ignored by the SPI master device if the HRQE[1:0] bits are
cleared, and considered if any of them is set. When asserted by the slave device,
HREQ indicates that the external slave device is ready for the next data transfer. As a
result, the SPI master sends clock pulses for the full data word transfer. HREQ is
deasserted by the external slave device at the first clock pulse of the new data
transfer. When deasserted, HREQ will prevent the clock generation of the next data
word transfer until it is asserted again. Connecting the HREQ line between two
SHI-equipped DSPs, one operating as an SPI master device and the other as an SPI
slave device, enables full hardware handshaking if CPHA = 1. For CPHA = 0, HREQ
should be disabled by clearing HRQE[1:0].

5.6.3 | 2C Slave Mode

The IZC Slave mode is entered by enabling the SHI (HEN = 1), selecting the I?C mode
(HI%C = 1), and selecting the Slave mode of operation (HMST = 0). In this operational
mode the contents of HCKR are ignored, When configured in the I°C Slave mode, the
SHI external pins operate as follows:

»  SCK/SCL is the SCL serial clock input.

= MISO/SDA is the SDA open drain serial data line.
+  MOSI/HAD is the HAO slave device address input.
» SS/HAZ is the HAZ slave device address input.

« HREQ is the Host Request output.

When the SHI is enabled and configured in the I?C Slave mode, the SHI controller
inspects the SDA and SCL lines to detect a Start event. Upon detection of the Start
event, the SHI receives the slave device address byte and enables the slave device
address recognition unit. If the slave device address byte was not identified as its
personal address, the SHI controller will fail to acknowleclge this byte by not driving
low the SDA line at the ninth clock pulse (ACK = 1). However, it continues to poll the
SDA and SCL lines to detect a new Start event. If the personal slave device address
was correctly identified, the slave device address byte is acknowledged (ACK = 0 is
sent) and a receive/transmit session is initiated according to the eighth bit of the
received slave device address byte (i.e., the R/W bit).

5.6.3.1 Receive Data in I°C Slave Mode

A receive session is initiated when the personal slave device address has been
correctly identified and the R/W bit of the received slave device address byte has
been cleared. Following a receive initiation, data in the SDA line is shifted into [OSR
MSB first. Following each received byte, an acknowledge (ACK = 0) is sent at the
muth clock pulse via the SDA line. Data is acknowledged bytewise, as required by
the I°C bus protocol, and is transferred to the HRX FIFO when the complete word
{according to HMO-HMI) is filled into IOSR. It is the Pesp onsibility of the
programmer to select the correct number of bytes in an I°C frame so that they fitin a
complete number of words. For this purpose, the slave device address byte does not
count as part of the data, and therefore, it is treated separately.

In a receive session, only the receive path is enabled and HTX to IOSR transfers are
inhibitec. The HRX FIFO contains valid data, which may be read by the DSP if the
HRNE status bit is set. When the HRX FIFO is full and IOSR is filled, an overrun
error oceurs and the HROE status bit is set. In this case, the last received byte will not
be acknowledged (ACK = 1 is sent) and the word in the IOSR will not be transferred
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to the HRX FIFO. This may inform the external I°C master device of the occurrence of
an overrun error on the slave side. Consequently the I?C master device may
terminate this session by generating a Stop event.

The HREQ output pin, if enabled for receive (HRQE1-HRQED = 01), is asserted when
the IOSR is reacly to receive and the HRX FIFO is not full; this operation guarantees
that the next received data word will be stored in the FIFO. HREQ is deasserted at the
first clock pulse of the next received word. The HREQ line may be used to interrupt
the external I°C master device. Connectin% the HREQ line between two
SHI-equipped DSPs, one operating as an [°C master device and the other as an I’C
slave device, enables full hardware handshaking,

5.6.3.2 Transmit Data In I2C Slave Mode

A transmit session is initiated when the personal slave device address has been
correctly identified and the R/W bit of the received slave device address byte has
heen set, Following a transmit initiation, the IOSR is loaded from HTX (assuming the
latter was not empty) and its contents are shifted out, MSB first, on the SDA line,
Following each transmitted byte, the SHI controller samples the SDA line at the ninth
clock pulse, and inspects the ACK status. If the transmitted byte was acknowledgecd
(ACK = 0}, the SHI controller continues and transmits the next byte. However. if it
was not acknowledged {(ACK = 1), the transmit session is stopped and the SDA line is
released. Consequently, the external master device may generate a Stop event in
order to terminate the session.

HTX contents are transferred to IOSR when the complete word (according to
HMO-HM1) has been shifted out. It is, therefore, the 1951)011512)i11ty of the
programmer to select the correct number of bytes in an I°C frame so that they fit in a
complete number of words. For this purpose, the slave device acddress byte does not
count as part of the data, and therefore, it is treated separately.

In a transmit session, only the transmit path is enabled and the [OSR-to-HRX FIFO
transfers are inhibited. When the HTX transfers its valicl data word to IOSR, the
HTDE status bit is set and the DSP may write a new data word to HTX. If both IOSR
anc HTX are empty, an underrun condition occurs, setting the HTUE status bit; if
this occurs, the previous word will be retransmittecl.

The HREQ output pin, if enabled for transmit (HRQE1-HRQEQ = 10), is asserted
when HTX is transferred to IOSR for transmission. When asserted, HREQ indicates
that the slave device is reacy to transmit the next data word. HREQ is deasserted at
the first clock pulse of the next transmitted clata word. The HREQ line may be used to
interrupt the external I2C master device. (,onnect(ng the HREQ line between tw o
SHI-equipped DSPs, one operating as an 12C master device and the other as an I*C
slave device, enables full hardware handshaking.

5.6.4 | 2C Master Mode

The I*C Mastel modle is entered by enabling the SHI (HEN = 1), selecting the 12C
mode (HI?C = 1) and seletting the master mode of operation (HMST = 1). Before

enabling the SHI as an I2C master, the programmer should program the appropriate
clock rate in HCKR.

When configured in the IC Master mode, the SHI external pins operate as follows:

¢ SCK/SCL is the SCL serial clock output,

* MISO/SDA is the SDA open drain serial data line.
* MOSI/HAD is the HAO slave device address input.
+ SS/HAZ is the HAZ slave device address input.

» HREQ is the Host Request input.

In the IC Master mode, a data transfer session is always initiatecl by the DSP by
writing to the HTX register when HIDLE is set. This condition ensures that the data
byte written to HTX will be interpreted as being a slave address byte. This data byte
must specify the slave device address to be selected and the requested data transfer
direction.

Note: The slave address byte should be located in the high portion of the data word,
whereas the middle and low portions are ignored. Only one byte (the slave
address byte) will be shifted out, independent of the word length defined by
the HM0-HMI bits.

In order for the DSP to initiate a data transfer the following actions are to be
performed:

¢ The DSP tests the HIDLE status bit.

 If the HIDLE status bit is set, the DSP writes the slave device address and the
R/W bit to the most significant byte of HTX.

= The SHI generates a Start event.

* The SHI transmits one byte only, internally samples the R/W direction bit
(last bit), and accordingly initiates a receive or transmit session.

» The SHI inspects the SDA level at the ninth clock pulse to determine the ACK
value. If acknowledged (ACK = 0), it starts its receive or transmit session
according to the sampled R/W value. If not acknowledged (ACK = 1), the
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HBER status bit in HCSR is set, which will cause an SHI Bus Error interrupt
request if HBIE is set, and a Stop event will be generated.

The HREQ input pin is ignored by the I°C master device if HRQEI and HRQEO are
cleared, and considered if either of them is set. When asserted, HREQ indlicates that
the external slave device is ready for the next data transfer. As a result, the I2C master
device sends clock pulses for the full data word transfer. HREQ is deasserted by the
external slave device at the first clock pulse of the next data transfer. When
deasserted, HREQ will prevent the clock generation of the next data word transfer
umitil it is asserted again. Connecting the HREQ line between two SHl-equipped
DSPs, one operating as an 1°C master device and the other as an I2C slave device,
enables full hardware handshaking.

5.6.4.1 Receive Data In I2C Master Mode

A receive session is initiated if the R/W direction bit of the transmitted slave device
acdldress byte is set. Following a receive initiation, data in SDA line is shifted into
IOSR MSB first. Following each received byte, an acknowledge (ACK = 0) is sent at
the ninth clock pulse via the SDA line if the HIDLE control bit is cleared. Data is
acknowledged bytewise, as required by the I2C bus protocol, and is transferred to the
HRX FIFO when the complete word (according to HM0-HM1) is filled into IOSR. It
is the responsibility of the programmer to select the correct number of bytes inan I’c
frame so that they fit in a complete number of words. For this purpose, the slave
device address byte coes not count as part of the data, andl therefore, it is treated
separately.

If the I°C slave transmitter is acknowledged, it should transmit the next data byte. In
order to terminate the receive session, the programmer should set the HIDLE bit at
the last required data word. As a result, the last byte of the next received data word is
not acknowleclged, the slave transmitter releases the SDA line, and the SHI generates
the Stop event and terminates the session.

In a receive session. only the receive path is enabled and the HTX-to-IOSR transfers
are inhibited. If the HRNE status bit is set, the HRX FIFO contains valid cata, which
may be read by the DSP. When the HRX FIFO is full, the SHI suspencs the serial
clock just before acknowledge. In this case, the clock will be reactivated when the
FIFO is read (the SHI gives an ACK = 0 and proceeds receiving) or when HIDLE is set
{the SHI gives ACK = 1, generates the Stop event, and ends the receive session}.

5.6.4.2 Transmit Data In I°C Master Mode

A transmit session is initiated if the R/W direction bit of the transmitted slave device
address hyte is cleared, Following a transmit initiation, the IOSR is loaded from HTX
(assuming HTX is not empty) and its contents are shifted out, MSB-first, on the SDA
line. Following each transmitted byte, the SHI controller samples the SDA line at the
ninth clock pulse, and inspects the ACK status. If the transmitted byte was

acknowledged (ACK = 0), the SHI controller continues transmitting the next byte.
However, if it was not acknowledged (ACK = 1), the HBER status bit is set to inform
the DSP side that a bus ervor (or overrun, or any other exception in the slave device)
has occurred. Consequently, the I°C master device generates a Stop event ancd
terminates the session.

HTX contents are transferred to the IOSR when the complete word (according to
HMO0-HM1) has been shifted out. It is, therefore, the responsibility of the
programmer to select the right number of bytes in an I°C frame so that they fit in a
complete number of words. Remember that for this purpose, the slave device address
byte does not count as part of the data.

In a transmit session, only the transmit path is enabled and the IOSR-to-HRX FIFO
transfers are inhibited. When the HTX transfers its valid data word to the IOSR, the
HTDE status bit is set and the DSP may write a new data word to HTX. If both [OSR
and HTX are empty, the SHI will suspend the serial clock until new data is written
into HTX {(when the SHI proceeds with the transmit session) or HIDLE is set {the SHI
reactivates the clock to generate the Stop event and terminate the transmit session).

5.6.5 SHI Operation During Stop

The SHI operation cannot continue when the DSP is in the Stop state, since no DSP
clocks are active. While the DSP is in the Stop state, the SHI will remain in the
individual reset state.

While in the individual reset state:

= SHI input pins are inhibited.
«  Qutput and bidirectional pins are disabled (high impedance).

*  The HCSR status bits and the transmit/receive paths are reset to the same
state produced by hardware reset or software reset,

¢ The HCSR and HCKR control bits are not affected.
Note: Motorola recommencls that the SHI be disabled before entering the Stop state.
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LTC488/LTC489

TECHNOLOGY

FEATURES

u Low Power: Igc = 7mA Typ

8 Designed for RS485 or RS422 Applications

2 Single 5V Supply

® -7V to 12V Bus Common Mode Range Permits =7V
Ground Difference Between Devices on the Bus
60mV Typical Input Hysteresis

Receiver Maintains High Impedance in Three-State or
with the Power Off

28ns Typical Receiver Propagation Delay

Pin Compatible with the SN75173 (LTC488)

Pin Compatible with the SN75175 (LTC489)

APPLICATIONS

m Low Power RS485/R5422 Receivers
= Level Translator

Quad RS485 Line Receiver

DESCRIPTION

The LTC®488 and LTC489 are low power differential hus/
line receivers designed for multipoint data transmission
standard RS485applications with extended common made
range (12V to —7V). They also meet the requirements of
RS422.

The CMOS design offers significant power savings over its
bipolar counterpart without sacrificing ruggedness against
overload or ESD damage.

The receiver features three-state outputs, with the receiver
output maintaining high impedance over the entire com-
mon mode range.

The receiver has a fail-safe feature which guarantees a
high output state when the inputs are left open.

Both AC and DC specifications are guaranteed 4.75V to
5.25V supply voltage range.

AT LG andl LT ar# registarad trad

% of Linear Teohiok

TYPICAL APPLICATION

EN BN

EN12

[ e—

000G

4000 FT 24 GRUGE TWISTED PAIR

4000 FT 24 GAUGE TWISTED PAIR

LTC488/LTC489

ABSOLUTE MAXIMUM RATINGS ot 1)

Supply Voltage (Vee) 12V Operating Temperature Range
Control Input CUrremts .........oovveriennse - 25mA to 25mA LTC4B8G/LTC488C .........ocvereveee e 050 10 70°C
Control Input Voltages................. =0.5V to (Voo + 0.5V) LTC488I/LTC489I ......... -40°C to 85°C
Receiver Input Voltages =14V Storage Temperafure Range ................ —65°C to 150°C
Receiver Output Voltages ........... -05Vto (Voo +0.5V)  Lead Temperature (Soldering, 10 sec)................. 300°C
PACKAGE/ORDER INFORMATION
Teviee ORDER PART ORDER PART
81 [1] ﬁ’ [16] Vos NUMBER 78] Vo NUMBER
a1 [Z] -{15] &4 [15] 84
it o LTC488CN - LTC4BICN
02 [E1E ) o LTC488CSW T LTC4890SW
2 [ i1 hos LTC488IN ) ros LTC489IN
& T o) a0 LTC488ISW 3 s LTC4891SW
anp 2] p-{9] &2 5] 52
lﬁ-ﬂﬁ%ﬁc Dip 1Mgm$ﬁ‘- 0L 1&&15&?& oip :s.uié'ﬁﬁ;%% S0L
Tanaaor= 150°C, dys = TOCAY [N PKG) Tapa = 150°C, 8, = TG (H PRG)
Totse= 150G, Bz = GOCAY (S PKG) Tawc = 150°C, Gya = GG (5 PKG)
Consult factory for Military grade parts.
PC GlﬁCTﬂlCﬂl CHHRGCTGBISTICS Vige = 5V (Notes 2, 3), unless otherwise noled.
SYMBOL | PARAMETER CONDITIONS MM YR MAX | uwiTs
Vi Input High Voltage £n, EFLEN12, EN34 e| 20 V
Vin Input Low Voltage EM, EN, EN12, EN34 ® 04 V
m Input Current EH, EN, EN12, EN34 ® =2 WA
Iz Input Current (4, B) Vg = 0V or 5.25Y, Vi = 12V ® 1.0 mA
Vi = OV or 5.25Y, Vi == 7V ® -08 mh
iy Differential Input Thrashold Valtage for Receiver | -7V < V< 12V o| -02 02 v
Al Recaiver Input Hysteresis Vo=V 60 my
Vay Recaivar Output High Voltage lg=—4mA, Vip = 0.2V @ 35 vV
™ Receiver Output Low Voltage lg=4mh, Vip ==0.2V ® 0.4 v
lozn Three-State Output Current at Recaiver Voo = Max 0.4V 2 Vp < 2.4V [ = WA
log Supply Currant No Load, Digital Pins = GND or Ve | @ 7 10 mA
R Receiver Input Res —7V < Vg s 12V, Voo = OV o| 12 ke
lasn Receivar Short-Circuit Current WsVosVeo ® " 85 mA
1P Recelvar Input to Output CL = 15pF (Figures 1, 3) ® 12 28 55 fts
ey Receiver Input to Quiput Gy = 15pF (Figures 1. 3) L 12 28 55 ns
takp [teLH—tew | Cp = 15pF (Figures 1. 3) 4 s
Differantial Recaiver Skew
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ANALOG
DEVICES

High Precision 10 V Reference

AD587

FEATURES
Lasertri dto high ¥
10,000V £ 5 mV (U grade}
Trimmed temperature coefficient
5 ppm/°C maximum (U grade)
Nelse-reduction capability
Low quiescent current: 4 mA maximum
Output trim capability
MIL-STD-882 pliant versions availabl

GENERAL DESCRIPTION

The AD587 represents a major advance in state-of-the-art
monolithic voltage references. Using a proprietary ion-
implanted buried Zener diode and laser wafer trimming of high
stability thin-film resistors, the AD587 provides outstanding
performance at low cost.

The AD587 offers much higher performance than mwost other
10V references. Because the AD587 uses an industry-standard
pinout, many systems can be upgraded instantly with the AD587.

The buried Zener approach to reference design provides lower
noise and drift than band gap voltage references. The AD387
offers a noise-reduction pin that can be used to further reduce
the noise level generated by the buried Zener.

The AD387 is recommended for use as a reference for 8-bit,
10-bir, 12-bit, 14-bit, or 16-bit DACs that require an external
precision reference. The device is also ideal for successive
grating ADCs with up to 14 bits of
accuracy. In general, it offers better performance than standard
on-chip references.

The AD587] and AD387K are specified for operation from 0°C
to 70°C, and the AD387U is specified for operation from —35°C
to +125°C. The AD3871Q and AD387UQ models are available
in 8-lead CERDIP. Other models are available in an 8-lead SOIC
package for surface-mount applications, or in an 8-lead PDIP.

approximation or ir

FUNCTIONAL BLOCK DIAGRAM

NOISE
Vi REDUCTION

NOTE H
PIN 1. PIN 3, AND PIN 7 ARE INTERNAL TEST &
POINTS, N CONNECTIONS TO THESE POINTS, §

Figure 1,
PRODUCT HIGHLIGHTS

L. Laser trimming of both initial accuracy and temperature
coefficients. This laser trimming results in very low errors
over temperature without the use of external components.
The AD3587U guarantees £14 mV maximum total error
between -55°C and +125°C,

2. Optional fine trim connection. This connection is designed

APPLICATIONS INFORMATION

USING THE AD587 WITH CONVERTERS

The AD387 is an ideal reference for a variety of 8-bit, 12-bit,
14-bit, snd 16-bit ADCs and DACs, Several examples follow,
10 V Reference with Multiplying CMOS DACs or ADCs
The AD587 is ideal for applications with 10-bit and 12-bit
multiplying CMOS DACs, In the standard hookup, shown in
Figure 18, the AD387 js paired with the AD7545 12-bit multi-
plying DAC and the AD711 high speed BiFET op amp. The
amplifier DAC configuration produces a unipolar 0 V to 10V
output range. Bipolar output applications and other operating
details can be found in the individual product data sheets.

e
DB+ TO DEo
Figure 18, Low Power 12-8it CMOS DAC Application

The AD587 can also be used as a precision reference for multi-
ple DACs. Figure 19 shows the AD587, the AD7628 dual DAC,
and the AD712 dual op amp hooked up for single-supply
operation to produce 0 V to —10 V outputs. Because both DACs
are on the same die and share a commeon reference and output
op amps, the DAC outputs will exhibit similar gain temperature
coefficients (TCs)

for applications requiring higher precision.
3. Instant upgrade of any system using an industry-standard
pinout 10 V reference.
4. Very low output noise. AD387 output noise is typically
4 pV p-p. A noise-reduction pin is provided for additional
noise filtering using an external capacitor.
MIL-STD-883-compliant versions available, Refer to the
Analog Devices Military/Aerospace Reference Manual for
detailed specifications.

ur

Flgure 190 ADSE7 as o 10V Reference for o CMOS Dual DAC
Precision Current Source

The design of the AD587 allows it to be easily configured as a cur-
rent sotree, By choosing the control reslstor (Re) via the equation
shown in Figure 20, the user can vary the load current from the
quiescent current (2 mA typically) to approximately 10 mA.

mnEn

Figuee 20. Precislon Current Source

Precision High Current Supply

For higher currents, the AD387 can easily be connected to a
power PNP or power Daclington PNP device, The circuits in
Figure 21 and Figure 22 can deliver up to 4 A to the load. The
0.1 pF capacitor Is required only if the Joad has a significant
capacitive component. If the load is purely resistive, improved
high frequency supply rejection results can be obtained by

removing the capacitor.

a0

LR s

s

— Vour
+10V g 44

cnen

Figiire 22, Precislon High Current Vieltage Souirce
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BURR-BROWN®

INA105

Precision Unity Gain
DIFFERENTIAL AMPLIFIER

FEATURES

® CMR 86dB min OVER TEMPERATURE
® GAIN ERROR: 0.01% max
@ NONLINEARITY: 0.001% max

® NO EXTERNAL ADJUSTMENTS
REQUIRED

® EASY TO USE

® COMPLETE SOLUTION
@ HIGHLY VERSATILE

@ LOwW cosT

® PLASTIC DIP, TO-09 HERMETIC METAL,
AND S0-8 SOIC PACKAGES

DESCRIPTION

The INA105 is a monolithic Gain = | differential
amplifier consisting of a precision op amp and on-chip

: 25k} 25k .
metal film resistors, The resistors ave laser rimmed o 2 —AA WA ¥ o Senpe
for accurate gain and high common-mode rejection. T
Excellent TCR tracking of the resistors maintains ok
gain accuracy and common-mode rejection over 15 ouput
temperature, [ A
The differential amplifier is the foundation of many | 25k i
commeonly usad circuits, The INA10S provides this +in W - Ret
precision circuit function without using an expensive
precision resistor network. The INAL0S is available in
8-pin plastic DIP, $O-8 surface-monnt and TO-99
metal packages.

* Hal Sk 1180 Tucson, AZBSTI » St Aess: TID S Tucson B Toctom, AL G706 + Toh (00 T4BATHE T S60082-41t9

e . anada Oaly) + Coble; BORORP + Telex: 1622001 -

APPLICATIONS

® DIFFERENTIAL AMPLIFIER

® INSTRUMENTATION AMPLIFIER
BUILDING BLOCK

@ UNITY-GAIN INVERTING AMPLIFIER

@ GAIN-OF-1/2 AMPLIFIER

® NONINVERTING GAIN-OF-2 AMPLIFIER
@ AVERAGE VALUE AMPLIFIER

@ ABSOLUTE VALUE AMPLIFIER

@ SUMMING AMPLIFIER

@ SYNCHRONOUS DEMODULATOR

@ CURRENT RECEIVER WITH COMPLIANCE
TO RAILS

® 4mA TO 20mA TRANSMITTER

® VOLTAGE-CONTROLLED CURRENT
SOURCE

@ ALL-PASS FILTERS

SPECIFICATIONS

ELECTRICAL
At +25°C, Vee = 215V, unless othervise noled.
INATDSAM INATOSEM INATOSKP, KU
PARAMETER CONDITIONS MIN TYP MAXK MIN TYP MAX WIN TYP MAX UNITS
GAIN
Initialin 1 * * VY
Error 0005 | 001 * ¥ 0.01 0.025 %
vz Temperature i & * * * * ppmeC
Nenlingarity'® 0.0002 | 0.001 * * * * %
OUTPUT
Rated Yoltage Iy = +20mA, —5mA (1] 12 * * »* * W
Rated Cument Vo= 10V +20,-5 * * mA
Impadance a0 * * i
Current Limit To Common +40-10 * * mA
Capacitve Load Stable Operation 1000 * ¥ BF
INPUT
Impedancei® Differential &0 * * ki
Cemmon-Kode 20 * * ka2
Voltage Range'! Differential +10 % * v
Common-flode £20 * * v
Comman-Mode Rejectonit Ta = Taans 10 Tagae a0 90 86 100 72 * d8
OFFSET VOLTAGE RTOM ™
Initial B0 250 * * ¥ 500 [
vz Temperature 5 20 5 10 * * uvrEC
vs Supply Ve =6V to 18V ] 25 * 15 * * WA
ve Time 20 * * Vi
OUTPUT NOISE VOLTAGE RTOM 5
fg=001Hz to 10Kz 24 * * Wpp
fe= 10kHz 21 * * nvivHz
DYNAMIC RESPONSE
Small Signa! Bandwidth -3¢B 1 * * MHz
Full Pewer Bandwidth Vo = 20Vp-p 30 50 * * * * kHz
Siew Rate 2 3 * * * * Vins
Sattling Tme: 0.1% Vo = 10V Step 4 * * ns
0.01% Vg = 10V Step & * * Hs
0.01% Yoy = 10V Step, Vore = OV 15 * * s
POWER SUPPLY
Rated 15 #* #* v
Voltage Range Decated Parformance | 35 +18 * * * % v
Quiescent Current Vo=0v 1K) iz * * * * mA
TEMPERATURE RANGE
Specification 40 +B5 * * * * L+
Operation -55 +125 * * ~40 +85 c
Storage -85 +150 * * =40 +125 C

* Specification same as for INATDSAR,

NOTES: 1) Cennected as difference amplifier {see Figure 4). {2) Nonknearity ks the maimum peak deviation from the best-fit siraight fine as a percentof full-scale peak-
to-peak output. (3) 25ke2 resistors are ratio matched but have £20% absoluts value. (4) Maximum input valtage wﬂ:oulpmlacwn is 10V more than erﬂm::i\a"supply

E25V). Liniit b to 1A, (5) With zero source impedance {see “Mantaining CMR" section), (5) Refemad to outputin

ety
i

Note that this

ciccuithas a gain of 2 for the operational amphifier's offset voltage and noise valtage. (7 includes effects of amplifiers input bias and offset currents, (8] Inchudes effects
of amplfier’s input cument noize and thermal noise contribution of resistor netwark,
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Burr-Brown Products
from Texas Instruments

DAC7714

Quad, Serial Input, 12-Bit, Voltage Output
DIGITAL-TO-ANALOG CONVERTER

FEATURES

@ LOW POWER: 250mW (max)

@ UNIPOLAR OR BIPOLAR OPERATION
@® SETTLING TIME: 10us to 0.012%

@ 12-BIT LINEARITY AND MONOTONICITY:
-40°C to +85°C

® USER SELECTABLE RESET TO MID-
SCALE OR ZERO-SCALE

® SECOND-SOURCE for DAC8420
® SMALL SO-18 PACKAGE

APPLICATIONS

@ ATE PIN ELECTRONICS

@ PROCESS CONTROL

@ CLOSED-LOOP SERVO-CONTROL

DESCRIPTION

The DACT714 is a quad. sedial inpur. 12-bir. voltage
output Digital-to-Analog Converter (DAC) with guar-
antead 12-bit monotonic performance over the —40°C
1o =85°C t ronge. An asynel reset
clears all registers to either mid-scale (800y) or zero-
scale (000g). selectable via the RESETSEL pin. The
device can be powered from a single =15V supply or
from dual =15V and —15V supplies.

Low power and small size makes the DAC7714 ideal
for process comtrol, data acquisition systems. and
closed-loap servo-control. The device is available ina
$0O-16 package. and is guaranteed over the —40°C to
+85°C temperature range.

@ MOTOR CONTROL G0 Ver  Vages
@ DATA ACQUISITION SYSTEMS 1
b=t B
-
Vo
c; j_}_
Veurn
L
Alrpert Industriel Park » Wafing, B 11300, Tucson, AZB5TH + Suwet Address: 6730 5, Tecson 3hvd., Tacson. AZ B5706 + Tet 1520 4101
Tone: $10-4521111 » Cablac BBRCORP « Talex: 355401 » FRK: 1510 + Imreets

Botp:deembum besencee R Toun,

Iip: el com

NN S

PIN CONFIGURATION—U Package

PIN DESCRIPTIONS—U Package

Top View

Vee [ 1|6 16 | RESETSEL
Voura | 2 15 | RESET
Voure | 8 | | 14 | LOADDACS
Veer | 4 13 | mC

R pacTriu =
Ve[ 8] 2] cs
Vouu [ mEs
Voura L Ii S0

Veg | 8 9 | GND

PIN LABEL DESCRIPTION

1 Vee Posiive Analog Supply Voltage, =15V nominal.

2 Vo DAC D Voitage Output

3 L — DAC C Vaitage Qutput

4 Vags Reference Inpul Voltage Low. Sets mindmum
ouiput voltage for all DACs,

5 Virgsw Reference input Voltage High. Sets maximum
output voltage for al! DACS.

& Vours DAC B Voltage Output

7 Voura DAC A Voltage Output

8 Vs Negative Analog Supply VoRage, 0V or =15V
nominal.

) GND Ground

10 1] Serial Data Input

1 CLK Serial Data Clock

12 [+ Chip Selact Ingut

13 NIC Mot Intemally Connected

4 LOADDACS | The selected DAC register becomes transparent
when LOADDACS Is LOW. Il is in the lalched
state when LOADDACS s HIGH.

15 RESET Asynchicnous Reset inpul. Sets all DAC
reqisters to either zero-scale (000) or mid-
scale (8004) when LOW. RESETSEL delermines
which code Is active.

18 RESETSEL | When LOW, a LOW on RESET will cause all

DAL regishers to be set to code 000, When
RESETSEL Is HIGH, a LOW on RESET will s&t
the reglsters to code 800,
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SPECIFICATIONS (Dual Supply)

ALT, = ~40°C 10 +B5'C, Ve = +15V, Vgg = =15V, Vg = #10V, Vage, = =10V, unless olherwise noted,

SPECIFICATIONS (Single Supply)

ALT, = =40°C 10 +85°C, Voo = +15V, Vo = GND, Vagg = +10V, Vage_ = OV, uniess otherwise noled.

DACTT14U DACTTI4UB

PARAMETER CONDITIONS MiN TP MAX MIN TYP MAX UNITS
ACCURACY
Linearity Emran' +2 +1 =}
Linzarity Matching® 12 +1 LSB
Cifferential Linsarity Error + *1 LsB
Manatanichy T 10 Tk 12 * Bits
2ero-Scale Eror Code = 00, 4 * L3
Zero-Scake Drint 2 % ppmi'c
Zeto-Scale Malkhing:s £ 2 LsB
Full-Scale Error Code = FFF 4 4 * LsB
Full-Scate Matching® ] 2 LsB
Power Supply Sensitivity Al Full Scale 20 * ppmiy
ANALOG OUTPUT
Vollage Culputt Yzl Vpgra #* £ W
Sutpast Cument -5 +5 L ma
Load Capacitonce Ko Cscillation 200 #* P
Short-Circull Current 20 * mé
Short-Circuit Duration To Vaz or GND Incetinite i
REFERENCE INPUT
Vagnq Inpui Range [ Viage, +1.25{ +10 5 * v
Vags, INpUL Range [ Vegru - 125]  * * v
Ret High Input Current =03 15 #* ® i
Rt Low Input Current 20 [} * * ma
DYNAMIC PERFORMANCE
Sellling Tineit) To $0.012%, 10V Output Step 10 # # ns
Channei-to-Channei Crosstalk 0.25 #® LsB
Digal Feedihrough 2 * V-5
Culpul Noise Voltage 1= 10kHZ ] # iz
DIGITAL INPUT/QUTPUT
Logic Levels

Vi I = £100A 3.325 * v

Ve Iy, < 101 1575 ¥ v
Data Formal Stralght Sinary &
POWER SUPPLY REQUIREMENTS
Ve 14.25 1575 #* £ v
tee 30 * & mA
Power Dissipation 45 #* i
TEMPERATURE RANGE
Specified Performance =40} +88 ¥ * -

DACTTi4U DACTTI4UB

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
ACCURACY
Linearity Error 2 *l LsBin
Linearity tatching=: 12 1 LsSE
Differential Linearily Emor 1 1 LSE
Monatonicity Toan ¥ T 12 * BAs
Zero-Scale Error Code = D00 2 * LsB
Zero-Scale Orin 1 * ppmC
Zero-Scale Matching=i 12 1 LSB
Full-Scae Error Code = FFFy 2 * LS8
Full-Scale Malching™ 2 £1 LsB
Power Supply Sensitivity At Full Scale 10 * ppmiV
ANALOG QUTPUT
Veitage Output'® Vagr, LT * * v
Qutpul Current =5 +5 #* * ma
Load Capacitance No Oscillation 500 * pF
Short-Circult Current +20 * mA
Shor-Circuit Duration TO Vyq. Voo, OF GND Indefinite *
REFERENCE INPUT
Yagew Input Range Vagr, +1.25] +10 * * v
Vigey, INput Range -10 Vi = 126) % * v
Ref High input Current =05 30 #* * ma
Ref Low Input Current -3.5 a @ * mA
DYNAMIC PERFORMANCE
Setting Time To #0.012%, 20V Output Step 8 10 #* * s
Channel-lo-Channel Crosstalk Full-3cale Step 025 * LsE
Digital Feedthrough 2 £ s
Qutput Noise Voltage t= 10kHZ 65 +* Vi
DIGITAL INPUT
Logic Levels

Vi le = £100A 338 * W

' I = £100A 1575 * v
Data Format Stroight Binary *
POWER SUPPLY REQUIREMENTS
Vee +14.25 +1575 * * v
Vg ~1575 -14.25 * * v
Le 6 85 » * mA
ks -8 -6 #* * ) ma
Power DI 180 250 * * myw
TEMPERATURE RANGE
Specitied Performance 40 +85 * * “C

NOTES: (1) LSB means Least Signifcant Bit; Il Ve, 8Quals +10V and Vigy, equals —10V, then one LSB equals 4.88mv. {2) All DAC outputs will match within

the specified error band. (3) deal output valtage does not fake Info account 2ero o Mull-scale eror.

NOTES: (1) If Vag = OV. specification applies ol coge 004, and above. (2) LS8 means Leas! Signilicant BIL It Vag=4 equals +10V and Vige, €quals 0V, then one
LSB equais 2,44mV. (3) All DAC oulpuls will match within the specified error band. {4} Ideal output voltage doss not take Infe account 2ero or full-scale emor,

(5) Full-scaie positive 10V slep and negative step from code FFF, lo 020,
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THEORY OF OPERATION

The DACTT14 is a quad. serial input. 12-bit. voltage output
DAC. The architecture is a classic R-2R Indder configura-
tion followed by an operational amplifier that serves as a
buffer, Each DAC bas its own R-2R ladder nerwork and
output op amp, but all share the reference voltage mmputs, as
shown in Figure 1. The minimm voltage outpur (“zero-
seale™) and maximum voltage output (“full-scale™) are set by
external voliage references (Vygry and Vigzpy. respectively).
The digital fnput is a 16-bit serial word that contains the
12-bit DAC code and a 2-bit address code that selects one of
the four DACs (the two remaining bits are unused). The
converter can be powered from a single +15V supply or a
dual £15V supply. Each device offers a reset function which
immediately sets all DAC output voltages and intemal
registers to either zero-scale (code 000) or mid-scale (code
800y). The reset code is selected by rhe state of the
RESETSEL pin (LOW = 000y HIGH = 800y). Figures 2
and 3 show the basic operarion of the DACT714.

ANALOG QUTPUTS

When Vg = -15V (dual supply operation). the output
amplifier can swing to within 4V of the supply rails, over the
=40°C 1o ~85°C temperature range. With Vg = OV (single-
supply operation), the output can swing to ground. Note that
the sertling time of the curput op amp will be longer with
voltages very near ground. Care must also be taken when
measuring the zero-scale error when Vg = OV, If the output
auplifier has a negative offset. the outpurt voltage may not
change for the first few digital input codes (000, 001y,
002y ete.} since the output voltage cannot swing below
ground.

At the negative offset limit of —4LSB (-9.76mV). for the
single-supply case. the first specified outpur starts at code
004y,

REFERENCE INPUTS

The reference inputs, Vges; and Vggry. can be any voltage
berween Vg = 4V and Ve — 4V provided that Vaggy is at
least 1.25V greater than Vggg. The minimuom outpur of
each DVA is equal to Vagr — ILSB plus a small offset
voltage (essentially. the offset of the output op amp). The
maximum output is equal to Vggpy plus a similar offset
voltage, Note that Vg (the negative power supply) must
either be connected 1o ground or must be in the range of
—14.75V 10 —15.75V. The voltage on Vg sets several bias
points within the converter. If Vg is not in one of these two
configurations. the bias values may be in error and proper
operation of the device is not guaranteed.

The current into the reference inputs depends on the DAC
output voltages and can vary from a few microamps to
approximately 3mA, The reference input appears as a vary-
ing load to the reference. If the reference can sink or source
the required cuwrent, a ref buffer is not required. See
“Reference Current vs Code™ in the Typical Performance
Curves,

The analog supplies must come up before the reference
power supplies. if they are separate. If the power supplies for
the references come up first, then the Ve and Vo supplies
will be powered from the reference via the ESD protection
diodes (see page 4).

Vo

Ve

Vgl

FIGURE 1. DACT714 Architecture.

oy DACTTI4
o pa: o — | —
14F 1o 109F 0.1F
o WERINE o O 11 Ve RESETSEL |16 |-
RESET |15 | Csth
VooV o—— L2 | Vouro el &2 Repet A
T I__; Vogpn [OADDACS _1_a= < Update Selected Register
14 | Vage, ne |13
5 JVagsy ©E |2 < Chip Setect
16 |Vours cK |11 « Clock
17 | Vours sol |0 Serfal Data In
Lo ] vis oo |9 |1
NOTE: (1) As configured, RESET LOW sets all internal regislers to code D00, (0V).
If RESETSEL Is HIGH, RESET LOW sets a8 Intemal registers to cods 800, (5),
FIGURE 2, Basic Single-Supply Operation of the DAC7714.
418V o DACTT14
I 1yF o 100F I D.AuF | - -
:'?: :.f_: 1 | Vee RESETSEL |16 a5V
=10V to +10V o—————-—--—1 2 Voum RESET |15 —— Resst DACS!
=10V b0 + 10V ———————————1 3 | Voo [OADDATS | 14 |——C Updats Selected Register
-10.0v o—g———— 4 |V, nNic |13
0 1uF — i _ =
= 5 | Veesn T8 |12 |——< chip Setect
o u_rj__z o
== 0. ; Veure CLK é—( Clock
Ererae = ;‘ Voura Enll i——( Serial Data In
-IOVIO;mVD——J ,_ 8 | Vas GND | 8 J_
-5V & B T =
EIwFua 10uF Io. WF
= - NOTE: (1) As configured, RESET LOW sets ol internal registers o code 800, {0V).
It RESETSEL Is LOW, RESET LOW sets all Internal registers o code 000, (~10V).

FIGURE 3. Basic Dual-Supply Operation of the DAC7714.

DIGITAL INTERFACE

Figwre 4 and Table I provide the basic timing for the
DACT714. The interface consists of a serinl clock (CLK).
serial data (SDI). and a load DAC signal (LOADDACS), In
addition. a chip select (CS) input is available to enable serial
comnmnication when there are multiple serial devices. An
asynchronous reset input (RESET) is provided to simplify
start-up conditions, periodic resets, or emergency resets to a
known state.

The DAC code and address ave provided via a 16-bit serial
imterface (see Figure 4), The first two bits select the DAC
register that will be updated when LOADDACS goes LOW
(see Table IT}. The next two bits are not used. The last 12 bits
is the DAC code which is provided. most significant bit fivst.
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Note that TS and CLK are combined with an OR gate and
the ourput controls the sevial-to-parallel shift register inter-
nal to the DACT714 (see the block diagram on the front of
this dara sheet). These two inputs are completely inter-
changeable. In addition, care must be taken with the state of
CLK when CS8 rises at the end of a serial transfer. If CLK is
LOW when CS rises. the OR gate will provide a rising edge
to the shift register, shifting the intemal data one additional
bir. The result will be incorrect data and possible selection of
the wrong DAC,

If both TS and CLK are used. d:.enig should rise only when
CLK is HIGH. If not. then either CS or CLK can be used to
operate the shift register. See Table ITI for more information.
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Integrated AV9173-01

ad Circuit

MSB a7
Ml Systems, Inc.

(MSB) 2 (LS8}
sDI lmlmlxlxlnnlnm]nil_;—[ﬂml_n‘llml
o UWMW{L Video Genlock PLL
o _:21 ‘I 3 I‘;

|

! . . General Description Features
-y [-— t_l)l " o [_-—
LOADDACS _l - The AV9173-01 provides the analog eircuir blocks required +  Phase-derector/VCO cireit block
for implementing a video genlock dor (pixel) clock +  Ideal for genlock system
gy — generator. It contains a phase detector. charge pump. loop

+  Reference clock range 25kHz 1o | MHz for full

filter. and voltage-conrrolled oscillator (VCO). By zrouping ourput clock range
UL S — these critical analog blocks inro one IC and wtilizing . i S ; P i
s01 ) \( X x external digital functions, performance and design Input CIME@“F by t:rk]ff: f]msmlﬂ“mmmcmd
i flexibility are optimized as are development time and outpuitcontitions (e 1n

o —fm— 1oy systein cost, +  Output clock range 1.25 10 75MHz
CrK ___/_—_L_ m +  On-chip loop filter
When used with an external clock divider, the AV9173-01 +  Single 5 volt power supply

farms a Phase-Locked Loop configured as o frequency + Low power CMOS rechnology

synthesizer. The AV9173-01 is designed to accept video +  Small 8-pin DIP or SOIC package

horizontal synchronization (h-syne) pulses and produce a N

[OGADDACS h 4 video dot clock. A separated. negative-going syne input
reference pulse is required at pin 2 (IN).

- ] N . 1L . .
Vour K: é!ﬁ:gﬁ BAND k EE‘?{ER BAND The AV9173-01 is also suited for other clock recovery

applications in such areas s data communications.

Tasap —e] ——

RESETSEL .
Block Diagram
FS0
FIGURE 4. DAC7714 Timing.

sYMBOL DESCRIPTION MIN | TYP | MAX | UNITS STATE OF FBIN——P[W]_»‘HREI_’

SELECTED SELECTED
tas Data Vaiid to CLK Rising 25 ns DAC DAC IN 3| DETECTOR PUMP
- Data Held Vaiid afler CLK Rises | 20 ns a1 ap |LOADDACS | RESET | REGISTER REGISTER
Lw CLK HIGH 30 ns = =5
toy _ CKiow 50 ns R L H A Transparent
s 5 LOW to CLK Rising 55 ns L H L H B Transparent
tesy CLK HIGH to TF Rising 15 ns H L L H =3 Transparent
Lo {OADDAGS HIGH to GLK Rising [ 40 ns H: | H L H o Transparent
e CLK Rising to [OADDACS LOw | 15 ns el H H NONE (i Laichen)
oow [OADDACS LOW Time 45 ns x ] x X = ALL Reset!
tagsy RESETSEL Valid to RESET LOW | 25 s NOTES: (1) L = Loglc LOW. (2) H = Loglc HIGH. (3) X = Don't Care.
lagryy RESET LOW Time 70 ns {4) Resels to either 000H or 800, per the RESETSEL slate
Is Settiing Time 10 153 (LOW = 0004, HIGH = 800,,). When RESET rses, all registers that are In

their latched state retaln the resel value.

: iming Specificati =—40* —85°C).
TABLE I Timing Specifications (T, = —40°C to =§5°C) TABLE I Control Logic Truth Table.
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Pin Descriptions

NUCBER | PINNAME TYPE DESCRIPTION
1 FBIN Input Feedback Input
2 N Input Input for reference sync pulse
3 GND — Ground
4 FS0 Inpur Frequency Select 0 input
3 OE Inpur Output Enable
6 CLK1 Output Clock Ourpur 1
7 VDD — Power Supply (+5V)
8 CLK2 Output Clock Output 2 (Divided-by-2 from Clock 1)

Table 1: Allowable Input Frequency to Output Frequency (Outputs in MHz)

fix (KHZ) four for FS = 0 (MHz) fovr for FS =1 (MHz)
CLK1 Output CLK2 Output CLKI Output CLK2 Ourput
12 < fix< 14 kHz 44.0 to 75 22010375 11.0 to 18.75 5.5 t0 9375
14 < fn< 17 kHz 30010 75 15.0 10 37.5 7.5 10 18.75 3.75t0 9375
17 < fin< 30 kHz 2501075 12.5 10 37.5 6.25 1o 18.75 3.125 t0 9375
30 = f< 35 kHz 15.0 to 75 75to 375 37510 18.75 1.875 t0 9.375
35 < fix < 1000 kHz 10.0 to 75 5.0 10 37.5 2.5 to 18.75 1.25 to 9.375

Figure 1: Typical Application of AV9173-01 in a Video Genlock System

H=SYNC Signal
(25 kHz to 1 MHz)
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Dot Clock

Using the AV9173-01

Most video sources, such as video cameras, are
asynchronous, free-running devices. To digitize video or
synchronize one video source to another free-running
reference video source, a video “genlock” (generator lock)
circuit is required. The AV9173-01 integrates the analog
blocks which make the task muich easier.

In the complete video genlock circuit, the primary function of
the AV9173-01 is to provide the analog circuitry required to
generate the video dot clock within a PLL. This application is
illustrated in Figure 1. The input reference signal for this
circuit is the horizontal synchronization (h-sync) signal. If a
composite video reference source is being used, the h-sync
pulses must be separated from the composite signal. A video
sync separator circuit, such as the National Semiconductor
LMI1881, can be used for this purpose.

The clock feedback divider shown in Figure 1 is a digital
divider used within the PLL to multiply the reference
frequency. Its divide ratio establishes how many video dot
clock cyeles occur per h-sync pulse. For example, if 880 pixel
clocks are desired per h-sync pulse, then the divider ratio is set
to 830. Hence, together the h-sync frequency and external
divider ratio establish the dot clock frequency:

four = fix * N where N is external divide ratio

Both AV9173-01 mput pins IN and FBIN respond only to
negative-going clock edges of the input signal. The h-sync
signal must be constant frequency in the 25 kHz to 1 MHz
range and stable (low clock jitter) for creation of a stable
output clock.

Refer to Application Brief (AB01) for additional details on
use of input frequencies below 25kHz. By following the
guidelines in this brief and meeting the test conditions in the
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AC specifications (VCO frequency), an input as low as
12kHz (such as NTSC or PAL h-syn¢) can be used.

The output hook-up of the AV9173-01 is dictated by the
desired dot clock frequency. The primary consideration is the
internal VCO which operates over a frequency range of
10 MHz to 75 MHz. Because of the selectable VCO output
divider and the additional divider on output CLK2, four
distinct output frequency ranges can be achieved. The
following Table lists these ranges and the corresponding
device configuration.

FSO State Output Used Frequency Range
0 CLK1 10 - 75 MHz
0 CLK2 5-375 MHz
1 CLK1 2.5 - 18.75 MHz
1 CLK2 1.25 - 9.375 MHz

Note that both outputs, CLK1 and CLK2, are available during
operation even though only one is fed back via the external
clock divider.

Pin 5. OE, fristates both CLK1 and CLK2 upon logic low
input. This feature can be used to revert dot clock control to
the system clock when not in genlock mode (hence, when in
genlock mode the system dot clock must be tristated).

When unused, inputs FS0 and OE must be tied to either GND
(logic low) or VDD (logic high).

For further discussion of VCO/PLL operation as it applies to
the AV9173-01, please refer to the AV9170 application note.
The AV9170 is a similar device with fixed feedback dividers
for skew control applications.
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4. Input Terminals

4-1. TFT-LCD panel driving
CNI Used connector:DF9MA-31P-1V (Hirose Electric Co., Lid.)

IHEEEEEEEEN | | |3] Corresponding connector: DF9-3I1S-1V {7}
2 30 DFOA-3IS-IVE 0 )

CNI1 pin amangement trom nndule surface DIFOB-31S-1V{ I )
(Transparent view} DEIM-318-1V({ i )
Pin No. | Svmbol Funetion Remark
| GND
2 CK Clock signal lor sampling cach data signal
3 Hsync Horizontal synchronous signal [Notel ]
4 Vsyne Vertical synchronous signal [Notet]
5 GND
LQ1 04V1 DG51 0 RO R1D  datasignafLSB}

7 Rl 12D data signal
8 R2 RIED  daasignal

TFT_LCD MOduIe 9 R3 K121 data signal
10 R4 R 121D daasignal
il R5 R12D  data signaiMSB)
2 GND
13 G GRLE LN data signal(LSB)
4 Gl GRIZLEN  datasignal
135 G2 GR 121N data signal
16 G GRELEN datasignal
17 G4 GR 1N data signal
18 (3 GRLE LN datasignali MSB)
19 (GND
20 BO BLULE  datasignal LSB)
24 Bl BLUL  datasignal
22 B2 B LUL datasignal
23 B3 BLUL datasignal
24 B4 B LU datasignal
25 B3 BLULE datasignaf MSB)
26 GND
27 ENAB Signal to settle the horizontal display position [Note2]
28 Vee +3.3/5,0V power supply
29 Vee +3.3/5.0V power supply
30 R/L Horizontal display mode seleet signal [Note3]
30 u/D Vertical display mode select signal [Noted]
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6. Llectrical Characteristics
6-1L.TFT-LCDpaneldriving

Ta-25C
Parameler Symbol | Min. Tvp. Max. | Unit Remark
Power  |Supply voltage Veo +30 |+33]|+5.0] +55 v [Notel]
L‘iupply Current di ion lee 180 270 | mA Vee 3.3V [Note2]
lce 150 230 | mA Vee=3.0V [Nowz2]
Permissive input ripple voluge Ve HE | mVp-p
Input voltage (Low) Vi, 0ivee| V
Input veliage (High) Vin [0.7Vee = vV [Notwe3]
Input current (low) lawy 1.0 i A Vi OV [Noted]
iz 10 u A Vi v [Notes]
lows 800 | A | Vv [Nows)
Input current (High) lom 1.0 | wA | Vi Vee [Nowe7]
lom 300 | mA | Vi Vee [Noes]
lois - $00 | wA |V Vee [Nowed]
NOTE 1
{"'CL'—ILIIJI—UIE conditions —Y“_\ n.avee DNVCE, OO
. Signal 27V Signal
0<T1=15ms
0<T2=10ms 08V 0.8V
0<T3=100ms | i < Pl P
O<Td=1s T " +5 ' 1.1' r; 1.;
T3>200ms
Vee-dip conditions
1) 2. 5VsVee vee
td=10ms \F
2} Vee<2. 5V I
Vee«dip condition should also follow W

The Vee-turn-on conditions

[Note2]  Typical curtent siwation : 16-gray-bar patiern.
480 line mode/Vee +3.3V/

5.0V

[Now3] CK.RU-R3.0G0-03.80-B5 Hsyne. Vsyne LNAB,
RLUD

[Noted]  CK.RO-R3.GO-G5,B0-B3 Hsyne. Vsyne,

[Nowe3] U/D.ENAB

[Note6] R

[Note7]  CK.RO-R3,GO-G5.B0-B5 Hsne,Vsyne. RiL

[Note8]  ENAB

[Nows] D

Td

KCH geh KGn
30 434 <58

[
CELE S862
. AR )

—

7. Timing Characteristics ol input signals

Timing diagrams of input signal are shown in Fig.2 - (D~

7-1. Timing characteristics

Parameter Symbol | Mode | Min. Typ. Max Unit_| Remark
Clock Frequency | 1fTe all 25.08 | 2833 | MHe
High time Tch ud 5 ns
Low time Tel " 10 ns
Data | Setuptime | Tds n 5 ns
Hold time Tdh el 10 ns
Horizonal Cycle TH n 30.00 | 3178 s
syne. signal " 750 800 N | clock
Pulse width | THp " 2 96 200 | clock
Vertical Cycele TV 480 515 525 300 line
syne, signal 400 446 449 480 line
350 447 449 510 line
Pulsewicth TVp all | 34 line
Harizontal display period THd ” 640 640 640 | clock
Hsyne-Clock THe . 10 Te-10 ns
phase diflerence
Hsvne-Vsvne TVh I 0 TH-THp| clock
phase difference

MNote) In ease ol lower frequency. the deteriortion of display quality, Nicker cic..may be occurred.

7-2. Horizontal display position

The herizontal display position is determined by ENAB signal and the input data corresponding

1o the rising edge of ENAB signal is displayed at the lelt end o the active area.
Parameter symbol|  Min, Typ. Marx, Unit_| Remark
Lnable signnl' Selup time Tes 5 Te-10 ns
Pulse width Tep 2 G40 640 clock
Hsyne-Enable signal THe 44 TH-664 | clock
phase diflerence

Note) When ENAB is lixed "Low", the display starts from the data o C104(clock) as shown

in Fig.2-(D~),

When the phase difTerence is below 104 clock, keep the “High level of ENAB is signal fonger

Be caretul that the module docs not work when ENAB is lixed *High™.

Than 104-The. ITit will not be keeped. the display stanis from the data of C104(clock).
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7-3, Venical display pesition 55 oH:F
A1 Fung
The vertical display position is awomatically centered in the active arca at cach mode EE?_ i i

¥

ol VGA 480-400-0nd 350-line mode . Each mode is selected depending on the polarity of &

the synchronous signals deseribed in4-HNotel ).

In cach mede Jthe data of TV is displayed at the top line of the active area. And the
display position will be centered on the sercen like the Tollowing figure when the period of
vertical synchronous signal TV, is tvpical value,

In 400-and 350-line mode,the data in the vertical data invalid period is also displayed.

So dnputiing all data "0" is recommended during vertical data invalid period. i
. . . . " 8
ENAB signal has no relation to the verlical display 1 £
Made | V-data start(TVs) Vedatn Vdlisplay stand TVn) | V<lisplay perdod | Unit | Remark E
i )
period{TVd) = £
1
450 3 480 34 480 line - =
=
K 3 L HI-TV AN0 ling =
350 6l 350 H5-TV 480 ling &
8
=
H
2
COLTTH TS 4 Ollaas sxra dewall sl &Rl g
7
sary gerdod T tas perhed SR Ul ;
]
g
-]
G
iata famlll parlad 1 Btinas s Dl paeind & Blines £,
400 Lines mode (TV-449) 60 Fines node (TV-448)

74, Input Data Signals and Display Position on the sereen

Ha J{uml
L L L O O O Y L O L

L 1=

Display position of iaput dava (180 1ines mode) z
: (. Vi ur o
3
proon | vz | o, |||1J | D40, Ui e
=4
[ELI CTE N TES £
g

[l 1S 1

e e e
Pl PP PR N FIE, rﬂ

[, 1480 I Pn’-‘-m DS
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Fiw.2-2 Iuput signal wavelorms (400 line mode)
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Fig.2-3 Input signal wavelforms (350 line mode)
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8. Input Signals. B:ls@iﬁ;luv (.'@i.\_:md Ciray Seale of Eic]'. Color 9. Optical Chataeteristics Ta-25C, Veo +5V
Colors & Data sili'zml Parameter Symbol Condition Min Typ Max Unit Remark
Gray scale] Gmy RO R1 R2 R3 R4 R5 (GO GI G2 G3 G4 G5 |BO Bl B2 B3 B4 BS Viewing | Horizonl | 021, 022|CR>10 6l 70 Dep. | [Notel 4]
Seale Angle Vertical 011 35 40 Dep.
Black 0 0 0 0 0o 0|6 o 0 0 0 060 0 0 O 0 O Range 012 55 70 Dep.
Blue 0O 0 0 0 0 ofo v 0 0o 0 ol o 11 | Contrast ratio CR n-0° 150 = [Notc2.4]
& Cireen o 0 0 0 0 ol | I I | 1jo o o o0 0 0 Optinmum 3
E' Cyan w0 0 0 0 0 | | I | | I | | | 1 1 | Viewing Angle
§’, Redl 1 | | 1 1 Lo o 0 o o oldo 0 0 0 0 0 Resy Rise (o 0-0° ) - ms [Note3 4]
5 Magenta 1 L1y 1 1 joe o0 0 ¢ 0 o1 o1y 1 I Time Decay od 40 ms
Y ellow 1 1 1 | | | 1 1 1 1 1 1o @& 0 0 o 0 Chromaticity of ® 0.313 [Note4]
White : 1 | | | | 1 1 | 1 | | | I | | | | White ¥ 0.329 1y, 6.0mArms
Black JGSOQ O o0 0 0 0 0]0 0 O 0 0 o0l 0 0 0 0 0 Luminance ol while Y 280 350 edim? |l 6lkHz
5‘ ¢ Ggstlr o o0 0 0 oo v o0 0 0 ol 0 0 0 0 0 White Unilomity dw 1.45 [Noies ]
: Darker JGS2 | 0 | N0 (1] 010 o n 0 g ol n o 0 0 0 i Viewing Horizomal | 0 21, 022 50% ol 45 Deg [Nulcl]
&
= t + + & + Angle the
; 5 A7 & & $ mnlgc asa —— P m:.lximum = -
| wrigher fGse1 ]t 0 1 1 1t 1o o 0 0 0 ofo o 0 0 0 0 B"'Shf"c-“-‘ P brightness - oy
5 Jasealo 0 0 1 0 1o o o 0 0 olo 0o 0 0 0 0 Definition
Red gseal 1 1 1 1 1 lo o o o o olo o 0o 0o 0 0 #The measurement shall be executed 30 minutes afier lighting at mting. (condition:l. 6.0mArms)
Black asolo o o o o olo o o o o olo o o 0o o o The optical chameteristics shall be measured ina dark room or cquivalent stale
g £ astJo o 0o o o of1r 0o 0o 0o o0 o0lo 0o 0 0 0 0 Witve AN WU kg, 0 bl
;: Dacker JGS2J0 0 0 0 0 o]0 1 0D 0 0 l0 0 00 0 0 0
E t + L + + c1or (BY-HAITOPCON)
ES b + ¥ v + (
E Brighter |GS6LY 0 0 0 0 O 0 ] [ I 1 1 1 0 0 0 0 1]
8 4 (8621 0 1] 0 1) 0 0 ) | 1 | 1 1 0 0 0 0 1] ]
Green JGis63jo o o o 0 ofr 1 1 1 1 Ll0o 0 0 O 0 0
Black JGSOJo o0 o 0 0 o]0 0 0 0 0 olo 0 0 0 0 0
5? T (isl Hh 0 0 0 0 oj0o o 0 0 0 o | 0 0 0 1] Ficld=2"
‘;1 Darker Gs2 Qo 0 g o O o]0 o 0 0 0 0 1] | 0 i 0 {} l 100 mm
E’ ¢ + & + $
Y [ + + + +
? Brighter [Gsetf o 0 0 0o 0o oflo o o 0o 0 ol v 1 a0 —_—'&"‘—“——\&‘ %M‘
4 (se2f 0 0 1] 0 LU ] L 1) 0 0 1] | 1 | 1 | [ T
Blue GSe3gn 0 0 0 0 o]lo o 0 0 0 0 I | 1 | 1 | ‘ —|
0 :Low level voliage. | High level voliage Center of the scmen

Each basic color can be displayed in 64 gray scales fiom 6 bit data signals, According 1o the combination of tolal 18 bit Flpd0pleab chartstovist ios matnemint method

data signals, the 262, 144-color display can be achieved on the screen,
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