TOSHIBA TMPA8827CMNG /CPNG /CSNG
Prel | m | nary TOSHIBA CMOS Integrated Circuit  Silicon Monolithic

TMPA8827CMNG /CPNG /CSNG

MCU and Signal Processor for a PALINTSC/SECAM TV

The TMPA8827CMNG /CPNG /CSNG is an integrated circuit
for a PAL/ NTSC/SECAM TV. A MCU and a TV signal processor
are integrated in a 64-pin shrink DIP package. The MCU
contains 8-bit CPU, ROM, RAM, 1/O ports, timer/ counters, A/D |
converters, an on-screen display controller, remote control el !il.','; 1k
interfaces, 11C bus interfaces and the Closed Caption decoder. oy PRI '_'. N TELL R
The TV signal processor contains PIF, SIF, Video, multi-standard il et
chroma, Deflection, RGB processors.

MROM: TMPA8827CMNG (ROM 32k) CMPHA-P.TS0.1. TR

TMPA8827CPNG (ROM: 48k)
TMPA8827CSNG (ROM: 64Kk)
OTP: TMPA8827PSNG

Weight: 8.85 g (typ.)
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TOSHIBA

TMPA8827CMNG /CPNG /CSNG

Features
MCU

High speed 8-bit CPU (TLCS-870/X series)
Instruction execution time: 0.5 ps (at 8 MHz)
(TMPA8827CMNG)

32-Kbytes ROM, 2-Kbytes RAM
(TMPA8827CPNG)

48-Kbytes ROM, 2-Kbytes RAM
(TMPA8827CSNG)

64-Kbytes ROM, 2-Kbytes RAM
ROM correction
12 1/O ports
14-bit PWM output 1 ch for a voltage synthesizer
7-bit PWM output 1 chan

8-bit A/D converter 3 ch for a touch-key input with
key ON wake-up CIRCUIT

Remote control signal preprocessor

Two 16-bit internal timer/counter 2 ch

Two 8-bit internal timer/counter 2 ch

Time base timer, watchdog timer

16 interrupt sources: external 5, internal 11
11C bus interface (multi-master)

STOP and IDLE power saving modes

TV Processor

IF

Integrated PIF VCO aligned automatically
Negative demodulation PIF

Multi-frequency SIF demodulator without external
Tank-coil

Video

Integrated chroma traps
Black stretch
Y-gamma

Chroma

Integrated chroma BPFs
PAL/NTSC/SECAM demodulation

CCD Decoder

Digital data slicer for NTSC

(ON1D)

Clock generation for OSD display
Font ROM characters: 384 characters

Characters display: 32 columns x 12 lines

Composition: 16 x 18 dots
Size of character: 3 (line by line)

Color of character: 8 (character by character)

Display position: H 256/V 512 steps
BOX function

Fringing, smoothing, Italic, underline function

Conform to CCD REGULATION
Jitter elimination

RGB/Base-Band

Integrated 1 H base-band delay line
Base-band TINT control

Internal OSD interface

Half-tone and transparent for OSD
External YCbCr interface for DVD
RGB cut-off/drive controls by bus
ABCL (ABL and ACL combined)

Sync.

Integrated fH x 640 VCO
DC coupled vert. ramp output (single)
EW correction with EHT input
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TOSHIBA TMPA8827CMNG /CPNG /CSNG

Block Diagram
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TOSHIBA TMPA8827CMNG /CPNG /CSNG

Basic Structure

1. Internal Connections
TMPA8827 has two pieces of IC chip in one package, using Multi-Chip-Package (MCP) technology. One is
a micro controller (MCU) and the other one is a signal processor (SP) for a color TV. There are some
internal connections between these two ICs for handling below signals.
Signal Name Direction Description
1 SCL Mto S Internal 11C bus SCL
2 SDA Bi-direction Internal 1IC bus SDA
3 OSDR Mto S OSD signal connection
4 OSD G Mto S OSD signal connection
5 osbhB Mto S OSD signal connection
6 OSD Y/BL Mto S OSD display control
7 OsSD I, CsS ouT Mto S OSD half-tone control/Test pattern signal
8 C-Video StoM Composite video signal from internal video switch, for CCD
9 C-Sync StoM Composite sync. signal from sync. Separator, for CCD
10 (HD StoM Horizontal timing pulse regenerated from FBP, for OSD
11 |VD StoM Vertical timing pulse from sync. Separator, for OSD
12 |CLK Mto S 8 MHz clock
13 |AVpp Mto S Reference voltage for C-Video interface
14 | ADC StoM A/D converter monitoring RF-AGC, R-Y and B-Y
Functions of SP from MCU are controllable through the 11C bus of the internal connections.
2. Power Supply
TMPA8827 has some power supplys and GND pins. Power supplies related MCU must be applied at the
first. Power supplies for H.Vcc and TV D.Vcc are the second with at least 100 ms delay after MCU power
ON. The other power supplies are the last, which are recommended to be supplied from a regulator circuit
using FBP.
3. Crystal Resonator

TMPAB8827 requires only one crystal resonator, in stead that a conventional two-chip solution requires
two resonators at least, one for MCU and the other one for SP. An oscillation clock with the crystal
resonator of TMPAB8827 is supplied for MCU operation, PIF VCO automatic alignment, alignment free AFT,
chroma demodulation and horizontal oscillation. The oscillation frequency is very important so that those
of functions work properly, so that designing the oscillation frequency accurately is required. The spec of
crystal is recommended to be within

fosc: 8 MHz +/-20 ppm
ftemp: 8 MHz +/-40 ppm (-20°C to +65°C)

While RESET of MCU is active, the MCU function stops. Hardware and software initialization sequence
including power supplies control is required, because status of any hardware after the RESET period is
unknown especially horizontal oscillator which is a very basic timing generator of SP operation.




TOSHIBA TMPA8827CMNG /CPNG /CSNG

Terminal Interface

MCU Block
Pin . . N
No. Pin Name I/0 Function Interface Circuit
Key-on @
Wake-up
o—l%
x 5kQ
P61/LED1/ [I/O p
ADC 8 bit o w
ilo
(/KWU5) (input) Key on wake up ) § N
1 input @
(AIN5) (input) A/D converter Initial “Hi-z"

analog input
(LEDY) (output) High current sink +
open drain output Disable

Key-on @

Wake-up
0—%
x 5kQ
PEO/ADC  [1/0 s CD ILL
8 bit 2o =2
a N
(/KWU4) (input) Key on wake up
2 input @
(AIN4) (input) A/D converter Initial “Hi-Z”
analog input
x |—o< I:I ]
Disable
. @
9
Key-on O
> > Wake-up
P53/ADC l{e]
8 hit/TC1/ 'P—Ib——
Int2 T |5k
. ] b o n Initial “Hi-Z”
(/KWUO0) (input) _Key on wake up =2 15 |_CC[3_“_
input S N
3 | (AINO) (input) A/D converter @
analog input
(TC1) (input) Timer/counter Foq:‘,_< Disable
input
x
(INT2) (input) External interrupt
input
. @
Power
4 |uP DVss GND O
Supply
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Pi . . N
Ng] Pin Name 1/0 Function Interface Circuit
’ ©
G
4
x ::o
N
N
Reset signal input
or watchdog timer 1000
5 |/Reset /0 output ) @
Address trap
reset output
x
. @
©
x %
Osc. enable
—>
® U
6 | XouT Output X'tal connecting
7 | XIN Input pins @ e+ fc
7
1.2 MO
X X
@
Test pin for
8 TEST Input Out-gOlng test.
Be tied to low.
4| CPU core |
Power Vbp
9 gl?/DVDD @_o—' Digtal curcuit |
Supply Supply 5V
4| Slicer |
Power ;
GND for Slicer
10 |uP Wss circuit .
Supply
54 |UP Power GND for .
MPAGND Supply Oscillator circuit
Vpp for OSD
55 g'?/AVDD Power Oscillator circuit () OSD Oscillator
Supply
Supply 5V




TOSHIBA
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Eg‘ Pin Name IIo Function Interface Circuit
©
>
I/
Initial “Hi-Z"
jte lﬂ —
o
o
—
56 |P56 /0 ©6)
| $0—< Disable
. @
©
>
I/
o (s nitial “Hi-Z”
3= o
P52/SDA | I/O S lzl Open drain
57 (SDA) (I/0) IIC bus serial @ output enable
data input/output
| :q:0—< Disable
. O,
©
s
o
I/
o |_OC'b_‘ Initial “Hi-Z:;<}
P51SCL |10 18 lzl Open drain
58 |(scL) (1/0) IIC bus serial ©9) output enable
clock input/output
| C@a—( Disable
. @
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Pin

No Pin Name I/0 Function Interface Circuit
©
P50/PWM | 1/O @
7 bit'TC2/ x
Int0 Initial “Hi-Z"
<;G —
(/PWM8) (output) 7-bit D/A 8
conversion -
59 (PWM) output @
(TC2) (input) Timer/Counter
input FO@._( Disable
(/INTO) (input) External interrupt x
input

V4

Initial “Hi-Z”

PAO/PWM | 1/0 z FC 5
14 bit
®

60 | sPwMO) (output) 14/12-bit DIA
conversion
(PWM) output

100 Q

ﬁ

> Disable

[
bsj
x =

P20/Int5/ 110 |G

StOp <;§

(/INT5) (input) External interrupt

61 input @
(/STOP) (input) STOP mode

release signal

input *= I o<}
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Eg] Pin Name I/0 Function Interface Circuit
©
[
Jsj
r'y =
P31Int4/  |I/O B ,_[nitial “Hi-Z*
TC3 518 lfl
-
(INT4) (input) External interrupt
62 input @
TC3 input Timer/Counter
(TC3) (input) input FO@._( Disable
x
. @
©
IS
Jsj
ry -
P30/Int3/ l{e] o
RXIN o Initial “Hi-Z'
(INT3) (input) External interrupt ::§ lEl
63 input @
(RXIN) (input) Remote control
signal )
preprocessor |_O<z:0—< Disable
input =
. @
O)
™S
x =
LC
2o
o
—
P63/LED2/ [I/O
64 ®
(LED2) (output) High current sink Initial “Hi-Z"
open drain output
r'y .
}_Oq__,; Disable
. @
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Signal Processor Block

Pin Pin Name Function Interface Circuit .I/O

No. Signal

11 | Tv AGND GND terminal for 0 O
Analog block.

VDP
v
x
) Input terminal for
12 |FBPin 12 ®
FBP. @ 200Q | 10kQ N
AFC2
+ BLK
GP
> >
0 L
- (32

v FHP
Output terminal for
13 |HOUT Horizontal driving b
pulse. H sC
N
A 2 !
Low Vcc:
2 Stop

1kQ
1kQ

2kQ

Terminal to be
connected capacitor
for HAFC filter.

14 |HAFC1 14
This terminal O 207 Q HVSYNC
voltage controls
H VCO frequency. )"

@

10
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Pin Pin Name Function Interface Circuit .I/O
No. Signal

4 kQ
4 kQ

Terminal to be
connected capacitor
to generate V saw

15 |V saw signal. @ ° . o 5
V saw amplitude is VAMP/EW

kept constant by
V AGC function.

Output terminal for
16 |V ouT Vertical driving
pulse.

50 kQ

Vcc terminal for Horizontal Proc. |

17 H-VCC 9qV DEF circuit. () ® 0

Supply 9 V. Vertical Proc. |

SECAM
det

< BpF
Terminal to be < TOF

18 | S Filter connected capacitor ‘—4 ] |
for SECAM filter. ® 8kQ

\ A 4

2kQ

@ (P 6.5k Q

q
[
/N

=

11
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Pin 110

Pin Name Function Interface Circuit .
No. Signal

S S
4 4
o o
— —
x c
= ¢
g &
S
o p
) Input terminal for -
19 | Cbinput Cb signal. @ 1.5 kQ "ﬂ
_I; J_‘ [ LPF ———>
x

Input terminal for Y
signal.
20 |Y input
(Input level =1
Vp-p)
o] o]
a4 a4
o o
- -
x
p g [
. o
Input terminal for Cr S «
signal. 0 g
. —
21 | Crinput It is recommended @ o s bﬂ
that input '
impedance is low. ’_‘; ;1—‘ ¢ LPF —e—>
x T
>
ég m.l v
NI
22 | Tv DGND GND terminal for 0 0

Digital block.
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Pin Pin Name Function Interface Circuit .I/O
No. Signal

S S
X 4
o] To) To)
4
S
x -
S S
X< X
o5 o
SIE
Input terminal for M@ >
23 |CIN Chroma signal. @ 15kQ 9
n

nl
L]
Y125V
Q
IZ
)
O
‘ C
e
®
=

Input terminal for

EXT CVBS/Y | Video signal.
24
(V2 IN) (Input level =
1Vp-p)
LC
=< %
N
=G
=5
[$2]
; 2)
Vcc terminal for @@
Digital block. 33V g
<’o
This terminal ™
voltage is clipped 1
about 3.3V by =
25 |TVDvce regulator circuit. 0
Supply TV DVcc
voltage from HVcc ps I

@

(#17) voltage via
270Q.

H, V-C/D |

NCO |

s

DDS Logic |




TOSHIBA TMPA8827CMNG /CPNG /CSNG

Pin 110

Pin Name Function Interface Circuit .
No. Signal

@

Output terminal for
fsc wave signal.

26 |fsc out
(Output level =
0.55 Vp-p typ.)

30kQ
2kQ

2kQ

Input terminal for [
27 | ABCL ABLIACL control. | @ :|>_’ ACL

Output terminal for
28 | EW out East-West
correction signal.

14
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Pin Pin Name Function Interface Circuit .I/O
No. Signal

4| RF AGC |
|>—| IF AGC |
Vcc terminal for IF
29 |[IFvecov | cireuit >—| I-DET | 0
Supply 9 V.
o—| SIF2 BGR |
4| Audio ATT |

»
< 200 Q

A

lout

A

Output terminal for
detected PIF signal.

30 [TVout
(Output level =
2.2 Vp-p)
c
o
o
r'y 0
Output terminal for
31 | SIFout detected SIF signal.

15
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Pin Pin Name Function Interface Circuit .I/O
No. Signal

Input terminal for
32 [EHTIin EHT feedback
signal.

H.correc/ Input terminal for H

33 ' correction and 2™
SIF in SIE.

x
) lo g
© = =
. o o
Terminal to be ) N N
connected capacitor
34 |DCNF for DC Negative @ S0
Feedback from SIF
Det output. EEI

»
6 kQ
o———
20 pF

@

16
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Pi . . L I/0
n Pin Name Function Interface Circuit .
No. Signal
Cl)
Terminal to be
connected with loop
filter for PIF PLL.
35 | PIFPLL >
This terminal
voltage is controlled
PIF VCO frequency.
)
Vcc terminal for IF 4| PIF Proc. |
36 |IFVecsV  |cireut Go—9 O
Supply 5 V. 4| SIF Proc. |
®
c G G
"4 x "4
x o L —
. =G —> <,t
Terminal to be ) :»i s
connected capacitor
37 |S-RegF for stabilizing @ 500 O i
internal bias. T >
|
500 Q gl o
x 2 S
15 lg
GG
G c c G
o o o o
o o o o
© © © ©
x
Terminal to be P
Deemph / connected capacitor _5kQ 2.5kQ
38 Audi out for SIF Det @ ha
De-Emphasis. Vv
+ 1kQ AF_TV

17
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Pin Pin Name Function Interface Circuit .I/O
No. Signal
° ° @
c
o
o
x 0
Terminal to be
39 |IFAGC connected with IF | (39) AGC
AGC filter. DET
il W—@—W
LG
F (I)
Te)
40 |1F GND G_ND_ terminal for IF 0 0
circuit.
@
Lo sy
Input terminals for
IF signals. @ I
41 20 pF 1.44 kQ
IF IN Pin 41 and Pin 42 P
42 are both input poles
of differential @ 20“ =
amplifier. P 4
AW >
1.44 kQ 0
x 7 lo o
SX
©
®
x
Output terminal for Y
43 |RF AGC RF AGC control @3 2002 o 208682
level. T
o]
s
18 ADJ
x RFAGC
*—>
c
<X
s
™

18
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Base Band Proc. |

:\Dl:: Pin Name Function Interface Circuit Silg/;(r?al
4| Y Proc. |
Vcc terminal for
44 |YCVeesV | Y/Ccircuit >—| Chroma Proc. | O
Supply 5 V.
—

Output terminal for
CVBS or Y signal
selected by BUS
(video SW).

45 | Monitor out

SVM/MONITOR

Terminal to be
connected with
Black Det filter for
black stretch.

46 | Black Det

@®

Black Black
: Detection Stretch
(e}
4
<
o 22 g g
"4 "4
L © ©
3 >
=0 \
I N

19
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Pin Pin Name Function Interface Circuit .I/O
No. Signal

1.5kQ

Terminal to be
connected with
APC filter for

APC Fil Chroma 500 Q APC >
47 | (Chrome PLL | demodulation. @ 500‘ DET
filter) This terminal
voltage controls l
frequency of VCXO. +
BGP
G G
4 4
© ©
r'y
r—>
Input terminal to
48 | IKin sense AKB cathode | (48 ®
current. O 1kQ N
J
x
v

RGB Switch |

Vcc terminal for

RGB Vcc RGB circuit. >—| - [ |
49 RG Cut-off Drive B

Supply 9 V.

AKB |

20
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Pin Pin Name Function Interface Circuit .I/O
No. Signal

Z—ll
< )
®

Output terminal for 100 Q
50 |ROUT R signal. ._4

il

11V

HVBLK

200 Q
o—i

.Z—“
< )
®

Output terminal for 100 Q
51 jeour G signal. () ‘

"]

11V

200 Q
o—i

HVBLK

r/—ll
®

Output terminal for 100 Q
52 | BOUT B signal. @ !

]

1.1V

200 Q
o—i

HVBLK
f &

GND terminal for

53 | TVAGND Analog block.




TOSHIBA

TMPA8827CMNG /CPNG /CSNG

Microcontrollers Descriptions (MROM version: TMPA8827CMNG /CPNG /CSNG)

TV signal processor interface
CLK P32 P33 P64 to P67 P70, 71 P57 P54 P34, 35
A A A A A
. - VD
Display |—\| Character R, G, B, Jitter <
Memory [—| ROM Y/BL Elimination (€
f? { } HD CSOUT
Power Supply | v y \
N : A
up AVbp R!ng On-screen display circuit
up MPAGND > Oscillator
ii 5‘:’ .P7 .P5

Power Supply <> <> ﬁJ ii

up DVpp > | TLCS-870/X | |Data Memory

up DVss > | CPU core (RAM) 4| Data Slicer | | ROM corrective circuit |

up VVss ii 7
Reset I/O Test Pin \ | Proaram Counter |

u
RESET < > Interrupt Controller }( 9
TEST S System Controller c K C ; K c ] c ii r A
> Standby Controller <

Resonator — | Time Base 16-bit 8-bit Program Memory
Connecting Pins Timing Generator Timer Timer Timer/Counter (ROM)

XIN > High Clock TC1 | TC2 TC3 | TC4 >

Watchdog
XOuT > frequency | Generator Ti N/ /
imer
Inst. Register
,_l } L Inst. Decoder
AN
DA Converter 8-bit Key on m Video signal Remote Serial Bus
(PWM) AD wake up output control signal Interface
| K T K T | L] T

%

P60 to P61, 63
1/0 Ports

N

P50 to P53, 56 P30, 31

P20 P40

22
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Operational Description

1. CPU Core Functions

The CPU core consists of a CPU, a system clock controller, and an interrupt controller.
This section provides a description of the CPU core, the program memory, the data memory, the external
memory interface, and the reset circuit.

1.1 Memory Address Map

The TMPA8827CMNG /CPNG /CSNG memory consists of four blocks: ROM, RAM, SFR (special
function register), and DBR (data buffer register). They are all mapped to a 1 Mbyte address space.
Figure 1.1.1 shows the TMPA8827CMNG /CPNG /CSNG memory address map. There are 16 banks of
the general-purpose register. The register banks are also assigned to the RAM address space.

Note: ROM; Read Only Memory includes

Program memory
Vector tables

00000
SFR P 64 bytes RAM; Random Access Memory includes
0003F v
00040 General-purpose Data memory
| 128 bytes register banks Stack
) 8 registers x 16 banks
'“';‘Z"\‘Aa' 88835 (8 reg ) General-purpose register banks
2048 bytes SFR; Special Function Register includes
008BF
1/0 ports
00E80 Per?pheral control registers
128 bytes DBR Peripheral status r(-?glsters
0OREF System control registers
Interrupt control registers
04000 Program Status Word
NN Note. 1 SN DBR; Data Buffer Regiseter includes
ROM
1/0 ports
Note. 1 Peripheral control registers
Peripheral status registers
FFFOO0
! 64 bytes Entry area for page
FFE3F
FFF40 Vector table for vector call call instruction
FFE7E 64 bytes instruction (16 vectors)
FFIEZSO Vector table for interrupts
| 128 bytes (32 vectors)
FFFFF

Note1: TMPA8827CMNG 32k = BEFF(32512 bytes)
TMPA8827CPNG 48k = FEFF(48896 bytes)
TMPA8827CSNG 64k = 13EFF(65280 bvtes)

Figure 1.1.1 Memory Address Maps

1.2 Program Memory (ROM)

The TMPA8827CMNG contains a 32-Kbyte program memory (mask ROM) at addresses from
04000H to BEFFH and FFFOOH to FFFFFH.

The TMPA8827CPNG contains a 48-Kbyte program memory (mask ROM) at addresses from
04000H to FEFFH and FFFOOH to FFFFFH.

The TMPA8827CSNG contains a 64-Kbyte program memory (mask ROM) at addresses from
04000H to 13EFFH and FFFOOH to FFFFFH.

23
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13

1.4

Data Memory (RAM)

The TMPA8827CMNG /CPNG /CSNG has a 2 Kbytes (addresses 00040H to 008BFH) of data
memory. General-purpose register banks (8 registers x 16 banks) are also assigned to the 128 bytes of
addresses 000404 to 000BFH.

The general-purpuse registers are mapped in the RAM; therefore, do not clear RAM at the current
bank addresses.

Example: Clears RAM to “O0H” except the bank 0 (TMPA8827CMNG /CPNG /CSNG):
LD HL, 0048H; Sets start address to HL register pair
LD A, H; Sets initial data (O0H) to A register
LD BC, 0877H; Sets number of byte to BC register pair
SRAMCLR: LD  (HL+), A
DEC BC
JRS F, SRAMCLR

Note: The data memory contents become unstable when the power supply is turned on; therefore, the
data memory should be initialized by an initialization routine. Note that the general-purpose
registers are mapped in the RAM; therefore, do not clear RAM at the current bank addresses.

System Clock Controller

The system clock controller consists of a clock generator, a timing generator, and a stand-by
controller.

Timing generator control register

| TBTCR |
1mmm- Clock tor ----- '
| ock generator | 000361,
XIN i Pfc Qj J
: High-frequency I 4 Timin
= ! clock oscillator ! g Stand-b troll
: : generator and-by controller
< :
XOouT ! :
. 222 ;| ooossnq T 000394 [
! ! Y y
SR e System clocks | svscrt | | svscrz |
Clock generator control
System control registers
TV signal processor .| TVsignal
clock generator processor

00FFDy ﬁ
VTSTCR

TV signal processor clock control register

Figure 1.4.1 System Clock Controller

24
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visteR 7 6 5 4 3 2 1 0
(OFFDH)|CLKEN| 0 | O | O | o i o} o | o | (initial value: 1000 **+*)
1 1 1 1
0: Disable (HiZ Output) Write

CLKEN | CLKOUT Enable

1: Enable (8MHz Clock Output) only

Note: Accurate Adjustment of the Oscillation Frequency:

Although hardware to externally and directly monitor the basic clock pulse is not provided, the
oscillation frequency can be adjusted by making the program to output fixed frequency pulses to the
port while disabling all interrupts and monitoring this pulse. With a system requiring adjustment of
the oscillation frequency, the adjusting program must be created beforehand.

Figure 1.4.2 TV signal processor clock generate register

1.4.1 Timing Generator

6]

The timing generator generates from the basic clock the various system clocks supplied to the CPU
core and peripheral hardware. The timing generator provides the following functions:

1) Generation of main system clock

2) Generation of source clocks for time base timer

3) Generation of source clocks for watchdog timer

4) Generation of internal source clocks for timer/counters TC1-TC4
5) Generation of warm-up clocks for releasing STOP mode

6) Generation of a clock for releasing reset output

Configuration of timing generator

The timing generator consists of a 21-stage divider with a divided-by-3 prescaler, a main system
clock generator, and machine cycle counters.

During reset and at releasing STOP mode, the prescaler and the divider are cleared to “0”, however,
the prescaler is not cleared.

An input clock to the 7th stage of the divider depends on the operating mode.

A divided-by-256 of high-frequency clock (f¢/29) is input to the 7th stage of the divider.
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fm . —>» machine cycles
machine cycle counters

—>
DV1CK (>c states

Y

i prescaler = divider divider
High o S for2®
frequency 012 AY—>1 2(3[(4|5(|6 > 7(8|9(10({11]12]13[14[{15[16(17|18(19|20|21
clock L 1B > Reset circuit
o> Stand-by
< ”/ controller
Timer/ 3 #3 | Watchdog
Counter < 3 Timer
) —
> | Time Base
> | Timer
D1 >
DO
> Divider
> |output
SG >/ circuit
JITTA
Figure 1.4.3 Configuration of Timing Generator
(000301) 0 0 DV1CK 0 0 0 0 0 (initial value: 0000 0000)
DVACK Selection of input clock to the 0: fc/4 Write
1" stage of the divider. 1: fc/8 only
Note 1: fc; high-frequency clock [Hz] =; Don’t care
Note 2: The all bits except DV1CK are cleared to “0”.
Figure 1.4.4 DIVIDER Control Register
FC8CR wrm wry» _—
(OOFEER) O O O O O O 0 0 (initial value: **** **1Q)
D1 DO FC8OUT
0 0 11 fc

Figure 1.4.5 FC8OUT Control Register
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(2) Machine cycle
Instruction execution and peripheral hardware operation are synchronized with the main system
clock. The minimum instruction execution unit is called a “machine Cycle”. There are a total of 10
different types of instructions for the TLCS-870/X Series: ranging from 1-cycle instructions which
require one machine cycle for execution to 15-cycle instructions which require 15 machine cycles for
execution.
A machine cycle consists of 4 states (SO to S3), and each state consists of one main system clock.

Y
e | | | ] L L L
State S0 S1 S2 s3 so | st | s2 | sz |

<«———— Machine cycle ———— >

(0.5 ps at fc =8 MHz)

Figure 1.4.6 Machine Cycle

1.4.2 Stand-By Controller

The stand-by controller starts and stops the switches the main system clock. These modes are
controlled by the system control registers (SYSCR1, SYSCR2).

Figure 1.4.5 shows the operating mode transition diagram and Figure 1.4.6 shows the system
control registers.

Single-Clock Mode
In the single-clock mode, the machine cycle time is 4/fc [s] (0.5 ps at fc = 8 MHz).

a. NORMAL mode
In this mode, both the CPU core and on-chip peripherals operate using the high-frequency
clock.

b. IDLE mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer
are halted; however, on-chip peripherals remain active (operate using the high-frequency clock).
IDLE mode is started by setting IDLE bit in the system control register 2 (SYSCR2), and IDLE1
mode is released to NORMAL mode by an interrupt request from on-chip peripherals or external
interrupt inputs. When IMT (interrupt master enable flag) is “1” (interrupt enable), the execution
will resume upon acceptance of the interrupt, and the operation will return to normal after the
interrupt service is completed. When IMF is “0” (interrupt disable), the execution will resume
with the instruction which follows IDLE mode start instruction.

c. STOP mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption during this mode.

STOP mode is started by setting STOP bit in the system control register 1 (SYSCR1), and
STOP mode is released by an input (either level-sensitive or edge-sensitive can be programmably
selected) to the STOP pin. After the warming-up period is completed, the execution resumes
with the next instruction which follows the STOP mode start instruction.
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RESET

A 4

reset release

software software
IDLE NORMAL STOP
mode mode mode
interrupt STOP pin
input

(a) Single-clock mode

Note: NORMAL mode is generically called
NORMAL; STOP mode is called STOP; and
IDLE mode is called IDLE.

Frequenc -Chi i
Operating Mode q Y CPU Core POr.l Ehlpl MachT|r.1e Cycle
High-Frequency Low-Frequency eripherals ime
RESET reset reset
turning on
NORMAL oscillation wrning off operate operate 4/fc [s]
Single-Clock ng. P
IDLE oscillation
: halt
turning off
STOP oscillation halt 0
Figure 1.4.7 Operating Mode Transition Diagram
System Control Register 1
(00038H) | STOP | RELM | ‘0’ | “1? | wuT o of oo (initial value: 0000 00x+)
1
0: CPU core and peripherals remain active
STOP | STOP mode start 1: CPU core and peripherals are halted
(start STOP mode)
RELM Release method for STOP 0: Edge-sensitive release (rising edge)
mode 1: Level-sensitive release (“H” level)
Return to NORMAL mode RIW
DV1CK=0 DV1CK =1
16 17
WUT | Warming-up time at releasing 00 3 x27/fc 3x27/fc
STOP mode 01 2"%c 2" ltc
10 3x2"e 3x2"%c
11 reserved reserved
Note 1: Always set “0” in bit 5 of SYSCRH1.
Note 2: fc; High-frequency clock [HZz]
=; Don’t care
Note 3: Bits 1 and 0 in SYSCR1 are read in as undefined data when a read instruction is executed.
Note 4: Always set set “1” in bit 4 of SYSCR1 when STOP mode is started.
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System Control Register 2

SYSCR2 7 6 5 4 3 2 1 0
(00039H)| “pr | “Q” | “0" | IDLE| 0

O
O
O

(initial value: 1000 ****)

0: CPU and watchdog timer remain active
IDLE IDLE mode start R/wW
1: CPU and watchdog timer are stopped (start IDLE mode)

Note: =; Don’t care

Figure 1.4.8 System Control Registers

1.4.3 Operating Mode Control

(1) STOP mode
STOP mode is controlled by the system control register 1 (SYSCR1) and the STOP pin input. The
STOP pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP
mode is started by setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is
maintained.

1) Oscillations are turned off, and all internal operations are halted.

2) The data memory, registers and port output latches are all held in the status in effect before
STOP mode was entered.

3) The prescaler and the divider of the timing generator are cleared to “0”.

4) The program counter holds the address of the instruction following the instruction which started
the STOP mode.

STOP mode includes a level-sensitive release mode and an edge-sensitive release mode, either of
which can be selected with RELM (bit 6 in SYSCR1).

a. Level-sensitive release mode (RELM = 1)

In this mode, STOP mode is released by setting the STOP pin high. This mode is used for
capacitor back-up when the main power supply is cut off and long term battery back-up.

When the STOP pin input is high, executing an instruction which starts the STOP mode will
not place in STOP mode but instead will immediately start the release sequence (warm-up). Thus,
to start STOP mode in the level-sensitive release mode, it is necessary for the program to first
confirm that the STOP pin input is low. The following method can be used for confirmation:

Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Exampl: Starting STOP mode with an INT5 interrupt.
PINT5: TEST (P2). 0; To reject noise, the STOP mode does not start if port P20 is at high
JRS F, SINT5
LD (SYSCR1), 01010000B; Sets up the level-sensitive release mode.
SET (SYSCR1). 7; Starts STOP mode
LDW  (IL), 1110011101010111B; IL12, 11, 7, 5, 3 < O (clears interrupt latches)
SINT5: RETI
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STOP Pin \

O
e

XOUT Pin
NORMAL STOP 5 5
. . : Warm-up —><—— NORMAL
operation operation operation
Confirm by program that the STOP mode is released by the hardware.
STOP pin input is low and Always released if the STOP pin
start STOP mode input is high.

Note 1: After warming up is started, when STOP pin inputis changed “L” level, STOP mode is not
placed.

Note 2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the
release mode is not switched until a rising edge of the STOP pin input is detected.

Figure 1.4.9 Level-Sensitive Release Mode

b. Edge-sensitive release mode (RELM = 0)

In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is executed repeatedly at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the
STOP pin.

In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is
high.

Example: Starting STOP mode from NORMAL mode
LD (SYSCR1), 10010000B; Starts after specified to the edge-sensitive mode

STop /[ {)

STOP Pin \ VIH \ \
(
)

XOUT Pin

—~

S

"
P

NORMAL STOP NORMAL ! STOP

. . > Warm-up —»< . L
operation operation E operation operation
STOP mode started

by the program.

L STOP mode is released by the hardware
at the rising edge of STOP pin input.

Figure 1.4.10 Edge-Sensitive Release Mode

STOP mode is released by the following sequence:

1) When returning to NORMAL, clock oscillator is turned on.

2) A warming-up period is inserted to allow oscillation time to stabilize. During warm-up, all
internal operations remain halted. Two different warming-up times can be selected with
WUT (bits 2 and 3 in SYSCR1) as determined by the resonator characteristics.

3) When the warming-up time has elapsed, normal operation resumes with the instruction
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following the STOP mode start instruction (e.g. [SET (SYSCR1). 7]). The start is made after
the divider of the timing generator is cleared to “0”.

Table 1.4.1 Warming-Up Time Example

Warming-Up Time [ms]
WUT Return to NORMAL Mode
DVICK =0 DVICK = 1
00 3 x 2'%fc (12.29 m) 3 x 2"ffc (24.58 m)
01 2"%c (4.10 m) 2"fc (8.20 m)
10 3 x 2'fc (3.07 m) 3 x 2"%ffc (6.14 m)
11 reserved reserved

Note: The warming-up time is obtained by dividing the basic clock by the divider: therefore, the
warming-up time may include a certain amount of error if there is any fluctuation of the
oscillation frequency when STOP mode is released. Thus, the warming-up time must be
considered an approximate value.
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turn off
Oscillator
Circuit turn on
Main
System |||||||||||||||||||||||||||||||||||||||||||||||’_
Clock '
Program :
Counter :X at2 X at3

. halt
Exooution X SET (SYSCR1). 7 yha
Divider X n X n+1 X n+2 X n+3 X n+4 X 0

(a) STOP Mode Start (example: start with SET (SYSCRH1). 7 instruction located at address a)

Warming up

A
A4

STOP Pin
Input JE—

Oscillator

Circuit turn off turn on

Main
System
Clock

Program

Counter at3s X at4d X ats X atb X:

i halt
Efé;uu%fﬁ ( Instruction at address a + 2 X Instruction at address a + 3 )thruction at address a +4

Divider 0 count up 0 X 1 X 2 X 3 )C

(b) STOP Mode Release

Figure 1.4.11 STOP Mode Start/Release
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@

STOP mode can also be released by setting the RESET pin low, which immediately
performs the normal reset operation.

Note: When STOP mode is released with a low hold voltage, the following cautions must be
observed.

The power supply voltage must be at the operating voltage level before releasing STOP
mode. The RESET pin input must also be high, rising together with the power supply
voltage. In this case, if an external time constant circuit has been connected, the RESET
pin input voltage will increase at a slower rate than the power supply voltage. At this time,
there is a danger that a reset may occur if input voltage level of the RESET pin drops
below the non-inverting high-level input voltage (hysteresis input).

IDLE mode I
IDLE mode is controlled by the system control
register 2 and maskable interrupts. The following Starting IDLE mode by

instruction

1) Operation of the CPU and watchdog timer is ‘L
halted. On-chip peripherals continue to CPU, WDT are halted
operate.

2) The data memory, CPU registers and port
output latches are all held in the status in
effect before IDLE mode was entered.

3) The program counter holds the address of the
instruction following the instruction which
started IDLE mode.

status is maintained during IDLE mode.

N
>

Reset input Y

No (high)

Reset

Interrupt
request

Example: Starting IDLE mode.
SET  (SYSCR2). 4; IDLE 1 [Normal ] Yes

release mode
IDLE mode includes a normal release mode and
an interrupt release mode. Selection is made with

the interrupt master enable flag (IMF). Releasing Yes (interrupt release mode)
the IDLE mode returns from IDLE to NORMAL.

Interrupt processing

a. Normal release mode IMF =“0")

IDLE mode is released by any interrupt v
source enabled by the individual interrupt Execution of the instruction
enable flag (EF) or an external interrupt 0 which follows the IDLE mode
(INTO pin) request. Execution resumes with start instruction
the instruction following the IDLE mode start
instruction (e.g. [SET (SYSCR2). 4]). Normally, é

IL (interrupt latch) of interrupt source to
release IDLE mode must be cleared by load

instructions. Figure 1.4.12 IDLE Mode

b. Interrupt release mode IMF = “1”)

IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF) or an external interrupt 0 (INTO pin) request. After the
interrupt is processed, the execution resumes from the instruction following the instruction which
started IDLE mode.

Note: When a watchdog timer interrupt is generated immediately before the IDLE mode is started, the
watchdog timer interrupt will be processed but IDLE mode will not be started.
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Main
System
Clock

Interrupt
Request

Program
Counter

Instruction
Execution

Watchdog
Timer

Main
System
Clock

Interrupt
Request

Program
Counter

Instruction
Execution

Watchdog
Timer

Main
System
Clock

Interrupt
Request

Program
Counter

Instruction
Execution

Watchdog
Timer

JEEREREREREREEEREEERE RN

Uy uyuyywyuu

-

X

a+3

X

SET (SYSCR2). 4

halt

N~ T

operate

(a) IDLE mode start (example: starting with the SET instruction located at address a)

JEREREREpEpEpEREREREN

)

a+4 X

halt

halt

Instruction at address a + 2

operate

1) Normal release mode

JEEpEREEEREREREREREN

HEEN N

_f

({_

\

halt

/

halt

acceptance of interrupt

operate

2) Interrupt release mode
(b) IDLE Mode release

Figure 1.4.13

IDLE Mode Start/Release
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IDLE mode can also be released by setting the RESET pin low, which immediately performs the reset operation.
After reset, the TMPA8827CMNG /CPNG /CSNG is placed in NORMAL mode.
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1.5 Interrupt Controller

The TMPA8827CMNG /CPNG /CSNG has a total of 17 interrupt sources. Multiple interrupts with
priorities are also possible. Two of the internal sources are pseudo non-maskable interrupts; the
remainder are all maskable interrupts.

Table 1.5.1 Interrupt Sources

. Interrupt Vector .
Interrupt Source Enable Condition Latch Table Priority
Address
ntemall | (reser) Non-Maskable — FFFFCH High 0
Internal | INTSW (software interrupt) Pseudo — FFFF8H 1
Internal | INTWDT  (watchdog timer interrupt) non-maskable Ly FFFF4y 2
External [INTO (external interrupt 0) IMF-EF3 =1, INTOEN =1 IL3 FFFFOH 3
Internal | INTTC1 (16-bit TC1 interrupt) IMF-EF4 =1 ILg FFFECH 4
External |INTKWU (key-on-wake-up) IMF-EF5=1 ILs FFFE8H 5
Internal | INTTBT (time base timer interrupt) IMF-EFg =1 ILg FFFE4H 6
External [INT2 (external interrupt 2) IMF-EF7 =1 IL7 FFFEOH 7
Internal | INTTC3 (8-bit TC3 interrupt) IMF-EFg =1 ILg FFFDCH 8
Internal [ INTTSBI  (SBl interrupt) IMF-EFg =1 ILg FFFD8H 9
Internal [ INTTC4  (8-bit TC4 interrupt) IMF-EF109 =1 IL1o FFFD4ny 10
Internal | INT3 (external interrupt 3) IMF-EF11 =1 IL11 FFFDOH 11
Internal | INT4 (external interrupt 4) IMF-EF12 =1 IL12 FFFCCH 12
Internal | INTADC  (AD converter interrupt) IMF-EF13 =1 IL13 FFFC8H 13
Internal | INTTC2 (16-bit TC2 interrupt) IMF-EF14 =1 IL14 FFFC4y 14
External [INT5 (external interrupt 5) IMF-EF15 =1 IL15 FFFCOH 15
Internal | INTOSD  (OSD interrupt) IMF-EF16 =1 IL16 FFFBCH 16
Internal | INTSLI (slicer interrupt) IMF-EF17 =1 IL47 FFFB8H 17
reserved IMF-EF1g =1 IL1g FFFB4n 18
reserved IMF-EF19 =1 IL1g FFFBOH 19
reserved IMF-EF20 =1 IL2o FFFACH 20
reserved IMF-EF21 =1 IL21 FFFA8H 21
reserved IMF-EF22 =1 ILo2 FFFA4H 22
reserved IMF-EF23 =1 ILo3 FFFAOH 23
reserved IMF-EF24 =1 ILog FFFOCH 24
reserved IMF-EF25 =1 ILos FFF98H 25
reserved IMF-EF26 =1 IL2g FFF94y 26
reserved IMF-EF27 =1 ILo7 FFFO0H 27
reserved IMF-EF2g =1 ILog FFF8CH 28
reserved IMF- EF2g=1 IL2g FFF88H 29
reserved IMF-EF30 =1 IL3g FFF84ny 30
reserved IMF-EF31 =1 IL31 FFF80H Low 31

Note: When the interrupt Enable Flags (EF) is modified, set EF after clear to the Interrupt Master enable Flag (IMF).
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IL17 to Lo
AAAA A A
INTSW 5
Interrupt latch
INTWDT S L, Q
INTO Digital noise reject circuit S,
INTOEN _—O[}.% RS Q — 1 )
INTTCA S
S Rl 1O
INTKWU O S
»—C]D—»:rz> r'S Q 1 )
Priority
encoder > Vector table address
&
Vector
table
dd
address Non-maskable interrupts request
generator
D Interrupt request
Maskable [
interrupts
request 4-1>—> Release IDLE mode request
< Interrupt acceptance
INTOSD S |
0@1% R|L16 D_)
INTSLI S |
Q
IMF | Interrupt master enable flag
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv - [RETI] instruction during maskable
interrupt service
EINTCR IL31 to 3 write data Write EF31to EF3 [DI] instruction [RETN] instruction only when IMF was set
External interrupts control register strobe Interrupt enable flag Instruction which before interrupt was accepted
for IL clears IMF to “0” L [El] instruction
Internal reset Instruction which sets IMF to “1”

Figure 1.5.1 Interrupt Controller Block Diagram
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Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each
interrupt vector is independent.

The interrupt latch is set to “1” when an interrupt request is generated, and requests the CPU to
accept the interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled
by program using the interrupt master enable flag (IMF) and the individual interrupt enable flags
(EF). When two or more interrupts are generated simultaneously, the interrupt is accepted in the
highest priority order as determined by the hardware. Figure 1.5.1 shows the interrupt controller.

Interrupt latches (IL31 to IL2)

Interrupt latches are provided for each source, except for a software interrupt. The latch is set to
“1” when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to “0” just after the interrupt is accepted. All interrupt latches are initialized to “0” during
reset.

The interrupt latches are assigned to addresses 0003CH, 0003DH, 0002EH and 0002FH in the SFR.
Except for ILg2, each latch can be cleared to “0” individually by an instruction; however, the
read-modify-write instruction such as bit manipulation or operation instructions cannot be used.
When interrupt occurred during order execution, the reason is because interrupt request is cleared.
Thus, interrupt requests can be canceled and initialized by the program. Note that request the
interrupt latches cannot be set to “1” by an instruction. For example, it may be that each latch is
cleared even if an interrupt request is generated during instruction exection.

The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
request by software is possible.

Example 1: Clears interrupt latches
LDW (ILL), 1110100000111111B; IL1g2, IL10 to ILg — O

Example 2: Reads interrupt latches
LD WA, ILL); W < ILH, A — ILL

Example 3: Tests an interrupt latch
TEST (ILL). 7; if IL7 = 1 then jump
JR F, SSET

Interrupt enable register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the
pseudo non-maskable interrupts (software and watchdog timer interrupts). Pseudo non-maskable
interrupts are accepted regardless of the contents of the EIR; however, the pseudo non-maskable
interrupt cannot be nested more than once at the same time.

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags
(EF). These registers are assigned to addresses 0003AH, 0003BH, 0002CH and 0002DH in the SFR,
and can be read and written by an instruction (including read-modify-write instruction such as bit
manipulation instructions).

Note: Do not use the read-modify-write instruction for the EIRL (address 0003AH) during pseudo
non-maskable interrupt service task. If the read-modify-write instruction is used, the IMF is not set
to “1” after RETN.
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1)

2)

Interrupt master enable flag IMF)

The interrupt master enable flag IMF) enables and disables the acceptance of all maskable
interrupts. Clearing this flag to “0” disables the acceptance of all maskable interrupts. Setting to
“1” enables the acceptance of interrupts.

When an interrupt is accepted, this flag is cleared to “0” to temporarily disable the acceptance
of other maskable interrupts. After execution of the interrupt service program, this flag is set to
“1” by the maskable interrupt return instruction [RETI] to again enable the acceptance of
interrupts. If an interrupt request has already been occurred, interrupt service starts
immediately after execution of the [RETI] instruction.

Pseudo non-maskable interrupts are returned by the [RETN] instruction. In this case, the IMF
is set to “1” only when pseudo non-maskable interrupt service is started with interrupt
acceptance enabled (IMF = 1). Note that the IMF remains “0” when cleared by the interrupt
service program.

The IMF is assigned to bit 0 at address 0003AH in the SFR, and can be read and written by an
instruction. The IMF is normally set and cleared by the [EI] and [DI] instructions, and the IMF is
initialized to “0” during reset.

Individual interrupt enable flags (EF17 to EF3)

These flags enable and disable the acceptance of individual maskable interrupts, except for an
external interrupt 0. Setting the corresponding bit of an individual interrupt enable flag to “1”
enables acceptance of an interrupt, setting the bit to “0” disables acceptance.

Example 1: Sets EF for individual interrupt enable, and sets IMF to “1”.
LD (EIRE), 00000001B; EF16 ~ 1
LDW (EIRL), 1110100010100001B; EF15 to EF13, EF11, EF7, EF5, IMF — 1

Example 2: Sets an individual interrupt enable flag to “1”.
SET (EIRH). 4; EF12 ~ 1
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Interrupt Latches (IL)

IL 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
(0002E, T T R R R R T T R R R R
0002FR) | IL31 1 IL3p | IL2g | IL2g | ILo7 | ILog | IL2s | IL2g | Loz | IL22 | IL2q | Lo | IL1g | ILqg | IL47 1 IL16 |

ILp (0002Fp) ILg (0002ER)
(initial value: 00000000 00000000)

IL
(0003C, " iia | o oo T 1t e T e | e e e e o ]
0003DR) | IL15 I IL14 I IL13 I IL12 I IL11 I IL10 I ILg I ILg | IL7 I ILg I ILs I ILg I IL3 I ILo I |

ILH (0003Dp) ILL (0003Ch)
(initial value: 00000000 000000*x*)
Interrupt Enable Registers (EIR)

EIR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0002C, T EFa | EFoo | EFon | EF>r | EFor | EFor | T EF | EFor | EFor | EFro | EF1m | EF 1y |
0002DH) | EF31 1 EF30 | EF29 | EF2g | EF27 | EF26 | EF25 | EF24 | EF23 | EF22 | EF2q | EF20 | EF19 | EF1g | EF17 | EF16 |

EIRp (0002DH) EIRE (0002CH)
(initial value: 00000000 00000000)

EIR
(0003A, ! ! ! ! ! ! ! ! ! ! ! !
0003BR) | EF15 ! EF14 ! EF13 ! EFq2 ! EFq1 ! EF10 ! EFg ! EFg | EF7 ! EFg ! EFs i EF4 ! EF3 I | IMF |

EIRy (0003BH) EIR_ (0003AH)

(initial value: 00000000 00000**0)

Note 1: Do not clear IL with read-modify-write instructions such as bit operations.

Note 2: Do not set IMF to “1” during non-maskable interrupt service program.

Note 3: »; Don’t care

Note 4: Do not clear IL to “0” by an instruction.

Note 5: At TMPA8827CMNG /CPNG /CSNG, IL1g to IL34 and IF1g to IF31 are not used.
Note 6: After IMF is cleared, modify EF and IL.

Figure 1.5.2 Interrupt Latches (IL) and Interrupt Enable Registers (EIR)
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1.5.1 Interrupt Sequence

3

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0” by
a reset or an instruction. Interrupt acceptance sequence requires 12 machine cycles (6 s at fc =
8 MHz in the NORMAL mode) after the completion of the current instruction execution. The interrupt
service task terminates upon execution of an interrupt return instruction [RETI] (for maskable
interrupts) or [RETN] (for pseudo non-maskable interrupts). Figure 1.5.3 shows the timing chart of
interrupt acceptance processing.

Interrupt acceptance
Interrupt acceptance processing is as follows.

1) The interrupt master enable flag IMF) is cleared to “0” to temporarily disable the acceptance of
any following maskable interrupts. When a non-maskable interrupt is accepted, the acceptance of
any following interrupts is temporarily disabled.

2) The interrupt latch (IL) for the interrupt source accepted is cleared to “0”.

3) The contents of the program counter (PC) and the program status word (PSW) are saved (pushed)
on the stack in sequence of PSWH, PSW1L, PCE, PCH, PCL. The stack pointer (SP) is decremented
five times.

4) The entry address of the interrupt service program is read from the vector table, and set to the
program counter.

5) The RBS control code is read from the vector table. The lower 4-bit of this code is added to the
RBS.

6) The instruction stored at the entry address of the interrupt service program is executed.

Example: Correspondence between vector table address for INTTBT and the entry address of the
interrupt service program.

Vector table address Entry address
/_\/ /\/
FFFE4y| 434 :> CD243y4 l
FFFE5H D2H Vector CD244H Interrupt
FFFE6| 0CH CD245y service
RBS program
FFFE7H 06H control CD246H
/_\/ /\/

A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable interrupt
higher than the level of current servicing interrupt is occurred.

When nested interrupt service is necessary, the IMF is set to “1” in the interrupt service program.
In this case, acceptable interrupt sources are selectively enabled by the individual interrupt enable
flags.

Note: Do not use the read-modify-write instruction for the EIRL (address 0003AH) during pseudo
non-maskable interrupt service task.
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. Interr JEt service task
1 machine cycle
[ —

T T e O T (R B o
INT5 1

INTTBT ( ]

/
IL15

ILg

IMF 1 \rl
-Eti)éencu Instruction X
AddresS YW o X_ar 1 Yerrederreaerreayerre_n Xo- 1Xn-2Xn-3Xn-4X_b o+ Xor2X_
e X_ Xa X a+t X a X_o Xo+1Xo+2Xb+3X_
sP n A0 = 1Xn-2Xn-3Xn-4X n-o

RBS i X k=i+(FFFE7H).3-0

INF X

Interrupt acceptance Instruction)C

(a) Interrupt acceptance

Interrupt service task
| | | | | | | | |

IMF l(\

Y

Execution X RETI Instruction

P
Address Bus X C Xc+1Xn—4Xn—3Xn—2Xn—1X n X a Xa+1X:
PC :X c Xc+1X c+2 X a Xa+1Xa+2X:
SP n-5 Xn—4Xn—3Xn—2Xn—1X n
RBS k X i
INF X

(b) Return from interrupt instruction

Note 1: a; return address, b; entry address, c; address which the RETI instruction is stored.

Note 2: The maximum response time from when an IL is set until an interrupt acceptance processing starts is 62/fc
[s] with interrupt enabled.

Figure 1.5.3 Timing Chart of Interrupt Acceptance and Interrupt Return
Instruction
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(2) Saving/restoring general-purpose registers
During interrupt acceptance processing, the program counter (PC) and the program status word
(PSW) are automatically saved on the stack, but not the accumulator and other registers. These
registers are saved by the program if necessary. Also, when nesting multiple interrupt services, it is
necessary to avoid using the same data memory area for saving registers.

The following method is used to save/restore the general-purpose registers.

1) General-purpose register save/restore by automatic register bank changeover
The general-purpose registers can be saved at high-speed by switching to a register bank that
is not in use. Normally, the bank 0 is used for the main task and the banks 1 to 15 are assigned to
interrupt service tasks. To increase the efficiency of data memory utilization, the same bank is
assigned for interrupt sources which are not nested.
The switched bank is automatically restored by executing an interrupt return instruction
[RETI] or [RETNI]. Therefore, it is not necessary for a program to save the RBS.

Example: Register bank changeover
PINTxx: finterrupt processing|
RETI

VINTxx: DP PINTxx
DB 1;RBS « RBS+1

2) General-purpose register save/restore by register bank changeover
The general-purpose registers can be saved at high-speed by switching to a register bank that
is not in use. Normally, the bank 0 is used for the main tank and the banks 1 to 15 are assigned
to interrupt service tasks.

Example: Register bank changeover
PINTxx: LD RBS, n
linterrupt processing|
RETT; Restores bank and Returns

VINTxx: DP PINTxx; Interrupt service routine entry address

DB 0
main task main task
acceptance interrupt Switch to bank n by acceptance interrupt
bank m of interrupt _ service task LD, RBS and n ‘ of interrupt _ service task
,.-ﬁ? instruction .
saving
_ n Switch to bank n registers
time automatically
‘ m Restore to bank m .
P automatically by resForlng
[RETI/[RETN] registers
(—
‘ interrupt return
(a) Saving/restoring by register bank changeover (b) Saving/restoring using push/pop or data transfer instructions

Figure 1.5.4 Saving/Restoring General-Purpose Registers
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3) General-purpose registers save/restore using push and pop instructions
To save only a specific register, and when the same interrupt source occurs more than once, the
general-purpose registers can be saved/restored using the push/pop instructions.

Example: Register save/restore using push and pop instructions
PINTxx: PUSH WA; Save WA register pair
linterrupt processing|
POP  WA; Restore WA register pair
RETIL; Return

Address (example)
SP —>| 0023AH
A 0023B
SP —>| W SP —>| 0023C
PCL PCL PCL 0023D
PCH PCH PCH 0023E
PCE PCE PCE 0023F
PSWL PSW PSWL 00240
PSWH PSWH PSWH SP —>| 00241
At acceptance At execution of a At execution of a At execution of
of an interrupt push instruction pop instruction an interrupt return
instruction

4) General-purpose registers save/restore using data transfer instructions
Data transfer instruction can be used to save only a specific general-purpose register during
processing of single interrupt.

Example: Saving/restoring a register using data transfer instructions
PINTxx: LD (GSAVA), A; Save A register
interrupt processing
LD A, (GSAVA); Restore A register
RETI; Return
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(3) Interrupt return
The interrupt return instructions [RETT]/[RETN] perform the following operations.
[RETI] Maskable Interrupt Return [RETN] Non-Maskable Interrupt Return
1) The contents of the program counter and the program 1) The contents of the program counter and program
status word are restored from the stack. status word are restored from the stack.
2) The stack pointer is incremented 5 times. 2) The stack pointer is incremented 5 times.
3) The interrupt master enable flag is set to “1”. 3) The interrupt master enable flag is set to “1” only when a

4) The interrupt nesting counter is decremented, and the 4) The interrupt nesting counter is decremented, and the
interrupt nesting flag is changed. interrupt nesting flag is changed.

non-maskable interrupt is accepted in interrupt enable
status. However, the interrupt master enable flag
remains at “0” when so clear by an interrupt service
program.

15.2

153

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the
next interrupt can be accepted immediately after the interrupt return instruction is executed.

Note: When the interrupt processing time is longer than the interrupt request generation time, the interrupt
service task is performed but not the main task.

Software Interrupt (INTSW)

Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing INTSW is highest prioritized interrupt). However, if processing of a non-maskable
interrupt is already underway, executing the SWI instruction will not generate a software interrupt
but will result in the same operation as the [NOP] instruction.

Use the [SWI] instruction only for detection of the address error or for debugging.

1) Address error detection
FFH is read if for some cause such as noise the CPU attempts to fetch an instruction from a
non-existent memory address. Code FFH is the SWI instruction, so a software interrupt is
generated and an address error is detected. The address error detection range can be further
expanded by writing FFH to unused areas of the program memory. Address-trap reset is
generated in case that an instruction is fetched from RAM, SFR or DBR areas.

2) Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software break
point setting address.

External Interrupts

The TMPA8827CMNG /CPNG /CSNG each have five external interrupt inputs (INTO , INT2, INTS3,
INT4, and INT5 ). Three of these are equipped with digital noise rejection circuits (pulse inputs of
less than a certain time are eliminated as noise). Edge selection is also possible with INT2, INT3 and
INT4.

The INTO /P50 pin can be configured as either an external interrupt input pin or an input/output
port, and is configured as an input port during reset. L

Edge selection, noise rejection control except INT3 pin input and INTO /P50 pin function selection
are performed by the external interrupt control register (EINTCR). Edge selecting and noise rejection
control for INT3 pin input are preformed by the Remote control signal preprocessor control registers.
(refer to the section of the Remote control signal preprocessor.) When INTOEN = 0, the IL3 will not be
set even if the falling edge of INTO pin input is detected.
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Table 1.5.2 External Interrupts

Source Pin FSecqndarY Enable Conditions Edge Digital Noise Rejection
unction pin
= P50/TC2/ IMF =1, INTOEN =1, . .
INTO INTO PWM8 EF3 =1 falling edge O (hysteresis input)
falling edge | Pulses of less than 7/fc [s] are
P53/TC1/ . _ eliminated as noise. Pulses equal to or
INT2 INT2 AINO/KWUO IMF-EF7 =1 or more than 24/fc [s] are regarded as
rising edge | signals.
falling edge,
INT3 INT3 P30/RXIN IMF-EF11 = 1 rising ed_g_e or | Refer to the section of the Remote
falling/rising control preprocessor.
edge
falling edge
Pulses of less than 7/fc [s] are
INT4 INT4 P31/TC3 IMF-EF12 =1 or eliminated as noise. Pulses of 24/fc [s]
. or more are considered to be signals.
rising edge
INT5 INT5 P20/ STOP IMF-EF15 =1 falling edge O  (hysteresis input)
Note 1: The noise rejection function is also affected for timer/counter input (TC1 pin).
Note 2: The pulse width (both “H” and “L” level) for input to the INTO and INT5 pins must be over 2 machine
cycle.
INTO/INT5 input tINTL, tINTH > tcyc (note: tcyc = 4/fc [s])
S tNTL S tNtH
Note 3: If a noiseless signal is input to the external interrupt pin in the NORMAL or IDLE mode, the maximum time
from the edge of input signal until the IL is set is as follows:
1) INT2, INT4 pins 25/fc [s]
2) INT3 pin Refer to the section of the Remote control preprocessor.
Note 4: When high-impedance is specified for port output in stop mode, port input is forcibly fixed to low level

internally. Thus, interrupt latches of external interrupt inputs except P20 (INT5/STOP ) which are also used
as ports may be set to “1”. To specify high-impedance for port output in stop mode, first disable interrupt
service (IMF = 0) , activate stop mode. After releasing stop mode, clear interrupt latches using load
instruction, then, enable interrupt service.
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EINTCR

INT4 INT2

(00037R) “0” INTOEN O ES O ES “0” O (initial value: 00«0 =00x*)
S 0: P50 input/output port
INTOEN | P50/INTO pin configuration -
1: INTO pin (port P50 should be set to an input mode) Write
INT4 ES 0: Rising edge only
INT4 and INT2 edge select
INT2 ES 1: Falling edge

Note 1: fc; High-frequency clock [Hz] *; Don’t care

Note 2: Edge detection during switching edge selection is invalid.

Note 3: Do not change EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt
inputs must be cleared to “0” using load instruction.

Note 4: In order to change of external interrupt input by rewriting the contents of INT2ES and INT4ES during
NORMAL mode, clear interrupt latches of external interrupt inputs (INT2 and INT4) after 8 machine
cycles from the time of rewriting.

Note 5: In order to change an edge of timer counter input by rewriting the contents of INT2ES during

NORMAL mode, rewrite the contents after timer counter is stopped (TC*s = 0), that is, interrupt
disable state. Then, clear a interrupt lach of external interrupt input (INT2) after 8 machine cycles from
the time of rewriting to change to interrupt enable state. Finally, start timer counter.

Example: When changing TC1 pin inputs edge in external trigger timer mode from rising edge to falling edge.

LD (TC1CR), 01001000B; TC1S ~ 00 (stops TC1)

DI; IMF — O (disables interrupt service)

LD (EINTCR), 00000100B; INT2ES ~ 1 (change edge selection)
NOP

8 machine o
cycles NOP

LD (ILL), 01111111B; IL7 ~ O (clears interrupt latch)
El; IMF — 1 (enables interrupt service)
LD (TC1CR), 01111000B; TC1S ~ 11 (starts TC1)

Figure 1.5.5 External Interrupt Control Register
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1.6 Reset Circuit

The TMPA8827CMNG /CPNG /CSNG has four types of reset generation procedures: an external
reset input, an address trap reset output, a watchdog timer reset output and a system clock reset
output. Table 1.6.1 shows on-chip hardware initialization by reset action.

The malfunction reset output circuit such as watchdog timer reset, address trap reset and system
clock reset is not initialized when power is turned on. The RESET pin can output level “L” at the
maximum 24/fc [s] (3.0 ps at 8 MHz) when power is turned on.

Table 1.6.1 Initializing Internal Status by Reset Action

On-Chip Hardware Initial Value On-Chip Hardware Initial Value
Program counter (PC) | (FFFFEH to FFFFCR)
Stack pointer (SP) not initialized Prescaler and Divider of timing 0
General-purpose registers not initialized generator
(W,A,B,C,D,E,H, L)
Register bank selector (RBS) 0
Watchdog timer Enable

Jump status flag (JF) 1
Zero flag (ZF) not initialized
Carry flag (CF) not initialized
Half carry flag (HF) not initialized Output latches of 1/0 ports R’_efer to I/O port
Sign flag (SF) not initialized circuitry
Overflow flag (VF) not initialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags 0

(EF) Control registers 55;32'25;2?6?
Interrupt latches (IL) 0

O O RAM Not initialized

1.6.1 External Reset Input

The RESET pin contains a Schmitt trigger (hysteresis) with an internal pull-up resistor.

When the RESET pin is held at “L” level for at least 3 machine cycles (12/fc [s]) with the power
supply voltage within the operating voltage range and oscillation stable, a reset is applied and the
internal state is initialized.

When the RESET pin input goes high, the reset operation is released and the program execution
starts at the vector address stored at addresses FFFFCH to FFFFEH.

\%s)s)

I

>
=

RESET D—1>—|>—) Reset input

AMA

A Malfunction reset Watchdog timer reset |
Sink @In drain output circuit Address trap reset |

Figure 1.6.1 Reset Circuit
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1.6.2 Address-Trap-Reset

Instruction
Execution

RESET Output

If the CPU should start looping for some cause such as noise and an attempt be made to fetch an
instruction from the on-chip RAM, DBR or the SFR area, address-trap-reset will be generated. Then,
the RESET pin output will go low. The reset time is about 8/fc to 24/fc [s] (1.0 to 3.0 ps at 8 MHz).

JP a

reset release antruction at address

V4
:\
Address-trap is occurred i
“L” output) @800 pemmmmmmmmm———— .
(1" output) (FiZ) ]
8/fc to 24/fc [s] - 4ffc T 20fics]
to (no wait)
12/fc [s]

Note 1: Address “a” is in the SFR or on-chip RAM space.

Note 2: During reset release, reset vector “r’ is read out, and an instruction at address “r’
is fetched and decoded.

Figure 1.6.2 Address-Trap-Reset

1.6.3 Watchdog Timer Reset
Refer to Section “2.4 Watchdog Timer”.
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1.7 ROM Corrective Function

The ROM corrective function can patch the part (s) of on-chip ROM with some bugs.

The ROM corrective function have two modes. One is to replaced the instruction on a certain
address in the ROM with the jump instruction to branch into the RAM area where the patched codes
(program jump mode). The other is to replace a bye or a word (2 or 3 byte) length data in the ROM
with the patched data (data replacement mode). When the ROM corrective function is enabled, the
address-trap-reset is automatically disabled on the RAM area from 002COH where the patched

program is running.

Four independent location can be patched.

Note 1: When use ROM corrective circuit, it is necessary to contain a program which operates to load
patched program and/or replacement data from external memory into an internal data RAM in an

initial routine.

Note 2: The address of a instruction for IDLE mode can not be specificated as start address of corrective

area.

Example:

ROM corrective cirucuit

| ROMCDR || ROMCCR |

|1

RAM

Serial Bus
Interface

. correction mode
. correction code
. patch program
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1.7.1 Configuration

Address Bus Data Bus VBRI
Zlzz z
| <1 <1 <
N M ! m
Match
o Signal . L
Address Compare Circuit > Instruction Fetch Control Circuit <
AN AN AN AN
23 >
to| to to
Register g >
Selection 5
Circuit
4
3
2
1
it T < J v \/ S v v \/
5 the lower | the middle | the upper the lower | the middle | the upper
Compare Address Register Data Register
CM|{CMCM!CM
0|1:2:3
Write data count Collecting mode signal i i A
Regist: ite signal i
egister write signa ROMCDR WDG CM3-0
IR B B | T I
Program-correcting Write data count Program-correcting
data register register control register

Figure 1.7.1 ROM Corrective Circuit
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1.7.2 Control

The ROM corrective function is controlled by ROM corrective control register ROMCCR) and ROM
corrective data register ROMCDR).

ROM Corrective Control Register

ROMCCR 7 6 5 4 3 2 1 0
1 1 1 1
(OFEOW){ o+ o | o | O | cM3 | cM2 | CM1 | CMO | (initial value: **** 0000)
Corrective mode setting
CM3 | (BANK 3)
cM2 Corrective mode setting
(BANK 2) 0: Program jump mode
R/W
oM Corrective mode setting 1: Data replacement mode
(BANK 1)
Corrective mode setting
CMO | (BANK 0)
ROM Corrective Status Register
romce 7 6 5 4 3 2 1 0
(OFEH)! 0o | o | O | wDC (initial value: ***0 0000)
i i i 1 1 1 1
wDC Write data counter Counting the number of the byte written in ROMCDR %i?;j
ROM Corrective Data Register
ROMCDR 7 6 5 4 3 2 1 0
(00FE2H) | Romc7 | ROMC6 | ROMC5 | ROMC4 | ROMC3 | ROMC2 | ROMC1 | ROMCO (initial value: 0000 0000)
ROMC [ ROM Corrective data register Vc\>er|t;/3

Figure 1.7.2 ROM Corrective Control Register, Status Register and ROM
Corrective Data Register

(1) Enable and disable
The ROM corrective function is disabled after releasing reset. It is enabled after setting the data for
one bank into ROMCDR. And the address-trap-reset is not generated when fetching an instruction
from the RAM area except the address 00040H to 002BFH and SFR.
After the ROM corrective function is enabled, it is neccesary to reset the micro controller in order to
disable it.

(2) Data replacement mode
The ROM corrective function has the program jump mode and the data replacement mode.
By setting CMx (x: 0 to 3) in ROMCCR, the data replacement mode is selected.

(3) The ROM corrective data register writing
The ROM corrective data register has four banks corresponding to four independent locations to
patch. The write data counter (WDC) points each bank set. (Figure 1.7.2)

52



TOSHIBA TMPA8827CMNG /CPNG /CSNG

ROM Corrective Data Register

%%'l\:"gif ROMC7 | RoMC6 | RoMCs | Romc4 | Romcs | Romc2 | Romct | Romco (initial value: 0000 0000)
@ The value of WDC after writing a data to ROMCDR
00300 (initial value)
A
The lower start address of the corrective area (8 bits) 00001 <—
v
The middle start address of the corrective area (8 bits) 00010
v
The upper start address of the corrective area (4 bits) 00011
BANK 0 v
The lower 8 bit of the jump address/replacement data 00100
v
The middle 8 bit of the jump address/replacement data 00101
v
The upper 4 bit of the jump address/replacement data 00110
A
A
The lower start address of the corrective area (8 bits) 00111
The middle start address of the corrective area (8 bits) 01000
The upper start address of the corrective area (4 bits) 01001
BANK 1
The lower 8 bit of the jump address/replacement data 01010
The middle 8 bit of the jump address/replacement data 01011
v
The upper 4 bit of the jump address/replacement data 01100
y v
A
The lower start address of the corrective area (8 bits) 01101
The middle start address of the corrective area (8 bits) 01110
v
The upper start address of the corrective area (4 bits) 01111
BANK 2 v
The lower 8 bit of the jump address/replacement data 10000
v
The middle 8 bit of the jump address/replacement data 10001
v
The upper 4 bit of the jump address/replacement data 10010
A
The lower start address of the corrective area (8 bits) 10011
The middle start address of the corrective area (8 bits) 10100
v
The upper start address of the corrective area (4 bits) 10101
BANK 3
The lower 8 bit of the jump address/replacement data 10110
The middle 8 bit of the jump address/replacement data 10111
The upper 4 bit of the jump address/replacement data 00000

Note 1: WDC value equals to the number of the byte stored in ROMCDR.

Note 2: ROMCDR is set in order of the lower (8 bits), the middle (8 bits) and the upper (4 bits) start address of the
corrective area, the lower (8 bits), the middle (8 bits) and the upper (4 bits) of the jump address/the
replacement data.

Figure 1.7.3 Banks and WDC Value of the Program Corrective Data Register
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Whenever ROMCDR is written, WDC is incremented to indicate what data is writen via ROMCDR.
During reset, WDC is intialized to “0”.

(1)
2
(3
(4)
(5)
®)

Note

The lower start address of the corrective area (8 bits)
The middle start address of the corrective area (8 bits)
The upper start address of the corrective area (4 bits)
The lower jump address/replacement data (8 bits)

The middle jump address/replacement data (8 bits)
The upper jump address (4 bits)/replacement data

1: Corrective addresses must have over five addresses each other.

Note 2: The address of a instruction for IDLE mode can not be specificated as start address of corrective area.

1.7.3

Gh)

Functions

The ROM corrective function can correct maximum four ROM areas with their corresponding four
banks of ROM corrective registers. Either program jump mode or data replacement mode is selected
for each bank by CMO to CMS3 respectively.

Program jump mode

The program jump mode is to execute the program in the RAM area to correct the bug (s) in the
ROM. The start address of ROM that should be patched and the jump vector pointing the RAM area
are specified by ROMCDR. When the program is about to run on the code at this start address, the
jump instruction is issued, the program branches into the RAM at the jump vector, and the
subsequent program codes primarily loaded into this RAM area are excuted. After this patch program
execution, the program must be returned to the ROM area by any of the jump instructions at the end
of this RAM area. By doing these, the correction of the bug is completed. The program jump mode can
be selected at CMn =0 (n = 0 to 3 for each bank). The start address must point the 1 st byte of the
instruction codes (op-code).

Example: There is bugs on the locations from 0C020H to 0C085H
The corrective address, the jump vector, the program patch codes and other information to patch
the ROM with the bugs must be read out from any of memory storage that holds them during
initial program routine. CMn = 0 specifies the program jump mode. Subsequently, the patch
program codes are loaded into RAM (00600H to 006EFH). The start address (0C020H) of the ROM
necessary to patch is written to the corrective ROM address registers, and the start address
(00600H) of the RAM area to patch is loaded onto the jump address registers. When the
instruction at 0C020H is fetched, the instruction to jump into 00600H is unconditionally executed
instead of the instruction at 0CO20H, and the subsequent patch program codes are executed. The
jump instruction at the end of the patch program codes returns to the ROM at 0C086H.
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@

00000y
SFR

0003F T 0600
000404 RAM 7 patch
program

0083FH 006EFH

006FO0H

T JP 00086H

00F80H
DBR

00FFFH
Return

040004
ROM

i

0C020H

Bug area
0C085H

0C086H

/

FFFFFH

Note: Corrective address must be assigned to 1st byte of instruction codes on the program jump mode.

Data replacement mode

The data replacement mode is to directly replace a single byte or word (2 or 3 byte) length data with
the replacement data which are written via ROMCDR.

The program jump mode can work as the equivalent data replacement mode. However, when many
instructions refer a certain data in the ROM which must be patched, the program jump mode
consumes the same number of banks as that of the instructions referring this (these) data. ROM data
replace mode reduces this kind of bank consumption.

Note: The instruction that gains access to an only byte is replaced to an only start byte.

By setting CMn to 1, the data replacement mode is selected. The start address of ROM data is set to
the corrective ROM address, and two bytes replacement data is set to the patch data register via
ROMCDR.

The corrective address must point the constant data in the data replacement mode. It is impossible
to replace opecode and operand in the data replacement mode.

Example:
The start address is set to 0CO20H as the location of the replaced data. Three bytes of the patch
data are set 33H for 0C020H, CCH for 0C021H, 3CH for 0C022H.
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Note 1:

Note 2:

000

0003FH
00040H

0083FH

00F80H

00FFFy

040004

0C020H
0C0214
0C0224

FFFFFH

SFR

RAM

DBR

ROM

551

l«— 33H

«— CCH replacement data

A5H

l«— 3CH

1. At HL = 0C020H, Executing LD A, (HL) loads 33H in A. (data replacement)

2. At HL =0C021H, Executing LD A, (HL) loads AAH in A. (no data replacement)

3. At HL = 0C020H, Executing LD WA, (HL) loads CC33H in WA. (data replacement)
4. At HL = 0C020y, Executing LD IX, (HL) loads CCC33y in IX. (data replacement)

Corrective address must be assigned to constant data area on the data replacement mode.
(ope-code and ope-rand can'’t be replaced by ROM correction circuit.)

Instructions which includes “(HL+)” or “(-HL)” operation can’t be replaced by ROM corrective circuit on the

data replace ment mode.
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2.  On-Chip Peripheral Functions

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)

The TLCS-870/X series uses the memory mapped 1/0 system and all peripheral control and data
transfers are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 00000H to 0003FH, and DBR are mapped to address 00F80H to

00FFFH.
Figure 2.1.1 shows the list of the TMPA8827CMNG /CPNG /CSNG SFRs and-DBRs.

Address Read Write Address Read Write
00000H reserved 00020y | SBISRA (SBI statusA) | SBICRA (SBI control registerA)
00001 reserved 00021 SBIDBR (SBI data buffer)
00002 P2 port 00022 O I’CAR (I°CBus address)
00003 P3 port 00023 SBISRB (SBI statusB) SBICRB (SBI control registerB)
00004 P4 port 00024 O ORDMA|_ (OSD control)
00005 P5 port 00025 O ORDMAH (OSD control)
00006 P6 port 00026 RCSR (TC3 status) RCCR (TC3 control)
00007 P7 port 00027 O PMPXCR (port control)
00008 O P5CR1 (P5 port I/O control1) 00028 O PWMCR1A (PWM control1A)
00009 O P7CR (P7 port I/O control) 00029 O PWMCR1B (PWM control1B)
0000A reserved 0002A O PWMDBR1 (PWMDBR1)
0000B reserved 0002B O P3CR1 (P3 I/O control)
0oooC O P4CR (P4 port I/O control) 0002C EIRE ﬁnterrupt enable
0000D O PBCR (P6 port I/O control) 0002D EIRp (register
0000E ADCCRA (AD converter controlA) 0002E .
(interrupt latch) —------1
0000F ADCCRB (AD converter controlB) 0002F ILp
00010 0 TC1DRBY (time register} 00030 CGCR (divider control)
00011 0 TC1DRBy UA 00031 ADCDR1 (AD conversion result)
00012 TC1DRBL ,. . 00032 ADCDR?2 (AD conversion result)
(timer register 1B) -__
00013 TC1DRBH 00033 reserved
00014 TC1CR (TC1 control) 00034 O WDTCR1 (watch-dog
00015 0 TC2CR (TC2 control) 00035 0 WDTCR? [timer control
00016 O TC2DRL . . 00036 TBTCR (TBT/TG control)
(timer register 2)
00017 O TC2DRy 00037 EINTCR (external interrupt control)
00018 TC3DRA (timer register 3A) 00038 SYSCR1
—————————————————— (system control)
00019 TC3DRB (timer register 3B) 00039 SYSCR2
0001A O TC3CR (C3 control) 0003A EIRL
- e (RPN (e (interrupt enable register) -—----------1
0001B O TCA4DR (timer register 4) 0003B EIRH
0001C O TCA4CR (TC4 control) 0003C ILL
------------------ (interrupt latch)
0001D ORDSN (OSD control) 0003D ILH
0001E ORCRAL (OSD control) 0003E PSW|
""""""""" tat d) -
0001F ORCRA (OSD control) 0003F oWy, (Program status word)

(a) Special function registers
Note 1: Do not access reserved areas by the program.
Note 2: [ ; Cannot be accessed.

Note 3: Write-only registers and interrupt latches cannot use the read-modify-write instructions (bit manipulation
instructions such as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).

Note 4: When defining address 0003FH with assembler symbols, use GRBS.
Address 0003EH must be GPSW/GFLAG.

Figure 2.1.1 (a) SFR
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Address Read Write
00F80H ORDON (OSD control)
81 O OSD Control Register
N O OSD Control Register A
A1 ORCLKC (OSD clock status) ORCLKEF (OSD clock control)
A2 O OSD Control Register
= O OSD Control Register A
B9 ORIRC (OSD display counter) ORIRC (OSD interrupt control)
BA O OSD Control Register
N | OSD Control Register A
Cco reserved
= reserved A
DO IDLEINV (key-on wake-up status) | IDLECR (key-on wake-up control)
D1 reserved
A reserved r
D8 SINTCR (data slicer interrupt control)
D9 o | 0
DA SLVLCR (slice level control)
DB |SIFDR1 (caption data 1% byte) O
DC SIFDR2 (caption data 2" byte) O
DD SIFSR (data slicer status) O
DE O O
DF SIFS1R (data slicer status2) SIFSMS1 (data slicer mode setting)
EO ROMCCR (ROM correctiove control)
E1 ROMCC (ROM corrective status) O
E2 O ROMCDR (rom corrective data)
E3 reserved
E4 JECR (jitter elimination control)
E5 JESR (jitter elimination status) O
E6 O TVSCR (test video signal output)
E7 reserved
E8 RXCR1 (remote control receive control2)
E9 RXCR2 (remote control receive control1)
EA RXCTR (remote control receive counter)
EB RXDBR (remote control receive data buffer)
EC RXSR (remote control status)
ED reserved
EE FC8CR (FC8 control)
EF reserved
FO SCCRA (source clock select control)
F1 SCCRB (serial clock source control) SCSR (serial clock source status)
F2 reserved
F3 reserved
F4 reserved
F5 O PWMCR2A (PWM control 2A)
F6 O PWMCR2B (PWM control 2B)
F7 O PWMDBR2 (PWM data buffer)
F8 reserved
=r reserved S
FD O VTSTCR (TV signal processor clock control)
FE O PSELCR (P3, P5 control2)
FF reserved

(b) Data buffer register
Note 1: Do not access reserved areas by the program.
Note 2: [ ; Cannot be accessed.

Note 3: Write-only registers cannot use the read-modify-write instructions (bit manipulation instructions such as SET, CLR, etc. and logical operation
instructions such as AND, OR, etc.).

Figure 2.1.1 (b) DBR
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2.2 1/O Ports

The TMPA8827CMNG /CPNG /CSNG has 6 parallel input/output ports (24 pins), but 12 ports are
connected to the TV signal processor by inner bonding, therefore 12 ports are available to use
application system as follows.

External ports

Primary Function Secondary Function
Port 2 1 bit 1/0 port External interrupt input, and Stop mode release signal input.
Port 3 2 bit I/O port External interrupt input, remote control signal input, timer/counter input.
Port 4 1 bit I/O port Pulse width modulation output.
Port 5 5 bit 1/0 port Pulse width mod_ulatlon ou_tput, e>_<terna| mt_errupt input, tlmer/co_unter input,
key-on wake-up input, serial bus interface input/output, analog input.
Port 6 3 bit /O port Analog input, key-on wake-up input.

Internal ports

Primary Function Secondary Function
. Data slicer analog input, data slicer composite synchronous input serial bus
Port 3 4 bit /0 port interface input/output, timer/counter input.
1 bit I/O port

Port 5 Analog input, | output from OSD circuitry, test video signal output.

1 bit output port
Port 6 4 bit output port R, G, B and Y/BL output from OSD circuitry.
Port 7 2 bit 1/O port Horizontal synchronous pulse input and Vertical synchronous pulse input to

OSD circuitry.

Each output port contains a latch, which holds the output data. All input ports do not have latches,
so the external input data should either be held externally until read or reading should be performed
several times before processing. Figure 2.2.1 shows input/output timing examples.

External data is read from an 1/O port in the S1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program. Output data changes in the S2 state of the write cycle during
execution of the instruction which writes to an 1/O port.
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1)

@)

. Fetch cycle L Fetch cycle L Read cycle -

<€

So S1 S2 S3 Sp S1 S2 S3 Sp S1 S2 S3

rql

Instruction -—- -
Execution Cycle _ _ _ 1 |EX: |LD 4‘ (X) 1 1 1 1 1 1 | ___
Input Strobe
Data Input T =X Wiz T
(a) Input timing

_ Fetchcycle  Fetchcycle —~ Write cycle

So S1 S2 S3 Sp S1 S2 S3 Sp Sq1 So S3
Instruction -—- -

Execution Cycle _ _ _ L GEXIDA |___

Input Strobe | |
X

Data Input

(b) Output timing

Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 2.2.1 Input/Output Timing (example)

When reading an 1/O port except programmable 1/O ports, whether the pin input data or the output

latch contents are read depends on the instructions, as shown below:

Instructions that read the output latch contents

1
2)
3)
4)
5)
6)
7

XCH r, (src)

SET/CLR/CPL (src). b

SET/CLR/CPL (pp). ¢

LD (src). b, CF

LD (pp). b, CF

ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n

(src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)

Instructions that read the pin input data

1)
2)

Instructions other than the above (1)
(HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
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2.2.1 Port P2 (P20)

Port P2 is a 1 bit input/output port. It is also used as an external interrupt input, and a STOP mode
release signal input. When used as an input port, or a secondary function pin, the output latch should
be set to “1”. During reset, the output latch is initialized to “1”.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode
release signal input, or an input port. If used as an output port, the interrupt latch is set on the
falling edge of the P20 output pulse.

When a read instruction for port P2 is executed, bits 7 to 1 in P2 are read in as undefined data.

SET/CLR/CPL/other CMP/MCMP/TEST/others
Data input
Output latch
Data input——>»{D  Q . D 0 p20 (INT5 /STOP )
Control input <—<}
STOP o
OUTEN
7 6 5 4 3 2 1 0
P2 P20
(00002H) | O O O O O 0 INT5 (initial value; **** x*1)
STOP

Note: *; Don’t care

Figure 2.2.2 Port P2

2.2.2 Port P3 (P35 to P30)

Port P3 is an 6 bit input/output port which can be configured as an input or an output in one-bit
unit under software control. Input/output mode is specified by the corresponding bit in the port P3
input/output control register 1 (P3CR1). Port P3 is configured as an input if its corresponding P3CR1
bit is cleared to “0”, and as an output if its corresponding P3CR1 bit is set to “1”. During reset, P3CR1
is initialized to “0”, which configures port P3 as an input. The P3 output latches are also initialized to
“1”. Data is written into the output latch regardless of the P3CR1 contents. Therefore initial output
data should be written into the output latch before setting P3CR1.

Port P3 is also used as an external interrupt input, Remote-control signal input a timer/counter
input, data slicer input and serial bus interface input/output. When used as a secondary function
input pin except 12C bus interface input/output, the input pins should be set to the input mode. When
used as a secondary function output pin except 12C bus interface input/output, the output pins should
be set to the output mode and beforehand the output latch should be set to “1”. When P34 and P35 are
used as 12C bus interface input/output, P3CR2 bits should be set to the sink open drain mode, the
output latches should be set to “1”, and the output pins should be set to the output mode.

Note: Input mode port is read the state of input pin. When input/output mode is used mixed, the contents
of output latch setting input mode may be changed by executing bit manipulation instructions.

Example 1: Outputs an immediate data 5AH to port P3.
LD (P3), 5AH; P3 — 5AH

Example 2: Inverts the output of the lower 4 bits (P33 to P30) in port P3.
XOR  (P3),00001111B; P33 to P30 — P33 to P30
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sTOP STOP
OUTEN J P . OUTEN J_ P *
P3iCR1 D P3jCR1 D

Data input(—o—_< ].- Data input(—o—_< -], -

Control input «— Control input «<—
P3iCR2 (1)

Dataoutput> D Q 1 ™

Data output>» D Q ® >—e¢—0O
P3i P3j
Control output output latch VIN (*2) <0utput latch
(a) P35 to P34 (b) P33to P30
o3 7 6 5 4 3 2 1 0
P33 P31 P30
(00003n) ¢+ O 0 P35 | P34 | viNo | £32 | INT4 | INT3 initial value: **11 1111
SDAO | SCLO | Y¢x | CSIN | 765 | RXIN ( )
P3CR1 7 6 5 4 3 2 1 0
RN ERERERER | | (inital value: *+00 0000)
1 1
0: Input mode ;
P3CR1 1/O control for P3 Wl'llte
1: Output mode only
PSELCR ___ ' 6 5 4 3 2 1 0
A e S R (initial value: 0*00 *00%)
0: Sink open drain Write

P3CR2 | 1/O Control for P3 |
1: Tri-state only

*1: only P33, P31, P30

*2: only P33, P32

Note 1: *; Don’tcare,i=51t04,j=31t00

Note 2: P3CR1 cannot used the read-modify-write instructions.

(bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Figure 2.2.3 Port P3 and P3CR
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2.2.3 Port P4 (P40)

Port P4 is an 1 bit input/output port which can be configured as an input or an output in one-bit
unit under software control. Input/output mode is specified by the corresponding bit in the port P4
input/output control register (P4CR). Port P4 is configured as an input if its corresponding P4ACR bit
is cleared to “0”, and as an output if its corresponding P4CR bit is set to “1”. During reset, PACR is
initialized to “0”, which configures port P4 as an input. The P4 output latches are also initialized to
“1”. Data is written into the output latch regardless of the PACR contents. Therefore initial output
data should be written into the output latch before setting PACR.

Port P4 is also used as a pulse width modulation (PWM) output. When used as a PWM output pin,
the output pins should be set to the output mode and beforehand the output latch should be set to “1”.

Note: Input mode port is read the state of input pin. When input/output mode is used mixed, the contents
of output latch setting input mode may be changed by executing bit manipulation instructions.

STOP
OUTEN -] »—e
P40CR L ——

Data input (—0—_<

Dataoutput> D Q

P40

PWMO >Output latch
7 6 5 4 3 2 1 0
P4 -
(00004H) | ary ayr ayr ary arys arys P4 - :
0 0 0 0 0 0 0 PWMO (initial value: 1111 1111)
P4CR 7 6 5 4 3 2 1 0
1 1 1 1 1 T T
(OOOOCH) “q” i “qn i “q” i “q” i “qn i “1” i “1” i (|n|t|al value: 0000 0000)
0: Input mode ;
PACR | 1/0 control for port P4 W”Ite
1: Output mode only
Note 1: P4CR cannot be used with the read-modify-write instructions.

(bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Figure 2.2.4 Port P4 and P4CR
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2.2.4 Port P5 (P57 to P50)

Port P5 is an 6 bit input/output port which can be configured as an input or an output in one-bit
unit under software control and 1 bit output port. Input/output mode is specified by the corresponding
bit in the port P5 input/output control register 1 (P5CR1). Port P5 is configured as an input if its
corresponding P5CR1 bit is cleared to “0”, and as an output if its corresponding P5CR1 bit is set to “1”.
During reset, PSCR1 is initialized to “0”, which configures port P5 as an input. The P5 output latches
are also initialized to “1”. Data is written into the output latch regardless of the PSCR1 contents.
Therefore initial output data should be written into the output latch before setting PSCR1.

Port P5 is also used as is also used as AD converter analog input, a pulse width modulation (PWM)
output external interrupt input, timer/counter input, serial bus interface input/output, and an on
screen display (OSD) output (I signal) and test video signal output. When used as a secondary
function input pin except 12C bus interface input/output, the input pins and test video signal output.
When used as a test video signal output pin, the output pin should be set to the output mode and
beforehand the signal control register (SGEN) should be set to “1”. When used as a secondary function
output pin except 12C bus interface input/output, the output pins should be set to the output mode
and beforehand the output latch should be set to “1”. When P52 and P51 are used as 12C bus interface
input/output, P5CR2 bits should be set to the sink open drain mode, the output latches should be set
to “1”, and the output pins should be set to the output mode. When P57 is used as an OSD output pin,
the output pin should be set to the output mode and beforehand the port 6 data selection register
(PIDS) should be clear to “0”. When used as port P5, the port 6 data selection register (PIDS) should
be set to “1”.

Note: Input mode port is read the state of input pin. When input/output mode is used mixed, the contents
of output latch setting input mode may be changed by executing bit manipulation instructions.
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STOP .

° Analog input

OUTENJ P D) INDS
P5iCR1 SAIN
Data input <—0—_< - STOP
OUTEN

(Low)

Data output |

P5jCR1

Data input <—0—_<

\/ I—A Y
D . -{B
Q ,; Y S
CSOUTJ S
SGEN
PIDS
(a) P57

Data output -

Analog input STOP
AINDS
SAIN OUTEN
STOP P5ICR1
gl - 7:137 Data input
PSkCR1 % 9 Control input
Data input «—¢ ® Z e P5ICR2
Control input <——T
Dataoutput> D Q '_ng Data output

Control output

Output latch

() P53

STOP

OUTEN 4 P *

P5]CR1

Data input <—0—_< ].‘

Contro

Data output >

Control output

N —

| input «<——

D Q

Output latch

Control output

P5m

=<

Output latch

|\
>—3

D

(b) P56/P54

L

&

%

D Q

Output latch

>

P5I

(d) P52 to P51

(e) P50
7 6 5 4 3 2 1 0
P53 5
0o PS7 psa | NT2 | b5y | psr | Pus
(00005H) I P56 “Q” ANt | TC1 fspat | oscLt |INTO (initial value: 1111 1111)
CSouT AINO TC3
/KWUO
P5CRA 7 6 5 4 3 2 1 0
(00008H) | wqr i RO A ! i i (initial value: 0000 0000)
1 1 1 1 1 1 1
0: Input mode :
P5CR1 | 1/0 control for P5 W”Ite
1: Output mode only
pSELCR __ 78 5 4 3 2 1 o
(QOFFEH){ «p» § <« | 0 | 00 | “0 | P52CR2 | P51CR2 | ‘0| (initial value: 0*00 *00*)
L 1 1 ] 1 1
0: Sink open drain :
P5CR2 | 1/0 Control for P5 W”Ite
1: Tri-state only
orPes T 6 5.4 3 2 | 1 | 0 |
(00FBAH) | pe7s | PE6S | P65S | P64S | PIDS | YBLCS! ‘0" | 1" | (initial value: 0000 0000)
pIDs | Selection of the output data for 0: The OSD output (1) Write
port P57 1: Port P57 output latch only
SGCR 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
(OOFE6H) | SGEN |sGVBLK|SGPAL| SGIV |SGCHS | ‘0" |SGPAT| ‘0" (initial value: 0000 0000)
0: Disable ;
SGEN Function selection erlte
1: Enable only

Note 1:
Note 2:

*. Don'tcare,i=7,j=6,4,k=3,1=2t01,m=0

P5CR1 cannot be used with the read-modify-write instructions.

(bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Figure 2.2.5 Ports P5
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2.2.5 Port P6 (P67 to P60)

Port P6 is an 3 bit input/output port which can be configured as an input or an output in one-bit
unit under software control and 4 bit output port. Input/output mode is selected by the corresponding
bit in the port P6 input/output control register (P6CR). Port P6 is configured as an input if its
corresponding P6CR bit is cleared to “0”, and as an output if its corresponding P6CR bit is set to “1”
and P6nS bit is set to “1”. P63 to P60 are sink open drain ports. During reset, P6CR is initialized to
“0”, which configures port P6 as an input. The P6 output latches are also initialized to “1”.

Data is written into the output latch regardless of the P6CR contents. Therefore initial output data
should be written into the output latch before setting P6CR.

Port P6 is used as an on screen display (OSD) output (R, G, B, and Y/BL signal) AD converter
analog input. When used as a secondary function input, the input pins should be set to the input
mode. When used as an OSD output pin, the output pins should be set to the output mode and
beforehand the port P6 data selection register (P67S to P64S) should be clear to “0”. When used as
port P6, the signal control register (P67 to P64) should be set to “1”.

Note: Input mode port is read the state of input pin. When input/output mode is used mixed, the contents
of output latch setting input mode may be changed by executing bit manipulation instructions.

Example: Sets the lower 4 bits (P63 to P60) in port P6 to the output mode, and the other bit to the
input mode.
LD (P6CR), OFH; P6CR ~ 00001111B
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STOP STOP
OUTEN ] Jo—e OUTEN P
P6ICR——1¢ P63CR———¢
Data input Data input
(Low)
Dataoutput> D Q A VY —l\/—o—u Dataoutput> D Q ’ 3 ™
P6i P63
Output latch Output latch
R, G, B, Y/BY
—  >»B S
P6iS ‘)
(a) P67 to P64 (b) P63
Analog input
AINDS
SAIN
STOP
OUTEN
PBjCR————4
Data input b
Dataoutput> D Q ° ™ >——e—11
P6j
Output latch
(c) P61 to P60
PG 7 6 5 4 3 2 1 0
P61 P60
(00006y) | P67 1 PB6 1 P65 i PB4 1 pg3 ! «p» | AIN5 | AIN4 initial value: 1111 1111
Y/BL B G R IKWUS5 | /KWU4 ( )
P6CR 7 . 6 . 5 . 4 . 3 . 2 . 1 . 0
(0000DH) “n i “qn i “q” i “q” i i “q” i i (initial value: 0000 0000)
0: Input mode ;
P6CR | 1/0 control for port P6 wrte
1: Output mode only
7 6 5 4 3 2 1 0
P67S | P66S | P65S | Pe4S | PIDS |YBLCS| ‘0" | 1’ (initial value: 0000 0000)
ORP6S | P67Sto |Selection of the output data for | 0: The OSD output (R, G, B, Y/BL) Write
(0OFBAH) P64S | port P6i 1: Port P6i output latch only
Note 1: *; Don’tcare,i=7t04,j=11t00
Note 2: P6CR and ORPG6S cannot be used with the read-modify-write instructions. (bit manipulations such as SET, CLR, etc. and logical operation

such as AND, OR, etc.)

Figure 2.2.6 Ports P6, P6CR, and P67S to P64S

67



TOSHIBA TMPA8827CMNG /CPNG /CSNG

2.2.6 Port P7 (P71 to P70)

Port P7 is a 2 bit input/output port, and is also used as a vertical synchronous signal (VD) input
and a horizontal synchronous signal (HD) input for the on screen display (OSD) circuitry.

The output latches, are initialized to “1” during reset. When used as an input port or a secondary
function pin, the output latch should be set to “1”.

When a read instruction for port P7 is executed, bits 7 to 2 in P7 are read in as undefined data.

STOP

OUTEN 4 P .

P7iCR
Data inEt <—1?<( T -

HD, VD <

Dataoutput> D Q l ™

P7i
Output latch
P7 7 6 5 4 3 2 1 0
(00007R) O O O O O O l?—/g '|3-|7|:()) (initial value: **** **11)
P7CR T 7 T 6 T 5 T 4 T 3 T 2 1 0
(00009R) i 0O i 0 i 0 i O i 0 i 0 | “Q” | “Q | (initial value: **** *+00)
0: Input mode ;
P7CR I/O control for P7 erlte
1: Output mode only

Note: i=1to 0, =; Don’t care

Figure 2.2.7 Ports P7
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2.3 Time Base Timer (TBT)

The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides
a time base timer interrupt (INTTBT). The time base timer is controlled by a control register
(TBTCR) shown in Figure 2.3.1.

An INTTBT is generated on the first rising edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program;
therefore, only the first interrupt may be generated ahead of the set interrupt period.

The interrupt frequency (TBTCK) must be selected with the time base timer disabled (When the
time base timer is changed from enabling to disabling, the interrupt frequency can’t be changed.)

Both frequency selection and enabling can be performed simultaneously.

TBTCK :x

TBTEN

A
Y
A
Y

t1 t2
t120
t2 2 1 machine cycle
Example: Sets the time base timer frequency to fc/216 [Hz] and enables an INTTBT interrupt.

LD (TBTCR), 000010108
SET  (EIRL).6

MPX INTTBT
23 24 interrupt
fc/221 fc/2 2 >—A request
fc/216, fc/217 >—B
fc/2, . fc/2, . »—C source clock [ Rising
fc/2,,.,fcl2, >—D Y
13 14 edge
fc/2,., fcl2, . >—E detect
fe/2'2 fe/2' >—F eecar Source [ ‘
fc/2191, fc/21102 S>1G st I [ .
fc/2”, fc/2 >—
TBTEN
TBTCK A
INTTBT
Time Base Timer Control Register < Interrupt period >
Enable TBT
(a) Configuration (b) Time Base Timer Interrupt

Figure 2.3.1 Time Base Timer
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TBTCR 7 6 5 4 3 2 1 0
(00036H) | 0 | 0 | 0 | 0’ |TBTEN | TBTCK | (initial value: 0%*0 0***)
1 L
: ; 0: Disable
TBTEN Time bage timer
enable/disable 1: Enable
NORMAL, IDLE mode
DV7CK =0
DVICK =0 DV1CK = 1
23 24
000 fc/221 [HZ] fc/222 [Hz] Write
001 fc/2 fc/2 only
Time base timer interrupt 16 17
TBTCK frequency select 010 fc/2 fe/2
011 fe/2™ fc/2'®
100 fo2 ™ fer2™
101 fe/2'? fc/2"?
110 for2'! fe/2'2
111 fc/2° fc/2'°

Note 1: fc; High-frequency clock [Hz], *; Don’t care
Note 2: TBTCR is a write-only register and must not be used with any of read-modify-write instructions.

Note 3: Set bit 7 and 6 in TBTCR to “0”.

Figure 2.3.2 Time Base Timer and Divider Output Control Register

Table 2.3.1 Time Base Timer Interrupt Frequency (example: at fc =8 MHz)

Time Base Timer Interrupt Frequency [Hz]
TBTCK NORMAL, IDLE Mode
DVICK =0 DVICK =1

000 0.95 0.48
001 3.81 1.91
010 122.07 61.04
011 488.28 24414
100 976.56 488.28
101 1953.13 976.56
110 3906.25 1953.13
111 15625.00 7812.50

70



TOSHIBA TMPA8827CMNG /CPNG /CSNG

2.4 Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as endless
looping caused by noise or the like, or deadlock and resume the CPU to the normal state.

The watchdog timer signal for detecting malfunction can be selected either a reset output or a
pseudo non-maskable interrupt request. However, selection is possible only once after reset. At first

the reset output is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a timer to

generate an interrupt at fixed intervals.

2.4.1 Watchdog Timer Configuration

reset release signal from T.G.

MPX L
23 24 .
]tcégm f?é/2222 :: ,S Binary Counters R
19’ 7220 clock overflow WDT output
fc/217, fc/218 —»C > s 3
fo/2'7, fcr2'® (D wear | 112 s af-{>—a
S —>

reset output
RESET

internal reset

Q
S R
WDTT WDTEI\{ writing disable  |writing clear WDTOUT
code code
Controller

2 interrupt request
y ) > INTWDT

00034H 00035H
WDTCR1 WDTCR2 Note: MPX; Multiplexer

Watchdog timer control registers

Figure 2.4.1 Watchdog Timer Configuration
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2.4.2 Watchdog Timer Control

1)

Within 3/4 of WDT
detection time

Within 3/4 of WDT
detection time

Figure 2.4.2 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer
is automatically enabled after reset.

Malfunction detection methods using the watchdog timer

The CPU malfunction is detected at follows.
1) Setting the detection time, selecting output, and clearing the binary counter.
2) Repeatedly clearing the binary counter within the setting detection time.

Note: Clears the binary counter does not clear the source clock.

It is recommended that the time to clear is set to 3/4 of the detecting time

If the CPU malfunctions such as endless looping or deadlock occur for any cause, the watchdog
timer output will become active at the rising of an overflow from the binary counters unless the
binary counters are cleared. At this time, when WDTOUT =1 a reset is generated, which drivers the
RESET pin low to reset the internal hardware and the external circuit. When WDTOUT =0, a
watchdog timer interrupt (INTWDT) is generated.

The watchdog timer temporarily stops counting in STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the STOP/IDLE mode is released.

Example: Sets the watchdog timer detection time to 221/fc [s] and resets the CPU malfunction.
LD (WDTCR?2), 4EH; Clears the binary counters
LD (WDTCR1), 00001101B; WDTT ~ 10, WDTOUT -~ 1
~LD (WDTCRZ2), 4EH; Clears the binary counters
(always clear immediately before and after changing WDTT)

- LiD (WDTCRZ2), 4EH; Clears the binary counters

- LiD (WDTCRZ2), 4EH; Clears the binary counters
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Watchdog Timer Register 1

00034)f o | o IO IO | WDTEN | WDTT | WDTOUT | (initial value: **** 1001)
1 1 1 1 1
0: Disable (it is necessary to write the disable code to WDTCR2)
WDTEN | Watchdog timer enable/disable
1: Enable
NORMAL mode
DV1CK=0 DV1CK =1
25 26 :
WDTT | Watchdog timer detection time 00 27l 2%l Write
[s] 01 2%ic 2**1ic only
10 2*'ic 2%fic
11 2"%c 2%%c
0: Interrupt request
WDTOUT | Watchdog timer output select
1: Reset output
Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to “0”.
Note 2: fc; High-frequency clock [Hz], =; Don’t care
Note 3: WDTCRH1 is a write-only register and must not be used with any of read-modify-write instructions.
Note 4: The watchdog timer must be disabled or the counter must be cleared immediately before entering to

the STOP mode. When the counter is cleared, the counter must be cleared again immediately after
releasing the STOP mode.

Watchdog Timer Register 2

WDTCR2 '

6 5 4 3 2 1 0

(00035)

(initial value; **** *x*xx)

WDTCR2

4EH: Watchdog timer binary counter clear (clear code)

. Write
Watchdog timer control B1h: Watchdog timer disable (disable code)
code write register only
Others: Invalid

Note 1:
Note 2:
Note 3:
Note 4:

Note 5:

The disable code is invalid unless written when WDTEN = 0.

*: Don’t care

The binary counter of the watchdog timer must not be cleared by the interrupt task.
Clears the binary counter does not clear the source clock.

It is recommended that the time to clear is set to 3/4 of the detecting time

The watchdog timer counter must be disabled by writing the disable code (B1H) to WDTCR2 after
writing WDTCR2 to “4EY”

Figure 2.4.2 Watchdog Timer Control Registers
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@)

®)

2.4.3

244

Watchdog timer enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized
to “1” during reset, so the watchdog timer operates immediately after reset is released.

Example: Disables watchdog timer
LDW (WDTCR1), 00001000B; WDTEN ~ 1

Watchdog timer disable

The watchdog timer is disabled by writing the disable code (B1H) to WDTCR2 after clearing
WDTEN (bit 3 in WDTCR1) to “0”, The watchdog timer is not disabled if this procedure is reversed
and the disable code is written to WDTCR2 before WDTEN is cleared to “0”. During disabling the
watchdog timer, the binary counters are cleared to “0”.

Table 2.4.1 Watchdog Timer Detection Time (example: fc =8 MHz)

Watchdog Timer Detection Time [s]
WDTT NORMAL Mode
DVICK =0 DVICK =1
00 4.194 8.389
01 1.048 2.097
10 262.1m 524.3 m
11 65.5m 131.1m

Watchdog Timer Interrupt (INTWDT)

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the
EIR. If a watchdog timer interrupt or a software interrupt is already accepted, however, the new
watchdog timer interrupt waits until the previous interrupt processing is completed (the end of the
[RETN] instruction execution).

The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example: Watchdog timer interrupt setting up
LD SP, 008COH; Sets the stack pointer
LD (WDTCR1), 00001000B; WDTOUT ~ 0

Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, which drivers the RESET pin
(sink open drain input/output with pull-up) low to reset the internal hardware. The reset output time
is about 8/fc to 24/fc [s] (1.0 to 3.0 s at fc = 8.0 MHz, fc = fc/16).

Note: If there is any fluctuation in the oscillation frequency at the start of clock oscillation, the reset time
includes error. Thus, regard the reset time as an approximate value.
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[ wDTT=11p)

~ 2"c [s] N
- 2c ”
Clock —l | | |
Binary Counter 1 X 2 3 0 X 1 X 0
Overflow
INTWDT Interrupt
WDT Reset Output 2 (Hi-2) |(“|_" output)

Figure 2.4.3 Watchdog Timer Interrupt/Reset

writes 4EH to WDTCR2
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2.5 16-Bit Timer/Counter 1 (TC1A)

2.5.1 Configuration
MCAP1
S &
A TC1S
Y
B oo |command start :D__> INTTC1 interrupt
MPX ext.
ext. [|trigger start pset Q ‘[>O
pulse width trigger}
measurement ool
mode falling rising F‘—/'_\ clear
edge detector METT1
Y
INT2ES>— S MPX
A B
48
« MPX MPX K
TC1 pino > D clear
fo/2]!, fe/2s? —> A ;D—» B v pulse width
fc/2,, fe/2, —>B Y& > Y —>| 16-bit up-counter measurement mode
fc/27, fc/2° —»{C A I
S S match
>7 CMP — )
window mode
capture
TC1DRB | | TC1DRA | o
enable
TC1CK ACAP1 16-bit timer registers 1A, 1B
| match detect control |

Note: CMP; Comparator TC1CR T T

MPX; Multiplexer timer/counter 1 control register TC1IDRAy TC1DRAL
TC1DRBy TC1DRBL
write strobe

Figure 2.5.1 Timer/Counter 1
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2.5.2 Control

The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 16-bit timer
registers (TC1DRA and TC1DRB).

TC1DRA 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(00010,
TC1DRAH (00011H TC1DRAL (000104
00011H) I I I I ( I ) I I | I I I I ( I ) I I |
Write only
TC1IDRB 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(00012, TC1DRB
H (00013R) TC1DRBL (00012H)
00013H) I I I I I I I | I I I I I I I |
Read only
TC1CR 7 6 5 4 3 2 1 0
(00014H) ACPAP1
“0” [ mcap1 TC1S TC1CK TC1M (initial value: 0000 0000)
METT1
| | |

TC1M TC1 operating mode select

00: Timer/external trigger timer/event counter mode
01: Window mode

10: Pulse width measurement mode

11: reserved
NORMAL, IDLE Mode
DVICK=0 DV1CK =1
00 fc/2" fc/2"
TC1CK | TC1 source clock select [Hz] 7 8
01 fc/2 fc/2
10 o2’ for2’
11 External clock (TC1 pin input
(TC1 pin input) RAW
) Ex- Win-
00: Stop&counter clear | Timer tend Event dow Pulse [ PPG
01: Command start
[} o o o o o
TC1S TC1 start control 10: External trigger start
at the rising edge °© X X x X x
11: External trigger start x o o o o o
at the falling edge
X o o o o o
ACAP1 | Auto capture control 0: Auto-capture disable 1: Auto-capture enable
MCAP1 E:rlﬁfor\'idth measurement mode 0: Double edge capture 1: Single edge capture
METT1 External trigger timer mode 0: Trigger start 1: Trigger start&stop
control

Note 1: fc; High-frequency clock [HZz]

Note 2: Writing to the lower byte of the timer registers (TC1DRAL, TC1DRBL), the comparison is inhibited
until the upper byte (TC1DRAH, TC1DRBR) is written. Only the lower byte of the timer registers can
not be changed. After writing to the upper byte, any match during 1 machine cycle (instruction
execution cycle) is ignored.

Note 3: Set the mode, source clock when TC1 stops (TC1S =“00").

Note 4: Auto-capture can be used in only timer, event counter, and window modes.

Note 5: Values to be loaded to timer registers must satisfy the following condition.

TC1DRA > “0” (others)
Note 6: Always write “0” to bit 7 in TC1CR.
Note 7: When STOP mode is started, timer counter is stopped and cleared. Set TC1S to “1” after STOP mode

is released for restarting timer counter.

Figure 2.5.2 Timer Registers and TC1 Control Register
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2.5.3 Function

Timer/counter 1 has five operating modes: timer, external trigger timer, event counter, window,
pulse width measurement.

(1) Timer mode
In this mode, counting up is performed using the internal clock. The contents of TC1DRA are
compared with the contents of up-counter. If a match is found, an INTTCL1 interrupt is generated, and
the counter is cleared to “0”. Counting up resumes after the counter is cleared. The current contents
of up-counter can be transferred to TC1DRB by setting ACAP1 (bit 6 in TC1CR) to “1” (software
capture function). (auto-cpture function)

Table 2.5.1 Source Clock (internal clock) for Timer/Counter 1
(example: at fc =8.0 MHz)

NORMAL, IDLE Mode
TC1CK DV1CK=0 DVICK =1
Resolution [us] Maximum Time Setting [s] Resolution [us] Maximum Time Setting [s]
00 256.0 16.78 512.0 33.55
01 16.0 1.05 32.0 2.10
10 1.0 65.54 m 2.0 131.07

Example 1: Sets the timer mode with source clock fc/211 [Hz] and generates an interrupt 1s later
(at fc =8.0 MHz)
LDW (TC1DRA), OF42H; Sets the timer register (1 s + 211/fc = OF42p)
SET (EIRL). EF4; Enable INTTCL1
El
LD (TC1CR), 00010000B; Starts TC1

Example 2: Auto-capture
LD (TC1CR), 01010000B; ACAP1 — 1 (capture)
LD WA, (TC1DRB); Reads the capture value
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Source Clock

Command start

JUUuyuyuUyuyuyyL

Up-Counter 0 (X2 X3 X4) XXX X2 X3 X4 XB X6 XT)

TC1DRA ?X:n o |

INTTCH1 Interrupt Match detectHCounter clear

(a) Timer mode

sawceclock || | L | LJ LJ LJ LJ LJ LJ LJ |
Up-Counter:>(m—2Xm—1X m Xm+1 X m+2 X i’D( n-1 X n Xn+1X
)

Capture Capture
TC1DRB ? m n
ACAP1
(b) Auto-capture
Figure 2.5.3 Timer Mode Timing Chart
(2) External trigger timer mode

In this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin
input. Either the rising or falling edge can be selected with TC1S. Source clock is an internal clock.
The contents of TC1DRA is compared with the contents of up-counter. If a match is found, an INTTC1
interrupt is generated, and the counter is cleared to “0” and halted. The counter is restarted by the
selected edge of the TC1 pin input.

When METT1 (bit 6 in TC1CR) is “1”, inputting the edge to the reverse direction of the trigger edge
to start counting clears the counter, and the counter is stopped. Inputting a constant pulse width can
generate interrupts. When METT1 is “0”, the reverse directive edge input is ignored. The TC1 pin
input edge before a match detection is also ignored.

The TC1 pin input has the noise rejection; therefore, pulses of 7/fc [s] or less are rejected as noise. A
pulse width of 24/fc [s] or more is required for edge detection in NORMAL or IDLE mode.

Example 1: Detects rising edge in TC1 pin input and generates an interrupt 100 ps later. (at fc = 8.0
MHz, DV1CK =1)
LDW (TC1DRA), 0032H; 100 ps + 24/fc = 32H
SET (EIRL). EF4; INTTC1 interrupt enable
El
LD (TC1CR), 00101000B; TC1 external trigger start, METT1 =0

Example 2: Generates an interrupt, inputting “L” level pulse (pulse width: 4 ms or more) to the TC1
pin. (at fc = 8.0 MHz, DV1CK =1)
LDW (TC1DRA), 007DH; 4 ms + 28/fc = 007DH
SET (EIRL). EF4; INTTC1 interrupt enable
El
LD (TC1CR), 01110100B; TC1 external trigger start, METT1 =1

79



TOSHIBA TMPA8827CMNG /CPNG /CSNG

Count start Count start TC1sS =10

. - - at the rising
TC1 Pin Input errlgger | ‘0 fTrlgger edge
))
Internal Clock | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I |

Up-Couner D €9 €D €D S G0 SEIE €9 € &
\

TC1DRA 2 X n )

INTTC1 Interrupt Match detectY |Counter clear

(a) Trigger start (METT1 =0)

Count start Count clear Count start
. - . - TC1S =10
TC1 Pin Input Trigger Trigger Trigger
P 99 99 99 L at the rising
edge

Internal Clock I | I | I | I | I | I | I | I | I | I
n

TC1DRA :)(

INTTC1 Interrupt Match detectY |Counter clear

(b) Trigger start&Stop (METT1 =1)

Figure 2.5.4 External Trigger Timer Mode Timing Chart

(3) Event counter mode

In this mode, events are counted at the edge of the TC1 pin input and bit 4 or 5 in TC1CR. Either
the rising or falling edge can be selected with the external trigger. The contents of TC1DRA are
compared with the contents of up-counter. If a match is found, an INTTCL1 interrupt is generated, and
the counter is cleared.

Match detect is executed on other edge of count-up. A match can not be detected and INTTCL1 is not
generated when the pulse is still in same state.

Setting ACAP1 to “1” transfers the current contents of up-counter to TC1DRB (auto-capture
function).

Command start

Y
. TC1S =10
TC1 Pin Input [ ] || I |: ( I l. | 1 I at the falling

i \ ¢ A edge
Up-Counter 0 )@( 2 ’ Xn-1Xn X0 1
| )
TC1DRA 2 X n )
INTTC1 Interrupt Match detectY [Counter clear

Figure 2.5.5 Event Counter Mode Timing Chart
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(4) Window mode
Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the
TC1 pin input (window pulse) and an internal clock. The contents of TC1DRA are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with bit 4 or 5 in TC1CR.
It is necessary that the maximum applied frequency be such that the counter value can be analyzed
by the program. That is; the frequency must be considerably slower than the selected internal clock.

Command start

TC1 Pin Input
Up-Counter 0 : 1 I 2 l 3 l 4 I 5 6 X7X0X 1 2 3
TCIDRA 2 X : 7 % |
INTTC1 Interrupt Match detectHCounter clear

(a) Positive logic (at TC1S =10)

Command start

TC1 Pin Input
Up-Counter 0:1|2|3I4I 5I 6 7 X 8 X9X0X1
TCIDRA 2 X: 9 ) T]
INTTC1 Interrupt Match detect%ounter clear

(b) Negative logic (at TC1S = 11)

Figure 2.5.6 Window Mode Timing Chart

(5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1CR). The trigger can
be selected either the rising or falling edge of the TC1 pin input. the source clock is used an internal
clock. On the next falling (rising) edge, the counter contents are transferred to TC1DRB and an
INTTCL1 interrupt is generated. The counter is cleared when the single edge capture mode is set.
When double edge capture is set, the counter continues and, at the next rising (falling) edge, the
counter contents are again transferred to TC1DRB. If a falling (rising) edge capture value is required,
it is necessary to read out TC1DRB contents until a rising (falling) edge is detected. Falling or rising
edge is selected with the external trigger (bit 4 or 5 in TC1CR), and single edge or double edge is
selected with MCAP1 (bit 6 in TC1CR).
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Example: Duty measurement (resolution fcr2? [Hz] DV1CK =0)
CLR (INTTC1SW). 0; INTTC1 service switch initial setting
LD (TC1CR), 00000110B; Sets the TC1 mode and source clock
SET (EIRL). EF4; Enables INTTC1
El
LD (TC1CR), 00100110B; Starts TC1 with an external trigger at MCAP1 =0

PINTTC1: CPL (INTTC1SW). 0; Complements INTTC1 service switch
JRS F, SINTTC1
LD (HPULSE), (TC1DRBL); Reads TC1DRB (“H” level pulse width)
LD (HPULSE + 1), (TC1DRBH)
RETI
SINTTC1: LD (WIDTH), (TC1DRBL); Reads TC1DRB (period)
LD (WIDTH + 1), (TC1DRBH); Duty calculation

RETI
VINTTCL: DL PINTTC1

WIDTH

Y

A A

HPULSE

TC1 Pin

INTTC1SW |
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Count start Count start

TC1 Pin Input Trigger

Internal Clock I | I | | I | I | I | I LMM
upcomer — T YTXDYEXD D@Q XIXZ

TC1DRB

Capture

INTTC1 Interrupt

[Application] High or low pulse width measurement

(@) Single edge capture (MCAP1 =1)

Count start Count start

TC1 Pin Input ” (TC1S =10)

mternal ciock [ LU UL UL UL U UL U

Up-Counter 0 (1 X2X3X4) (n-1X N Xn+1Xn+2Xn+3) m-2Xm-1Ym¥o¥ 1 X 2

i | Capture i Capture
TC1DRB n m

INTTC1 Interrupt

[Application] 1) Period/Frequency measurement
2) Duty measurement

(b) Double edge capture (MCAP1 = 0)

Figure 2.5.7 Pulse Measurement Mode Timing Chart
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2.6 16-Bit Timer/Counter 2 (TC2A)

2.6.1 Configuration

TC2S
TC2 pin
MPX
clear
fc/22133 fc/2214>—) A 5
fc/2.”, fe/2 ) —>(B Timer/ _
, v - -
fc/28 or fc/29>—> C v event counter A So—)|urce 16-bit up-counter |
fc/2” or fc/2 D S clock
‘S ez INTTC2
3 interrupt
Tees enable
TC2CK
T | match detect control |

TC2CR TC2DR | F F

TC2 control register 16-bit timer register 2~ TC2DRH TC2DRL
write strobe  write strobe

Note: MPX; Multiplexer

CMP; Comparator

Figure 2.6.1 Timer/Counter 2 (TC2A)

84



TOSHIBA TMPA8827CMNG /CPNG /CSNG

2.6.2 Control

The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer
register 2 (TC2DR). Reset does not affect TC2DR.

TC2DR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
égg%i') | "~ TC2DRN (000174 | : | ~ TC2DRL (00016w) |
Write only
TC2CR 7 6 5 4 3 2 1 0
(00015}) | i 0 | TC2S | TC2CK | O | TC2M | (initial value: **00 00*0)
H I I
TeoM TC2 0: Timer/event counter mode
operating mode select 1: Windou mode
NORMAL, IDLE Mode
DV1CK =0 DV1CK =1
000 fc/2* fcl2®
001 for2™3 for2™
TC2 010 for2® for2® Write
Teack source clock select [Hz] 011 fc/23 fc/24 only
100 reserved
101 reserved
110 reserved
111 External clock (TC2 pin input)
Teos TC2 0: Stop and counter clear
start control 1: Start

Note 1: fc; High-frequency clock [Hz], *; Don't care

Note 2: Writing to the lower byte of timer register 2 (TC2DRL), the comparison is inhibited until the upper byte

(TC2DRyp) is written. After writing to the upper byte, any match during 1 machine cycle (instructon
execution cycle) is ignored.

Note 3: Set the mode and source clock when the TC2 stops (TC2S =0).

Note 4: Values to be loaded to the timer register must satisfy the following condition.

TC2DR >0 (TC2DR15 to 11 > 0 at warm-up)

Note 5: TC2CR are write-only registers and must not be used with any of the read-modify-write instructions.

Note 6: When STOP mode is started, timer counter is stopped and cleared. Set TC2S to “1” after STOP mode

is released for restarting timer counter

Figure 2.6.2 Timer Register 2 and TC2 Control Register
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2.6.3 Function

The timer/counter 2 has three operating modes: timer, event counter and window modes.

TMPA8827CMNG /CPNG /CSNG

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TC2DR are compared with
the contents of up-counter. If a match is found, a timer/counter 2 interrupt (INTTC2) is generated,
and the counter is cleared. Counting up is resumed after the counter is cleared.

Example: Sets the source clock fc/23 [Hz] and generates an interrupt event 25 ms
(at fc = 8.0 MHz, DV1CK =1)
LDW (TC2DR), 61A8H; Sets TC2DR
SET (EIRH). EF14; Enable INTTC2 interrupt
El
LD (TC2CR), 00101100B; Starts TC2

Table 2.6.1 Source Clock (internal clock) for Timer/Counter 2 (at fc = 8.0 MHz)

NORMAL, IDLE Mode
TC2CK DVICK =0 DVICK =1
Resolution Maximum Time Setting Resolution Maximum Time Setting
000 1.05 [us] 19.11 [h] 0.53 [s] 9.55 [h]
001 1.02 [ms] 66.8 [s] 510 [ps] 33.4s]
010 32 [us] 2.08 [s] 16 [us] 1.04 [s]
011 1 [ps] 65.4 [ms] 0.5 [ps] 32.7 [ms]

(2) Event counter mode
In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TC2DR
are compared with the contents of the up-counter. If a match is found, an INTTC2 interrupt is
generated, and the counter is cleared. The maximum frequency applied to the TC2 pin is shown in
Table 2.6.2. Two or more machine cycles are required for both the “H” and “L” levels of the pulse
width. Match detect is executed on the falling edge of the TC2 pin. A match can not be detected and
INTTC2 is not generated when the pulse is still in a falling state.

Example: Sets the event counter mode and generates an INTTC2 interrupt 640 counts later.
LDW (TC2DR), 280H; Sets TC2DR
SET (EIRH). EF14; Enables INTTC2 interrupt
El
LD (TC2CR), 001111008B; Starts TC2

Table 2.6.2 Timer/Counter 2 External Clock Source

Maximum Applied Frequency [Hz]

NORMAL, IDLE Mode

fe/2*
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(3) Window mode
In this mode, counting up performed on the rising edge of an internal clock during TC2 external pin
input (window pulse) is “H” level. The contents of TC2DR are compared with the contents of
up-counter. If a match found, an INTTC2 interrupt is generated, and the up-counter is cleared.
The maximum applied frequency (TC2 input) must be considerably slower than the selected
internal clock.

Example: Generates an interrupt, inputting “H” level pulse width of 120 ms or more.
(at fc = 8.0 MHz, DV1CK =1)
LDW  (TC2DR), 003AH; Sets TC2DR (120 ms + 214/t = 003AH)
SET (EIRH). EF14; Enables INTTC2 interrupt
El
LD (TC2CR), 00100101B; Starts TC2

TC2 Pin Input

Internal Clock mem ]_I_l_I_l_r—l_I_l_I_l_I_l_I_l_I_

Up-Counter 0 )@@CZ 3 n-2 XXX T X 2 X3

TC2DR X n o |

INTTC2 Interrupt Match detectY [Counter clear

Figure 2.6.3 Window Mode Timing Chart
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2.7 8-Bit Timer/Counter 3 (TC3B)

2.7.1 Configuration

l inhibit
rising

Edge > Capture ) b D )
detector »| control ,_D— S INTTC3

falling p :
TC3M TC3S interrupt

TC3IN

clear

TC3 pinO— TC3ES o

—>

fc/2' fer2™  —>
fclzﬁ, fe/2t3 —>
fc/210, fc/211 —>

—>
f(:/29 , fc/%0

fc/2, fcl2™  —>
f(:/27 orfc/2. —>
fc/2" or fc/2” —>

MPX

Source clock [ - 1 overflow
Y > 8-bit up-counter |
| | TC3M

a match
capture

capture
S ) >—{ 7tcaore |[ TemRA e |

8-bit timer register 3A, B

G@TMMmMTOOW@>I

>

ACAP

TC3CK
TC3S
TC3CR

TC3 control register

Note: MPX; Multiplexer

CMP; Comparator

Figure 2.7.1 Timer/Counter 3 (TC3B)
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2.7.2 Control

The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer

registers (TC3DRA and TC3DRB) and port multiplex control register (PMPXCR).

TC3DRA 7 6 5 4 2 1 0
(000184 | ! ! ; ; ; ; ; | Read/Write
TC3DRB
(000191 | ; ; ; ; ; ; ; | Read only
1 1 1 1 1 1 1
TC3CR 7 6 5 4 2 1 0
(0001AH) | [ | ACAP | 0 | TC3S | TC3CK | TC3M | (initial value: *0*0 0000)
1 1 1
TC3 0: Timer/event counter
TC3M
operation mode set 1: Capture
NORMAL, IDLE Mode
DVICK =0 DVICK =1
000 fc/2™ fc/2™
001 for2"? fer2™
TC3 010 fer2™t fe/2*?
TC3CK 10 1
source clock select [Hz] 011 fc/2 fcl2 Write
100 fer2® S only
101 fer2® fer2®
110 fer2” for2®
111 External clock (TC3 pin input)
TC3 0: Stop&clear
TC3S
start select 1: Start
0: Auto-capture disable
ACAP Auto-capture control
1: Auto-capture enable
PMPXCR . 7 . 6 . 5 . 4 . 3 . 2 . 1 0
(0027w { v tcws | o | O | O | 0O |Tc4Es|Tcses| (initial value: 00** *+00)
0: Rising edge ;
TC3ES |TC3 edge select W”Ite
1: Falling edge only
Note 1: fc; High-frequency clock [Hz], *; Don’t care
Note 2: Set the mode and the source clock when the TC3 stops (TC3S = 0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TC3DRA >0 (in the timer and event counter mode)
Note 4. Auto-capture can be used only in the timer and event counter mode.

Note 5: TC3CR, TCESCR is a write-only register and must not be used with any of read-modify-write instructions.

Note 6: When STOP mode is started, timer counter is stopped and cleared. Set TC3S to “1” after STOP mode is
released for restarting timer counter.

Note 7: Always write “0” to bit 7 in PMPXCR.

Figure 2.7.2 Timer Register 3 and TC3 Control Register
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2.7.3 Function
The timer/counter 3 has three operating modes: timer, event counter, and capture mode.
When it is used in the capture mode, the noise rejection time of TC3 pin input can be set by remote
control receive control register.
(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TC3DRA are compared with
the contents of up-counter. If a match is found, a timer/counter 3 interrupt (INTTC3) is generated,
and the up-counter is cleared. The current contents of up-counter are loaded into TC3DRB by setting
ACAP (bit 6 in TC3CR) to “1” (auto-capture function).
The contents of up-counter can be easily confirmed by executing the read instruction (RD
instruction) of TC3DRB. Loading the contents of up-counter is not synchronized with counting up.
The contents of over flow (FFH) and 00H can not be loaded correctly. It is necessary to consider the
count cycle.
Clock | | | | | |
Counter X rE XFXooX o X
TC3DRB X FE X FF/00 X 01
Table 2.7.1 Source Clock (internal clock) for Timer/Counter 3
(example: at fc = 8.0 MHz)
NORMAL, IDLE Mode
TC3CK DVICK =0 DV1CK =1
Resolution [us] Maximumsetting Time [ms] Resolution [us] Maximumsetting Time [ms]
000 1024 261.2 2048 522.2
001 512 130.6 1024 261.1
010 256 65.3 512 130.6
011 128 32.6 256 65.3
100 64.0 16.3 128 32.6
101 32.0 8.2 64.0 16.3
110 16.0 4.1 32.0 8.2
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Event counter mode

In this mode, the TC3 pin input pulses are used for counting up Either the rising on falling edge
can be selected with TC3ES (bit 0 in PMPXCR). The contents of TC3DRA are compared with the
contents of the up-counter. If a match is found, an INTTCS3 interrupt is generated and the counter is
cleared. Match detect is executed on the falling edge of the TC3 pin. A match can not be detected, and
INTTCS is not generated when the pulse is still in a falling state.

The maximum applied frequency is shown in table 2.7.2. One or more machine cycles are required
for both the high and low levels of the pulse width.

The current contents of up-counter are loaded into TC3DRB by setting ACAP (bit 6 in TC3CR) to
“1” (auto-capture funcion).

The contents of up-counter can be easily confirmed by executing the read instruction (RD
instruction) of TC3DRB. Loading the contents of up-counter is not synchronized with counting up.
The contents of over flow (FFH) and 00H can not be loaded correctly. It is necessary to consider the
count cycle.

Example: Generates an interrupt every 0.5 s, inputting 50 Hz pulses to the TC3 pin.
LD (TC3CR), 00001110B; Sets TC3 mode and source clock
LD (TC3DRA), 19H; 0.5 s + 1/50 =25 = 194
LD (TC3CR), 00011100B; Starts TC3

Table 2.7.2 Source Clock (external clock) for Timer/Counter

Maximum Applied Frequency [Hz]

NORMAL, IDLE Mode

fe/2*
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(3) Capture mode

The pulse width, period and duty of the TC3 pin input are measured in this mode, which can be
used in decoding the remote control signals or distinguishing AC 50/60 Hz, etc. The counter is free
running by the internal clock. On the rising (falling) edge of the TC3 pin input, the current contents of
counter is loaded into TC3DRA, then the up-counter is cleared to “0” and an INTTC3 interrupt is
generated. On the falling (rising) edge of the TC3 pin input, the current contents of the counter is
loaded into TC3DRB. In this case, counting continues. On the next rising (falling) edge of the TC3 pin
input, the current contents of counter are loaded into TC3DRA, then the counter is cleared again and
an interrupt is generated. If the counter overflows before the edge is detected, FFH is set into
TC3DRA, and the counter is cleared and an INTTC3 interrupt is generated. During interrupt
processing, it can be determined whether or not there is an overflow by checking whether or not the
TC3DRA value is FFH. Also, after an interrupt (capture to TC3DRA, or overflow detection) is
generated, capture and overflow detection are halted until TC3DRA has been read out; however, the
counter continues. As reading out TC3DRA resumes capture/overflow detection, TC3DRB must be
beforehand read out.

Up-Counter_k =2 ) - ]XOK_L X/ X=X Xm+ 5/ X = XIXOR L X2 X3 XL OXFEXAROX L X2 X 3)

TC3 Pin Input
TC3DRA K \\ ” \ FF (overflow)
TC3DRB :X ml’ ‘ X ‘<
I:r\,\tl;-r-lrfpst Capture Capture Overflow

Reading
TC3DRA rl rl rl—

Figure 2.7.3 Capture Mode Timing Chart

The edge of TC3 pin input is detected in the remote control receive circuit with noize rejection. The
remote control receive circuit is controlled by the remote control receive control register (RCCR). The
romote control receive status register (RCSR) can monitor the porality selection and noize rejection

circuit.
rising
TC3IN 5| Polarity . Noise reject circuit > Edge detector ’ Capture
selest MPX ” (5-bit up-down counter) ” 9 5 control
s 0 5 A falling
fc/2” or fc/2 > A
TC3 N
Source clock B Y
S
) 5
RCSCK
RPOLS RCNC RCNF RCOVF RNCM
Y_ VY Y Y 4
RCCR/RCSR

Remote control receive control/status register Note: MPX; Multiplexer

Figure 2.7.4 Remote Control Receiving Circuit
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RCCR
(00026) | RCEN | RPOLS | RCSCK| RCNC | (initial value: 0001 1111)
1 1 1 1
Noise reject time select Write
RCNC (source clock) x (RCNC - 1) [s] |
024 = RCNC £ 1Fy only
NORMAL, IDLE Mode
Noise reject circuit DV1CK =0 DV1CK =1
RCSCK
Source clock select 0 28fc 2°fc
R/W
1 TC3CK (Note 2)
; ; 0: Positive
RPOLS Remote control signal polarity
select 1: Negative
RCEN | Remote control receive circuit 0: Disable Write
operation control 1: Enable only
Note 1: Set RPOLS and RCSCK when the timer/counter stops (TC3S =0)
Note 2: Source clock of timer/counter 3
Note 3: fc; High-frequency clock [Hz], *; Don’t care
Note 4: RCCR includes a write-only register and must not be used with any of read-modify-write instructions.
Note 5: Values to be loaded to RCNC must satisfy the following condition. 02 = RCNC £ 1F
RCSR
(00026) | RCNF | RPOLS | RCSCK | RCOVF | RNCM | O | O | o i (initial value: 0000 0***)
RNCM | Remote control signal monitor 0: Low level
after noise rejecter 1: High level Read
0: Signal and definition by overwriting the noise reject time RCNC only
RCOVF | Noise reject circuit Overflow flag
1: Other than above
NORMAL, IDLE Mode
Resck | Noise reject circuit DVICK =0 DVICK =1
Source clock select 0 28fc 29ic
R/W
1 TC3CK (Note 2)
; ; 0: Positive
RPOLS Remote control signal polarity
select 1: Negative
RCNF | Remote control signal monitor 0: Without noise Read
after noise rejecter 1: With noise only

Note 1: Reading out the register RCSR resets RCNF and RCOVF.
Note 2: Source clock of timer/counter 3
Note 3: When a 5-bit up-down counter counts down to “0” after counting up, the RCNF defines to be noise.

Note 4: fc; High-frequency clock [Hz], *; Don’t care

Figure 2.7.5 Remote Control Receive Control Register and Remote Control
Receive Status Register
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Table 2.7.3 Combination between the Porality and the Edge Selection

TC3 Pin Input Pulse
RPOLS (interrupt occurrence is shown Measuremont
as allow.)
K A
0 e 1 e 7
1 N > <
v v 1< 1<

Note: When TC3CK is used in RCSCK, do not select an external clock to the TC3CK.
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Source Clock

Up-down Counter 0 0 0

TC3 Pin Input | < | I |

RNCM [

RCOVF

_(/’_\

RCNF Reset

Reading RCSR

() Noise (RPOLS =0, RCNC =03p)

Source Clock

Up-down Couner 0 XX XX 0
TC3 Pin Input | | |

RNCM [

RCOVF Reset

RCNF

Reading RCSR (

Writing RCCR \_I

RCNC 08H X 03H

(b) Noise rejection circuit overflow flag (RPOLS =1, RCNC = 084 to 03W)

Figure 2.7.6 Remote Control Receive Circuit Timing Chart
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2.8 8-Bit Timer/Counter 4 (TC5A)

2.8.1 Configuration

TC4ES
S
TC4 pin A TC4S
Y
B MPX
E clear
fclz;l, fc/2™ 8>—> A Source
fc/2_or fc/l2_ >—> B clock _
fe/2] or fe/2—>lc ¥ —>  s-bitup-counter |
fc/2” or fc/l2'>—>»{D S
2

match
TCACK ’

TC4S | TC4M .
Note: MPX; Multiplexer
2 CMP; Comparator
TC4CR TC4DR
Timer/Counter 4 Control Register 8-bit Timer Register 4 v

INTTC4

ﬁ ﬁ interrupt

Figure 2.8.1 Timer/Counter 4 (TC5A)
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2.8.2 Control

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and an 8-bit timer
register 4 (TC4DR). Reset does not affect TCADR.

TCADR 7 6 5 4 3 2 1 0
(0001By) ! ! ! ! : : : | Write only
1 1 1 1 ! 1 1
TcacR T 6 5 4 3 2 1 0
(oooicH {0 T O | Tcas | TC4CK TC4aM | (initial value: **00 0000)
L 1 1

00: Timer/event counter mode
01: reserved

TC4M TC4 operation mode select
10: reserved

11: reserved

NORMAL, IDLE Mode
DV1CK =0 DV1CK =1

000 for2™t for2™

001 fer2’ fe/2® Wiite
TC4CK | TC4 source clock select [Hz] 010 fc,zz fC/Zj o

011 fc/2 fc/2

100 reserved reserved

101 reserved reserved

110 reserved reserved

111 External clock (TC4 pin input)

0: Stop&counter clear
TC4S TC4 start select

1: Start
PMPXCR 76 5 4 3 2 1 o
0027W) f v { cHs | O | O | O | O | TCAES | (TC3ES) | (initial value: 00** *+00)
L 1L 1L 1. L 1. 1
0: Rising edge ;
TC4ES |TC4 edge select W”Ite
1: Falling edge only

Note 1: fc; High-frequency clock [Hz], *; Don’t care

Note 2: Values to be loaded to the timer register must satisfy the following condition. 0 < TC4DR
Note 3: Set the operating mode and the source clock selection when the TC4 stops (TC4ES =0)
Note 4: Auvailable source clocks for each operation mode is referred to the following table.

Note 5: TC4CR, TC4DR and the PMPXCR are write only register and must not be used with any of the
read-modify-write instructions such as SET, CLR, etc.

Note 6: Always write “0” to bit 7 in PMPXCR.

Note 7. When STOP mode is started, timer counter is stopped and cleared. Set TC4S to “1” after STOP mode is
released for restarting timer counter.

Figure 2.8.2 Timer Register 4 and TC4 Control Register
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2.8.3 Function
The timer/counter 4 has two operating modes: timer, event counter mode.
(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TC4DR are compared with
the contents of up-counter. If a match is found, an INTTC4 interrupt is generated and the up-counter
is cleared to “0”. Counting up resumes after the up-counter is cleared.
Table 2.8.1 Source Clock (internal clock) for Timer/Counter 4
(example: at fc = 8.0 MHz)
NORMAL, IDLE Mode
TcacK DV1CK =0 DV1CK =1
Resolution Maximum Setting Time Resolution Maximum Setting Time
[us] [s] [us] [s]
000 256 65.3m 512 130.6 m
001 16.0 4.1m 32.0 8.2m
010 4.0 1.0m 8.0 20m
100 1.0 255 2.0 510 p

(2) Event counter mode
In this mode, the TC4 pin input (external clock) pulse is used for counting up. Either the rising or
falling edge can be selected with TC4ES (bit 1 PMPXCR). The contents of TC4ADR are compared with
the contents of the up-counter. If a match is found, an INTTC4 interrupt is generated and the counter
is cleared. The maximum applied frequency is shown Table 2.8.2. Two or more machine cycles are
required for both the high and low level of the pulse width.

Table 2.8.2 Timer/Counter 4 External Clock Source

Maximum Applied Frequency [Hz]

NORMAL, IDLE Mode

fe/2*
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2.9 Serial Bus Interface (SBl-ver.D)

The TMPA8827CMNG /CPNG /CSNG has a 1-channel serial bus interface which employs an 12Cc
bus (a bus system by philips).

The serial interface is connected to external devices through P52 (SDA1) and P51 (SCL1) in the 12C
bus mode; P35 (SDAO) and P34 (SCLO) are connected to internal the TV signal processor.

The external serial bus interface pins are also used for the P5 port. When used for serial bus
interface pins, set the P3/P5 output latches of these pins to “1”. When not used as serial bus interface

pins, the P5 port is used as a normal 1/O port.

2.9.1 Configuration
— > INTSBI Interrupt Request
» SCL
HOP52
(SDA1)
Input/ HOP51
Output (SCL1)
Control
fc/2
—>» Source
Clock —>| Divider
fc/4| Generator l,
]* Transfer
—T 2 Control |/———
. I”C bus Circuit [N——
N Clock P35
Sync. AKX
| Noise 7 AN Y (SDAO)
Canceller Control ) > 2 P34
Shift ”l  I°C bus ]
Y Register Data Control Noise (SCLO)
] Canceller SDA
2\ A A
\ , 4 |
SCCRB/ | | SBICRB/ 2 TV
SCCRA SCSR SBISRB I"CAR SBIDBR SBICRA PMPXCR s;)%g?l
SBI Control I°C bus SBI data SBI Control cessor
Register SBI Address Buffer Register A
Status Register Register
Register
Figure 2.9.1 Serial Bus Interface (SBI)
2.9.2 Control
The following registers are used for control the serial bus interface and monitor the operation
status.

Serial bus interface control register A (SBICRA)
Serial bus interface control register B (SBICRB)
Serial bus interface data buffer register (SBIDBR)
12C bus address register (I2CAR)
Serial bus interface status register A (SBISRA)
Serial bus interface status register B (SBISRB)

Serial clock source control register (SCCRB)
Serial clock control status register (SCSR)
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2.9.3 Serial Clock Source Control

A serial bus interface circuit can reduce the power consumption by stopping a serial clock
generater.

Serial Clock Source Control Register

SCCRB 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1
(OOFFlH)| SCEN | e T s A (initial value: O %)
0: Do not generate source clock ;
SCEN Serial clock source control erlte
1: Generate source clock only

Note: When SCRQ and SCEN are “1”, SCEN cannot be cleared to “0”. When SCRQ is “0”, SCEN is cleared to
“0".

Serial Clock Control Status Register

SCSR 7 6 5 4 3 2 1 0
(00FF14) | SCRQ | o { o +to o Vo to oo i (initial value: 0 *xex)
1 1 1 1 1 1 1
) 0: No source clock request from serial bus interface Read
SCRQ | Serial clock source request |
1: Souce clock request from serial bus interface only
SCRQ
SCEN I |
Source Clock
e >
T T Clock generation T
“1" - SCEN Write data Write data "00” “0” - SCEN

except "00” to SBIM to SBIM

Figure 2.9.2 Serial Clock Souse
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2.9.4 Channel Select

A serial bus interface circuit can select 1/0 pin when a serial bus interface is used for 12C bus mode.

Port Switching Register

PMPXCR ___ 7 6 5 4 3 2 1o
(00027H) | wgr | CHS | o | 0o | O | O IiTC4ES!|TC3ES! (initial value: 00** *+00)
L ] 1 1 1 1 1
2 0: Channel 0
CHS I”C bus Channel Select R/W
1: Channel 1

Note 1: Always write “0” to bit 7 in PMPXCR.

Note 2: *; Don't care

2.9.5 Software Reset

Figure 2.9.3 Channel Select

A serial bus interface circuit has a software reset function, when a serial bus interface circuit is
locked by an external noise, etc.

To occur software reset, write “01”, “10” into the SWRST (bit 1, 0 in SBICRB). During software
reset, the SWRMON is clear to “0”.

2.9.6 The Data Format in the I2C Bus Mode

@)

(b)

©

Notes:

The data format when using the TMPA8827CMNG /CPNG /CSNG in the 12C bus mode are shown
in as below.

Addrressing format

&«—— 8hits —>»(1[€«— 1to8hits—>{1€&«— 1to 8 bits—>| 1
TT 11171 [ala A A

S| Slave address L € Data ¢ Data c|P
w(K K K
1 > 1ormore — >

Addrressing format (with restart)

€ 8hbhits — 1€ 1to8bits—>|1| [€— 1to8bits > 1[€— 1to8bits—>{1
TT 11171 [ala A T T T T 1T [rla A
S Slave address L€ Data C|S Slave address L|c Data c|P
w|K K w|K K
1 > 1 or more——>| 1 >(< 1 or more —>
Free data format
«—— 8hits —>»(1[«— 1to8hits—>{1l€«— 1to 8 bits—>| 1
TT 111171 (A A A
S Slave address c Data ¢ Data c|P
K K K
<—— 1 > lormore —————————>

S: Start condition
R/W R/W: Direction bit
ACK: Acknowledge bit

P: Stop condition

Figure 2.9.4 Data Format in I°C Bus Mode
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2.9.7 IZC Bus Mode Control

The following registers are used to control the serial bus interface (SBI) and monitor the operation status in the 12C bus mode.

Serial Bus Interface Control Register A

SBICRA 7 6 5 4 3 2 1 0
(00020H) | BC | ACK | | SCK (initial value: 0000 *000)
1 1 1 1
ACK =0 ACK=1
BC
Number of Bits Number of Bits
Clock Clock
000 8 8 9 8
001 1 1 2 1
BC Number of transferred bits 010 2 2 3 2 ngg/e
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
0: Do not generate a clock pulse for an acknowledgemet. (master
mode)/Do not count a clock pulse for an acknowledgement.
Ack | Acknowledgement mode (slave mode) RIW
specification 1: Generate a clock pulse for an acknowledgement. (master
mode)/Count a clock pulse for an acknowledgement. (slave
mode)
When DV1CK is “0” When DV1CK is “1”
000: 200.0 kHz 000: 100.0 kHz
001: 111.1 kHz 001: 58.8 kHz
Serial clock selection 010: 58.8 kHz 010: 29.4 kHz Wii
rite
SCK (at fc = 8 MHz, output on SCL 011: 30.3 kHz 011: 15.4 kHz only
pin) 100: 15.4 kHz 100: 7.7 kHz
101: 7.7 kHz 101: 3.9 kHz
110: 3.9 kHz 110: 1.9 kHz
111: reserved 111: reserved

Note 1: fc; High-frequency clock [Hz], *; Don'’t care

Note 2: SBICRA cannot be used with any of read-modify-write instructions such as bit manipulation, etc.

Serial Bus Interface Data Buffer Register

sBDBR 7 6 5 4 3 2 1 0
(00021) | (initial value: **x* =xx%) R\

Note 1: For writing transmitted data, start from the MSB (bit 7).

Note 2: The data which was written into SBIDBR can not be read, since a write data buffer and a read buffer are independent in SBIDBR.
Therefore, SBIDBR cannot be used with any of read-modify-write instructions such as bit manipulation, etc.

Note 3: The data which was written into SBIDBR is cleared to “0” when INTSBI is generated.

Note 4: *; Don't care

IZC Bus Address Register

7 6 5 4 3 2 1 0
2
I"CAR Slave address
(00022R) ALS
SA6 SA5 SA4 SA3 SA2 SAl SAO (initial value: 0000 0000)
1 1 1 1 1 1 1
SA TMPA8827CMNG /CPNG
/CSNG slave address selection .
Write
Address recognition mode 0: Slave address recognition only

ALS specification

1: Non slave address recognition

Note: IZCAR is a write-only register and cannot be used with any of read-modify-write instructions such as bit manipulation, etc.

Figure 2.9.5 Serial Bus Interface Control Register 1, Serial Bus Interface Data Buffer Register and I2C
Bus Address Register in the 1°C Bus Mode
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Serial Bus Interface Control Register B

SBICRB 7 6 5 4 3 2 1 0

(00023H) [ MST | TRX BB PIN SBIM SWRST1 | SWRSTO (initial value: 0001 0000)

] : Slave
MST Master/Slave selection
. Master

: Receiver
TRX Transmitter/receiver selection ]
: Transmitter

BB Start/stop generation
: Generate a start condition when MST, TRX and PIN are “1".

g Write

0
1
0
1
0: Generate a stop condition when MST, TRX and PIN are “1".
1
0
1 only

PIN Cancel interrupt service request ) )
: Cancel interrupt service request

00: Port mode (serial bus interface output disable)
spim | Serial bus interface operating 01: Reserved
mode selection 10: 1°C bus mode

11: Reserved

SWRST1

Software reset start bit Software reset starts by first writing “10” and next writing “01”".
SWRSTO

Note 1: *; Don't care

Note 2: Switch a mode to port after confirming that the bus is free.

Note 3: Switch a mode to I2C bus mode after confirming that the port is high-level.

Note 4. SBICRB is a write-only register and must not be used with any of read-modify-write instructions such as bit manipulation, etc.
Note 5: When the SWRST (bit 1, 0 in SBICRB) is written to “01”, “10”, software reset is occurred.

This time, control the serial bus interface and monitor the operation status registers except the SBIM (bit 3, 2 in SBICRB) and the CHS
(bit 6 in PMPXCR) are reseted.

Control the serial bus interface and monitor the operation status registers are SBICRA, SBICRB, SBIDBR, I2CAR, SBISRA, SBISRB,
SCCRA, SCCRB and SCSR,

Serial Bus Interface Status Register A

SBISRA 7 6 5 4 3 2 1 0
©020w{ o + o o { o {0 | 0o | o0 |w (initial value; *++ *+x1)
0: During software reset Read

SWRMON [ Software reset monitor

1: O (initial) only

Serial Bus Interface Status Register B

SBISRB 7 6 5 4 3 2 1 0
(00023n) | msT | TRX BB PIN AL AAS | ADO | LRB (initial value: 0001 0000)
Note: I"CAR is a write-only register and cannot be used with any of read-modify-write instructions such as bit manipulation, etc.
MST Master/Slave selection status | 0¢ Slave
monitor 1: Master
TRX Transmitter/Receiver selection 0: Receiver
status monitor 1: Transmitter
] 0: Bus free
BB Bus status monitor
1: Bus busy
PIN Interrupt service requests status | 0: Réquesting interrupt service
monitor 1: Releasing interrupt service request Read
. only
AL Arbitration lost detection 0: U
monitor 1: Arbitration lost detected
Slave address match detection | 0: Do not detect slave address match or “GENERAL CALL”
AAS )
monitor 1: Detect slave address match or “GENERAL CALL"
“GENERAL CALL” detection 0: Do not detect “GENERAL CALL”
ADO .
monitor 1: Detect “"GENERAL CALL”
0: Last receive bit is “0”
LRB Last Received bit monitor
1: Last receive bit is “1”

Figure 2.9.6 Serial Bus Interface Control Register 2 and Serial Bus Interface Status Register A/B in the
I°C Bus Mode
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)

@)

®)

Acknowledgement mode specification

Set the ACK (bit 4 in SBICRA) to “1” for operation in acknowledgment mode. When a serial bus
interface circuit is a master mode, an additional clock pulse is generated for an acknowledge signal.
In a transmitter mode during this additional clock pulse cycle, the SDA pin is released in order to
receive an acknowledge signal from the receiver. In the receiver mode during this additional clock
pulse cycle, the SDA pin is set to low level generation an acknowledge signal.

Clear the ACK to “0” for operation in a non-acknowledgement mode. When a serial bus interface
circuit is a master mode, a clock pulse for an acknowledge signal is not generated.

In an acknowledgement mode, when a serial bus interface circuit is a slave mode, a clock is counted
for the acknowledge signal. During a clock for the acknowledge signal, when a received slave address
matches to a slave address which is set to the 12CAR or a “GENERAL CALL” is received, the SDA pin
is set to low level generating an acknowledge signal.

After a received slave address matches to a slave address which is set to the I2CAR and a
“GENERAL CALL” is received, in a transmitter mode during a clock for an acknowledge signal, the
SDA pin is released in order to receive an acknowledge signal from a receiver. In a receiver mode, the
SDA pin is set to low level generating an acknowledge signal.

In the non-acknowledgement mode, when a serial bus interface circuit is a slave mode, a clock for a
acknowledge signal is not counted.

Number of transfer bits

The BC (bits 7 to 5 in SBICRA) is used to select a number of bits for next transmitting and
receiving data.

Since the BC is cleared to “000” as a start condition, a slave address and direction bit transmissions
are always executed in 8 bits. Other than these, the BC retains a specified value.

Serial clock
a. Clock source
The SCK (bits 2 to 0 in SBICRA) is used to select a maximum transfer frequency output from
the SCL pin in the master mode.

F tHIGH :( tLow —>€— l/fscl ———— >

SCK n
(bits 2 to 0 in the
SBICR1) When DV1CK is “0” | When DV1CK is “1”

_A,N
tLow =2 /fc 000

thign = 2"ffc + 8ifc 001
010
fscl = U(tLow + tHIGH) 011
100
101
110

=
OOCO\IO‘)U'IJ;
[ERGTN

RO ©o~NO U

Note: fc; High-frequency clock

Figure 2.9.7 Clock Source

b. Clock synchronization
The 12C bus has a clock synchronization function to meet the transfer speed to a slow
processing device when a transfer is performed between the devices which have different process
speed.
The example explains clock synchronization procedures when two masters simultaneously exist
on a bus.
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SCL Pin (master 1) wait \Count start j\
SCL Pin (master 2) Count reset ) < \Count reset
SCL (bus) g‘ N

(4)

®)

(6)

Figure 2.9.8 Clock Synchronization

As Master 1 pulls down the SCL pin to the low level at point “a”, the SCL line of the bus becomes
the low level. After detecting this situation, Master 2 resets counting a clock pulse in the high level
and sets the SCL pin to the low level.

Master 1 finishes counting a clock pulse in the low level at point “b” and sets the SCL pin to the
high level. Since Master 2 holds the SCL line of the bus at the low level, Master 1 waits for counting a
clock pulse in the high level. After Master 2 sets a clock pulse to the high level at point “c” and detects
the SCL line of the bus at the high level, Master 1 starts counting a clock pulse in the high level.

The clock pulse on the bus is determined by the master device with the shortest high-level period
and the master device with the longest low-level period from among those master devices connected to
the bus.

Slave address and address recognition mode specification

When the serial bus interface circuit is used with an addressing format to recognize the slave
address, clear the ALS (bit 0 in IZCAR) to “0”, and set the SA (bits 7to 1 in IZCAR) to the slave
address.

When the serial bus interface circuit is used with a free data format not to recognize the slave
address, set the ALS to “1”. With a free data format, the slave address and the direction bit are not
recognized, and they are processed as data from immediately after start condition.

Master/slave selection
Set the MST (bit 7 in SBICRB) to “1” for operating a serial bus interface circuit as a master device.
Clear the MST for operation as a slave device. The MST is cleared to “0” by the hardware after a
stop condition on the bus is detected or arbitration is lost.

Transmitter/receiver selection

Set the TRX (bit 6 in SBICRB) to “1” for operating a serial bus interface circuit as a transmitter.
Clear the TRX for operation as a receiver. When data with an addressing format is transferred in the
slave mode, the TRX is set to “1” by a hardware if the direction bit (R/W ) sent from the master device
is “1”, and is cleared to “0” by a hardware if the bit is “0”. In the master mode, after an acknowledge
signal is returned from the slave device, the TRX is cleared to “0” by a hardware if a transmitted
direction bit is “1”, and is set to “1” by a hardware if it is “0”. When an acknowledge signal is not
returned, the current condition is maintained.

The TRX is cleared to “0” by the hardware after a stop condition on the bus is detected or
arbitration is lost.

The following table shows TRX changing conditions in each mode and TRX value after changing.
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Mode Direction Bit Conditions TRX after Changing
Slave mode ‘0" A received slave address is the same ‘0"
1 value set to I°CAR “q
“g wq
Master mode ACK signal is returned
ap “qr

When a serial bus interface circuit operates in the free data format, a slave address and a direction
bit are not recognized. They are handled as data just after generating a start condition. The TRX is
not changed by a hardware.

(7) Start/stop condition generation
When the BB (bit 5 in SBICRB) is “0”, a slave address and a direction bit which are set to the
SBIDBR are output on a bus after generating a start condition by writing “1” to the MST, TRX, BB
and PIN. It is necessary to set transmitted data to the data buffer register (SBIDBR) and set “1” to
ACK beforehand.

/a6 X A5 X aa X A3 X A2 X AL X A0 XRwW /
_______ I(— slave address and the direction bit 4}|Acknowledge

Start signal
condition

Figure 2.9.9 Start Condition Generation and Slave Address Generation

When the BB is “1”, sequence of generating a stop condition is started by writeng “1” to the MST,
TRX and PIN, and “0” to the BB. Do not modify the contents of MST, TRX, BB and PIN until a stop
condition is generated on a bus.

Stop condition

Figure 2.9.10 Stop Condition Generation

When a stop condition is generated and the SCL line on a bus is pulled-down to low level by another
device, a stop condition is generated after releasing the SCL line.

The bus condition can be indicated by reading the contents of the BB (bit 5 in SBISRB). The BB is
set to “1” when a start condition on a bus is detected and is cleared to “0” when a stop condition is
detected.
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®)

9)

(10)

SCL (bus)

Interrupt service request and cancel

When a serial bus interface circuit is a master mode and transferring a number of clocks set by the
BC and the ACK is complete, a serial bus interface interrupt request (INTSBI) is generated.

In a slave mode, the INTSBI is generated when the received slave address is the same as the value
set to the 12CAR and an acknowledge signal is output, when a “GENERAL CALL” is received and an
acknowledge signal is output, or when transferring or receiving data is complete after the received
slave address is the same as the value set to the I2CAR and a “GENERAL CALL” is received.

When a serial bus interface interrupt request occurs, the PIN (bit 4 in SBISRB) is cleared to “0”.
During the time that the PIN is “0”, the SCL pin is pulled-down to low level.

Either writing or reading data to or from the SBIDBR sets the PIN to “1”.

The time from the PIN being set to “1” until the SCL pin is released takes tLow.

Although the PIN (bit 4 in SBICRB) can be set to “1” by the program, the PIN is not cleared to “0”
when it is written “0”.

Serial bus interface operating mode selection
The SBIM (bit 3 and 2 in SBICRB) is used to specify a serial bus interface operation mode.
Set the SBIM to “10” in order to change a operation mode to 12C bus mode. Before changing
operation mode, confirm serial bus interface pins in a high level. And switch a mode to port after
confirming that a bus is free.

Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus in the 12C bus mode, a bus
arbitration procedure is implemented in order to guarantee the contents of transferred data.

Data on the SDA line is used for bus arbitration of the 12C bus.

The following shows an example of a bus arbitration procedure when two master devices exist
simultaneously on a bus. Master 1 and Master 2 output the same data until point “a”. After Master 1
outputs “1” and Master 2, “0”, the SDA line of a bus is wired AND and the SDA line is pulled-down to
the low level by Master 2. When the SCL line of a bus is pulled-up at point “b”, the slave device reads
data on the SDA line, that is data in Master 2. Data transmitted from Master 1 becomes invalid. The
state in Master 1 is called “arbitration lost”. A master device which loses arbitration releases the SDA
pin and the SCL pin in order not to effect data transmitted from other masters with arbitration.
When more than one master sends the same data at the first word, arbitration occurs continuously
after the second word.

ANV A A NV A N A

SDAPin(mastert) \__/ N\ / (A T TTTTTomTmTTTTTOTTTIITTT

& SDA pin becomes “1” after losing afbitration.

SDA Pin (master 2) \ / \ / \ /

SDA (bus)

/N / _/

Figure 2.9.11 Arbitration Lost
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The serial bus interface circuit compares levels of a SDA line of a bus with its those SDA pin at the
rising edge of the SCL line. If the levels are unmatched, arbitration is lost and the AL (bit 3 in
SBISRA) is set to “1”.

When the AL is set to “1”, the MST and TRX are cleared to “0” and the mode is switched to a slave
receiver mode.

The AL is cleared to “0” by writing or reading data to or from the SBIDBR or writing data to the

SBICRB.
SCL Pin
Master
A
SDAPin \ D7A X D6A X DSA X D4A X D3A X D2A X D1A X DOA / \ D7A’ X D6A’ X DSA’ X D4A’" ---
SCL Pin /IN\_/2\_ /3% 4\ /5 \ /6" 7\ /8" ‘9 __/
Master
B > Stop clock output

SDA Pin D7B D6B
Releasing SDA pin and SCL pin to high level as losing arbitration.

AL

—]

MST

AN =

TRX \
Accessed to |Z|

SBIDBR or SBICRB

Figure 2.9.12 Example when a Serial Bus Interface Circuit is a Master B

(11) Slave address match detection monitor
The AAS (bit 2 in SBISRB) is set to “1” in a slave mode, in an address recognition mode (ALS = 0),
when receiving “GENERAL CALL” or a slave address with the same value that is set to the 12CAR.
When the ALS is “1”, the AAS is set to “1” after receiving the first 1-word of data. The AAS is cleared
to “0” by writing or reading data to or from a data buffer register.

(12) GENERAL CALL detection monitor
The ADO (bit 1 in SBISR) is set to “1” in a slave mode, when all 8-bit received data is “0”
immediately after a start condition. The ADO is cleared to “0” when a start or stop condition is
detected on a bus.

(13) Last received bit monitor
The SDA value stored at the rising edge of the SCL is set to the LRB (bit 0 in SBISRB). In the
acknowledge mode, immediately after an INTSBI interrupt request is generated, an acknowledge
signal is read by reading the contents of the LRB.
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2.9.8 Data Transfer in I2C Bus Mode

)

@)

Device initialization

Set the ACK in SBICRA to “1”, the BC to “000”. Specify the data length to 8 bits to count clocks for
an acknowledge signal. Set a transfer frequency to the SCK in SBICRA.

Next, set the slave address to the SA in I12CAR and clear the ALS to “0” to set an addressing format.

After confirming that the serial bus interface pin is high-level, for specifying the default setting to a
slave receiver mode, clear “0” to the MST, TRX and BB in SBICRB, set “1” to the PIN, “10” to the
SBIM, and “0” to bits 1 and 0.

Note: The initialization of a serial bus interface circuit must be complete within the time from all devices
which are connected to a bus have initialized to and device does not generate a start condition. If
not, there is a possibility that another device starts transferring before an end of the initialization of
a serial bus interface circuit. Data cannot be received correctly.

Start condition and slave address generation

Confirm a bus free status (when BB = 0).

Set the ACK to “1” and specify a slave address and a direction bit to be transmitted to the SBIDBR.

When the BB is “0”, the start condition is generated and the slave address and the direction bit
which are set to the SBIDBR are output on a bus by writing “1” to the MST, TRX, BB, and PIN. An
INTSBI interrupt request occurs at the 9t falling edge of a SCL clock cycle, and the PIN is cleared to
“0”. The SCL pin is pulled-down to the low level while the PIN is “0”. When an interrupt request
occurs, the TRX changes by the hardware according to the direction bit only when an acknowledge
signal is returned from the slave device.

Note 1: Do not write a slave address to be output to the SBIDBR while data is transferred. If data is
written to the SBIDBR, data to been outputting may be destroyed.

Note 2: The bus free must be confirmed by software within 98.0 us (the shortest transmitting time
according to the I2C bus standard) after setting of the slave address to be output. Only when the
bus free is confirmed, set “1” to the MST, TRX, BB, and PIN to generate the start conditions. If
the start conditions are generated without writing “1” to them, transferring may be executed by
other masters between the time when the slave address to be output to the SBIDBR is written
and the time when “1” is written to the MST, TRX, BB, and PIN in the SBICRB. Thus, the slave
address may be corrupted.

SCL Pin 1 2 3 4 5 6 7 8 9 .

sDAPIn 1\

/a6 Xa5_ Xaa XAz XAz Xar Xro Xrw ) J%L/Ac;n-owledge

LR Start condition Slave address + direction bit signal from a

PIN | slave device
INTSBI (

Interrupt

Request rl

Figure 2.9.13 Start Condition Generation and Slave Address Transfer

®)

1-word data transfer
Check the MST by the INTSBI interrupt process after an 1-word data transfer is completed, and
determine whether the mode is a master or slave.
a. When the MST is “1” (master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.
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1) When the TRX is “1” (transmitter mode)

Test the LRB. When the LRB is “1”, a receiver does not request data. Implement the
process to generate a stop condition (described later) and terminate data transfer.

When the LRB is “0”, the receiver requests new data. When the next transmitted data is
other than 8 bits, set the BC, set the ACK to “1”, and write the transmitted data to the
SBIDBR. After writing the data, the PIN becomes “1”, a serial clock pulse is generated for
transferring a new 1-word of data from the SCL pin, and then the 1-word data is transmitted.
After the data is transmitted, and an INTSBI interrupt request occurs. The PIN become “0”
and the SCL pin is set to low level. If the data to be transferred is more than one word in
length, repeat the procedure from the LRB test above.

—— Write to SBIDBR

SCL Pin 1 2 3 4 5 6 7 8 9

—--
)/\_ - 1 Acknowledge
signal from a

PIN I receiver

INTSBI Interrupt
Request -= rl—- =

SDA Pin D7 Xp6 Xp5 XD4 Xp3 XD2  XD1  XDO

Figure 2.9.14 Example of when BC =“000", ACK =“1"

2) When the TRX is “0” (receiver mode)

When the next transmitted data is other than of 8 bits, set the BC again. Set the ACK to “1”
and read the received data from the SBIDBR (reading data is undefined immediately after a
slave address is sent). After the data is read, the PIN becomes “1”. A serial bus interface
circuit outputs a serial clock pulse to the SCL to transfer new 1-word of data and sets the
SDA pin to “0” at the acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes “0”. Then a serial bus interface
circuit outputs a clock pulse for 1-word of data transfer and the acknowledge signal each time
that received data is read from the SBIDBR.

— Read to SBIDBR

SCL Pin __ 1 2 3 4 5 6 7 8 9 _
e Y o o e e e e oo e
SDA Pin oo DT PE_ XS xp4_ o3 _xp2__YPL__xpo__X__ pYNewor
Acknowledge
signal to a

PIN | transmitter
INTSBI Interrupt __ rl__ -

Figure 2.9.15 Example of when BC =“000", ACK =“1"
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SCL Pin

SDA Pin

PIN

INTSBI Interrupt
Request

When a transmitter receives the negative-acknowledge signal, it must terminate
transmitting data. Clear the ACK to “0” before reading data which is 1-word before the last
data to be received. A serial bus interface circuit does not generate a clock pulse for the
acknowledge signal. After the data transmitted and an interrupt request has occurred, set the
BC to “001” and read the data. A serial bus interface circuit generates a clock pulse for a 1-bit
data transfer. Since the master device is a receiver, the SDA line on a bus keeps the high-level.
The transmitter receives the high-level signal as an ACK signal. The receiver indicates to the
transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, a serial bus interface
circuit generates a stop condition and terminates data transfer.

v v v v v “vp1 v 7
___Db7__Xpe__XpS__XD4__Xp3__XP2__YDL__XPO__/ R_ Acknowiedge
signal sent to a
transmitter

L.

“0” -~ ACK ‘001" - BC
Read SBIDBR Read SBIDBR

Figure 2.9.16 Termination of Data Transfer in Master Receiver Mode
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b. When the MST is “0” (slave mode)

In the slave mode, a serial bus interface circuit operates either in normal slave mode or in slave
mode after losing arbitration.

In a slave mode, an INTSBI interrupt request occurs when a serial bus interface circuit receives
a slave address or a “GENERAL CALL” from a master device, or when a “GENERAL CALL” is
received and data transfer is complete after matching a received slave address. A serial bus
interface circuit changes to a slave mode if it is losing arbitration in the master mode. And an
INTSBI interrupt request occurs when word data transfer terminates after losing arbitration.
When an INTSBI interrupt request occurs, the PIN (bit 4 in the SBICRB) is reset, and the SCL
pin is pulled-down to the low-level. Either reading or writing from or to the SBIDBR or setting
the PIN to “1”, releases the SCL pin after taking t_ow time.

Check the AL (bit 3 in the SBISRB), the TRX (bit 6 in the SBISRB), the AAS (bit 2 in the
SBISRB), and the ADO (bit 1 in the SBISRB) and implements processes according to conditions
listed in the next table.

Table 2.9.1 Operation in the Slave Mode
TRX | AL | AAS | ADO Conditions Process
1 1 1 0 | A serial bus interface circuit loses arbitration Set the number of bits in 1 word to the BC and
when transmitting a slave address and receives | write transmitted data to the SBIDBR.
a slave address of which the value of the
direction bit sent from another master is “1”.
0 1 1 In the slave receiver mode, a serial bus interface
circuit receives a slave address of which the
value of the direction bit sent from the master is
wqn
0 0 In the slave transmitter mode, 1-word data is Test the LRB. If the LRB is set to “1”, set the PIN
transmitted. to “1” since the receiver does not request next
data. Then, reset the TRX to release the bus. If
the LRB is set to “0”, set the number of bits in
1-word to the BC and write transmitted data to
the SBIDBR since the receiver requests next
data.
0 1 1 1/0 [ A serial bus interface circuit loses arbitration Read the SBIDBR for setting the PIN to “1”
when transmitting a slave address and receives | (reading dummy data) or write “1” to the PIIN.
a slave address or a “GENERAL CALL" of which
the value of the direction bit sent from another
master is “0".
0 0 | A serial bus interface circuit loses arbitration
when transmitting a slave address or data and
terminates transferring word data.
0 1 1/0 [In the slave receiver mode, a serial bus interface

circuit receives a slave address or “GENERAL
CALL" of which the value of the direction bit sent
from the master is “0".

0 1/0 |In the slave receiver mode, a serial bus interface | Set the number of bits in 1-word to the BC and
circuit terminates receiving of 1-word data. read received data from the SBIDBR.
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(4) Stop condition generation
When the BB is “1”, a sequence of generating a stop condition is started by setting “1” to the MST,
TRX, and PIN, and clear “0” to the BB. Do not modify the contents of the MST, TRX, BB, PIN until a
stop condition is generated on a bus.
When a SCL line on a bus is pulled-down by other devices, a serial bus interface circuit generates a
stop condition after they release a SCL line.

“1" - MST
“1" - TRX
‘0" » BB

“1” —» PIN

SCL Pin

SDA Pin

PIN | /
BB (read) - | .

Figure 2.9.17 Stop Condition Generation

(5) Restart

Restart is used to change the direction of data transfer between a master device and a slave device
during transferring data. The following explains how to restart a serial bus interface circuit.

Clear “0” to the MST, TRX and BB and set “1” to the PIN. The SDA pin retains the high-level and
the SCL pin is released. Since a stop condition is not generated on a bus, a bus is assumed to be in a
busy state from other devices. Test the BB until it becomes “0” to check that the SCL pin a serial bus
interface circuit is released. Test the LRB until it becomes “1” to check that the SCL line on a bus is
not pulled-down to the low-level by other devices. After confirming that a bus stays in a free state,
generate a start condition with procedure (2).

In order to meet setup time when restarting, take at least 4.7 ps of waiting time by software from
the time of restarting to confirm that a bus is free until the time to generate a start condition.

“9" , MST 1 - MST
“9" _, TRX 1 - :;X
“0" - BB -
“1" _, PIN 1" - PIN
|<_ 4.7 ps (min) Start condition
SCL (bus) / V4

SCL (pin)

/\
/\ \)
SDA (pin) ﬁ)_/ (lv /\ _____

LRB ] - \4

BB | [

PIN l I

N

Figure 2.9.18 Timing Diagram when Restarting the TMPA8827CMNG /CPNG
ICSNG
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2.10 Remote Control Signal Preprocessor/External Interrupt 3 Input Pin

The remote control signal waveform can be determined by inputting the remote control signal
waveform from which the carrier wave was eliminated by the receive circuit to P30 (INT3/RXIN) pin.
When the remote control signal preprocessor/external interrupt 3 pin is also used as the P30 port, set
the P30 port output latch to “1”. When it is not used as the remote control signal
preprocessor/external interrupt 3 input pin, it can be used for normal port.

2.10.1 Configuration

fc/21110 ) —
fe/2, >
fol2, >
fe/2, >
fe/2, >
fc/2 >T . .
2 Receive bit :!\l/ . . R
fcl2 >W NN counter Receive bit counter value monitor (RBCTM)
I_ Selector 4
A
RNC A
. INT3
INT3/RXIN Polarity > Noi 5| Interrupt
O0—> select Noise canceller to RNCM select > Interrupt
y A INT. request
EINT N
Measurement .
width select > Remote control receive
. 7 "I sbit up-counter :>counter register
Selector I > (RXCTR)
AAS L(fc/Zg N \Eg!h>dete_ct>
L< fc/2 S Shift register
2(3] 2 ch’zi(z) TSR
L fel2 2 4
RPOLS RCCK RMM RCS “|CREGA
\ Y VY \ \ 4 4
Remote control
RXCR1 RXCR2 receive data buffer
register (RXDBR)
Remote control receive Remote control receive
control register 1 control register 2

Figure 2.10.1 Remote Control Signal Preprocessor

2.10.2 Remote Control Signal Preprocessor Control

When the remote control signal preprocessor is used, operating states are controlled and monitored
by the following registers. Interrupt requests also use the remote control signal preprocessor/external
interrupt 3 input pin.

. Remote control receive control register 1 (RXCR1)

. Remote control receive control register 2 (RXCR2)

. Remote control receive counter register (RXCTR)

. Remote control receive data buffer register (RXDBR)
. Remote control receive status register (RXSR)

When this pin is used for the external interrupt 3 input, set EINT in RXCRL1 to other than “11”.
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Remote Control Receive Control Register 1

RXCR1 7 . 6 5 4 . 3 2 . 1 . 0
(00FESH) RCCK RPOLS EINT RNC (initial value: 0000 0000)
00: fc/2° (Hz)
RCCK | 8bit up-counter source clock 0L: fC/zjo
select 10: fe/2
11: fo/2™?
RPOLS | Remote control signal polarity 0: Positive
select 1: Negative
00: Rising edge
01: Falling edge (at PP6LS = 0)
EINT Interrupt source select
10: Rising/Falling edge RIW
11: 8-bit receive end
001: 2%fc x 7 - 1/fc (s)
010: 2°/fc x 7 - Ufc
011: 2% x 7 - Ufc
RNG | Noise canceler noise 100: 2"/fc x 7 - 1/fc
eliminating time select 101 28/fc x 7 - 1fc
110: 2°%c x 7 - 1/fc
111: 2 e x 7 - Ufe
000: Noise canceler disable

Note 1: fc; High-frequency clock [Hz]

Note 2: After reset, RPOLS do not change the set value in the receiving remote control signal. For setting interrupt edge and measurement
data, use EINT and RMM

Remote Control Receive Control Register 2

RXCR2 7 6 5 4 3 2 1 0

(OOFE9H)

CREGA RCS | RMCEN RMM (initial value: 0000 0000)

Match detect time (Tth) = 16 x CREGA/RCCK [s]

Setting of detect time for match CREGA =0n to Fy

CREGA | with 8-bit up-counter upper 4 | Eyample: CREGA = 2y, RCCK = fc/2° [Hz], at fc = 8 MHz,
bits DVICK =0

Tth = 256 [us]

) 0: Stop and counter clear
RCS 8-bit up-counter start control

1: Start R/W
Remote control signal 0: Disable
RMCEN .
preprocesser Enable/Disable 1: Enabl
00:
Refer to Table 2.10.1
RMM Measurement mode select oL
(invalid when EINT = “10") 10:
11:

Note 1: fc; High-frequency clock [Hz], *; Don'’t care
Note 2: When an interrupt source is set for rising/falling edge, low and high widths are forcibly measured separately.

Note 3: Set CREGA (0OH to FH) before EINT sets to 8-bit receive end.

Figure 2.10.2 Remote Control Receive Control Register 1, 2
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Remote Control Receive Counter Register

RXCTR 7 6 5 4 3 2 1 0

(OOFEAR)

. Read Ong/
(initial value: 0000 0000)

Remote Control Receive Data Buffer Register

RXDBR 7 6 5 4 3 2 1 0

(OOFEBR)

.. Read On(l)y
(initial value: 0000 0000)

Remote Control Receive Status Register

RXSR 7 6 5 4 3 2 1 0

(0OFECH) RBCTM OVFF | SRM | RNCM (initial value: 0000 *000)

Receive bit counter value

RBCTM ;
monitor

) 0: No overflow
OVFF 8-bit up-counter overflow flag

1: Overflow
. . Read
SRM Data buffer register input 0: Upper 4 bits of 8-bit up-counter < CREGA only
monitor 1: Upper 4 bits of 8-bit up-counter 2 CREGA

Remote control signal monitor
RNCM [ after passing through noise
canceler

Note: *; Don't care

Figure 2.10.3 Remote Control Receive Counter Register, Data Buffer
Register, Status Register
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Table 2.10.1 Combination of Interrupt Source and Measurement Mode

RPOLS EINT RMM Interrupt Source Measurement Mode
00 ol
. LA
01 S R s
10 : R S ofol
00 s e D
11 Receive end
10 —=f of =
00 — e S
0 10 S 2 I Y =~ [ =
H —=f of =
o1 ok
o1 10 B R B N B = =
10 : f 1 ool
00 S L
11 Receive end
10
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2.10.3 Noise Elimination Time Setting

The remote control receive circuit has a noise canceler. By setting RNC in RXCR1, input signals
shorter than the fixed time can be eliminated as noise.

Table 2.10.2 Noise Elimination Time Setting (fc = 8.0 MHz)

RNC Minimum Signal Pulse Width (s) Maximum Noise Width to be Eliminated (s)
000 0 0

001 2° + 5)ffc (4.63 ) 2% x 7 - 1)ffc (3.38 1)

010 2% + )/t (32.63 ) @° x 7 - Lffc (27.88 1)

011 ° + 5)/fc (64.63 ) 2% x 7 - 1)/fc (55.88 1)

100 2™ + 5y/fc (128.63 ) @' x 7 - Lffc (111.88 1)

101 @™ + 5)/fc (256.63 p) @® x 7 - 1)/fc (223.88 )

110 @™ + 5y/fc (1.025 m) @™ x 7 - 1y/fc (895.88 1)

111 @™ + 5)/fc (2.049 m) @M x 7 - 1y/fc (1.792 m)

2.10.4 Operation

(1) interrupts at rising, falling, or rising/falling edge, and measurement modes

First set EINT and RMM. Next, set RCS to “1”; the 8-bit up-counter is counted up by the internal
clock. After measurement, the 8-bit up-counter value is saved in RXCTR. Then, the 8-bit up-counter is
cleared, an INT3 request is generated, and the 8-bit up-counter resumes counting.

If the 8-bit up-counter overflows (FFH) before measurement is completed, an INT3 request is
generated and the overflow flag (OVFF) is set to “1”. Then, the 8-bit up-counter is cleared. An
overflow can be detected by reading OVFF by the interrupt processing. To restart the 8-bit up-counter,
set RCS to “1".

Setting RCS to “1” zero-clears OVFF.
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RNCM T | T
:R”\le-gguest n n
countervae X XXX A X XXX mn . A X XX on LX)
RXCTR /;2%( I Xn

(@) Low width measurement

coumervaiue XX XN A X2 X3 XA X5 X8 XX XX == 320X m \_ A2 X2 X3

RXCTR X X'm

(b) Rising edge cycle measurement

coumervatue XX XN A X2 XX/ DX m L X 2 XXX A X2 X3

RXCTR /;:@( m

(c) High width measurement

Figure 2.10.4 Rising Edge Interrupt Timing Chart (RPOLS =0)
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RNCM l | l
:R”\le-gguest n n
countervae X XXX TN XXX n . A XXX on LX)
RXCTR /;2%( I Xn

(@) High width measurement

coumervaiue XX XN A1 X2 X3 XA X5 X8 XX XX == 320 - X m \_ A2 X2 X3

RXCTR X X'm

(b) Falling edge cycle measurement

coumervatue XX XN A X2 XX/ DX m N A X2 XXX A X2 X3

RXCTR /;:@( m

(c) Low width measurement

Figure 2.10.5 Falling Edge Interrupt Timing Chart (RPOLS = 0)
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RNCM l T l

:R”\lezguest n n n

countervae X XXX TN A XXX X mn . A XX EXI DX a2 X2 X3
RXCTR ,@( I Xm X n

(a) High and low width measurement

Figure 2.10.6 Rising/Falling Edge Interrupt Timing Chart
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(2) 8-bit receive end interrupts and measurement modes

By determining one-cycle remote control signal as one-bit data set to “0” or one-pulse width remote
control signal as one-bit data set to “1”, an INT3 request is generated after 8-bit data is received.
When “0” is determined, this means the upper four bits in the 8-bit up-counter have not reached the
CREGA value. When “1” is determined, this means the upper four bits in the 8-bit up-counter have
reached or exceeded the CREGA value. The 8-bit up-counter value is saved in RXCTR after one bit is
determined. The determined data is saved, bit by bit, in RXDBR at the rising edge of the remote
control signal (when RPOLS =1, falling edge). The number of bits saved in RXDBR is counted by the
receive bit counter and saved in RBCTM. RBCTM s set to “0001B” at the rising edge of the input
(when RPOLS =1, falling edge) after the INT3 request is generated.

1) ))

RNCM | ( (
8-Bit Up- )
Counter Value

W\ Set to “1” by command

?

RCS (\ (\ ) EIi
OVFF \) \) /Cﬂﬁ 2_
S e D] mil)

1) \/ \)
RBCTM* n-1X n// [ //

\{ \ﬂ \\
INT3
Request \)\) \)\)

Note: *; Valid only when 8 bits are received.

Figure 2.10.7 Overflow Interrupt Timing Chart
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( 8-bit receive end interrupt setting

RNCM _T

Receive Bit
Counter
Value

INT3
Request

CREGA

8-Bit Up-
Counter
Coun
N
%

0 /i

80H

SRM

RXDBR

(a) Rising edge cycle measurement [application] Low width measurement

Figure 2.10.8 8-Bit Receive End Interrupt Timing Chart (RPOLS =0)

Table 2.10.3 Count Clock for Remote Control Preprocessor Circuit (at fc = 8.0 MHz)

Count Clock (RCCK) Resolution [us] Maximum Setting Time [ms]
00 8 2.048
01 32 8.192
10 128 32.76
11 512 131.06
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2.11 8-Bit AD Converter (ADC)
The TMPA8827CMNG /CPNG /CSNG has a 8-bit successive approximation type AD converter.

2.11.1 Configuration

DVpp D—| DA converter I—D DVss

K
) ] Sample hold Reference
Analog input multiplexer —circuit — voltage
TV | AINO O——FA vy A S~o °
. o B ADS hd
signal [ AIN1 I L 8
pro- s ‘Analog
cessor comparator
AIN4 O——E SAIN 3 - - —
AINS 3 F S« . Successive appl’OXImate circuit
- Shift clock -
ENj< — >
EN AINDS I Control circuit | 8 INTADC
A \ 4 \
ADSTRG 6 2 ACK |
E.xternal. m; ADRS| | AMD FOCF ‘ADBF A
trigger signal P5CR, P6CR ADCCRA | | ADCCRB | | ADCDR1, ADCDR2
P5, P6 port input/output control register AD converter control register AD conversion result register

Figure 2.11.1 AD Converter (ADC)

2.11.2 Control register
The following register are used foe AD converter.
» AD converter control register 1 (ADCCRA)
* AD converter control register 2 (ADCCRB)
* AD conversion result register

(1) AD converter control register 1
ADCCRA control AD conversion start, AD operation mode select, analog input control and analog
input channel select.

(2) AD converter control register 2
ADCCRB control AD conversion time select.

(3) AD conversion result register
AD conversion result is stored after end of conversion.

(4) AD conversion result register
For monitoring status of conversion.

Figure 2.11.2 and Figure 2.11.3 show AD converter control register.
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AD Converter Control Register 1

ADCCRA 7 6 5 4 3 2 1 0
(000EH) | ADRS AMD AINDS | “0” SAIN (initial value: 0001 0000)
1 1 1
The ADRS bit is automatically cleared after starting AD conversion.
During AD conversion, setting ADRS to “1" initializes the ADRS bit
. and resets conversion.
ADRS AD conversion start
0: O
1: AD conversion restart
00: STOP mode
01: Single mode
AMD AD Operating mode select
10: Trigger start mode
11: reserved
0: Analog input enable
AINDS | Analog input control RIW
1: Analog input disable
000: Selects AINO
001: Selects AIN1
010: O
011: O
SAIN Analog input channel select
100: Selects AIN4
101: Selects AIN5
110: O
111: O
Note 1: Select analog input when AD converter stops.
Note 2: When the analog input is all use disabling, the AINDS should be set to “1”".
Note 3: During conversion, do not perform output instruction to maintain a precision for all of the pins.
And port near to analog input, do not input intense signaling of change.
Note 4: The ADRS is automatically cleared to “0” after starting conversion.
Note 5: Always set bit 3 in ADCCRA to “0".
AD Converter Control Register 2
ADCCRB 7 6 5 4 3 2 1 0
(O00FR) - - “0” “1” ACK “0” (initial value: **0* 000%*)
1 1
; DV1CK =0 DV1CK =1
ACK Corjr\i/r?]rglon
fc =8 MHz fc =8 MHz
000 reserved
o 011 | 156/fc [s] 19.5 39
ACK AD conversion time select R/W
100 | 312/fc[s] 39.0 78
101 | 624fic[s] 78.0 156
110 | 1248/fc [s] O 0
111 reserved
Note 1: Do not use setting except the above list.
Note 2: Always set bit 0 in ADCCRB to “0” and set bit 4 in ADCCRB to “1".
Note 3: When a read instruction for ADCCRB, bit 6 to 7 in ADCCRB read in as undefined data.
Note 4: fc; High-frequency clock [Hz]
Note 5: During conversion, don't set to bit 7 in ADCCRA. For resting to ADRS, confirm end of conversion to read EOCF or after INTADC
generation.
Note 6: In trigger start mode, any trigger can’t be accepted after starting by first trigger.

For restart trigger mode, clear bit 6 and 5 in ADCCRA to “00” after end of conversion

Figure 2.11.2 AD Converter Control Register
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AD Conversion Result Register

ADCORL 7 6 5 4 3 2 1 0
(0031H) | Apo7 | ADO6 | ADOS | ADO4 | ADO3 | ADO2 | ADOL | ADOO (initial value: 0000 0000)
ADCDR2 T 6 5 4 3 2 1 0
(0032p) 0 0 EOCF | ADBF O O O O (initial value: **00 ****)

0: Under conversion or Before conversion
EOCF AD conversion end flag

1: End of conversion Read
only

] 0: During stop of AD conversion
ADBF AD conversion busy flag

1: During AD conversion

Note 1: The EOCEF is cleared to “0" when reading the ADCDR2.
Therefore, the AD conversion result should be read to ADCDR1 more first than ADCDR2.

Note 2: ADBF is set to “1” by starting AD conversion and cleared to “0” by end of AD conversion. Additionally,
ADBEF is cleared to “0” by setting AMD =*“00" in ADCCR2 or entering to the STOP mode.

Figure 2.11.3 AD Converter Result Register

2.11.3 AD Converter Operation

The high side of an analog reference voltage is applied to Vpp, and the low side is applied to Vss
pin. Dividing a reference voltage between Vpp and Vss to the voltage corresponding to a bit by a
rudder resistance and comparing it with the analog input voltage converts the AD.

Table 2.11.1 AD Converter Operation Mode

Mode Function

AD converter stop mode. This mode is always used to change

AD converter disable mode modes.

Single mode Single AD conversion of the specified 1 channel.

Single AD conversion of 1 channel which specifies input

Trigger start mode (AD8TRG) from Key-On-Wake-Up circuit as a trigger.

2.11.4 Interrupt
Interrupt occur at the timing when the EOCF bit is set to “1”.
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2.11.5 AD Converter Operation Modes

When the MCU places in the STOP mode during the AD conversion, the conversion is stopped and
the ADCDR2 content becomes indefinite. After returning from the STOP mode, the EOCF and
INTADC does not occur. Therefore, the AD conversion must be restarted after returning from the
STOP mode.

I N
ADCDR2 X Invalid ) Result X Invalid Invalid )
D —> ! < —>

EOCF T [ ]

Processing —ﬁ ﬁ f
Read Read Start

Start Start

Result

Figure 2.11.4 AD Conversion Timing Chart

(1) AD conversion in STOP mode
When the AD converter stop mode is specified during AD conversion, the AD conversion is stopped
immediately. The AD conversion is not implemented, so the undefined value is not written to the AD
conversion result register. The AD conversion start commands which occur is the AD converter stop
mode are ignored.
This mode is automatically selected by reset.
This mode is used to change the AD converter operation mode.

(2) Single mode

When the AMD (bit 6, 5 to in ADCCRA) set to “01”, the AD conversion signal mode

This mode does AD conversion of single channel, and conversion result is stored in ADCDR1. The
EOCF (bit 5 in ADCDR?2) is set to “1” at end of one conversion, and an intcrrupt request signal occurs.
The EOCEF is cleared to “0” by reading the AD conversion registers.

But when the AD conversion is restarted before the ADCDR is read, the EOCF is cleared to “0” and
the last AD conversion result is maintained till next conversion end.

During conversion, when the ADRS (bit 7 ADCCRA) set to “1”, the AD conversion is breaking and
the AD conversion is restarted.

ADS
ADCDR2 Invalid X AD conversion result
EOCF [ ]
ADBF Conversion time

(reference to ADCCRB register) R

}F

Start Read

Figure 2.11.5 Single Mode
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Example: The AD conversion starts after 39.0 ps (at fc = 8.0 MHz) and AIN4 pin are selected as the
conversion time and the analog input channel. Confirming the EOCF, the converted value
is read out, and the 8 bits data is stored to address 009FH in RAM. The operation mode is a

signal mode.
; AIN SELECT
LD (P5), 00000000B
LD (P5CR1), 00000000B
LD (P6), 00000000B
LD (P6CR), 00000000B
LD (ADCCRA), 00000100B; Selects AIN4
LD (ADCCRB), 11011000B; Selects the conversion time and the operation mode.

SLOOP:

®)

; AD CONVERT START

SET

(ADCCRA). 7; ADRS = 1

TEST (ADCCR2).5;EOCF=17?

JRS

T, SLOOP

; RESULT DATA READ

LD

Trigger start mode

(9FH), (ADCDR1)

The AD conversion of a specified single channel is executed when input (AD8TRG) from
Key-On-Wake-Up circuit is set as trigger, the conversion result is stored in the ADCDRH.
The EOCF (bit 5 in ADCCR?2) is set to “1” at end of one conversion, and an interrupt request signal

occurs.

It needs to be set the STOP mode by bit 5 to 6 in ADCCRA before the AD conversion is executed

again.

The analog input voltage is corresponded to the 8-bit digital value converted by the AD as shown in
Figure 2.11.6.

AD conversion
result

FFH

FEH

FDH

03K

02H

01n

! (¢ ! ! ! I 5 » PVDD ~VDss

= 4

)) I I 1 1 >
253 254 255 256 256

Analog input voltage

Figure 2.11.7 Analog Input Voltage and AD Conversion Result (typ.)
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2.11.6 Notice of AD Converter

)

@)

®)

Analog input voltage range

Voltage range of analog input (AINO to AIN5) must be forced from Vss to Vpp. If input voltage of
which out of range is forced to analog input pin, AD conversion result to unknown. Also, this cause
other analog input pin unstable.

1/0 port with analog input

Analog input pins (AINO to AIN5) are also 1/0 port. During AD conversion using any analog input
pin, don’ t operate other 1/O port with analog input. Because, AD accuracy would be worse a. Also,
other electrically swinging port without analog input may cause noise to near analog input pin.

Reduce to noise
Figure 2.11.6 is shown as internal equivalent circuit of analog input pin.
Increasing output impedance of analog input supply, cause noise or other non-good condition.
Therefore, output impedance of analog input supply must be less than 5 kQ.
And we recommend to connect capacitance to analog input pin.

Internal resistance Analog converter
AINX R =5kQ (typ.)

Analog input I Internal Capacitance I
supply impedancel C =22 pF (typ.) l
5 kQ (max)

DA converter

Figure 2.11.6 Analog Input Equivalent Circuit and Analog Input Pin
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KWUO

2.12 Key-On-Wake-Up

In this MCU the IDLE mode is also released by Low active port inputs. The low input voltage is
regulated higher than the other normal ports. Therefore the ports can be enabled by analog input
level.

2.12.1 Configuration

PORT P53

AINO

AD Converter

YYYYYY

V|L £ Vpp x 0.65

;D e (>° ADSTRG

A

KWUI PORT P54z o
Vbp > N Noise
PORT PS5<rs > reject
N N circuit
PORT P56 >

KWU4 |[PORT P60

KWU5 |[PORT P61

“AIN3

> INTKWU
- o NTWY,

“AINZ

VIV VY

Y Y

“AING v__D_

TV
signal
pro-
cessor

v i y y y v
NTAD[  fioLesioLeal ] . [ioELafioLed] [T [ioLesfioLed T, ioELAfibLEO
EN EN EN EN EN IN IN IN IN
IDLECR (00FDO) IDLEIN (OOFDOW-)

Figure 2.12.1 Key-On-Wake-Up Control Circuit

2.12.2 Control

P53 to P54 and P60, P61 ports can be controlled by IDLE control register (IDLECR).

It can be configured as enable/disable in one-bit unit. When those pins are used by IDLE mode
release, those pins must be set input mode (P5CR1, P5, P6CR, P6, ADCCRA).

IDLE mode is controlled by system control register 2 (SYSCR2) and maskable interrupts. After the
individual enable flag (EF5) is set to “1”, the IDLE mode must starts. When enabled port input
generates INTKWU interrupt, the IDLE mode is released. Low level input voltage in those ports is
regulated to less than Vpp x 0.65 (V).

IDLE port monitorring register (IDLEIN) can be used to check state of ports.

INTADEN can enable to generate AD8TRG, which is used as trigger of AD converter trigger start
mode.

Noise reject circuit eliminate noise, which is less than 24 pus period at 8MHz and DV1CK = 0.
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IDLE Control Register

7 6 5 4 3 2 1 0
IDLECR
(00FDOy) | INTAD IDLES | IDLE4 e ayn IDLE1 | IDLEO F -
EN O EN EN 0 0 EN EN (initial value: 0*00 0000)
- 0: disable
INTADEN | Setting for ADSTRG
1: enable
] S 0: disable
IDLESEN | Setting for KWU5
1: enable
- 0: disable i
IDLE4EN | Setting for KWU4 V(;’;'Ite
1: enable Y
- 0: disable
IDLEL1EN | Setting for KWU1
1: enable
- 0: disable
IDLEOEN | Setting for KWUO
1: enable
Note: *; Don't care
IDLE Port Monitorring Register
7 6 5 4 3 2 1 0
IDLEIN
(00FDO) | g | |DLES | IDLE4 | ., «» | 'DLE1 | IDLEO (initial value: **00 0000)
IN IN IN IN
J— 0: “1” detect
IDLESIN | Input level of KWU5
1: “0” detect
R 0: “1” detect
IDLE4IN | Input level of KWU4
1: “0” detect Read
- 0: “1” detect only
IDLE1IN |[Input level of KWU1
1: “0” detect
I 0: “1” detect
IDLEOIN | Input level of KWUO
1: “0” detect

Note: *; Don’t care

Figure 2.12.2 Key-On-Wake-Up Control Register
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2.13 Pulse Width Modulation Circuit Output

The TMPA8827CMNG /CPNG /CSNG has four 12-bit resolution PWM output channels including two 14-bit resolution selectable
and six 7-bit resolution PWM output channels.

DA converter output can easily be obtained by connecting an external low-pass filter. PWM outputs are multiplexed with general
purpose I/O ports as; P40 (PWMO0), P50 (PWM8). When these ports are used PWM outputs, the corresponding bits of P4, P5 output
latches and input/output control latches should be set to “1”.

In STOP mode, PWM output pin keeps high-level. When operation mode is changed from STOP mode to NORMAL mode,
PWMCR1A, PWMCR2A, PWMCR1B, PWMCR2B are initialized.

2.13.1 Configuration
12-Bit Resolution PWM Output

Internal counter (2) Internal counter (1) PWMO

clock
|14]13[12]11]10[ 9 j—— 8] 7[6[5|4 ]3] 2|1 (fc/2 or fc/2?)

Add't'i/l I — s
Itional puise . .
generate circuit Compare circuit —
) ALL “0”
13 0 8 7 IT o
| PWM Data Latch | [ PWM Data Latch J
S SRR | S
|Transfer Buffer (the upper)| | Transfer Buffer (the lower) |
= i)
y A I I
PWMDBR1 J
2 0 6 |o
|PWMCRlB| [ PWMCRIA J
7-Bit Resolution PWM Output
clock
SO PWMS
|7|6|5|4|3|2|1 (fc/2 or fc/2?) A
—= s
Compare Circuit ﬂ
A
6 1t 0
| PWM Data Latch |
6 1t 0
| Transfer Buffer |
6 1t 0
| PWMDBR2 |
7~
2 06 0
|PWMCRZB| [ PWMCR2A J

Figure 2.13.1 PWM Output Circuit
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2.13.2 PWM Output Wave Form

a)
b)
c)
d)
e)

(1) PWMO outputs
PWMO output can be selected 12-bit or 14-bit resolution PWM outputs.

1

12-bit Resolution PWM Output

When this is used as 12-bit PWM output, one period is Tm = 213/fc [s] (when DV1CK = 0) and
Tm = 214%/fc [s] (when DV1CK = 1) and sub-period is Ts = Tm/16.

The lower 8-bit of the PWM data latch controls the low level pulse width with a cycle of Ts.
The lower 8-bit of the PWM data latch is n (n =1 to 255), the low level pulse width with a cycle
becomes n x to [s] (to = 2/fc [s] when DV1CK =0, to = 4/fc [s] when DV1CK =1).

The upper 4-bit of the PWM data latch controls a position to output the additional pulses.
When the upper 4-bit of the PWM data latch is m, the additional pulses are generated in each of
m periods out of 16 periods contained in a Tm period.

The relationship between the 4-bit data and the position of Ts period where the additional
pulses are generated is shown in Table 2.13.1.

Table 2.13.1 The Addition Pulse (12 bit mode)

Bit Position of the Lower 4 Bits of PWMDRxH Relative Position of Tg in T Period where the Additional

bit 11

bit 10 bit 9 bit 8 Pulse is Generated. (number of Ts ()) is listed)

0 0 No additional pulse

8

4,12

mr|lO|J]O|lO]|O

o|lr|]O|O]|O

0 1
1 0
0 0 2,6,10,14
0 0

1,3,5,7,9,6 11, 13,15

Note: The bit positions of a) to €) can be combined.

2)

14-bit Resolution PWM output

When this is used as 14-bit PWM output, one period is Tm = 215/fc [s] (when DV1CK = 0) and
Tm = 216/f¢ [s] (when DV1CK = 1) and sub-period is Ts = Tm/64.

The lower 8-bit of the PWM data latch controls the low level pulse width with a cycle of Ts.
The lower 8-bit of the PWM data latch is n (n =1 to 255), the low level pulse width with a cycle
becomes n x to [s] (to = 2/fc [s] when DV1CK =0, tg = 4/fc [s] when DV1CK =1).

The upper 6-bit of the PWM data latch controls a position to output the additional pulses.
When the upper 6-bit of the PWM data latch is m, the additional pulses are generated in each of
m periods out of 64 periods contained in a Tm period.

The relationship between the 6-bit data and the position of Ts period where the additional
pulses are generated is shown in Table 2.13.2.
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Table 2.13.2 The Addition Pulse (14 bit mode)

Bit Position of the Lower 6 bits of PWMDRxH Relative Position of Tg in Ty Period where the Additional
bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 Pulse is Generated. (number of Ts () is listed)
a) 0 0 0 0 0 0 No additional pulse
b) 0 0 0 0 0 1 32
C) 0 0 0 0 1 0 16, 48
d) 0 0 0 1 0 0 8, 24, 40, 56
e) 0 0 1 0 0 0 4,12, 20, 28, 36, 44, 52, 60
f) 0 1 0 0 0 0 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
0) 1 0 0 0 0 0 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,
37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63

Note: The bit positions of a) to g) can be combined.

(2) PWMS8 outputs

This is 7-bit resolution PWM outputs.

One period is TN = 28/fc [s] (when DV1CK =0) and TN = 29fc [s] (when DV1CK = 1).

The 7-bit of the PWM data latch controls the low level pulse width with a cycle of TN. The lower
7-bit of the PWM data latch is k (k =1 to 127), the low level pulse width with a cycle becomes k x to
[s] (to = 2/fc [s] when DV1CK =0, to = 4/fc [s] when DV1CK =1).

P Tm =64Ts R
. Ts () 9 Ts @ j Tses)
_ nxt " to N 1 to
PWMO
()
) Pulse width =n x tg Pulse width = (n + 1) tg
(when 14-bit Ts o Ts Ts (15
resolution PWM [« © > @) > < )
o) - ol BN
PWMO ]
=55
Pulse width =n x tg Pulse width = (n + 1) tg
€«—TN—>
PWM8 ]
L
«—>/Pulse width =k x tg

Note 1: Itis shown to the additional pulse Ts (0) and Ts (63) of the PWMO at 14-bit resolution

PWM mode.

Note 2: Itis shown to the additional pulse Ts (0) and Ts (15) of the PWMO at 12-bit resolution

PWM mode.

Figure 2.13.2 PWM Output Wave Form
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2.13.3 Control

PWM output is controlled by PWM Control Register (PWMCR1A, PWMCR1B, PWMCR2A, PWMCR2B) and PWM Data Buffer
Register (PWMDBR1, PWMDBR2).

PWM Control Register 1A

7 6 5 4 3 2 1 0
PWMCR1A RESOLU-
(00028) O |ABORTL| ‘0 ‘0 ‘0" |sTARTO| 0" TION (initial value: *000 0000)
0

ABORT1L |APort PWM operation of 0: Operation
channel 0 1: PWM Abort (PWM outputs are fixed to a high-level.)
0: Stop PWMO .
STARTO |Start channel 0 _ wrte
1: Start PWMO y
) 0: 14-bit resolution
RESOLUTIONO [ Select channel O resolution
1: 12-bit resolution

Note 1: *; Don't care
Note 2: The ABORT1 is cleared to “0” automatically.

Note 3: PWMCRI1A is write-only register and cannot be used with any of the read-modify-write instructions such as SET, CLR, etc.

PWM Control Register 1B

PWMCR1B 7 6 5 4 3 2 1 0
©o2o {5 0 | 0 ] 0 | O PWMCHS1 | PWMHL | (initial value: **** *000)
1
00: Channel 0
Select the PWM data latch of | 01: reserved
PWMCHSL | 12 bit PWM channel
-bi channeils 10: reserved Write
11: reserved only
Select upper or lower data 0: lower 8-bit
PWMHL t fer buff . .
ransier burner 1: upper 4-bit or 6-bit

Note 1: *; Don't care

Note 2: PWMCRA1B is write-only register and cannot be used with any of the read-modify-write instructions such as SET, CLR, etc.

PWM Data Buffer Register 1

7 6 5 4 3 2 1 0
PWMDBR1

(0002An) (initial value: 0000 0000)

Write only

Note 1: PWMDBR1 is write-only register and cannot be used with any of the read-modify-write instructions such as SET, CLR, etc.

Note 2: When operation mode is changed from STOP mode to NORMAL mode, PWMCR1A, PWMCR1B are initialized.

Figure 2.13.3 PWM Control Register 1A/1B and PWM Data Buffer Register 1
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PWM Control Register 2A

PWMCR2A 7 6 5 4 3 2 1 0
(00FF5y) O ABORT2| 0 STARTS “0” “0” “Q” “0” (initial value: *000 0000)
Abort PWM operation of 0: Operation
ABORT2 h 19to 4
channel 9 to 1: PWM Abort Write
0: Stop PWM8 only
START8 | Start channel 8 R
1: Start PWM8

Note 1: *; Don't care
Note 2: The ABORT?2 is cleared to “0” automatically.

Note 3: PWMCRZ2A is write-only register and cannot be used with any of the read-modify-write instructions such as SET, CLR, etc.

PWM Control Register 2B

PWMCR2B 7 6 5 4 3 2 1 0
QFF6éw) v g 1 o { O | O { O { O | PWMCHS2 (initial value: **** *000)
L 1 1 ] [ 1 1 1
000: reserved
001: reserved
010: reserved
Select the PWM data latch of | 011: reserved Write
PWMCHS2 | 2 hit PWM channel |
ol channels 100: Channel 8 only

101: reserved
110: reserved

111: reserved

Note 1: *; Don't care

Note 2. PWMCRZ2B is write-only register and cannot be used with any of the read-modify-write instructions such as SET, CLR, etc.

PWM Data Buffer Register 2

7 6 5 4 3 2 1 0
PWMDBR2

(OOFF7p) O (initial value: *000 0000)

Write only

Note 1: *; Don't care
Note 2. PWMDBR2 is write-only register and cannot be used with any of the read-modify-write instructions such as SET, CLR, etc.

Note 3: When operation mode is changed from STOP mode to NORMAL mode, RWMCR2A, PWMCR2B are initialized.

Figure 2.13.4 PWM Control Register 2A/2B and PWM Data Buffer Register 2
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Binary Counter Control Register

CGCR
(000304)

7 6 5 4 3 2 1 0
“Q” “0” | DVICK| “0” “0” “Q” “Q” “0” (initial value: 0000 0000)
i i st 0: fc/4
DV1CK g_el_zctlon of input clock to 1 RIW
Ivider 1: fc/8
Note 1: *; Don't care
Note 2: Clear bit 3to 0.
Figure 2.13.5 Binary Counter Control Register
(1) Internal counter
The internal counter of PWM outputs is a free running counter. The all bits of counter are set to “1”
and are not counted up at one of the following conditions.
1) During reset
2)  The operation mode is changed to STOP or SLOW or SLEEP mode.
3) Setting ABORTX (x: 1, 2) to “1”.
4)  The START 0 is “0” in 12-bit PWM outputs. The STARTS8 is “0” in 7-bit PWM outputs.
5)  The lower 8-bit of PWM data latch in 12-bit PWM outputs is “00H”. The PWM data latch in 7-bit
PWM outputs is “00H".
(2) Outputs control and programming of PWM data

The PWM outputs are fixed to a high-level immediately when the ABORTX (x: 1, 2) is set to “1”. The
PWM outputs starts the operation when the STARTX (x: 0, 8) is set to “1”.

The data from the transfer buffer to a PWM data latch is transferred when the all bits of internal
counter are set to “1”. Therefore, the data is transferred to a PWM data latch immediately when the
internal counter is initialized. And the data is transferred to a PWM data latch at the beginning of
the next cycle when all bits of the internal counter are not set to “1”.

The sequence of writing the output data to PWM data latches is shown as follows;

a) PWMO
Write the channel number of PWM data latch to PWMCHS1 and clear PWMHL to “0”.
Write the lower 8-bit PWM output data to PWMDBRL1.

Write the channel number of PWM data latch to PWMCHS1 and set PWMHL to “1”.
Write the upper 4-bit or 6-bit PWM output data to PWMDBRL1.

Select the resolution of PWM output to RESOLUTIONX (x: 0) and set STARTx (x: 0) to “1”.

aprwbd e

Note: The upper 4-bit PWM output data of data and the lower 8-bit PWM output data must be write
to PWMDBR1 even if the one of them is not changed (except when lower 8-bit PWM output
data is “00H".).
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b) PWMO

Write the channel number of PWM data latch to PWMCHSL1 and clear PWMHL to “0”.
Write the lower 8-bit PWM output data to PWMDBRL1.

Write the channel number of PWM data latch to PWMCHS1 and set PWMHL to “1”.
Write the upper 4-bit PWM output data to PWMDBRL.

Set STARTX (x: 0) to “1”.

apwdPRE

1) Data transfer timing and STOP/ABORT timing (X: 0)

T™ T™

Y

A A

Ts

A A
—
(2]

Y

Y

-
-
-

PWMx _|
—>

<—m xtg f — <—n x g
Writing PWMDBR1
(data m to n)

Ts
PWMx \_'7—\ _____________
STARTXx =0

or
Ts R The lower 8-bit of PWM data latch = 00y

A
Y

A
A

PWMx u X

ABORT1=1
or
STOP mode

2) Restart timing after all channels stop

A
Y
A

)

Start command

Figure 2.13.6 Wave Form of PWMO

Note: The upper 4-bit PWM output data of data and the lower 8-bit PWM output data must be write
to PWMDBR1 even if the one of them is not changed (except when lower 8-bit PWM output
data is “00H".).
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c) PWMS8
1.  Write the channel number of PWM data latch to PWMCHS2.
2. Write the lower 7-bit PWM output data to PWMDBR2.
3. Set STARTX (x: 8) to “1".

1) Data transfer timing and STOP/ABORT timing (X: 8)

N N

Y

A
Y
A

PwMx ||
—>» <«<—mxty T —> nxty <€—
Writing PWMDBR2

(data m to n)

PWMx ||
'

STARTX (X: 8) =0
or
The lower 8-bit of PWM data latch = 004

PWMXx

ABORT2=1
or
STOP mode

2) Restart timing after all channels stop

N N

A
Y
A
Y

)

Start command

Figure 2.13.7 Wave Form of PWMS8
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Example: At fc =8.0 MHz, DV1CK =0

PWMO pin outputs a 14-bit resolution PWM wave form with a low-level of 16 us width and
additional pulse (Ts (16), TS (32), TS (48)).
PWMS8 pin outputs a PWM wave form with a low-level of 4 ps width.

LD

LD
LD
LD
LD
LD

LD
LD
LD

(CGCR), 00H; DVICK =0

(PWMCR1B), 00H; Select the lower 8-bit of PWMO0 output data latch
(PWMDBR1), 80H; 16 ps + 2/fc = 40H
(PWMCR1B), 01H; Select the upper 6-bit of PWMO output data latch
(PWMDBR1), 03H; Additional pulse (Ts (16), TS (32), TS (48))
(PWMCR1A), 05H; Start PWMO,

PWMO : 14-bit resolution

(PWMCR2B), 04H; Select PWM8 output data latch
(PWMDBR?2), 20H; 4 ps + 2/fc = 10H
(PWMCR2A), 10H; Start PWM4
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2.14 Test Video Signal Output for Adjusting TV Screen

The TMPA8827CMNG /CPNG /CSNG has a built-in video signal output circuit to output necessary
signal for TV screen adjustment.

Picture pattern: Total eight types, Monochromatic inversion possible
Output format: Three states (H, L, Hi-Z) output

Comp.Sync duration time L output
Black level/Pedestal duration time Hi-Z output
White level duration time H output

2.14.1 Configuration

P70 (HD)
osD A -
Circuit s B
HD
. TV signal
Horlzont.al pa?tter.n processor
generation circuit
| > P57 (CSOUT)
Pattern mixed circuit ]
| —
Vertical pattern
generation circuit Display pattern
4 4 generation circuit
'3
SGCHS
SGIV |SGPAT2to 0
SGVBLK
SGPAL TVSCR

Test video signal output control register

Figure 2.14.1 Test Video Signal Output Circuit
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2.14.2 Control

The test video signal output circuit can be controlled with the test video signal control register.
This function needs to set TV signal processor register by 12C bus.

TVSCR 7 6 5 4 3 2 1 0

(00FEBH) | SGEN [sGvBLK | SGPAL | SGIV | sGcHs | “0" | SGPAT! “0” (initial value: 0000 0000)

: disable
SGEN SG function selection
: enable

Picture signal for VBLK duration | 0: Output

SGVBLK |
time

- No output

SGPAL |PAL/NTSC selection

: PAL
; : No inversion
SGIV Pattern monochromatic
inversion  Inversion
SGCHS 0SD synchronous signal : FBP via TV signal processor (Need to set HDPOL = 0) Write

0
1
0
1
0: NTSC
1
0
1
0
1

selection only

: Pseudo signal circuit

000: Black on the whole screen
001: White on the whole screen
010: Cross hatch

011: Cross dot pattern

SGPAT | Display pattern
100: Cross bar

101: White on the upper side/Black on the lower side
110: H signal pattern

111: reserved

Figure 2.14.2 Test Video Signal Control Register
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2.14.3 Functions

Video signal output is to generate monochromatic picture signal output to take easily the necessary tests such as TV screen white
adjustment and screen distortion amplitude adjustment implemented on the final manufacturing process of a TV receiver set.

Table 2.14.1 Display Pattern and TV Screen

Display Pattern TV Screen

000

(black on the whole surface)

001

(white on the whole surface)

010

(cross hatch)

011 10000000000000

(cross dot) 10000000000000

100

(cross bar)

101

(white on the upper side/
black on the lower side)

110
(H signal pattern)
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2.15 On-Screen Display (OSD) Circuit

The TMPA8827CMNG /CPNG /CSNG features a built-in on-screen display circuit used to display
characters and symbols on the TV screen. There are 384 characters and any characters can be
displayed in an area of 32 columns x 12 lines. With an OSD interrupt, additional lines can be
displayed. The functions of the OSD circuit meet the requirements of on-screen display functions of
closed caption decoders based on FCC standards.

OSD circuit functions are as follows:

1) Number of character fonts: 384

2) Number of display characters: 384 (32 columns x 12 lines).

3) Composition of character: 16 x 18 dots

4) Character sizes: 3 (selectable line by line)

5) Fringing function: for large, middle and small characters

6) Smoothing function: for large and middle characters

7) Slant function (italics)

8) Blinking function

9) Underline

10) Solid space

11) Area plane function: 2 planes

12) Full-raster blanking function

13) Display colors Character colors: 8 colors (selectable character by character)
Fringe color: 8 colors (selectable page by page)
Background color: 8 colors (selectable page by page)
Area plane color: 8 colors (selectable each of 2 planes)
Raster color: 8 colors (selectable page by page)

14) Display position: 256 horizontal steps and 512 vertical steps for code plane

: 512 horizontal steps and 512 vertical steps for Area plane
15) Window function: 512 vertical steps
16) Half transparency output function

The TMPA8827CMNG /CPNG /CSNG outputs OSD through 3 planes; code, area, and raster. 3
planes function independently. In addition, they are displayed simultaneously. There is the priority
among these 3 planes, so OSDs are displayed on a screen according to the priority.

Code > Area > Raster
1) Code plane

Usually, OSD character is displayed on the code plane. The code plane functions as a row
displayed on a screen.

The code plane consists of 32 characters x 1 row and a total of 12 planes. The 12 planes have
the priority such as code 1 >code 2 > --- >code 11 > code 12.

On the code plane, characters of 16 x 18 dots is displayed. These fonts are called characters,
and read from character ROM and display memory through the character code on the display
memory.

2) Areaplane

The area on a screen is displayed on the area plane.

The area plane can display 2 square areas of any size by specifying coordinates. The 2 planes
have the priority such as area plane 1 > area plane 2.
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2.15.1 Configuration

Oscillation
circuit
| A 4 | { L JOSD
Horizontal position counter [ Interrupt
FBP P70 (HD) {} ’_)I OSD control P = |
——> S—>
. - — {} £ |Y/BL
v Jitter |H0r|zontal position decoder|: : S—> P57 (I
signal elimina- o> Display memory = .
proces- tion 32 x 12 x 16 bits % B % P67 (Y/BL) .TV
sor circuit Vertical position counter | { E:g;eracter % gk P66 (B) signal
Vsaw P71 (VD il BN proces-
S a— RGN —T 4| Character ROM ——\ 2R g 5565 (G) sor
| Vertical position decoder 384 x 16 x 18 bits Characteri g @ P64 (R)
data §-
>
(e}

Figure 2.15.1 OSD Circuit
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2.15.2 Character ROM and Display Memory

(1) Character ROM

The character ROM contains 384 character fonts. The user can set fonts as desired. The character
ROM consists of 384 characters in 16 x 18 dots (character codes 000H to 17FH). Each dot corresponds
to one bit in the character ROM. When a bit in the character ROM is set to “1”, the corresponding dot
is displayed; if set to “0”, the dot is not displayed. The start address in the character ROM
corresponding to a character code is determined by the following expression:

Start address in character ROM = CRA x 40H + 20000H

Since character code 000H is used as blank character, the character font for this character code
cannot be changed. Write “0” in the data of character code O00H.

Write the data “FFH” to all unused address (5t bit of an address is “1” and also the lower 4-bits of
an address are 2H to FH) in character ROM.

Figure 2.15.2 (a) shows an example of the character font configuration for the character code 000H
and 001H, together with the ROM addresses and data.

Figure 2.15.2 (b) shows the character ROM dump list for these 2 character fonts .
Note 1: CRA,; Character code (000 to 17Fp).
Note 2: A data can not be read from character ROM by software.
Note 3: When ordering a mask, load the data to character ROM at addresses 20000H to 25FFFH.

And the data in unused are of character ROM are must be specified to FFH.

IAddress|Data Bit Bit IAddress|Data| |Address|Data Bit Bit IAddress|Data
(hex) |(hex){ 76 543210(76543210] (hex) |(hex)| | (hex) |(hex)| 76 543210(76543210]| (hex) |(hex)
20000 | 00 20020 [ 00 20040 [ 3F | | 20060 [ CO
20001 | 00 20021 [ 00 20041 | 7F 20061 [ EO
20002 [ 00 20022 | 00 20042 | EO 20062 | 70
20003 | 00 20023 [ 00 20043 | CO 20063 [ 30
20004 | 00 20024 [ 00 20044 | 00 20064 [ 30
20005 [ 00 20025 | 00 20045 [ 00 20065 | 70
20006 | 00 20026 [ 00 20046 | 00 20066 [ EO
20007 | 00 20027 [ 00 20047 | 01 20067 [ CO
20008 [ 00 20028 | 00 20048 [ 03 20068 | 80
20009 | 00 20029 [ 00 20049 | 07 20069 [ 00
2000A | 00 2002A | 00 2004A | OE 2006A | 00
2000B | 00 2002B | 00 2004B | 1C 2006B | 00
2000C | 00 2002C | 00 2004C | 38 2006C | 00
2000D | 00 2002D | 00 2004D | 70 2006D | 00
2000E | 00 2002E | 00 2004E | FF 2006E | FO
2000F | 00 2002F | 00 2004F | FF 2006F | FO
20010 | 00 20030 [ 00 20050 | 00 20070 [ 00
20011 [ 00 20031 [ 00 20051 (o0 J[ [ [ [T 111 [ [T 20071 | 00

(character code 000R) (character code 001R)
(a) Character font configuration

20000/ 00 00 OO0 OO OO OO OO OO OO OO OO OO OO OO OO 00
20010/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20020/ 00 00 00 00O 00O OO OO OO OO OO OO OO OO OO OO 00
20030/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20040/ 3F 7F EO CO 00 00O OO0 01 03 07 OE 1C 38 70 FF FF
20050/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20060/ CO EO 70 30 30 70 EO CO 80 00 00 00 00 00 FO FO
20070/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
(b) ROM dump list

Figure 2.15.2 Character Font Configuration and ROM Dump List
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@)

Display memory

Each character of the 384 characters displayed in 32 columns x 12 lines consists of 16 bits in the
display memory. Five data items are written to the display memory: character code, color data,
blinking specification, underline enable, and slant enable.

There are two modes for writing display data to the display memory. One mode is used for writing
all display data (character code, color data, blinking specification, underline enable, and slant enable)
simultaneously. The other mode is used for changing either character codes or the remaining data
items (color data, blinking specification, underline enable, and slant enable). How to write display
data to the display memory is described in section 2.15.5.7 (1).

Note: The display memory is in an unknown state at reset.

Display memory configuration

»  Character code specification register (9 bits) ............... CRAS8 to CRAO

»  Color data specification register (4 bits)..... ...IDT/RDT/GDT/BDT
» Blinking specification register (1 bit) ...........cccoceeeeeenn. BLF

* Underline enable register (1 bit)........cccccceeiiiiiiiiiennennn. EUL

* Slant enable register (L bit)........ccoooiiiiieiiiiiiii SLNT

[sLNT| EUL | BLF | IDT [ RDT | GDT | BDT [cRA8|CRA7|CRA6|CRAS|CRA4|CRA3|CRA2|CRAL|CRAO]

Character color specification register Character code specification register
Blinking specification register
Underline enable register

Slant enable register

Figure 2.15.3 Display Memory Bit Configuration

Column|

Line

000

001|002} 003) 004 | 005] 006|007 {008 [ 009 [00A|00B|00C|00D|00E|00F|010{011{012{013{014|015]|016)017]018|019{01A[01B[01C|01D|01E|01F

020

021)022{023]024[025]026[027]028|029|02A]|02B|02C|02D [02E|02F [030] 031 {032 033|034 |035{036|037 | 038|039 |03A|03B|03C|03D|03E|03F

040

060

080

0AO

0CO

OEO

Wl |N|o|a|d|w|[N |-

100

=
o

120

i
[

140

[N
N

160

17F

Note:

Numerals in the table indicate (hexadecimal) addresses in the display memory.

Figure 2.15.4 Display Memory Address Configuration
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2.15.3 OSD Circuit Control

The OSD circuit performs control functions using the OSD control registers which reside in
addreses 0001DH to 0001FH and 00024H to 00025H in the special function registers (SFR), and in
addresses 00F80H to O0OFC1H in the data buffer register (DBR). Section 2.15.5.9 shows the OSD
control registers. To write data to the OSD control registers, use the normal data buffer register
access method. The OSD control registers are used to set display start position, display character
designs (that is, fringing, smoothing, color data, character size, and etc.), display memory addresses,
and character codes.

Setting the display on-off control bit, DON, (bit 0 in ORDON) to “1” enables display (starts display).
Setting DON to “0” disables display (halts display).

Note: The contents of OSD control registers except PIDS, P67S to P64S are initialized in STOP mode.

2.15.4 0OSD Control Register Write/Read

The addresses of the OSD control registers are assigned to the SFR and DBR register.

For writing data to or reading data from the OSD control registers, access the SFR and DBR
register in the normal way.

If RGWR register is set to “1” the written data is transferred to the OSD circuit and become valid.

However, while the display line is being scanned, the data written after the display line is scanned
is transferred to the OSD circuit and becomes valid.

The registers for writing data to display memory become valid, when its data is written. (VDSMD,
PISEL, BKMF, ESMZ, MFYWR, MBK, RDWRY, SVD, ISDC, P67S to P64S, PIDS, YBLCS, MPXS,
VDPOL, HDPOL, YBLII, RGBII, Y1V, BLIV, RGBIV, 11V, DMAS8 to 0, SLNT, EUL, IDT, BLF, RDT,
GDT, BDT, CRAS8 to 0, and RGWR)

Written data transfer register (1 bit).........c.cccooeinneee. RGWR (bit 2 in ORDON)
H07 e Initialized state
B N Transfers written data to OSD circuit.

(after transfer, RGWR is reset to 0.)

Note: Don’ t write “0” to RGWR.
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<RGWR Timing>

(1) RGWR system

| OSD circuit |

1

Q
D

LE+—< Transfer pulse by RGWR =1

| Register specified by RGWR |

Figure 2.15.5 RGWR System

(2) Transfer timing

1) No display area
When having set RGWR to “1” during no display area, the timing OSD register can be
transferred is at the raising edge of HD signal.

HD [ ] [ ]

(FBP)

RGWR Register
Set RGWR Register to “1”

Data Transfer Pulse

Q Transfer the contents of OSD registers

RGWR Flag | | into OSD circuit

Figure 2.15.6 Data Transfer Timing in No Display Area

2) Display area (including any lines specified as display off by character size)
When having set RGWR to “1” during display area, the timing OSD register can be transferred
is at the raising edge of HD signal when the display line has been finished.

HD [ ] [ ] [ ]

(FBP)
((
Display Line | » |

RGWR Register

/Set RGWR Register to “1”

Data Transfer Pulse

{C
\ ): Q Transfer the contents of OSD registers
RGWR Flag | ) | into OSD circuit

Figure 2.15.7 Data Tranfer Timing in Display Area

(3) Flag
RGWR flag is set to “1” during the period from the timing having set RGWR register to “1” to the
timing data transfer pulse is generated.
When RGWR flag becomes “0”, the data of OSD register can be available. After setting RGWR
register to “1”, it is possible to write OSD registers even RGWR flag is “1”.
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2.15.5 OSD Function

2.15.5.1 Signal Control (port 1/O)

(1) P6 port output select function
This function is used to select whether the contents of port P57, P67 to P64 will be outputor I, R, G,
B, Y/BL signals of the OSD circuit will be output on pins P57, P67 to P64.
P57 port output select registers (1 bits): PIDS (bit 3 in ORP6S)
PIDS =0 PIDS =1
P57 | Port
P67 to P64 port output select registers (4 bits): P67S, P66S, P65S, P64S, (bit 7 to 4 in ORP6S)
P6nS =0 P6nS =1
P64 R
P65 G
Port
P66 B
P67 Y/BL
(2) OSD pin output polarity control function
This function is used to select the polarity of the OSD outputs for RGB, | and Y/BL.
Output polarity control register (4 bits) ......ccccceeevviiivineen.n. BLIV, YIV, RGBIV, 11V (bit 3to 0 in ORIV)
Table 2.15.1 Control of OSD Output Polarity
Symbol Output Port Data “0” Data “1”
BLIV BL Active High Active Low
YIV Y Active High Active Low
RGBIV RGB Active High Active Low
v | Active High Active Low
(3) Y/BL signal select function

This function is used to select either Y or BL signal output from the Y/BL pin.

Y/BL signal select register (1 bit)..........ccovvveveeeiiiiiinienenn. YBLCS (bit 2 in ORP6S)
Y signal output
BL signal output

Y signal ..o Output in all OSD areas (logical OR for R, G, B, character data, fringing
data, area data, etc.)
BL signal........ccc.ceen.e When EXBL is “0":

Output in all display character areas

(except for character code 000H: blank character)
When EXBL is “1”:

Output in the whole page
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(4)

I signal function select

When PISEL (bit 6 in ORETC) is set to “1” and PIDS (bit 3 in ORP6S) is set to “0”, Port 57 (I pin)
can be used as area plane and full-raster blanking function Half Transparency/Half Tone through a
TV signal processor.At Half Transparency/Half Tone function, contents of IDT, IFDT, IBDT are make
no sense.Therefore character color are 8 colors.Similarly background color and fringing color are also
8 colors.

When PISEL (bit 6 in ORETC) is set to “0”, PIDS (bit 3 in ORP6S) is set to “1” and P67 (bit 7 in P6)
is set to “0”, Port 57 (I pin) can be used as full Half Transparency/Half Tone function. At full Half
Transparency/Halftone function, contents of IDT, IBDT, IFDT, ACLI1, ACLI2 and RCLI must be set
to 1"
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2.15.5.2 OSD Data Output Format Control

(1) Scan mode

The double scan mode is used to handle double horizontal display. When double scan mode is
enabled, the vertical display counter increases every 2 scan lines and a vertical size of a dot is double.
This function is enabled by setting VDSMD (bit 7 in ORETC) in the OSD control register to “1”.

Scan mode select register (1 bit) ..o VDSMD (bit 7 in ORETC)
0 Normal mode
1 Double scan mode

Note 1: The data written to those control register is transferred to the OSD circuit and become valid

when the data is written.

Table 2.15.2 The Difference of 2 Types of Scan Mode

Normal Mode Double Scan Mode
Spec_lflcauon Unit of_\_/ertlcal 1 scan line 2 scan lines
display start position
1 dot height | Normal mode height x 2

Normal mode Double scan mode

Interlace scanning ex. (525 line/Field)

Normal mode Double scan mode

(2nd field dot onlv)

Non-interlace scanning ex. (263 or 262 line/Field)

Figure 2.15.8 Scan Mode
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2.15.5.3 Display Position Control

(1) Code display position setting

1) Horizontal display start position
The horizontal display start position can be set in 256 steps by writing to OSD control registers
HS17 to HS10 (bit 7 to 0 in ORHS1). The value is in common with all lines.
Specification unit: 2 Tosc
Specification steps: 256
Specification horizontal display start position: Line 1 to 12: HS17 to HS10 (ORHS1)
HS1 = (HS17 to HS10) H x 2Tosc + 20Tosc (linel to 12)

Note 1: Tosc; One cycle of OSD oscillation.

Note 2: The data written to these control registers is transmitted to OSD circuit by setting RGWR
(bit 2 in ORDON) to “1”.

2) Vertical display start position
The vertical display start position can be specified for each display line using 512 steps by
writing to VSn8 to VSnO (in ORVSn (n; 1 to 12)).
Specification unit: 1 scan line (normal mode), 2 scan line (double scan mode)
Specification steps: 512
Specification vertical display start position: Linel: VS18 to VS10 (ORVS 1)
Line2: VS28 to VS20 (ORVS 2)

Line12: VS128 to VS120 (ORVS 12)
Line n: VSn =(VSn8 to VSn0) H x 1THD (n; 1 to 12). See Figure 2.15.9.

Notel: THp; One cycle of HD signal (normal mode) or two cycle of HD signal (double scan
mode).

Note2: The data written to these control registers is transmitted to OSD circuit by setting RGWR
(bit 2 in ORDON) to “1”.

Note3: If display lines are overlapped each other, previous display line is enabled and next line
is disabled. If vertical display start positions of two or more lines are set on same value,
high priority line is enabled. Lines of OSD (VS1 to VS12) are fixed priority levels as
follows:

VS1>VS2>VS3 > -+ >VS12
Set the vertical display start position not to overlap display lines.

VS5 (display on, small character) >
VS2 (display canceled, middle charactery—>]

VS3 (display on, small character) >

Occasion of overlapping

Note4: The line which is displayed off is managed as a small size character line.

Note5: Transfer the contents of vertical display start positon registers into OSD circuit before the
position of the scanning line coincides with their own vertical display start position.
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(2) Areadisplay position setting
The planes have the priority such as Code plane > Area plane 1 > Area plane 2 > Raster plane.

1) Horizontal display start position
The horizontal display start position can be set in 512 steps by writing to OSD control registers AHSn8 to AHSNO (bit 8 to 0 in
ORAHSN). And also display stop position is correspond to AHEN8 to AHENO (bit 8 to 0 in ORAHERN). (n; 1 to 2)
Horizontal display start position
AHSN = (AHSN8 to AHSN0) H x 2Tosc
AHEnN = (AHEN8 to AHENO) H x 2Tosc

Note: Topsc; One cycle of OSD oscillation.

2) Vertical display start position
The vertical display start position can be set in 512 steps by writing to OSD control registers AVSn8to AVSnO (bit 8 to 0
ORAVSN). And also display stop position is correspond to AVEn8 to AVENO (bit 8 to 0 in ORAVERN). (n; 1 to 2)
Vertical display start position
AVSn = (AVSn8 to AVSn0) H X THD
AVEnN = (AVENn8 to AVENO) H x THD

Note: THp; One cycle of HD signal.

M HD (FBP)
VSl VS2  AVSIAVE1L AVSZ AVEZ
I: K X AKX [\ A
A 4
HS1 r
< >1]2[|d4]5]6]7]8]lo [r0]11]12[13]14]15]16]17|18]10]20[21|22]23]24]25]26]27]bs 29]30[31[32] Codeplane 1
v |
[1]2]3]4]s]6]7]8]lo|10]11]12]13]14]15]16]17]18]19]20[21|22|23]24]25]26]27]ps|29]40]51 32| Code|piane 2
e AHS1 R Area plane 1
VD AHE1
Vsaw < >
Area plane 2
|/
HSY isgl1]2]3]4]s5]6]7]8]Jo]r0]11]12[13]14]15[16[17[18]10[20]21]22]23]24]25]26]27|28]20]40[31[32]s S| Codle plane 9
AHS?2 : :
< >issl1[2]3]4]5]6]7]8]010]11]12]13]14]15]16]17]18]19]20[21|22]23]24]25]26]27]28]29]40]51 [s2]sS| code plane 10
aneal Bsli]2]3]a]s[e[7]8]9 |10|11|12|13|14|15|16|17|18|19|20|21|22|23|24|25|26|27|28|29|C0|31|32|S§ Cade plane 11
ss|1|2]3]4]5]6]7]8]o]10]11]12]13]14|15|16[17]18]19]20]21]22]23]24]25]26|27]28|20|40]31 52]s | code plane 12

Figure 2.15.9 TV Scan Image
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2.15.5.4 Character Ornamentation Control

(1) Character sizes
Character size can be selected line by line from 3 sizes. And display on/off also can be set line by
line. Small, middle and large character size and display on/off can be set with OSD control registers
CSn (n=1to 12, ORCS4, ORCS8, ORCS12) in the OSD control registers.
Character sizes: 3 sizes (small, middle and large)
Character size and display on/off specification unit: Line
Character size select/display on/off register (2 bits x 12)
Line 1: CS1
Line 2: CS2

Line 12: CS12

Table 2.15.3 Character Size and Display On/Off Specifications (n; 1 to 12)

CSn (upper bit) CSn (lower bit) Character Size Display On/Off
1 1 Small On
1 0 Middle On
0 1 Large On
0 0 | Off
Note 1: The display off line operates like the width of small character size line thought the character is not
displayed.
Note 2: The data written to these control registers is transmitted to OSD circuit by setting RGWR (bit 2 in
ORDON) to “1".
Note 3: When OSD circuit is used on an interlace scanning TV, a jitter elimination circuit must be enabled
and set AFLD to “1” in JECR.
Note 4: When VDSMD and AFLD are “0”, only character of even display dot is displayed. (referto 2.16 a
jitter elimination circuit)
Table 2.15.4 Dot and Character Sizes
VDSMD =0 VDSMD =1
(normal mode) double scan mode)
Character Size Character Size
Dot Size EERN =0 EFRN = 1 Dot Size EFRn=0 EFRn =1
(fringe OFF) (fringe ON) (fringe OFF) (fringe ON)
EULANn =0 Small 1TOoSsC % 0.5THD 16TOSC x 9THD 16TOSC x 11THD 1TOSC x 1THD 16TOSC x 18THD 16TOSC % 20THD
(underline OFF)
Middle 2Tosc x 1THD 32Tosc x 18THD 32TOoscC * 20THD 2TOosC * 2THD 32Tosc x 36THD 32TOosc x 40THD
Large 4Tosc x 2THD 64TOSC x 36THD 64TOSC x 40THD 4TOSC x 4THD 64TOSC x 72THD 64TOSC x 80THD
EULAn=1 Small | 1Tosc x05THD | 16Tosc x 12THD | 16TOSC x 13THD 1Tosc x 1THD 16TOSC X 24THD | 16TOSC x 25THD
(underline ON)
Middle 2TosC x 1THD 32TOSC x 24THD | 32Tosc x 25THD 2TOSC % 2THD 32TOSC x 48THD 32TOSC x 50THD
Large A4TOSC x 2THD 64TOSC % 48THD 64TOSC % 50THD ATOSC x 4THD 64TOSC x 96THD 64TOSC x 100THD

Note: Tosc; One cycle of OSD oscillation

THD; One cycle of HD signal
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Middle

Large

Figure 2.15.10 Character Size
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@)

Smoothing function

The smoothing function is used to make characters look smooth. Enabling smoothing displays 1/4
dot between two dots connecting corner to corner within a character. Small size character can not be
enabled smoothing. Smoothing is enabled by setting ESMZ (bit 4 in ORETC) in the OSD control
register to “1”.

Smoothing specification unit: Display page

Smoothing specification register (1 bit)...........cccco.eee.. ESMZ (bit 4 in ORETC)
07 Disable smoothing
B O Enable smoothing

Note: Data of the register is transferred to the OSD circuit and become valid when the data is written.

w oF "= %

Before After Before After
Available form for Smoothing

Invalid form for Smoothing

Figure 2.15.11 Available Form and Invalid Form for Smoothing

Original character Smoothing

Figure 2.15.12 Smoothing Example
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(3) Fringing function

The fringing function is used to display a character with a fringe width is 1 dot in a different color
from that of the character. When a character is displayed with the maximum of 18 vertical dots and
16 horizontal dots, the fringe exceeds right and left, top, and bottom of the character display area. If
there is an adjacent character that outer dot is active, then this dot will overrule the fringe in the
horizontal direction. Underlines are not fringed.

Fringing is enabled for each line by setting EFR1 to EFR8 (OREFR8) and EFR9 to EFR12
(OREFR12) in the OSD control register to “1”.

A color for fringe is specified common to all lines using OSD control registers, IFDT, RFDT, GFDT,
and BFDT (bit 3 to 0 in ORBK).

Fringing specification unit: Line
Fringing enable register (1 bit X 12)..........cccccvveieeeeennn. EFRn (n; 1 to 8) (OREFRS8), EFRn (n; 9 to
12) (OREFR12)
“0” e Disable fringing
B PR Enable fringing
Fringe colors: 8
Fringe color specification unit: Display page
Fringe color register (4 bitS).......ccooiiiiiiiiiiiii. IFDT, RFDT, GFDT, BFDT (bit3to 0 in
ORBK)

Table 2.15.5 Fringe Color (8 colors)

IFDT RFDT GFDT BFDT Figure Color

Black

Blue

Green

Cyan
Red

Magenta

Yellow

White

Half Tone

Half Transparency Blue

Half Transparency Green

Half Transparency Cyan

Half Transparency Red

r|lr|lo|lo|lo|lo|r]|r|r|r|lo|lo|lo]|o
o|lo|lr|r|lo|lo|r|r|o|lo|lr|r|o|o
rlolr|lo|lr|lolr|lo|lr|olr]|lolr]|o

Half Transparency
Magenta

=
=
o

Half Transparency Yellow

1 1 1 Half Transparency White

Note 1: When using IFDT, please refer to 2.15.5.1 (4).

158



TOSHIBA TMPA8827CMNG /CPNG /CSNG

—)I

Vertical indicate area
18 dots

Vertical indicate area
22 dots

<

[TTTTTTTTTTT]
Before Fringing After Fringing

Disable underline

Vertical indicate area
26 dots

Vertical indicate area
24 dots

Before Fringing After Fringing

Enable underline

a) Small character, Normal mode interlace

e Tosc
—F—— each field

dot

Figure 2.15.13 (a) Fringing Example

Note: The fringe of 1* column character does not exceed left, and the fringe of 32" character does not exceed right.
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T e T

Vertical indicate area 18 dots

Vertical indicate area 20 dots

Before Fringing After Fringing

Disable underline
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r S T f

Vertical indicate area 24 dots
Vertical indicate area 25 dots

Before Fringing After Fringing

Enable underline

b) Small character, Double scan mode interlace

LI L Tosc
] 1st field
2nd field
dot

Figure 2.15.13 (b) Fringing Example
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lldot
[T TTTITTT]
| L]

!

—>|

|
)

Vertical indicate area
18 dots

Vertical indicate area
20 dots

I(_

T
P

Before Fringing After Fringing

Disable underline

lldot
[TTTTTTTTIT]
| L]

T |

Vertical indicate area
24 dots

Vertical indicate area
25 dots

Before Fringing After Fringing

Enable underline

c) Middle/Large character, Normal mode interlace

EREREREE Tosc EREREREREREN Tosc
1st field 1st field
2nd field 2nd field

middle dot
large dot

Figure 2.15.13 (c) Fringing Example
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T S T f

Vertical indicate area 18 dots
Vertical indicate area 20 dots

Before Fringing After Fringing

Disable underline
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ll dot

LT !

Vetical indicate area 24 dots

Before Fringing

Vertical indicate area 25 dots

After Fringing

Enable underline

d) Middle/Large character, Double scan mode

Juuun Tosc

1st field
2nd field

middle dot

UL L L Tosc

1st field
2nd field

large dot

Figure 2.15.13 (d) Fringing Example
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(4) Background function
Background color function is used to color the entire background for the character area (refer to
Table 2.15.6). Except the character area whose character code is 000H
This function is specified for each display page by setting EBKGD (bit 7 in ORRCL) in the OSD
control register to “1”.
A background color is specified for each display page by setting IBDT, RBDT, GBDT, and BBDT (bit
7 to 4 in ORBK) in the OSD control registers. A color specification is same as them for full-raster

blanking.
Background specification unit: Display page
Background enable register (1 bit) ......cccccoeiiiiiiiniennis EBKGD (bit 7 in ORRCL)
“07 e Disable background
B PR Enable background
Background color specification unit: Display page
Background color specification registers (4 bits) ........ IBDT, RBDT, GBDT, BBDT (bit 7 to 4 in
ORBK)
Table 2.15.6 Background Color (8 colors)
IBDT RBDT GBDT BBDT Background Color
0 0 0 Black
0 0 1 Blue
0 1 0 Green
0 1 1 Cyan
0 Yy
1 0 0 Red
1 0 1 Magenta
1 1 0 Yellow
1 1 1 White
0 0 0 Half Tone
0 0 1 Half Transparency Blue
0 1 0 Half Transparency Green
0 1 1 Half Transparency Cyan
1 1 0 0 Half Transparency Red
1 0 1 Half Transparency
Magenta
1 1 0 Half Transparency Yellow
1 1 1 Half Transparency White

Note 1: When using IBDT, please refer to 2.15.5.1 (4).
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Character color: Cyan

Background color: Yellow

Scanning Scanning
line line
—_— L] —_—
R R
G G
B B
Y Y
BL BL

1) Disable Background

2) Enable Background

Figure 2.15.14 Background Function
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2.15.5.5 OSD Display Screeen Control

(1) Display on/off
This function is used to display characters specified for on/off display.

Display on/off specification unit: Display page

Display on/off specification register (1 bit).................. DON (bit 0 in ORDON)
“07 e Disable display
B PR Enable display

Note: Do not start STOP mode during display is enable.

(2) Window function
This function is used to set upper and lower limit of display page. Window upper limit is specified
by WVSH (ORWVSH). Window lower limit is specified by WVSL (ORWVSL). This function is enabled
by setting EWDW (bit 1 in ORDON) in the OSD control register to 1.

Window specification unit: Display page

Window function enable specification register (1 bit).... EWDW (bit 1 in ORDON)
“07 e Disable window function
B TR Enable window function

Window upper limit specification register (9 bits)...... WVSHS8 to 0 (ORWVSH)
Window lower limit specification register (9 bits)....... WVSLS8 to 0 (ORWVSL)
Window upper and lower limit position...................
When VDSMD is “0” (normal mode):
WVSH = (WVSH8 to WVSHO0) H x THD
WVSL = (WVSL8 to WVSLO) H X THD
When VDSMD is “1” (double scan mode):
WVSH = (WVSH8 to WVSHO) H x 2THD
WVSL = (WVSL8 to WVSLO) H X 2THD

Note 1: THp; One cycle of HD signal

Note 2: WVSL >WVSH 2 “1”

Note 3: Modify the value of window upper and lower limit register as follows:
1. When WVSHNEW £ WVSHQOLD

Finish to transfer the new value, during VD signal is low or before the position of the
scanning line coincides with WVSHNEW-

2. When WVSL >WVSHNEwW > WVSHoLD

Finish to transfer the new value, during VD signal is low or before the position of the
scanning line coincides with WVSHg p.

3. When WVSLNEW SWVSLoLD

Finish to transfer the new value, during VD signal is low or before the position of the
scanning line coincides with WVSLNEW.-

4.  When WVSLNEwW >WVSLoLp

Finish to transfer the new value, during VD signal is low or before the position of the
scanning line coincides with WVSLo|p.

Note 4: It is recommendable that the window function is always enabled (EWDW = “1") and set
WVSH to “01n", WVSL to “1FEH". When the window function should be set to disable, clear
EWDW to “0” independent of the value which this register has been set from detecting the
rising edge of HD signal by software until the falling edge of HD signal.
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|_| HD (FBP) |_|

AVE2

Background color | | Area plane

10[11]12]13[14]15]16]17[18[10]20]21]22[23]24|25]26]27]28|20]30[31[32]sS

I
10[11]12]13[14]15]16[17]18[10]20]21]22]23]24]25]26]27]28]20]30]31[32]sS
B

WVSL

Widow Display: ON, Area Plane Display: ON, Background Color Display: ON, Raster Plane Display: ON

Figure 2.15. Correspond to closed caption

. L__ﬂl display OFF

WVSL

display

Figure 2.15.16 If WVSH is on a Code Plane
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(3) Full-raster blanking function
Full-raster blanking function is used to color the entire background for the display area (TV screen).
When using the full-raster blanking function, set YBLCS (bit 2 in ORP6S) to “1”, output BL signal
from Y/BL pin, because Y signal cannot delete whole display page from video signal.
This function is specified for each display page by setting EXBL (bit 6 in ORBK) in the OSD
register to “1”. Color specification is same as them for background color.

Full-raster blanking specification unit: Display page

Full-raster blanking enable register (1 bit)................. EXBL (bit 6 in ORRCL)
“0” e Disable full-raster blanking
B PR Enable full-raster blanking

Full-raster blanking color specification registers (4 bits).....RCLI, RCLR, RCLG, RCLB
(bit 3to 0 in ORRCL)

Table 2.15.7 Raster Plane Color (8 colors)

RCLI RCLR RCLG RCLB Raster Plane Color

Black

Blue

Green

Cyan
Red

Magenta

Yellow

White

Half Tone

Half Transparency Blue

Half Transparency Green

Half Transparency Cyan

Half Transparency Red

Fr|lPr|]O|lO|O|O|FRP|FP|FRP|FRP|]O|lO|O]|O
o|o|r|FRP|O|O|FRP|FR|]O|O|FR|FL|O|O
Frl|lO|lFRP|O|FRP|O|FRP|O|FRP|O|IFRP|O|FL]|O

Half Transparency
Magenta

1 1 0 Half Transparency Yellow

1 1 1 Half Transparency White

Note 1: When using RCLI, please refer to 2.15.5.1 (4).
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(4) Area plane function

Area plane function is used to display square area to two points on a screen.

Two planes operate independently. They are displayed according to the priority (area plane 1 > area
plane 2).

See area plane display position setting in section 2.15.5.3 (2) how to set display positions for each
area.

Each area plane is set to ON or OFF by AON2 and AONL1 (bit 5 and bit 4 in ORRCL).

Area plane colors are set by ACLIx, ACLRx, ACLGx, ACLBXx (bit 7 to bit 0 in ORACL, x =1, 2).

Area plane specification unit: plane

Area plane color specification register (8 bit)
Area plane 1: ACLI1T/ACLR1/ACLG1/ACLB1 (bit 3 to 0 in ORACL)
Area plane 2: ACLI2/ACLR2/ACLG2/ACLB2 (bit 7 to 4 in ORACL)

Table 2.15.8 Area Plane Color (8 colors)

ACLIx ACLRx ACLGx ACLBXx Area Plane Color
0 0 0 Black
0 0 1 Blue
0 1 0 Green
0 0 1 1 Cyan
1 0 0 Red
1 0 1 Magenta
1 1 0 Yellow
1 1 1 White
0 0 0 Half Tone
0 0 1 Half Transparency Blue
0 1 0 Half Transparency Green
0 1 1 Half Transparency Cyan
1 1 0 0 Half TransparencyRed
1 0 1 Half Transparency
Magenta
1 1 0 Half Transparency Yellow
1 1 1 Half Transparency White
x=1,2)

Note 1: When using ACLIX, please refer to 2.15.5.1 (4).
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Using for half transparency/half tone

/

< \ Fxﬁfffﬁ?\\ \\\\\\\‘&\\\\\ Ai E;gl:ground Green

\ Example color

|| Character

=9_— || color Red

Scanning
line

Half

| Area plane
Transparency

color

Blue

Raster plane: OFF

\
ﬁ ﬁ Character ba.ckground: ON

YBLCS: 0 (Y select)

R
8 Colors
Specification
G
5 _] L |

Figure 2.15.17 TV Display and OSD Signals
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2.15.5.6 Interrupt Control

(1) Display line counter

The display line counter indicates number of display line (s) by OSD circuit on the TV screen. The
display line counter is a 4-bit counter which is initialized to “0” by the falling edge of the VD signal
and which increments when last scanning of each display line is completed (falling edge of the HD
signal). It is necessary to be read out display line counter several times, because it does not

synchronize CPU clock.

Display line counter register (4 bits)........ccccccceeeeenins DCTR (bit 3 to 0 in ORIRC)
“0000”.....ceeeeeeainens No display line is completed.
“0001” ... 1'stdisplay line is completed.
“00107 ... 2'nd display line is completed.
to to
“11117 e 15t display line is completed.
Display Line

VD Signal Counter

)

1" Display Line

13" Display Line |

(_

14" Display Line with all blank characters |

)TX3X 2 X 1\

B
——

Figure 2.15.18 Display Line Counter

Note: The display line counter also increments when a line with all blank characters or a line with display off is

specified.

T
[o)]
L [10"" Display Line |
2
¥ lL1" Display Line |
b
9 [12™" Display Line |
S

Display on

Display off

Display on

Display on

Display on

Display on

Display on
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@)

Interrupt generator circuit L
An interrupt request is generated when a falling edge of VD signal or when line counter (DCTR)
is counted to the certain value specified by ISDC.

Interrupt source select register (1 bit)...........cccccceeeee. SVD (bit 4 in ORIRC)
“0” e Interrupt request generated when the display line counter (DCTR) is
counted to the certain value which is specified by ISDC.
B TR Interrupt request is generated when a falling edge of VD signal.

Interrupt generation line specification register (4 bits) ...... ISDC (bit 3 to 0 in ORIRC)

“0000”.....cceeeeeernns Interrupt request generated when the display line counter is cleared.
“0001” ... Interrupt request generated at end points of the last scanning line of the
first display line
“0010” ... Interrupt request generated at end points of the last scanning line of the
2'nd display line
to
“11117 e Interrupt request generated at end points of the last scanning line of the

15t display line

2.15.5.7 Display Memory Access

1)

Display memory
The display memory is accessed for two purposes, one for writing data to the display memory, and
one for reading data from the display memory.

Display memory address specification registers (9 bits)............. DMAS8 to MDAO (ORDMA)
Display memory data write registers
Character code write register (9 bitS).......coccieeiiiniienennnn. CRAS8 to CRAO (ORCRA)

Character ornamentation data write registers (7 bits)........ SLNT, EUL, BLF, IDT, RDT, GDT, and
BDT (ORDSN)
Display memory bank select register MBK (ORETC bit 1)
“07 e When writing either character code or character ornamentation data
L7 e When writing both character code and character ornamentation data

Note 1: These control registers have a characteristic that immediately when a value is written to the
register, the content of the register is transferred as valid data to the OSD circuit/display memory.

Note 2: The data written to the display memory takes effect at the same time it is written. When character
code or character ornamentation data is written to the display memory while it is displaying some
character, the character may not be displayed correctly. When writing data to the display memory,
make sure no character is being displayed in the memory location where you are going to write
data.

Note 3: When writing data to or reading data from the display memory, do not use two-byte transfer
instructions such as “LDW (HL), mn LD rr, (pp).” Otherwise, erroneous data may be written to the
display memory or data may be written to an incorrect address.

Note 4: Allow for at least two instruction cycles between a display memory address write instruction and a
data write or read instruction. Also, when continuous writing data to or reading data from the
display memory, allow for at least two instruction cycles between one write or read instruction and
the next. Otherwise, erroneous data may be written to the display memory or data may be written
to an incorrect address.

Note 5: When setting display memory addresses, always be sure to write all of 9 address bits
sequentially in order of DMA8 and DMA7 to DMAO.
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1. Normal Mode

In normal mode, the display memory addresses are automatically incremented each time data is read
from or written to the memory. Because addresses are automatically incremented, this mode may be used
for reading from or writing data to multiple continuous addresses simultaneously.

<Display Memory Write Sequence in Normal Mode>

(& When writing either character code or character ornamentation data
(1) Set MFYWR, MBK, and RDWRYV all to 0.
(2) Write the most significant address bit of the display memory to DMAS8. Go on and write the 8
low-order address bits of the display memory to DMA7 to DMAQO.
(3) Writing character code or character ornamentation data
» Writing character code

Write the most significant bit of character code to CRA8. Go on and write the 8 low-order bits
of character code to CRA7 through CRAO. At this point in time, the 9 bits of character code
written are transferred to the display memory, and DMAS8 to DMAO are automatically
incremented.

» Writing character ornamentation data

Write character ornamentation data to SLNT, EUL, BLF, IDT, RDT, GDT, and BDT. At this
point in time, the character ornamentation data written are transferred to the display memory,
and DMAS8 to DMAQO are automatically incremented.

(4) To write data (character code or character ornamentation data) to continuous addresses, repeat
step (3).

(b) When writing character code and character ornamentation data at a time

(1) Set MFYWR to 0, MBK to 1, and RDWRYV to 0.

(2) Write the most significant address bit of the display memory to DMAS8. Go on and write the 8
low-order address bits of the display memory to DMA7 to DMAQO.

(3) Write character ornamentation data to SLNT, EUL, BLF, RDT, GDT, and BDT. At this point in
time, the character ornamentation written are transferred to the display memory.

(4) Write the most significant bit of character code to CRA8. Go on and write the 8 low-order bits of
character code to CRA7 to CRAO. At this point in time, the 9 bits of character code written and
the character ornamentation data written in step (3) are transferred to the display memory, and
DMABS8 to DMAO are automatically incremented.

(5) To write data to continuous addresses, repeat steps (3) and (4).
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<Display Memory Read Sequence in Normal Mode>

@)

(b)

When reading either character code or character ornamentation data

(1) Set MFYWR to 0, MBK to 0, and RDWRYV to 1.

(2) Write the most significant address bit of the display memory to DMAS8. Go on and write the 8
low-order address bits of the display memory to DMA7 to DMAQO.

(3) Reading character code or character ornamentation data
* Reading character code

Read CRAS8. Next, Read CRA7 to CRAO. At this point in time, DMAS8 to DMAO are
automatically incremented.

» Reading character ornamentation data

Read character ornamentation data SLNT, EUL, BLF, IDT, RDT, GDT, and BDT. At this
point in time, DMAS8 through DMAO are automatically incremented.

(4) To read data (character code or character ornamentation data) from continuous addresses, repeat
step (3).

When reading character code and character ornamentation data at a time

(1) Set MFYWR to 0, MBK to 1, and RDWRYV to 1.

(2) Write the most significant address bit of the display memory to DMAS8. Go on and write the 8
low-order address bits of the display memory to DMA7 to DMAQO.

(3) Read character ornamentation data SLNT, EUL, BLF, IDT, RDT, GDT, and BDT.

(4) Read CRAS8. Read the 8 low-order bits of character code, CRA7 through CRAO. At this point in
time, DMAS8 through DMAO are automatically incremented.

(5) To read data from continuous addresses, repeat steps (3) and (4).

2. Read-Modify-Write Mode

When writing data in read-modify-write mode, the display memory addresses are automatically
incremented as in normal mode, but when reading data in this mode, the memory addresses are not
automatically incremented.

Therefore, immediately after executing a read from some display memory address, you can execute a
write to the same display memory address. After executing a write, the display memory addresses are
automatically incremented.

@)

Reading/writing either character code or character ornamentation data in read-modify-write mode
(1) Set MFYWR to 1 and MBK to 0.
(2) Write the most significant address bit of the display memory to DMAS8. Go on and write the 8
low-order address bits of the display memory to DMA7 to DMAQO.
(3) Reading character code or character ornamentation data
* Reading character code
Read CRAS8. Read the 8 low-order bits of character code, CRA7 to CRA0. DMAS8 to DMAO are
not incremented.

» Reading character ornamentation data

Read character ornamentation data SLNT, EUL, BLF, IDT, RDT, GDT, and BDT. DMAS8 to
DMADO are not incremented.
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“

®)

Writing character code or character ornamentation data
» Writing character code
Write the most significant bit of character code to CRA8. Go on and write the 8 low-order bits
of character code to CRA7 to CRAO. At this point in time, the 9 bits of character code written
are transferred to the display memory, and DMAS8 to DMAO are automatically incremented.
» Writing character ornamentation data
Write character ornamentation data to SLNT, EUL, BLF, IDT, RDT, GDT, and BDT. At this
point in time, the character ornamentation data written are transferred to the display memory,
and DMAS8 to DMAO are automatically incremented.
To continue executing read-modify-write operations, repeat steps (2), (3), and (4). To read/write
data (character code or character ornamentation data). To continue executing read modify-write
mode from continuous addresses, repeat steps (3) and (4).

(b) Reading/writing both character code and character modification data in read-modify-write mode

@
@

©)
“
®)
(6)

™

Set MFYWR to 1, MBK to 1.

Write the most significant address bit of the display memory to DMAS8. Go on and write the 8
low-order address bits of the display memory to DMA7 to DMAQO.

Read character ornamentation data SLNT, EUL, BLF, IDT, RDT, GDT, and BDT. DMAS8 to DMAO
are not incremented.

Read CRAS8. Read the 8 low-order bits of character code, CRA7 to CRAO. DMAS8 to DMAO are not
incremented.

Write character ornamentation data to SLNT, EUL, BLF, IDT, RDT, GDT, and BDT. At this point
in time, the character ornamentation data written is transferred to the display memory.

Write the most significant bit of character code to CRA8. Go on and write the 8 low-order bits of
character code to CRA7 to CRAO. At this point in time, the 9 bits of character code written and
the character ornamentation data written in step (5) are transferred to the display memory, and
DMAZS8 to DMAO are automatically incremented.

To continue executing read-modify-write operations, repeat steps (2), (6). (to read/write data to
and from continuous addresses in read-modify-write mode, repeat steps (3) to (6).)

Table 2.15.9 Address Increment

RD WR
Character Character Code Charactelj Character Code
Ornamentation Ornamentation

MBK =0 INC INC INC INC
MFYWR =0

MBK =1 INC ] INC

MBK =0 O INC INC
MFYWR =1

MBK =1 ] O ] INC

INC: Automatic address increment at read or write.

0 : No address change at data read or write.
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Example: Setting a character code (020H) to the display memory (address: 120H) and setting a
character ornamentation (001H) for character code 020H and display memory address

120H.

1) MBK=0
; Set display memory
LD (0x25), 0x01
LD (0x24), 0x20
: Set character code
LD (0x1F), 0x00
LD (Ox1E), 0x20
; Set display memory again
LD (0x25), 0x01
LD (0x24), 0x20
: Set character ornamentation
LD (0x1D), 0Xo01

2) MBK=1
; Set display memory
LD (0x25), 0x01
LD (0x24), 0x20
: Set character ornamentation
LD (0x1D), 0Xo01
; Set character code
LD (0x1F), 0x00
LD (Ox1E), 0x20

Note: Transfer the contents of display memory which affect displaying characters into OSD
circuit, before the position of scanning line coincides with their own vertical display start

(2) Character

position.

Characters: 384 (including blank character)

Character specification register (9 bits)
Character code “000H”
Character code “001H” to “017FH”

(3) Character color
Character colors: 8

Character color specification unit: Character

............. CRAS8 to CRAO (bit 8 to 0 in ORCRA)
............. Blank character
............. User programmable by character ROM

Character color specification register (4 bits): IDT, RDT/GDT/BDT/ (bit 3 to 0 in ORDSN)

177



TOSHIBA TMPA8827CMNG /CPNG /CSNG

Table 2.15.9 Character Color (8 colors)

IDT

Py
w)
_|
(@)
lw)
_|

BDT Character Color

Black

Blue

Green

Cyan
Red

Magenta

Yellow

White

Half Tone

o|lo|lr|rRr|FRr|r|O|J]O|O|O
o|lo|lr|rPr|]O|O|FRr|Lr]|]O|O
Fr|lO|lFRP|O|lFR,|O|lFR|]O]|FL,|O

Half Transparency
Blue

0 1 0 Half Transparency
Green

0 1 1 Half Transparency
Cyan

1 1 0 0 Half Transparency
Red

1 0 1 Half Transparency
Magenta

1 1 0 Half Transparency
Yellow

1 1 1 Half Transparency
White

Note 1: When using IDT, please refer to 2.15.5.1 (4).

(4) Blinking function
Blinking function is used to blink display characters.
When BKMF is “1”, characters specified for blinking by BLF are not displayed. (if the background
color function is used, the background color is not disappeared.)

Blinking specification unit: Character

Blinking specification register (1 bit) ...........ccccceernie BLF (bit 4 in ORDSN)
“0” e No blinking
1 e Blinking
Blinking master specification register (1 bit).............. BKMF (bit 5 in ORETC)
“0” e Disable blinking
B TR Enable blinking (characters whose BLF are set to “1” are not displayed.)

Note: Regarding the extra dot of the left and/or right character by fringing function, it is not enabled as
blink.

178



TOSHIBA TMPA8827CMNG /CPNG /CSNG

®)

Underline function
Underline function is used to add a line under a display character. The underline is same color as
that of character.

Underline specification unit: Character

Underline enable register (1 bit).......ccccooviiiiiicniiinnnnn. EUL (bit 5 in ORDSN)
“07 e No underline
L e Underline
Underline colors: 8
Underline color specification registers (4 bits)............ IDT, RDT, GDT, BDT (bit 2 to 0 in ORDSN)

(refer to Table 2.15.9)

N

N

Character display area

]

6 Under line display area @
Yy ¥ _f

EUL=0 EUL=1

Figure 2.15.19 Underline (Disable Fringing)
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(6) Solid space control
Solid space control is used to display one column of solid space to the left and right of 32 columns.
Solid space control is used to delete the Video signal in the areas where solid spaces are located in
the original display page, then add color to them.

Solid space specification unit: line

Solid space specification register (24 bits)

For line1l SOL11 and SOL10 (bits 1 and 0 in ORSOL4)
For line2 SOL21 and SOL20 (bits 3 and 2 in ORSOLA4)

For line 12 SOL121 and SOL120 (bits 7 and 6 in ORSOL12)

Solid space specification
The solid space control functions as follows:
SOL x 1/SOL x 0 (x =1 to 12)

“01” .
“10” ..

...................... No solid space display

...................... Solid space display left for 32 columns
...................... Solid space display right for 32 columns
...................... Solid space display left and right for 32 columns

Solid space color specification registers (3 bits)
....................................................................................... RBDT, GBDT, BBDT (bits 2 to 0 in ORBK)

Solid space
(left)

(same color as that of background)

«—— 32columns — 5,

—

= IEEEEEEEEEEEENENEENEEREENERENEEE (== Solid space
= (right
\.|||||||||||||||||||||||||||||||.‘/

Figure 2.15.20 Solid Space
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(7) Slant function
Slant function is used to slant characters for italics.

Slant specification unit: Character

Slant enable register (1 bitS)........cooeiiiiiiiiiiiiniie. SLNT (bit 6 in ORDSN)
B O TR No slant
“L7 e Slant

Note: SLANT function is enabled each characters, and therefore, in case of using background function,

this color of the Background is enable as slant. Regarding the extra dots of the left and/or right
character by fringing function, it is not enabled as slant.

Figure 2.15.21 Slant
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2.15.5.8 Clock Generation for OSD Display

The TMPA8827CMNG /CPNG /CSNG has clock generator for OSD display. It can generate a clock
from 8 MHz to 16 MHz. The frequency of display clock is specified by ORCLKC and is monitored by
ORCLKF.

Display clock frequency specification register: ORCLKC (8 bit)
fosp = ORCLKC x 8/THD (THD: low period of HD signal by external FBP signal)

Display clock frequency locked monitor: ORCLKF (8 bit)
0: unmatched

1: matched
P Display clock
| T 1I1 i‘)'tl T Itl T l( )
| A ||ccljup ?rl | e Oscillator
A
reset signal
HD TV signal
Compare | > Oscillator Control < proce%sor
ﬁ FBP
T T T T T 7T T T T T TT
| CKC7 to CKCO | | CK7 to CKO |
T I T T | | I T |
ORCLKC ORCLKF

Figure 2.15.22 Clock Generation for OSD Display Control

Note 1: The ORCLKC is compared with the higher 8-bit of 11-bit binary counter. Therefore, the frequency
of display clock contains the tolerance of 3-bit (0 to 2).

Note 2: The ORCLKC and the higher 8-bit of 11-bit binary counter are not compared after they were
matched. The frequency of display clock is drifted by the temperature and voltage and so on.
Therefore, The ORCLKC must be rewrite by program for monitoring the ORCLKF.

Note 3: When the ORCLKC and the contents of the higher 8-bit of 11-bit binary counter are matched, the
higher 4-bit of ORCLKF is sequentially setted to “1” from bit 7. After that, the higher 4-bit of
ORCLKEF is setted to “1". The lower 4-bit of ORCLKF is unfixed.

Note 4: THp must be measured as low period of FBP signal by FBP terminal of this device.

Note 5: ORCLKC calculate example at fosp = 16 MHz.

1|0-5 Ks ThHp =53 s .

el >|
FBP signal

< 63.5 ys N

ORCLKC =fogp x THD/8
=16 MHz x 53 psec/8
=6 A (hex).
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2.15.5.9 OSD Control Registers

Can not access all OSD control registers in any of read-modify-write instructions such as bit
operation, etc.

7 6 5 4 3 2 1 0
ORVS1
(00F82p) VS17 VS16 VS15 VS14 VS13 VS12 VS11 VS10 (initial value: 0000 0000)
(OOFSSH) initi ©okkkk Kekeok
O 0 O G O ] O VS18 (initial value: 0)
ORVS2
(OOF84y) | VS27 | VS26 | VS25 | VS24 | VS23 | VS22 | VS21 | VS20 (initial value: 0000 0000)
(OOFSSH) initi « kkkk hkk
O 0 O G O ] O VS28 (initial value: 0)
ORVS3
(OOF86y) | VS37 [ VS36 | VS35 | VS34 | VS33 | VS32 | VS31 | VS30 (initial value: 0000 0000)
(00F87H) initi « kkkk hkk
O 0 O o O ] O VS38 (initial value: 0)
ORVS4
(OOF88y) | VS47 | VS46 | VS45 | VS44 | VS43 | VS42 | VsS4l | VS40 (initial value: 0000 0000)
(OOFSQH) initi « kkkk hkk
0 0 O ¥ O O O VS48 (initial value: 0)
ORVS5
(OOF8AW) | VS57 | VS56 | VS55 [ VS54 | VS53 | VS52 | VS51 | VS50 (initial value: 0000 0000)
(OOFSBH) initi « kkkk hkk
0 0 O O O O O VS58 (initial value: 0)
ORVS6
(OOF8Cy) | VS67 VS66 VS65 VS64 VS63 VS62 VS61 VS60 (initial value: 0000 0000)
(OOFSDH) initi ©kkkk Kekeok
O 0 O 0 O O O VS68 (initial value: 0)
ORVS7
(OOF8ER) | VS77 VS76 VS75 VS74 VS73 VS72 VS71 VS70 (initial value: 0000 0000)
(OOFSFH) initi ©okkkk Kekeok
O 0 O 0 O O O VS78 (initial value: 0)
ORVSS8
(00F90R) | VS87 VS86 VS85 VS84 VS83 VS82 VvS81 VS80 (initial value: 0000 0000)
(OOFng) initi ©okkkk Kekeok
O 0 O O O ] O VSs8s (initial value: 0)
ORVS9
(00F92y) | VS97 VS96 VS95 VS94 VS93 VS92 VS91 VS90 (initial value: 0000 0000)
(OOFQSH) initi ©okkkk Kekeok
O 0 O G O ] O VS98 (initial value: 0)
ORVS10
(00F94y) | VS107 | VS106 | VS105 | VS104 | VS103 | VS102 | VS101 | VS100 (initial value: 0000 0000)
(00F95H) initi « kkkk hkk
O 0 O ¥ O ] O VS108 (initial value: 0)
ORVS11
(00F96y) | VS117 | VS116 | VS115 | VS114 | VS113 | VS112 | VS111 | VS110 (initial value: 0000 0000)
(00F97H) initi « kkkk hkk
O 0 O 0 O ] O VS118 (initial value: 0)
ORVS12
(00F97) | VS127 | VS126 | VS125 | VS124 | VS123 | VS122 | VS121 | VS120 (initial value: 0000 0000)
(00F98H) initi « kkkk hkk
0 0 O K O O O VS128 (initial value: 0)
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VSn8to 0 | Vertical display start position for line n V(;/;'Itye
(n; 1to 12)
Note 1: If display lines are overlapped each other, previous display line is enabled and next line is disabled.

Set the vertical display start position not to overlap display lines.

Note 2: Transfer the contents of vertical display start position registers into OSD circuit before a position of
the scanning line coincides with their own vertical display start position.
ORCS4 7 6 5 4 3 2 1 0
(00F9ARH) | Cs4 | Cs3 CS2 cs1 (initial value: 0000 0000)
1 1 1 1
ORCS8
(00F9BH) | cs8 | cs7 CS6 CS5 (initial value: 0000 0000)
1 1 1
ORCS12
(00F9CH) | CS12 | cs11 Cs10 Cs9 (initial value: 0000 0000)
1 1 1 1
00: Display off
csn Character size and display 01: Large size Write
on/off for line n 10: Middle size only
11: Small size
(n; 1to 12)
OREULAS8
(00F9D}) EULAS8 | EULA7 | EULAG6 | EULAS | EULA4 | EULA3 | EULA2 | EULAL (initial value: 0000 0000)
OREULA12 _ _ _ _ (initial value: **** 0000)
(00F9EL) EULA12 | EULALL | EULA10 | EULA9
; ; ; ; 0: Display off
EULAN Underline for display line for line
n 1: Display on
(n; 1to 12)
7 6 5 4 3 2 1 0
OREFR
(00F9FH) EFR8 EFR7 EFR6 EFR5 EFR4 EFR3 EFR2 EFR1 (initial value: 0000 0000)
niti - kkkk
(00FAOW) | - - - - | EFR12 | EFR11 | EFR10 | EFR9 (initial value: **** 0000)
EFrn | Fringing enable specification 0: Disable fringing Write
register for line n 1: Enable fringing only
(n; 1to 12)

Note: When a display line is enabled fringing function, its vertical size is increased by one dot (by two dots
when its character size is small) independent of its character font. Therefore, when a vertical display
start position is specified to no space between the lines, the display line which is overlapped with
increasing dot (s) is canceled.
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ORCLKF
(OOFA1p)

ORCLKC
(00FA1p)

ORSLO4
(00FA2p)

ORSLOS8
(OOFA3p)

ORSLO12
(00FA4)

CK7 CK6 CK5 CK4 CK3 CK2 CK1 CKO (initial value: 0000 0000)
CKC7 | cKcé | ckes | ckea | ckes | ckez | ckel | ckeo (initial value: 0000 0000)
. . Read
CKn Display clock frequency locked monitor only
. e . Write
CKCn Display clock frequency specification register only
(n; 0to 7)
SLO4 SLO3 SLO2 SLO1 (initial value: 0000 0000)
SLO8 SLO7 SLO6 SLO5 (initial value: 0000 0000)
SLO12 SLO11 SLO10 SLO9 (initial value: 0000 0000)
00: No solid space display
01: Solid space display left of 32 columns ;
SLOn Solid space for line n erlte
10: Solid space display right of 32 columns only
11: Solid space display left and right for 32 columns
(n; 0to 12)
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ORBK 7 6 5 4 3 2 1 0
(0OFASH) | |BDT | RBDT | GBDT | BBDT | IFDT | RFDT | GFDT | BFDT (initial value: 0000 0000)

0000: Black
0001: Blue
0010: Green
0011: Cyan
0100: Red
0101: Magenta

IBDT/ 0110: Yellow

RBDT/ 0111: White

GBDT/ Background color select 1000: Half tone

BBDT 1001: Half Transparent blue

1010: Half Transparent green
1011: Half Transparent cyan
1100: Half Transparent red
1101: Half Transparent magenta
1110: Half Transparent yellow

1111: Half Transparent white Write
only

0000: Black
0001: Blue
0010: Green
0011: Cyan
0100: Red
0101: Magenta
IFDT/ 0110: Yellow
RFDT/ o 0111: White
GFDT/ Fringing color select 1000: Half tone

BFDT 1001: Half Transparent blue
1010: Half Transparent green
1011: Half Transparent cyan
1100: Half Transparent red
1101: Half Transparent magenta

1110: Half Transparent yellow

1111: Half Transparent white
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ORACL 7 6 5 4 3 2 1 0
(00FAGH) | AcLI2 | ACLR2 | ACLG2 | ACLB2 | ACLIL | ACLR1 | ACLG1 | ACLB1 (initial value: 0000 0000)
0000: Black
0001: Blue
0010: Green
0011: Cyan
0100: Red
0101: Magenta
ACLI2/ 0110: Yellow
ACLR2/ 0111: White
ACLG2/ Area 2 plan color select 1000: Halftone
ACLB2 1001: Half Transparent blue

1010: Half Transparent green
1011: Half Transparent cyan
1100: Half Transparent red
1101: Half Transparent magenta
1110: Half Transparent yellow

1111: Half Transparent white Write
only

0000: Black
0001: Blue
0010: Green
0011: Cyan
0100: Red
0101: Magenta
ACLI1/ 0110: Yellow
ACLRY/ 0111: White
ACLGL/ Area 1 plan color select 1000: Halftone
ACLB1 1001: Half Transparent blue
1010: Half Transparent green
1011: Half Transparent cyan
1100: Half Transparent red
1101: Half Transparent magenta

1110: Half Transparent yellow

1111: Half Transparent white
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ORIV
(0OFBBH)

ORDMA
(00024)

(000254

7 6 5 4 3 2 1 0
“0” HDPOL “0” “0” YIV BLIV | RGBIV nv (initial value: 0000 0000)
0: HD from TEST Video Signal Output Circuit, (at TVSCR (FEBh)
HDPOL | HD input polarity select <3>=SGCHS =1)
1: HD from FBP
) 0: Active high
YIV Y output polarity select
1: Active low
_ 0: Active high Write
BLIV BL output polarity select only
1: Active low
) 0: Active high
RGBIV | R, G, B output polarity select
1: Active low
) 0: Active high
v | output polarity select
1: Active low
7 6 5 4 3 2 1 0
DMA7 | DMA6 | DMA5 | DMA4 | DMA3 | DMA2 | DMA1 | DMAO (initial value: 0000 0000)
initi « kkkk hkk
0 0 0 . 0 0 0 DMAS (initial value: 0)
DMAN Display memory address Write
only
(n; 0to 8)

writing display address.

Note: It is necessary to write all bits of display memory address, writting DMA7 to DMAO after DMA8, when
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ORDSN 7 6 5 4 3 2 1 0
(0001DH) i | siNT | EUL | BLF | IDT | RDT | GDT | BDT (initial value: % %)
SLNT | Stant enable specification 0: Disable slant
register 1: Enable slant
EUL Underline enable specification | 0 Disable underline
register 1: Enable underline
BLE | Blinking enable specification | 0+ Disable blinking
register 1: Enable blinking
0000: Black
0001: Blue
0010: Green
0011: Cyan
0100: Red Read/
0101: Magenta write
IDT/ 0110: Yellow
RDT/ 0111: White
Character color select
GDT/ 1000: Halftone
BDT 1001: Half Transparent blue
1010: Half Transparent green
1011: Half Transparent cyan
1100: Half Transparent red
1101: Half Transparent magenta
1110: Half Transparent yellow
1111: Half Transparent white
7 6 5 4 3 2 1 0
ORCRA o
(0001 | CRA7 | CRAG | CRAS | CRA4 | CRA3 | CRA2 | CRAL | CRAO (initial value: *# *xxx)
niti » kkkk kkkk
(0001Fy) | O 0 0 r 0 0 0 CRA8 (initial value: )
Read/
CRAN Character code Write
(n; 0to 8)
Note: Write or Read CRA8. And write or read CRA7 to CRAO.
7 6 5 4 3 2 1 0
%E\ILVB\?HF)I WVSH7 | WVSH6 | WVSHS | WVSH4 | WVSH3 | WVSH2 [ WVSH1 | WVSHO (initial value: 0000 0000)
niti » kkkk kkk
(00FBDy)! O 0 0 s 0 0 0 WVSH (initial value: 0)
WVSLn | Window upper limit position Vg;'ltf
(n; 0to 8)
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7 6 5 4 3 2 1 0
ORWVSL | \ivsL7 | wvsLe | wvsLs | wvsL4 | wvsL3 | wvsL2 | wvsL1 | wvsLo initi :
(0OFBER) (initial value: 0000 0000)
(00FBFy) | O O 0 i 0 0 0 WVSL8 (initial value: 0)
WVSLn | Window lower limit position Vg’;'ltye
(n; 0to 8)
ORDON 7 6 5 4 3 2 1 0
(OOF80H) 0 O O C ] RGWR | EWDW | DON (initial value: **** *000)
0: (initial state)
RGWR | Written data transfer control 1: Transfers written data to OSD circuit.
(after transfer, RGWR is reset to 0.)
. - - Read/
Ewpw | Window enable specification 0: Disable window function Write
register 1: Enable window function
) 0: Disable display
DON Display on/off select
1: Enable display

Note 1: *; Don't care

Note 2: All OSD control registers cannot use the read-modify-write instructions. (bit manipulation instructions
such as SET, CLR, etc. and logical operation such as AND, OR, etc.)
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ORRCL 7 6 5 4 3 2 1 0
(00FA7H) | EgkGD| EXBL | AON2 | AON1 | RCLI | RCLR | RCLG | RCLB (initial value: 0000 0000)
EBkGD | Background function enable 0: No background function
specification register 1: Background function enable
ExgL | Fullraster blanking enable 0: No Full-raster blanking
specification register 1: Full-raster blanking
AON2 | Area 2 plane display enable 0: No area 2 plane display
specification register 1: Area 2 plane display enable
AON1 | Area 1 plane display enable 0: No area 1 plane display
specification register 1: Area 1 plane display enable
0000: Black
0001: Blue
0010: Green
0011: Cyan Write
0100: Red only
0101: Magenta
RCLI/ 0110: Yellow
RCLR/ 0111: White
Raster plane color select
RCLG/ 1000: Halftone
RCLB 1001: Half Transparent blue
1010: Half Transparent green
1011: Half Transparent cyan
1100: Half Transparent red
1101: Half Transparent magenta
1110: Half Transparent yellow
1111: Half Transparent white
7 6 5 4 3 2 1 0
85?:83:) AHS17 | AHS16 | AHS15 | AHS14 | AHS13 | AHS12 | AHS11 | AHS10 (initial value: 0000 0000)
niti » kkkk kkk
(00FA9y) | O 0 0 8 0 0 0 AHS18 (initial value: 0)
(OOEIQAAHAEHI) AHEL7 | AHE16 | AHE15 | AHE14 | AHE13 | AHE12 | AHE1L | AHE10 (initial value: 0000 0000)
niti « kkkk kkk
(00FABy)| O 0 0 i 0 0 0 AHE18 (initial value: 0)
AHS1n |Horizontal start point for area 1 plane Write
AHE1n | Horizontal end point for area 1 plane only
(n; 0to 8)
85,;L\AVCS:) AVS17 | AVS16 | AVS15 | AVS14 | AVS13 | AVS12 | AVS11 | AVS10 (initial value: 0000 0000)
niti = kkkk kkok
(00FADY) | O O 0 s 0 0 0 AVS18 (initial value: 0)
SE?AVEE:) AVE17 | AVE16 | AVE15 | AVE14 | AVEL3 | AVE12 | AVELL | AVELO (initial value: 0000 0000)
niti = kkkk kkok
(00FAFy) | O O 0 i 0 0 0 VES18 (initial value: 0)
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AVS1n | Vertical start point for area 1 plane Write
AVE1ln [ Vertical end point for area 1 plane only
(n; 0to 8)
ORAHS2 AHS27 | AHS26 | AHS25 | AHS24 | AHS23 | AHS22 | AHS21 | AHS20
(OOFBOW)
(00FB1R) O 0 0 O ] 0 AHS28
ORAHE2 AHE27 | AHE26 | AHE25 | AHE24 | AHE23 | AHE22 | AHE21 | AHE20 initi
(00FB2p) (initial value: 0000 0000)
(00FB3y) | 0O 0 0 0 0 0 AHE28 (Initial value: = **0)
AHS2n | Horizontal start point for area 2 plane Write
AHE2n | Horizontal end point for area 2 plane only
(n; 0to 8)
ORAVS2 AVS27 | AVS26 | AVS25 | AVS24 | AVS23 | AVS22 | AVS21 | AVS20 initi
(00FB4y) (initial value: 0000 0000)
(00FB5y) | O 0 0 0 0 0 AVS28 (initial value: = **+0)
ORAVE2 AVE27 | AVE26 | AVE25 | AVE24 | AVE23 | AVE22 | AVE21 | AVE20 initi
(00FB6R) (initial value: 0000 0000)
(00FB7y) | O 0 0 0 0 0 AVE28 (initial value: = **+0)
AVS2n | Vertical start point for area 2 plane Write
AVE2n | Vertical end point for area 2 plane only
(n; 0to 8)
ORP6S 7 6 5 4 3 2 1 0
(OOFBAH) | P67S | P66S | P65S | P64S | PIDS | YBLCS | "0 | “q | (initial value: 0000 0000)
0: R, G, B, Y/BL signal output
ngfsto P6 port output select
1: Port contents output
0: | signal output i
PIDS | pin output select V(;/r?lte
1: Port contents output y
0: Y signal output
YBLCS | Y/BL signal select
1: BL signal output
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ORETC
(OOFB8)

ORIRC
(OOFB9y)

ORIRC

(00FBYy) |

7 6 5 4 3 2 1 0
VvDSMD | PISEL | BKMF | ESMZ ‘0" MFYWR [ MBK | RDWRV (initial value: 0000 0000)
0: Normal mode
VDSMD | Scan mode select
1: Double scan mode
0: Full Half Transparency mode.
PISEL |Half Transparency mode select (P67 needs to output Fix “0").
1: Normal mode
o 0: Disable blinking
BKMF Blinking master
1: Enable blinking
Esmz | Smoothing enable specification 0: Disable smoothing V(;/r?ltye
register 1: Enable smoothing
; 0: Normal mode
MEYWR Dllsplay memory read mode
select 1: Read-modify-write- mode
0: Access to either character code or character display options
MBK Display memory bank switching
1: Access both character code and character display option
: 0: Data write mode for display memory
RDWRVY Read/\fvntedmode select at
normal mode 1: Data read mode for display memory
7 6 5 4 2 1 0
o to o | sov | ISDC (initial value: ***0 0000)
L 1 1 1 1 1
0: Interrup request by ISDC value
SVD Interrupt source select — Write
1: Interrupt request at falling edge of VD signal only
ISDC Interrupt genaration line select
0 1o 10 [i] | DCTR (initial value: **** 0000)
L 1 1 1 1 1 1
DCTR Display line counter %i?;j

Note: The display line counter also increments when a line with all blank data or a line with display off is

specified.
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OSD Control Register List

Register [ Register Register Bit Configuration

Address Name Bit Contents

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

HS17 to 10:

00F81 ORHS1 HS17 HS16 HS15 HS14 HS13 HS12 HS11 HS10 Code horizontal
display base position

setting
9ore vsn7 | vsné | vsns | vsn4 | vsn3 | vsn2 | vsni | vsno |VSN80O:
to ORVSn Code vertical display
00F98, position setting (n; O
00F99 0 0 0 il 0 0 0 VSn8 0 12)
CSn:
00F9A | ORCS4 cs4 cs3 Cs2 cs1 _
Character size
(n; 1to 12)
0OF9B | ORCSS8 css cs7 CSs6 CS5 00: Display off
10: Middle size
01: Large size
00F9C | ORCS12 CS12 csi11 CS10 Cs9

11: Small size

00F9D | OREULAS8 | EULA8 | EULA7 | EULAG6 | EULAS | EULA4 | EULA3 | EULA2 | EULA1 EULAN:

Underline display
setting for line n (n; O
to 12)

O0F9E | OREULA12 O g O il EULA12 | EULAL1 | EULA10 | EULA9

OOF9F | OREFR8 EFR8 EFR7 EFRG6 EFR5 EFR4 EFR3 EFR2 EFR1 |EFRn:

Fringing setting for
00OFAO | OREFR12 O O O il EFR12 | EFR11 | EFR10 | EFR9 line n (n; 0 to 12)

CKXx:

00FAl | ORCLKF CK7 CK6 CK5 CK4 CK3 CK2 CK1 CKO Display clock
frequency monitor
(x;0t0 7)

CKCx:

00FAL | ORCLKC | CKC7 | CKC6 | CKC5 | CKC4 | CKC3 | CKC2 | CKC1 | CKCO | pisplay clock

frequency (x; 0 to 7)

SOLn:

00FA2 | ORSOL4 SOL4 SOL3 SOL2 SOL1 . .
Solid space display

setting for line n
(n; 0to 12)

00FA3 | ORSOLS soLs soL7 SOL6 SOL5 00: No solid space

10: Right
01: Left
11: Left and right

IBDT, RBDT, GBDT,
BBDT:

00FA4 | ORSOL12 SOL12 SOL11 SOL10 SOL9

Background color
00FA5 ORBK IBDT RBDT | GBDT | BBDT IFDT RFDT | GFDT BFDT setting

IFDT, RFDT, GFDT,
BFDT:

Fringing color setting

ACLI2/ACLR2/ACLG2/A
CLB2:

Area 2 plane color

ACLI1Z/ACLR1/ACLG1/A
CLB1:

OO0FA6 ORACL ACLI2 | ACLR2 | ACLG2 | ACLB2 | ACLI1 | ACLR1 | ACLG1 | ACLB1

Area 1 plane color

194



TOSHIBA TMPA8827CMNG /CPNG /CSNG

Register [ Register Register Bit Configuration

Address Name Bit Contents

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

EBKGD:

Background function
EXBL:

Full-rasterblanking
AON2:

Area 2 plane display
AONL1:

00FA7 CRRCL | EBKGD | EXBL AON2 | AON1 RCLI RCLR | RCLG RCLB

Area 1 plane display
RCLI/R/G/B:
Raster plane color

Set RCLI to 1, when
PISEL; 1.

O00FA8 AHS17 | AHS16 | AHS15 | AHS14 | AHS13 | AHS12 | AHS11 | AHS10 AHSX:

ORAHS1 Area 1 plane

horizontal start
O0FA9 O O O il 0 O o AHSI8 | hosition (n; 0 to 8)

00FAA AHE17 | AHE16 | AHE15 | AHE14 | AHE13 | AHE12 | AHE11 | AHE10 |AHEIX

ORAHE1 Area 1 plane

horizontal end
00FAB O O O il 0 O o AHEL8 | hosition (n; 0 to 8)

00FAC AVS17 | Avsie | Avsis | Avsia | Avsis | Avsi2 | Avsii | Avsio |AVSIX:

ORAVS1 Area 1 plane vertical

start position
OOFAD | g g mn g g O AVS18 (n; 0 to 8)

00FAE AVE17 | AVE16 | AVEL5 | AVE14 | AVE13 | AVE12 | AVE11 | AVE10 |AVELX:

ORAVE1 Area 1 plane vertical

end position
OOFAF | g g mn g g O AVE18 (n; 0to 8)

00FBO AHS27 | AHS26 | AHS25 | AHS24 | AHS23 | AHS22 | AHS21 | AHS20 |AHS2X

ORAHS2 Area 2 plane

horizontal start
00FB1 O 0 O il O O 0 AHS28 | hosition (n; 0 to 8)

00FB2 AHE27 | AHE26 | AHE25 | AHE24 | AHE23 | AHE22 | AHE21 | AHE20 |AHE2X

ORAHE2 Area 2 plane

horizontal end
00FB3 O 0 O il O O 0 AHE28 | hosition (n; 0 to 8)

00FB4 Avs27 | Avs26 | Avs2s | Avs2a | Avs23 | Avs22 | Avs21 | Avs2o [AVS2X:

ORSVS2 Area 2 plane vertical

start position
00FB5 O O O I O O O AVS28 (n: 010 8)

AVE2x:

O0FB6 AVE27 | AVE26 | AVE25 | AVE24 | AVE23 | AVE22 | AVE21 | AVE20
ORAVE2 Area 2 plane vertical

end position
00FB7 O O O I O O O AVE28 (n: 0o 8)
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Register | Register Register Bit Configuration

Address Name Bit Contents

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

VDSMD:
Scan mode select
PISEL:

Half Transparency
mode select

BKMF: Blinking master
ESMZ: Smoothing
MFYWR:

00FB8 ORETC |VDSMD | PISEL | BKMF | ESMZ “0” MFYWR| MBK | RDWRV

Display memory read
mode select

MBK:

Display memory bank
switching select

RDWRV:

Read/write mode
select at normal
mode

SVD:

Interrupt source
select

ISDC:

00FB9 ORIRC O g O SVD ISDC

Interrupt generation
line select

DCTR:
00FB9 ORIRC O g g mn DCTR ) )
Display line counter

P6XS:

P6 port output select
(x;41t07)

00FBA ORP6S P67S P66S P65S P64S PIDS | YBLCS “0” “1” R
PIDS: | pin output select
YBLCS:

Y/BL signal select

HDPOL:

HD INPUT polarity
select

YIV:

Y output polarity
select

BLIV:

00FBB ORIV ‘0" HDPOL ‘0" “0” YIV BLIV RGBIV v

BL output polarity
select

RGBIV:

R, G, B output
polarity select

Iv:

| pin polarity select

00024 DMA7 | DMA6 | DMA5 | DMA4 | DMA3 | DMA2 | DMAL | DMAo |PMAX

ORDMA Display memory

address setting
00025 O g g il O ad O DMAS8 (x: 010 8)
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Register [ Register Register Bit Configuration

Address Name Bit Contents

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SLNT: Slant

EUL: Underline
0001D ORDSN O SLNT EUL BLF IDT RDT GDT BDT |BLF: Blinking

IDT/ RDT/CDT/BDT:

Character color

0001E CRA7 | CRAB | CRA5 | CRA4 | CRA3 | CRA2 | CRAL | CRAD [CRAX
ORCRA Character code

0001F O g g mn g ad O CRA8 (x; 0to 0)
00FBC WVSH7 | WVSH6 | WVSH5 | WVSH4 | WVSH3 | WVSH2 | WVSH1 | WvSHO | WVSHX:

ORWVSH Window upper limit
O0FBD a g ad il g ad O WVSHS8 position (x; 0 to 8)
OOFBE WVSL7 | WVSL6 | WVSL5 | WVSL4 | WVSL3 | wvsL2 | wvsL1 | wvsLo | WVSL:

ORWVSL Window lower limit
OOFBF O O 0 il 0 0 O WVSL8 | position (x; O to 8)

RGWR:

Writing data transfer
control

00F80 ORDON O O O il O RGWR | EWDW | DON EWDW: Window enable
DON:

OSD display ON/OFF

Note 1: Except the meshed registers are changed by RGWR.

Note 2: Only lower 2 bits of the register in address 00F80H are changed by RGWR (the register in address 00F80H
must not be used with any of the read-modify-write instructions as SET, CLR, etc.).

197



TOSHIBA TMPA8827CMNG /CPNG /CSNG

2.16 Jitter Elimination Circuit

The TMPA8801CPN has a built-in jitter elimination circuit which maintains the vertical stability of
the OSD even when input of the vertical signal fluctuates.
And the field decision information for the OSD circuit is detected by using jitter elimination circuit.

2.16.1 Configuration

FDP [2:0] ,—4|JESR
TV signal Phase detect signal T

A
processor FDSF . B
Field decision ’SY > F.leld decision
| circuit P £ s signal
HD|(P70)  VD|(P71) . g >
4 y
/ VD - A 5
HD. —
Edge detect circuit —\| Delay value setting N Internal VD signal L 5>/ B L > vD o
circuit | output control circuit v (to OSD circuit)
A
4 y
VD signal delay
value measuring AFLD JEEN VDSEL
circuit | JECR |

Jitter elimination control register
fc/2

Figure 2.16.1 Jitter Elimination Circuit

2.16.2 Jitter Elimination Mode

The jitter elimination circuit is to identify the phase of the falling edges of the external VD signal
and HD signal. When VD signal is falling within HD signal falling +/-1/4HD, the jitter is
automatically eliminated and internal VD signal is set to the stable location.

This function is enabled by setting JEEN (bit 2 in JECR) in the jitter elimination control register to
“17.
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2.16.3 Control

Jitter elimination circuit is controlled by the jitter elimination control register (JECR).

Jitter Elimination Control Register

JECR 7 6 5 4 3 2 1 0

(00FE4H) 1 O O VDSEL | AFLD | JEEN “Q” “Q” (initial value: ***0 0000)

0: VD from P71
VDSEL |VD select J—
1: VD from jitter elimination circuit

0: Automatic field decision disabled Read/

AFLD Automatic field decision Write

1: Automatic field decision enabled

Jitter elimination enable 0: Jitter elimination disabled

JEEN o
specification

1: Jitter elimination enabled

Note 1: Clear the AFLD to “0” to disable jitter elimination circuit.
Note 2: Always clear “0” to bit 1 and 0 of JECR.

Note 3: Clear “0” to AFLD and VDSEL if there is no phase shift in the vertical and horizontal sync. signals
every other time, such as with non-interlaced TV.

Note 4: *; Don't care

Jitter Elemination Status Register

JESR 7 6 5 4 3 2 1 0

(OOFESH) | FpsF | PDFL | PDFO | O O 0 0 PDF2 (initial value: O )

0: A position of a scanning line exists in the field which has a

second display dot of character on an interlace TV screen.
FDSF Field deetect status flag

1: A position of a scanning line exists in the field which has a first
display dot of character on an interlace TV screen.

000: Phase 0
001: Phase 1

Read
010: Phase 2 0n|y

Phase detect flag between HD | 011: Phase 3
and VD 100: Phase 4
101: Phase 5
110: Phase 6
111: Phase 7

PDF2,1,0

Note 1: FDSF is different from the 1% and the 2™ field. It is a uique filed decided for OSD display.

Note 2: *: Don't care

Note 3: HD | | | |
(FBP) .

% i 1 1 1 1 1 1 1 1
Phase 7 i Phase 0 i Phase 1 i Phase 2 i Phase3 i Phase 4 i Phase 5 i Phase 6 i Phase 7 i Phase 0

Note 4: VD is generated by Vsaw signal in the TV signal processor. Low period is state od reset at Vsaw
signal.

Figure 2.16.2 Jitter Elimination Control Register and Jitter Elimination Status
Register
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2.16.4 Auto Field Line Decision

The internal vertical and horizontal sync. signals corrected by the jitter elimination circuit generate
the field line decision signals used in the OSD.

The OSD Display in interface TV

When the OSD circuit is used on the TV system which has a phase shift in the vertical
and horizontal sync. Signals every other filed such as the interlace TV, enable jitter
elimination circuit and set “1” to AFLD and VDSEL. At this time, the field lines which
have first and second display dot of character are displayed.

The OSD Display in non-interface TV

When the OSD circuit is used on the TV system which has no phase shift in the vertical
and horizontal sync. Signals every other filed such as the non-interlace TV, enable jitter
elimination circuit and clear “0” to AFLD and VDSEL. At this time, the field line which
has a second display dot of character is only displayed.

2) The field line which has
a second display dot of

1) The field line which has
a first display dot of

character
character
Scanning System Register Display
interface VDSEL =1, AFLD =1 1) and 2)
non-interface VDSEL =0, AFLD =0 2)

Figure 2.16.3 Relation with Field Line and VDSEL, AFLD
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2.17 Data Slicer

The TMPA8801CPN contains the data slicer to decode the caption data which multiplied during
vertical flyback time of the composite video signal.

The composite video signal via the TV signal Processor inputs to the data slicer circuit through P33
(VINO). The caption data is decoded from the video signal. The composite sync generated the TV
signal processor inputs to the data slicer through P32 (CSIN). The data slicer can comply with the
copy guard signal and special signals, and receive accurately the caption data under the condition of a
weak electrical field or a ghost.

2.17.1 Configuration

TV Signal
Processor

Slicer mode setting register 1
SIF status read register 2
(OOFDFR)

| SIFSMS1/SIFSIR |

—b

CSiNn (P32)

Vino (P33)

Y

H timing circuitt— V timing circuit
uu

—— <
LINE21 INTSLI

Clamping pulse

|,

-
iL (to interrupt)

Slice level [ Sampling clock
control circuit generation circuit

1

SIFSR
(OOFDDy)

y
Slicer interface

> circuit

ANV
| sLvLcR | |[sIFDR1|[sIFDR2]
(00FDAR) (00FDBy) (00FDCH)
Slice level Data Data

control register register 1 register 2

Figure 2.17.1 Data Slicer

201



TOSHIBA TMPA8827CMNG /CPNG /CSNG

2.17.2 Functions

(1) DA converter
This converter gets the DA changed slice level to the comparator.
(2) Comparator
This comparator replaces the composite video signal with the digital value while inputting to the
comparator.
(3) H timing circuit
This circuit detects the horizontal synchronous signal from the composite sync signal (CSIN). In
addition, the circuit detects the change of H frequency and provides the data to the sampling clock
generation part.
(4) V timing circuit
This circuit detects the horizontal synchronous signal from the composite sync signal, and provides
line 21 detection signal to take out caption signal to the slice level control part.
(5) Slice level control circuit
This circuit detects CRI (clock run in) signal from VIDEO signal with line 21 detection signal
generated at H/V timing part after slicing, and controls to the most suitable slice level and takes out
the caption data.
(6) Sampling clock generation circuit
This circuit generates the sampling clock which is phase-locked to CRI signal with CRI signal
detected at the slice level control part. In addition, the circuit revises the location where the sampling
clock generates with H frequency variable data generated at H timing generation part.
(7) Slicer interface circuit
This is a 16 bit serial interface to receive the serial data.
(8) Interrupt generation circuit
Interrupts are generated by a rise in the caption line detection signal.
Video Signal NWVW\ I | | |
Caption line
7.7 ps
Caption Line Detection Signal (LINE21) <>
< 95 us >

Interrupt Generation

Figure 2.17.2 Interrupt Generation Timing

See the description of the on-screen display circuit interrupt vectors for details of interrupt vectors.
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Data Slicer Control Register

SINTCR 7 6 5 4 3 2 1 0
(00FD8H) | [ 0 0 r SLON | SLCR | O O (initial value: 0000 00**)
1: Enable
SLON Data Slicer Enable/Disable
0: Disable Write
1: Enable Interrupt only
SCLR Data Slicer Interrupt Control
0: Disable Interrupt
Data Slicer Interrupt Status Register
SINTCR 7 6 5 4 3 2 1 0
(00FD8H) | O 0 SsLIS O o O i (initial value: ***0 ****)
0: O
SLCR Data Slicer Interrupt Status Re?d
1: Interrupt Request only
Note 1: For setting SCLR to “1”, write “1” after SLON is set to “1".
Note 2: SLIS is cleared to “0” after reading SINTCR.
Example: LD (SINTCR), 00001000B
LD (SINTCR), 00001100B
Figure 2.17.3 Data Slicer Control (I)
SIF Data Register 1 (caption data 1°' byte read register) (read only)
SIFDR1 7 6 5 4 3 2 1 0
(00FDBH) | p15T7 | D1ST6 | D1ST5 | D1ST4 | D1ST3 | D1ST2 | D1ST1 | D1STO
: st
DIST7-0 Captlon data 1™ byte read Read
register only
SIF Data Register 2 (caption data 2" byte read register) (read only)
SIFDR? 7 6 5 4 3 2 1 0
(00FDCH) | p2ND7 | D2ND6 | D2NDS5 | D2ND4 | D2ND3 | D2ND2 | D2ND1 | D2NDO
D2ND7-0 | Caption data 2™ byte read Read
register only
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SIF Status Register (read only)

SIFSR
(OOFDDy)

7 6 5 4 3 2 1 0
STCRI | CRIN3 1| CRIN2 | CRIN1 | CRINO | STFLD | STSB | STDE
1: Clock run in detection
STCRI Clock run in detection
0: No clock run in detection
CRIN CRI number-1 Actual CRI number-1
STFLD |Field identificati L: 2" field
ield identification Read
. qst g
0: 1" field only
o o 1: From detection of start bit until fall in/VD
STSB Start bit identification flag
0: Other times 0
STDE 16 bit data receive end 1: From end of 16 bit data reception until fall in/VD
identification flag 0: Other times 0

Figure 2.17.4

Data Slicer Control (1)

Slicer Mode Setting Register 1 (write only)

SIFSMS1
(OOFDF)

7

6 5 4 3

2

1

0

uqy

uqp o o CLINE3

CLINEZ2 [ CLINE1

CLINEO

(initial value: 0001 1011)

CLINE

Setting lines piled on caption
data

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

10 line
11 line
12 line
13 line
14 line
15 line
16 line
17 line
18 line
19 line
20 line
21 line
22 line
23 line
24 line
25 line

Note: Always write “0011” to bit 7-4 of SIFSMS1 when writing to SIFSMS1.

Figure 2.17.5 Data Slicer Control (I11)
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SIF Status Read Register 2

SIFS1R 7 6 5 4 3 2 1 0

(OOFDFH) ¢ 0 GOODV | FLINE4 | FLINE3 | FLINE2 | FLINEL | FLINEQ

Monitor signal of 0: Out of synchronization (one or more)

GOODV ,J7'C
synchronization 1: V timing synchronizing

00000: 0 263.5
00001: 1 264.5
00010:
00011:
00100;
00101
00110:
00111;
01000;
01001
01010;
01011;
01100:
01101;
01110; Read
01111: 15 278.5 only

© 00 N o 0o b WDN

R < =
A W N P O

Field scanning line
FLINE [(standard 262.5 =-1)

10000: V synchronizing adjustment
Two’s complement

10001: -15 248.5
10010: -14

10011: -13

10100: -12

10101: -11

10110: -10

10111: -9

11000: -8

11001: -7

11010: -6

11011: -5

11100: -4

11101: -3

11110: -2 261.5
11111: -1 262.5

Figure 2.17.6 Data Slicer Control (1V)

The explanation of the monitor signals (GOODV, FLINE) are as follows.

1) GOODV 0: Data slicer can not synchronize video signal.
1: Data slicer can synchronize video signal.

2) FLINE The number of field signal scanning line which the data slicer is detecting or
monitor flag of detecting state.

Example: FLINE = 1FH: NTSC Signal
FLINE = 10H: V synchronizing adjustment
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Caption Data Slice Level Control Register (write/read)

SLVLCR 7 6 5 4 3 2 1 0

(0OFDAH) | O SLVL5 | SLVL4 | SLVL3 | SLVL2 | SLVL1 | SLVLO (initial value: **00 1010)

000000: VPD + (1/256) DVpp
000001: VPD + (2/256) DVpp
000010: VPD + (3/256) DVpp

) o ] 000011: VPD + (4/256) DVpp
Slice level (initial value: ) setting
SLVL 000100: VPD + (5/256) DVpp Write
Slice level setting
11]:101: VPD + (62/256) f)VDD
111110: VPD + (63/256) DVpp
111111: VPD + (64/256) DVpp

SLVL Slice level (final value) Read

Note 1: VPD (pedestal voltage) = (1/2) DVpp (TYP)

Note 2: The SLVLCR has different write buffer and read buffer, and cannot be read write-buffer data. The
SBIDBR cannot be used with any read-modify-write instructions. (bit manipulation instructions such
as SET, CLR, etc. and logical operation such as AND, OR, etc.)

2.17.5 Clamp and Data Slicer Operation

The slicer uses the following steps to obtain the caption signals:

| Caption line detection | Field decision and caption line detection are effected using the HD and VD
sync signals generated the composite sync signal CSIN (P32).

A
CRI detection The CRI signal of the caption line interval is detected from the pedestal
clamped video signal at Vno (P33).

A
Slice level setting and The slice level is controlled during the CRI signal interval, detected by the

generation of sampling clock | slice level control block, to obtain the optimum level.

To determine the timing for extracting the caption data, a sampling clock is

generated that is phase-locked to the CRI.

A
Caption signal extraction | The caption data is extracted at the selected slice level using sampling clock,
which is locked to the caption data.

The data slicer has a separation circuits:

The circuits is described briefly below.
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Caption data (data slice)

1 Pedestal level (p33) ................ (1/2) DVDD [V] as shown in Figure 2.17.10.

Slice level

i U]

(1/2) DVpp [V]

GND

Figure 2.17.7 Pedestal Level

2 Method of data slice
The data slice level constitutes a level at which the CCD data is differentiated.
The slice level’s setup value is indicated by the following:

Slice level = VPD + (X/256) DVDD [V]
DVDD: power supply voltage

VPD: pedestal voltage = (1/2) DVDD
X: setup data (6 bits)

3 Automatic slice level correction circuit
The slice level is corrected to the appropriate value during the CRI period.
Slice level correction always begins with the setup value of SLVL (bits 5 to 0 of SLVLCR).
If you want the last value to become the initial value of the next slice level, set it to SLVL
(bits 5 to 0 of SLVLCR).
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Electrical Characteristics of MCU

Absolute Maximum Ratings (Vss =0V)

Characteristics Symbol Pins Ratings Unit
up digital Supply voltage up DVpp O - 0.3t06.5 Y
up analog voltage up AVpp O - 0.3t06.5 \Y
Input voltage VIN O -0.3to pyp DVpp + 0.3 \%
Output voltage VouT1 0 -0.3to pp DVpp + 0.3 \%
| Ports P2, P3, P4, P5, P60, P62, P64 to
- ouTl P67, P7 82
Output current (per 1 pin) ' mA
louT2 Ports P61, P63 20
Ports P2, P3, P4, P5, P60, P62, P64 to
ZlouT1 P67 60
Output current (total) mA
SlouT? Ports P61, P63 40

Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an
instant. Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device
may break down or its performance may be degraded, causing it to catch fire or explode resulting in injury to
the user. Thus, when designing products which include this device, ensure that no absolute maximum rating
value will ever be exceeded.
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Recommended Operating Conditions (up DVss =0V, Topr =-20 ~ 65°C)

Characteristic | o o | Test Pins Test Condition Mn | TPY |  Max | Unit
s Circuit
up digital | NORMAL mode
Supply up DVpp O fc =8 MHz 4.75 5.0 5.25 Vv
voltage O IDLE mode
up analog
Supply up AVpp | O O fosc = 16 MHz 4.75 5.0 5.25 \%
voltage
Except
Vi1 O |hysteresis ”2 8\;8'3 O
input Hp Vpp = 4.75t0 5.25 V
Input high -
Hysteresis up DVpp Hp DVpp \%
voltage VIH2 | input % 0.75 O
up DVpp
ViH3 O O Hp Vop < 4.75 V D 0.99 O
Except
Vi1 O |hysteresis O “g Ig\égD
input Hp Vpp = 4.75t0 5.25 V
Hysteresis pup DVpp
\Y O . O
Input low -2 input 0 *0.25 v
voltage
Hp DVpp
Vi3 0 0 Hp Vpp < 4.75 V O .10
Key-on
Via | O |wake-up  |ppVpp=475t05.25V o | Moo
input '
fc O XIN, XOUT HUp Vpp =4.75t05.25 V a 8.0 a
Clock MHz
frequency fosc }”tema' clock | 1o DVpp = 4.75 10 5.25 V | fc = 8 MHz 8.0 O 16.0
0 or OSD

Note 1: The recommended operating conditions for a device are operating conditions under which it can be
guaranteed that the device will operate as specified. If the device is used under operating conditions other
than the recommended operating conditions (supply voltage, operating temperature range, specified AC/DC
values etc.), malfunction may occur. Thus, when designing products which include this device, ensure that
the recommended operating conditions for the device are always adhered to.

Note 2: Clock frequency fc; Supply voltage range is specified in NORMAL mode and IDLE mode.

Note 3: Smaller value is alternatively specified as the maximum value.
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DC Characteristics (up DVss =0V, Topr =-20 to 65°C)

- Test . . . .
Characteristics Symbol Cirecsuit Pins Test Condition Min | Typ. | Max | Unit
Hysteresis voltage VHs O Hysteresis inputs O O 0.9 O \%
N1 O TEST up DVpp =5.25V, V|y =5.25 V/IO V O +2
N2 O Open drain ports | pup DVpp =5.25V, V)N =5.25V/I0 V 0 +2
Input current HA
N3 O Tri-state ports up DVpp =5.25V, V|N =5.25 VIO V 0 +2
liNg O RESET, STOP |pypDVpp=5.25V,V|N=5.25V/0V O O +2
Input resistance RiN2 0 RESET 0 100 220 450 kQ
Sink open drain
Output leakage ILo1 . ports P Hp DVpp =5.25V, VouT =525V . : 2
current HA
ILo2 0 Tri-state ports up DVpp =5.25V, VouT =5.25V/0 V 0 0 +2
Output high voltage | Von2 O Tri-state ports up DVpp =4.75V, loy =-0.7 mA 4.1 ] O \
Except XOUT and _ _
Output low voltage VoL O ports P61, P63 up DVpp =4.75V, oL = 1.6 mA O ] 0.4 \
Output low current loL3 O Port P61, P63 up DVpp =4.75V, VoL =0.7V O 15 — mA
up DVpp
Supply current in O up DVpp = 5.25 V O 14 17 mA
NORMAL mode
fc =8 MHz (Note 3)
pp DVpp _
Supply current in Ibp1 O 0 ViN =5.05V/0.2V O 7 10 | mA
IDLE mode
pp DVpp ) up DVpp =5.25V
Supply current in O O 0.5 10 HA
STOP mode ViN=5.05V/0.2V
Hp AVpp
Supply current in IbD2 O O up AVpp =5.25V O 2 3 mA
NORMAL mode

Note 1. Typical values show those at Topr = 25°C, up DVpp =5 V.
Note 2: Input Current Ijn3; The current through resistor is not included.

Note 3: Supply Current Ippz; The current (typ. 0.5 mA) through ladder resistors of ADC is included in NORMAL
mode and IDLE mode.

AD Conversion Characteristics (up DVss =0V, uyp DVpp =4.75V t0 5.25 V, Topr = =20 to
65°C)

Characteristics Symbol C-Ii-recsutit Test Condition Min Typ. Max Unit

VAREF O supplied from pp DVpp pin. ] up DVpp

Analog reference voltage \%
Vass O supplied from pp DVss pin. | 0

Analog reference voltage

rangeg 9 AVAREF 0 |=wp DVpp - up DVss u up DVpp u \

Analog input voltage VaIN O O pp DVss O up DVpp Y

Nonlinearity error O O O +1 LSB

Zero point error O O O +2 LSB

pup DVpp =5.0V
Full scale error O O 2 LSB
Total error O | O +3 LSB

Note: The total error means all error except quanting error.
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Signal Processor Descriptions

1. Tank-Coil-Less PIF VCO

TMPA8827 adopts a tank-coil-less PIF VCO circuit, which has advantages of cost, performance of weak
IF input and easy to design PCB layout. The PIF PLL system has self-alignment circuit, so that the micro
controller needs only to order the PIF PLL system to start self-alignment through the 11C bus. The
self-alignment finishes within 50 ms.

2. Built-In Sound Band Pass Filter

A sound band pass filter is integrated on the chip for multi frequency SIF systems. The 1st SIF
demodulator multiplies PIF input signal and regenerated PIF carrier from VCO with 90° angle, and gets
multi-frequency SIF signal as 6.5 MHz, 6.0 MHz, 5.5 MHz and 4.5 MHz according to the SIF system. A
frequency converter converts one of those four SIF signals into 1 MHz-SIF signal by selecting the
converting frequency through the 11C bus. The built-in sound BPF rejects undesired frequency components
of 1 MHz-SIF signal. A narrow-band 1 MHz PLL FM demodulator with no external tank-coil achieves to
output sound signal with better S/N ratio.

3. AFT

A recent IF system adopts a digital AFT circuit. But analog DC voltage is used as interface between an IF
system and a micro controller in the AFT control loop. TMPA8827 adopts a digital interface through I11C
bus shown as below.

fo = 38.0 MHz
< > 166.68 kHz
AFT Window 0 1 0
Narrow
<—> 41.67 kHz <—> 41.67 kHz
< > 500.04 kHz
AFT Window
Wide 0 1 0
<—> 41.67 kHz <—> 41.67 kHz
AFT Center 1 0

<«—> 41.67 kHz

4. Non-Standard IF Signals

TMPAB8827 prepares ways for non-standard IF inputs. The OVER MOD switch is available for
over-modulated PIF signals in the condition of more than 87.5% modulation at 100 IRE, which is the
maximum modulation Standard of PAL and NTSC. In addition, TMPA8827 has capability to modulate
more than 400% over-modulated SIF signal without undesired voltage turning over also.
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5.

Video Switch

The video switch has one input for an external CVBS or S-VHS signal, the other for the demodulated TV
video signal and the last for an external YCbCr signal, mainly coming form a DVD player. The CIN
terminal for the external S-VHS signal has capability to detect DC level of the input signal, and the micro
controller can read the result as ‘CIN DC’ through the I11C bus. This function may prepare a way for
automatic switching, when inserting S-VHS connection, by means of software control.

A monitor output is available with the selected video signal. In the case of selecting S-VHS input, Y and
C signals are mixed for the monitor output. This output is useful for signal detecting by the TC3 counting
of the micro controller through an external LPF circuit for strict signal detecting performance.

Asymmetric Sharpness

External analog circuits are likely to generate ‘over-shoot’ signal. The asymmetric sharpness circuit is
provided to compensate this undesired signal. It is possible to get more gain of pre-shoot than over-shoot by
using the asymmetric sharpness, instead of that a conventional sharpness function generates both
pre-shoot and over-shoot symmetrically.

Scan Velocity Modulation (SVM)

The SVM output is available for a large screen size TV. The SVM or the monitor output is selectable at
pin 45 through the 11C bus. The SVM gain and timing is also selectable to match an external SVM drive
circuit.

Chroma Demodulator

The multi-color chroma demodulator is integrated with the automatic color system detection. The 1
H-delay line is integrated on the chip for PAL and SECAM chroma demodulation. The 1 H-delay line can
acts as a chroma comb filter on NTSC chroma system.

Base Band Color System

TMPAB8827 features a base band color system for a YCbCr inputs capability for a DVD and a SDTV
signals. Those signals are demodulated out side of TMPA8827, so that color signals (Cb, Cr) has different
color level, different demodulation angle and different relative amplitude from the color signals
demodulated by the internal chroma demodulator of TMPA8827. The base band color system is required to
have control functions of color saturation, TINT and relative amplitude, and TMPA8827 has all of these
functions in it. Because of base band TINT function, TMPA8827 has capability to control PAL TINT, which
is basically hard to control on a conventional signal processor IC. Of course the control software can inhibit
the PAL TINT function.
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10. AKB (auto-kine-bias) System

TMPA8827 provides AKB capability with the software control, for automatic dark and bright level control
at the manufacture’s factory. TMPAB8827 includes circuits below as hardware on the chip.

IK current
from CRT R/G/B
° SENS
I Comparator
x Read
I Bus
[ '
Ref.
Voltage I Micro
/
AKB Pulse
RGB l
Output  ~ o Cut-off Write
< % NG Drive Bus |

(1) AKB reference pulse generator
(2) IK feedback input
(3) comparaters to check feedback level
(4) read bus to know the result of comparison
The software can achieve AKB functionality by
(5) analyzing the comparison result
(6) controlling cutoff and drive through the 11C bus.

11. Transparent OSD Interface

TMPA8827 provides a transparent OSD capability. A conventional OSD system provides a half-tone
function for OSD interface, by reducing the gain of a main picture signal during high period of “Ym’ signal
from the micro controller. TMPA8827 has one more control line as ‘I' for OSD from the micro controller,
which enables to put a color on the same area of half-tone, so that software can achieve a see-through color
menu by using the transparent OSD.

12. Noise Level Detection

The Noise level detector is integrated. The result can be read through the 11C bus. According to the result,

the micro controller can adjust level of some controls in the signal processor. For example,

(1) When a noisy signal comes in, horizontal synchronization is influenced and the picture on the screen
looks bad. Selecting less H-AFC gain makes the picture looks better.

(2) When a noisy signal comes in, SECAM system causes very strong color noise. Reducing color
saturation level makes noisy impression better.

(3) When a very noisy signal comes in, the vertical frequency detector sometimes makes miss-detection,
and causes vertical jittering. Selecting the auto-50 Hz mode or auto-60 Hz mode, according to the
vertical frequency information just before, may solves the vertical jittering.

13. Signal Detection Flags

There are some flags on the READ BUS registers. They indicate that a certain signal is detected at the
moment. But reliability of a detection result is not so accurate if checking only one flag, so that confirming
several flags, which means similar result by each other, at the same time is recommended.

14. Control the Signhal Processor

The signal processor is connected with the micro controller by means of internal wiring. All functions of
the signal processor can be controlled through I1C bus, which is a part of the internal connections.
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15. Chroma S/N for NTSC system
In order to improve Chroma S/N for NTSC system, design the control software with following algorithm.

READ BUS
358NTSC/ [Color System]
443NTSC

Other System
A Y
WRITE BUS WRITE BUS
[Chroma APC setting] [Chroma APC setting]
011 000

16. BPF for SECAM cross-color
In order to improve SECAM cross-color, connect “SECAM filter” into pinl8 as a following diagram.

Replace capacitance (C1: minimum 15pF) of the SECAM filter depending on the pattern layout.

BPF for SECAM

To SECAM
From BPF % _>
GVKVQ" I vVYy Block
18

I .. LWL
52E Tdg
O

~ OR

5
=
o

;I/; note) * : not fixed
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Bus Control Map

Slave addresses Write 88 H, Read 89 H

Write Data
Sub Addr D7 D6 D5 D4 D3 D2 D1 DO Preset
00 YPL UNICOLOR 0000 0000
01 BLUE BACK BRIGHTNESS 0100 0000
02 C GAMMA COLOR 0000 0000
03 NTSC-MATRIX SHARPNESS 0010 0000
04 ASYMMETRY-SHARPNESS UV SUB COLOR 1001 0000
05 N COMB TINT 0100 0000
06 CW sw UV Converter Sub-Contrast 0000 1000
07 Y-MUTE RGB-MUTE - VIDEO SW AKB REF Pulse Position 0100 0000
08 R CUTOFF 0000 0000
09 G CUTOFF 0000 0000
0A B CUTOFF 0000 0000
0B CO MAX G DRIVE 0100 0000
oC BLANKING SW B DRIVE 0100 0000
oD AKB-MODE R SENS 0000 0000
OE CUTOFF GAIN x10 G SENS 0000 0000
OF 0 B SENS 0000 0000
10 SECAM R-Y BLACK SECAM B-Y BLACK 1000 1000
11 SGP/SECAM INHIBIT S ID MODE BELL fO S ID SENS SECAM BLACK 0 0 0000 0000
PIF VCO adj PIF VCO adj
12 Req stop RF AGC(00 IF mute) 0000 0000
13 N Buzz Cancel | AFT WSWDOW OVER MOD SIF-FREQ PIF-FREQ 0000 0000
14 AU GAIN - 0000 0000
15 MIX GAIN Y GAMMA BLACK STRETCH Y DL 0000 0000
16 ABL-Point ABL-Gain OSD ABL 0 OSD LEVEL 0000 0000
17 IF STANDBY BPF/TOF P/N ID KILLER OFF COLOR SYSTEM 0000 0000
18 VCD STANDBY AF AMP Speed MON/SVM SVM DL SVM GAIN 0010 0000
19 V PHASE H POSITION 0001 0000
1A 5.74M V SIZE 0010 0000
1B V-Linearity V S-Correction 1000 1000
1C 0 SW-TC4 AFC GAIN V BLK stop (top) V BLK start (bottom) 0000 0000
1D H STOP V STOP V AGC V Ramp Bias V-FREQ 0 0000 0000
1E Sync sepa V CENTERING 0010 0000
1F 0 0 H SIZE 0010 0000
20 PARABOLA 0010 0000
21 TRAPEZIUM 1000 0000
22 EW-CORNER CORRECTION(TOP) H EHT 1000 0100
23 EW-CORNER CORRECTION(BOTTOM) V EHT 1000 0100
: use u-com sync | test patt from INTERNAL ADC

24 Chroma APC setting SW U-com (RFAGC/R/B monitor) 0000 0000
25 TEST (TEXT) TEST (IF) TEST (DEF) (CJE(S);\FA A) TEST (HVCO) | TEST (1HDL) TEST (DAC) TEST (REAL) 0000 0000

Hor Stop =Y MUTE * RGB MUTE * H STOP

Ver Stop = (V SIZE=0) * V STOP

Read Data

D7 D6 D5 D4 D3 D2 D1 DO

RO POR IF LOCK AFT WINDOW | AFT CENTER H LOCK COLOR SYSTEM
R1 V LOCK HOUT VOUT RGB OUT G DRIVE DATA B DRIVE DATA
R2 V FREQ STDM R CUTOFF DATA G CUTOFF DATA B CUTOFF DATA
R3 CIN DC NOISE DET IF LEVEL apsTive | PIF vgg error SYNC DET

*. Reserved

() For IC evaluation
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Write Bus Description

1. User Controls

RGB mute (default: 1)

[Sub Add: 07H D6, 1 bit] Sharpness (20) [03H DO to D5, 6 bits]
Data Description Data Description
0 Normal 00 -9dB
1 Mute RGB outputs 20 0dB
3F 10dB
Uni-color (00)
[00H DO to D6, 7 bits] BPF/TOF (0) [17H D5, 1 bit]
Data Description Data Description
00 -20dB 0 BPF
40 -5dB 1 TOE
7F 0dB
TINT (40): Base band TINT control
Blue back (0) [01H D7, 1 bit] [05H DO to D6, 7 bits]
Data Description Data Description
0 Normal 00 -35°
1 Blue Back, 50 IRE 40 0°
TF 35°

Brightness (40) [01H DO to D6, 7 bits]

Data Description

00 1.5V (pedestal level)

40 25V

7F 35V

Color (00): Base band color control
[02H DO to D6, 7 bits]

Data Description

00 Color mute

01 —22dB or less
7F 5.7dB

Video switch (00) [07H D3 to D4, 2 bits]

Data Y C Sync Monitor C Trap
0] 0 V1 V1 V1 V1 On
0 1 V2 V2 V2 V2 On
110 Y Cb/Cr Y Y Off
1 1 V2 CIN V2 V2 + CIN Off
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2. RGB/Cut-Off/Drive

R/G/B cut-off (00) AKB pulse position (0, 0, 0)
[08/09/0AH DO to D7, 8 bits] [07H DO to D2, 3 bits]
Data Description Data Description
00 -0.65V 0]0 0 |[OH
80 ov 01]0 1 [1H
FF |0.65V of1] o0 (2H
011 1 |3H
G/B drive (40) [0B/OCH DO to D6, 7 bits] 110/ 0 [4H
Data Description 1]10] 1 |5H
11| 0 |6H
00 -4.5dB
11| 1 |7H
40 |0dB
7F 3.5dB
Blank SW (0) [OCH D7, 1 bit]
Data Description

0 H, V blanking on
1 H, V blanking off

AKB mode (00) [ODH D6 to D7, 2 bits]

Data Description
0 | 0 [AKB off

0 | 1 [ACB (cutoff: align to targets)

1 | O |ADB (drive: align to targets)

1 | 1 |AKB (cutoff/drive: align to targets)

R/G/B sense (00) [0D/OE/OFH DO to D5, 6 bits]

Data Description
00 x0
20 x 0.5
3F x 1.0
CO max (0) [0BH D7, 1 bit]
Data Description

0 Cutoff range: —0.65 to +0.65

1 —0.65 to +0.85

Cut-off gain x10 (0) [OEH D6 to D7, 2 bits]

Data Description
0 | 0 [AKB cutoff sensitivity, x 9.75

0 1 |x10.00

1| 0 [x10.25

1 1 |x10.50
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3. Y Processor

ABL point (0, 0) [16H D6 to D7, 2 bits] YPL (0) [00H D7, 1 bit]
Data Description Data Description
0 | O | ABL start point: 0 V 0 Y peak limiter on, 105 IRE
0| 1]|-015V 1 Y peak limiter off
1(0]|-028V
1|1 -038V Y mute (0) [07H D7, 1 bit]
Data Description
ABL gain (0, 0) [16H D4 to D5, 2 bits]
0 Normal
Data Description 1 Y mute
0] 0|-017V
ol 1|-035v Y DL (0, O, 0) [15H DO to D2, 3 bits]
1|0 ]|-050V Data Description
1]1]-065V o|o| o |-40ns
0|0 1|0
Sub-contrast (8) [06H DO to D3, 4 bits]
0|1 0 | 40ns
Data Description ol 1 1 | 80ns
0 -43dB 110 0 | 120 ns
8 0dB 1 (0] 1 |160ns
F 3.8dB 1 1 0 | 200 ns
1 (1] 1 |240ns
Yy (0,0 [15H D5 to D6, 2 hits]
Data Description MON/SVM (0) [18H D4, 1 bit]
ol ol off Data Description
0 | 1 [ Yypoint 90 IRE, Gain —3dB 0 Function of #45, SVM out
1|0 |82IRE 1 Monitor out
1 1 | 75IRE
SVM DL (0, 0) [18H D2 to D3, 2 bits]
Black stretch (0, 0) [15H D3 to D4, 2 bits] Data Description
Data Description ol ol of
0|0 (0O 0|1 ]|-100ns
0 | 1 | Black stretch point, 25 IRE 1| 0| -60ns
1|0 |33IRE 1(1]-40ns
1 1 | 43IRE
(Y DL =001: 0 ns)
Asymmetric sharpness (4) SVM DL
[04H D5 to D7, 3 bits] < >
Data Description BOUT
0 0dB

4 +4.5dB
7 +8.5dB svMouT /\
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4. Chroma Processor

SVM gain (0, 0) [18H DO to D1, 2 bits] P/N ID (0) [17H D4, 1 bit]
Data Description Data Description
0| 0 |-6dB 0 PAL/NTSC killer sensitivity, 1.2/1.5m Vp.p
0] 1 |0dB 1 6.6/6.4m Vp.p
1|0 |+6dB
1| 1| +1208 Killer off (0) [17H D3, 1 bit]
Data Description
CW SW (0) [06H D7, 1 bit]
0 Normal
Data Description 1 Always killer off, i.e. always color on.
0 Off (In the condition that “Color system” is not
“Autol/Auto2”)
1 On, CW output from “TV IN (#26)"

Color y (0) [02H D7, 1 bit]
Data Description
0 Color gamma off
1 On

NTSC matrix (0, 0) [03H D6 to D7, 2 bits]

Data Description

0 | 0 | NTSC1 (93°) for NTSC system
0 [ 1 [ NTSC2 (108°) for NTSC system
110

1 1

DVD

Color system (0,0,0) [17H DO to D2, 3 bits]

Data Description

Autol: 44P, 35N, SECAM, 44N
Auto2: 35N, M-PAL, N-PAL
35NTSC

44NTSC

44PAL

SECAM

M-PAL

Rl FRP|[RP|]O|]O|]O|O
Rl |O|O|RFRr ]|, ]|]O|O
R|l|O|lFRP|O|FR,P|]O]|F]|O

N-PAL
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5. OSD
UV converter (0, 0, 0)
[06H D4 to D6, 3 bits] OSD ABL (0) [16H D3, 1 bit]
Data Description Data Description
0| O O [ Crinput(#21) gain up, 0dB 0 ABL active for OSD
oo 1 (+11dB 1 Inactive
0 1 0 | +1.9dB
ol 1] 1 |+25d8 OSD Level (0,0) [16H DO to D1, 2 bits]
1 (0] 0 [+3.0dB For YcbCr input Data Description
1[0]1]+33dB 0 | 0 | OSD level, 96 IRE
1 (1] 0 [+3.6dB ol 1|e0IRE
1 (1] 1 [+3.9dB 110l 70RE
1|1 ]|80IRE
Internal ADC (0, 0) [24H DO to D1, 2 bits]
Data Description
0| 0O | GND
0 | 1 | Routput
1| O | Boutput
1 | 1 | Monitor RF AGC via ADC
N-comb (0) [05H D7, 1 bit]
Data Description

0 Color comb filter for NTSC, on

1 Off

UV Sub color (10)
[04H DO to D4, 5 bits]

Data Description
00 -6.0dB
10 0dB
1F +3.5dB

Chroma APC setting (0,0,0)
[24H D5 to D7, 3 bits]

Data Description

0|0

Refer to 214 pages about this function.
0|11
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6. H,V Sync.
V BLK start (0, 0) [1CH DO to D1, 2 bits]
H stop (0) [1DH D7, 1 bit] :V blanking start point
e Description
Data Description Data
0 Normal 50 Hz 60 Hz
1 | &Y Mute&RGB Mute, then HOUT stop 0]0|310H 263 H
0| 1]299H 254 H
V stop (0) [1DH D6, 1 bit] 1| 0]|29%5H 250 H
Data Description 1(1|291H 246 H
0 Normal

1 &V Size (= 0), then V out stop

: V blanking stop point

V BLK stop (0, 0) [1CH D2 to D3, 2 bits]

Description
Vertical frequency (0, 0, 0) Data
. 50 Hz 60 Hz
[1DH D1 to D3, 3 bits]
o 0] 0|23H 22 H
Data Description
0] 1|33H 30H
0O 0 [ Auto
after input 50 Hz, free-run 50 Hz L]oj]srH 34H
after input 60 Hz, free-run 60 Hz 1] 11|41H 38 H
50 Hz
60 Hz V BLK START V BLK STOP
[l S ==

Auto, free-run 50 Hz

312.5 H, V.sync. operation stops

262.5 H, V.sync. operation stops

(1,1) (1,0) (0, 1) (0, 0)

313 H, V.sync. operation stops

246H 250H 254H 263H
60 Hz 246H 250H 254H 263

RrlrRr|Rr|r|lo|lo]|o
RrlrRr|o|lo|lr|r]|oO
Rrlo|lr|lo|lr|O]|R

263 H, V.sync. operation stops

509H 513H 517H 1H

AFC gain (0,0)  [1CH D4 to D5, 2 bits]

291H 295H 299H 310H
50 Hz 9 95H 299H 310
604H 608H 612H 623H

P—_—
I
I
I
I
1

(0,0)(0,1) (1,0) (1,1)

22H 30H 34H 38H
284H 292H 296H 300H

23H 33H 37H 41H
335H 345H 349H 353H

Vramp bias (0) [1DH D4, 1 bit]

Data Description
Horizontal position (10)
Blanking Period Picture Period [19H DO to D4, 5 bits]

B ! Data Description
0| 1|43 1/3

00 -3 us
1 (0|2 1

10 0
1| 1| Off Off

1F +3 ps

Data Description

Vertical phase (0) [19H D5 to D7, 3 bits]

Data

0 V AGC reference, depends on YC V¢cc

Description

1 Depends on integrated regulator

0 V phase delay, 0 H

7 7H

Vertical size (20)

[1AH DO to D5, 6 bits]

Data Description
00 -47%
20 0%
3F 49%
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V AGC (0)

[1DH D5, 1 bit]

7. EW correction

Data Description

0 V AGC sensitivity, normal

Horizontal Size (20)

[1FH DO to D5, 6 bits]

1 Normal x5

Vertical centering (20)
[1EH DO to D5, 6 bits]

Data Description
00 1.5V
20 4v
3F 6.5V

Vertical linearity (8)
[1BH D4 to D7, 4 bits]

EW parabola (20) [20H DO to D5, 6 bits]

Data Description o

Data Description
00 -32%

00 OVp-p
20 0%

20 1.4Vp-p
3F 30%

3F 2.8Vp-p

EW corner top (10)

[22H D3 to D7, 5 bits]

Vertical S correction (8)

Data Description Data Description
0 -13% 00 -1.5Vv
8 0% 20 ov
F 16% 3F 1.5V

EW corner bottom (10)

[23H D3 to D7, 5 bits]

[1BH DO to D3, 4 bits] Data Description
Data Description 00 -1.5V
0 -18% 20 ov
8 0% 3F 1.5V
F 11%

V EHT gain (7)

[23H DO to D2, 3 bits]

Sync sepa. (0) [1EH D6, 1 bit] Data Description
Data Description 0 0%
0 Sync separation level, 40% 4 5%
1 36% 7 10%

H EHT gain (7)

[22H DO to D2, 3 bits]

Data Description
0 0%
4 5%
7 10%

Trapezium (20)

[21H D2 to D7, 6 bits]

Data Description
00 -15%
20 0%
3F 15%
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8. |IF

AFT Window SW (0)

[13H D6, 1 bit] AU gain (0) [14H D7, 1 bit]
Data Description Data Description
Wide (—/+250 kHz) Audio gain SW In the condition that “SIF Freq.” =
0 o o |11:45MHz
AFT sensitivity, for channel search
927 mVyms at 25 kHz/dev
Narrow (—/+ 83 kHz)
1 ) 1 500 mVyms at 25 kHz/dev
For normal operation
. N Buzz Cancel (0 13H D7, 1 bit
RF AGC (00) [12H DO to D5, 6 bits] © I ]
. Data Description
Data Description
0 Nyquist Buzz cancel, on
00 IF mute
1 Off
01 67dBu
3F 107dB
H AF AMP Speed (1)
[18H D5, 1 bit]
Over mod (0) [13H D5, 1 bit]
Data Description
Data Description
0 Normal
0 Normal 1 Speed-up, for CH search/CH change
1 PIF over modulation switch on

SIF frequency (0, 0) [13H D3 to D4, 2 bits]

PIF VCO Adj. Req. (0)
[12H D7, 1 bit]

Data Description

0 Normal

1 PIF VCO adjust trigger

Data Description
0] 0 |55MHz
0] 1|60MHz
1|0 |65MHz
1| 1]45MHz

PIF VCO Adj. Stop (0)
[12H D6, 1 bit]

PIF frequency (0, 0, 0) Data Description
[13H DO to D2, 3 bits]
0 Self adjustment
Data Description
1 Normal
ojo0| O O
o]0 1 | 45.75 MHz MIX gain (0) [15H D7, 1 bit]
o1} 0 u Data Description
011 1 | 389 MHz ] )
0 SIF 1 MHz convert gain, Low gain
1 (0] O [38.0MHz - -
1 High gain
1101 g
1|11]0 O 5.74M (0) [1AH D7, 1 bit]
1)1 ! - Data Description
0 Normal

1 SIF freq.=5.74M for bilingual broadcast in Thai

It is active only on the conditions that “ SIF
Freq.” =00: 5.5 MHz
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S GP/ SECAM inhibit (0, 0)

9. SECAM demodulation

[11H D6 to D7 2bits]

10. Others

IF Standby (0, 0)

[17H D6 to D7, 2 bits]

Data Description Data Description
0 | 0 | SECAM gate pulse width, 2.2 usec 0 | 0 | Normal
0| 1 [20usec 0 [ 1 [ Normal
1|0 |218usec 1| 0 | Normal
1 | 1 | SECAM demodulation inhibit 1 | 1 | IF Standby
S ID sens (0) [11H D3 1bit] VCD Standby (0, 0) [18H D6 to D7, 2 bits]
Data Description Data Description
0 SECAM killer sensitivity, normal 0 | 0 | Normal
1 Low 0 | 1 | Normal
1 | 0 | Normal
BELL f0 (0) [11H D4 1bit] 1 | 1 | vcD standby
Data Description
Test pattern (0) [24H D2, 1 bit]
0 BELL center frequency, normal
1 +35KHz Data Description
0 Normal
SECAM black (0) [11H D2 1bit] Ready for Test pattern from p-com in the condition
. 1 that “Video SW” is (1, 0) and “Use p-com sync SW”
Data Description is (0). Set “Color” to “0”".
0 Normal operation
1 SECAM black level alignment mode Use W-com sync SW (0) .
[24H D3, 1 bit]
S ID mode (0) [11H D5 1bit] Data Description
Data Description 0 Normal
0 SECAM ID, H 1 Use p-com sync
1 H+V ;
SW TC-4 (0) [1CH D6, 1 bit]
SECAM R-Y Black (8) [10H D4~D7 4bits] Data Description
Data Description 0 YIN to p-com M2 (VINO)
0 SECAM R-Y black level, -92 mV 1 | HVSYNCIto p-com M2 (TC4)
8 0
F 85 mV
SECAM B-Y Black (8) [10 DO~D3 4bits]
Data Description
0 SECAM B-Y black level, -92 mV
8 0
F 85 mV
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READ Bus Description

POR VourT: Diagnostic
Data Description Data Description
0 After the first bus access, always 0 0 OK
1 A reset condition occurred just before 1 Could be something wrong
IF Lock CIN DC
Data Description Data Description
0 IF PLL lock detection, lock out 0 CIN voltage, not GND
1 Lock in 1 GND
AFT WINDOW Color System
Data Description Data Description
0 Out of AFT window 0| 0| O | Nocolor
1 In the AFT window ofoO 1 | 443PAL
01| 0 | M-PAL
AFT CENTER ol 1] 1 |N-PAL
1 (0] 0 | 38NTSC
Data Description
1 (0] 1 |443NTSC
0 U fre C
pper frequency 1 (1] 0 |SECAM
1 Lower fre c
wer frequency NEEEEIT
H Lock .
Noise
Data Description .
Data Description
0 Horizontal sync lock detection, lock out - -
0 | 0 [ Low noise on Sync input
1 Lock in
0|1
1(o0
V Lock
1 | 1 | Noise detected on Sync input
Data Description
0 Vertical sync lock detection, lock out Sync Det
1 Lockin Data Description

Std/Non-Std 0 | No Sync signal input

1 Sync signal detected
Data Description
0 Non-standard vertical frequency HOUT. Di agnostic
1 Standard vertical frequency Data Description
0 OK
IF Level
1 Could be something wrong
Data Description
0 IF input level is weak
1 IF input level is strong
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RGB Out: Diagnostic

Data Description
0 OK
1 Could be something wrong

AKB Drive Data

Data Description
0 0 | Drive Vth, ~R level - 0.16 V
0 1 | ~Rlevel
1 0 | ~Rlevel +0.16 V
1 1 | Rlevel +0.16 V~

AKB Cut-Off Data

Data Description

0 | 0 | Cutoff Vth, ~0.84 V

0] 1]|~100V

1(0]|~116V

1(1]116V~
Vert Freq

Data Description
0 50 Hz
1 60 Hz
Adj TIME

Data Description
0 normal
1 Under PIF VCO adjustment

PIF VCO error det

Data Description
0 normal
1 PIF VCO error

226



TOSHIBA

TMPA8827CMNG /CPNG /CSNG

Data Transfer Format Via IZC Bus

Start and Stop Condition

Bit Transfer

Acknowledge

SDA by
Transmitter !

SCL

/N
/N

Start conditio

Stop conditio

SDA / >< \

SCL

SDA stable Change of SDA allowed

_______ The transmitter releases the SDA line (high)
during the acknowledge clock pulse.

SDA by
Receiver

SCL from
Master

The receiver has to pull down the
SDA line (low) during the
acknowledge clock pulse.

0

Clock pulse for acknowledgment
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Data Transmit Format 1

Slave address 0O[A Sub address A Transmit data A|P
T 7 bit T 8 bit T 8 bit
MSB MSB MSB
S: Start condition A: Acknowledge

P: Stop condition

Data Transmit Format 2

| S | Slave address | 0 | A | Sub address n | A | Transmit data 1 | A | ------ \S

g\ ------ | Sub address n | A | Transmit data n | A | P |

Data Received Format

S Slave address 11A Received data 01 A Received data 02 A|P

T 7 bit T 8 bit

MSB MSB

At the moment of the first acknowledge, the master transmitter becomes a master receiver and the slave receiver
becomes a slave transmitter. This acknowledge is still generated by the slave.
The Stop condition is generated by the master.

Optional Data Transmit Format: Automatic Increment Mode

S Slave address 0lA|1 Sub address A Transmitdatal | ------ Transmit data n AlP
T 7 bit T 7 bit T 8 bit T 8 bit
MSB MSB MSB MSB

In this transmission methods, data is set on automatically incremented sub-address from the specified
sub-address.
Purchase of TOSHIBA 12C components conveys a license under the Philips 12C Patent Rights to use these

components in an 12C system, provided that the system conforms to the 12C Standard Specification as defined by
Philips.
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Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
Supply voltage (9 V Vce) Vce max9 12 \%
Supply voltage (5 V Vce) Vce maxb 6.5 \%
Power dissipation Pp max 2557 (Note 1) mwW
Input terminal voltage Vin GND -0.3to Vcc +0.3 \%
Operating temperature Topr —-20 to 65 °C
Storage temperature Tstg -55to 150 °C

Note 1: When using this device at above Ta = 25°C, the power dissipation decreases by 25.6 mV per 1°C rise.
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Ta-Pp Curve (on a PCB)

2557

1534

Power dissioation Pp (mW)

0 25 65 125

Environmental temperature Ta (°C)

Note 2: This IC is weak against static electricity and surge impulse. Please take counter measure when device
handling and application designing, if necessary.

Recommended Operating Conditions

Pin No. Pin Name Min Typ. Max Unit Note

9 uP DVDD 4.75 5 5.25 V uP digital VDD

55 uP AvVDD 4.75 5 5.25 \Y uP analog VDD

17 H VCC (9V) 8.55 9 9.45 \Y Signal P HVCC

25 DIGITAL VDD 3.1 3.3 3.5 \Y Signal P digital VDD

29 IF Vce (9V) 8.55 9 9.45 \Y Signal P IF VCC

36 IF Vce (5V) 4.75 5 5.25 \Y Signal P IF VCC

44 Y/C VCC (5V) 4.75 5 5.25 Y, In the condition that IIC BUS data “V
Ramp Ref.” is 0:External(Y/C Vcc), the
thermal drift of the Y/C Vcc should be
less than 50mV.

49 RGB VCC (9V) 8.55 9 9.45 \Y Signal P RGB VCC

Note 1: Common Impedance, at frequency of the uP operating and its harmonics, between the uP Vpps and the
signal P Vccs should be as low as possible by means of designing PCB layout pattern.

Note 2: Common Impedance, at frequency of the uP operating and its harmonics, between the uP GNDs and the
signal P GNDs should be as low as possible by means of designing PCB layout pattern.
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Electric Characteristics

(unless otherwise specified, Vpp9, 55=5V, Vccl7, 29,49=9V, Vcc36,44 =5V,
Vpp25 =3.3V, Ta=25°C)

DC Characteristics

Current Consumption

Pin No. Pin Name Symbol Condition Min Typ. Max Unit
17 H.Vce lccl7 Supply 9 V 18 23.4 27 mA
25 DIGITAL VDD lcc25 Connect HVcc (9 V) via 270Q 20 21 22 mA
29 IF Vce 9V lcc29 Supply 9 V 6 8.1 9.5 mA
36 IF Vce 5V lcc36 Supply 5V 40 42.6 56.5 mA
44 YC Vce Icc44 Supply 5V 80 90.3 106 mA
49 RGB Vcc lcc49 Supply 9 V 17 20.5 24.5 mA

Pin Voltage

Pin No. Pin Name Symbol Condition Min Typ. Max Unit
14 HAFC 1 V14 6.2 6.58 6.8 \%
19 Cb input V19 2.3 2.48 2.7 \%
20 Y input V20 2.3 2.48 2.7 \%
21 Cr input V21 2.3 2.48 2.7 \%
23 CIN V23 2.3 2.48 2.7 \%
24 EXT CVBS/Y (V2in) V24 2.3 2.48 2.7 V
26 TVIN 1 Vpp (V1in) V26 Video SW: V2in 2.3 2.34 2.7 \%
27 ABCL Va7 4.75 4.9 5.5 \%
30 TVout 2.2 Vpp V30 4.7 5.06 5.7 \%
31 SIF out V31 15 1.77 2.0 \%
33 H.correc/SIF in V33 2.8 3.0 3.2 \%
34 DC NF V34 O 2.34 O \%
35 PIF PLL V35 2.0 2.42 2.8 \%
37 S-Reg.F V37 2.0 2.18 2.4 \%
39 IF AGC V39 O 4.25 O \%
41 IF IN V41 O 0 O \%
42 IF IN V42 O 0 O V
43 RF AGC V43 O 8.93 O \%
45 Monitor out V45 2.5 2.67 2.9 \Y
46 Black Det V46 1.6 1.86 2.1 \%
47 APC Fil (chroma PLL) Va7 2.3 2.63 2.8 \%
50 ROUT V50 Picture period (cutoff: 128) 2.3 2.5 2.7 \%
51 GOUT V51 Picture period (cutoff: 128) 2.3 2.5 2.7 \%
52 BOUT V52 Picture period (cutoff: 128) 2.3 2.5 2.7 \%
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AC Characteristics
PIF/1%' SIF Stage

Characteristics Symbol C-Ii—r(ecsijtit Test Condition Min Typ. Max Unit
PIF input sensitivity vin min (p) O b1 O 35 a7 dB
PIF maximum input level vin max (p) O 100 105 O (V)
RF AGC output voltage max VAGC max | 8.5 O 9.0
min VAGC min O 0 O 0.3 v
RF AGC delay point max V Dly max O P2 100 107 O dB
min VDly min 0 0 67 go | V)
PIF input resistance ™ ZinR (p) O O 3 O kQ
PIF input capacitance * Zin C (p) O Pe O O pF
Differential gain *) DG O O 2 5.0 %
Differential phase * DP O P4 O 2 5.0 °
Inter-modulation *) M O P5 36 42 | dB
Video output signal amplitude VDet (p) O 2.0 2.2 2.4
Synchronous signal level Vsync O Pe 2.4 2.6 2.8 Y
Video output S/N S/N (p) O P7 55 60 | dB
Video bandwidth (-3dB) fDet (p) O P8 6 8 O MHz
VCO control sensitivity ~ 38.0 MHz 3380 O 3.2 O
38.9 MHz 3389 | P9 O 3.1 O MHz/V
45.75 MHz 457 O O 2.9 O
PLL Pull-in range
38.0 MHz Upper fpH (p) 380 O 1.0 O O
Lower fpL (p) 380 O O O - 1.0
38.9 MHz Upper fpH (p) 389 O 1.0 | O MHz
Lower fpL (p) 389 O O O - 1.0
45.75 MHz Upper fpH (p) 457 O 1.0 | O
Lower fpL (p) 457 O O (| - 1.0
P10
PLL hold range
38.0 MHz  Upper fhH (p) 380 O 15 | O
Lower fhL (p) 380 O O O - 15
38.9 MHz Upper fhH (p) 389 O 15 | O MHz
Lower fhL (p) 389 O O (| - 15
45.75 MHz Upper fhH (p) 457 O 15 O O
Lower fhL (p) 457 O | O 4 15
AFT center turn frequency
38.0 MHz fAFTc380 | O 0 O
P11 kHz
38.9 MHz fAFTc389 | O 16.7 O
45.75 MHz fAFTc457 O O 0
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Characteristics Symbol C-Ii—r(ecsijtit Test Condition Min Typ. Max Unit
AFT window width
38.0 MHz Narrow fAFTWN380 O 167
Wide fAFTWw380 | 500
38.9 MHz Narrow fAFTwWn389 O P12 167 kHz
Wide fAFTww389 O 500
45.75 MHz Narrow fAFTwWN457 O 167
Wide fAFTwwA457 O 500
1 SIF output band width (-3dB) fDET (s) O P13 6 8 | MHz
1" SIF output trap reduction Gra43 O | O
4.43 MHz P14 ° dB
3.58 MHz Gr358 | 6 O O
1" SIF output amplitude no trap vDet (s) TH O 0.42
AGC1 vDet (s) Al O 0.75
P15 V (p-p)
AGC2 vDet (s) A2 O 0.20
Clamp vDet (s) CL O 11
SIF Stage
Characteristics Symbol C-Ii-r(f:suti t Test Condition Min Typ. Max Unit
Limiting sensitivity 4.5 MHz (low) vin lim (s) 45L O s1 O (| 68
4.5 MHz (high) vin lim (s) 45H O | O 68
5.5 MHz vin lim (s) 55 | S2 O O 68 (ﬂ?/)
6.0 MHz vin lim (s) 6 O S3 O O 68
6.5 MHz vin lim (s) 65 | S4 O O 68
AM reduction ratio 4.5 MHz (high) AMR45H O 50 O O
4.5 MHz (low) AMR45L O st 50 O O
5.5 MHz AMRS55 | S2 50 O O dB
6.0 MHz AMR6 O S3 50 O O
6.5 MHz AMRG65 | S4 50 O O
AF output signal amplitude
4.5 MHz (high) vDet (s) 45H O S1 656 926 1309
4.5 MHz (low) vDet (s) 45L O 354 | 500 | 706
5.5 MHz vDet (s) 55 0 |s2 695 | 926 | 1238 |
6.0 MHz vDet (s) 6 | S3 695 926 1236
6.5 MHz vDet (s) 65 | S4 695 926 1236
AF output S/N 4.5 MHz (high) S/N (s) 45H O 55 60 O
4.5 MHz (low) SIN (s) 45L O st 55 60 O
5.5 MHz S/N (s) 55 O S2 60 65 O dB
6.0 MHz SIN (s) 6 O S3 60 65 O
6.5 MHz S/IN (s) 65 | S4 60 65 O
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Characteristics Symbol C-Ii—r(ecsijtit Test Condition Min Typ. Max Unit
AF total harmonics distortion
4.5 MHz (high) THD45H o |[s1 O 0.3 1.0
4.5 MHz (low) THD45L | O 0.3 1.0 .
5.5 MHz THD55 O S2 O 0.3 1.0 %
6.0 MHz THD6 O S3 O 0.3 1.0
6.5 MHz THD65 | S4 O 0.3 1.0
Pull in range of FM demodulator PLL
5.5 MHz Low fpH (s) 55 O |[s5 150 O O kHz
High fpL (s) 55 O O o -+ 150
Hold range of FM demodulator PLL O
5.5 MHz Low fhH (s) 55 S6 150 O O kHz
High fhL (s) 55 O O o -+ 150
DeEmp 3 kHz output (50 L) Fde50u O O -3 |
S7 dB
DeEmp 3 kHz output (75 p) Fde75u O O -5 O
Video Stage
Characteristics Symbol C-Ii-r(f:suti t Test Condition Min Typ. Max Unit
TV input dynamic range DR1v O 1.0 1.2 O V (p-p)
EXT input dynamic range DRExT O Vi 1.0 1.2 O V (p-p)
Y Input dynamic range DRy O 1.0 1.2 | V (p-p)
TV gain G1v O 6.0 6.3 6.6 dB
EXT gain GEXT o |Vv2 6.0 6.3 6.6 dB
Y gain Gy | 6.0 6.3 6.6 dB
Video switch cross-talk (TV - EXT) CTtv_ExT O O T 55 -50 dB
Video switch cross-talk (EXT - TV) CTEXT TV O 0 T+ 55 -50 dB
Video switch cross-talk (TV - Y) CTrv.y 0 O T+ 55 -50 dB
Video switch cross-talk (Y - TV) CTy 1v O Ve O T 55 -50 dB
Video switch cross-talk (EXT - Y) CTexT Y 0 O T+ 55 -50 dB
Video switch cross-talk (Y - EXT) CTy ExT O ] - 55 -50 dB
TV input pedestal clamp voltage VTvCLp O 2.1 2.3 2.5
EXT input pedestal clamp voltage VEXTCLP O V4 2.1 2.3 2.5
Y input pedestal clamp voltage VycLp O 2.1 2.3 25 Y
Y frequency response FRy | V5 55 7.0 O MHz
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. Test . . .
Characteristics Symbol Cirecsuit Test Condition Min Typ. Max Unit
Y delay time tYDEL 300 460 560
40 ns tYDEL+40 | V6 20 36 56 ns
240 ns tyDEL+240 155 | 240 | 290
VBRTMAX 3.3 3.5 3.7
Brightness control characteristics VBRTCEN O V7 2.3 2.5 2.7 \%
VBRTMIN 1.3 1.5 1.7
GUCYCEN -6.5 -5.0 -4.0
Uni-color control characteristics O V8 dB
GucYmIN -23.0 | -20.0 | -18.0
GsCONMAX 25 3.8 5.0
Sub contrast control characteristics O V9 dB
GSCONMIN -5.0 | 43 | 3.0
Sharpness peaking frequency Fshp O V10 3.2 4.0 5.1 MHz
GSHMAX 8.0 10.0 12.0
Sharpness control characteristics O V11 dB
GSHMIN -11.0 [ 9.0 -7.0
GASHMAX a 6.5 8.5 10.5
Asymmetric sharpness control
characteristics GASHMCEN O vz 2.5 4.5 6.5 dB
GASHMIN 0 -15 0 2.5
Vyy 70 70 75 80
Y y correction start point Vyvy 80 7 82 87 (IRE)
O V13
Vyy 90 85 90 95
Y y correction curve Gyy | -6 | dB
Black expansion AMP gain GBLEX 1.2 14 1.6
VBLEX 25 IRE 20 26 32
O V14
Black expansion start point VBLEX 35 IRE 28 33 40 (IRE)
VBLEX 45 IRE 38 43 50
YPL level Vwps O V15 98 105 112 (IRE)
Chroma trap gain 3.58 MHz GTRAP358 0 - 30 -23
O V16 dB
4.43 MHz GTRrAP443 0 - 30 =23
Half Tone reduction for Y GHTY 0 0 1 -10 0 dB
SVM peak frequency Fvsm O V17 2.8 4.0 5.2 MHz
Gvsm 00 -7.5 -6 -4.5
Gvsmo1 -15 0 1.5
SVM gain O V18 dB
GvsMm 10 4.5 6 7.5
GysMm 11 10.5 12 13.5
Tvsmo1 -130 | -100 | -70
SVM DL TvsM10 O V19 -104 -80 -56 ns
Tvsm11 -78 -60 -42
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Chroma Stage

. Test . ) .
Characteristics Symbol Cirecsuit Test Condition Min Typ. Max Unit
VaccL O 25 40
ACC characteristic 0 Cl mv
VAcCCH 600 | 1000 ] (p-p)
TOF characteristic 3.58 MHz fo FoT3s8 4.05 4.40 4.75 MHz
Q Q7358 1.71 | 1.85 | 1.99 O
4.43 MHz fo FoT443 5.01 5.36 5.71 MHz
Q QT443 169 | 1.83 | 1.97 O
O C2
BPF characteristic ~ 3.58 MHz fo FoBa43 3.30 3.60 3.90 MHz
Q QB443 1.73 1.87 2.01 O
4.43 MHz fo Fos3ss 4.15 4.45 4.75 MHz
Q QB358 171 1.85 1.99 O
C delay time PAL tCDELP 470 580 700
ns
NTSC tCDELN 440 | 550 | 670
O C3
i . Atyicp -60 0 60
Time difference between Y/C ns
Aty/cN -60 0 60
Color control characteristics
max GCcOLMAX 0 C4 5.0 5.7 6.5 dB
min GCOLMIN O o+ 22
Uni-color control characteristics GuccMIN O C5 -22 -20 -18 dB
APC pull-in range
3.58 MHz (high) F3apcp+ 400 800 1300
(low) Fsapcp- -400 | -800 | —-1300 Hz
4.43 MHz (high) Fappcp+ 400 800 1300
(low) FaapcP- -400 | -800 | -1300
O C6
APC hold range
3.58 MHz (high) F3aPCH+ 400 800 1300
(low) F3aPCH- -400 | —-800 | —1300 Hz
4.43 MHz (high) FappcCH+ 400 800 1300
(low) FaAPCH- -400 | -800 | -1300
PAL ID sensitivity VPIDON 0.7 1.2 1.7
(normal) VPIDOFF 1.0 15 2.0 mv
VPIDLON 5.6 6.6 7.6 (p-p)
(low) VPIDLOFF 6.6 7.6 8.6
O C7
NTSC ID sensitivity VNIDON 1.0 15 2.0
(normal) VNIDOFF 1.5 2.0 2.5 mv
VNIDLON 5.4 6.4 7.4 (p-p)
(low) VNIDLOFF 6.4 7.4 8.4
CW out amplitude Vew O C8 0.35 0.55 0.65 [V (p-p)
Half tone gain for color GHTC O O -10 dB
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SECAM Stage

. Test . ) .
Characteristics Symbol Cirecsuit Test Condition Min Typ. Max Unit
Color Difference Relative Amplitude R/B-S O SE1 0.65 0.75 0.85 -
Linearity LinB 83 100 117
O SE2 %
LinR 83 100 117
Rising-Fall Time trfB - 1.1 15
| SE3 us
trfR - 1.1 15
SECAM ID SenSItIVIty V sipHoN 0.8
(NOI’mal Mode) H V sibHOFF 1.0
V sipHvon 0.5
H+V V sipHvorr . SE4 0.7 v
SECAM ID Sensitivity V emron 1o m
(Low Mode) H V SoLHOFF 292
V sipLHvoN 1.5
H+V
V sipLHvorF 1.7
SECAM black adjustment Vsemax 85 20 95
characteristic
Vsrmax 85 88 95
Vsrmin -110 -100 -90
SE5 mVv
Vsrumin -110 -104 -90
SECAM black adjustment sensitivity AVsp 11 13 15
AVsr 11 13 15
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Text Stage
- Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
V-BLK pulse output level VVBLK . 1 0.1 0.6 0.9
H-BLK pulse output level VHBLK 0.1 0.6 0.9 \%
RGB output black level (0 IRE DC) VBLACK 0 T2 2.2 2.5 2.8
RGB output white level (100 IRE AC) VWHITE 0 T3 2.5 2.8 0 V (p-p)
] VeuT+ 0.57 0.65 0.7
Cut-off voltage variable range O T4 \Y
VeuT- -0.7 | -0.65 | -0.6
] ] GDpR+ 25 35 4.5
Drive control variable range O T5 dB
GpRr- -7.0 -4.5 -3.5
TINT (baseband) control
characteristics
T6 °
max ABMAX 0 27 35 0
min ABIN O O -35 =27
Relative amplitude (PAL) R/B VPR/B 0.47 0.56 0.67
O
G/B VpG/B 0.31 | 0.38 | 0.45
Relative amplitude (NTSC1) R/B VNR/B 0.62 0.72 0.82 .
G/B VNG/B 0.26 | 031 | 0.38
O T7
Relative amplitude (NTSC2) R/B VNR/B 0.68 0.78 0.90 .
G/B VNG/B 0.24 0.31 0.36
Relative amplitude (DVD) R/B VNR/B 0.46 0.56 0.66
O
G/B VNG/B 0.26 0.34 0.42
Relative phase (PAL) R-B OpRr-B 85 20 95
G-B 8pG-B 230 | 236 | 242
Relative phase (NTSC1) R-B ON1R-B 88 93 98 .
G-B ON1G-B 238 245 252
O T8
Relative phase (NTSC2) R-B ON2R-B 101 108 115 .
G-B ON2G-B 238 245 252
Relative phase (DVD) R-B OpVDR-B 88 93 98
G-B OpVvDG-B 238 245 252
VABCLH 4.75 4.9 5.0
ABCL control voltage range \%
VABCLL o |79 3.3 35 3.8
ACL gain GacL -22 -20 -18 dB
VABLP1 0 - 0.05 0 ]
VABLP2 O - 0.17 | -0.15 | -0.12
ABL start point T10 \%
VaABLP3 O - 0.30 | -0.28 | —0.22
VABLP4 O -0.40 | -0.38 | -0.35
VABLG1 O - 0.18 [ -0.17 | -0.15
VABLG2 a - 0.36 | -0.35 | -0.32
ABL gain T11 Y
VABLG3 O - 0.53 | -0.50 | -0.47
VABLG4 O -0.68 | -0.65 | —-0.61
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. Test . . .
Characteristics Symbol Cirecsuit Test Condition Min Typ. Max Unit
BC/I-COIOr control characteristics for Gucuy O T12 99 20 _18 dB
UV sub-color control characteristics GscOLMAX 2.5 35 4.5
max O T13 dB
min GscoLMIN -70 | -6.0 | -5.0
Deflection Stage
Characteristics Symbol C-Ii-recsutit Test Condition Min Typ. Max Unit
H AFC inactive period 50 Hz T50AFCOFF . b1 622 - 7/309 - 319 H)
60 Hz T60AFCOFE 525 -10/262 - 272
HOUT starting voltage VHON O D2 4.8 5.4 6.0 \%
HOUT pulse duty WHouT O |D3 385 | 405 | 425 %
HOUT frequency (AFC off mode)
50 Hz FHAFCOFF50 O D4 15.475 | 15.625 | 15.775
60 Hz FHAFCOFE60 15.585 | 15.734 | 15.885 | kHz
Horizontal free-run frequency
50 Hz FH50ER O |Ds 15.475 | 15.625 | 15.775 | kHz
60 Hz FH60FR 15.585 | 15.734 | 15.885
Horizontal freq. variable range
max FHmAx O D6 16.300 | 16.500 | 16.700 [ kHz
min FumIN 14.600 | 14.900 | 15.200
Horizontal freq. control sensitivity BHAFC 0 D7 1.3 1.8 2.3 Hz/mV
. ) AFHPH 500 ]
Horizontal pull-in range O D8 Hz
AFHpL 500 0
VHOUTH 4.1 4.2 4.5
H-OUT voltage O D9 \%
VHouT O 0.10 0.30
Hor. freq. dependence on Vcc
50 Hz AFHvceso O D10 -50 0 50 Hz/V
60 Hz AFnvceeo -50 0 50
FBP phase PHEgp 2.5 3.0 35 us
| D11
H-Sync. phase PHHsYNC 0.3 0.5 0.6 ps
PHEgp- 13 O O
H AFC2 hold range O D12 us
PHEBp+ O O -2.5
- ] APHH{pos+ 25 2.9 3.3
Hor. position variable range O D13 us
APH{ypos- -3.5 -3.1 -2.5
] APHHCOR+ O - 13 -1.1 -1.0
H correction Range D14 us
APHHCOR- O 0.9 1.0 1.2
AFC-2 pulse threshold level VAFC2 0 D15 3.2 35 3.8
H-BLK pulse threshold level VHBLK O D16 1.0 15 1.8 Y
BLACK peak det. inactive horizontal PHBPDET O D17 7.5 8.0 8.5 us
period WBPDET 135 | 140 | 145
Gate pulse start phase PHgp . D18 2.8 3.0 3.2 us
Gate pulse width Wgp 1.8 2.0 2.2 us
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. Test . . .
Characteristics Symbol Cirecsuit Test Condition Min Typ. Max Unit
Vertical free-run frequency
Autosg FVAUFR50 45 50 55
Autogo FVAUFR60 | D19 55 60 65 Hz
50 Hz Fvs0FR 45 50 55
60 Hz FV6OFR 55 60 65
Gate pulse V-masking period
50 Hz T50GPM O |Dp20 621 - 7/308 — 319 (H)
60 Hz T60GPM 524 - 10/261 - 272
V.stop DC voltage Vce Vvsvce O 3.1 3.3 3.5
D21 \%
BGR VVSBGR O 3.1 3.3 35
FvpauL 0 2245 0
Vertical pull-in range (auto) (H)
FvPAUH 0 344.5 ]
FvpsoL 0 274.5 O
Vertical pull-in range (50 Hz) O D22 H)
FvpsoH 0 3445 0
i ) FvpeoL | 224.5 ]
Vertical pull-in range (60 Hz) (H)
FvP6oH O 294.5 O
Tv312.5 O 3125 O
Tv262.5 O 262.5 O
Vertical period on fixed mode O D23 (H)
Tv313 O 313 O
Tv263 O 263 O
PHsovD O O 21 O
VD start phase
PHeovD 0 21 O
D24
WsovD a 12 0
VD width
WsovD O O 12 O
V-BLK start phase 50 Hz PH50VBLK 310/623
us
60 Hz PHgovBLK 263/1
a D25
V-BLK width 50 Hz Ws50vBLK 0 26 0 H)
H
60 Hz We0ovBLK 0 22
PH5owvBLKB1 O 299/612
PHsowvBLKB2 0 295/608
) PHs0owvBLKB3 O 291/604
V wide BLK start phase (BOTTOM) (H)
PHgowVvBLKB1 O 254/517
PHsowvBLKB2 O 250/513
PHsowvBLKB3 O 246/509
D26
PH50wVvBLKT1 O 33/345
PHsowvBLKT2 0 37/349
PH50wVvBLKT3 O 41/353
V wide BLK stop phase (TOP) (H)
PHeowvBLKT1 0 30/292
PHsowvBLKT2 0 34/296
PHgowVvBLKT3 O 38/300
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. Test . . .
Characteristics Symbol Cirecsuit Test Condition Min Typ. Max Unit
VscpPH 6.7 6.9 7.2
Sand castle pulse level VscpMm O D27 4.7 5.0 5.3 \Y
VscpL 1.8 2.1 2.4
Vertical ramp amplitude Vce VVRAMPV 0 1.45 1.60 1.75
D28 V(p-p)
BGR VVRAMPB a 1.50 1.67 1.83
Vertical output amplitude VouT 1.7 2.0 2.2 V (p-p)
) . . AVyouTH O [D29 44 49 53
Vertical amplitude variable range %
AVyouTL -53 -47 -44
AV N1+ -16 -13 -10
AV IN1- 11 16 19
Vertical linearity variable range O D30 %
AV N2+ 13 15 19
AV IN2- =21 -19 -15
AVs14 -20 -18 -16
AVgy— 8 11 13
Vertical S correction variable range O D31 %
AVsoy -25 -22 -18
AVso_ 9 11 14
) ) ) AVVCENT+ 28 30 36
Vertical centering variable O D32 %
AVVCENT- -34 -32 -25
EW correction Stage
Characteristics Symbol C-Ii-r(f:suti t Test Condition Min Typ. Max Unit
) ) VEHL 21 2.6 3.2
EHT input Dynamic range ] D33 \Y
VEHH 3.9 4.4 4.9
Vertical Amplitude EHT Correction AVent 0 |D34 6.75 | 8.75 | 10.75 %
E-W MAX. DC Level (Picture Width) VEwbcMmAX 0 35 5.6 6.6 7.6 v
D
E-W MIN. DC Level (Picture Width) VEWDCMIN 1.37 1.67 1.97
E-W MAX. Parabolic Correction
(Parabola) Vewpuax 0 Lo 23 | 28 | 33 oo
E-W  MIN. Parabolic Correction
(Parabola) VewpmIN 0 0.02 | 0.06
E-W Corner Correction (TOP) VcorT 0 45 57 69
D37 %
E-W Corner Correction (BOTTOM) Vcore -69 -57 -45
] ] V1Rr+ 10 15 20
E-W Trapezium Correction 0 |D3s %
V1r- -20 -15 -10
E-W Parabolic EHT Correction A Vewpent a D39 5 8 11 %
E-W DC EHT Correction VEWDCEHT O D40 0.8 1.0 1.2 \Y
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Test Conditions
PIF/1% SIF Stage

Note Items/Symbols Bus Conditions Measurement Method
P1 PIF input sensitivity | RF AGC: except 0 (1) Input a signal that 38.9 [MHz], 90 [dB (uV)], and 30 [%]
. modulated by 15 [kHz] sine wave at pin 41.
Ivin min (p) PIF Freq.: 38.9 MHz
) (2) Setthe bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
VCO Adj. Center: 0/1 Adj. Req.” to “0".
;Iangaximum input | Others: Preset (3)  Measure the amplitude at pin 30 (vo#30 [V (p-p))).
) (4) Decreasing the IF input level, measure the input level at which
/vin max (p) the output amplitude at pin 30 turns to be —3dB against
“vo#30” (vin min (p) [dB (1V)]).
(5) Increasing the IF input level, measure the input level at which
the output amplitude at pin 30 turns to be +1dB against
“vo#30” (vin min (p) [dB (uV)]).
P2 RF AGC output RF AGC: Adjust (1) Input a 38.9 [MHz], 90 [dB (uV)] signal at pin 41.
voltage
g PIF Freq.: 38.9 MHz (2) Setthe bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
/VAGC max . Adj. Req.” to “0”.
VCO Adj. Req.: 0/1
/VAGC min (3)  Setthe bit of “RF AGC” to “01 (h)".
Others: Preset
(4)  Measure the pin 43 voltage (VAGC min [V]).
RF delay point (5) Decrease the IF input level, measure the input level at which
the voltage at pin 43 turn to be 4.5 v Dly min [dB (uV))).
/v Dly min ge atp [V] (v Dly min [dB (uV)])
6 Repeat (1).
/v Dly max © peat (1)
(7)  Setthe data of “RF AGC” to 3F (h).
(8) Measure the pin 43 voltage (VAGC max [V]).
(9) Increase the IF input level, measure the input level at which
the voltage at pin 43 turn to be 4.5 [V] (v Dly max [dB (uV)]).
P3 PIF input resistance | All data: Preset (1) Remove all connection from pin 41 and pin 42.
/1Zin R (p) (2) Measure the resistance (Zin R (p) [kQ]) and capacitance (Zin
C (p) [pF]) of pin 41 and pin 42 by the impedance meter.
PIF input capacitance
/Zin C (p)
P4 Differential gain RF AGC: except 0 (1) Input a signal that 38.9 [MHz], 90 [dB (uV)], and 87.5 [%]
modulated by 10 stair video signal at pin 41.
/DG PIF Freq.: 38.9 MHz
. (2) Setthe bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
VCO Adj. Req.: 0/1 Adj. Req.” to “0".
Differential phase Others: Preset (3) Measure “DG [%]” and “DP [°]” for pin 30 output.
/DP
P5 Intermodulation RF AGC: except 0 (1) Input a signal composed of following 3 signals at pin 41;
/IM PIF Freq.: 38.9 MHz 38.90 [MHZz]/90 [dB (uV)],
VCO Adj. Req.: 0/1 34.47 [MHz]/80dB (uV)]
Others: Preset 33.40 [MHZz]/80 [dB (uV)]
(2)  Setthe bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
Adj. Req.” to “0”.
(3) Adjust pin 39 voltage so that the bottom of pin 30 output is
equal to sync. tip level.
(4) Measure the 1.07 [MHz] spectrum level against the
4.43 [MHz] level (= 0 [dB]) (IM [dB]).
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(-3dB)
/fDet (p)

PIF Freq.: 38.9 MHz
VCO Adj. Req.: 0/1

Others: Preset

Note Items/Symbols Bus Conditions Measurement Method
P6 Video output signal RF AGC: except 0 (1) Input a signal that 38.9 [MHz], 90 [dB (uV)], and 87.5 [%]
amplitude modulated by white video signal (100 IRE) at pin 41.
- PIF Freq.: 38.9 MHz
/VD et(p)n . (2) Setthe bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
VCO Adj. Req.: 0/1 Adj. Req.” to “0".
. : easure the amplitude of the pin 30 output signa
Svneh | Others: Preset 3 M h litude of th 30 I
Ie)\//gfl.‘, ronous signa (vDet (p) n [V (p_p)])‘
4 Measure the voltage of the sync. tip at pin 30 (Vsync n .
Vsyne n 4) g ync. tip at p (Vsyncn [V])
pP7 Video output S/N RF AGC: except 0 (1) Input a signal that 38.9 [MHz], 90 [dB (uV)], and 87.5 [%]
modulated by white video signal (100 IRE) at pin 41.
ISIN (p) PIF Freq.: 38.9 MHz
. (2) Change video signal from 100 IRE to 50 IRE.
VCO Adj. Req.: 0/1
(3) Setthe bit of “WCO Adj. Req.” to “1”, and set the bit of “VCO
Others: Preset Adj. Req.” to “0".
(4) Measure the video S/N for pin 30 output (HPF: 100 [kHZz],
LPF: 5 [MHz], CCIR weighted) (S/N (p) [dB]).
P8 Video bandwidth RF AGC: except 0 (1) Input a signal that 38.9 [MHz], 90 [dB (uV)] at pin 41.

@

@)

4

®)

@)

@)
®)

Set the bit of “VCO Adj. Req.” to “1", and set the bit of “VCO
Adj. Req.” to “0".

Apply the DC voltage to pin 39 and adjust it so that the
minimum voltage of the output signal at pin 30 is equal to sync
tip level.

Input the mixture of 2 signals (signal 1: 38.9 [MHz]/
84 [dB (uV)], signal 2: 38.8 [MHz]/74 [dB (uV)]) to pin 41.

Measure the output signal amplitude of 1 MHz at pin 30. (vDet
IM [Vp-p])

Decrease frequency of the input signal 2 at pin 41, and
measure amplitude and frequency of the output signal at pin
30.

(vDetVar [Vp-p], fDet(p) [MHz])

A =20 log (vDetVar/vDet 1M)

Measure fDet(p) at which A turns to be -3[dB] shown as
below.

o
™
£
o
- .
T B ¥
. e
5 | vDet 1M
= 1
S ! Ref. level
€ |
© |
+— 1
=1 |
=N |
£
=] |
(e} !
1 [MHz] Det (p)

Frequency of the output signal at pin 30
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/fpH (p) 389
/fpL (p) 389
/fpH (p) 380
/fpL (p) 380
/fpH (p) 457
/fpL (p) 457

Hold range of the
PLL

/fhH (p) 389
/fhL (p) 389
/ihH (p) 380
/fhL (p) 380
/fhH (p) 457
/fhL (p) 457

38.9/38.0/45.75 MHz
VCO Adj. Req.: 0/1

Others: Preset

®

4

®)

Note Items/Symbols Bus Conditions Measurement Method
P9 Control steepness of | RF AGC: except 0 (1) Setthe bit of “PIF Freq.” to “(0, 1, 1), 38.9 MHz".
the VCO
PIF Freq.: (2) Input a signal that fg = 38.9 [MHz], 60 [dB (uV)] at pin 41.
/B389
B 38.9/38.0/45.75 MHz | (3)  Set the bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
/3380 . Adj. Req.” to “0”".
VCO Adj. Req.: 0/1
1B457 ] (4) Input a signal that fg (38.9 MHz) — 500 [kHz] at pin 41, and
Others: Preset measure voltage of pin 35 (VL#35 [V]).
(5) Input a signal that fg (38.9 MHz) + 500 [kHz] at pin 41, and
measure voltage of pin 35 (VH#35 [V]).
(6) B389 [MHz/V] =1 [MHz]/(VL#35 [V] — VH#35 [V]).
(7) Repeat (1) to (6) in the condition that the bit of “PIF Freq. is
“(1, 0, 0), 38.0 MHz", “(0, 0, 1), 45.75 MHz” and fp = 38.0
[MHz]/45.75 [MHz]. (B380 [MHz/V]/3457 [MHz/V])
P10 Capture range of the | RF AGC:except O (1) Setthe bit of “PIF Freqg.” to “(0, 1, 1), 38.9 MHz".
PLL
PIF Freq.: (2) Input a signal that 38.9 [MHz], 60 [dB (uV)] at pin 41.

Set the bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
Adj. Req.” to “0”.

As read the bit of “IF lock”, sweep up/down the input signal
frequency.

Measure fsuL, fsuH, fsdH, fsdL shown as below.
fpH (p) 389 =fsdH - fg
fpL (p) 389 =fsuL —fg
fhH (p) 389 =fsuH - fg
fhL (p) 389 =fsdL - fg

[Read BUS DATA] The bit of “IF lock”

IF Lock 1
IF Lock O e
> frequency
fpL (p) fhH (p)
IF Lock 1
IFLock0 «——
> frequency
fhL (p) fpH (p)

(6)

Repeat (1) to (5), in the condition that the bit of “PIF Freq.” is
“(1, 0, 0), 38.0 MHz", (0, 0, 1), 45.75 MHz" and fg = 38.0
[MHz]/45.75 [MHz]. (fpH (p) 380/fpL (p) 380/fthH (p) 380/fhL
(p) 380, fpH (p) 457/fpL (p) 457/fhH (p) 457/fhL (p) 457)
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Note Items/Symbols Bus Conditions Measurement Method
P11 [ AFT center turn RF AGC: except 0 (1)  Setthe bit of “PIF Freq.” to “(0, 1, 1), 38.9 MHz".
frequenc
g y PIF Freq.: (2) Input a signal that 38.9 [MHz], 60 [dB (uV)] at pin 41.
/fAFTC389 . I .
38.9/38.0/45.75 MHz | (3)  Set the bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
/fAFTC380 . Adj. Req.” to “0".
VCO Adj. Req.: 0/1
[fAFTC457 ] (4) Asread the bit of “AFT center”, sweep up the input signal
Others: Preset frequency.
(5)  Measure the lowest frequency that the bit of “AFT center” is
“0”, shown as below. That is fAFTC389
(6) Repeat (1) to (5), in the condition that the bit of “PIF Freq.” is
“(1, 0, 0), 38.0 MHz", (0, 0, 1), 45.75 MHz" and fp = 38.0
[MHZz]/45.75 [MHz]. (fFAFTC380/fAFTC457)
[Read BUS DATA] The bit of “AFT center”
AFT Center 1
AFT Center O >
> frequency
fAFTOxx fp
P12 | AFT window RF AGC: except 0 (1) Setthe bit of “PIF Freq.” to “(0, 1, 1), 38.9 MHz".
frequency (narrow) ) )
PIF Freq.: (2) Input a signal that 38.9 [MHz], 60 [dB (uV)] at pin 41.
/fAFTWN389 . I .
38.9/38.0/45.75 MHz [ (3)  Set the bit of “VCO Adj. Req.” to “1", and set the bit of “VCO
/fAFTWN380 . Adj. Req.” to “0”".
VCO Adj. Req.: 0/1
[fAFTwn457 ) (4)  Setthe bit of “AFT window” to “(0), narrow”.
AFT window: 0/1
(5) Asread the bit of “AFT window”, sweep up the input signal
Others: Preset frequency
AFT window '
frequency (wide) (6) Measure the highest frequency but lower than fg (38.9 MHz)
that the bit of “AFT window” is “0”, shown as below. That is
[fAFTWw380 (7)  Measure the lowest frequency but higher than fg (38.9 MHz)
FAETWWAS7 that the bit of “AFT window” is “0”, shown as below. That is

®
©)
(10)
(11
(12)

AFT Window 1 >
AFT Window 0

fAFTWH.

fAFTwNn389 = fAFTwWH - fAFTwL

Set the bit of “AFT window” to “(1), wide”.
Measure as (5) to (8), that is fAFTwL, fAFTwWH.
fAFTww389 = fAFTWH — fAFTwL

Repeat (1) to (11), in the condition that the bit of “PIF Freq.” is
“(1, 0, 0), 38.0 MHz", (0, 0, 1), 45.75 MHz” and fp = 38.0
[MHz]/45.75 [MHz]. (fAFTwn380/fAFTwn457,
fAFTWwW380/fAFTWwA457)

[Read BUS DATA] The bit of “AFT window”

> frequency

fAFTWL fo fAFTWH
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Note Items/Symbols Bus Conditions Measurement Method
P13 SIF output bandwidth | RF AGC: except O (1) Input a signal composed of following 2 signals at pin 41;
/fDet (s) TH PIF Freq.: 38.9 MHz Signal 1: 38.90 [MHZz]/90 [dB (uV)],
SIF Freq.: 5.5 MHz Signal 2: 36.90 [MHz]/70 [dB (uV)]
Mix gain: O (2) Setthe bit of “WCO Adj. Req.” to “1”, and set the bit of “VCO
Adj. Req.” to “0”.
DET358 (11D1): 1
) (3) Setthe bit of “SIF Freg.” to “(0, 0), 5.5 MHz", “Mix gain” to “(0),
C Trap pass (11D0): 1 low”, “C trap pass” to “(1), on”, and “DET358" to “(0), depend
VCO Adj. Reg.: 0/1 on SIF Freq. ™.
Others: Preset (4)  Open input of pin 33.
(5) Measure the output signal amplitude of 2 MHz at Pin 31
(vDet2M[Vpp])

(6) Decrease frequency of the input signal 2 at pin 41, and
measure amplitude and frequency of the output signal at pin
31. (vDet Var[Vpp], fDet(s)TH[MHz])

(7) B =20log (vDet Var/vDet2M)
(8) Measure fDet (s) TH at which B turns to be —3[dB] shown as

below.
—
™
£
o
E U i'i3 dB:
o ! i 38l
E | vDet2M i
i ! Ref. level !
£ i i
] | |
E— ! !
> ! |
=3 i i
I=
S ! |
(@) | i
2.0 [MHz] fDet (s) TH

Frequency of the output signal at pin 31
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Note Items/Symbols Bus Conditions Measurement Method
P14 | SIF output trap RF AGC: except 0 (1) Input a signal composed of following 2 signals at pin 41;
reduction
PIF Freq.: 38.9 MHz Signal 1: 38.90 [MHZz]/90 [dB (uV)],
/Gra43 (s) .
SIF Freq.: 5.5 MHz Signal 2: 33.40 [MHZz]/70 [dB (uV)]
/Gr358 (s) ) . . i .
Mix gain: O (2) Setthe bit of “WCO Adj. Req.” to “1”, and set the bit of “VCO
Adj. Req.” to “0”.

DET358 (11D1): 0
(3) Setthe bit of “SIF Freg.” to “(0, 0), 5.5 MHz", “Mix gain” to “(0),

C Trap pass (11D0): 0 low”, “C trap pass” to “(0), off”, and “DET358" to “(0), depend
VCO Adj. Req.: 0/1 on SIF Freq.”.
Others: Preset (4)  Open input of pin 33.

(5) Measure amplitude of 5.5 MHz output signal at pin 31.
(VDet (s) 55)

(6) Alter frequency of signal 2 to 34.47 [MHz].

(7)  Measure amplitude of output signal at pin 31. (VDet (s) 443)
(8) Grd43 (s) = 20log (VDet (s) 55/VDet (s) 443)

(9) Set the bit of “DET358" to “(1), forced 358.”

(10) Alter frequency of signal2 to 34.40 [MHz].

(11) Measure amplitude of 4.5 MHz output signal at pin 31.
(VDet (s) 45)

(12) Alter frequency of signal2 to 35.32 [MHz].
(13) Measure amplitude of output signal at pin 31. (VDet (s) 358)
(14) Gr358 (s) = 20log (VDet (s) 45/VDet (s) 358)

Vdet (S) 55
4.5[MHz] 5.5 [MHz]

vdet (S) 45|

Gr358 (S) Gra43 (S)

Vdet (S) 358 T """""

R S ————

Vdet (S) 443

Amplitude of output signal at pin 31

Pid \
3.58 [MHz]  4.43 [MHz]

Frequency of output signal at pin 31
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Note Items/Symbols Bus Conditions Measurement Method
P15 SIF output signal RF AGC: except 0 (1) Input a signal composed of following 2 signals at pin 41;
amplitude (no trap, )
fix) PIF Freq.: 38.9 MHz Signal 1: 38.90 [MHZz]/90 [dB (uV)],
IVDet (s) TH SIF Freq.: 5.5 MHz Signal 2: 33.40 [MHz]/70 [dB (uV)]
Mix gain: 0 (2) Setthe bit of “VCO Adj. Req.” to “1”, and set the bit of “VCO
] Adj. Req.” to “0”.
SIF output signal PETIS8 (11010 (3) Setthe bit of “SIF Freq.” to “(0, 0), 5.5 MHz", “Mix gain” to “(0)
amplitude (AGC1 . : Y O ’ J
P ( ) C Trap pass (11D0): 0/1 low”, “C trap pass” to “(1), on”, and “DET358" to “(0), depend
/VDet (S) Al VCO Adj Req.: 0/1 on SIF Freq.".
Others: Preset (4)  Input a output signal of pin 31 at pin 33.
SIF output signal (5) Measure amplitude of 5.5 MHz output signal at pin 31.
amplitude (AGC2) (VDet (s) TH)
/VDet (s) A2 (6) Setthe bit of “C Trap pass” to “(0), Ctrap on”.

(7)  After the amplitude of signal 2 to 85 [dB (uV)]

SIF output signal (8) Measure amplitude of 5.5 MHz output signal at pin 31.
amplitude (clamp) (VDet (s) Al)
/VDet (s) CL (9) Set the bit of “Mix gain” to “(1), high”.

(10) Alter amplitude of signal 2 to 73 [dB (uV)].

(11) Measure amplitude of 5.5 MHz output signal at pin 31.
(VDet (s) A2)

(12) Alter frequency of signal 2 to 36.9 [MHz], amplitude to
90 [dB (uV)].

(13) Measure amplitude of 2.0 MHz output signal at pin 31.
(VDet (s) CL)
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2" SIF Stage

Note Items/Symbols Bus Conditions Measurement Method
S1 AF output signal SIF-Freq.: 4.5M (1) Set the bits of “SIF-Freq.” to “(11), 4.5 MHz", “Au Gain” to “(0),
amplitude ) high”.
Au Gain: 0/1
/vDet (s) 45H ] (2) Input a signal that 4.5 [MHz], 100 [dB (uV)], 25 [kHz] deviated
AUDIO ATT: 127 by 400 [Hz] sine wave at pin 33.
IvDet (s) 45L )
Others: Preset (3)  Measure the amplitude at pin 38 (vDet (s) 45H [MVims]).
) (4) Measure the total harmonics distortion at pin 38
Tptal harmonlcs (THD45H [%]).
distortion
(5) Decreasing the 4.5 [MHz] signal level, measure the 4.5 [MHz]
/THDA4SH signal level at which the amplitude at pin 38 turns to be -3
JTHD45L [dB] against “vDet (s) 45H". (vin lim (s) 45H [dB (uV)]).
(6) Input a4.5[MHz], 100 [dB (uV)] signal at pin 33.
AF output S/N (7)  Measure the amplitude at pin 38 (vn (S) [MVms])-
ISIN (s) 45H (8)  S/N45H [dB] = 20log (vDet (s) 45H/vn (s))
ISIN (s) 45L (9) Input a signal that 4.5 [MHZ], 100 [dB (uV)], and 30 [%]
modulated by 400 [Hz] sine wave at pin 33.
(10) Measure the amplitude at pin 38 (v#38 [MVms])-
AM reduction ratio
(11) AMR45H [dB] = 20log (v#38/vDet (s) 45H)
/AMR45H . .
(12) Set the bits of “Au Gain” to “(1), low”.
/AMR45L
(13) Repeat (2) to (13), that is vDet (s) 45L/THD45L/SIN (s)
45L/AMR45L.
S2 AF output signal SIF-Freq.: 5.5M (1) Set the bits of “SIF Freq.” to “(0.0), 5.5 MHz".
amplitude
P AUDIO ATT: 127 (2)  Input a signal that 5.5 [MHZ], 100 [dB (uV)], 50 [kHz] deviated
IvDet (s) 55 by 400 [Hz] sine wave at pin 33.
Others: Preset
(3) Do same measuring as vDet (s) 45H et al.
. (vDet (s) 55, THD55, S/N (s) 55, AMRS55).
Total harmonics
distortion
/THD55
AF output S/N
/SIN (s) 55
AM reduction ratio
/AMR55
S3 AF output signal SIF-Freq.: 6.0M (1)  Setthe bits of “SIF Freq.” to “(0.1), 6.0 MHz".
amplitude
P AUDIO ATT: 127 (2) Input a signal that 6.0 [MHz], 100 [dB (uV)], 50 [kHz] deviated
/vDet (s) 60 by 400 [Hz] sine wave at pin 33.
Others: Preset
(3) Do same measuring as vDet (s) 45H et al.
. (vDet (s) 60, THD60, S/N (s) 60, AMRGE0).
Total harmonics
distortion
/THD60
AF output S/N
/SIN (s) 60
AM reduction ratio
/AMRG60
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Note Items/Symbols Bus Conditions Measurement Method
S4 AF output signal SIF-Freg.: 6.5M (1) Set the bits of “SIF Freq.” to “(1.0), 6.5 MHz".
amplitude
P AUDIO ATT: 127 (2) Input a signal that 6.5 [MHZ], 100 [dB (uV)], 50 [kHz] deviated
IvDet (s) 65 by 400 [Hz] sine wave at pin 33.
Others: Preset
(3) Do same measuring as vDet (s) 45H et al.
. (vDet (s) 65, THD65, S/N (s) 65, AMR65).
Total harmonics
distortion
/THD65
AF output S/N
/SIN (s) 65
AM reduction ratio
/AMR65
S5 Pullin range of FM SIF-Freq.: 5.5M (1) Input a signal that 5.5 [MHz], 100 [dB (uV)], 50 [kHz] deviated
demodulator PLL by 400 [Hz] sine wave at pin 33.
AUDIO ATT: 127
/fhH (s) 55 Others: Preset (2)  Measure the amplitude at pin 38 (vo#38 [V (p-p)])-
/fhL (s) 55 (3) Decrease the input signal frequency from 6.5 MHz, measure
the input signal frequency at which the output amplitude at pin
38 turn to be +3 [dB] against “vo#38". (fpH (s) 55 [MHz])
(4) Increase the input signal frequency from 4.5 [MHz], measure
the input signal frequency at which the output amplitude at pin
38 turn to be +3 [dB] against “vo#38” (fpL (s) 55 [MHz])
S6 Hold range of FM SIF-Freq.: 5.5M (1) Input a signal that 5.5 [MHz], 100 [dB (uV)], 50 [kHz] deviated
demodulator PLL by 400 [Hz] sine wave at pin 33.
AUDIO ATT: 127
/fhH (s) 55 2 M th litude at pin 38 (vo#38 -0)])-
(s) Others: Preset 2) easure the amplitude at pin 38 (vo [V (p-p)))
/fhL (s) 55 (3) Increase the input signal frequency from 5.5 [MHz], measure
the input signal frequency at which the output amplitude at pin
38 turn to be -6 [dB] against “vo#38” (fhH (s) 55 [MHz])
(4) Decrease the input signal frequency from 5.5 [MHz], measure
the input signal frequency at which the output amplitude at pin
38 turn to be —6 [dB] against “vo#38” (fhH (s) 55 [MHz])
S7 DeEmp 3 kHz output | SIF-Freq.: 4.5M/5.5M (1)  Set the bit of “SIF Freq” to “(0.0), 5.5 MHz”, “AUDIO Gain” to
(50 W “0, High”.
AUDIO-SW: 0
/Fde50u ) (2) Input a signal that 5.5 [MHz], 100 [dBuV], 50 [kHz] deviated by
AUDIO ATT: 127 3 [kHz] sine wave at pin 33.
AUDIO Gain: 0/1 (3)  Measure the output amplitude at pin 38 (V50u#38 [mVrms]).
DeEmp 3 kHz output )
(75 ) Other: Preset (4)  Fde50u [dB] = 20log (V50u#38/vDet (s) 5.5M)
/Fde75u (5)  Setthe bit of “SIF Freq” to “(1.1), 4.5 MHz", “AUDIO Gain” to
“0, High”.
(6) Input a signal that 4.5 [MHz], 100 [dBuV], 25 [kHz] deviated by
3 [kHz] sine wave at pin 33.
(7)  Measure the output amplitude at pin 38 (V75u#38 [mVrms]).
(8) Fde75u [dB] = 20log (V75u#38/vDet (s) 4.5M)
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Video Stage
Note Items/Symbols Bus Conditions Measurement Method
V1 TV input dynamic Video SW: 00/01/10 (1)  Setthe bit of “Video SW" to “(0, 1), EXT".
range
g YPL: 1 (OFF) (2) Inputa 100 IRE signal (siganl 1, Vg = 0.7 Vp.p) into pin 24.
/DR
v Uni-Color: 64 (3) Increasing the pin 24 input amplitude, measure the pin 24
. amplitude at which the pin 50 output is clipped, that is “DR1v".
Brightness: 0
EXT input dynamic ] (4) Measure pin 26/20 input amplitude by the same way as the
range Color: 0 above. That are “DR1v"/“DRy".
IDReXT RGB Mute: 0 (OFF)
R cutoff: 128
Y input dynamic Others: Preset
range
/DRy
V2 TV gain Video SW: 00/01/10 (1)  Setthe bit of “Video SW" to “(0, 1), EXT".
IGTv MON/SVM: 1 (2) Input a raster signal (siganl 1, amplitude (with sync) =
0.5 Vp.p) into pin 24.
Others: Preset
3 Measure the output amplitude at pin 45, that is VExT.
EXT gain 3 p p! p EXT
(4)  "Gexr" =20*log (VEXT/O.5).
IGEXT
(5) Measure the gain for TV/Y mode by the same way as the
above. That are “G1y"/“Gy”
Y gain
IGy
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Note Items/Symbols Bus Conditions Measurement Method
V3 Video switch Video SW: 00/01 (1)  Input a sine wave signal (Siganl 4, Vo = 0.5 Vp.p, fo = 4 MHz)
cross-talk ) into pin 24, and connect pin 26 to GND through 0.1 pF
(TV — EXT) MON/SVM: 1 capacitor.
ICTTV EXT Unicolors: 127 (2)  Set the bit of “Video SW” to (0, 0), TV" and measure the
Sharpness: 16 amplitude of 4 MHz signal at pin 50, that is Vext_Tv.
) ) Others: Preset (3) Setthe bit of “Video SW" to “(0, 1), EXT” and measure the
Video switch amplitude of 4 MHz signal at pin 50, that is VExT.
cross-talk
(EXT -~ TV) (4)  "Cext_tv"=20%0g (VEXT_TV/ VEXT)

ICTEXT TV (5)  Input a sine wave signal (Siganl 4, Vo = 0.5 Vp.p, fo = 4 MHz)
into pin 26, and connect pin 24 to GND through 0.1 pF
capacitor.

Video switch (6)  Set the bit of “Video SW” to (0, 1), EXT” and measure the
cross-talk (TV - Y) amplitude of 4 MHz signal at pin 50, that is V Tv_gxT.

ICTTv_y (7)  Set the bit of “Video SW” to “(0,0), TV" and measure the
amplitude of 4 MHz signal at pin 50, that is V Ty.

Video switch (8)  "Crv_gxt" =20%0g (VTv_ExT/ VTV)
cross-talk (Y - TV) (9)  Input a sine wave signal (Siganl 4, Vo = 0.5 Vpp, fo = 4 MHz)
ICTy Tv into pi_n 26, and connect pin 20 to GND through 0.1 pF
- capacitor.
(10) Set the bit of “Video SW” to “(1, 0), YCbCr” and measure the
Video switch amplitude of 4 MHz signal at pin 50, thatis V tv_y.
cross-talk (EXT - Y) B . .
) (11) “Cyv_y"=20%0g (VTv_Y/VTV).
CT
EXT_Y (12) Input a sine wave signal (Siganl 4, Vo = 0.5 Vp.p, fo = 4 MHz)
into pin 20, and connect pin 26 to GND through 0.1 pF
) ) capacitor.
Video switch
cross-talk (Y - EXT) (13) Set the bit of “Video SW” to “(0, 0), TV” and measure the
amplitude of 4 MHz signal at pin 50, that is Vy Tv.

ICTy_ExT -

(14) Set the bit of “Video SW” to “(1, 0), YCbCr” and measure the
amplitude of 4 MHz signal at pin 50, that is Vy.

(5) . "Cy_1v" =20%log (Vy_T1v/VY)

(16) Input a sine wave signal (Siganl 4, Vo = 0.5 Vp.p, fo = 4 MHz)
into pin 20, and connect pin 24 to GND through 0.1 pF
capacitor.

(17) Set the bit of “Video SW" to “(0, 1), EXT”, measure the
amplitude of 4 MHz signal at pin 50, that is Vy_gxT.

(18) “Cy_gxt”=20%0g (Vy_gxT/ VY)

(19) Input a sine wave signal (Siganl 4, Vo = 0.5 Vp.p, fo = 4 MHz)
into pin 24, and connect pin 20 to GND through 0.1 pF
capacitor.

(20) Set the bit of “Video SW” to “(1, 0), YCbCr” measure the
amplitude of 4 MHz signal at pin 50, that is VexT_v.

(21) "Cext_y"=20%09 (VEXT_Y/ VEXT)

V4 TV input pedestal Video SW: 00/01/10 (1) Setthe bit of “Video SW" to “(0, 0), TV".
clamp voltage . ) .
RGB Mute: 0 (OFF) (2)  Connect pin 24 to GND via a 1 pyF capacitor.
A%
Tvewe R cut off: 128 (3) Measure the pedestal level at pin 24 that is "VexTcLp"
Others: Preset (4) Measure the pedestal level at pin 26/20 by the same way as

EXT input pedestal the above. That are VtvcLp/VycLp-
clamp voltage

NVexTCLP
Y input pedestal
clamp voltage

NycLp

252




TOSHIBA

TMPA8827CMNG /CPNG /CSNG

Note Items/Symbols Bus Conditions Measurement Method
V5 Y frequency Video SW: 01 (1)  Input a sweep signal (signal 2, Vo = 0.5 Vp.p) into pin 24.
response
P RGB Mute: 0 (OFF) (2) Measure the output picture amplitude for 100 kHz at pin 50,
/FR that is V. .
v R cut off: 128 'S V'SH100k
. ) (3) Adjust the “sharpness” data so that the output amplitude for
Uni-Color: 127 sharpness peaking frequency equals VsH100k-
Sharpness: Adjust (4)  Measure the frequency at which the output amplitude of pin 50
Color: 0 is 3dB down against VsH100k, Which is “FRy”.
Others: Preset
V6 Y delay time Y DL: 001/010/111 (1) Input a 2T pulse with sync into pin 24.
ItypEL Video SW: 01 (2) Setthe BUS data “Y DL" to “(0, O, 1), O ns".
ItYDEL + 40 Uni-Color: 127 (3) Observe the pin 50 output, measure the delay time between
pin 24 and pin 50, that is “typgL”.
IYDEL + 240 Color: 0
(4) Setthe BUS data “Y DL" to “(0, 1, 0), +40 ns”.
RGB Mute: 0
5 Repeat (3), that is t .
R cut off: 128 (5) peat (3) YDEL + 40
(6) Setthe BUS data “Y DL” to “(111), +240 ns”.
Others: Preset
(7) Repeat (3), that is typgL + 240-
V7 Brightness Video SW: 01 (1)  Input a0 IRE signal (siganl 1, Vg = 0 Vp.p) into pin 24,
characteristics . ) . )
Brightness: 0/64/127 (2) Measure the DC level of picture period at pin 50 for
INBRTMAX “Brightness™: 127/64/0, that is “VerTmAX"/“VBRTCEN"/
Color: 0 ayg ,,
IVBRTCEN BRTMIN -
RGB Mute: 0
Y
BRTMIN R cut off: 128
Others: Preset
V8 Uni-color Video SW: 01 (1) Inputa50 IRE signal (siganl 1, Vg = 0.35 Vp.p) into pin 24.
characteristics for Y . . . . .
Uni-Color: 0/64/127 (2)  Measure the output picture amplitude at pin 50 for “Uni-Color”:
/GucyceN Color: 0 127/64/0, that is Vycymax/VucYCEN/VUCYMIN.
/G 3 ‘G " =20*log (V /v
UCYMIN YPL: 1 (OFF) 3) UCYCEN g (VucYCcEN/VUCYMAX)
"G " = 20*log (V Vi
RGB Mute: 0 UCYMIN g (VucyMIN/VUCYMAX)
R cut off: 128
Others: Preset
V9 Sub-contrast Video SW: 01 (1)  Input a 50 IRE signal (siganl 1, Vg = 0.35 Vp.p) into pin 24.
characteristics ) ) .
Sub-Contrast: 0/8/15 (2) Measure the output picture amplitude at pin 50 for
IGSCONMAX . “Sub-Contrast”; 15/8/0, that is Vsconmax/VscoNcEN/
Uni-Color: 127 vV
SCONMIN-
/GsconmIN Color 0
' (3)  "Gsconmax” = 20*log (VscoNMAX/VSCONCEN)
RGB Mute: 0 “GSCONMIN” = 20*log (VSCONMIN/VSCONCEN)
R cut off: 128
YPL: 1 (OFF)
Others: Preset
V10 Sharpness peaking [ Video SW: 01 (1)  Input a sweep signal (signal 2, Vo = 0.5 Vp.p) into pin 24.
frequenc
g y Sharpness: 63 (2) Measure the frequency at which the pin 50 output amplitude is
/F max. that is “Fspp”.
SHP Uni-Color: 64 . that1s TSP
Color: 0
RGB Mute: 0
R cut off: 128
Others: Preset
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Others: Preset

Note Items/Symbols Bus Conditions Measurement Method
Vil Sharpness control Video SW: 01 (1)  Inputa0.5V (p-p) sweep signal with sync into pin 24.
characteristics ) )
Sharpness: 0/16/63 (2) Set“Sharpness” to “16”, measure the output picture amplitude
G for 100 kHz at pin 50 that is V .
SHMAX Uni-Color: 64 p SH100k
IGSHMIN ) (3) Measure the output picture amplitude for Fsyp (V8) when
Color: 0 “Sharpness” is 0/63. that are VsHmax, VsHceN and VsHMIN-
RGB Mute: 0 (4)  “GsHMmAX = 20*Iog (VSHMAX/VSH100k)
R cut off: 128 “GsHMIN" = 20*10g (VsHMIN/VSH100k)
Others: Preset
V12 | Asymmetric Video SW: 01 (1) Input a 2T pulse signal to pin 24.
sharpness control « : 1 4 Oy T
characteristics Sharpness: 63 (2) SetBUS data Asymme_trlc Sharp_ness to “0 /_4 /“7", measure
. the pre/over-shoot amplitude at pin 50 as the figure below,
IGASHMAX Asymmetric Sharpness: that is
0/4/7 “VpsMIN"/*VosMIN"*VpsceN"/*VosceN/*VPsMaX*Vosmax-
IGASHCEN
IGASHMIN Uni-Color: 64 (3)  “GasHMAX' =20*log (VpsMAX/VOSMAX)
Color: 0 “GAsHCEN" = 20*log (VpSCEN/VOSCEN)
RGB Mute: 0 “GASHMIN” = 20*log (VpsmIN/VOSMIN)
YPL: 1
R cut off: 128
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Others: Preset

Note Items/Symbols Bus Conditions Measurement Method
V13 Y y correction start Video SW: 01 (1) Input a ramp signal (signal 3) into pin 24.
oint
P y point: 00/01/10/11 (2) SetBUS data “y point” to “(0, 1), 90 IRE".
A%
Yyro Uni-Color: 127 (3) Measure a video amplitude as the figure below, that is
N . "
Y80 Color:0 Yy 90
A% 4 Set BUS data “y point” to “(1, 0), 80 IRE”.
Y90 RGB Mute: 0 ) e (1.0
5 Repeat (3), that is “V'
R cut off: 128 ©) peat (3) Y80
Y y correction curve 6 Set BUS data “y point” to “(1, 1), 70 IRE”.
¥ YPL: 1 (OFF) ©) Yp 1)
G 7 Repeat (3), that is “V'
vy Others: Preset @ peat (3) Yyro
(8) Calculate the slope ratio of the y curve against the slope when
Yy is off (*y point” = (0, 0), off’), that is “Gy y".
A Yr = off
" 90/80/70 IRE
g
S
3
8
E
Vrxx Pin 24 input amplitude
V14 Black expansion start | Video SW: 01 (1) Input araster signal (signal 1) into pin 24.
oint
P Black stretch: (2) SetBUS data “black stretch” to “(0, 1), 25 IRE".
N
BLEX25 00/01/10/11 (3) Measure the amplitude of pin 50 output as the figure below,
Y that is “V !
BLEX3S Uni-Color: 127 BLEX25
IVBLEX45 (4) SetBUS data “black stretch” to “(1, 0), 35 IRE”.
Color: 0
5 Repeat (3), that is 'V
RGB Mute: 0 ) peat (3) BLEX35
Black expansion (6) SetBUS data “black stretch” to “(1, 1), 45 IRE".
AMP gain R cut off: 128
(7) Repeat (3), that is ‘VBLEx45"
IGBLEX YPL: 1 (OFF)
(8) Calculate the slope ratio of the stretch curve against the slope

when black stretch is off (“black stretch” =“(0, 0), off"), that is
“GBLEX"

Pin 50 output amplitude

25/35/45 IRE

\ 4

VBLEXxx

Pin 24 input amplitude
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V15 YPL level Video SW: 01 (1) Input a ramp signal (signal 3) into pin 24.
NvypL YPL: 1 (on) (2) SetBUS data “YPL" to “(0), on".
Uni-Color: 127 (3) Measure the clipping point from pedestal level at pin 50
. output.
Brightness: 63
Color: 0
RGB Mute: 0
R cut off: 128
Others: Preset
V16 Chroma trap gain Video SW: 01 (1) Input a sine wave signal (signal 4, fg = 3.58 MHz,
. Vo = 0.5 Vp.p) with burst into pin 24.
IGTRAP358 Uni-Color: 127
2 Measure the 3.58 MHz amplitude at pin 50, that is V .
IGTRAPA43 Color 0 (2 p! p TRAPON
] (3) Input a sine wave signal (signal 4, fo = 3.58 MHz,
Sharpness: 16 Vo = 0.5 Vpp) without burst into pin 24
RGB Mute: 0 (4)  Measure the 3.58 MHz amplitude at pin 50, that is VTRAPOFF-
R cut off: 128 (5)  “GTrAP358" = 20*l0g (VTRAPON/VTRAPOFF)
Others: Preset (6) Measure “Chroma trap gain for 4.43 MHz" by the same way
as the above, that is “GTrap443”.
V17 SVM peak frequency [Video SW: 01 (1) Input sweep signal (signal 2, Vo = 100 mVp.p) to pin 24.
IFsvm RGB Mute: 0 (2) Measure the peak point frequency “Fsym” at pin 45.
SVM gain: 11
SVM DL: 01
MON/SVM: 0
Others: Preset
V18 SVM gain Video SW: 01 (1) Input a sine wave signal (signal 4, fg = Fsym (see V18), Vg =
100 mVp.p) to pin 24.
IGsvmoo RGB Mute: 0
. (2) SetBUS data “SVM Gain” to “(00/01/10/11)” and measure the
Gsvmo1 SVM gain: 00/01/10/11 amplitude at pin 45, that is Vsvmoo/Vsvmo1/Vsvm10/VSVM11.-
/Gsvm1o SVMDL: 01 (3)  “Gsvmoo” = 20*log (Vsvmoo/0.1)
[Gsvm11 MON/SVM: 0 “Gsvmo1” = 20*log (Vsvmo1/0.1)
Others: Preset “Gsvm1g” = 20*log (Vsym11/0.1)
“Gsvmi1” = 20*log (Vsvym11/0.1)
V19 SVM DL Video SW: 01 (1) InputaT step square wave signal to pin 24.
/Tvmo1 RGB Mute: 0 (2) SetBUS data “SVM DL" to “01”
ITvym10 SVM gain: 11 (3) Measure the delay time between the center level timing of pin
50 output and the peak level of pin 45 output, that is “T i
Tumit SVM DL: 01/10/11 P P P P VMo1
(4) SetBUS data “SVM DL" to “10”
MON/SVM: 0
5 Repeat (3), that is “T ¥
Others: Preset ©®) peat (3) VM10
(6) SetBUS data “SVM DL" to “11”
(7) Repeat (3), that is “Tym11”
SVM DL
Pin 50 Output
Pin 45 Output
(SVM OUT)
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Chroma Stage
Note Items/Symbols Bus Conditions Measurement Method
C1 ACC characteristics | Video SW: 01 (1) Input a 4.43 MHz PAL rainbow color-bar (signal 5,
Vo =300 mV (p-p), burst:chroma = 1:1) into pin 24.
NaccH RGB Mute: 0
2 Measure pin 50 output amplitude, V, .
NaceL Y Mute: 0 @) P putamp ACCO
. ) (3) Changing the amplitude of burst and chroma, measure the
Uni-Color: 127 input amplitude at which pin 50 output amplitude is
Color: 64 Vacco + 1dB/Vacco — 1dB, that is “VaccH/*VaccL-
Others: Preset
Cc2 TOF characteristics [ Video SW: 01 (1)  Input a sweep signal (signal 2, Vg = 300 mV (p-p)) into pin 24.
4.43 MHz
( ) BPF/TOF: 0/1 (2) SetBUS data “BPF/TOF” to “(1), TOF”, “Color system” to “(1,
IFoT443 0, 0), 443PAL".
Color system:
1QT443 (3) Measure the peaking frequency/Q of chroma filter at pin 50,
443PAL/358NTSC that is “FoT443"/“QT443".
. RGB Mute: 0 (4)  SetBUS data “BPF/TOF” to “(0), BPF”, “Color system” to “(1,
BPF characteristics . 0 0) 443PAL".
(4.43 MHz) Y Mute: 0 o
IFoBass Uni-Color: 127 (5) Repeat (3), that is “Fop443"/“QB443".
Color: 64 (6) SetBUS data “BPF/TOF” to “(1), TOF", “Color system” to “(0,
/QB443 : 1, 0), 358NTSC”.
Others: Preset )
(7) Repeat (3), that is “FgT358"/"QT1358"-
TOF characteristics (8)  SetBUS data “BPF/ITOF” to “(0), BPF”, “Color system” to “(0,
(3.58 MHz) 1, 0), 358NTSC”
IFotssg (9) Repeat (3), that is “Fop358"/“QB358"-
1QT3s8
BPF characteristics
(3.58 MHz)
FoB3ss
/QB358
C3 C delay time Video SW: 01 (1) Input a 4.43 MHz PAL rainbow color-bar (signal 5,
Vo =300 mV (p.p), burst:chroma = 1:1) into pin 24.
ICcDELP RGB Mute: 0
) (2)  Observe the pin 50 output, measure the delay time between
MtcDELN Y Mute: 0 pin 24 and pin 50 that is “tcpeLp”.
Uni-Color: 127 (3)  Input a 3.58 MHz NTSC rainbow color-bar (signal 5,
Delay time difference | Color: 64 Vo =286 mV (p.p), burst:chroma = 1:1) into pin 24.
between Y/C Others: Preset 4 O_bserve the_pin 50 Oui.:pl:!t, measkjre the delay time between
IAtyscp pin 24 and pin 50 that is “tcpeLN”-
IAty/eN (5)  "Aty/cp” = tyDEL ~ tCDELP
“Aty/cN” = tyDEL ~ tCDELN
C4 Color characteristics | Video SW: 01 (1) Input a 4.43 MHz PAL rainbow color-bar (signal 5,
Vo =300 mV (p-p), burst:chroma = 1:1) into pin 24.
IGcoLMAX RGB Mute: 0
/G Color: 0/64/127 (2) Measure the pin 50 amplitude for Color 127/64/0, that is
COLMIN olor: VcoLmAX/VCOLCEN/VCOLMIN-
Y Mute: 1 ()  “GcoLmax” = 20*log (VcoLMAX/VCOLCEN)
Uni-Color: 127 “GcoLMIN” = 20*1og (VCoLMIN/VCOLCEN)
Others: Preset
C5 Uni-color Video SW: 01 (1) Input a 4.43 MHz PAL rainbow color-bar (signal 5,
characteristics for C Vo =300 mV (p-p), burst:chroma = 1:1) into pin 24.
RGB Mute: 0
IGucc Color: 64 (2) Measure the pin 50 amplitude for Uni-Color 127/0 that is
olor: Vuccmax. and VUCCMIN-
Uni-Color: 0/127 () "Gucc” =20%log (VuccminVuccmAX)
Y Mute: 1
Others: Preset
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Note Items/Symbols Bus Conditions Measurement Method
C6 APC pull-in range Video SW: 01 (1) Input a 4.43 MHz PAL rainbow color-bar (signal 5,
(4.43 MHz) Vo =300 mV (p-p), burst:chroma = 1:1) into pin 24.
Color system: 010/100
IAF + 2 Set “Color System” to “(1, 0, 0), (443PAL)".
4APCP RGB Mute: 0 2 Y. ( ). ( )
IAF4pPCP- ) (3) Changing the sub carrier frequency of pin 24 input in 4.43
Color: 64 MHz + 3 kHz, measure the sub carrier frequency of pin 24
Y Mute: 1 input: F4apcp+/F4apcp- When Read BUS “Color system”
APC hold range changes from “(0, 0, 0), No color” to “(0, O, 1), 443PAL",
(4.43 MHz) Uni-Color: 127 FaapcH+/FappcH- when Read BUS “Color system” changes
from “(0, 0, 1), 443PAL" to “(0, 0, 0), No color”
IAF4APCH: Others: Preset
(4)  "DFaapcp+” = Fappcp+ — 4433619
IAF -
A4APCH “AF4ppcp-* = 4433619 — F4apcp-
“AFaaPcH+" = F4apcH+ — 4433619
APC pull-in range B R
(3.58 MHZ) AF4APCH— = 4433619 - F4APCH—
IAF3APCP- (5) Input a 3.58 MHz NTSC rainbow color-bar (signal 5,
Vo =286 mV (p-p), burst:chroma = 1:1) into pin 24.
IAF3APCP- « - »
(6) Set“Color System” to “(0, 1, 0), (358NTSC)".
(7)  Changing the sub carrier frequency of pin 24 input in 3.58
APC hold range MHz + 3 kHz, measure the sub carrier frequency of pin 24
(3.58 MHz) input: F3apcp+/F3apcp- when Read BUS “Color system”
changes from “(0, 0, 0), No color” to “(1, 0, 0), 358NTSC",
IAF3APCH« FaapcH+/F3apcH- when Read BUS “Color system” changes
IAF3APCH- from “(1, 0, 0), 358NTSC” to “(0, 0, 0), No color”
(8) "AFzapcp+" = F3apcp+ — 3579545
“AF3apcp-" = 3579545 - Faapcp-
“AF3aApCH+" = FaapcH+ — 3579545
“AF3apcH-" = 3579545 — F3aPCH-
Cc7 PAL ID sensitivity Video SW: 01 (1) Input a 4.43 MHz PAL rainbow color-bar (signal 5,
(normal mode) Vo =300 mV (p-p), burst:chroma = 1:1) into pin 24.
PN ID: 0/1 PP
N 2 Set “Color System” to “(1, 0, 0), (443PAL)", “P/N ID" to “0,
PALIDON Color system: 010/100 @ normal” y ( ). € )
INPALIDOFF _
RGB Mute: 0 (3) Changing the burst amplitude of pin 24 input, measure the
Color: 64 burst amplitude of pin 24 input: “VpaLiDoN” when Read BUS
PAL ID sensitivity “Color system” changes from “(0, 0, 0), No color” to “(0, 0, 1),
Y Mute: 1 443PAL", “VpaLIDOFE" when Read BUS “Color system”
(low mode) . changes from “(0, O, 1), 443PAL" to “(0, 0, 0), No color”
Uni-Color: 127
Y 4 Set “P/N ID” to “1, low”
PALIDLON Others: Preset @
/VPALIDLOFF (5) Repeat (3), that is “VpaLIDLON"/*VPALIDLOFF”
(6) Set“Color System” to “(0, 1, 0), (358NTSC)”, “P/N ID" to “0,
L normal”.
NTSC ID sensitivity
(normal mode) (7)  Changing the burst amplitude of pin 24 input, measure the
burst amplitude of pin 24 input: “VNTIDON” When Read BUS
VNTIDON “Color system” changes from “(0, 0, 0), No color” to “(1, 0, 0),
NNTIDOFF 358NTSC”, “VNTIDOEE" When Read BUS “Color system”
changes from “(1, 0, 0), 358NTSC” to “(0, 0, 0), No color”
(8) Set“P/NID"to“1, low”
NTSC ID sensitivity o ” .
(low mode) (9) Repeat (3), that is “VNTIDLON"/*VNTIDLOFF
/VNTIDLON
INNTIDLOFF
c8 CW out amplitude Video SW: 01 (1) Input a4.43 MHz PAL rainbow color-bar (signal 5,
Vo =300 mV (p.p), burst:chroma = 1:1) into pin 24.
Ncw Color system: 100
2 Measure the amplitude of pin 26 output that is “Vcw”.
CW SW: 1 @) p p p cw
RGB Mute: 0
Others: Preset
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SECAM Stage

Note Items/Symbols Bus Conditions Measurement Method
SE1 | Color Difference | RGB Mute:0 (1) Input a SECAM 75% color bar(200mV(p-p) at R ID) into pin 24.
Relative Amplitude ) ) ) )
Uni-Color:64 (2) Measure the R-Y output amplitude at pin 50, that is "VRS".
/ R/IB-S
Color:64 (3) Measure the B-Y output amplitude at pin 52, that is "VBS".
Y Mute:1 (4) Calculate : "R/B-S"=VRS/VBS
Others: preset
SE2 |Linearity RGB Mute:0 (1) Input a SECAM 75% color bar(200mV(p-p) at R ID) into pin 24.
/ LinB SECAM black:1 (2) SetBUS data “SECAM black” to “1:alignment”.
/ LinR Others: preset (3) Measure the amplitude from black level to Cyan/Red at pin 50,
that is VCyan/VRed.
(4) Measure the amplitude from black level to Yellow/Blue at pin
52, that is VYellow/VBIlue.
(5) Calculate : "LinR"=VCync/Vred
"LinB"=VYellow/VBlue
SE3 Rising-Fall Time RGB Mute:0 (1) Inputa SECAM 75% color bar(200mV(p-p) at R ID) into pin24.
[ trfB SECAM black:1 (2) SetBUS data “SECAM black” to “1:alignment”.
[ trfR Others: preset (3) Measure the rising time(from 10% to 90%) between Green and
Magenta at pin 50/52, that is "trR"/"trB".
Magenta
Green 10% 90%
SE4 | SECAM ID Sensitivity | RGB Mute:0 (1) Input a SECAM 75% color bar(200mV(p-p) at R ID) into pin24.
(Normal Mode) .
SECAM black:1 (2) Set BUS data “SECAM black” to “l:alignment”, “CW SW” to
! Vsipron “1:on".
CW Sw: 1
! VsipHore S ID Sens:0/1 (3) SetBUS data“S ID Sens” to “0: Normal”, “S ID Mode” to “0:H".
/ Vsiprvon ) (4) Changing the burst amplitude of pin 24 input, measure the burst
S ID Mode:0/1 amplitude of pin 24 input: “Vspron” When Read BUS “Color
I Vsipnvorr Others: Preset system” changes from “(0, 0, 0), No color” to “(1, 1, 0),
SECAM ID Sensitivity SECAM", “VSIDHOFF" when Read BUS “Color system" changes
(Low Mode) from “(1, 1, 0), SECAM" to “(0, 0, 0), No color”
I VsiLron (5) SetBUS data “S ID Mode” to “1:H+V".
/ VSIDLHOFF (6) Repeat (4), that is "VSIDHVON" / "VSIDHVOFF"-
7) SetBUS data “S ID Sens” to “1:Low”, “S ID Mode” to “0:H".
I VsipLHvon
/ VSIDLHVOFF (8) Repeat (4), that is "VsipLHoN" / "V sIDLHOFF -
(9) SetBUS data “S ID Mode” to “1:H+V".
(10) Repeat (4), that is ”VSIDLH\/ON" / IIVs||;)|_|-|\/o|:|:".
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adjustment sensitivity
/AVSB
/AVSR

Note Items/Symbols Bus Conditions Measurement Method
SE5 | SECAM black | RGB Mute:0 (1) Input a SECAM black signal(200mV(p-p) at R ID) into pin24.
adjustment
ch{aracteristic SECAM black:1 (2) For SECAM B-Y/R-Y Black.:8, measure the DC level of picture
eriod at pin 52/50, that is V. IV .
Ve SECAM B-Y black .:0/15 P P SBCEN ' VSRCEN
) (3) For SECAM B-Y Black :0/15, measure the DC level change of
! Vsrmax SECAM R-Y black.:0/15 picture period against Vspcgy at pin 52, that is "Vgpyin' /
I Ve Others: Preset VsBmAX"
(4) For SECAM R-Y Black :0/15, measure the DC level change of
I Vsrmin picture pe.':.i.Od against Vgrcen at pin 50, that is "VgrmiN /
SECAM black VSRMAX

®)

Calculate;" AVSECB":(VSBMAx-VSBMlN)/15
“AVSECR"=(VsrMAX - VSRMIN/1LS

260



TOSHIBA

TMPA8827CMNG /CPNG /CSNG

Text Stage
Note Items/Symbols Bus Conditions Measurement Method
T1 V-BLK pulse output | Video SW: 01 (1) Input a raster signal (signal 1) into pin 24.
level
RGB Mute: 0 (2) Measure the DC level of V/H blanking period at pin 50, that is
N w ey
VBLK All: Preset VBLK /"VHBLK
H-BLK pulse output
level
IVHBLK
T2 RGB output black Video SW: 01 (1)  Input a0 IRE signal (signal 1, Vg = 0 Vp.p) into pin 24,
level (0 IRE DC) . . . . .
Brightness: 64 (2) Measure the DC level of picture period at pin 50, that is
Y “v
BLACK Color: 0 BLACK
RGB Mute: 0
R cutoff: 128
Others: Preset
T3 RGB output white Video SW: 01 (1)  Input a 100 IRE signal (signal 1, Vo = 0.7 Vp.p) into pin 24.
level (100 IRE AC) . . . . . .
Brightness: 64 (2) Measure the amplitude of picture period at pin 50, that is
IV “V
WHITE Color: 0 WHITE
RGB Mute: 0
R cutoff: 128
YPL: 1
Others: Preset
T4 Cut-off voltage Video SW: 01 (1)  Input a0 IRE signal (signal 1, Vg = 0 Vp.p) into pin 24.
variable range . )
Brightness: 64 (2) Set“R cut off” to 255/0, measure the DC level of picture
IAVcuT+ period at pin 50, that is Vcutmax/VCUTMIN-
Color: 0
1AV _ 3 “AV "=V -V
cuT RGB Mute: 0 (3) cuT+" = VcuTMAX — VBLACK
4 “AVeut—"=V -V
R cutoff: 255/0 4 cuT CUTMIN ~ VBLACK
Others: Preset
T5 Drive control variable |Video SW: 01 (1)  Input a 100 IRE signal (signal 1, Vo = 0.7 Vp.p) into pin 24.
range
g B Drive: 0/127 (2) Set“B drive” to 255/0, measure the amplitude of picture period
/G at pin 52, that is V| IV .
DR+ Brightness: 64 p DRMAX/VDRMIN
IGpRr- 3 "G " =20*o I\
DR Color: 0 (3) DR+ 9 (VDRMAX/VWHITE)
4 “GpRr-"=20*log (V A%
RGB Mute: 0 4 DR 9 (VDRMIN/VWHITE)
Uni-Color: 127
YPL: 1
Others: Preset
T6 Tint characteristics Video SW: 01 (1) Input a 3.58 MHz NTSC rainbow color-bar (signal 5,
(3.58 MHz) Vo =286 mV (p-p), burst:chroma = 1:1) into pin 24.
RGB Mute: 0
10B358MAX ] (2) SetBUS data “Tint" to “64” and adjust the burst phase so that
Color: 64 the 6th bar of pin 52 output is maximum, that is 8358CEN:.
/AB358MIN Tint: 0/64/127
Int (3) Change “Tint" to “127/0” and adjust the burst phase so that
Y Mute: 1 the 6th bar of pin 52 output is maximum, that is 835gmax/
Tint characteristics Uni-Color: 127 B358MIN-
(4.43 MHz) o ' (4)  "08 358MAX" = ~(B358MAX ~ B358CEN)
Others: Preset
/88aa3max “AB 358MIN" = ~(B358MIN ~ 6358CEN)
188443MmIN (5) Input a 4.43 MHz NTSC rainbow color-bar (signal 5,
Vo =286 mV (p-p), burst:chroma = 1:1) into pin 24.
(-p)
(6)  Repeat (2)&(3), that is 8443cEN/O443MAX/0443MIN-
(7) "B 443mAX" = ~(B243MAX — 8443CEN)
“A6 443MIN" = ~(8443MIN ~ 8443CEN)
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Note Items/Symbols Bus Conditions Measurement Method
T7 Relative amplitude Video SW: 01/10 (1) SetBUS data “Video SW” to “01”
PAL
( /V) G/B drive: adjust (2) Inputa 100 IRE signal (siganl 1, Vg = 0 Vp.p) into pin 24.
PRIB NTSC matrix: 00/01/11 (3) Adjust BUS data “G/B drive” so that each amplitude of pin
NpgB 50/51/52 output are equal.
RGB Mute: 0
(4) SetBUS data“Y Mute” to “1”.
Color: 64
Relative amplitude ) (5 Input a 4.43 MHz PAL rainbow color-bar (signal 5,
(NTSC1) Y Mute: 1 Vo =300 MV (p-p), burst:chroma = 1:1) into pin 24.
INN1R/B YPL:1 (6) Measure the amplitude of pin 50/51/52 output, that is
i- . “VprouT""VpcouT"*VeBOUT”
NN1G/B Uni-Color: 127
Others: Preset (1) “Vpr/B" = VPRoOUT/VPBOUT
“v "=V NV
Relative amplitude PGB PGOUTIVPBOUT
(NTSC2) (8) Input a 3.58 MHz NTSC rainbow color-bar (signal 5,
Vo =286 mV (p-p), burst:chroma = 1:1) into pin 24.
IVN2R/B
(9) Set “Color system” to “(0, 1, 0), 358NTSC", “NTSC Phase” to
Nnzc/e “NTSC1"/"NTSC2".
(10) Repeat (4)&(7), that is “VN1R/B"*VN1G/B""VN2R/B"/"VN2G/B"-
Relative amplitude (11) Set BUS data “Video SW” to “10”, “UV converter” to “(1, 0, 0),
(DVD) +3dB up” and “NTSC Phase” to “DVD".
Nprig (12) Input a Cb/Cr signal (signal 5) into pin 19&21, and a 0 IRE
Nbpa/s signal (signal 1, Vo =0V (p-p)) into pin 20.
(13) Repeat (4)&(6), that is “Vpr/s8"/“VDG/B"-
T8 Relative phase (PAL) |Video SW: 01/10 (1) SetBUS data “Video SW” to “01”
/0pR-B NTSC matrix: 00/01/11 (2) Input a 4.43 MHz PAL rainbow color-bar (signal 5,
Vo =300 mV (p-p), burst:chroma = 1:1) into pin 24.
10pG-B RGB Mute: 0
) (3) Observe the pin 50/51/52 output, measure the R/G/B
Color: 64 modulation angle (8pr/8pc/6pg) according following figure
Relative phase Y Mute: 1 and equality.
NTSC1
( ) YPL: 1 O H H O
/ON1R-
NIR-B Uni-Color: 127 8p= 60— %an 1D—D—15%
/ON1G- 0 % 0
N1G-8 Others: Preset S| +‘/§§ g
Relative phase
(NTSC2) Peak
/8N2R-B B A
1ON2G-B
Relative phase (DVD)
I8oR.B For 8pR; Peak: 3" bar, 6gr = 90
8pG.8 For Bpg; Peak (negative): 4th bar, g = 240
For 6pp; Peak: 6th bar, 6pg =0
(4)  "Opr-B"=6pPr - BpB
“OpG-B" = BpG ~ 6pB
(5) Input a 3.58 MHz NTSC rainbow color-bar (signal 5,
Vo =286 mV (p-p), burst:chroma = 1:1) into pin 24.
(6) Set “Color system”to “(0, 1, 0), 358NTSC", “NTSC Phase” to
“NTSC1"/“NTSC2".
(7) Repeat (2) to (4), that is “ON1R-B"/“"ON1G-B"/“ON2R-B"/“ON2G-B”-
(8) SetBUS data “Video SW” to “10”, “UV converter” to “(1, 0, 0),
+3dB up” and “NTSC Phase” to “DVD”.
(9) Input a Cb/Cr signal (signal 5) into pin 19&21, and a 0 IRE
signal (signal 1, Vo =0V (p-p)) into pin 20.
(10) Repeat (2) to (4), that is “6pr-8"/“0pG-B”-
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Note Items/Symbols Bus Conditions Measurement Method
T9 ABCL control voltage |Video SW: 01 (1)  Input a 100 IRE signal (signal 1, Vo = 0.7 Vp.p) into pin 24.
range
g ABL Gain: 11 (2) Decreasing the pin 27 voltage, measure the voltage at which
INABCLH ] pin 50 output begins/stops decreasing, that is
R cutoff: 128 “VABCLH/"VABCLL".
NaBCLL Brightness: 64
rghtness: (3) Measure the minimum amplitude of pin 50 output, that is
Color: 0 VACLMIN:
ACL Gain RGB Mute: 0 (4)  "GacL" =20*log (VACLMIN/VWHITE)
/G
ACL Uni-Color: 127
Others: Preset
T10 ABL start point Video SW: 01 (1) InputaO IRE signal (signal 1, Vg = 0 Vp.p) into pin 24.
N ABLPO ABL Start Point: (2) Set“ABL Point” to “00/01/10/11", and decreasing the pin 27
voltage, measure the voltage at which pin 50 output begins
NaBLP1 00/01/10/11 decreasing, that is VagL1/VaBL2/VABL3/VABL4-
NasLp2 ABL Gain: 11 (3)  “VaBLP0O" =VaBL1 ~ VABCLH
NABLP3 R cut off: 128 “VaBLP1" = VABL2 - VABCLH
Brightness: 64 “VaABLP2" = VABL3 ~ VABCLH
Color: 0 “VaBLP3" = VABL4 ~ VABCLH
RGB Mute: 0
Uni-Color: 127
Others: Preset
T11 ABL gain Video SW: 01 (1) InputaO IRE signal (signal 1, Vg = 0 Vp.p) into pin 24.
NABLGO ABL Start Point: 00 (2) Set“ABL Gain” to “00/01/10/11", measure the DC level of
N ABL Gain: 00/01/10/11 picture period at pin 50 when pin 27 voltage is VagcLL, that is
ABLG1 an: VaBL5/VABL6/VABL7/VABLS:
INABLG?2 R cut off: 128 ()  “VaBLGO" = VABLS - VBLACK
INABLG3 Brightness: 64 “VaBLG1" = VABLG — VBLACK
Color: 0 “VaABLG2" = VABL7 ~ VBLACK
RGB Mute: 0 “VABLG3" = VABLS ~ VBLACK
Uni-Color: 127
Others: Preset
T12 Uni-color control for | Video SW: 10 (1) Set*“Video SW”to “10".
uv
Uni-color: 127/0 (2 Input a0 IRE signal (signal 1, Vo =0V (p-p)) into pin 20, and a
I Gucuv RGB Mute: 0 signal (signal 6, fo = 100 kHz, Vg = 100 mV (p.p) into pin 19.
Color: 64 (3) Measure the pin 52 amplitude of picture period for Uni-Color
: 127/0, that is VycuvmMAX/VUCUVMIN-
Y Mute: 1 « ” *
(4)  “"Gucuv" = 20*log (VucuvmIN/YUCUVMAX)
Uni-Color: 127
Others: Preset
T13 UV sub-color control | Video SW: 10 (1) Set*“Video SW”to “10".
characteristics ) ) ) )
UV sub color: 31/16/0 (2) InputaO IRE signal (signal 1, Vo =0V (p-p)) into pin 20, and a
IGscoLmax RGB Mute: 0 signal (signal 6, fo = 100 kHz, Vg = 100 mV (5.p)) into pin 19.
/GscoLMIN Color: 64 (3) Measure the pin 52 amplitude of picture period for Sub-Color
’ 31/16/0, that is Vscmax/VscceN/VSCMIN-
Y Mute: 1 “ M
(4)  "GscoLmax” = 20*log (VscmAx/VSCCEN)
Uni-Color: 127 “ » *
GscoLMIN” = 20*log (VscMIN/VSCCEN)
Others: Preset
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Def Stage
Note Items/Symbols Bus Conditions Measurement Method
D1 H AFC inactive Video SW: 01 (1) Input a 50 Hz/60 Hz composite sync signal into pin 24.
eriod
P RGB Mute: 0 (2) Measure “Tsparcorer/“TeoaECOEE" at pin 12. (cf. Figure D1)
IT
SOAFCOFF Others: Preset
IT60AFCOFF
D2 H-OUT starting All: Preset (1) Open pin 9/29/36/44/49/55.
voltage
g (2)  Connect pin 25 to pin 17 through 270 Q.
N
HON (3) Increasing pin 17 voltage, measure the voltage at which
HOUT pulse appears at pin 13, that is “VHoN".
D3 H-OUT pulse duty All: Preset (1) Measure tHouT1/tHOUT? at pin 13.
MWhouT (2)  "WHout" = tHouT2/[(tHouT1 * tHouT2)*100]
Pin 13 tHOUTl\ ’ tHouT2 v
HOUT A
Y
D4 H-OUT freq. on AFC | Video SW: 01 (1) Input a 50 Hz composite sync signal into pin 24.
stop mode
P AFC Gain: 11 (OFF) (2)  Measure the HOUT frequency at pin 13, that is “FHAFCOFE50"-
IF
HAFCOFFS0 Others: Preset (3) Input a 60 Hz composite sync signal into pin 24.
/F
HAFCOFF60 (4) Measure the HOUT frequency at pin 13, that is “FHAFCOFE60"-
D5 Horizontal free-run Video SW: 01 (1) Noinput at pin 24.
frequency
V-Freq: 001/010 (2) Set*“V-Freq” to “001/010", measure the HOUT frequency at
/F in 13, that is “F Vs
H50FR Others: Preset p H50FR /"FHB0FR
/FHBOFR
D6 Horizontal freq. All: Preset (1) Connect a power supply to pin 14.
variable range . )
(2) Changing the power supply voltage, measure max/min
IFHMAX Horizontal frequency at pin 13, that is “Fymax/“FHMIN"-
/FHMIN
D7 Horizontal freq. All: Preset (1) Measure the pin 14 voltage at which HOUT frequency is
control sensitivity 15.734 kHz, that is VH15734.
IBHAEC (2)  Measure the HOUT frequency when Pin 14 voltage is V{15734
+ 50 mV/VH15734 — 50 mV, that is “FyLow"/ “FHHIGH-
(3  "BHAFC” = (FHHIGH ~ FHLOW)/100
D8 Horizontal pull-in Video SW: 01 (1) Input a composite sync signal into pin 24.
range
g Others: Preset (2) Set*“V-Freqg” to “000".
IAF
HPH (3) Decreasing the horizontal frequency from 17 kHz, measure
IAFHpL the frequency at which HOUT (pin 13) is synchronized with
the input signal, which is Fypn.

(4) Increasing the horizontal frequency from 14 kHz, measure the
frequency at which HOUT (pin 13) is synchronized with the
input signal, which is FypL.

(5) “OAFnpH" =Fnpny - 15734
“AFHpL” = 15625 - FypL

D9 H-OUT voltage All: Preset (1) Measure the high level of HOUT at pin 13, which is “VHouTH”-
NHOUTH (2) Measure the low level of HOUT at pin 13, which is “VyouTL"
NHouTL
D10 Horizontal freq. All: Preset (1) Notinput into pin 26.
dependence on V
P ce (2) Measure the HOUT frequency when H V¢ (pin 17) is
IAFwvce 8.5 V/9.5V, that is FyyccH/FHvCCL.
(3)  "AFnvcc” = (FHveeH — FHveel)/1
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Note Items/Symbols Bus Conditions Measurement Method
D11 FBP phase Video SW: 01 (1)  Input a composite sync signal into pin 24.
IPHEBp Others: Preset (2)  According to the following figure, measure
“PHFBP"/*PHHSYNC™
H-sync. phase
/PHHSYNC < e >
EXT IN ;
(pin 24)
—> PHHsYNC
H AFC
(pin 14)
PHrBP
FBP In
(pin 12)
D12 H AFC2 hold range Video SW: 01 (1) Input a composite sync signal into pin 24.
/PHEBP- Others: Preset (2) Changing the phase of FBP input at pin 12, measure the
phase of FBP against HOUT at pin 13 when FBP cannot get
IPHrBP+ synchronized with the input signal.
D13 Horizontal position Video SW: 01 (1)  Input a composite sync signal into pin 24.
variable range ” . .
H Position: 0/16/31 (2) Set “Horizontal position” to “16”, measure the HOUT phase
/APH against H sync at pin 24, which is PH1e.
HPOS+ Others: Preset g 4 P 16
IAPHH{pPOS- (3) Changing “Horizontal position” from “0” to “31”, measure
PHo/PH31 by the same way as (2).
(4)  "APH{pos-"=PHi6 — PHo
“APHHpos+" = PH31 — PH16
Pin 24
EXT IN
€«<— PH1p
Pin 13
HOUT (16)
—>| <€— APHHpOS+
(31)J
—> <«<— APHypos-
© |
D14 H correction range Video SW: 01 (1) Input a composite sync signal into pin 24.
/APHHCOR+ Others: Preset (2)  Open pin 33, measure the HOUT (pin 13) phase against H
sync at pin 24, which is PHcoRro.
/APHHCOR-
(3)  Supply pin 33 5.5 V, measure the HOUT (pin 13) phase
against H sync at pin 24, which is PHcor+-
(4)  Supply pin 33 0.5 V, measure the HOUT (pin 13) phase
against H sync at pin 24, which is PHcoRr--
(5)  “APHucor+” = PHcor+ — PHcoRro
“APHHCcoR-" = PHcoro — PHcoR~
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Note Items/Symbols Bus Conditions Measurement Method
D15 |[AFC-2 pulse Video SW: 01 (1)  Input a composite sync signal into pin 24.
threshold level .
Others: Preset (2) Connect a power supply at pin 12.
A%
AFC2 (3) Increasing the power supply voltage from 0 V, measure the
DC level when H BLK pulse just starts to output at pin 50, that
is “VHBLK".
D16 H-BLK pulse Video SW: 01 (1)  Input a composite sync signal into pin 24.
threshold level .
Others: Preset (2) Connect a power supply at pin 12.
Y
HBLK (3) Increasing the power supply voltage from 0 V, measure the
DC level when H BLK pulse just starts to output at pin 50, that
is "VHBLK"
D17 Black peak det. stop | TEST mode: (1) Input a composite sync signal into pin 24.
eriod (H
P ) 06h 00101000 (2)  According to the following figure, measure
/PH uPH n&uW n‘
BPDET 19h 00010000 BPDET BPDET
W,
BPDET 25h 00100000
Black stretch: 01 € 64 ps >
Pin 24
EXT-in
Pin 14
H AFC
<— PHupos
Pin 12 w
SCP OUT BPDET —
15 kQ
I monitor
D18 Gate pulse start Video SW: 01 (1) Input a composite sync signal into pin 24.
hase
P Others: Preset (2)  According to the following figure, measure “PHgp"&'Wgp”.
/PHGpP
Gate pulse width
« 64 ps 5
Pin 24
EXT In
Pin 14
H AFC
PHgp Wep
Pin 12
SCP Out
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Note Items/Symbols Bus Conditions Measurement Method
D19 | Vertical free-run Video SW: 01 (1) Input a 50 Hz composite sync signal into pin 24.
frequency
V-Freq: 00/01/10 (2) Set*“V-Freq” to “00, Auto”.
/F
VAUFRS0 Others: Preset (3) For no input, measure the frequency of V Ramp at pin 15, that
/FVAUFR60 is “FVAUFR50"-
IFVs0ER (4) Input a 60 Hz composite sync signal into pin 24.
IFVe0FR (5)  Repeat (2)&(3), that is “FyAuFR60”
(6) Set“V-Freq.” to “01/11", repeat (3), that is “Fysorr"/“Fve0FR”-
D20 [Gate pulse Video SW: 01 (1) Input a 50 Hz composite sync signal into pin 24.
V-masking period
V-Freq: 01/10 (2) Set*“V-Freq”to “01".
IT
S0GPM Others: Preset (3) Measure “Tsggpm” at pin 12. (cf. Figure D20)
ITeoGPM

4
(®)
(6)

Input a 60 Hz composite sync signal into pin 24.
Set “V-Freq” to “10".
Measure "Tgocpm™ at pin 12. (cf. Figure D20)
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Even Field «———> Odd Field

50 Hz i
307H{308H{309H|310H{311H312H! 1H | 2H 3H 4H 5H 6 H 7H 8H 9H 1+ 10H + 11H 1 12H  13H 1 14H 1 15H 1 16H  17H  18H { 19H | 20H | 21 H { 22H 1 23H | 24H | 25H | 26 H

= Y T T T e Y
w1 O O O O (1 O O I A

307H1308H: 309H 1310H 1311 H1312H 313 H i 314 H i 315H1316 H1317H1318H 1319H1320H 1321 H1322H 1323 H1324H:1325H 1326 H1327H 1328 H1329H 1330H 1331 H:332H:1333H:1334H:335H 1336 H:337H:1338H 339 H

mﬂﬁﬁ T A
100 |

Pin 12

: LA ' L

)

=
—

Even Field «——:—> Odd Field

60 Hz

258 H 1259 H 260H | 261H1262H! 1H 2H 3H 4Hi5H 6 H 7H 8H 9H | 10H | 11H | 12H | 13H | 14H | 15H | 16H | 17H | 18H | 19H | 20H | 21 H 26H | 27H [ 28H

mﬁﬂﬂﬂ IR R RN
e e L (LM

Signal
Even Field «<——}—> Odd Field

) N
N
I

i
ﬁ

259 H1260H 1261 H:262H 1263 H 264 H:265Hi266H i 267 H i 268H 1269 H270H 1271 H1272H 1273 H 1274 H1275H: 276H 1277 H 1278 H1279H 1280 H {281 H1282H 283 H:284H:1285H 1286 H:1287Hi288Hi289H:290H

“¢$fﬁﬂﬂMHMMMJHMLJJJJJJJJJJJ ﬁf

o W LR L]

——
——
—==

Signal —

Figure D20
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Note Items/Symbols Bus Conditions Measurement Method
D21 | V.stop DC voltage V Stop: 1 (1) Set"V Stop”to “1”, “V Size” to “0".
Nvsvce V Size: 0 (2) Set*“V Ramp bias” to “0/1", measure the DC level of pin 15,
that is “V A%
INvsSBGR V Ramp bias: 0/1 VSVCCIVVSBGR
Others: Preset
D22 Vertical pull-in range [ Video SW: 01 (1) Input a composite sync signal into pin 24.
auto
( ) V-Freq: 00/01/10 (2) Set*“V-Freq” to “00/01/10, increasing the input vertical period
IFvpPAUL ) from 220 H by 0.5 H step, measure the period when V output
Others: Preset at pin 16 is synchronized with input signal, that is “FypauL”/
IFvPAUH “FvpsoL"/*FvpeoL”.
Vertical pull-in range (3)  Set“V-Freg” to “00/01/10, decreasing the input vertical period
(50 Hz) from 360 H by 0.5 H step, measure the period when V output
JFVPsOL 6}} pin 16755“ synchrg,nlzed with input signal, that is “FypaunH”
"FvpsoH"/"FypeoH™
/FvP50H
Vertical pull-in range
(60 Hz)
/FvpeoL
/FvP6OH
D23 Vertical period on V-Freq: 100/101/110/111 ((1)  Set “V-Freq” to “100/101/110/111", measure the vertical
fixed mode eriod at SCP out (pin 12), that is “T [T [T ¥i
Others: Preset EJT : (pin 12) v312.5"*Tv262.5""Tv313
V263 -
Ty3125
Tv2625
Ty313
Tv263
D24 | VD start phase Video SW: 01 (1) Input a 50 Hz/60 Hz composite sync signal into pin 24.
/PHs0vD Others: Preset (2) Measure “PHsoyp"/*"Wsovyp” and “Heovp"/"WeovD” at pin 12.
(cf. Figure D24)
/PHeovD
VD width
WsovD
WeovD
D25 V-BLK start phase Video SW: 01 (1) Input a 50 Hz/60 Hz composite sync signal into pin 24.
IPHs50vBLK V BLK Start: 00 (2)  Measure the start timing “PHsgypLK"/“W50vBLK” and
“PH "W " of V BLK pulse at pin 50.
IPHEOVBLK V BLK Stop: 00 60VBLK 60VBLK p p
Others: Preset
V-BLK width
/Wi50vBLK
/WeovBLK
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Even Field «——{—> Odd Field

50 Hz
620H 1621 H1622H 1623 H 1624 H1625H: 1H 2H 3H 4 H 5H 6H 7H 8H 9H 10H { 11H ¢ 12H ' 13H ! 14H ' 15H ! 16H ! 17H ! 18H { 19H { 20H ' 21 H 1 22H ! 23H | 24H | 25H | 26 H

= T T T T T T T T v
eSO O O O O O

307H:308H1309H1310H 1311 H:1312H1313H1314H:315H 1316 H:317H 1318 H1319H 1320H 1321 H 1322 H 1323 H 1324 H 1325H 1326 H1327H 1328 H1329H 1 330H 1331 H1332H 1333 H 1334 H:335H 1336 H:1 337 H1 338 H 1 339 H
CVBSJ/\JK“II“II'JUJU“II“IIJJJJJJJJJJJJJJJJJJ[L
> PHs5ovD
"l | nlnlnlnl"l"lnl"lnl"l
WsovD >

Signal

—

=
—

60 Hz
521 H522H {523 H {524 H{525H! 1H 2H 3H 4 H 5H 6 H 7H 8H 9H 10H { 11H { 12H | 13H | 14H | 15H | 16 H { 17H { 18H | 19H | 20H { 21 H | 22H | 23H { 24H | 25H | 26 H | 27H | 28H

aREnnniii e EEREREE
L O O B S S

Even Field «———> Odd Field

CVBS

Pin 12
Signal

—

=

=
-

259H1260H 1261 H1262H1263Hi264H1265H 1266 H 1267 H1268H 1269H 1270 H 1271 H1272H 1273 H1274H1275H 1276 H 1277 H 1278 H 1279 H 1280 H 1281 H 1282 H 1283 H 1284 H:1285H 1286 H:1287H:1288H1289H:290H

mﬂﬁﬁﬂﬂﬂnu;MMﬂnuJJJJJJJJJJJJﬁ

L e A LA A

=
—

Signal —

Figure D24

271



TOSHIBA

TMPA8827CMNG /CPNG /CSNG

Note Items/Symbols Bus Conditions Measurement Method
D26 |V wide BLK start Video SW: 01 (1) Input a 50 Hz/60 Hz composite sync signal into pin 24.
phase (BOTTOM)
V BLK Start: 01/10/11 2) Set “V BLK Start” to “01/10/11".
IPH
SOWVBLKB1 V BLK Stop: 01/10/11 (3) Measure the start timing of V BLK pulse at pin 50, that is
/PHs50WVBLKB2 Others: Preset “PHsowvBLkB1/*PH50wvBLKB2 /*PH50WVBLKB3 "
' “PHeowvBLKB1"/*PHsowvBLKB2"/*PHe0WVBLKB3"
[PH50WVBLKB3
(4) Set “V BLK Stop” to “01/10/11".
/PHg0WVBLKB1 o ‘ _
/PH (5) Measure the stop timing of V BLK pulse at pin 50, that is
60WVBLKB2 “PHsowvBLKT1"/*PHsowvBLKT2 /*PHs50WVBLKT3/
IPHEOWVBLKBS “PHeowvBLKT1"/*PHeowvBLKT2"/"PHE0WVBLKTS".
V wide BLK stop
phase (TOP)
/PH50WVBLKT1
/PH50WVBLKT2
/PH50WVBLKT3
/PHgOWVBLKT1
/PHe0WVBLKT2
/PHeOWVBLKT3
D27 Sand castle pulse All: Preset Measure “VscpH'*Vscpm/“VscpL” at pin 12.
level
NscPH _
Pin 12 VscPH
Nscem SCP Out
V
NscpL SCPM
| VscpL
D28 Vertical ramp V Ramp bias: 0/1 Set “V Ramp bias” to “0/1”, measure the DC level of pin 15, that is
amplitude “V A%
p Others: Preset VRAMPV/VVRAMPB
NvRAMPY
NvrRAMPB
D29 | Vertical output V Size: 0/32/63 (1) Measure the V output amplitude at pin 16, that is “Voyt”.
amplitude
P V S Correction: 5 (2) Set*“V Size” to “0/32/63", Measure the V output amplitude at
IV, in 16, that is V| /v .
ouT Others: Preset p OUTMIN/VOUTMAX
(3)  "AVvrampPH" = (YouTmax ~ VouT)/VouT*100
Vertical output (4)  "AVyrampL” = (VouTmIN = VouT)/VouT*100
amplitude variable
range
IAVoUTH
IAVouTL
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Note Items/Symbols Bus Conditions Measurement Method
D30 | Vertical linearity V Linearity: 0/8/15 (1) Set"V Linearity” to “8”, measure V1 (from center to max) and
variable range . V2 (from center to min) at pin 16 according to a following
V S Correction: 5 figure.
IAVLINL+ hers:
Others: Preset (2)  Set“V Linearity” to “15/0”, measure V| n1+/VLN1- and
1AV
LIN1- Viin2+/VLIN2-
IBVLINZ+ (3 “AVLN1+" = (VLN — VI)VI*100
IBVLNg- “AVLINL-" = (VLIN- — V1)/V1*100
"AVLIN2+" = (VLIN2+ = V2)/V2*100
“AVEIN2-" = (VLIN2- — V2)/V2*100
Vi
Pin 16
Vourt
V2
Y. < >i< >
D31 Vertical S correction [V S Corr.: 0/8/15 (1) Set“V S Correction” to “5”, measure V1 and V2 at pin 16
variable range according to a figure of NOTE: D30.
Others: Preset
IAVs1+ (2) Set*“V S Correction” to “15/0", measure Vs14+/Vs1— and
Vs2+/Vso-.
IV s2+Vs2
3 “AVs14” = -V1)/V1*100
IAVsos 3) s1+" = (Vs1+ — V1)/V1
“AVgy-" = - —V1)/V1*100
IAVso- s1-"=(Vs1 V1
"AVs24” = (Vs2+ = V2)/V2*100
“AVs2-" = (Vs2- = V2)/V2*100
D32 | Vertical centering V Centering: 0/32/63 (1) Measure the center voltage of VOUT at pin 16, that is
variable range V .
g Others: Preset VCENT
IAVVCENT+ (2) Set"V Centering” to “0/63", measure the center voltage of
VOUT at pin 16, that is VyyceNT+/VVCENT--
IAVVCENT-
(3)  "AVyceNT+ = (VvceENT+ — VvceNT)VouT * 100
“AVYCENT-" = (VVCENT- ~ VVCENT)/VouT * 100
VouTt* See NOTE D29
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EW correction STAGE

(Picture Width)

/ Vewpcmax

E-W MIN. DC Level
(Picture Width)

/ VEWDCMIN

32/63

V EHT/H EHT:0
Trapezium correction:
0~63

Horizontal size:0/63

Others: Preset

Note Items/Symbols Bus Conditions Measurement Method
D33 EHT input Dynamic|V.EHT:7 (1) Setthe BUS data of V EHT tp 7(MAX).
range (2) Connect power supply into pin 32.
V' S correction:5 (3) Increasing power supply voltage from 1[V] to 6[V] and monitor
!/ Veno Others: Preset pin 16(V out).
v ers: Frese (4) When Pin 16 (V out) amplitude changes as following figure,
EHH measure pin 32 input voltage that is Vew and Veun .
o _
E‘
s
3
> I
VEHL VEHH
Pin32 EHT Input voltage
D34 |Vertical  Amplitude | V.EHT:0/7 (1) Supply 1V into pin 32(EHT in). _
EHT Correction (2) Set the BUS data of V.EHT to O(MIN), measure the amplitude
H EHT:0 of waveform at pin 16(V OUT), that is Venr(00).
IAVEenr VS tion's (5) Set the BUS data of V.EHT to 7(MAX), measure the amplitude
correction: of waveform at pin 16(V OUT), that is Venr(07).
Others: Preset (6) AVenr =(Vent(00)-Vent(07))/Venr(00)) X 100%
A
VEHT
v
Pin16 Waveform
D35 E-W MAX. DC Level | Parabola correction: (1) Set the BUS data of Parabola correction to 63(MAX), and

()
©)
4)

®)

change the BUS data of Trapezium correction so that the
parabola waveform at pin 28(EW OUT) is symmetrical.

{ i
Set the BUS data of Parabola correction to 32(CEN).
Set the BUS data of V EHT/H EHT to 0.
Set the BUS data of Horizontal size to O(MAX), measure the
center voltage at pin 28, that is "Vewpcuax"-
Set the BUS data of Horizontal size to 63(MIN), measure the
center voltage at pin 28, that is "Vewpcwmin'-

center
il M V,

J v k o
V,

N EWDCMAX(63)

Pin28 Waveform
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0/15/31

Others: Preset

Note Items/Symbols Bus Conditions Measurement Method
D36 E-W MAX. Parabolic | Parabola correction: (1) Set the BUS data of Parabola correction to 63(MAX), and
Correction (Parabola) change the BUS data of Trapezium correction so that the
0/63 parabola waveform at pin 28(EW OUT) is symmetrical.
! Vewpmax ) (2) Setthe BUS data of V EHT/H EHT to 0.
EW MIN. Parabol V EHT/H EHT:0 (3) Set the BUS data of Horizontal size to 32(CEN).
C-o ectio ’ P a;e;o?;c Trapezium correction: (4) Set the BUS data of Parabola correction to 63(MAX), measure
rrection (Par ) the amplitude of waveform at pin 28(EW OUT), that is
I/ Vewpmin 0-63 "Vewpmax".
. . (5) Set the BUS data of Parabola correction to 0(MIN), measure
Horizontal size:32 the amplitude of waveform at pin 28(EW OUT), that is " Vewpmin
Others: Preset "
T T i
[ [
I\ I\
// \\ // \\ VE\NPMAX
// \\ // \\ VEWPM\N
Z N Y N y \J
Pin28 Waveform
D37 E-W Corner | Parabola (1) Set the BUS data of Parabola correction to 63(MAX), and
Correction (TOP) correction:32/63 change the BUS data of Trapezium correction so that the
parabola waveform at pin 28(EW OUT) is symmetrical.
! Veorr Trapezium (2) Setthe BUS data of V EHT/H EHT to 0.
I c correction:0~31 (3) Setthe BUS data of Parabola correction to 32(CEN).
C-orrection orner V EHT/H EHT:0 (4) Set the BUS data of Corner correction TOP to 0/15/31,
(BOTTOM) ’ measure the amplitude of waveform at pin 28(EW OUT), that is
Corner correction: Vert(0)/ Verr(15)/ Verr(31).
/VCORB T T

®)

(6

™

| |

\
VCRT(SI) |‘ \\ |‘ \
VCRT(15) VCRT(OU \\\\\ / \\\\
Pin28 Waveform
Vo _ Verm@Ey-Voras) * 100 [
P =
Verras)
Vien = MOV« 00 g

VorTas)
Set the BUS data of Corner correction BOTTOM to 00/15/31,
measure the amplitude of waveform at pin 28(EW OUT), that is
VCRB(O)/ VCRB(15)/VCRB(31)--

Ve = YoEenVoreas . 1 o4

Veres)
Verso-Veraas 100 g

Vere(5)

Veon=

VCRB(SI)

]
[/
7 7 v
V. Ve
/ \ /// \\iVCRB(O) e
4 7
' 7
Z A

Pin28 Waveform
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Note Items/Symbols Bus Conditions Measurement Method
D38 |E-w Trapezium | Parabola correction:63 | (1) Setthe BUS data of V EHT/H EHT to 0.
Correction (2) Setthe BUS data of Parabola correction to 63.
V EHT/H EHT:0 (3) According to the following figure, set the BUS data of
I Vtrs T . tion: Trapezium correction to 0/31, and measure the phase shift at
v rapezium correction: pin 28, that is V1r(00)/Vr(31)[ms].
TR 0/63 (4)  Vrre = {V1r(63) / 20[ms]} x 100
V1r-= {V1r(00) / 20| %100
Others: Preset - = {Vre( )..| msl} -
/I
/)
7 A
_ \
L -
L
VTR(O) VTR(63)
Pin28 Waveform
D39 E-W Parabolic EHT|Parabola correction: | (1) Set the BUS data of Parabola correction to 63(MAX),and
Correction 32/63 change the BUS data of Trapezium correction so that the
parabola waveform at pin 28(EW OUT) is symmetrical.
IAVewp enr Trapezium (2) Setthe BUS data of H.LEHT to 7.
correction:0~31 (3) Set the BUS data of Parabola to 32.
H.EHT: 7 (4) Supply 6V into pin 32(EHT in), measure the amplitude of
' ) waveform at pin 28(EW OUT),that is Veup(6).
Others: Preset (5) Supply 1V into pin 32(EHT in), measure the amplitude of
waveform at pin 28(EW OUT),that is Veup(1).
(6) AVewp ent =(Venr(1)-Venr(6))/Venr(1) X 100%
T Tl i
[ I
I\ I\
// \\ VEHP(l)
// \\ VEHP(S)
4 4 Y
Pin28 Waveform
D40 E-W DC EHT | Parabola correction: | (1) Set the BUS data of Parabola correction to 63(MAX),and
Correction 32/63 change the BUS data of Trapezium correction so that the
parabola waveform at pin 28(EW OUT) is symmetrical.
| Vewbcent Trapezium correction: (2) Setthe BUS data of Parabola to 32.
0-31 (3) Supply 6V into pin 32(EHT in).
(4) Set the BUS data of H.EHT to 0, measure the vertical phase
H.EHT:0/7 center voltage of waveform at pin 28(EW OUT),that is Venp(0).
(5) Set the BUS data of H.EHT to 7, measure the vertical phase
Others: Preset center voltage of waveform at pin 28(EW OUT),that is Verp(7).
(6) Vewncent =Venp(0)-Venn(7)
center
N VEHD(7)
Pin28 Waveform
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Signal 1 Signal 5
Raster Rainbow color bar
Amplitude Vg
- N [a2] < o © N~ [ee] (o]
2 8@ 8 ®©® ® ® ®© ® ®© «
[ c c c c c c c c c
S 2 9 9 9 9 9 9 2 9
M »n Hn » v v h oh ohh
Amplitude Vg
180°150°120° 90° 60° 30° 0° —-30°-60°-90°
Signal 2
Sweep

Color difference signal

iAmplitude Vo I—l | ‘ I—l
-LI— Cb Signal

Vsync U_l_l

Cr Slgnal U_I—I
Signal 3 Signal 6
Ramp
Sinusoidal wave
Frequency fo
Amplitude Vg
Amplitude Vg
Signal 4
Sine wave
Sinusoidal wave
Frequency fg
Amplitude Vg
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Test Circuit
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Package Dimensions

SDIP64-P-750-1.78 Unit : mm

64 33

minininisisisisiniciniainininininisisisisisiaisinicinifnininlsls!

)

| S A G G [ O (DS OO O OO0 OO [y 0 I D e O A M N O D U ) N )

17.8+0.2
19.05

1 32
58.0MAX
57.5+0.2
(4] o™
L
A < 3

3.0£0.3

0.51MIN

i 1.040.1 'L0.46t0.1 018

MU
1.1911vp [1.778]

Weight: 8.85 g (typ.)
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RESTRICTIONS ON PRODUCT USE

000707EBP

» For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the
chapter entitled Quality and Reliability Assurance/Handling Precautions.

* TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges
as set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunctionor failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

« The products described in this document are subject to the foreign exchange and foreign trade laws.

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may result from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

« The information contained herein is subject to change without notice.

280



