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NEC

LPD42272A

PICTURE IN PICTURE GENERATOR

The uPD42272A is a picture in picture generator (PIPG) made up of single chip including field memory, line memory, con-
troller, and oscillator. It uses the C-MOS process, and implements high-speed processing and low power consumption. The
uPDA42272A include most features necessary for PIP processing; high performance TV and VCR systems can easily be imple-
mented using this generator.

FEATURES

The PIP features are integrated into single chip.
Available for both PAL and NTSC

Built-in vertical filter

For 6 quantizing bits

Two screen sizes are selectable.

Four screen positions are selectable.

Four frame colors (white, yellow, light blue, green) are selectable.

For the color difference method (Y, R—Y, B-Y)
Still picture display

Tristate output

Power supply Vpp =5V £10 %

TTL compatible (Full 1/0)

CMOS low power consumption

64-pin plastic QFP

ORDERING INFORMATION

Order product name Package

uPD42272AGF-3BE 64-pin plastic QFP

1-1-3
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PIN CONFIGURATION (Top View)

>>>>>>>>>>

BDACK ' 52 32 I DOB5(MSB)
RDACK [ ] BLank
voACK [ ] st
GND | | DISP
mosco [ [ Janp
mosci [ [ ] sosco
RCK : ] sosci
Voo | l Voo
Wi ] s
ws [ ] 5%
TEST2 [ | SIZE

TesT1 ] O [ Jves
TesTo o4 20 ] nps

oooooooooooooooo

n-1-4



E

uPD42272A

ABBREVIATION

NAME

ABBREVIATION

NAME

DIO to 6 Data Input VPS Vertical Screen Position Selection Input
DOYOto 5 Y Data Output HPS Horizontal Screen Position Selection Input
DORO to 5 R-Y Data Output STILL Still Picture Specification Input

DOBO to 5 B—Y Data Output BLANK Blanking Output

YSW Y Data Switching Output DISP Sub Picture ON/OFF input

RSW R—Y Data Switching Output MFC Main Picture Field Correction Input
BSW B—Y Data Switching Output SFC Sub Picture Fieid Correction input
ADCK A/D Clock Output MFDIS Main Picture Field Distinction Input
YDACK Y Data D/A Clock Output SFDIS Sub Picture Field Distinction Input
RDACK R—Y Data D/A Clock Output FDE Field Distinction Enable Input

BDACK B-Y Data D/A Clock Output SOSCI Input Oscillation Pin for Sub Picture
SVs Sub Picture Vertical Synchronizing Signal sSOsco Qutput Oscillation Pin for Sub Picture
SHS Sub Picture Horizontal Synchonizing Signal MOSCI Input Oscillation Pin for Main Picture
VIV Main Picture Vertical Synchronizing Signal MOSCO Output Oscillation Pin for Main Picture
MHS Main Picture Horizontal Synchronizing Signal RCK Lead Clock Output

N/P NTSC/PAL Selection Input TESTO to 2 Test Pin

FCOto 1 Frame Color Selection Input Vpp Power Supply Pin

SIZE Sub Picture Size Selection Input GND Ground Pin

H-1-5
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uPD42272A

uPD42272A BLOCK DIAGRAM
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uPD42272A

ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Pin Voltage \2% —0.1 to Vpp +0.5 v
Supply Voltage Vobp —0.1t0 +7.0 \
Output Current lo mA
Operating Temperature Topt —20 to +70 °c
Storage Temperature Tstg —55to+125 °c
RECOMMENDED OPERATION CONDITIONS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Supply Voltage Vpo 45 5.0 55 v
High Level input Voltage VIH 24 Vpp +0.5 \Z
Low Level Input Voltage ViL -10 +08 v
Input Oscillation Frequency foscIN 6 MHz
Output Oscillation Frequency fosc ouT 18 MHz
Horizontal Synchronizing Pulse Width tHSYNC 48 us SHS and MHS pins
MVS Pulse Width tMVS 1 40 H MVS Pin || = Period of
SVS Pulse Width t5VS 1 25 H 'SVS Pin [horizontal signal
Ambient Temperature Ta -20 +70 °c
DC CHARACTERISTICS (In Recommended Operation Conditions)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
n e
Input Leak Current 1y -10 +10 KA V| =00 Vpp, other input 0 V
Output Leak Current lo -10 +10 HA V@ =0 to Vpp, high impedance
High Level Output Voltage VoH 24 v o =-1mA
Low Level Output Voltage VoL 0.4 loL=2mA
1/0 CAPACITY (T, =25 °C, f =1 MHz)
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT CONDITION
Input Capacity Cy 5 pF Except SOSCI, MOSCI
Output Capacity Co 7 pF Except SOCSO, MOSCO
Oscillation Input Capacity 1 Csoscl 8 pF at SOSCI
Oscillation Input Capacity 2 Cmoscl 10 pF at MOSCI
Oscillation Output Capacity 1 Csosco 8 pF at SOSCO
Oscillation Output Capacity 2 CMosco 10 pF at MOSCO

-1-7



uPD42272A

NE

AC CHARACTERISTICS (In Recommended Operation Conditions)

CHARACTERISTIC SYMBOL MIN. MAX. UNIT (Note)
ADCK Low Level Period tADL 70 ns
ADCK High Level Period tADH 70 ns
YDACK Low Level Period tYDAL 50 ns
YDACK High Level Period tYDAH 50 ns
RDACK Low Level Period tRDAL 200 ns 7
RDACK High Level Period tRDAH 200 ns 7
BDACK Low Level Period tBDAL 200 ns 7
BDACK High Level Period tBDAH 200 ns 7
RCK Low Level Period tRCKL 25 ns
RCK High Level Period tRCKH 25 ns
Data Input Setup Time tps 25 ns
Data Input Hold Time tpH 30 ns
Y Data Access Time tacy 25 ns
Y Data Hold Time tOHY 20 ns
R—Y Data Access Time tACR 7RCK +25 ns
R-Y Data Hold Time tOHR 20 ns
B-Y Data Access Time taCB 7RCK +25 ns
B-Y Data Hold Time tOHB 20 ns
Output Low Impedance Time Lz 5 100 ns 4
Output High Impedance Time tHZ 5 100 ns 4
SW from ADCK High Level Output Time tsW1 5 30 ns
SW from ADCK Low Level Output Time tsw2 5 30 ns
Input Transition Time (Rise time, Fall time) tT 3 35 ns

Notes:

1.
2
3
4.
5
6
7

The reference of any voltage is GND.

. The above data was obtained in condition of tT =5 ns.
. The input voltage reference levels of the timing standard are V|4 =2.4 Vand V) =08 V.

tz and tz are measured at +200 mV in the steady state. t| 7z > tHZ.

. The 1/0 signal reference level is 1.5 V.
. The input oscillation frequency (fogc |N) shall be 6 MHz; the output oscillation frequency (fosc ouT) shall be 18 MHz.
. The frame output period is either 0.5 or 1.5 times as large as the standard value.

n-1-8
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uPD42272A

AC CHARACTERISTIC TEST CONDITIONS

©® |nput timing standard

24V

o8V

® Output timing standard

5ns-——{

l—-—5ns

1.5v

[ ] DOUT load

Voo

Doy
DOR 1.8 kQ
DOB

ADCK O——

Voo

1.8kQ
DoY

YDACK
RDACK 1.1kQ
BDACK

tACY, tOHY, tACR, tOHR
tACB, tOHB, tSW1, tsw2

5 pF

DOR o~
l DOB
l 30 pF 1.1kQ I

Lz, tH2)

tADL, tADH, tYDAL, tYDAH
tRDAL, tRDAH, tRDAL, tBDAH
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LPDA42272A

1.

OVERVIEW OF FUNCTIONS

O Field memory capacity: 7 568 words x 18 bits

O Subpicture display area:

(86 x 88)
Method Full Screen Display (1/9) 80 % Screen Display (1/12)
NTSC 49.3 us x 74 lines 41.3 us x 62 lines
PAL 49.3 us x 87 lines 41.3 ps x 73 lines

O Sampling rate

Signal Input Output
Y 3 MHz 9 MHz
R-Y 0.76 MHz 2.25 MHz
B-Y 0.75 MHz 2.25 MHz

O Sampling method

Quantization

O 0 O O

o 0 O O

Screen position
Averaging processing that uses the vertical filter:

[—»(Y)——(R—Y)——(Y) — (=) —(Y) —(B=Y) —(Y)— (—)—]

Number of frame colors :

6 bits

4 (White, yellow, light blue, green)

4 (Top left, bottom left, top right, bottom right)

n:

Line Number Coefficient
n—1 1/4
n 1/2
n+1 1/4

Field-to-field line offset sampling processing
Line array correction
Display ON/OFF switching
Still picture display

i-1-10
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N E C uPD42272A

2. PIN FUNCTIONS

(1) DI0 to 5 (Data Input) (Input)
Six-bit data input pins that input digitized subpicture component signals (Y, R—Y, B—Y) sequentially. DIO is the LSB,
and DI5 is the MSB.

(2) DOYO to 5 (Y Data Output) (Output)

Luminance signal (Y) output pins, which output six-bit Y signals compressed by a factor of three by PIP processing. DOYO
is the LSB, and DOY5 is the MSB. The high impedance state is entered unless the data is being output; the no-signal period
level is determined from the external resistor.

(3) DORO to 5 (R—Y Data Output) (Output)

Color difference signal (R—Y) output pins, which output six-bit R—Y signals compressed by a factor of three by PIP pro-
cessing. DORO is the LSB, and DORS is the MSB. The high impedance state is entered, unless the data is being output; the no-
signal period level is determined from the external resistor,

(4) DOBO to 5 (B—Y Data Output) (Output)

Color difference signal (B—Y) output pins, which output six-bit B—Y signals compressed by a factor of three by PIP pro-
cessing. DOBO is the LSB, and DOBS5 is the MSB. The high impedance state is entered unless the data is being output; the no-
signal period level is determined from the external resistor. ‘

(5) YSW, RSW, BSW (Data Switching Output) (Output)

Output pins for the data switching signals supplied to the six-bit A/D converter (uPC661) with analog switch. Three com-
ponent signals (Y, R—Y, B—Y) are converted from analog data to digital data while sequentially switching them with YSW/
RSW/BSW. When the switching output is at the high level, the corresponding signal is selected. (For example, the Y signal is
selected when YSW = H.)

(6) ADCK (A/D Clock Output) (Output)

Output pin for the sampling clocks supplied to the A/D converter (uPC661). While being synchronized to this clock, the
component signals selected with the analog switch are converted from analog data to digital data. While being synchronized
to this clock, the digitized component signals are sequentially input to the DI pin. The clock frequency is 6 MHz.

(7)  YDACK, RDACK, BDACK (D/A Clock Output) (Output)

Output pins for the sampling clocks supplied to the six-bit D/A converter. After being submitted to PIP processing, the
component signals are output from the DO pin. It goes from digital data to analog data while being synchronized to this
clock. The three clock output pins correspond to the three component signals (YDACK --- Y output, RDACK -.. R—Y output,
BDACK .- B—Y output). The clock frequency of YDACK is 9 MHz, and that of RDACK and BDACK is 2.25 MHz.

(8) SVS (Sub Picture Vertical Synchronization Signal Input) (Input)

The subpicture vertical synchronization signal input pin, which inputs vertical signals locked to the synchronous separation
signal. When SVs falls, the internal Write Address Counter is rest. The frequency of Sub Picture Horizontal Synchronization
Signal Input {SHS) is then counted to determine the vertical write area of the subpicture. The SVS input is used also as the
field distinction data of the subpicture.

(9) SHS (Sub Picture Horizontal Synchronization Signal Input) (Input)

Subpicture horizontal synchronization signal input pin, which inputs horizontal signals locked to the synchronous separa-
tion signal. Write Clock is oscillated synchronously with the SHS rising edge. This clock causes Write Address Counter to be
incremented, and the horizontal write area is determined. The reference signal for field distinction is generated inside by
counting Write Clock. The standard of SHS synchronization pulse width is 4.8 Ms.

(10) MVS (Main Picture Vertical Synchronization Signal Input) (Input)

Main Picture vertical synchronization signal input pin, which inputs vertical signals locked to the synchronous separation
signal. When MVS falls, the internal Read Address Counter is reset. The frequency of Main Picture Horizontal Synchronization
Signal Input (MHS) is then counted to determine the vertical display area and display position of the subpicture. The MVS
input is used also as the field distinction data of the main picture.

n-1-11
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(11) MHS (Main Picture Horizontal Synchronization Signal Input) (Input)

Main Picture horizontal synchronization signal input pin, which inputs horizontal signals locked to the synchronous
separate signal. Read Clock is oscillated synchronously with the MHS rising edge. This clock causes Read Address Counter to
be incremented, and the horizontal display area and display position are determined. The reference signal for field distinction
is generated inside by counting Read Clock. The standard of MHS synchronization pulse width is 4.8 us.

(12) N/P (NTSC/PAL Selection Input) (Input)
Input pins used to select the NTSC and PAL methods. When the input level is High (H), NTSC is selected. When it is Low
(L), PAL is selected. These methods differ in vertical write operation and the display area.

(13) FCO to 1 (Frame Color Selection Input) (Input)
Input pins used to specify the subpicture frame color. One of four frame colors (white, light blue, yellow, green) can be
selected by input level combination.

White Light Blue Yellow Green
FCo H L H L
FC1 H H L L

(14) SIZE (Subpicture Size Selection Input) (Input)
Input pin used to specify the subpicture size (display area). When the input level is H, this size is set to one-ninth of the
main picture (full screen display). When the level is L, it is set to one-twelfth (80 % display).

(15) VPS, HPS (Position Selection Input) (Input)
Input pins used to specify the sub picture display position. One of the four corners on the main picture can be selected by
combining the VPS and HPS input levels. VPS specifies the vertical position; HPS specifies the horizontal position.

Top Left Bottom Left Top Right Bottom Right
VPS H L H L
HPS H H L L

(16) STILL (Still Picture Request Input) (Input)
Input pin used to specify the still picture. When the input level is H, the still picture is selected. When the input level is L,
the moving picture is selected.

(17) BLANK (Blanking Output) (Qutput)
Signal output pin used to blank the main picture. When the output level is H, the subpicture signal is output.

(18) DISP (Subpicture ON/OFF Input) (Input)

Input oin used to turn on/off the blanking signal
MPUL PN USEG 10 WiIrn OR/OTT the Dianking signa;

the input level is L, the signal is turned off (low level), At this
are output regardless of the DISP pin input level.

1 Q1 AMI(\ Whan tha i
Y-l ne e

ime, the subpicture data output signals (DOY, DOR, DOB)

=

(19) MFC (Main Field Correction Input) (Input)

Input pin used to correct Main Picture Signal field distinction. The uPD42272A distinguishes fields based on the phase rela-
tion between the horizontal and vertical synchronization signals to be input. Thus, field distinction may fall into error if the
proper phase relation is not obtained. In this case, the distinction result is corrected using the MFC pin. If the input level is H,
the field distinction result will be reversed. If it is L, the original result will be used.

(20) SFC (Sub Field Correction Input) (Input)
Input pin used to correct the Subpicture Signal field distinction result. The function is the same as for the MFC pin.

n-1-12
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(21) MFDIS (Main Field Distinction Input) (Input)

Input pin for the Main Picture Signal field distinction result. The uPD42272A distinguishes fields based on the phase rela-
tion between the horizontal and vertical synchronization signals to be input. In addition, the result from outside field-distinc-
tion can be input from the MFDIS pin. The H level indicates an old field; the L level indicates an even field.

(22) SFDIS (Sub Field Distinction Input) (Input)
Input pin for the Subpicture Signal field distinction result. The function is the same as for the MFDIS pin.

(23) FDE (Field Distinction Enable Input) (Input)

input pin used to select whether field distinction is executed inside or the outside distinction result is input (MFDIS,
SFDIS). When the input level is H, the inside field distinction is inhibited. In this case, outside field distinction is executed,
depending on the signal levels input through the MFDIS and SFDIS pins. When the input level is L, input from the MFDIS and
SFDIS pin is inhibited. In this case, the inside field distinction data is effective.

(24) SOSCI, SOSCO (Sub Oscillation Input/Output) (Input, Output)
Oscillation pins for the subpicture Write Clock. The oscillation capacitor and coil must have been installed externally. The
oscillation frequency must be 6 MHz. The SOSCI can also be used to input clocks from the outside.

(26) MOSCI, MOSCO (Main Oscillation Input/Output) (Input, Output)
Oscillation pins for the subpicture Read Clock. The oscillation capacitor and coil must have been installed externally. The
oscillation frequency must be 18 MHz. The MOSCI pin can also be used to input clocks from the outside.

(26) RCK (Read Clock Output) (Output)
Output pin for the subpicture Read Clock. Used to output the clocks oscillated with the main oscillation circuit. Can be
used for synchronization with another IC.

(27) TEST (Test Input) (Input)
Test pin. Must usually be grounded.

(28) Vpp (Voltage Supply)
Power supply pin.

(29) GND (Ground)
Ground pin.

1-1-13



uPD42272A N E C

3. CONFIGURATION

(1)  Serial/parallel Converter (S~ P)
Converts into 18-bit parallel signals (Y-R—Y-Y or Y+B—Y-Y) the subpicture signals (Y, R—Y, B—Y) that are serialy input
in units of six bits, and outputs them.

(2) Vertical Filter

Consists of two sets of line memory and an arithmetic circuit, and executes averaging processing. |f one of the three lines
is simply extracted to compress the screen vertically, may become disordered on the screen. To prevent this, averaging pro-
cessing is executed with the data of the appropriate line and the preceding and succeeding lines by using the vertical filter. '

(3) Buffer Memory
If field memory is in read mode, no data can be written into it. The subpicture signals input during the read mode need to
be stored in the buffer memory, which has one-line capacity (86 words x 18 bits).

(4) Field Memory
Stores one field (7 568 words x 18 bits) of a subpicture, Data is written into field memory when no subpicture is being
displayed.

(56) Line Memory Write Address Counter
Supplies write addresses to the line memory of the vertical filter block and buffer memory. When the address reaches the set
value, this counter stops counting. Reading the data from the vertical filter block (1 line/3 lines), use the write address.

(6) Buffer Memory Read Address Counter
Supplies read addresses to buffer memory. This counter is synchronized with field memory Write Address Counter; it
remains in the wait state during field memory read. When the address reaches the set value, this counter stops counting.

(7) Buffer Memory Address Selector
Outputs the write and read addresses to buffer memory while switching them.

(8) Field Memory Write Address Counter

Supplies write addresses to field memory. This counter consists of the horizontal and vertical address counters. The horizon-
tal and vertical address counters. The horizontal one is synchronized with Buffer Memory Read Address Counter. It remains
in the wait state during memory read. When the address reaches the set value, this counter stops counting.

(9) Field Memory Read Address Counter

Supplies read addresses to field memory. This counter consists of the horizontal and vertical address counters. Data read
from field memory always takes priority over write to it. Thus, the counter never enters the wait state during operation.
When the address reaches the set value, this counter stops counting.

(10) Refresh Address Counter

Supplies refresh addresses to field memory. When write/read for field memory is at a stop, this counter refreshes the
memory according to the Refresh Address Counter’s address value. The input clock (6 MHz) is frequency-divided, and supplied
to the counter. It remains in the wait state while data is being read from or written into field memory. When the address
reaches the set value, this counter stops counting, and the address returns to the start address.

(11) Field Memory Address Selector
Supplies the write, read, and refresh addresses while switching them.

(12) Output Data Selector

Switches the subpicture signal read from field memory and the frame color signal selected with a frame color selection pin
(FCO or FC1), and outputs the signal. In addition, this selector concurrently executes parallel/serial conversion (12 bits = 6
bits) of the subpicture Y signal.
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(13) Input Controller & Oscillator
Controls the subpicture signal until it is written into field memory. This circuit oscillates the input clock (6 MHz) synchro-
nously with Subpicture Horizontal Synchronization Signal (SHS). Using. this clock as the reference, the circuit controls vertical

filter or buffer memory write/read operation and the field memory write operation. This circuit also generates the ADCK,
YSW, RSW, and BSW control signals, transmitted to the six-bit A/D converter (uPC661).

(14) Output Controller & Oscillator
Controls the subpicture signal during the period from read from field memory to output. This circuit oscillates the output

clock (18 MHz) synchronously with the Main Picture Horizontal Synchronization Signal (MHS). Using this clock as the refer-
ence, the circuit controls the field memory read operation and the data selector. In addition, it generates the YDACK, RDACK,
and BDACK control signals, transmitted to the six-bit D/A converter (uPD6901). The BLANK and RCK signals are also gener-
ated by this circuit.
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4. OPERATION

4.1 Writing the Subpicture Signals

The subpicture signals are converted, by the six-bit A/D converter (uPC661), into digital data, then input from the Data

Input pin (DI1). At this time, the subpicture signals are sequentially switched with the YSW, RSW, and BSW data switching
signals. They are serially sampled as follows:

r (Y)—=(R=Y) —=(Y) —(=)—=(Y)—=(B=Y) —=(Y) —(-) j

The (—) data is not transferred actually. The subpicture signals are converted, by the serial/parallel converter, into 18-bit
data (Y *R=Y*Y or Y:B=Y-Y), then averaged in Vertical Filter. The vertical filter configuration is as follows:

Subpicture Signals

I

Line memory

N A J A
'@ v) To buffer memory
<

Line memory

After being averaged in Vertical Filter, the subpicture signals are extracted line by line from the three lines. They are then

written into buffer merory. After this, when field memory read is at a stop, the subpicture signals are written from buffer
memory into field memory at a rate of 1.5 MHz.

The subpicture signal write area varies with the NTSC/PAL method as shown below. The odd and even fields deviate one
line in the vertical write area. This enables field-to-field line offset sampling processing, which improves the vertical resolution.
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63.5 us
SHS
12
in
l 57.3 us
I T T (Y: 172 dots, R-Y: 43 dots, B-Y: 43 dots)
723 w0
o~ N

262.5H
222H
(222 H)

155H
(14.5H)

L Even field
0dd field
Subpicture Write Area (NTSC)

64 us

SHS

573 us

(Y: 172 dots, R-Y: 43 dots, B-Y: 43 dots)

L

38H
(39H)

61 H

3125H
2
(261 H)

135H
(12.5H)

Even field

0dd field  Subpicture Write Area (PAL)
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4.2 Reading the Subpicture Signals

After being written in field memory, the subpicture signals are read from this memory synchronously with the Main Picture
Synchronization Signals (MHS, MVS). The reading rate (4.5 MHz) is three times as high as the writing rate. The subpicture
signals then pass Selector, and are output through the Data Output pins (DOY, DOR, DOB). In addition to switching/output-
ting the subpicture and frame signals, Selector executes the Y signal parallel/serial conversion (12 bits > 6 bits).

Subpicture signal read is executed for all data that has been written. The playback area is determined by the blanking signal
(BLANK), and is not the write area. The display position is controlled by changing the Read Address Counter timing according
to the Screen Position Selection Input Pin (HPS, VPS) input state. The playback area and display position vary with the NTSC/
PAL method and screen size (full screen/80 % screen) (see the figures below). Any value in the display position includes the
frame signal, which has a 220 ns (horizontal) x 1 line (vertical) area.
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I 63.5 us
SHS I

7.5 us 493 us

(N

25H
(26 H)

(Y: 148 dots, R-Y: 37 dots, B-Y: 37 dots)

262.5H
222 H
(222 H)

155H
(145H)

! L‘ Even field
Odd field

Subpicture Playback Area (NTSC, full screen display)

I 63.5 us

SHS

L

43H
(44 H)

11.5 us 41.3 us
(Y: 124 dots, R-Y: 31 dots, B-Y: 31 dots)

2625 H
186 H
(186 H)

335H
(32.5H)

I l L" Even field
0Odd field
Subpicture Playback Area (NTSC, 80 % screen display)
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64 us

L
38H
(39 H)
3

7.5 us 49.3 us
(Y: 148 dots, 'R-Y: 37 dots, B-Y: 37 dots)

3125H
261H
(261 H)

135H

T
0
o
-

L Even field
Odd field

Subpicture Playback Area (PAL, full screen display)

64 us

%]
I
»

»
>
7
L] 11.5 us 413 us

(Y: 124 dots, R-Y: 31 dots, B-Y: 31 dots)

59 H
(60 H)

3125H
219H
(219 H)

345H
33.5H)

Even field
0Odd field

L
l_[‘:(

Subpicture Playback Area (PAL, 80 % screen display)
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| 63.5 us
MHS
1Y
>
3
I . 7.3 us 16.9 us 11.6 us 16.9 us
| =
o)
™
x
[l
~
o
n
? x
o
g S
x
o
R
Subpicture Display P (NTSC, full screen display)
63.5 us
MHS
£
=
I 8.6 us 142 pus 14.2 us 14.2 s
i
w
3
X
<
o
x
wn
o x
o o
o~ w
x
<
o

r_I

Subpicture Display Position (NTSC, 80 % screen display)
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64 us
MHS
1’y
>
&
I 9.5 us 16.9 us 9.8 us 16.9 us
I
o
T
o
0
o
['s]
B z
™ 0
I
a
©
Subpicture Display Position (PAL, full screen display)
64 us
HS l——
’d
[>
3
L 10.8 us 14.2 us 12.4 us 14.2 us
1.
0
wn
T
wn
~
T
o
~ T
= N
I
0
R

Subpicture Display Position (PAL, 80 % screen display)
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4.3 LINE Array Correction

pPD42272A

Subpicture processing executes screen compression; the field -memory read rate is three times as high as the write rate. The
read operation thus outruns the write operation half way on the screen. After this, old fields are read. As a result, a field joint
is produced halfway on the screen. When the data under the joint, that is, old fields are read in this case, the screen reverses
because of interlace scanning. The line array correction resolves this reverse.

Line array is corrected by advancing the vertical address counter 1o the ordinary value plus 1, during old-field read. The

correction operation varies with combination of the main picture and subpicture fields (odd/even). The following tables sum-
marizes this:

When the main picture and subpicture have the same fields prior to outrunning

Subpicture
Main Odd Even
Picture
- 1. -
Odd (Before outrunning) (After outrunning)
+1 -l -
Even (After outrunning) (Before outrunning)

When the main picture and subpicture have different fields prior to outrunning

Subpicture
Main Odd Even
Picture
0dd 1 - -
(After outrunning) (Before outrunning)
+1 +1*
Even LT ! .
(Before outrunning) (After outrunning)

+1: The address counter is incremented to the normal value plus 1.
— :  No operation.

Indicates that the address counter holds the incremented status. (The address counter is not incremented actually.)
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4.4 Field Distinction

As mentioned in Sections 4.1 and 4.3, the uPD42272A executes line offset sampling and line array correction. Line offset
sampling is to offset write lines between fields by one line. ‘Line array correction is to advance the vertical Read Address
Counter to the ordinary value plus 1 by combining the main picture and subpicture signal fields. This'is required to prevent
screen reverse caused by the outrunning in field memory read.

To execute the above processes, the uPD42272A executes field distinction to distinguish the main picture and subpicture
signal field status (odd/even). The field distinction result is determined as follows according to (i) the phase difference between
the input horizontal synchronization signals (MHS, SHS) and vertical synchronization signals (MVS, SVS) and (ii) the state of
the field correction input pins (MFC, SFC).

578 RCK (32.1 us)

1 RCK=1/(18 MHz)=55.6 ns

MHS II

MFC="L" Even
MVS | MFC="H": 0dd

MFC="L" Odd
MVS I MFC="H": Even

173 WCK (28.8 us)

1 WCK=1/(6 MHz) %166.7 ns

SFC="L" Even
SVS I SFC="H": 0dd

SFC="L": Odd
SVS I SFC="H"Even

At this time, the falling edges of the horizontal signal (MHS, SHS = ‘L’) and falling edges of the vertical signals (MVS,
SVS) must not overlap.
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45 Frame Signal Generation

The uPD42272A contains the data for four colors (white, yellow, light biue, green) that are used for frame s‘ignals‘. Frame
Color Selection Input (FCO, FC1) selects a color. Data Selector switches the subpicture to the frame signal, and outputs it. The

vertical width of the frame signal is 1 line; the horizontal width is 220 ns. The horizontal width is determined according to the
D/A clock (YDACK, RDACK, BDACK) and blanking signal (BLANK).

220 ns —

1 line

Subpicture

1 line

fe— 220 ns

The four colors of the frame signal are represented individually by six bits assigned to the Y, R—Y, and B—Y signals.

Signal

Y

R-Y B-Y
Color DO5 | DO4 | DO3 | DO2 | DO1 | DOO | DO5 | DO4 | DO3 | DO2 | DO1 | DOO | DO5 | DO4 | DO3 | DO2 | DO1 | DOO
White 1 0 1 o 1 1 1 0 [} 0 0 0 1 Y] [ 0 0 0
Yellow 1 0 0 1 1 0 1 0 0o 0 1 1 0 0 1 1 0 1
Light Blue| 0 1 1 1 1 0 0 0 1 1 0 1 1 ] 0 1 1 1
Green 0 1 1 0 1 0 ] 1 ) 0 0 0 0 1 ] ] 1 1
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As mentioned previously, the uPD42272A writes the subpicture signals (Y, R—Y, B=Y) serially using the uPC661, which is
a six-bit A/D converter with analog switch. For this reason, the R—Y and B—Y signal sampling phases are reversed. For the
output signals, there is 180 ° phase difference between the R—Y and B—Y signals. If frame signals containing phase differences
are similarly output, gradation is generated because the frame signals deviate at the edges. To prevent this, the uPD42272A
adjusts the color signal D/A clock (RDACK, BDACK) phases during the frame signal output period to align the frame signal

edges.

atat
e W o U W o W

DOY ////x Frame signal X:‘ﬂ Frame signal
4
DOR Frame signal X x ’[ ’ X Frame signal

r Y ¥y 5 /27

X Frame signal

"
DoB Frame signal XX ?
{
)

SLANK —

220 ns 220 ns

\¥ Frame signal "/

output period
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4.6 DataOutput

After compressed, the subpicture signals are output through the Data Output pins (DOY, DOR, DOB). The subpicture
signals are compressed to the scale of 1/9 (horizontal: 1/3; vertical: 1/3). The subpicture signal output period is about one-

ninth of one field period (16.7 ms) of the main picture; no data is output (high impedance) during the remaining period (eight-
ninth) of the period.

|

2
I
o

High impedance

o)
BLANK ’ \ (Full screen display)
BLANK ’ \ (80 % screen display)

The signal level of the above no-signal (high impedance) period must meet the pedestal level (level of the initial input signal).
To do this, the signal level is determined by pulling up or down the Data Output pins (DOY, DOR, DOB) by resistors. In the
uPDA42272A, the D/A converter clocks (YDACK, RDACK, BDACK) are output cyclically (2.25 MHz) also during the no-signal
period. The six-bit D/A converter (uPD6901) converts the data determined by pull-up or -down into analog data. This enables
the signal to be at a constant level.

The input signal pedestal level is determined at clamp levels of the six-bit A/D converter (uPC661). For the uPC661,
the Y signal clamp level is the OLSB; the R—Y and B—Y signal clamp signals are the 32LSB. All Y output is thus pulled down.
For R—Y and B-Y output, only DOR5 and DOB5 are pulled up, respectively, and the other output is pulled down.
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5V

V

DOYO ]

¢t DOY

oA WwN

DOR

} poB

MHS l l l I
DOYOto 5 ‘ *
DORO to 4 ‘ k

DORS < ,
DOBO to 4 ‘ “

DOBS ‘ ’
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4.7 Outside Control

4.7.1 Specified frame color

HMPD42272A can generate one of four frame colors (white, light blue, yellow, green) at inside. Frame color selection is used
by Frame color Selection Input (FCq 1o 1). One of four frame colors can be selected by input level combination.

White Light Blue Yellow Green
FCO . H ) L H L
FC1 H H L L

4.7.2 Specified subpicture size

uPD42272A can select one of two subpictures size (display area) by Subpicture Size Selection Input (SIZE). When the

input level is H, this size is set to one-ninth of the main picture (full screen display). When the tevel is L, it is set to one-twelfth
(80 % screen display).

4.7.3 Specified subpicture position

uPD42272A can select one of four subpicture display positions by Position Selection Input (VPS, HPS). One of the four
corners on the main picture can be selected by combining the VPS and HPS input level.

Top Left Bottom Left Top Right Bottom Right
VPS H L H L
HPS H H L L

4.7.4 Specified still picture

uPD42272A can display still subpicture by Still Picture Request Input (STILL). When the input level is H, the still picture is
selected. When the input level is L, the moving picture is selected.
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INPUT TIMING

YSW / \

\

| A N A WY A

tswi -

RSW ,

f
-l‘ tsw2
\

tsw1—=

BSW

tswi

Yy

K

tsw2

A

'SWZQr‘tADH tADL

WA VAWA

o X XUIKX

YnA X R-Yn } YnB
tos

(& / ; ) ;&(n-*l) B*Y(n+1XY(n+1)m¥m+2)kx}*¥(n+2)‘

Note n: Odd number of 1 to 85

tDH
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OUTPUT TIMING (1) [Subpicture 1 line, 76 line (at NTSC full screen)]

Frame Signal
Output period

tYDAH tyDAL

W AVAVAVAVAV AVAY S
1.5 tRDAL tRDAH tRDAL
0.5 tRDAH
RDACK \ ’ )( ][ !i 7! l 7!
0.5 tBDAL 1.5 tgDAH tBDAL tBDAH
BDACK _/-—\_________7‘ )'\ ] *( _.—j —
tacy
oov X X Frame data } &3 F9 0 R ER B S Féi?fx
|
I tACR
DOR Frame data X Frame data Frame data X Frame data
| tace
b=
DoB Frame data Frame data { Frame data X
Frame data

BLANK
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OUTPUT TIMING (2) [Subpicture 1 line, 76 line (at NTSC full screen)]

Frame Signal
Output period
tyDAH tYDAL
YDACK [_\_/—\_]l—\_
tRDAL tRDAH 1.5 tRpAL 0-5 tRDAH
RoRck _/ S X f Y _f L
tBDAH tBDAL 0.5 tgpAL
BDACK \ 1 5‘ 7! )K 7[ )J
oov X "azre Y faame ) eame )(eam ) oo Y Taame ) ) e X e ) pomeama )
DOR Frame data X Frame data X Frame data X Frame data )—
DoB ] Frame data X Frame data X Frame data 4)—
BLANK JK

1-1-32



N E C uPD42272A

OUTPUT TIMING (3) [Subpicture 2 to 75 line (at NTSC full screen)]

Frame Signal Subpicture Video Signal
Output period output period
tYDAH  tyDAL
W aVaAVaVaVal aVaV s Ve VaN 2 ¥ aWaVaAVaN
15tR tRDAH tRDAL
DAL 0.5 tRDAH
RDACK \ / \ 7[ 1 ] y
0.5tBDAL 1.5 tBDAH tBDAL tBDAH
BDACK _/—\_____] 3( ] {t b, N
tacy
ooy X vza Y Frame data X v108 ¥ viia X vie Y viza Y vize Y visa Y v13e x ”“AX:
|
r tACR
DOR Frame data X rvii X R-Y13 X R-Y15
[ tACB
f=
DoB Frame data B-Y12 * B-Y14 X
B-Y10
BLANK
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OUTPUT TIMING (4) [Subpicture 2 to 75 line (at NTSC full screen)]

Frame Signal
Subpicture Video Signal output perid Output period

tYDAH tYDAL

tRDAL tRDAH 1.5 tRDAL 0.5 tRDAH

RDACK / \

t t
BDAH BDAL 0.5 tBDAL|

BDACK  \ 1 5‘ 7{ )K 7!7

P

[
]
S

Doy x Y8B0A X Y80B x Y81A x YSIBX YSZAX Y82B X Y83AX Y83B x Y84AX Frame data

Y

DOR R-Y81 X R-Y83 x R-Y85 X Frame data

*

DoB :X B-Y82 X B-Y84 X Frame data

Y

BLANK )
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OUTPUT TIMING (5)

tRCKH , tRCKL

tYDAH , tYDAL

voack [\ S X r /S /S S\
tRDAH tRDAL
RDACK 7( !( Y,
tBDAL tBDAH
BDACK !L 7! ji
OUTPUT TIMING (6)
YDACK_\__/-_—!
tLz = tHz

DOY

RDACK—\—_/_!L/__\

=tz

VA

tHz
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APPLICATION SYSTEM EXAMPLE

Frame Color Selection
Position Selection
Size Selection
Still Picture
Signal Switching NTSC/PAL
A/D Clock
I D/A Clock
. — Y Output
Subpicture _{ ,pc1a02cA (o Lpce616 ;:) ) 4PD6901C/Gx3f—— R-Y Output
Video Signal By
1PD42272AGF —= B-Y Output

Subpicture H
Subpicture V

|=—— Subpicture ON/OFF
}—— Blanking

w PTT\-{ L_‘ Ma?n P?cture H
I I I l ‘——————— Main Picture V

#PC1402CA -+ NTSC decoder
uPC661G:---------- Six-bits A/D converter
#PD6901C/G----- Six-bits D/A converter
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Overview
A/D-converter
pPC659
pPC661
wPD7004
D/A-converter
uPC662
uPC664
uPD6900
wPD6901
uPD6902
uPD6376
uPD6325
uPD6326
uPD6335
uPD6336
uPD7011

Section 2 - A/D- and D/A-converter

8 Bit, 20 MHz
6 Bit, 20 MHz
10 Bit, 10 KHz

8 Bit, 35 MHz
8 Bit, 35 MHz
8 Bit, 20 MHz
6 Bit, 50 MHz
8 Bit, 50 MHz
16 Bit, 400 KHz
6 Bit, 100 KHz
6 Bit, 100 KHz
6 Bit, 100 KHz
6 Bit, 100 KHz
8Bit, 5MHz

A/D-converter
A/D-converter
A/D-converter

D/A-converter
D/A-converter
D/A-converter
D/A-converter
D/A-converter
D/A-converter
D/A-converter
D/A-converter
D/A-converter
D/A-converter
D/A-converter

2.
2.
2-

2-
2-
2-
2-
2-
2-
2-
2-
2-
2-

15

43
51
59
69
77

95
95
95
95
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Overview of A/D Converter

Device Main application Resolution Conversion rate Technology Pins/Package
nPC659G 1 x 8 bit 20 MHz Bipolar 24/SOP
Video-signals
HPC661G 4 x 6 bit 20 MHz Bipolar 24/SOP
CPU peripherals
pCcom7s5 .
uPD7004C V-Series 8 channels 10 bit 10 kHz CMOs 28/DIP
8080, 8085
Overview of A/D Converter
Device Main application Resolution Conversion rate Technology Pins/Package
WPC862GH Video-RGB 3 channels 8 bit 35 MHz Bipolar 48/QFP
wPC664GS Video Y-C-Signals 2 channels 8 bit 35 MHz Bipolar 36/SOP
. C: 16/DIP
uPD6325C 4 x 6 bit 100 kHz CMOS G 16/SOP
TV Control signals .
uPD6326C (brightness, 8 x 6 bit 100 kHz CMOS 16/DIP
contrast, tone, . C: 16/DIP

uPD6335C coior) 4 x 6 bit 100 kHz CMOs G: 16/SOP
uPD6336C 8 x 6 bit 100 kHz CMOS 16/DIP
uPD6900C 1 x 8 bit 20 MHz CMOS 22/DIP
uPD6900C Video-signals 1x6 bit 50 MHz CMOSs 22/DIP
pPD6900C 1 x 8 bit 50 MHz CMOS 22/DIP
uPD7011C CPU-Peripherals 1x 8 bit 5§ MHz NMOS 18/DIP
uPD6376CX e ) h CX: 16/DIP
LPD6376GS Digital audio 2 x 16 bit 400 kHz CMOS GS: 16/SOP
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8 BIT A/D CONVERTER FOR VIDEO PROCESSING
WITH REFERENCE GENERATOR AND CLAMP CIRCUIT

The uPC659 is a 8 bit A/D converter for video signal processing. The high speed and high quality Bipolar processing technology
have enabled fast conversion rate and high resolution tc be achieved. Conversion Rate is up to 20 MHz and Linearity Error
within 0.5 LSB while operating at low power consumption. Also, this IC include sample and hold circuit, clamp circuit and
reference voltage generator, which enables simple external circuits to be constructed.

FEATURES
® Resolution: 8 bits
Conversion Rate: 20 Mgps MAX.
Differential Non-Linearity: +0.5 LSB MAX.
Power Supply Voltage: +5 V single
Analog Input Voltage: 1.0 Vp.p TYP.
Include Clamp Circuit (Clamp voltage and clamp pulse must be supplied.)
Include Sample and Hold Circuit
Include Reference Voltage Generator: Vgt =33V, Vg =23V
Low Power Consumption: 395 mW TYP.

BLOCK DIAGRAM VoL Avce VRT VRB AGND

S YW WL
VIN
Clamp [%

Sample & Hold
PcL
Flash Flash
_ﬂ_ A/D Convert A/D Convert
5
3

LK ng
C

Latch

DVpp DGND OVER D; D, D3 Ds Dg Dg Dy Dg

ORDERING INFORMATION

ORDER NAME PACKAGE
uPC659G 24 Pin Plastic SOP (300 mil)
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CONNECTION DIAGRAM (Top View)

ver (O O [24] oLk
ne [2 23] oveRr
wvee [3] [22] pBy(MsB)
vin [4 21] 082
AaND [5 [20] DB3
PeL [6 [19] penD
va [7 18] ovee
avee [8 [17] 084
AGND [ ] [16] oBs
vrs [10] E DBg
avee [11 @ DBy
aono [12] [13] DBg(LSB)

No. Symbol Pin Name No. Symbol Pin Name
1 VRT Ref. Voltage (Top) 13 DBg Digital Data Output (LSB)
2 NC No Connection 14 DBy Digital Data Output (7th)
3 AVce Power Supply for Analog Circuit 15 DBg Digital Data Output (6th)
4 VIN Analog Signal Input Terminal 16 DBg Digital Data Output (5th)
5 AGND Ground for Analog Circuit 17 DBy Digital Data Output (4th)
6 PcL Clamp Pulse Input Terminal 18 DVce Power Supply for Digital Circuit
7 Ve Clamp Voltage Input Terminat 19 DGND Ground for Digital Circuit
8 AVee Power Supply for Analog Circuit 20 DB3 Digital Data Output (3rd)
9 AGND Ground for Analog Circuit 21 DBy Digital Data Output (2nd)
10 VRB Ref. Voltage (Bottom) 22 DBy Digital Data Output (MSB)
1 AVce Power Supply for Analog Circuit 23 OVER Digital Over Range Output
12 AGND Ground for Analog Circuit 24 CLK Sampling Clock Input Terminal
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uPC659

ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Supply Voltage A, DVcc —0.3 to +6.0 \
Digital Input Voltage VinD —0.3 to DV¢c+0.3 \
Analog Input Voltage Vina —0.3 to AV¢c+0.3 \Y
Reference Input Voltage VRT. VRB —0.3 to AVc+0.3 \
Clamp Voltage Veo —0.3 to AVc+0.3 \
Clamp Pulse Input Voltage VecL —0.3 to AV¢c+0.3 v
Operating Temperature Topt —20to +70 °c
Storage Temperature Tsg —40 to +150 °c
RECOMMENDED OPERATING CONDITIONS (T, = —20 to +70 °C)
TITLE SYMBOL MIN. TYP. MAX. UNIT CONDITION
Supply Voltage AVce, DVee 4.7 5.0 5.3 \ AGND =DGND =0
Analog Input Voltage ViNA VRp—0.4 VRT+04 \ Vec =50V
Clamp Input Voltage Voo VRrp—0.4 VRT+04 \ Vcc=50V
Sampling Clock fsamp 1.0 20 MHz
Sampling Clock Low Pulse Width tPWL 25 ns
Sampling Clock High Pulse Width tPWH 25 ns
Clock Input High Level Voltage VeKH 20 v
Clock Input Low Level Voltage VekL 08 A
Clamp Pulse Width tPWCL 1.0 us
Clamp Pulse High Level Voltage VPCLH 20 4
Clamp Pulse Low Level Voltage VPCLL 0.8 v
Clamp Capacitance CcL 10 uF
Maximum Analog Input Frequency faIN 8.0 5.0 MHz —3 dB Point
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NE

ELECTRICAL CHARACTERISTICS (T, = —20 to + 70 °C AVcc = DV¢c = 5.0:0.3 V)

TITLE SYMBOL MIN. TYP. MAX. UNIT CONDITION
Supply Current Icc 50 79 110 mA Vee=5.0V,T,=25°C
Resolution RES 8 bit
. . Vce=50V,T3=25°C
Non-I E
on-linearity NL 1.6 LSB ViN = 1.0 Vpp
Differential Non-linearity DNL +0.5 LsB Vee =50V, Ta=257C
VIN=1.0Vpp
) e fsAMP = 14.318 MHz
i tial X
Differential Gain DG 15 3.0 % NTSC Ramp wave (40 IRE)
) . fSAMP = 14.318 MHz
| Pl P X
Differential Phase D 0.8 3.0 deg NTSC Ramp wave (40 IRE)
. " Delay time from falling edge of
Digital Data Output Delay Time tp 12 20 ns sampling clock.
- loL=1.6mA
Digital Output Low Voltage VoL 0.4 v D1 to Dg, OVER
- . loH = —400 wA
Digital Output High Voltage VOH 2.7 \" D1 to Dg, OVER
Digital Input Low Input Current hiNDL —200 A ViN=08V
Digital Input High Input Current HINDH 10 A ViN=20V
Measure input current from
Analog Input Current HINA 10 35 BA analog input terminal.
Reference Voltage (Bottom) VRB 21 2.3 25 v Vec =50V
Reference Voltage (Top) VRT 3.1 33 3.5 \4 Vce =50V
Analog Input Equivalent Capacitance CiN 3.0 pF VIN = VRB
Clock Input Equivalent Capacitance CcLk 2.0 pF
Reference Voltage (Difference) VREF 10 v VRT-VRB.VcCc =50V

11-2-8




NEC

pPC659

TEST CIRCUIT

CLOCK

©)

Digital Data Out

—_——
OVER —A—
AF 47 uF
+

3;Lilﬁu LJ T
. f_‘go uF
2.2 uF T T

J%usuwT@

1
L
2§T]bol
uF| | uF

OﬂluFJT

DG, DP TEST BLOCK

Video signal generator

47 uF

Analog
Input

Clamp pulse

Input n
- -

Video Signal 1PC659

L
|

AGND YLDGND

8 bit digital
data

[e;

Clock 4 fsc (14.318 MHz)

High precision
O A connecter

The video signal from the video signal generator is 40 IRE Ramp signal
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uPC659 N E C

TIMING CHART

tPwL tPwH

Data Acquisition

__

VIN

DBj to DBg
OVER

Analog signal is sampled with sampling clock and after the acquisition time (3.3 ns TYP.) started to be sampled. And converted
data will be out after 2 sampling clock synchronized with the rise edge of sampling clock. Delay time from the rise edge of
sampling clock is typically 12 ns.
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EQUIVALENT CIRCUIT AROUND TERMINAL

Pin No. Equivalent Circuit Function
1,10 1: Reference voltage (Top) VRt
Avce 10: Reference voltage (Bottom) VRg
x s844
O— o
X .:}480
”r Q
10
1.15 kQ A
. rr bedd
5,9,12 r;-r Ground for Analog Circuit.
24 AvVce i AvVee Sampling Clock input terminal.
3 Analog data acquisition and digital data out are synchronized with
] K the rise edge of this clock.
h 4
b 4
”»

3,8, 11 Power supply for analog circuit.

i
4 Avee AVce Analog signal input terminal.
Input analog signal from this terminal. The clamp function also will
be worked on this terminal. So it's necessary to connect capacitance
| and low impedance source.

L 2AN

6 AVCe Avce Clamp pulse input terminal.
Analog signal input from analog input terminal is clamped to the
voltage; V¢ according to the high level term of this pulse.

AGND
7 Avee Clamp bias input terminal.
AVce Analog input signal is clamped nearly to this input voltage; V¢
according to the clamp pulse; Pc high level period.
13to 17 Digital data output terminal.

211022 - Pvee 13: Out of LSB data
23 14: Out of 7th data
x= 15: Out of 6th data
16: Out of 5th data
(&) 17: Out of 4th data
f Ié x 20: Out of 3rd data

21: Out of 2nd data

v 22: Out of MSB data

PGND 23: Out of Over Flow (Active High)
18 B Power supply for digital.
19 47 Ground for digital.
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OUTPUT CODE FOR ANALOG INPUT

OUTPUT DIGITAL CODE
ANALOG INPUT DB, DBg
OVER (MsB) DBy DB3 DBy DBg DBg DBy (LsB)
VREB to % LSB 0 0 [) [) [) 0 o 0 0
% LSB to (1+%) LSB 0 0 0 [ 0 0 o 0 1
to to to to to to to to to to
(254+%) LSB to (256 +%) LSB 0 1 1 1 1 1 1 1 1
(255+%) LSB to VRT 1 1 1 1 1 1 1 1 1
VRT to AVce 1 1 1 1 1 1 1 1 1
VRT—-V Ve =23V TYP.
LsB = —RT_"RB. 3906 mv TYP. RB
256 VRt =33V TYP.
APPLICATION
41gc Clock
AVee (+5V) s¢
47 4F
g
H 2.2 uF
- F_H—*rE VRT CLK [24
001 ZIne ©) OVER [Z3——— oveR
ol Gl av DB 22
10 4F “Etvee DB to DBg
R 4VIN
—{5]AGND DBz 20— .
{&]PeL DGND [-—2%4 “
{7] Voo Dvcc |18
{8]avee DBy |17 e
s " {9]AGND DB [16
°—*—I-—~——' VRB DBg |15
Clamp Pulse Avee DB; n
JL AGND DBg |13
DVec DGND
(+5V)

AGND and DGND
M must be connect at
one point

The application circuits and circuit constant described in this document don’t apply to mass production where variations
in parts quality and/or temperature characteristics are considered.
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N E C uPC659

ATTENTION FOR APPLICATION

® Analog input terminal

Please connect low impedance signal source to analog input terminal.
And must be AC coupled. Clamp circuit is appeared by following rough block diagram.

- . |
l/ to Conversion Circuit
Low Impedance
Buffer
_I_L 6

Clamp Pulse
PcL

uPC659

Clamp Voltage
VoL

® |f don’t use the clamp circuit
The clamp pulse terminal (PIN 6) and GND must be short-circuit. And insert by-pass capacitor of about 0.1 uF between the
clamp voltage input terminal (PIN 7) and GND.

o Clamp voltage

There is a few difference clamp voltage between the supply clamp voltage V¢ (PIN 7) and really clamp voltage.
Really clamp voltage = Vo +a
Take account of the « (about £20 mV) at supply V¢ to PIN 7

® Power supply lines for analog circuit and digital circuit

Must be thick line wiring for the power supply lines. And reduce the resistance and reactance ingredient the power supply
lines.

AV and DV must be connect at one point.

AGND and DGND must be connect at one point.
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NEC

uPC661

VIDEO SIGNAL PROCESSING 6-BIT A/D CONVERTER
WITH BUILT-IN
ANALOG MULTIPLEXER AND CLAMPER

The uPC661 is a 6-bit A/D converter for video systems. The high-speed/high-precision bipolar processing technology em-
bodied in this IC realizes 20 Msps and 0.5 LSB (MAX.). The low power consumption design provide wide applicability of this
IC to digital systems in various fields, such as digital TV systems, PIP (Picture-in-picture) system, or high speed facsimile

system,

This IC has a built-in analog multiplexer for four inputs together with a clamper for each input for selective A/D conversion
of video signal. In addition, a reference voltage generator is also built in for simpler circuit configurations.

CHARACTERISTICS

Resolution: 6 bits
Conversion rate: 20 Msps
Non-linearity error: *0.5 LSB
+5 V single power supply
Input voltage range: 1.0 V.
Built-in clamp circuit

Built-in analog multiplexer (for 4 inputs)
Power consumption: 260 mW (TYP.)

BLOCK DIAGRAM

Built-in reference voltage generator: Vgg =25V, Vgm =3.0V, Vg7 =356V

VRM AVcC VRT
. Analog & .
Sync tip Multi B3
Clamp Plexer
[
v Clamp L o—— g —1\]
' : 9 1
sv | e
1 3 K ,r‘
Y (Clamp o 01— B3 3
I
sy —'—r i

AMA

T
R-Y Clamp —:—«(/
' T

SR L

i
B-Y Clamp L ' o

WV

ENCODER

LATCH

OUT PUT

; A~ - -~

i
1
sB —‘——T <

VMON i
_

 — = = =
reL J1 AGND  VRB OLK DGND
ORDERING INFORMATION
Order name Package
uPC661G 24-pin SOP (375 mil)
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uPC661

NE

PIN CONNECTION DIAGRAM (Top View)

ovee [T} o) 2] Avce
D6 [2] 23] vre
Ds [3} 22] Vem
04 4] 21] Vet
03 [5] 20] Vmon
02 [6] 1] vin
D1 [7] EER
CLK E E R-YIN
N E] 16] vin
sV [0 [15] AGND
s8 [T] [14) DGND
SR 13] sy
NU::I’;ER SYMBOL PIN NAME NU‘:/‘I’;ER SYMBOL PIN NAME
1 DVce Digital power supply 13 sY Luminance signal selector (Y)
2 Dg Digital output (LSB) 14 DGND GND
3 Dg Digital output 15 AGND GND
4 Dg Digital output 16 YIN Luminance signal input (Y)
5 D3 Digital output 17 R-Y|N Color difference signal input (R=Y)
6 Dy Digital output 18 B-Y|N Color difference signal input (B—Y)
7 D4 Digital output (MSB) 19 VIN Video signal input
8 CLK Clock input 20 VMON Analog Monitor
9 PcL Clamp pulse input 21 VRT Reference voltage (Top voltage)
10 sV Video signal selector 22 VRM Reference voltage (Middle voltage)
1 SB Color difference signal selector (B—Y) 23 VRB Reference voltage (Bottom voltage)
12 SR Color difference signal selector (R—Y) 24 AVce Analog power supply
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uPC661

ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Supply Voltage AVce, DVee —0.3to +5.7 \Y

Input Voltage on Each Pin Vi —0.3to V¢ +0.3 \

Operating Temperature Range Topt —20to +75 °c

Storage Temperature Range Tstq —40 to +150 °c

RECOMMENDED OPERATING CONDITIONS (T, = —20 to +75 °C)
ITEM SYMBOL MIN. TYP. MAX. UNIT CONDITION

Supply Voltage AVce, DVee 45 6.0 5.5 \ AGND =DGND =0 V
Analog Input Voltage VINA VRe—0.4 VRT+0.4 \Z
Sampling Clock fsamp 1 20 MHz
Sampling Clock Low-level Pulse Width tPWL 20 ns
Sampling Clock High-level Pulse Width tPWH 20 ns
Select Pulse High-level Puise Width tSEH 25 ns
Select Pulse Low-level Pulse Width tSEL 25 ns
Select Pulse Frequency fse 15 MHz
Clamp Pulse High-level Pulse Width tPWCH 1 us Clamp Capacitance Co| = 10 uF
Clamp Pulse Low-level Pulse Width tpwCL 100 us Clamp Capacitance Cc|_ = 10 uF
Clamp Capacitance CeL 10 uF
Digital Input High-level Voltage VINDH 2.0 \"
Digital Input Low-level Voltage VINDL 0.8 v
Set Up Time at Rise of Select Pulse tRs 30 ns
Hold Time at Rise of Select Pulse tRH 10 ns
Set Up Time at Fall of Select Pulse tfs 30 ns
Hold Time at Fall of Select Pulse tHH -10 ns
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E

ELECTRICAL RATINGS (T, = —20 to +75 °C, AV¢c =

DVge =5.0 £0.5 V)

ITEM SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Power Consumption Icc 38 52 70 mA AVce=DVgoe=5.0V,Ta=25°C
- °
Nonlinearity Error NL £0.5 LsB Vee _5'0 V. Ta=0 10_60 c
VINA =1 Vpp fsamp = 20 MHz
= = °
Differential Linearity Error DNL +0.5 LsB Ve =50V, Ta=0t060°C,
VINA = 1 Vpp fsamp = 20 MHz
. Delay time from the rise of the clock
Data Output Delay Time tp 12 20 ns signal, D1' to Dg,
Digital Low-level Output Voltage VoL 0.4 Vv loL =1.6 mA
Digital High-level Output Voltage VOH 2.7 \ I0H = —400 uA
Digital Low-level Input Current liINDL —500 MA hNDL =08V
Digital High-level Input Current IINDH 20 HA VINDH =20V
Reference Voltage (Bottom-voltage Side) VRB 2.2 2.5 2.8 \ Vcca=5.0V
Reference Voltage -
(Middle-voltage Side) VRM 27 30 3.3 v Veca =80V
Reference Voltage (Top-voltage Side) VRT 3.2 3.5 38 \ Vcca=50V
Analog Input Capacitance CiN 7 pF VIN = VRB
Clock. Input Capacitance CcLk 2 5 pF
. Select pulse input
Select Output Delay Time tSA 15 25 ns — Analog monitor output
MEASUREMENT CIRCUIT Vinput  R-Y
Analog 8-y input
Monitor input Y input
10 «F
10(10{ 10

7L T
20] |1 18] J17] 16] |15] J14f Il3i

O

lecc De D5 Da D3 D2 Dy

CLK PcL SV sB

SR

A

AGND

2] 3] |4 5 6] |7 8] |9

10f f11] |12

L——————0 SY Select pulse

SR-Y Select pulse
SB-Y Select pulse
SV Select pulse

Clock
(20 MHz)

.

DGND
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E uPC661

TIMING CHART

Analog
Monitor (

to

Dj toDg X m—2 m—1 K\ m X

Analog monitor terminal output the analog Y signal after the Select Output Delay Time (tga = 15 ns TYP.) started to be rise high level SY terminal.
In a similar timing about the timing between other analog input, select pulse and analog monitor.
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PIN NUMBER

EQUIVALENT CIRCUIT DIAGRAM

DESCRIPTION OF FUNCTIONS

T

Digital system power supply

%:

DGND  DGND

Digital data output (LSB)
Digital data output (5th)
Digital data output (4th)
Digital data output (3rd)
Digital data output (2nd)
Digital data output (MSB)

Noeahown

Digital data output terminals. The data is output one digital

output delay period (tp) after the rise of the clock.
{Refer to the Timing Chart). Output at the TTL level.

DVce
o
{

DGND

Clock signal input terminal.

Analog input is fetched and digital data is output at the
rise of the signal input to this terminal.

AVce
1 JJ; AGND
AGND

Clamp pulse input terminal for color difference signal
(R—Y, B—~Y) and luminance signal (Y).

The signal is clamped when this terminal is high.
And at this time output digital data is fixed the following
code.

At Y or V Select : 000000
At R—Y or B—Y Select: ‘“100000"

10,11,
12,13

AVce
AGND

10: Analog multiplexer switching signal input (SV).
This terminal selects the signal from the VN
terminal (Pin 19) while this terminal is high.

11: Analog multiplexer switching signal input (SB).
This terminal selects the signal from the B—Y |\
terminal (Pin 18) while this terminal is high.

12: Analog multiplexer switching signal input (SR).
This terminal selects the signal from the R—Y |y
terminal (Pin 17) while this terminal is high.

13: Analog multiplexer switching signal input (SY).
This terminal selects the signal from the Yin
terminal (Pin 16) while this terminal is high.

Analog multiplexer switching signals (select pulses) don‘t .
input more than one high level at the sametime.

At select pulses are all low level, the output digital data
code is ‘000000 by compulsion.
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uPC661

PIN NUMBER

EQUIVALENT CIRCUIT DIAGRAM

DESCRIPTION OF FUNCTIONS

14

é DGND

Digital system grounding terminal.

15

JT AGND

Analog system grounding terminal.

16,17,18

>

<
Q
(e}

®

AGND
AGND

16: Luminance signal {Y) input terminai and ciamper.
Input level H | Vp,p
Clamping level: VRT
17: R-Y input terminal and clamper.
Inputlevel : 1Vpp
Clamping level: VRM
18: B-Y input terminal and clamper.
Input level 01 Vp.p
Clamping level: VRpm

AvVce

¥

AGND

Composite video signal input terminal and clamper.
Input level: 1 Vp_p
The clamp is a Sync-tip (minimum value) clamp.

The clamping level make other circuit that reference
voltage (VRT, VRM)-

There is a few difference clamp voltage between the really
clamping level (V2g) and VRT.

20

Avce

AGND

1 1.6mA

ok

Analog multiplexer output monitor terminal.

This terminal monitors the input signal selected by pins
10t0 13.

This terminal is normally open.
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LPC661

PIN NUMBER EQUIVALENT CIRCUIT DIAGRAM DESCRIPTION OF FUNCTIONS
21 AVCe 21: Reference voltage output terminal (Top voltage side).
VRT-
3kn
22 22: Reference voltage output terminal (Middle voltage
@) < side). VRM.
23 23: Reference voltage output terminal (Bottom voltage
2kQ side). VRB.
® <& L
AGND
24: Analog system power supply.
24 1 Avee
OUTPUT CODE FOR ANALOG INPUT
OUTPUT DIGITAL CODE
ANALOG INPUT DB DB,
1 6
(ViN. YIN. R=Y N, B=Y|N) (MsB) D82 DB3 PB4 P85 (Ls8)
VRB to %LSB 0 0 0 0 0 0
%LSB to (1 + %) LSB 0 0 0 [ 0 1
§ ) § f § § )
(62 + %) LSB to (63 + %) LSB 1 1 1 1 1 1
(63 + %) LSB to VRT 1 1 1 1 1 1
VRT to AVce 1 1 1 1 1 1
. VRT—-VRB
LSB 5 ————

64
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SUPPLEMENT

Clamp Operation

This IC has a built-in clamper that clamps using the coupling capacitance of the respective analog signal input terminals
16 to 19.

1) Clamping of the video signal input, Vy (Pin 19)
The clamping here is based on the minimum value clamping system, which is mainly used for clamping the video sink chip.
The voitage during clamping is generated by the internal regulator. Note that this clamper operates independently from the
clamp pulse on the pin 9. But at clamp pulse is high-level, the output digital data code is “000000’’ by compulsion.

2) Clamping of the luminance signal input, Yy (Pin 16)
Clamping here is executed when the clamp pulse on pin 9 is high. When the clamp pulse is high, the signal voltage supplied
from the pin 16 is clamped to VRt (reference high voltage) at the Viya terminal (Pin 20). The timing and the level of the
clamping by the pedestal are as follows:
Note that at clamp pulse is high-level, the output digital data code is “000000"* by compulsion.

YIN
(Pin 16)

Camppuse 11 M. Moo 5V
(Pin 9)

VWwon L = e v
(Pin 20) - ~VRT

3) Clamping of the color difference signals: R—Yy (Pin 17) and B—Y)y (Pin 18)
This clamping is executed while the clamp pulse at pin 9 is high. When the clamp pulse is high, the signal voltage supplied
from the pin 17 or 18 is clamped to VRy (intermediate reference voltage) at the Vjy (Pin 20) terminai.
Note that at clamp pulse is high-level, the output digital data code is ‘“100000’’ by compulsion.

4) Output digital code for select pulse and clamp pulse

INPUT SELECT PULSE CLAMP PULSE OUTPUT DIGITAL CODE

sv | sy | sr | sB PoL o1 | by | b3 | o4 [ o5 | s

0 0 0 1 0 B-Y|n A/D Converted Code

0 0 1 0 0 R-Y|n A/D Conver!e-d Code

0 1 o | o0 o] YN A/D Converted Code

1 0 o | o 0 Vi A/D Converted Code

0 0 0 0 0 o | o 0 o | o 0

o | o 0 o | 1 o__i 0 0 0 0 0

0 0 0 T 1 1 0 0 0 0 0

0 o | 1 0 1 1 0 0 0 0 0

0 1_IT ° 0 1 ° 0 ° 0 o ° Notes: ‘““1'": High level
1 0 ] 0 0 1 0 0 0 0 0 [} “0"": Low level
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ATTENTION FOR APPLICATION

® Analog input terminal
Please connect low impedance signal source to analog input terminal. And must be AC coupled.

® Power supply lines for analog circuit and digital circuit.
Must be thick line wiring for the power supply lines. And reduce the resistance and reactance ingredient the power
supply lines.
AVcc and DVgc must be connect at one point.
AGND and DGND must be connect at one point.

+5V
+5 GND
Dvce 'AVCC AGND\ \DGND
4] 23] [22] [21 9] i8] [17] [i6] fi5] fi4] [13]
u PC661
(¢]
1112113114151 16l 171 18! 10 [11f 11
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N E C uPD7004C

10-BIT CMOS SUCCESSIVE APPROXIMATION A/D CONVERTER

The uPD7004 is a 10-bit monolithic CMOS analog-to-digital converter using the Successive Approximation
Register (SAR) technique. The uPD7004 incorporates an 8-channel multiplexed analog input and full microproces-
sor interface to achieve a high degree of versatility. The designer has a choice of either serial or parallel output and
interface to 8080 type microprocessors or advanced signal processors like the uPD7720.

FEATURES

® 8-channel multiplexed analog input

® Serial or parallel interface

® 10-bit resolution

® Linearity: 1 LSB MAX. (T, =25 °C)

® Conversion time: 104 us (fck; = 1 MHz)

® Input voltage range 0 to VRrer

® Temperature range from -40 to +86 °C

® Operates from single +5 volt supply (56 V £10 %)

BLOCK DIAGRAM

AVpp o D.Vpp
T CLOCK CS WR/STBRD/SCKI MC
Program-
CH7 O——— fe————0
CH; F rg?zﬁcy Rl S Controller /:0—
6 O— MPX Divider OEOC
i i
1

H
CHg o———|

Successive Approximation
Register

RX1024
VREF+O—————1—

Bi-Directional Shift

Register
O

DB7/S0
DBg/SI
DBg/SHIFT
DB4/5CKO
DB3/SOEN
DB/CODE

Pl
i

Status,
Address

10 Bit D/A Latch DB1/DEV4
DBg/DEVg
OA.GND lO.GND
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CONNECTION DIAGRAM (Top View)

AVpp

RD/SCKT

4A.GND
MC

CLOCK
EOC
1sD.Vpp

m N - O
I I I I
O O O O
[’ [R] [€] [€]

YUY
$EEE b et RESE ¢
>o0868%%o8 g
238828
PIN IDENTIFICATION
Parallel mode Serial mode
Pin No. Sumbol
/o Function /o T Function
1 CHy Analog input CHg
2 CHg Analog input CHg
3 CHg Analog input CHg
4 CH7y Analog input CH7
5 VREF+ Positive reference voltage input
6 D.GND Digital Ground Note
7 BD7/SO Output | Data bus (MSB) Output | Serial output
8 DBg/SI Output | Data bus (2nd) Input Serial input
9 DBg/SHIFT Output | Data bus (3rd) Input First-bit select (LSB/MSB)
10 DB4/SCKO Output | Data bus (4th) 1/0 Serial clock output
1" DB3/SOEN Output | Data bus (5th) /0 Serial-out enable
12 DB3/CODE 110 Data bus (6th) Input Code select
13 DB1/DEV, 1/0 Data bus (7th) Input Division ratio set
14 DBp/DEV( }E Data bus (LSB) | Input Division ratio set
15 D.Vpp ) Digital Power Supply Note
16 EOC Output End-of-conversion signal (Active low)
17 CLOCK Input Clock signal input terminal
18 MC Input Mode select (H=Parallel, L=Serial)
19 WR/STB Input Write signal input Input Address-write strobe signal
20 Ao Input Control address input Input Internal/external serial clock select
21 RD/SCKT Input Read signal input fnput Serial clock input
22 cs Input Chip select signal
23 AVpp Analog Power Supply Note
24 A.GND Analog Ground Note
25 CHg Analog input CHg
26 CH4 Analog input CH?
27 CHz Analog input CHp
28 CH3 Analog input CH3

Note: Connect to Digital Ground (D.GND) with Analog Ground (A.GND) externally.
Connect to Digital Power Supply (D.Vpp) with Analog Power Supply (A.Vpp) externally.
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uPD7004C

ABSOLUTE MAXIMUM RATINGS (T, =25°C)

Supply Voltage

Input Voltage
Reference Voltage
Operating Temperature

Storage Temperature

Voo
Vi
VREF
Topt
Tsig

-0.3t0+7.0
-0.3to Vpp
-0.3to Vpp
-40 to +85

-65 to +125

+0.3
+0.3

\%
v
%
°c
c

°

RECOMMENDED OPERATING CONDITIONS (T, =-40 to +85 °C)

Parameter Symbol MIN. TYP. | MAX. Unit Test Condition

Supply Voltage VpD 4.5 5.0 5.5 \Z

Reference Voltage VREF 4.0 Vpp v

Analogue Input Voltage \7 0.0 VREF v

High-level Input Voltage ViH 24 A\

Low-level Input Voltage ViL 08 v

Clock Frequency fek 0.4 8.8 MHz

Internal Clock Frequency feki 0.4 1.0 1.1 MHz | fckj = fck X Division ratio

Parallel Mode (MC = High)

Address Setup Time tAW 20 ns CSy, Ag SWR
tAR 20 ns | CS4,Ag—RD 4

Address Hold Time WA 10 ns WRt->CSt,Ag
tRA 10 ns RDt->CS1t, Ag

WR Signal Pulse Width tww 200 ns

RD Signal Pulse Width tRR 200 ns

Data Setup Time tpw 100 ns DB-WR t

Data Hold Time twD 20 ns WR t > DB

Serial Mode 1 (MC = Low, Ag = Low; External Serial Clock)

EOC Hold Time tHECS 0 us | EOC4+—~CS4

CS Setup Time tsCSK 1 us | CS4—>SCKi4 (*)

Serial Input Setup Time tSIK 150 ns SI - SCKT t

Serial Input Hold Time tHKI 100 ns SCKI t - SI

Low-level Serial Clock Pulse Width tWLK 400 ns

High-level Serial Clock Pulse Width TWHK 400 ns

Strobe Pulse Width tWLST 200 ns

Strobe Hold Time tHKST 200 ns SCKi t > STB t

Chip Select Hold Time tHKCS 100 ns SCKit—>CSt

*fcki =1 MHz
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CONVERSION CHARACTERISTICS (T, =25°C, Vpp = VRer = 5.0 £0.5 V, foxy = 1 MHz)

Parameter Symbol MIN. | TYP. | MAX. | Unit Test Condition
Resolution 10 10 10 Bit | Ta=-40t0+85°C
Total Unajusted Error NL 1.0 | LSB
Total Unajusted Error +20 | LSB | Ta=-4010+85°C
Zero Scale Error 0.6 LsB
Zero Scale Temperature Coefficient 2 ppm/°C| T, =-40t0 +85°C
Full Scale Error +0.5 | LSB
Full Scale Temperature Coefficient 2 ppm/°C| T, =-40t0 +85°C
Conversion Time Tconv 96 104 us Parallel Mode, Serial Mode 1
Conversion Time Tconv 104 104 104 Hs Serial Mode 2

DC CHARACTERISTICS (Vpp = Veer = 5.020.5 V, T, = -40 to +85 °C, fck) = 1 MHy)

Parameter Symbol MIN. | TYP. | MAX. | Unit Test Condition
High-level Output Voltage VOH 3.5 v lp=-1.6 mA
Low-level Output Voltage VoL 0.4 v lp=1.6 mA
Digital Input Leakage Current o 10 A Vi=0to Vpp
Floating Output Leakage Current IFO +10 KA Vg =0to Vpp
Analog Input Resistance (DC) R; (DC) 2 MQ | Vi=0toVpp
Equivalent Analog Input Impedance | RI 10 kQ The analogue input impedance is equiva-
*) lent to the series circuit between Rl and
ci 100 pF Ci.
Reference Input Resistance RREF 5 50 k2
Power Consumption Pg 5 15 mwW

* Equivalent Circuit

External Internal
Ry

Analogue Input A/D Block

(CHO to 7)

Charge or discharge current flows at the internal multiplexer switching timing. Therefore, connect a capacitor
(>0.01 uF) to the analog input terminal in case the external is high.
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AC CHARACTERISTICS (Vpp = Vrer =510.5V, T, = -40 to +85 °C, fck; = 1 MHz)

Parameter Symbol MIN. | TYP. | MAX. | Unit Test Condition

Output Delay Time tRD 150 ns | RD 4 — DB (Parallel Mode)

tpKo 250 | ns | SCKI4,SCKO 4 — SO (Serial Mode 1, 2)
Output Floating Delay Time tDF 100 ns RD t - DB Floating (Parallel Mode)

tFCSO 150 ns | CSt— SO Floating (Serial Mode 1)
Serial-out Enable Delay Time tsKS 40 200 | ns | SCKO t-» SOEN  (Serial Mode 2)
Serial-out Enable Delay Time tHKS [ 200 ns | SCKO  —» SOEN 1 (Serial Mode 2)
Serial Clock Output Cycle oYK 1/feki ns | (Serial Mode 2)
High-level Serial Clock Pulse Width tWHK 400 ns (Serial Mode 2)
Low-level Serial Clock Pulse Width TWLK 400 ns (Serial Mode 2)
Serial Clock Rise Time trsc 20 ns (Serial Mode 2)
Serial Clock Fall Time tfsc 20 ns (Serial Mode 2)

1 ... Rising edge

{ ... Falling edge
TIMING CHART

1. Parallel Mode
(1) Write Mode

4
Cs, Ao
K.
t,
AW WA

DBo t0 7
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(2) Read Mode

CS. Ag

tRA
RR M|

DF [=—

DBo t0 7

2. Serial Mode 1

Eoc HECS

1scsK TWHK N tHKCS

SCKI

s XX

STB 2

THKST

tDKO tFCSO
0 WLST

0 oo XXX F---

3. Serial Mode 2

SOEN —"—\

X ”
tcyk tHKS
SCKO \__/ : e
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INTERNAL BLOCK OPERATION

1. Sequence Controller

The sequence controller controls the operation of the comparator, internal sequence of the successive approxi-
mation register, and the 3-state buffers.

The A/D conversion starts in the parallel mode when the MPX address is written, and in the serial mode when the
CS signal changes to the high level.

When the A/D conversion is terminated, the sequence controller issues an end-of-conversion signai (EOC) to
notify this to the external environment.

2.8 ive Approxi ion Regi

The successive approximation register sends signals to the decoder of the 10-bit D/A according to the control
signals from the sequence controller and then decides to set or reset the signals for the decoder, starting with the
MSB, with the help of the results from the comparator.

3. Bi Directional Shift Resister

This is the register into which the contents of the successive approximation register are entered. It outputs the
converted data via 3-state buffers when in the parallel mode.

In serial mode 1, it outputs the converted data from the SO terminal when the SIKI signal falls and the CS signal
is low, and fetches serial data (MPX address selector data) from the SI terminal when the SCKI signal rises.

In serial mode 2, 10-bit converted data accompanied by 6-bit high data is output from the SO terminal synchro-
nously from the falling edge of the SCKO signal.

4. Status, Address Latch

The status and address latch are 3-bit registers to latch the clock division selector ratio data, code selector data
of the conversion data, and selector data for the MPX address.

It reads the data entered from the data buses (DBg 1o 7) in the parallel mode. In serial mode, it latches the division
ratio selector data and code selector data specified by the multi-function terminals (DBo/DEV(, DB1/DEV,, DB,/
CODE) and also the MPX address selector data entered through the S| terminal.

However, that the MPX address is fixed at CH; and cannot be selected in serial mode 2.

5. Programmable Frequency Divider

The programmable frequency divider designates clock signals entered from the external circuit to one of the
ratios 1/1, 1/2, 1/4, and 1/8.
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OPERATING MODE

The uPD7004, serving as an interface circuit with the microcomputer, supports two kinds of serial modes and a
parallel mode.

1. Parallel Mode

The parallel mode allows a direct connection to the microprocessor data buses. Shown below is an example of
the basic sequence;

:
C
56

A/D Conversion A/D Conversion
+—+ t + t +—+ 1 +
[ ® ° < Py & =
c [} °
L E | 35 !
= @ c @ n c [
£ g: 2 'f:u-c m; gc 9o a5
3 T o @ =) o] 85
= 33 § B2 23 39 § &2
<5 2 o= o= <5 b4 o=
x 2 € 1 2
c Q X 2 Q
as o ag o
20 SO

The initialization designates the clock signal division ratio for the clock signal entered from the external environ-
ment and the conversion data code (2’ s complement/binary). Normally, initialization is performed to initialize the
peripheral circuits of the microcomputer. After initialization, the data entered is held until the next initialization.
Writing the MPX address into the uPD7004 (WR signal) after the initialization makes the A/D conversion start from
the rising edge of WR signal.

The A/D conversion requires fci; (internal clock: fck X division ratio) to be 96 to 104 cycles. The EOC signal
changes to the low level when the A/D conversion is complete to notify this to the external environment. The 10-bit
converted data is read out from the uPD7004 eight bits at a time. The low byte has valid data in its two high-order
bits, followed by six ““0"s in the rest (DBg to DBg).

Resetting the MPX address starts the next A/D conversion, changing the EOC signal to the high level at the falling
edge of WR signal.
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Data Bus 1/0 Operation (parallel mode MC = H)

Control terminal

— — — Op Serves as a data bus terminal
cs WR RD Ag

H X X X

No Operation High-impedance State

L H H X

L L H H Initialize Code Select, Clock Division Ratio Input
L L H L Address Set Analogue Channel Select Data Input

L H L H High-byte Read High-byte Data Output

L H L L Low-byte Read Low-byte Data Output

L L L X Inhibit -

(1) Initialize

In the parallel mode, the initialization data for the clock division ratio and the A/D conversion data code are

written into the uPD7004 through data buses.

DBy DBg DBg DBg DB3 DBy

DBq DBg

[ [ x [ x | x ] x Jooororv: Joeva]

I
High-impedence state DEVq | DEVg Clock Division Ratio

L L mn
L H 1/2
H L 1/4
H H 1/8

CODE Code Select
L Binary Data

. PSS H 2's Complement Data
Data written at the initialization is held afterwards. s ome
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(2) Address set
The selector data for the analog channel is written into the uPD7004.

DBy DBg DBg DBy DB3 DB3 DB4 DBg

[ [ [ * [ x [ = [ou]wu]sn]
[ | } I [ [ |
High-impedence state SELp SELq SELg MPX Channel
L L L CHo
L L H CHyq
L H L CHa
L H H CH3
H L L CHyg
H L H CHg
H H L CHg
H H H CHy
(3) High-byte/low-byte read
The A/D conversion data is read from the uPD7004.
pBy DBg DB; DBy DBz DBy DBy DBy
High-byte MSB 2ND 3RD 4TH 5TH 6TH 7TH 8TH
Low-byte 9TH LS8 L L L L L L

EXAMPLE OF THE PARALLEL MODE INTERFACE

Fig. 1 shows an example of connecting the uPD7004C to the uPD780C system. As shown in the example, the
parallel mode can handle connections using such basic interface circuits as microcomputer peripheral LSls.
In this example, the uPD780C is employed as a CPU. It is also possible to have other 8-bit CPUs connected in the

same logic design, with some timing management by the wait cycle.
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Fig. 1 uPD780C/uPD7004C connection

1/OWR
I/ORD
I uPD780C
Data Bus System
Address Bus J
Address
Decoder
D.Vpp
A.VDD
DB to 7 Ag cs RD WR
Analog input CHoto 7 MC
EOC }—— *1
l CLOCK [+— *2
A.GND A.GND|
A.GND D.GND AVpp D.Vpp VRefrt+
I
5V

*1  Can be used for interrupt request signals to the CPU.
*2 Can apply a clock to the CPU. (up to 8 MHz)
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2. Serial Mode

The serial mode includes serial mode 1 and serial mode 2. Described below are the functions of terminals operat-
ing in each mode.

SERIAL 1/O OPERATION (Serial Mode 1,2, MC = L)

Serial Mode 1 Serial Mode 2
Symbol Pin No. (External Serial Clock, Ag = L) (Signal Processor Mode, Ag = H)
1/0 Function /o Function

SO 7 Output Serial output (three state). Data are

output at the falling edge of SCKI or

SCKO.
Sl 8 Input Serial Input. Data read at the rising Input Connect to Vpp

edge of SCKI or SCKO.
SHIFT 9 Input Shift Select (H: LSB first, L: MSB first)
SCKO 10 - Connect to GND Output Serial Clock Output (= Internal Clock)
SOEN 1 - Connect to GND Output Serial Output Enable (= Active Low)
CODE 12 Input Code Select (H = 2’ s complement, L = Binary)
DEV 1 13 " | Input Division Ratio Setting DEV; L L | wn H
DEV O 14 Input DEV, L H L H

Division Ratio 11 |12 | 14| 1/8

sTB 19 Input Address strobe Input MPX addresses Input Connect to GND

are latched at the rising edge of STB

Input.
SCKI 21 Input SCKI controls the shift operation of - Connect to Vpp

1/0 interface shift register. Data are
output at the falling edge, and input
at the rising edge.

Ccs 22 fnput Chip select signal input. Low level of Input Internal sequence reset signal input.
CS resets the internal sequence, and Sequence controller are reset at the
1/0 interface is enabled. low level of CS, and A/D conversion

starts at the rising edge of Cs.

Notes: 1. In serial mode 1, the following signals are strobed by the CS signal. Therefore, the input signals are ignored and the out-
put terminals become high impedance when CS = HIGH.
Input Terminal: SI, STB, SCKI
Output Terminal: SO
2. In serial mode 2, the internal sequence reset signal (CS) specifies CH7.
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2.1  Serial Mode 1

Serial mode 1 supports the serial data 1/0 when the CS signal is at the low level, outputs the serial data from the
falling edge of the serial clock signal (SCKI) entered from the external circuit, and fetches the serial input data at the
rising edge of the SCKI signal.

If the MSB-first data is specified (SHIFT = L), the last three bits of the 10-bit serial input data for the MPX ad-
dress selection contain valid data. If the LSB-first data is specified (SHIFT = H), the first three bits of the 10-bit
data for the MPX address selection contain valid data. This MPX address data latch in the uPD7004C is implement-
ed when at the rising edge of the STB signal. The latch can also be achieved at the rising edge the CS signali, if the
STB signal is fixed at the low level.

The A/D conversion starts from the rising edge of CS signal. The EOC signal changes to the low level at the end
of the conversion to notify this to the external environment. The time required for the A/D conversion is the same
as that required in the parallel mode. The EOC signal changes to the high level from the falling edge of CS signal.

The A/D conversion is repeatedly operated when the CS signal stays in the high-level and the EOC signal remains
in the low-level.

Serial Mode 1 Timing Chart

EOC

cs

SCKI1

S|
(SHIFT =) Channel
Selector
- .
ST8

T s L3 €271 73 () 1) T €03 (3 ) (D S
SHIFT =) === —~{T58 ) om Y o X 7 Yo Y o Y { Be Yz e ) ———

The 3 low-order bits of the serial input data serve as channel selection data.

8th L L L L H H H

9th L L H H L L

LsB L H L H L H L H
| Channel CHo | CHy | CHy | CH3 | CHs | CHg | CHg | CHy
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Serial Mode 1 Sequence Timing Chart

s T UM INARUUULIY - --
58 Iy ]
s 000800000 000000000 0e--

EOC ; \ ‘ \_._J
Conversion A/D Con- Conversion A/D Con-
Data Read | version | X Data Read | version |
+ +
MPX Address © . MPXAddress c
Set <] o Set 9 2
[ 2 g g
o [
>y > 2t Z2o
c co <
8a S 8a 8
Example of the Interface with the uPD78C06A
Fig. 2 shows an example of the interface with the uPD78C06A
Fig. 2 uPD7004C/uPD78CO6A connection
D.Vpp
uPD78CO6A #PD7004C
S - SO SHIFT |—
SO
— SI_ _52<_0 1 -6~ D.Vpp
SCK SCKI SOEN —
_ CODE Serial Mode 1
PAQ cs DEV, -—* + MSB-first
PBo £oc DEVq + 2's Complement Code
— + Division Ratio: 1/2
STB —
®ouT CLOCK MC 1
Ag
Vee D.Vpp
A.VppD
VREF+ CHo~7 Analog Input
=5V
GND D.GND
A.GND A.GND

$0OUT = 2MHz
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uPD78CO6A contains a serial interface circuit and handles 8-bit data transfer. Therefore, the uPD78C06A
operates 8-bit data transfer twice to handle the uPD7004C’s 10-bit serial data transfer. The timing of the data
transfer is shown in Fig. 3.

Fig. 3 Timing in serial mode 1 (connection with uPD78C06A)

EGC (PBQ)
CS (PAQ) I

SCK1 (SCK)

SO (sh)

Si (sO)

Analogue Channel
Selector Data *2

*1  The data entered through the S| terminal is output from SO.
*2 Channel selector data is latched at the rising edge of the CS signal when the STB signal is fixed at the low level.

Channel selector data

Dy L L L L H H H H
Dq L L H H L L H

Do L H L H L H

Channel CHg CH;, CHa CH3 CHy4 CHsg CHg CHy
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2.2 Serial Mode 2

Serial mode 2 allows direct connection to the serial interface of the signal processor uPD7720AC.

Shown on the right is an example of connecting principal terminals between the uPD7004C and uPD7720AC.
Serial mode 2 differs from the other two modes. This mode cannot specify the MPX address to the uPD7004C since
the address is fixed at CHy.

Although the data through the A/D conversion consists of 10 bits, it is followed by six bits of high data when it
is output as serial data.

These six bits of high data always follow the converted data for MSB-first or LSB-first. (Refer to the Serial Mode
2 Timing Chart.)

The A/D conversion sequence starts upon the initialization. The initialization is operated by holding the CS signal
at the low level for more than eight clock cycles. The A/D conversion starts when the CS signal changes to the high-
level. The A/D conversion requires 104 clock pulses (fck).

The EOC signal, as in the other modes, changes to the low level to notify the end of the conversion to the exter-
nal environment. The EOC signal remains at the low level until the initialization is implemented.

The data converted and output immediately after the initialization is invalid. Valid data is available from the
second output. This is because the MPX address is fixed at CHy for theconverteddata output after the initialization.
The A/D conversion and the converted data output are repeatedly operated while the CS signal is in the high level.
(Refer to the Serial Mode 2 Sequence Timing Chart.)

uPD7004C uPD7720AC
SO SI
SOEN SIEN
SCKO SCK
Serial Mode 2 Timing Chart
SOEN \ /

sevo T\ U\ NN LT
M-~ (58 znaYCard Y(ath Y 5tn X 61 X7 X8t J(otn J(L5B D---
SHIFT=H)  —m--- 0D € £ T CD B 0 7 € (0 D---

Serial Mode 2 Sequence Timing Chart

cs /
SOEN \ / | W —
sko M- ------ AL WF - - - - A - - - - - “UUUF-- L= - - -
e T S 7 1 S
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INTERFACE IN SERIAL MODE 2

In serial mode 2 direct connection can be made to the digital signal processor (uPD7720AC) and A/D conversion,
unlike the parallel mode and serial mode 1, is operated in a periodic cycle.

Signals in the interface, unlike with serial mode 1, are controlled by the uPD7004C. Fig. 4 shows an example of
connecting the uPD7004C to the uPD7720AC.

Fig. 4 uPD7004C/uPD7720AC connection

uPD7720AC uPD7004C AVpD
- ] uPCB49C
sl S0
sck §cko CHy S/H frnelog
SIEN SOEN
il
D-Vop A.GND A.GND
sl cLK #(1 MHz)
CODE [ RESET
SCKI
Ag D.Vpp|F—mm
DEV, ANVDD —“\.\
DEVo VREF* al
STB — 5V
SHIFT D.GND I
MC A.GND |——
D.GND

>

As shown in Fig. 4, it is possible to interface with only three kinds of signal connection lines in serial mode 2.
A/D conversion is operated every 104 us cycle (where clock = 1 MHz). The converted data is output synchronously
with the SOEN signal.

The uPD7720AC's serial interface operates 16-bit data transfer, while the converted data consists of 10 bits.
Therefore, 6 bits of high data automatically follow the 10 bits of converted data.

In the example above, the external sample & hold circuit (uPC649C) is used and the whole operation is operated
as a kind of pipe-line processing. The SOEN signal suppiies valid data three cycles after the reset cancellation, and
then supplies converted data every 104 us after this.
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3 CHANNEL D/A CONVERTER FOR VIDEO PROCESSING

DESCRIPTION

uPC662 is a video 8-bit 3-channel digital analog converter -having the following features: High speed and high precision
bipolar processing technology for excellent performance of 35 MHz, t0.5 LSB (MAX.); three channels of identical digital
analog converters; power consumption minimized to 200 mW (TYP.); because the three channels are laid out on the same
chip, little deviation among the converters, ideal for processing RGB, R-Y, B-Y, and Y signals, where strict deviation control
is essential; and reference voltage generating circuit for simplified circuit configuration.

FEATURES
® 8-bit digital analog converter
® Clock rate: 35 Msps
® Conversion precision: +0.5 LSB (MAX.)
® 5V single power supply
® 3 channels incorporated
® Reference voltage generating circuit incorporated
® Power consumption: 200 mW (TYP.)

ORDERING INFORMATION

Part Number Package
uPC662GH 48 Pin Plastic QFP

BLOCK DIAGRAM

AVee % T Pvee

CLKR B—f >
8 & | MAsTER
SLAVE |l CURRENT 3R "
DRy to DRg W g{fv‘één S sw . out
[ e P — t
8 8 | MAsTER.
CURRENT
SLAVE  |—ndi I 6
DG} to DGg M——f—7-~] 'BNU"F\;TER | FF SW R2R ~& Goyt
Clkg #—— >
8 8 | MAsTER
DB, to DB, INPUT L_/. SLave 1 CUZ’;,ENT —={ R2R |f——t—=m Boyr
1 Gl BUFFER -
T
REFERENCE FULL-SCALE
VOLTAGE AMB>—| CURRENT FULLSCALE
GENERATOR GENERATOR REFERENCE
|
L] . l [] GND "l’

VRSET VRouT VReEF COMP
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PIN CONNECTION (Top View)

DV
NC DR;

cc  GND
Avee

NC

Roytr GND

Gout

GND

Bout
7

chlzlziziziziiz =z !

DRy [39] Zﬂ VRouT
DRy [40] 23] Avge
DRy [41] [22] comp
ors [42] [21] ovee
DRg [43] [20] eND
DRy [44] [19] cikg
DRg [45] [18] cikg
DGy [26] [17] cikg
DGy [47] [16] oeg
DGy [28] O E DB
NC DG4 DGs DGg DG7 DGg NC DBj DBy DB3 DB4 DB5 DBg NC
PIN NO SYMBOL PIN NAME PIN NO. L SYMBOL 1 PIN NAME
1 7‘]\’10 No Connection 25 { NC i No Connection
2 | DGy G channel digital input (4th) 26 L VREF ! Reference voltage input
3 | DGg G channel digital input (5th) 27 ‘ VRSET ‘ Reference voltage adjustment
o 4 DGg G channel digital input (6th) 28 BouT “ B output
5 DGy G channel digital input (7th) 29 GND J Ground
N T
6 DGg G channel digital input (LSB) 30 GouT | G output
7 NC No Connection 31 GND | Ground
8 | DBy B channel digital input (MSB) 32 NC [ No Connection
9 | DBy B channel digital input (2nd) 33 RouT 1 R output
w0 DBz | B channel digital input (3rd) 34 GND ™" Ground
__Vﬁ> T WDB; o B channel digital input (4th) 35 AVce i Analog power supply
12 ! DBg B channel digital input (5th) 36 DVce | Digital power supply
S et S S A !
13 44‘_7"0\85 B channel digital input (6th) 37 DRy | R channel digital input (MSB)
14 . Nc No Connection 38 i NC ; No Connection
T T T
15 | DBy B channel digital input (7th) 39 l DRy ‘ R channel digital input (2nd)
16 1 DBg B channel digital input (LSB) 40 # DR3 | R channel digital input (3rd)
17 | CLKp B channel clock input 41 DRy R channel digital input (4th)
18 ! VC\LE.G G channel clock_mput 42 DRg | R channel! digital input (5th)
19 i CLKR R channel clock input 43 . DRg R channel digital input (6th)
20 GND Ground a4 | bRy " R channel digital input (7th)
M’721 DVce Digital power supply 45 ‘ DRg R channel digital input (LSB)
22 CcOompP Phase compensating pin 46 DG4 G channel digital input (MSB)
23 AVce Analog power supply a7 DGy G channe! digital input (2nd)
[ 24 VROUT Reference voltage output 48 DG3 G channel digital input (3rd)
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ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Power Voltage AVce, DVee —0.3t0 +6.0 \
Pin Input Voltage Vin —0.3to V¢c+0.3 \
Operation Temperature Range  Topt —20 to +70 °c
Storage Temperature Range Tstg —40 to +125 °c
Package Allowable Loss Py 333 (T, =75°C) mwW
RECOMMENDED OPERATING CONDITIONS (T, = —20 to +75 °C)

ITEM SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
| Powervoltage | AVce DV 475 | 50 5.25 v AGND = DGND =0
l—Analog reference voltageiﬁ VREF 3.70 4.00 4.30 A"

Digital input high level voltage VINDH 20 - - \%
Digital input low level voltage VINDL - - TS v
B Sampling fr;quency fsamp - - 435 MHz )
Data input set up time - tg 120 - - ns
Data input hold time th 40 - - ns 1
Sampling clock high pulse width |  tPwH 10 1000 ns |
Sampling c‘lroj{lzow pulse width' tp\/\;L ) io i 10?7 ns ;

ELECTRIC CHARACTERISTICS (T, = —20 to +75 °C, AV¢c = DV¢c = 5+0.25 V)

ITEM SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Power consumption lcc 25 40 mA Ta=25°C
Integral linearity error ILE 05 @ LSB Ta=010+75°C
Differential linearity error DLE + i LSB Ta=0to+75°C
B T T AVce=DVeg =50V, VRep =4.0 V
Output voltage full scale precision VOFs 0.85 10 115 v ;‘r:sfsl"f:;'l‘;"o';;ze' ‘::;x::::i‘::e"
scale output voltage.
RGB output voltage ratio ) FSR | -o0s8 0 180 | ]
Reference ;;c;v;er?.upplv output voltage ) VRoOUT 38 40 | 42 \4 AVcc=DVee =50V
Output delay time tp o 15 ns
Settling time o tSET 25 ns CL=5pF
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MEASUREMENT CIRCUIT

+

TIMING CHART

DB to DBg

Analog \/
output /\’

l + _L AVce
+50V
0.1 uF
DVee
+50V
8bit R 8bit G 8bit B
Digital Data Digital Data Digital Data
tPWH tPwL |
CLK \
ts th
D, X Dn+1 X
to tSET
~N
An-1 \ An n+1
d /\M
N\
Final value
+1/2 LSB

tseT

+1/2 LSB
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DESCRIPTION OF PINS

PIN NO. EQUIVALENT CIRCUIT FUNCTIONS
Ve bvee 37: R channel digital input (MSB)
39: R channel digital input (2nd)
37,39, 40: R channel digital input {3rd)
40, 41, a2 41: R channel digital input (4th)
42, 43, 37 M- - 7" 42: R channel digital input (5th)
44,45 500 @ 43: R channel digital input (6th)
44: R channel digital input (7th)
45: R channel digital input (LSB)
DGND
46: G channel digital input (MSB)
47: G channel digital input (2nd)
2,3,4, 48: G channel digital input (3rd)
5,6, 2: G channel digital input (4th)
46,47, 3: G channel digital input (5th)
48 4: G channel digital input (6th)
5: G channel digital input (7th)
6: G channel digital input (LSB)
8: B channel digital input (MSB)
9: B channel digital input (2nd)
8, 9, 10: B channel digital input (3rd)
10, 11, 11: B channel digital input (4th)
12,13, 12: B channel digital input (5th)
15,16 13: B channel digital input (6th)
16: B channel digital input (7th)
16: B channel digital input (LSB)
Dvee DVee
17: B channel clock input
17,18, .
19 500 @ | 18: G channel clock input
| 19: R channel clock input
|
|
DGND ‘
21,36 T Digital power pin
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PIN NO. EQUIVALENT CIRCUIT FUNCTIONS
Avee
9.7
kQ
Phase p ing i ion pin for full-
22 scale amplifier. The capacitor must be connected
between this pin and analog power supply.
23,35 T Analog power pin
AVee
24: Voltage output pin of the incorporated reference
voltage generating circuit. This pin has high
output impedance, and must be connected with
@ a high impedance element.
24 27: Voltage adjusting pin for the incorporated
27 ’ reference voltage generating circuit. The output
| voltage from pin 26 is varied depending on the
% voltage applied to pin 28. When no particular
| adjustment is necessary, connect approx. 0.1 uF
capacitance between pin 28 and the analog
ground.
AGND
Reference voltage input pin. The output fuli-scale
range is set according to the voltage applied to this
26 pin. Apply standard 4.0 V. When no adjustment is
necessary, connect the output from pin 24 directly to
this pin.
28 B signal output pin. The output resistance is approxi-
mately 333 £ (TYP.).
20,29 . .
, 29, G
31,34 77L_ | rounding pin
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PIN NO. EQUIVALENT CIRCUIT FUNCTIONS
30 G signal output pin. The output resistance is approx.
R 333 (TYP.).
7#T AGND
33 R signal output pin. The output resistance is approx.

333 2 (TYP.).
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APPLICATION
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2 CHANNEL D/A CONVERTER FOR VIDEO PROCESSING

DESCRIPTION

MPC664 is a video 8-bit 2-channel digital analog converter having the following features: High speed and high precision
bipolar processing technology for excellent performance of 35 MHz, 0.5 LSB (MAX.); two channels of identical digital analog
converters; power consumption minimized to 135 mW (TYP.); because the two channels are laid out on the same chip, little

deviation among the converters, ideal for processing Y and C signals, where strict deviation control is essential; and reference
voltage generating circuit for simplified circuit configuration.

FEATURES

8-bit digital analog converter

Clock rate: 35 Msps

Conversion precision: 0.5 LSB (MAX.)

5 V single power supply

2 channels incorporated

Reference voltage generating circuit incorporated
Power consumption: 135 mW (TYP.)

ORDERING INFORMATION

Part Number Package

uPC664GS 36 Pin Plastic SOP (300 mil)

BLOCK DIAGRAM

AvVee { T Dvce
L

CLKy B—1—=D>—
s 8 | MAsTER
CURRENT |
SUAVE R2R - v
o o weor | sw out
DY} to DYg @ BUFFER |7 FF
Clkc —+—>—
s & | masTer
- s weutr | 4] SLAVE vl R2R Cour
DCp to DCg® BUFFER F.F.
REFERENCE FULL'SCALE
VOLTAGE MB>=| CURRENT i
GENERATOR GENERATOR| EPERENG
Il
. L L GND wL

VRsgT VRout VRer COMP
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PIN CONNECTION (Top View)

o1 [1] 36]NC
ov2 2] 35]nC
ovs [3] O 34]nC
ova [4] 33Ne
DYs E 32]|0vee
DYe E 31|Avee
ov7 [7] _3=F GND
ovs [s] [29]vour
DCy E 128]GND
DC2 Ej_ —2=7 Cout
DC3 ll_ _2i GND
DCq [12f 25 [VRSET
DCs E z VREF
DCe |14 23|VrROUT
DCy _l_—S '3_2— AVCC
DCg -E ? compP
—
CLKc |17 iq_ Dvee
CLKy ﬁ 19 |GND
PIN NO. | SYMBOL PIN NAME PIN NO. | SYMBOL PIN NAME
1 DY, Y channel digital input (MSB) 19 GND Ground
2 DYy Y channel digital input (2nd) 20 DVce Digital power supply
3 DY3 Y channel digital input (3rd) 21 comP Phase compensating pin
4 DYq Y channel digital input (4th) 22 AVce | Analog power supply
5 DYg Y channel digital input (5th) 23 VRouT | Reference voltage output
6 " DYg Y channel digital input (6th) 24 VREF Reference voltage input
7 DYy Y channel digital input (7th) 25 VRseT | Reference voltage adjustment
8 DYg Y channel digital input (LSB) 26 GND Ground
9 DCy C channel digital input (MSB) 27 Cout C output
10 DCa C channel digital input (2nd) 28 GND Ground
1 DC3 C channe! digital input (3rd) 29 XouTt Y output
12 DCq C channel digital input (4th) 30 GND Ground
13 DCg C channel digital input (5th) 31 AVce Analog power supply
14 DCg C channel digital input (6th) 32 Dvce Digital power supply
15 DCy C channel digital input (7th) 33 NC No Connection
16 DCg C channel digital input (LSB) 34 NC No Connection
17 CLKc C channel clock input 35 NC No Connection
18 CLKy Y channel clock input 36 NC No Connection
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ABSOLUTE MAXIMUM RATINGS (T, = 25 °C)

Power Voltage AVcc, DVee —03t0+6.0 A
Pin Input Voltage Vin ~03toVge+03 V
Operation Temperature Range Topt —20 to +75 °c
Storage Temperature Range Tstg —40 to +125 °c
Package Allowable Loss Py 560 (Ty=25°C) mW

RECOMMENDED OPERATING CONDITIONS (T = —20 to +75 °C)

ITEM SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Power voltage AVce, DVee | 475 5.0 5.25 v AGND = DGND =0
Analog reference voltage VREF 3.70 4.00 430 v
Digital input high level voltage VINDH 20 - - \4
Digital input low level voltage VINDL - - 0.8 v
Sampling frequency fsamp - - 35 MHz
Data input set up time tg 12.0 - - ns
Data input hold time th 4.0 - - ns
Sampling clock high pulse width tPWH 10 1000 ns
Sampling clock low pulse width tPWL 10 1000 ns
Compensation capacity Ccomp 1.0 - - uF
ELECTRIC CHARACTERISTICS (T, = —20 to +75 °c, AVge = DVge =5:0.25 V)
ITEM SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Power consumption Icc 27 40 mA | Ta=25°C
Integral linearity error ILE +0.5 LSB Ta=010+75°C
Differential linearity error DLE 10.5 LSB Ta=0t0+75°C
AVecc=DVee=5.0V, VR =4.0V
Output voltage full-scale precision VOFs 0.85 1.0 1.15 v ;r’::sﬁ?a:c‘;:',:’:,:‘;tet 3:::;:::3'::_“
scale output voltage.
RGB output voltage ratio FSR —-0.8 0 +8.0 %
Reference power supply output voltage | VROUT 3.8 4.0 4.2 v AVcc=DVec =60V
Output delay time tp 15 25 ns
Setting time tSET 25 40 ns C_=5pF
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NEC

MEASUREMENT CIRCUIT
YouT Cout

pvce oc

0.1 4F

+5.0V

o1,

_L +j:5.ov .
ITT T

b7 + 1.0 uF

T

INRNRE Y=
|3s||35||34]j3 J]az||31[]3o]jzg[[zsj[27|[ze|| 25][24[[23][22[[21]]20"2[

0.1 uF 47 uF 0.1 uF 47 4F

Z Q z :> z w E 2

szwewsw§>§:8s°
C S PP P38838888%%
- - - - - 1R -1 - R - U - B - N - B - M S B
NB BB HE 9TT|12"13"14"15IT17 18

Clock

8

g 8 35 MHz

Y Signal C Signal

Digital Data Digital Data

TIMING CHART tPWH tPwL |
CLK \
ts th
DY) to DYg
D D
DCj to DCg n n+1
tp tSET
10
Analog An_ A, A
output n—1 n n+1
d
—
Final value

+1/2 LSB

tSET

+1/2 LSB
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DESCRIPTION OF PINS
PIN NO. EQUIVALENT CIRCUIT FUNCTIONS
DVge DVee 1: Y channel digital input (MSB)
I 2: Y channel digital input (2nd)
1,2, 3: Y channel digital input (3rd)
3,4, 1 4: Y channel digital input (4th)
5,6, 500 Q 5: Y channeli digital input (5th)
7,8 6: Y channel digital input (6th)
7: Y channel digital input (7th)
DGNG 8: Y channel digital input (LSB)
9: C channel digital input (MSB)
10: C channel digital input (2nd)
9,10, 11: C channel digital input (3rd)
11,12, 12: C channel digital input {4th)
13, 14, 13: C channel digital input (5th)
15, 16 14: C channel digital input (6th)
15: C channel digital input (7th)
16: C channel digital input (LSB)
17.18 17: C channel clock input
! 18: Y channel clock input
20, 32 T Digital power pin
Avee
9.7
kQ
Phase compensating capacitor connection pin for
21 full-scale amplifier. The capacitor must be connected
between this pin and analog power supply.
22,31 T Analog power pin
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NEC

PIN NO. EQUIVALENT CIRCUIT FUNCTIONS
Avee
AVee 23: Voltage output pin of the incorporated refer-
75 ence voltage generating circuit. This pin has
kQ high output impedance, and must be
Refer- connected with a high impedance element.
ence 25: Voltage adjusting pin for the incorporated
23 25 voltage . . . h
25 28 § gene: reference voltage generating circuit. The
rating output voltage from pin 23 is varied depend-
ing on the voltage applied to pin 25. When no
particular adjustment is necessary, connect
2kQ approx. 0.1 uF capacitance between pin 256
and the analog ground.
AGND
Reference voltage input pin. The output full-scale
range is set according to the voltage applied to this
24 pin. Apply standard 4.0 V. When no adjustment is
necessary, connect the output from pin 23 directly
to this pin.
27 C signal output pin. The output resistance is
approximately 333  (TYP.).
AGND
29 Y signal output pin. The output resistance is
approx. 333 Q (TYP.).
19, 26, .
28, 30 7717' Grounding pin
33,34, . .
35, 36 @ No-Connection pin
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N E C uPD6900C

8 bit D/A Converter for Video Signal Processing
CMOS LSI

The uPDB900C is an 8 bit D/A converter for use in video applications. The high-speed CMOS processing
technology and the matrix current cell method adopted for this CMOS device have enabled fast conversion rates
to be achieved. Conversion rates of up to 20 Msps can be attained while operating at low power consumption,
making this device ideal for a wide range of applications including digital TV systems and video systems.

FEATURES

Resolution : 8 bits

Conversion rate : 20 Msps

Linearity : £1/2 LSB TYP.

Reference voltage : 2.0 V TYP.

Power supply voltage : +5 V single

Low power consumption (150 mW TYP.)
TTL compatible (Digital inputs)

22 pin plastic DIP

BLOCK DIAGRAM

DBg (LSB) O

%

DB7 O—»j

rent Cell

Current Cell

DBg O—

11/2 Cur-

bBs O— (16x8)

DECODER

4 L - L

T T

DB O—|

CLK

DB3 O—

DBy O—

Latch

Vbp

DECODER

DB7 (MSB) O——»]

Bias
VREF O— b l

COMP O-
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NEC

CONNECTION DIAGRAM (Top View)

oo 1] 7 23 oveo
ne [2] E] DBg (LSB)
ck [3] 20 D8,
16 (4] 19] pBg
1o 5] 18] 0Bs
AVDD [6] [17] 08,4
IreF [7] 6] DB3
AVpD E E DBy
vrer [¢] [14] o8, (MsB)
comp [i9] 13 AGND
AVpD E 12 NC
1 DGND Digital GND
2 NC No connection
3 CiK Sampling clock input
4 15 Complementary current output
5 1o Current output
6 AVpp Analog power supply
7 IREF Full-scale current adjustment
8 AVpp Analog power supply
9 VRer Reference voltage input
10 COMP Amp compensation
11 AVpp Analog power supply
12 NC No connection
13 AGND Analog GND
14 DB, Digital input (MSB)
15 DB3 Digital input (2nd)
16 DBj3 Digital input (3rd)
17 DBg4 Digital input (4th)
18 DBg Digital input (5th)
19 DBg Digital input (6th)
20 DBy Digital input (7th)
21 DBg Digital input (LSB)
22 DVpp Digital power supply
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ABSOLUTE MAXIMUM RATINGS (T3 =25 °C)

Power supply voltage —0.3to +7.0 \"
Input terminal voltage —0.3 to Vpp+0.3 Vv
Output terminal voltage —0.3to Vpp+0.3 v
Operating temperature range —20 to +75 °c
Storage temperature range —40 to +125 °c

RECOMMENDED OPERATING CONDITIONS (T3 = —20 to +75 °C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Power supply voltage VbD 45 5.0 55 \'4
Reference voltage VREF 1.8 20 22 \Y
Reference resistance RREF 800 J Q
Sampling clock ‘samp DC 20 MHz
Sampling clock low level pulse width tPWL 10 ns
Sampling clock high level pulse width tPWH 10 ns
Data set up time ts 20 ns
Data hold time tH 10 ns
Digital input high level VIH 2.7
Digital input low level ViL 04
Compensation capacity Ccomp 10 uF

ELECTRICAL CHARACTERISTICS (Ta=—20t0 +75°C, VDD =5 V+0.5 V, fsamp = 20 MHz).

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Power supply current Ipp 30 50 mA Vpp=5.0V
Resolution RES 8 bit
Non-linearity error NL +1/2 £1 LSB | T,=0~60 °C,VREF=2.0V
Differential non-linearity DNL +1/2 1 Ls8 To=0~60 °C, VREF=2.0 V
Differential gain DG 3 4 % fsamp=14.318 MHz
Differential phase DP 1 3 deg fsamp=14.318 MHz
Output compliance Vo 25 3.0 \" Vpp=5.0V
Analog output delay time tp 40 ns
Settling time tSET 40 ns
Full-scale current Ifs 9 10 1" mA VREF=2.0 V, RREF=800
Zero-scale offset current Izs 20 HA VREF=2.0 V, RREF=800
Digital input capacitance Cpy 30 pF
Digital input current 1 10 MA
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TEST CIRCUIT

+5V Analog output +5V
i |
_{ I [ 0.01 uF

N\
2V DGND OVDD + 47 uF
Jy NC oBgle—m—-—--"—
CLK os7 j+——  ——————
20 MHz 200
A— ) (2= e —
200 o
VWA 10 DBg fe—————— T
Digital input
AVpD OBy fi—-—————
800
W] tner DB e
AVDD DB2
VREF DB,

[ comp AGND jy

1 AVDD NC
+
..|.

w i

AGND DGND

DG AND DP MEASUREMENT BLOCK DIAGRAM

VREF=2.0V

Digital data \
.8 bit digital data 1PD6900C Video signal Vectorscope

generator

RREF=800

o—
Clock 4 fsc (14.318 MHz)

The data from the digital data generator is 40 IRE lamp signal (NTSC) digital data.
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TIMING CHART

tPWH | tPWL
CLK \ ‘
I ts tH
DB to DBg Dn )( X Dn+1 X
D tSET

- Y
o L
lo/io An—1 An An+1
" e
\ Final value £1/2 LSB

tSET

QD

+1/2 LSB
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PIN DESCRIPTIONS

DGND (Pin 1) Digital system ground
AGND (Pin 13) Analog system ground
DVpp (Pin 22) Digital system power supply (+5 V)

AVpp (Pins6,8,11)  Analog system power supply (+5 V)
The digital system power supply and ground is isolated from the analog system power supply and ground in the
IC as a precaution against noise. The ground and power supply lines are also isolated on the circuit boards,
the analog ground being as wide as possible for better stability.
Insert by-pass capacitors of about 0.01 uF and 47 uF between the analog power line and analog ground, and also
between the digital power line and digital ground. These capacitors should be connected as close as possible
to the uPD6900C pins.

IREF (Pin 7) Full-scale current adjustment pin

VRer (Pin9) Reference voltage input pin
These pins are used in adjustment of the analog output current (full-scale current).
The analog output current (full-scale current Igg) is set by the reference voltage VRer and the reference
resistance RRef connected between the | ggr pin and analog ground.

IFs=4 VReF/RREF
IREF=VREF/RREF

AVpp ]

1 Internal current cell bias
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The recommended reference voltage and reference resistance values are Vrer = 2.0 V and Rggr = 800 Q
respectively. The output analog current |gs in this case will be 10 mA. Also connect by-pass capacitors of about
0.01 uF and 47 uF between the VRer pin and GND in the same way as the by-pass capacitors connected to the
power pins.

COMP (Pin 10) Phase compensation capacitor connection
A capacitor for phase compensation of the internal amplifier is connected to this pin. Connect a 1.0 uF capacitor

between this pin and analog Vpp .

DB to DBg (Pins 14 thru 21) Digital data input pins
DB1 to DBg are the 8 bit digital data input pins. The code format is binary, and the input voltage level is TTL
compatible.

Digital input code

DB, DBg Analog output current
(MSB) DB2 DB3 DBa DBg DBg DB (LSB)

0 0 0 0 0 0 0 0 0 note

0 0 0 0 0 0 0 1 1/256 | gg

1 1 1 1 1 1 0 1 253/256 Ifs

1 1 1 1 1 1 1 0 254/256 |gg

1 1 1 1 1 1 1 1 255/256 g

note : Excluding offset current

Digital data (DB to DBg) is latched by the rising edge of the sampling clock, and converted to corresponding
analog outputs.

CLK (Pin 3) Sampling clock input pin
Digital data is latched by the rising edge of the clock signal applied to the sampling clock input pin, and is
subsequently converted to analog outputs. The maximum clock frequency is 20 MHz.
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lo (Pin 5) Analog signal output pin
o (Pin 4) Analog signal complementary output pin

These two pins are current output pins. The full-scale output current is determined by the reference resistance
RREF and reference voltage VREF.

Igs = lo + To =4 VRer/RRer

To is the complementary output pin of Ig. The added output current from the 1o and To pins becomes the full-
scale current in accordance with the above equation. Analog output current can be easily converted to an analog
output voltage by connecting a resistance between the 1o or To pin and analog ground. In this case resistances
must also be connected to the | and Tg pins.

NC (Pins 2and 12)  No connection
These pins may be connected to analog ground.

E ple of an App

ion Circuit

This example shows D/A conversion of video signal (NTSC) digital data at a conversion rate of four times the
subcarrier frequency (4 fy) to obtain the video output signal.

The analog output signal is passed via a low-pass filter (LPF) to a video amplifier (HA5195) to be amplified pri-
or to output.
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APPLICATION CIRCUIT
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6 BIT D/A CONVERTER FOR VIDEO SIGNAL PROCESSING
CMOS Lsli

The uPD6901C is an 6 bit D/A converter for use in video applications. The high-speed CMOS processing technol-
ogy and the matrix current cell method adopted for this CMOS device have enabled fast conversion rates to be
achieved. Conversion rates of up to 20 Msps can be attained while operating at low power consumption, making this
device ideal for a wide range of applications including digital TV systems and video systems.

FEATURES

Resolution : 6 bits

Conversion rate : 20 Mpsps

Linearity : £1/2 LSB MAX.

Reference voltage : 2.0 V TYP.

Power supply voltage : +5 V single

Low power consumption (110 mW TYP.)
TTL compatible (Digital inputs)

16 pin plastic DIP

BLOCK DIAGRAM

DB, (LSB) O—

y
LB
(3 o
DB, O— - S g
a8 2 Current Cell p—
0B, O—={ O - —0 |
) g (4 x8) l °
4 x =
DB, O— © -O To
CLK
o
DB, 00— ¥ J\ £
9 ] <+—Q AVDD
DB, (MSB) O—={ -
o [7__0 AGND
,\ Bias <+—Q DVpp
Vrer O- l/A(
comp O F—o DGND
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CONNECTION DIAGRAM (Top View)

0 N gD WN =

- e e e -
o s WN = O v

VREF
CoMP

AGND

S

‘DGND

DGND
DB, (LSB)
DB,

DB,

DB,

DB,

DB, (MSB)

AVDD

IETET R R & Ll

Digital power supply
Sampling clock input
Complementary current output
Current output

Full-scale current adjustment
Reference voltage input
Amp compensation

Analog GND

Analog power supply

Digital input (MSB)

Digital input (2nd)

Digital input (3rd)

Digital input (4th)

Digital input (5th)

Digital input (LSB)

Digital GND
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ABSOLUTE MAXIMUM RATINGS (T3 =25°C)

Power supply voltage -03 to +7.0 \
Input terminal voltage -0.3to Vpp +0.3 \
Output terminal voltage -0.3to Vpp +0.3 A"
Analog power supply voltage DVpp-0.3 to DVpp +0.3 "
Analog GND voltage DGND-0.3 to DGND+0.3 A
Operating temperature range -20 to +75 °c
Storage temperature range -40to0 +125 °c

RECOMMENDED OPERATING CONDITIONS (T3 = -20 to +75°C)

CHARACTERISTIC SY:MBOL MIN. TYP. MAX. UNIT TEST CONDITION
Power supply voltage Vpp 4.5 5.0 5.5 \"
Reference voltage VREF 1.8 2.0 2.2 v
Reference resistance RREF 390 Q
Sampling clock fsamp DC 20 MHz
Sampling clock low level pulse width tPWL 15 ns
Sampling clock high level pulse width tPWH 15 ns
Data set up time tS 20 ns
Data hold time tH 10 ns
Digital input high level ViH 2.7
Digital input low level ViL 0.6
Compensation capacity Ccomp 0.01 1.0 uF

ELECTRICAL CHARACTERISTICS (Ta=-20t0o+75°C, VDD=5V+ 05V, fsamp = 20 MHz)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS
Power supply current Ipp 22 50 mA Vpp=5.0Vv
Resolution RES 6 bit

Ta=01t060°C,

Non-linearity error NL 0.1 +0.5 LSB VDD=5V$0.25V
Differential non-linearity DNL +0.04 0.5 LSB :;:)2:3‘):2:25 v
Output compliance Vo 25 3.0 \ Vpp =50V
Analog output delay time 9>} 40 ns
Settling time tSET 40 ns
Full-scale current Ifs 9 10 1 mA VREF=2.0 V, RREF=390 O
Zero-scale offset current Izs 20 MA VREF=2.0V, RREF=390 O
Digital input capacitance Cp 10 20 pF
Digital input current Iy 10 RA
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TIMING CHART

PWH L tPWL |
CLK
5 | tH l
DB, to DB, DnX ” Dn+1 X
tD | 1SET
Y
4
lo/lo An_1 \ An An+1
s

Final value + 1/2 LSB

+1/2 LSB

TEST CIRCUIT

Digital input
AVpp
100 uF
DGND AGND
DGND DB, DB, DB, DB, DB, DB, AVpp
mE v

#PD6901C -

DVpp CLK Tg lo IREFVHEF AGND
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NEC

PIN DESCRIPTIONS

uPD6901C

DGND (Pin 16) Digital system ground
AGND (Pin 8) Analog system ground
DVpp (Pin1) Digital system power supply (+5 V)
AVpp (Pin9) Analog system power supply (+5 V)

The digital system power supply and ground is isolated from the analog system power supply and ground in the
IC as a precaution against noise. The ground and power supply lines are also isolated on the circuit boards,
the analog ground being as wide as possible for better stability.

Insert by-pass capacitors of about 0.01 uF and 47 uF between the analog power line and analog ground, and also
between the digital power line and digital ground. These capacitors should be connected as close as possible,

to the uPD6901C pins. Supply the digital system power from the analog power line through the low path filter
to prevent from luch up.

IRer  (Pin5) Fullscale current adjustment pin
VRef (Pin 6) Reference voltage input pin
These pins are used in adjustment of the analog output current (full-scale current).

The analog output current (full-scale current IFg) is set by the reference voltage VREF and the reference resist-
ance RREF connected between the IREF pin and analog ground.

IFS =2 IREF
IREF = VREF/RREF

AVDD i

= Internal current cell bias

VREF 1 uF : COMP

1 —
| VREF
|
| ‘ IREF = 1/2 IFg
!
|
]
| IREF
M e e o - - —— — — — —— — — ——— ————
RREF

The recommended reference voltage and reference resistance values are VREF = 2.0 V and RREF = 390 Q
respectively. The output analog current |Fg in this case will be 10 mA. Also connect by-pass capacitors of about

0.01 uF and 47 uF between the VREF pin and GND in the same way as the by-pass capacitors connected to the
power pins.

COMP  (Pin7) Phase compensation capacitor connection

A capacitor for phase compensation of the internal amplifier is connected to this pin. Connect a 1.0 uF capacitor
between this pin and analog Vpp.
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uPD6901C NE C

DB; to DBg¢ (Pins 10 thru 15) Digital data input pins .
DB, to DBy are the 6 bit digital data input pins. The code format is binary, and the input voltage level is TTL

compatible.

Digital input code

DB DB Analog output current
(Ms8) | DB: | DBs | DBs | DBs (LSB) nalog outp

0 0 0 0 0 0 0 note

0 0 0 0 0 1 1/64 IFs

1 1 1 1 0 1 61/64 IFs

1 1 1 1 1 0 62/64 IFs

1 1 1 1 1 1 63/64 IFs

Note: Excluding offset current

Digital data (DB; to DBg) is latched by the rising edge of the sampling clock, and converted to corresponding
analog outputs.

CLK (Pin 2) Sampling clock input pin
Digital data is latched by the rising edge of the clock signal applied to the sampling clock input pin, and is sub-
sequently converted to analog outputs. The maximum clock frequency is 20 MHz.

lo (Pin4) Analog signal output pin
G (Pin 3) Analog signal complementary output pin
These two pins are current output pins. The full-scale output current is determined by the reference resistance

RREF and reference voltage VREF.

IFs=lo+10 =2 VRer/RREF
TQ is the complementary output pin of 1Q. The added output current from the 10 and 10 pins becomes the full-
scale current in accordance with the above equation. Analog output current can be easily converted to an analog
output voltage by connecting a resistance between the |Q or |_6 pin and analog ground. In this case resistances
must also be connected to the 1Q and 10 pins.

Example of an Application Circuit

This example shows D/A conversion of video signal (NTSC) digital data at a conversion rate of four times the
subcarrier frequency (4 fsc) to obtain the video output signal.

The analog output signal is passed via a low-pass filter (LPF) to a video amplifier to be amplified prior to output.
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APPLICATION CIRCUIT
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NEC

LPD6902C

8 bit 50MSPS D/A Converter

CcMOs

The uPD6902C is an 8 bit D/A converter for use in video applications. The high-speed CMOS processing tech-
nology and the matrix current cell method adopted for this CMOS device have enabled fast conversion rates to be
achieved. Conversion rates of up to 50 Msps can be attained while operating at iow power consumption, making this
device ideal for a wide range of applications including digital TV systems and video systems.

FEATURES
Resolution: 8 bits

22 pin plastic DIP

Conversion rate: 50 Msps
Liniarity: £1/2 LSB TYP.
Reference voltage: 2.5 V TYP.

Power supply voltage: +5 V single

Low power comsumption (400 mW TYP.)
TTL compatible (Digital inputs)

BLOCK DIAGRAM

DBg(LSB)
DBy

DBg

DBs

DBy

CLK

DB3

DB2
DB1(MSB)
Vis
VREF

comp

S
° i
LD
o—] 39
« S5
o - w ﬁ Current Cell - <
] 3 s i O lo
O
O— 8 (16 x 8) R
oO—n
O— $ —-—O AVpp
o 8 5 AGND
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° e
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uPD6902C

NE

CONNECTION DIAGRAM (Top View)

os [7]
DBs E
oss [3]
DBy E
oo [5]
DVpp E
AVpp E
ws B
o [5]
% [0
acno [i1]

N

DB3

DB2

DBq

DGND

CLK

DVpp

AVpp

VREF

AGND

COMP

HEHRSRERERSEERERERSEN]

IREF

OONOOO BWN =
o
@
©

Digital input (4th)

Digital input (5th)

Digital input (6th)

Digital input (7th)

Digital input (LSB)

Digital power supply

Analog power supply

Digital input level select (TTL/CMOS)
Current output
Complementary current output
Analog GND

Full-scale current adjustment
Amp compensation

Analog GND

Reference voltage input
Analog power supply

Digital power supply
Sampling clock input

Digital GND

Digital input (MSB)

Digital input (2nd)

Digital input (3rd)
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N E C uPD6902C

ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Power supply voltage —0.3t0 +7.0 \
Input terminal voltage —0.3 to Vpp +0.3 v
Output terminal voltage —0.3 to Vpp +0.3 \
Analog power supply voltage DVpp—0.3to DVpp+0.3 V
Analog GND voltage DGND-0.3 to DGND+0.3 V
Operating temperature range —20 to +75 °c
Storage temperature range —40 to +125 °c

RECOMMENDED OPERATING CONDITIONS (T, =—20to +75 °C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION

Power supply voltage AVpp,.DVpp 4.5 5.0 5.5 \%

Reference voltage VREF 25 v

Reference resistance RREF 200 Q

Sampling clock fsamp 0.1 50 MHz

Sampling clock low level pulse width tPWL 10 ns

Sampling clock high level pulse width|  tpwH 10 ns

Data set up time ts 8 ns

Data hold time tH 5 ns

Digital input high level ViH 2.7 v VLS=GND
Digital input low level ViL 0.4 \ VLS=GND
Compensation capacity Ccomp 1.0 uF

ELECTRICAL CHARACTERISTICS (T, =—20 to+75°C, Vpp =5V 0.5 V, fsamp = 50 MHz)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Power supply current ipp 100 mA fsamp =50 MHz
Resolution RES 8 bit
. . Ta=01t0 60°C,
Non-linearity error NL 025 1 Ls8 Vpp=5V $0.25 V
_ o
Differential non-linearity DNL 201 | #1 LsB \T;g g:g & sy
Output compliance Vo 1.0 \" Vpp=5.0 V
Full-scale current Ifs 204 mA VREF=2.5V, RREF=200 2
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NEC

TEST CIRCUIT

Analog output ~e—ji

LSB
Digital input
N\
1084 DB3
DBg DB2
MSB
DBg DB
DBy DGND 50 MHz
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Vis Veer F—1—
1 +25V
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o CoMmP N
AGND IREF W
” 2008 4
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N E C uPD6902C

TIMING CHART
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uPD6902C NE C

PIN DESCRIPTIONS

DGND (Pin 19) Digital system ground
AGND (Pins 11, 14) Analog system ground
DVpp (Pins 6, 17) Digital system power supply (+5 V)
AVpp (Pins7, 16) Analog system power supply (+5 V)

The digital system power supply and ground is isolated from the analog system power supply and ground in the
IC as a precaution against noise. The ground and power supply lines are also isolated on the circuit boards, the
analog ground being as wide as possible for better stability.
Insert by-pass capacitors of about 0.01 uF and 47 uF between the analog power line and analog ground, and also
between the digital power line and digital ground. These capacitors should be connected as close as possible
to the uPD6902C pins. Supply the digital system power from the analog power line through the low path filter
to prevent from luch up.

IREF (Pin 12) Full-scale current adjustment pin

VgRer (Pin15) Reference voltage input pin
These pins are used in adjustment of the analog output current (full-scale current).
The analog output current (full-scale current IFg) is set by the reference voltage VREF and the reference resist-
ance RRefF connected between the |ggg pin and analog ground.

_ 4
IFs* 55~ VREF/ RREF

1
IREF =—— V. R
REF = 5= VREF / RREF

Internal current cell bias

VREF

|

‘ 1/4 Igs

§‘

The recommended reference voltage and reference resistance values are VRgg = 2.6 V and Rggr = 200 2 respec-
tively. The output analog current Igg in this case will be 20 mA. Also connect by-pass capacitors of about
0.01 uF and 47 uF between the VReg pin and AGND in the same way as the by-pass capacitors connected to the
power pins.

COMP (Pin 13) Phase compensation capacitor connection
A capacitor for phase compensation of the internal amplifier is connected to this pin. Connect a 1.0 uF capacitor
between this pin and analog Vpp.

11-2-82



N E C uPD6902C

DB1 to DBg (Pins 20 to 22, Pins 1 to 5) Digital data input pins
DB4 to DBg are the 8 bit digital data input pins. The code format is binary.

Digital input code
DB, DBg Analog output current
(MSB) DB3 DB3 DB4 DBsg DBg DBy (LSB)

0 0 0 0 0 0 0 0 0 note

0 0 0 0 0 0 0 1 1/256 |gg

1 1 1 1 1 1 0 1 253/256 g

1 1 1 1 1 1 1 0 254/256 |gg

1 1 1 1 1 1 1 1 255/256 |fg

note : Excluding offset current

Digital data (DB¢ to DBg) is latched by the falling edge of the sampling clock, and converted to corresponding
analog outputs.

CLK (Pin 18) Sampling clock input pin
Digital data is latched by the falling edge of the clock signal applied to the sampling clock input pin, and is sub-
sequently converted to analog outputs. The maximum clock frequency is 50 MHz.

lo (Pin 9) Analog signal output pin

% (Pin 10) Complementary current output pin of Ig pin
These two pins are current output pins. The full-scale output current is determined by the reference resistance
RReF and reference voltage VRer.

les=lo +lg = 3% VRer / RRer
Ip is the complementary current output pin of lg. The added output current from the 1o and 1g pins becomes
the full-scale current in accordance with the above equation. Analog output current can be easily converted to
an analog output voltage by connecting a resistance between the Ig pin and analog ground. E pin cannot use for
a complementary analog voltage output, because the compliance voltage of g pin is very low. Then connectE
pin to the AGND directly.
Vis (Pin 8) Digital input level select pin

This pin is used for digital input level selection. If connect to the GND the input level becomes TTL level, and to
Vpp it becomes CMOS level.
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LPD6902C

APPLICATION CIRCUIT

‘ajqssod 1onpoud 1saq sy Ajddns pue ubisep aaocidwi

01 J3pJO U} 30110U 1NOYLIM BuJi} Aue je sabueyd a3ew 01 1ybil ayy seasesas QIN
Juawebuliyul Jusled wouy say ale Asyy

1By} Jussaidal 10 UMOYS SHNJJID AU JOJ AMI[IQISUOCSaI AUB BWNSSE J0UUED DIN

anNo

PN

s
100 97 20901247
Jmioo 3 ﬂ
1ndui 300(0 Buiidweg o0— .W a
o 0.|_| 154
o
o L —
e ﬁ_J R
3
T LTI
o N =20 ¥ Q o “ o o w
o o a2z 5 0 @ W oz 3 W
S cEgt i £E s
v 0z069ad"
(eiep [euBis oapiA) 5 (=) m o
m_u:ﬁ_u._EE_w__.s._rsﬁ_rm___.ﬂ g
~
il o
o
.m. vln_u 1ndino [eubis oapiA
[ e EEEE—— o
o <)
[e;
ﬂ u:.:.vﬁ
M
gy L—
IE] Ie)
A G+

USL
Ty

11-2-84



NEC

uPD6376

16 BIT D/A CONVERTER

4
The uPD6376 is a 16-bit D/A converter for digital audio equipment. E
Resistance strings system and built-in 0-point offset circuit realizes high sound quality. This CMOS LS| operates on +5 V

single power supply with low current consumption. As the pin 1 is “Low" or open, this IC’s pin configuration is compatible
with the uPD8372.

FEATURES

+5 V single power supply

CMOS configuration

Built-in output operational amplifier
Built-in 0-point offset circuit
Resistance strings system

8 fs (2 channels x 400 kHz) capability
Built-in 2 channel DAC

Symmetrical phase output

ORDERING INFORMATION

Ordering Name Package
uPD6376CX 16-Pin Plastic DIP (300 mil)
#PD6376GS 16-Pin Plastic SOP (300 mil)
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BLOCK DIAGRAM

MAIN DAC

LRCK

LRSEL/RS!

SI/LSI

TIMING
GENERATOR

CLK

SHIFT REGISTER

LATCH

4/8 fs SEL

D.GND
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NEC

uPD6376
ABSOLUTE MAXIMUM RATINGS (T, =25 °C)
Supply Voltage Vbb —-0.3t0+7.0 Vv
Output Voltage Vour —0.3toVpp+0.3 Vv
Input Voltage ViN —0.3 to Vpp +0.3 \
Operating Temperature Topt —20 to +75 °c
Storage Temperature Tstg —40 to +125 °c
RECOMMENDED OPERATING RANGES
ITEM SYMBOL MIN, TYP, MAX. UNIT TEST CONDITION
Supply Voltage Vpp 45 5.0 55 A"
High-level Input Voltage VIH 0.7 Vpp Vpp v
Low-level Input Voltage ViL 0 03Vpp \
Ambient Temperature Ta —-20 25 75 °c
Load Resistance R 5 ko R.OUT, L.OUT terminal
Sampling Frequency fs 400 kHz
Clock Frequency fcLk 10 MHz
Clock Pulse Width tsCK 40 ns
Sl, LRCK Setup Time tpc 12 ns
S1, LRCK Hold Time tco 12 ns
ELECTRICAL CHARACTERISTICS (T, =25 °c, Vpp =+5 V)
ITEM SYMBOL MIN. TYP, MAX. UNIT TEST CONDITION
Resolution RES 16 Bit
Total Harmonic Distortion 1 THD4 0.04 0.09 % fin =1 kHz,0dB
Total Harmonic Distortion 2 THDo 0.1 0.3 % fin =1 kHz, —20 dB
Full Scale Output Voltage VEs 20 23 Vpp
Cross Talk cT 85 95 8 2;e=s‘1di5:a""°' 0dB
S/N Ratio S/N 96 dB JIS-A
Dynamic Range D.R 92 dB fin = 1 kHz, —60 dB
Supply Current IppD 6.0 12 mA fin=1kHz,0dB

11-2-87




uPD6376 N E

TEST CIRCUIT

VoD 298BLR-010N(TOKO)
6 kQ

5.

LPF ks

100 wF
#PD6376

g
©
+ 0
% 47 uF
) 'L g
Anritsu 298BLR-010N(TOKO)
MG22A & 0.1 uF 100 4F
[RCK = A
OP Amp.
To1s OF Ame
ST
CIK
VREF
(+25V)

Sampling Frequency fs=88.2 kHz
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uPD6376

TERMINAL FUNCTION

data,

TERMINAL INPUT/
NO. SYMBOL TERMINAL NAME DESCRIPTION OUTPUT
As this terminal is *‘Low’’ or open, L-ch data
and Rh data are inputted for serial data by
the pin 15,
1 4/8 f5 SEL 4/8 fg Selection As this terminal is “’High’’, Lch data is Input
inputted by the pin 15, R-ch data is inputted
by the pin 14, (Pull-downed by the 100 k2
resistance in IC.)
2 D. GND Digital GND Ground terminal for the logic circuit
3 NC Non Connection —
4 D.Vpp Digital Vpp Power supply terminal for the logic circuit
5 A. GND Analog GND Ground terminal for the analog circuit
6 R.OUT R-ch OUTPUT Output terminal for the right analog signal Output
7 A.Vpp Analog Vpp
Power supply terminal for the analog circuit
8 A.Vpp Analog Vpp
9 R. REF R-ch Voltage Reference Operational Amplifier reference bias terminal.
Normally connected to A. GND via a
10 L. REF L-ch Voltage Reference capacitor.
1" L. OUT L-ch OUTPUT Output terminal for the left analog signal Output
12 A. GND Analog GND Ground terminal for the analog circuit
As the pin 1 is “’Low’’ or open, this is input
. terminal for left/right identification signal.
ft, ht Cl
13 LRCK/WDCK Left/Right Clock As the pin 1 is *'High"", this is input Input
Word Clock . h A .
terminal for word identification signal of
input data.
As the pin 1 is *’Low" or open, this is
left/right selection terminal for LRCK
signal. At “High’’ of LRCK signal, set
Left/Right Selection LRSEL pin at “'Low” for Lch DATA input,
14
LRSEL/RSI R-ch Series Input At “Low" of LRCK signal, set LRSEL pin Input
at “’High’’ for L-ch DATA input.
As the pin 1 is ‘’High"’, this is input terminal
for R-ch serial data.
As the pin 1 is “‘Low’’ or open, this is input
Series Input terminal for L-ch and R-ch serial data.
15 |
si/Ls L-ch Series Input As the pin 1 is ““High", this is input terminal Input
for Lch serial data.
16 CLK Clock Input terminal for read clock of serial input Input
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uPD6376

TIMING CHART 1

As the pin 1 is “’Low'’ or open
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NEC

TIMING CHART 2

As the pin 1 is “High"’
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uPD6376

TYPICAL CHARACTERISTICS (T, = 25 °C)

THD —Total Harmonic Distortion—%

Gy —Voltage Gain—dB

THD — Total Harmonic Distortion—%

TOTAL HARMONIC DISTORTION vs.

FREQUENCY
1.0
fs=88.2Hz
Vpp=5.0V
05 note
03
0.2
(~20dB)
0.1
0.05
(Full Scale)
0.03
0.02
0.01
0.1 0.203 05 1 2 3 5 10 20
f—Frequency —kHz
VOLTAGE GAIN vs. FREQUENCY
note | {5—88.2Hz
Vpp=5.0V
[
-5
—1

o
01 0203 05 1 2 3 5 10 20

f—Frequency —kHz

TOTAL HARMONIC DISTORTION vs,
LOAD RESISTANCE

10 -
'
[} f5=88.2 kHz
[} fiIN=1kHz,0dB
[} Vpp=5.0V
]
+
10 H note
\
\
\
\
\
0.1 0y
‘\
~ r---_
0.01
100 1k 10k 100k 1M

RL —Load Resistance —

TOTAL HARMONIC DISTORTION vs,
SUPPLY VOLTAGE

f5=88.2 kHz
fiN=1kHz, 0 dB

05

note

0.3
0.2

\

\

0.1 %
\

0.03

THD —Total Harmonic Distortion —%

0.02

0.01

)
Y30 4.0

5.0 6.0 7.0

VDD —Supply Voltage—V

TOTAL HARMONIC DISTORTION vs,
OUTPUT VOLTAGE

100

fg=88.2 kHz
fIN=1kHz
Vpp=5.0V

5.0

note

3.0

20

0.5

0.3
0.2

0.1

THD — Total Harmonic Distortion—%

0.03

0.02

0.01

—60 -50 —-40

-30

-20 —-10 -0

Vout —Output Voltage —dB

note. 20 kHz Low Pass Filter
: 298BLR-010N(TOKO)
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1LPD6376

APPLICATION CIRCUIT

(1) f5 to 4 fg mode (L/R data serial input mode)

384fs O
LRCK
Sl o——m———

CLK
1 [2] [31]

inigialiol

NPC
SM5807

+5V

47 uF 47 uF

10 uF
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BjEimE

e 18] 4 (3 63 [1'fal o)

#PD6376CX/GS

»

47 kQ

+5V

T
-
-

T W
‘%_i T
IT'

0.1 uF

wa?
+5V

(2) 8fs mode (L/R data parallel input mode)

384 s O— 3]

E18SNS
JdN

EIEEHE]EII':?IE?;];H:]
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01 =
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NEC

1PD6325, iPD6326
LPD6335, LPD6336

QUAD/OCTAL 6BIT D/A CONVERTER

CMOS Lsli

DESCRIPTION

uPD6325 Serise are 6 bit D/A Converter for control volumn, brightness, contrast, color or tone of TV set.

The data are transferring serially from micro-computers.

uPD6325 Serise Line-up QUAD D/A OCTAL D/A
D/A output is consist of Emitter follower buffer uPD6325C, 6325G uPD6326C
Non buffer output uPD6335C, 6335G uPD6336C

FEATURES

® R-2R ladder D/A
® Serial Data input (DATA IN, CLOCK, LOAD)
® Power supply voltage of interface is 5 V (V¢c) and D/A reference voltage is free (Vg to 156 V).

ORDERING INFORMATION
Part No. Package
uPD6325C 16-pin plastic DIP (300 mil)
uPD6325G 16-pin plastic SOP (300 mil)
uPD6326C 16-pin plastic DIP (300 mil)
uPD6335C 16-pin plastic DIP (300 mil)
uPD6335G 16-pin plastic SOP (300 mil)
uPD6336C 16-pin plastic DIP (300 mil)

PIN CONNECTION DIAGRAM (Top View)

uPD6325, uPD6335

DATA OUT
vss[e]

[ic] OPTION,
[5] oPTION,

11-2-95

uPD6326, uPD6336

vee [ '] Voo
DATA IN[2] 's] DA
cLock DA
LOAD[4] 7] DA3

OPTION; [5 7] DAy

DATA OUT[5] 7] oA




LPD6325, 1 PD6326
uPD6335, |PD6336

NEC

BLOCK DIAGRAM

Vece
1 7 T 17T 1T T T LY vee
CLOCK L
e 12 bit Shift Resister SB
DATA IN Do) D1) D203 D4y D51 D6y D7D Dg P10§D11
LOAD DATA OUT
Level OPTION2
Shifter -
OPTION;
L Latch Level Shifter
Line Decoder
..
[
I
1T 1T 1T71 1T T 1
6 bit Latch | - oo — 6 bit Latch
L1 1 1 | L1 1 1
VDD O—=
vee o—e
v 6bit R2R ladder | __________ 6 bit R-2R ladder
SSO D/A Converter D/A Converter
Vob VDD
A B A B
Lo Lo
* 3
DA4 DAg
*A - uPD6335, uPD6336 1PD6325, uPD6335 have Quad D/As.
B ... wPD6325, uPD6326
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uPD6325, LPD6326
uPD6335, LPD6336

PIN CONFIGURATION

Pin No.
6325 6326 Symbol Pin Name Function
HPDga3s | MPDga3g
This pin is used to interface with the control IC
Input Reference Voltage ) X
1 1 Vee (ex. micro processor). Supply the voltage high
Supply
level of the control IC.
) Control data input terminal. Data is read in syn-
2 2 DATA IN Serial Data Input chronization with the clocks input to the CLOCK
terminal.
Data read clock input terminal. The Data input to
4 3 CLOCK Shift Clock Input the DATA IN terminal is read at the leading edge
of the clock.
This terminal is used to input Load signals after
5 4 LOAD Load Puise Input inputting serial data. 12 bit data is read after lead-
ing edge of a pulse input to the LOAD terminal.
Serial data output terminal. The final stage data of
7 6 DATA OUT Serial Data Output 12 bit shift register appeares on this terminal in
synchronization with shift clock.
8 8 Vss Ground System ground.
9 OPTION e tion Output Port D7 the data of the shift register appears on this
- xpantion Output Por
2 P P terminal. (Only uPD6325 and uPD6335)
) Dg the data of the shift register apeares on this
10 5 OPTION¢ Expantion Output Port .
terminal.
- 7 DAg Analog Output Channel 8 Analog Output
- 9 DAy Analog Output Channel 7 Analog Output
- 10 DAg Analog Output Channel 6 Analog Output
- 1 DAg Analog Output Channel 5 Analog Output
12 12 DAg Analog Output Channel 4 Analog Output
13 13 DA3 Analog Output Channel 3 Analog Output
14 14 DAz Analog Output Channel 2 Analog Output
15 15 DA4 Analog Output Channel 1 Analog Output
16 16 v P Supol Reference Voltage for D/A converters. Analog
owe
bb wer Supply output voltage range is GND—-Vpp.
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ABSOLUTE MAXIMUM RATINGS (T, =25 °C)

Supply Voltage Vpp. Vece —0.51t0 +18, Vcec < Vpp A
Output Voltage Vout —0.5 to Vpp +0.5 A
Input Voltage Vin —0.5 to Vg +0.5 \%
Input Current [ 10 mA
Emitter Follower Current loe 10 mA
Power Dissipation Pp 500"/200™* mw
Operating Temperature Topt —40 to +85 °c
Storage Temperature Tstg —65 to +125 °c
*DIP
** SOP

RECOMMENDED OPERATING CONDITIONS

ITEM SYMBOL MIN. TYP. MAX. UNIT
Supply Voltage* Vpp Vce 15 v
Supply Voltage of Interface Vee 4.5 5.5 \%

* Vpp Voltage should be higher than V¢ Voltage at all time.

ELECTRICAL CHARACTERISTICS
(Ta=—40to +85°C, Vgs =0V, Vcc =451t05.5V, Vpp =Vcc to 15 V)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Operating Voltage Vpp Vce 15 v
Input Reference Voltage Vce 45 55 Vv
Current Consumption Ipp 10 mA No Load
Low Level Input Voltage ViL 0.8 A Vece=56V
High Level Input Voltage ViH 3.5 \ Vee=5V
fnput Leak Current 1| LEAK +1 HA VIN = Vggor Vss
DATA OUT gft:")‘:a“age 1oH —100 uA VOH = Vpp —0.5 V
DATA OUT ;?J::):J_:V\j:)ltage oL 100 HA VoL=05V
Emitter Follower Leak Current I0LEAK 20 MA for uPD6325, 6326
Emitter FoII;wer Power Dissipatior; Pg/unit 5 mw T, =86 °C for uPD6325, 6326
Emitter Follower Power Dissipation Pg/unit 15 mwW Ta =70 °C for uPD6325, 6326
Emitter Follower Power Dissipation Pg/total 25 mW Ta = 85 °C for uPD6325, 6326
Emitter Follower Power Dissipation Pg/total 75 mwW Ta =70 °C for uPD6325, 6326
Settling Time tDA set 10 Ms *

* uPD6325, 6326: R|_ = 20 k2, C_ = 50 pF
uPD6335, 6336: No Load.
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NEC uPD6325, 1PD6326
uPD6335, 1PD6336

SWITCHING CHARACTERISTICS
(Ta=—40to +85°C,Vgg =0V, Vce =5V, Vpp = Vg to 15 V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT
CLOCK High Level Width tCH 4.0 0.2 us
CLOCK Low Level Width ) teL 10 15 us
CLOCK Rise Time teor 1.0 us
CLOCK Fall Time tcf i.0 us
DATA IN Setup Time tDsetup 2.0 0.1 us
DATA IN Hold Time tDhold 10 15 us
Pulse Width, LOAD High tW(LOAD) 40 0.2 Ms
LOAD Lead Time tllead 10 15 s
LOAD Lag Time tLlag 10 15 us
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DATA CONFIGURATION

Data Length is 12 bit.

Last First
LsSB MSsB

Do | Dy | D2 | D3 | Ds | Ds | Dg | D7 | Dg | Dg |D1o | D11

D/A output CONTROL BIT

D17 | D1p | Dg | Dg | Select D/A Target device

. uPD6325, 6326

0 0 0 0 Don’t Care uPD6335, 6336
0 o | o 1 DA .
0 0 1 0 DA2 "
0 0 1 1 DA3 "
[o] 1 0 0 DA4 .
#PD6326
0 1 0 1 DAg uPD6336
0 1 1 0 DAg "
0 1 1 1 DA7 "
1 0 0 0 DAg "

, #PD6325, 6326

1 X X X Don't Care ;PDGSBS, 6336

OPTION output CONTROL BIT

OPTION1 | OPTIONZ

D7 | Ds out. out. Note
OPTIONZ2 is only

00 L L 4PD6325, 6326

[¢] 1 H L "

1 0 L H "

1 1 H H o

D/A Output Voltage CONTROL BIT

Ds Da D3 D2 D1 Do Output Voltage
0 0 0 0 0 0 = Vpp/64
0 0 0 0 0 1 =2 x Vpp/64
0 0 o] 0 1 0 s 3x Vpp/64
o] 0 0 0 1 1 =4 x Vpp/64
IR EE! §
1 1 1 1 1 0 =63 x Vpp/64
1 1 1 1 1 1 =Vpp
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NEC 1PD6325, 1 PD6326
uPD6335, LPD6336
EQUIVALENT CIRCUIT OF 6 bit D/A
@ ™MSB

2R

VbD

TIMING CHART

MSB

CLOCK |f|flflf-___jlf|fl1

LOAD

Da Ds

D/A
ouT
R=15kQ

Output voltage 1/64 Vpp to Vpp

LSB

-l

D/A OUTPUT

X COMMAND VALID

Data is loaded when LOAD is high level.

DATA IN g X
tDsetup le—=1tDhold
cLocK 7 j\
icL CH W(LOAD)

l fLiag 1L lead

LOAD 7 '
tDAset

D/A OUTPUT

X_ COMMAND VALID
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uPD6335, uPD6336 N E

LINIARITY OF D/A OUTPUT (uPD6335, 6336)

e Ta=-40°C

D
[=]

Vpp=56 V

D
o

VE NONL (mV)
N
o

o

160

Vpp=10V

VE NONL (mV)

LsB

200 Vpp=15V

VE NONL (mV)
=)
o

Lse

Ta=25°C

60 Vpp=5 V

40 %

2 X

VE NONL (mV)

LSB

150 Vpp=10 V

VE NONL (mV)

LsB

200 Vpp=15 V

150

100

50

VE NONL (mV)

LSB
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NEC pPD6325, 1PD6326
1PD6335, L PD6336
e T3=85°C
60 _
s Vpp=5 V
£ 4w
-
g b
20
. 3 F x *x x x % L
> k.
2 4 5 6 7 8 16 24 32 40 48 56 84 s
150 -
% Vpp=10 V
: 100 X
z X
z %0 K X
w X x X X X X K X
Z 0
2 4 5 6 7 8 16 24 32 40 48 56 64
LSB
200 VOD=15 V
S 3
E 150
a X
Z 100
1]
z 5 A b
w 5
> A ¥ %
0 2 4 5 6 7 8 16 24 32 40 48 56 64
LSB

* VE NONL = (MEASUREMENT VALUE) — (IDEAL VALUE)

Emitter follower buffer («PD6325, 6326)'s Voltage between Base and Emitter vs Temperature

Vge (V)

1.0

0.5

IDA = —100 uA
I
'\\
N~
™~
\\
‘"\*r\
—40 0 40 80

T5(°C)
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NEC

APPLICATION FOR TV SET

Vccto+16V

Vbbp

Vee

CPU

DATA IN

CLOCK

uPD1700 Series
uPD7500 Series

GND

LOAD

uPD6325
or uPD6326

Vss

Vob

+12V

DA4

DA

DAg]

DA4

y

APPLICATION FOR CASCADE CONNECTING

Veeto+156 VvV
o

Video Chroma Signal
Processor
uPC1352 (NTSC)
uPC1401 (NTSC)
uPC1364 (SECAM)
MPC1365 (PAL)
uPC1420 (NTSC/PAL)

)

+12V

Vce to+15V
o

Dual ATT.
uPC1406
SIF IC
uPC1382

!

Vec to+15V

Voo

DATA

[

CPU
CLOCK

sT8
GND

|

[

Vpp Vee

Vbb Vee Vop Vcc
DATA DATA DATA DATA
IN ouT IN ouT
CLOCK CLOCK
uPD6325 uPD6325
Series Series
LOAD —LOAD
Vss Vss

r—

IN ouT

=

CLOCK
uPD6325
Series

—1LOAD

Vss
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8-BIT NMOS D/A CONVERTER

uPD7011 features single +5 V power supply operation and on board voltage reference.

The serial interface option allows easy interface to the uCOM-87, and -75 series of single chip microcomputers and the
uPD7720 Signal Processing chip (SP1). In parallel mode the uPD7011 is easily connected to the 8080 and 8085 type bus struc-

tures by the bus interface facilities.

FEATURES

E/D NMOS monolithic

Internal voltage reference

Serial interface with uCOM-87, -75 and uPD7720 (SPI)

Bus interface with 8080 and 8085A-2

Pure binary and 2’s complement code available in serial mode

Two performance ranges linearity error: uPD7011C, 1 LSB; uPD7011C-1, 1/2 LSB

Single +5 V power supply
18-pin plastic DIP (300 mil)

BLOCK DIAGRAM

Vpp MODE CS SCK/WR MSB/SO
o oo

The uPD7011 is a low cost 8-bit NMOS digital-to-analog converter using Enhancement Depletion (ED) technology. The

LsB/sl
(<]

Controller

Y

l 8 bit Shift Register

STB 8 Bit Data Latch

<=l
=29

[
e ’J 8 Bit Current
VREF Output DAC
, ]
& !

=]
GND REF (S) REF (F) ComP
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CONNECTION DIAGRAM (Top View)

"
Voo ‘ 1 18 I cs
WR/SCK | 2 17 I DB7/S0
MODE l 3 16 | DBg/STB
o l 4 15 I DB5/CODE
lo I 5 MI DB4/SHIFT
COMP I 6 13 l DB3
REF (F) 7 12 I DBy
REF (S) I 8 11 ] DBy
GND I 9 10 I DBo/S!
uPD7011C, 7011C-1
ABSOLUTE MAXIMUM RATINGS (T, = 25 °C)
Operating Temperature —20 to +70 °c
Storage Temperature —65 to +150 °c
Power Supply Voltage —0.3t0 +7.0 \Y
All Input Voltages —0.3to Vpp +0.3 V
Power Dissipation 300 mW
SO Pin Pull-up Voltage Vpp +0.3 \%
IO/G Output Pull-up Voltage +10 Y
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pPD7011

RECOMMENDED OPERATING CONDITIONS (T, = +25 °C)

LIMITS
PARAMETER SYMBOL UNIT
MIN. TYP. MAX.
Supply Voltage VpbD 4.75 5.0 5.26 v
Reference Current IREF 225 250 275 A
Full-Scale Current Ifs 0.9 1.0 11 mA
Reference Force Terminal Voltage VREF(.F) 265 27 275 \
Low-Level Logic Input ViL ) 0.8 v
High-Level Logic Input ViH 2.0 VpoD v
Analog Output Pull-up Voltage 24 3.0 \%
SO Pin 17 Output Pull-up Voltage Vbp v
(Fsr:;‘ll'l\‘e:tce\; Compensation Capacitor Ccomp 0.01 0.1 1.0 uF

Note: Using a frequency compensation capacitor larger than 1 uF will promote low noise operation of the
uPD7011C. However, the turn-on time at initial power on will increase.
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DC CHARACTERISTICS (Vpp =5%0.25 V, T = 25 °C, Igs = 1 mA, Ccomp = 0.1 uF)
DD

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITION
MIN. TYP. MAX.
Resolution 8 8 8 Bits —-20°Cto+70°C
Nonlinearity, 7011C-1 NL 0.25 05 LSB —20°C to +70°C
Nonlinearity, 7011C NL 0.5 1 LSB —20°Cto+70°C
Differential Nonlinearity DNL 0.1 1.0 LsB —20°Cto+70°C
Zero-Scale Error 05 LSB —20°Cto+70°C
Zero-Scale Symmetry -1.5 -1.0 —0.5 LSB Note 1
Gain Error, 7011C-1 3 %FSR
Gain Error, 7011C 5 %FSR Note 2
Full-Scale Symmetry -1.5 -1.0 -0.5 LSB Note 3
Reference Voltage VREF(S) 1.4 20 2.59 \
Power Supply Current Ipp 7 13 mA
Logic Input Leakage HLEAK 0.1 10 uA 0<V| <Vpp
Low-Level Output Voltage VoL 0.5 \ 'SSOII\:':n; ;)mA
Output Leakage loH 0.1 10 BA ?/C; (:'\201;)
Full-Scale Drift 70 PPM/°C |  Alo(FS)/ 4T
Supply Voltage 7011C-1 Rejection Ratio SVRR 0.8 %FSR/V 4ip(FS)/ 4T
Supply Voltage 7011C Rejection Ratio SVRR 1.2 %FSR/V A1o(FS)/ 4Vpp
Analog Output Compliance 24 8.0 \ 41p(FS) <1LSB

Notes: 1. Zero-scale symmetry is defined as follows:

265(10(2S) — 16(ZS)/1G(FS).
2. Gain error is defined as follows:

100(1o(FS) x 256/265 — 4IREF)/4IREF-
3. Full-scale symmetry is defined as follows:

255(10(2S) — Ig(ZS)/Io(FS).
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AC RECOMMENDED CONDITIONS (T, = 25 °C, Vpp =5+0.25 V, Note 1)

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITION
MIN. ! TYP. l MAX.
Serial Mode
Serial Clock Setup Time tSKCS 30 ns SCK t —>C_S-J
CS Setup Time tSCSK 300 ns CS4—SCKt
Data Setup Time tSIK 120 ns SI»SCK t
Data Hold Time tHKI 50 ns SCK t -S|
High-Level Serial Clock Pulse Width tWHK 300 ns
Low-Level Serial Clock Pulse Width tWLK 300 ns
Strobe Hold Time tHKST 100 ns SCKt »STB t
High-Level Strobe Pulse Width tWHST 200 ns
Low-Level Strobe Pulse Width tWLST 200 ns
Chip Select Hold Time tHKCS 0 ns SCK1-Cst
Serial Clock Hold Time tHCSK 100 ns CSt—>SCK 4
Strobe Setup Time tsSTCS 300 ns STBt—~CS 4
Parallel Mode
Address Setup Time tAw 0 ns CS4—>WR
Low-Level WR Pulse Width TwWw 200 ns
Address Hold Time twa 0 ns WRt-Cst
Data Setup Time tow 180 ns DB->WR t
Data Hold Time twD 0 ns WR t - DB

Note: t, tf <50 ns.

n-2-109



uPD7011

NEC

AC CHARACTERISTICS (T, = 25 °C, Vpp = 5£0.25 V)

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITION
MIN. TYP. MAX.
tSET1 1 3 us Parallel Mode, Note 1
Analog Output Setting Time
tSET2 1 3 us Serial Mode, Note 2
Serial Data Delay Time tDKO 450 ns SCK | - SO. Note 2
Delay Time Tp Floating S tFCSO 250 ns CS t — SO, High Impedance
Notes: 1. R <2kQ;C| <20pF.
2. R = 2kQ;CL <20pF.
TIMING CHART
1. Parallel Mode (MODE = L)
cs
taw twa
WR —ﬁ tww Ve
L 7/
L tow twp |
o8, TN\ ¥ T/ T
to DBy
tSET1
lo
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2. Serial Mode (MODE = H)

& — / X
0 b N\
)
tscsk
((
)7
ool o JX o JX e o] X+
)T
tske [ twHK tHKCS =—={tHCsk
i [ tHKI —-.!
=\ S
n ‘-““*‘DKO
WLKI , [1trcso
)
SO ——-CX Qoo X Qo1 x Qo2 Qo6 X Q7 J—
{ tssTCS
7

tHKST | | twLsT

(
=7 4 )
STB

twisT
tSET
lo 4
tSET —=
24v / N
0.4V 1
tr il =1LSB

CONTROL BLOCK OPERATION
1. Parallel Mode (MODE = LOW)

DBq to DBy
~N
cs
—> STB 8 Bit Latch
WR

D/A Converter Block
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2. Serial Mode, MSB First (SHIFT = MODE = High)

Si S0
s o ‘ [>o-
- ouT
—IN 8 Bit Shift Register CK
3K CK MSB
]
CODE
o 7 1L
k-l
<
U
2nd—LSB MsB
8 Bit Latch
D/A Converter Block
3. Serial Mode, LSB First (SHIFT = Low, MODE = High)
si S0
7 >0
D Q
CSO——m¢
CK
ouT —_—
8 Bit Shift Register IN
CK MSB

SCK
CODE O— 1

L)

2nd—LSB

2nd—LSB MSB
sTB 8 Bit Latch

D/A Converter Block
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pPD7011

TYPICAL APPLICATIONS

Correction Diagram

Vpp=5V V'=4.4t0 80V

2 kO

0.1 4F -
“ 1 ‘zmvo

Vo

i
V‘LD |é\‘o i

PD7011 —_ T
. g ). ©

REF(S) REF(F) GND COMP
]

100 kQ 0.1 uF
Vk1 10 kQ
VR2
(Vpp =5V, V'=5V)
Digital Input louT louTt —
Volv Volv)
MSB LSB | (mA) | (mA) o) | Vo
11111111 0.996 0.004 1.992 0.008
11111110 0.992 0.008 1.984 0.016
10000001 0.504 0.496 1.008 0.992
10000000 0.500 0.500 1.000 1.000
01111111 0.496 0.504 0.992 1.008
00000001 0.004 0.996 0.008 1.992
00000000 0.000 1.000 0.000 2.000

Adjustment Procedure
a. Set VRep(F) =2.7 V by VR
b. After latching full-scale digital input, set Vo = 2.0 V by Vra

Notes: 1. Both Ig and TE must use pull-up resistors.
2. Use resistors of 1 % accuracy.

3. Capacitive load at Vggg (F) pin should be less than 15 pF.
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(1) Vour =3to5V,Vgoyr=5t03V

(2) Vour =0to3V

v 0+5V
> :;R‘i
3R1 SRz Rs
lout
-
lo\
o L
o‘:_ R3
lout

Ry=Rp=Rg=2kQ

R3=Rg=3k

(3) VOUT =0to10V

lout

Rp=25kQ

R1=R3=50kQ

Vout

(Vpp =V*'=5V)

Digital Input louTt lout VouTt Vout
MSB LSB (mA) (mA) (V) v)
11111111 0.996 0.004 3.008 4.992
11111110 0.992 0.008 3.016 4.984
10000000 0.500 0.500 4.000 4.000
00000001 0.004 0.996 4.992 3.008
00000000 0.000 1.000 5.000 3.000

(Vpp =V* =5V)

Digital Input louT TouT Vout
MsB LSB (mA) (mA) (V)
11111111 0.996 0.004 2.988
11111110 0.992 0.008 2976
10000000 0.500 0.500 1.500
00000001 0.004 0.996 0.012
00000000 0.000 1.000 0.000

(Vpp =V =5V)

Digital Input louTt louT VouTt
MsB LS8 (mA) {mA) V)
11111111 0.996 0.004 9.96
11111110 0.992 0.008 9.92
10000000 0.500 0.500 5.00
00000001 0.004 0.996 0.04
00000000 0.000 1.000 0.00
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OPERATING CHARACTERISTICS (T, = 25 °C)

Analog Output (LSB)

Supply Current (mA)

IDEAL INPUT/OUTPUT TRANSFER
CHARACTERISTICS (BINARY CODE)

256 Q-
N
N,
255 Q@ ]
\\\ I,,
% X
N, ’
AN s lo
129 Q
N\, 4
\\ /,
128 | xx
/I N
L 7N
127 V4 Q
/ T
e \\ylo
] 5 Z
7/ N\,
4 \,
4 N,
1+ o A-)
/”
0 F—L § 1 1 L I 1
1H 7FH 80H 81H OFFH

Digital Input Code

SUPPLY VOLTAGE vs.
CURRENT CHARACTERISTICS

9
Ta=-20'C
8 25°C
5 .
70°C
NS
T,
0 T

48 5.0 5.2
Supply Voltage (V)
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Analog Output (LSB)

Full-Scale Output Current Ratio IgFg (%)

IDEAL INPUT/OUTPUT TRANSFER

CHARACTERISTICS (2's COMPLEMENT CODE)

a
256 QC
N\
N\,
255 P AN
d N\,
/’ \\
X s %
I’ Ay
/ Ve \
129 o Iy -]
/ o
e
d
128
AN I
N o
127F X \ £
N, ’
N 7/
Ny v
N Ve
\\ ,/
1 © y-4
//
n (2 1 al, n n 1
0 45 o
1H 7FH  80H 81H OFFH

Digital Input Code

FULL-SCALE OUTPUT COMPLIANCE

+0.2
_
° L
| (24 to 8V)
-02
0 2 4 6 8 10

Analog Output Voltage (V)
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NE C uPD6316

D2B (Domestic Digital Bus) Interface IC

The uPD6316 is a D2B interface integrated circuit used to transfer data between various types of one-chip micro-
computers,

A D2B is a two-wire serial bus interface that transfers data between electronic units such as television sets, VCRs
and audio equipment.

Some of its applications are in home automation bus interfaces and automobile electronics control bus interfaces.

FEATURES
® D2B interface LS| device (Supports modes 0, 1 and 2)
Mode 0: 209 bytes/second
Mode 1: 2457 bytes/second
Mode 2: 7760 bytes/second
® [nternal D2B driver/receiver
Interface with Microcomputer
Three-wire serial interface (SCK, SO, SI)
Transmit data buffer: 4 bytes
Receive data buffer: 20 bytes
Operating clock: 12 MHz (crystal/ceramic oscillator)
Operating voltage range: 5V 6 %

ORDERING INFORMATION

Order Code Package
uPD6316CX 16-pin plastic DIP (300 mil)
uPD6316GS 16-pin plastic SOP (300 mil)
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1. OPERATIONAL DESCRIPTION

1.1 Operational Overview

The uPD6316 is a D2B interface CMOS LS| device. It is a data transfer system whose purpose is to transfer data
between electronic equipment such as television sets, VCRs and audio equipment. The uPD6316 links up with the
one-chip microcomputers internal to this electronic equipment. For link up, it uses a three-wire serial interface.

The data and commands required to transmit data from the host controller (microcomputer) travel through the
serial interface. During data transmission, signals are output from the D2B interface pins (D2B- and D2B+) by plac-
ing data in the uPD6316 from the host interface through the serial interface. In addition, data received from the
D2B pins can be read through the serial interface.

1.2 D2B Interface System

The D2B interface is a two-wire data transmission system. Because a D2B interface uses a multiple master bus
system, data can be transmitted from an optional electronic unit to another electronic unit. Three transmission
speeds can also be used, mode 0 (209 bytes/second), mode 1 (2457 bytes/second) and mode 2 (7760 bytes/second).
When using the low-noise twisted pair cables with the D2B interface, maximum length is 150 meters and the maxi-
mum number of units that can be connected together is 50.

1.2.1 Bus Priority determination (Arbitration)

When an electronic unit connected to the D2B interface controls another electronic unit, an operation to occupy
the bus takes place. This operation is called arbitration. With arbitration, processing, if a number of electronic units
attempted to transmit simultaneously, only one of the devices would be given permission to transmit. In order for
an electronic unit to get permission to occupy the bus through arbitration, the following conditions must be met.
@ The mode of the device must be lower than the other devices. For example, mode 0 has priority over mode 1.
@ If the modes of the devices are the same, the master address of one of the devices must be lower than that of

the other to gain priority. For example, the master address is composed of 12 bits, which makes address 000H
the highest priority and address FFFH the lowest priority.

1.2.2 Transmission protocol
The D2B interface transmission signal format is shown in the following section. The data is transmitted as a

series of signals called frames. The amount and speed of the data transmitted will vary with the mode.

Fig. 1-1 The D2B Signal Format

Master address

Header field Slave address Control field Data field
—$5

II L ! Il IATI LLIL Il ]1]1‘!] 1 ]lllIA
1 | 11 =TT i T
P P A P A EPA EPA

—Master address bits (12 bits) Data bits (8 bits)
Mode bits (1 to 3 bits) Control bits
Start bit (1 bit) Slave address bits (4 bits)
(12 bits)
Frame

P = parity bit, A = Acknowledge bit, E = end of data bit
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(1) The start bit

(2

(3

The start bit is a signal which tells the other units that data transmission will start. The unit that is about to
start data transmission will output a low level signal (the start bit) at a specified time and then shift to the mode
bit. 1f another piece of equipment is already outputting a start bit, the unit will not output the start bit. It
will wait until the end of the current start bit and then shift to the mode bit. Units other than that about to
transmit will detect this start bit and shift to the receive mode. The start bit output timing is the same for
modes 0, 1 and 2.

The mode bits

The mode bit is a signal that transmits the data transmission speed to the other electronic units, The D2B inter-
face has communications modes with three different transmission speeds. The transmission speed is selected
by the mode bits. After the mode bit output, there is a shift to the master address field output. The values of
the mode bits are shown in the following table.

Table 1-1 Mode Bits

. Maximum number of
Transmission speed ¢ ission bytes
(Bytes/second) ransmission by
Communications . (Bytes/frame)
Mode bits
modes Master/ Slave/ Master/ Slave/
slave master slave master
0 0 (1 bit) 209 198 2 2
1 10 (2 bits) 2457 1497 32 16
2 110 (3 bits) 7760 5355 128 64

Devices in the receive mode will enter the standby mode (monitoring) when they detect that the value of the
transmission mode is higher than the value they are able to support. The number of modes that compose the
mode bit will vary according to the communications mode established for a unit. After mode bit has been set,
transmission will take place at the speed of the specified transmission mode.

Master address field

The purpose of the master field is to allow an electronic unit to transmit its unit address (master address) to
other electronic units. The master address field is composed of 12 master address bits and a parity bit. If two
or more electronic units begin transmission at the same time in the same mode, arbitration will take place in
the master address field. In the master field, for each bit it transmits, the device compares the data it outputs
with the data in the bus. If the results of this comparison shows that the device is outputting a master address
different from the data in the bus, this will mean that the unit was unsuccessful at arbitration and it will stop
transmitting. Because the D2B interface is configured with a wired AND, among the devices that participate
in arbitration (arbitration masters), that with the first master address will win at arbitration. After outputting
a 12-bit master address, only one device will remain in the transmit condition as the master unit. The master
unit will next output a parity bit, ascertain the master addresses of the other units and shift to slave field out-
put. The master address is composed of 12 bits and it is output from the most significant bits.

* 0Odd parity is used. When the number of 1 bits within the master address is even, the parity bit is 1.
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(4) Slave address field

The purpose of the slave address field is to transmit the address (slave address) of the unit that wishes to trans-
mit (slave address). The slave address field is composed of 12 slave address bits, a parity bit and an acknowledge
bit. The slave address is composed of 12 bits and is output from the most significant bits. After the transmis-
sion of a 12-bit slave address, the parity bit is output as a means of preventing the slave address from accident-
ally receiving data. Next, in order to check whether the slave unit exists at the bus, the master unit will detect
an acknowledge signal from the slave unit. If it detects such a signal, it will then shift to control field output.
When the slave unit detects that there is agreement with the slave address and that both master and slave ad-
dresses are odd parity, it will output an acknowledge signal. If the slave unit is even parity, it will determine
that either the master address or the slave address was not received accurately and it will not output an acknowl-
edge signal. At this time, the master unit will go on standby (monitor) and communications will cease. |f slave
unit specified by the master unit and capable of receiving does not exist on the bus, the master unit will enter
the standby mode and communications will cease because that is no unit to return an acknowledge signal to it.
The control field

The purpose of the control field is to transmit the type and direction of the next data field. The control field
is composed of 4 control bits, a parity bit and an acknowledge bit. The control bit is composed of 4 bits and
is output from the most significant bits.

A parity bit is output after the control bits. When there is odd parity and the master unit’s requested function
can be executed by the slave, the slave unit transmits an acknowledge signal. The slave unit will not transmit
an acknowledge signal even though the parity is odd if it cannot execute the master unit’s request or if the
parity is even. After the master unit confirms the acknowledge signal, it shifts to the output of the next data
field. If the acknowledge signal cannot be confirmed, the master unit enters the standby mode and communica-
tion ends. The functions of the control bits are listed in the table below.

(5
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Table 1-2 Control Bit Functions

Bit3 Bit 2 Bit 1 Bit0 Functions
0 0 0 0 Reads slave status
0 0 0 1 Undefined (for future expansion)
0 0 1 0 Reads and locks the slave status
0 0 1 1 Reads and locks data
0 1 0 0 Reads lock address (least significant 8 bits)
0 1 0 1 Reads lock address (most significant 4 bits)®
0 1 1 ] Release of slave status reading and lock
0 1 1 1 Release of data read and lock
1 0 0 0 Memory address write lock
1 0 0 1 Undefined (for future expansion)
1 0 1 0 Command write lock
1 0 1 1 Data write lock
1 1 0 0 Undefined (for future expansion)
1 1 0 1 Undefined (for future expansion)
1 1 1 0 Command write and lock release
1 1 1 1 Data write and lock release

* The lock address is transmitted in 1-byte units (8 bits).
The most significant 4 bits are as indicated below.

MsSB LBS

L Undefined Most significant 4 bits J

A unit that has been locked by another unit acting as a master unit will not output an acknowledge bit acting
as a slave unit if the values of the contfol bits received from units other than the one that requested the lock are
not those listed in the following table. However, the unit will output an acknowledge bit, operating as a slave
unit, in response to the control bit it received from the master unit requesting the lock.

Table 1-3 Control Fields for Locked Slave Units

Bit3 Bit 2 Bit 1 Bit0 Functions
0 0 0 0 Reading of slave status
0 1 0 0 Reading of lock address (least significant 8 bits)
0 1 0 1 Reading of lock address (most significant 4 bits)*

* The lock address is transmitted in 1-byte units (8 bits).
As a result, the most significant 4 bits are as indicated below.

MmSsB LBS

[ Undefined Most significant 4 bits
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(6) The data fields
The data fields are the fields in which data is read from and written to the slave units. That is, the master unit
uses the data fields to write data to the slave units and read data from the slave units. The data field is com-
posed of 11 bits, 8 data bits, an end of data (EOD) bit, a partiy bit and an acknowledge bit. The data bits are
8 bits that are output from the most significant bits. The EOD bit is output right after the data bits. Behind
the EOD bit, the parity bit and the acknowledge bit are output from both the master unit and the slave unit.
The processing of the parity bit and the acknowledge bit will differ depending on whether it is during the
write operation or during the read operation of the master unit.
@ Writing from the master unit to the slave unit
When writing from the master unit to the slave unit, the master unit transmits data bits, an EOD bit and
a parity bit to the slave unit. The slave unit receives the data bits, EOD bit and parity bit. If the parity
is odd parity, it will send an acknowledge signal. |f parity is even, the slave unit will reject the correspond-
ing data and EOD bits and not output an acknowledge signal.
If an acknowledge signal is not output by the slave unit, the master unit will once again output to the slave
unit the same data bits and EOD bit. This operation will continue until an acknowledge signal is detected

from the slave unit or until the data reaches it maximum transmittable number of bytes. The master unit
will transmit the next data if the parity is odd and an acknowledge signal has not been detected from the
slave unit, and if the data has not been written somewhere nor exceeded the maximum transmittable num-
ber of bytes. The EOD bit will be transmitted from the master unit.
If the master unit still has data to be transmitted and the transmit data is less than the maximum transmit-
table bytes per frame, the EOD bit will be 1. If the master has no data to be transmitted or if the number
of bytes in the data transmitted is equivalent to the maximum transmittable bytes per frame, the EOD
bit will be 0.
(@ Reading the slave unit from the master unit
When the master unit reads the slave unit, the master unit will output a synchronous signal that corresponds
to all of the bits to be read. The slave unit will check the content of the data, parity and EOD bits in re-
sponse to the synchronous signal from the master unit and output them to the bus. The master unit will
read the data, parity and EQOD bits that are output by the slave unit to check parity. If the parity is even,
the master unit will reject the data and EOD bits. The master unit will repeat the read operation if the
data is within the maximum transmittable bytes per frame. It will continue to repeat this operation until
the data and EOD bits are accepted or until the maximum transmittable bytes per frame has been exceeded.
In the case of odd parity, the master unit will accept the data and EOD bits. If the EOD bit is 1 and the
data is within the maximum transmittable bytes per frame, the master unit will go on to read the next data.
(7) The end of data (EOD) bit
The EOD bit is a signal that identifies whether the transmitted data is the final data of the message or not. The
EOD bit is used to indicate the end of a transmission that has an optional amount of data that is within the
maximum permissible bytes per frame. When the EOD bit is 0, it indicates that the data is the last data of that
frame. When the EOD bit is 1, it indicates that the data is not yet at the end of the frame.
The parity bit
The parity bit is used to confirm that there are no errors in the data. A parity bit is added to master address
bits, slave address bits, control bits, data bits and the EQOD bit. Odd parity is used. If the number of 1 bits
within the data is even, the parity bit will be at 1. If the number of 1 bits within the data is even, the parity
bit will be at 0.
(9) The acknowledge bits
There are three types of acknowledge bits, the one at the end of the slave address, the one at the end of the
control field and the one at the end of the data field. The status of the acknowledge bit is defined as follows.
If at O, it indicates acknowledgement of the data (ACK). If at 1, it indicates that the data has not been ac-
knowledged (NAK).

8
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@

@

The acknowledge bit at the end of the slave field

If the acknowledge bit at the end of the slave field satisfies any of the following conditions, it will not

acknowledge the data and transmission will stop.

e Inaccurate parity in the master address bits or the slave address bits.

® A higher (faster) mode than the mode for the unit in question.

e Generation of a timing error.

® Nonexistence of a slave unit.

The acknowledge bit at the end of the control field

If the acknowledge bit at the end of the control field satisfies any of the following conditions, it will not

acknowledge the data and transmission will stop.

® Inaccurate control bit parity.

® | bit 3 of the control bits is at 1 (write) when the receive buffer is full.

e |f the data buffer is empty and bit 3 of the control bits is at 0 (read) and the control bits are not set
to read the slave status or the lock address.

e |f the slave unit is locked by another master unit, except for a request to read the slave status or the
lock address.

e |f the master unit attempts to tranmit a memory address when the slave unit has no memory.

e |f there is a lock address read request when the slave unit is not locked.

* If a timing error occurs.

® If an undefined bit meant for future expansion is used.

The acknowledge bit at the end of the data field

If the acknowledge bit at the end of the data field satisfies any of the following conditions, it will not ac-

knowledge the data and transmission will stop. In such a case, if the transmitting side is within the maxi-

mum transmittable bytes per frame, the transmission of the data field will be executed again.

e |f the parity of data bit and the EOD bit are inaccurate.

e |f a timing error occurred from the point of previous acknowledge bit transmission or later.

e |f the receiver buffer is full and unable to accept anymore data.

1.2.3 Transmit data
(1) The slave status
The master unit can determine why the slave unit did not return an acknowledge bit by reading the status of

the slave unit. The status of the slave unit is determined by the results of the last communication conducted
by the slave unit. All slave units are able of offer slave status information. The meanings of the slave statuses
are shown in the table below.

Fig. 1-2 The Bit Configuration of Slave Unit Statuses

MsB LsB
[87lBSIBSIB4|B3[BZIB1iBOI
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Table 14 Description of the Slave Unit Statuses

Bit Value Description of meanings

0 Slave transmit buffer empty
BO*1

1 Slave transmit buffer is not empty
B1"2 0 Slave receive buffer empty

1 Slave receive buffer is not empty

0 Unit is not locked
B2

1 Unit is locked
g3*3 0 Unit has no memory

1 Unit has memory

. 0 Slave transmission ended

B4™

1 Slave
B5 0 Always 0

00 Mode 0

01 Mode 1 : .
B7, B6 Indicates the highest mode the unit will support.”4

10 Mode 2

1 For future expansion

*1:
*2:
*3:
*4:

(2) Lock address

The slave transmit buffer is the buffer accessed during slave read processing.

The slave receive buffer is the buffer accessed during slave write processing.
The values of B3 and B4 can be set by an initialization command.

The uPD6316 can support up to mode 3. Therefore, B6 and'B7 are fixed at 0 and 1, respectively.

For reading a lock address, the address (12 bits) of the master unit that issued the lock command is read at the

bit array shown below.

Fig. 1-3 Lock Address Configuration

msB

Least significant 8 bits

L Undefined Most significant 4 bits
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(3)

(4)

(5)

Memory addresses

If the slave unit receives memory address write control bits, processing will be executed in the following se-

quence:

e The slave transmit buffer bit showing the slave status will reset to 0 (slave transmit buffer empty).

e After the memory address has been set, data that corresponds to the address will be placed in the buffer at
that memory address. (The host controller that controls the uPD6316 will place it there.)

o |f data is already in the data buffer, the slave transmit buffer bit showing the slave status will set to 1 (slave
transmit buffer is not empty).

A 4-byte slave transmit buffer is built in the uPD6316.

Data

When the control bits read data, the data in the slave unit data buffer is read to the master unit. When the con-

trol bits write data, the data received by the slave unit is processed according to the operating specifications

of the slave unit.

The execution of lock and unlock

A slave unit that has received control bits specifying a lock (2H, 3H, 8H, AH and BH) will set the bit (B2) with-

in the slave status byte that indicates lock to 1 when the first acknowledge bit in the data field is setto 0. A

slave unit that has received control bits specifying the locked condition (6H, 7H, EH and FH) will reset the bit

(B2) within the slave status byte to 0 when the first acknowledge bit in the data field is set to 1.

1.2.4 The bit format

The D2B interface bit format is shown in the diagram below.

Fig. 1-4 D2B Interface Bit Format

| J

ot
l Preparation [ Synchronous Data period Stop period
period period

Preparation period : The first high level period (logic level 1)
Synchronous period : The next low level period (logic level 0)
Data period : The period that expresses the bit value

Stop period : The last high level period (logic level 1)

The specifications for total bit time and the periods allocated to the bits will vary according to the mode, the

type of transmission bit and whether the unit is the master unit ot the slave unit. The synchronous period and data
period will be twice as long during arbitration. Master units involved in arbitration can use this extended period

of time to ascertain the status of the bus.
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2. PIN FUNCTIONS

2.1 Pin Layout

Voo1

-

I ETE B B B

5| TEsT

re

RESET

X1

alnloioloiolols

GND D2B—
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2.2 Description of Pin Functions

Pin Pin Pin Description Input/
number | symbol function P Output
1 SCK Serial clock input Input pin for the serial clock used to interface with CMOS
the microcomputer, input

2 Si Serial data input Input pin for the serial data used to interface with the CMOS
microcomputer. input

3 SO Serial data output Output pin for the serial data used to interface with CMOS

the microcomputer output

4 IRQ The output pin used by interrupt request signals CMOS

generated by the communications and command output

execution results. Used for the operation start
request signal to the microcomputer. The interrupt
request output time is about 10 microseconds.

5 R/W Read/write switching The serial interface read/write mode switching input CMOS
input pin pin. When at the high level, it is in the read mode. input
When at the low level, it is in the write mode. By
putting this pin at the low level and fixing the C/D
pin at the high level, switching between the read and
write modes is possible with the command input
from the serial interface.

6 X1 System clock vibrator Connection pin for the system clock vibrator. Use CMOS
7 X0 connection pin a 12 MHz liquid crystal vibrator or a ceramic input
vibrator. Also, the oscillating accuracy should be
within £0.5 %.
GND | Grounding pin The grounding pin
9 D2B— | D2B interface pin Pin that connects to the D2B interface
10 D2B+
1" Vpp2z | D2B interface positive D2B interface bus driver positive voltage pin.
voltage supply pin Connect to Vpp1,
12 c/D Command/data The pin used to switch between processing data CMOS
switching pin input from the serial interface as commands or data. input

At the high level, data is processed as commands; at
the low level data is processed as data. Switching
between the read and write modes is possible through
commands input from the serial interface by setting
this pin at the high level and fixing the R/W pin to
the low level.
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Pin Pin Pin e Input/
. Description
number | symbol function Output

13 [« Chip select pin At the low level, serial interface input is effective. CMOS
At the high level, serial clock interface input (SCK) input
is ineffective and high impedance is put on the SO
pin. The serial clock counter also resets.

The status of the CS pin is not influenced by D2B
interface transmit and receive operations.

14 RESET | Reset input pin The system reset signal input pin. At low level input, CMOS
it resets. After turning on the power, always input input
the low level one time. During normal usage, input
the high level.

15 TEST | Test pin Connect this pin to the Vpp1 pin. CMOS

input

16 Vob1 Positive voltage pin The positive voltage pin. Use 5 volts 5 %.
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3. INTERNAL CONFIGURATION
The uPD6316 is composed of the following three blocks:
(1) Data link layer controller
(2) Physical Layer controller
(3) Host interface controller

Fig. 3-1 uPD6316 Internal Blocks
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3.1 Data Link Layer Controller
The data link layer controller generates a return code that gives the status of the processing of the D2B protocol

data link layer (frame composition and resolution, communication error detection, etc.) and a return code that gives
the execution status of communication commands established by the host controller and the status of communica-
tions to the host controller.

3.2 Physical Layer Controller
The physical layer controller generates bit timing and resolution as well as converts the signals between bus lines
through the driver/receiver.

3.3 D2B Driver/Receiver
The D2B driver/receiver converts between the logic signals within the uPD6316 and the D2B signals. The D2B

signals and their relationship to the logic statuses are shown in the table below.

Table 3-1 D2B Signals and Correlation to Logical Statuses

Logical static D2B bus signals
0 (D2B+) — (D2B—) 2 120 mV
1 (D2B+) — (D2B—) £ 20 mV

3.4 Host Interface Controller

The host interface controller is a block that controls the transmission and reception of data with the host control-
ler. It accepts communications control commands, passes on return codes and forwards transmit data. The forward-
ing of transmit data takes place through the FIFO buffers, 4 bytes of write data buffer (WDB) and 20 bytes of read
data buffer (RDB). It also absorbs the differences between the D2B transmission speed and the serial interface trans-
mission speed with uPD6316 host controller.
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4. INTERFACING WITH THE HOST CONTROLLER

The section will explain the interfacing that occurs between the uPD6316 and the host controller.

4.1 Accessible Buffers and Register from the Host Controller
The host controller, which controls the uPD6316, can access the write data buffer (WDB), the read data buffer
(RDB), the command register (CMR) and the status register (STR) within the uPD6316.

4.1.1 The write data buffer (WDB)
The write data buffer is a 4 byte FIFO buffer where the host controller transmit data and the parameters of the
communications control commands are written.

4.1.2 The read data buffer (RDB)
The read data buffer is a 20 byte buffer for storing the receive data of the data link layer controller, which is
located within the uPD6316. The host controller reads the uPD6316 received data from the read data buffer.

4.1.3 Command register (CMR)

The command register is an 8-bit register for writing control commands for the uPD6316. As indicated in Table
4-1, the host controller establishes the reset mode for the most significant 4 bits and establishes the host interface
mode. It also establishes the command codes of the communications control commands for least significant 4 bits.

Table 4-1 C: of C d Regi
Bit Value Description
B7 1 Entering the reset mode.
0 Exiting the reset mode.
B6 1 Data of least significant command register 4 bits is valid.
0 Data of least significant command register 4 bits is not valid.
B5, B4 00 Change between mode through pin control Switches the host interface modes.
01 Data write mode
10 Data read mode
1 Status read mode
B3 Sets the communications control codes.
B2
B1
BO

4.1.4 The status register

The status register is an 8-bit register for determining the status of the uPD6316. The statuses of the write
data buffer and the read data buffer and the status of interrupts can be read from the most significant 4 bits.
The return code, which indicates results of communications, can be read from the least significant 4 bits.
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Table 4-2 Ci of Status Regi:
Bit Value Meaning Description

B7 1 Write data buffer full Tells if data can be written to data buffer.
0 Write data buffer not full

B6 1 1 Read data buffer is empty Tells if data can be read from the read data buffer.
0 Read data buffer is not empty

B5 1 Write data buffer is empty Tells if data is in the write data buffer.
0 Write data buffer is not empty

B4 1 Interrupt requested Tells if interrupt is being requested.
0 Interrupt not requested

B3 Return code Return code will be read.

B2

B1

BO

4.2 Host Controller Interface Modes

The host controller can access the write data buffer, read data buffer, command register and status register within
the uPD6316 through the three-wire serial interface (SCK, Sl, SO). There are four modes for accessing the serial
interface, as indicated in the table below. For switching between these four host interface modes there are two
methods. In one method switching takes place by using the C/D pin and the R/W pin. In the other method switch-
ing takes place by writing data to the command register (soft error control).

Table 4-3 Host Interface Modes

Mode Operation

Data write mode At the rise of the serial clock, which is input through the SCK pin, the data at
the Sl pin will be placed into the write data buffer from the most significant
bits. At the eighth serial clock, the placement of the data will be complete.

Data read mode At the fall of the serial clock, which is input through the SCK pin, the read data
buffer data at the SO pin will be output from the most significant bits. By
inputting the serial clock eight times, the reading of the data will be complete.
At this time, the data at the S| pin will be ignored.

Command write mode At the rise of the serial clock, which is input through the SCK pin, the data at
the Sl pin will be taken from the command register’s most significant bits. At
the eighth serial clock, the placement of the data will be complete.

Status read mode At the fall of the serial clock, which is input through the SCK pin, the status
register data at the SO pin will be output from the most significant bits. By
inputting the serial clock eight times, the reading of the data will be complete.
At this time, the data at the S| pin will be ignored.
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4.2.1 Switching through pin control
With B5 and B4 of the command register both at 0, the host interface mode can be switched by setting the C/D
pin and the R/W pin at the values indicated in Table 4-4.

Tabel 4-4 Switching Host Interface Modes Through Pin Control

c/D RW Host interface mode
0 Data write mode
0 1 Data read mode
1 0 Command write mode
1 1 Status read mode

Fig. 4-1 Host Controller Connections Due to Pin Control

1209
D28
| { Host controller
o 5v
5V uPDB316
——
TEST
VbD1 SCK SCK
Vbp2
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D2B+
so ]
D2B—
12MHz IRQ INT
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= cid Port
GND R/W Port
l :L CS  RESET

Port

1202

Power supply voltage
detection circuit

Note: If the power supply voltage moves out of the 5 V +5 % range, the Not Reset pin must be placed at the low level for 6 micro-
seconds or more in order to reset the uPD6316.
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4.2.2 Switching through software control

With the C/D pin at the high level and the R/W pin at the low level, the host interface mode can be switched by
setting B5 and B4 of the command register at the values indicated in Table 4-5.

Table 4-5 Switching Host Interface Modes Through Software Control

B5 B4 Host interface mode
0 Mode switching for pin control
1 Data write mode

1 0 Data read mode

1 1 Status read mode

After one byte of data has been forwarded, the host interface mode will become the command write mode, which
is controlled by the C/D and R/W pins.

Fig. 4-3 Host Controller Connections Due to Software Control

Host controiier

120 @
D28
i |
] 1
' 5V uPDE316 5v
——
TEST
VD1 SCK 5Ck
v
bb2 s SO
D2B+
so sl
D2B—
12 MHz IR
. o INT
= T
c/D
X0
GND RW _;
I J; CS  RESET
)

120 2

Power supply voltage
detection circuit

11-3-21




C

uPD6316

apow a1um ereq 8pOW 811JM puUBIWOD apow peaJ smels apOLW 81{4IM PUBLIWIOY

suq v
juedlylubis 1sea)

s1q p
TUeSI}1uBIS 150y

jua1uod Jaysibal snieig

*punoib o1 uid p/y pue AdA o3 uid g/o xi4

|onuo) asemyyos o} anq Bunwi) sdoepaiul 1SOH  p-p Bid

aam

HWO

os

4
Q
2

1-3-22



LPD6316

NEC

apow 811IM puewiwo) apow 1888y uo Jamog
pauyepun sua
TUBS41ubys 1sea]
HND
0 0 0 O x suq ¢
ﬂ TUEo141ubis 1sopy
|||||| / psuyepun Tttt 0s
R
e )
X o X o X0 X o X o X o X X s
wH
a/o
_ _ 13834
_ ©

Uo Jamod 3e |013u0D JasaY Jou jo sjdwex3y G-p Biy

11-3-23



uPDGS16 NEC

4.3 The Rset Mode

If the Not Reset pin is set at the low level, the uPD6316 goes to the reset mode. To cancel the reset mode the
Not Reset pin has to be set at the high level and a reset cancellation command has to be input. The follwoing two
methods are used to reset the uPD6316.
(1) Resetting with the not reset pin
If the Not Reset pin is set at the low level, the uPD6316 will enter the reset mode. To get out of the reset
mode, the Not Reset pin is set at high and bit B7 in the command register is set to 0.
Resetting through the software
With the Not Reset pin fixed at the high level and bit B7 of the command register set at 1, the uPD6316 will
enter the reset mode. To get out of the reset mode, set bit B7 to 0.
When turning the power on, it is necessary always to set the Not Reset pin to the low level once to establish
the reset mode. In addition, at power shutoff, place the uPD6316 in the reset mode in order to keep noise
from the D2B bus. The uPD6316 will be in the following condition after canceling the reset mode.
(D D2B slave status initialized.

(2

Table 4-6 Slave Status Values after Leaving Reset Mode

Bit Value Description

B7 1

26 o Up to mode 2 is supported.

B5 0 Always 0

B4 0 The slave transmission section has stopped operating.
B3 0 Memory address has been allocated.

B2 0 Unit is not locked.

B1 0 Slave receive buffer is empty.

BO 0 Slave transmit buffer is empty.

(@ The address of the unit has been set to FFFH.
@ The option functions (message continuation function, group receive function) have not been specified.
@ The write data buffer and the read data buffer are empty.
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5. COMMUNICATIONS CONTROL COMMANDS

The operating conditions of the uPD6316 can be specified by giving a command to it from the host controller.

The communications control command is composed of a 4-bit command code and multiple-byte control para-

meters. The procedures for issuing a communications command are as follows:

@ Read the status register to confirm that the write data buffer is empty.

@ Write the command parameters to the write data buffer in the data write mode.

@ Write the command code to the least significant 4 bits of the command register in the command write rhode. _
Communications commands are executed during periods when communications are not taking place (the start E

bit monitor status). It can be determined if a specified communications command has executed by reading the

status register and by determining if the write data buffer is empty. In addition, in the case of a GETLOCK com-

mand, a return code will be placed in the least significant 4 bits of the status register and an interrupt request will

be returned from the uPD6316 after the command has been executed.

5.1 Overview of C: ications Control Ci ds

Table 5-1 Overview of Communication Control Commands

Command name Description
INIT (Initialize) Sets local address and initializes.
SETSA (Set slave address) Sets the slave address.
MREQ1 (Master request 1) Communicates as a master unit.
MREQ2 (Master request 2) Continues in previous condition as the master unit.
ABORT (Abort) Aborts communications.
SETSD (Set slave data) The slave unit places transmit data into the master unit.
GETLOCK (Get lock condition) Check of whether or not lock by another unit.
SETOP (Set option) Can use for an optional function.
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Table 5-2 lists the communications control commands and the accompanying command codes and command
parameters.

uPD6316

Table 5-2 Communication Commands and A ying C 1 Codes and Parameters
Least signi-
. C d et
Command | ficant 4 bits omimand persmeters (WDB)
name of the com- . i
mand register First byte Second byte Third byte Fourth byte
INIT 0000 Unit address (12 bits) Status when a
msB LSB | slave unit
SETSA 0001 Slave address (12 bits) Communica-
MsB LSB | tions mode
MREQ1 0010 Control bit 0000 Transmit data and Transmit data and Transmit data and
bytes of the master*1 | bytes of the master*1 | bytes of the master*1
(First byte) (Second byte)
MREQ2 0011
ABORT 0100
SETSD 0101 Number of slave Slave transmit data Slave transmit data Slave transmit data
transmit data bytes (first byte) (second byte) (third byte)
GETLOCK 0110
SETOP o111 Options 0000

*1: Not required when bit 3 of the control bits has been set to 0.
Note: Even if the host controller mistakes the number of bytes of the command parameters, in the uPD6316 no error message will
be returned and the command will be processed as though it were an accurate command. Please be aware of this.
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5.2 Communications Control Command Functions

5.2.1 [Initialization (INIT) d (Command code: OH)
(1) Functions
@ This command sets up the unit address (12 bits). The unit address will be used as a master address during
transmission and a slave address during reception.
@ The conditions of this command are set up during the slave unit time. It sets the conditions of bit B4
and B3 of the D2B slave status.
e It enables the operation and nonoperation (B4) of the slave transmission section. (It specifies the data
transmission function for the master unit.)
e It establishes the allocation or nonallocation (B3) of a memory address. (It sets the allocation on
nonallocation of the memory address for storing data to be transmitted to the master unit.)

Table 5-3 Setting Conditions for the Slave Unit

Slave N
transmitter Memory address allocation Command parameter value
Stop None 0
Enabled None 2
Enabled Allocated 3

The unit address and slave unit conditions set up by the INIT command will remain at the specified values
unless reset.

@ It initializes the slave status. The slave status is initialized as indicated in Table 5-4.

Table 54 Slave Statuses afte E ing the INIT C d
Bit Value Description
B2 0 Unit is not locked.
B1 0 Slave receive buffer empty.
BO 0 Slave transmit buffer is empty.

@ It clears the write data buffer after reading the 2-byte command parameters (the conditions of the master
and slave addresses) from the write data buffer.
(2) Examples
The content of the write data buffer and the command register are as indicated below when the INIT command
specifies that the master address is 012H and the slave data transmission section is operable and memory has
been allocated.

|—— First byte ——f}—— Second byte + Third byte o4 Fourth byte —|
WDB | 0000 I 0001 | 0010 ] 0011 l T I J |
f— Master address — -
Conditions as
a slave unit

0000
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5.2.2 SETSA command (Command code: 1H)
(1) Functions
@ Sets up the slave address (12 bits)
(@ Sets up the communications mode (mode 0, mode 1, mode 2)

Table 5-6 Communications Mode and Settings

Communications mode Value of command parameter
0 OH
1 8H
2 CH

The slave address and communications mode established by the SETSA command will remain at the speci-
fied values as long as a reset is not sent through the Not Reset pin. (Even in the case of a reset through
the software, the slave address and communications mode will remain at the specified values.)

@ It will clear the write data buffer after the 2-byte command parameters (slave address and communications
mode) have been read from the write data buffer.

(2) Examples
The content of the write data buffer and the command register are as indicated below when the INIT command
specifies that the slave address is 024H and the communications mode is mode 2.

f—— First byte ——}—— Second byte ——}—— Third byte ——}—— Fourth byte —

woa[ o0 | ooto [ oo [ 1100 | I i 1 1

f— Slave address —f -

Communications

11-3-28



N E C uPD6316

5.2.3 MREQ1 command (Command code: 2H)

(1) Functions
This command executes master communications (transmissions or receptions). After execution of the com-

mand, master unit communications will begin. As long as it does not lose at arbitration, the master unit will
communicate with the slave unit at the slave address specified by the SETSA command.

@ Sets up the control bits (4 bits)

@ Sets up the number of transmit data bytes (8 bits, during transmission)

Table 5-6 Number of Transmit Data Bytes Settings

Number of transmit data bytes Command parameter
1 byte 1H
2 bytes 2H
i |
I 1
1 |
| l
255 bytes FFH
256 bytes 00H

Note: The maximum number of transmit data bytes will vary with the communications mode. |f the transmission of the number
of data bytes specified by the MREQ1 command does not finish within one frame, a communications error will be generated

and communications will stop.

@ It establishes the transmit data (during transmission)

(2) Command execution conditions
The read data buffer must be empty. If the read data buffer receives data from another unit and a command is

sent there while that data is still in the buffer, the MREQ1 command will be ignored and will not execute.
(3

Examples
The content of the write data buffer and the command register when the control bit is AH (command write

and lock), when 4 bytes of data will be transmitted, and when the transmitted data will be placed at 12H,
34H, 56H and 78H by the MREQ1 command is as indicated below.

f—— First byte ——j—— Second byte A Third byte o Fourth byte —{
wDB I 1010 I 0000 l 0000 l 0100 [ 0001 l 0010 I 0011 J 0100 J

k- Control =~ Always =¢— Number of =~ —f—  Data first ——f— Datasecond —|
bits 0000 transmit data byte byte

bytes
CMR 0100 0010

Note: Setup transmit data 56H and 78H when the above parameters are read and the write data buffer is empty.
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5.24 MREQ2 command (Command code: 3H)

(1) Functions
The command re-executes a master communication (transmission or reception). |f a master communication
was stopped for the following reasons, this command will re-execute the command from the stopped condition.
(‘D The generation of a master communications error.
@ The gancellation of a master communications command (MREQ1, MREQ2)

(2) Command execution conditions
The read data buffer must be empty. If the read data buffer receives data from another unit and a command
is sent there while that data is still in the buffer, the MREQ2 command will be ignored. It will not execute.

(3) Examples
The content of the write data buffer and the command register are as indicated below when the MREQ2 com-
mand executes once again an MREQ1 commmand in a communications halted condition when generating a
transmission timing error after the transmission of 2 bytes (12H and 23H) in mode 1.

f—— First byte ——k—— Second byte ——p—— Third byte ——}—— Fourth byte —|

WDBIJ101 rono ] 0111 [ 1000 [ | [ J I

Data to be transmitted upon
re-execution of the command |

The control bit and number of transmit data bytes can be the same as those for the previously specified MREQ1

command.
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5.25 ABORT command (Command code: 4H)
(1) Functions
This command aborts master communications and slave unit transmissions.
@ It resets a master request.
@ It clears the data from the write data buffer.
@ It cancels slave transmit data.
(2) Examples
The content of the write data buffer and the command register are as indicated below when the master unit
begins communications as in the MREQ1 command example, generates a communications error and the 2
bytes of transmit data (12H, 34H) remaining in the write data buffer are canceled by the ABORT command.

Before execution of the ABORT command

f—— First byte ———— Second byte ——— Third byte ——}—— Fourth byte —{

WDBI 0001 l 0010 ] 0011 I 0100 ] I ] l ]

After execution of the ABORT command

f—— First byte ——}—— Second byte o} Third byte 4 Fourth byte —j|

woe| | ] | ( | l [

The data in the write data buffer will be cleared out.
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5.2.6 SETSD command (Command code: 5H)

(1) Functions
This command specifies the data to be transmitted to the master unit when a data read and lock (control bit
3H) or a data read and cancel lock (control bit 7H) are received from the master unit.
@ Specifies the number of transmit data bytes (8 bits).

Table 5-7 Number of Transmit Data Bytes

Number of transmit data bytes Command parameter

1 byte 1H

2 bytes 2|H
|
| |
’ :
l

64 bytes 40H

Note: The il number of it data bytes will vary with the communications

mode. If the transmission of the number of data bytes specified by the MREQ1
command does not finish transmitting within one frame, a communications error
will be generated and communications will stop.

® Specifying transmit data
When the SETSD command is executed, the content of the command remains as is except in the following
situations:
e If 1 byte or more of data is transmitted to the master unit and the communication ended.
e If a memory address write and lock (control bit 8H) are received from the master unit and the memory
address is 1 byte or larger.
e When a reset takes place.

Note: If a slave transmission stop is specified by the INIT command, do not execute a SETSD command.

(2) Examples
The content of the write data buffer and the command register when the number of t