NEC

NEC Electronics Inc.

wPD9305
MEMORY ACCESS AND
GENERAL BUS INTERFACE

FOR THE «PD7281

Description

The NEC PD9305 memory access and general bus in-
terface chip (MAGIC) is a peripheral LS| support device
for the uPD7281 image pipelined processor (ImPP). The
uPD7281 is a data flow architecture processor that
supports high speed image and signal processing ap-
plications. The uPD9305 chip can support from one to
eight uPD7281s and also interfaces to both 8-bit and 16-
bit host processors.

The PD9305's powerful interface capabilities allow it to
support basic interface operations, object program load,
read/write/modify operations on image memory, and
multiple .PD7281 image memory accesses.

Since the xPD7281 ImPP does not use direct addressing,
the memories in a uPD7281 processor system can be
seen as processing modules with unique module
numbers. These separate modules must output memory
access tokens containing their own unique address,
data, and control signals. The modules must perform
the necessary processing, and then output the result of
the access as another memory access token. To do this,
the multiple xPD7281 modules require external circuitry
to process the memory access tokens that they output. In
addition, this same circuitry is required to organize the
data output from the memory into token format.

Circuitry is also needed between the host processor
and the uPD7281s to organize the data from the host
into token format and to return the data output from
the uPD7281s into the form required by the host pro-
cessor. Finally, tokens may have to be returned to other
uPD7281s in token form for further processing.

The uPD9305 simplifies the above operations by keeping
the data in the most convenient form. The PD9305
replaces approximately 80 medium/small scale integrated
devices with a single integrated circuit.

Features

0O High performance image memory interface

0 Reduces external circuits required for ImPP system
[1 Simplifies host interface

O Up to 24-bit image memory addressing

O Up to 18-bit image memory data

O Register file for memory access

0 Refresh control of image memory

O Functions with separate DMA controller

O Single +5 V power supply

(J CMOS technology for lower power consumption

NECEL-000515

Ordering Information

Part
Number Package Type
#PD9305R 132-pin ceramic grid array

Pin Configuration
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Pin Ildentification
No. Symbol Function
1 CLK Clock input
2-4 Dy0.D42, Bidirectional data bus bits
Dis
5 0ACK Output acknowledge input
6 OREQ Output request output
7 DBy, Input data bus bit
8 ODB14 Qutput data bus bit
9 IDB44 Input data bus bit
10, 11 0DB;;, Output data bus bits
. 0DBg
12 1DBq Input data bus bit
13 0D8g Output data bus bit
14 IDBg Input data bus bit
15 0DB4 Output data bus bit
16 IDB; Input data bus bit
17 0DB, Output data bus bit

2hA
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Pin Identification (Cont)

Pin Indentification (Cont)

No. Symbol Function No. Symbol Function
18 IDBg Input data bus bit 69,70 IMAy3,IMA4 Image memory address
19 MN, Module number output output bits
20 DB, Input data bus bit 71 DB, Input data bus bit
21 IMAy, LHJ?‘?& rgittamory 2ddress 72-74 :MQENAM‘ :)Ttapgft rgjlte?ory address
22 DB, Input data bus bit s GND Ground
23. 24 IMA, Image memory address 76,77 IMAg,IMAg Image memory address
IMA5 output bits output bits
25 IDBq Input data bus bit 78 INBUSY Input to ImPP busy output
26-28 IMA12TMAq image memory address 7. 80 IMA IMA: Image memory address
output bits output bits
29 SOLBSY Self object load busy output 81 IMD+7 ggeﬁ?ﬁt’ image memory
30 CPURQ CPU request output 82 DMAAK2 DMA/ 2 acknowledge input
31 DMAAEN DMA address enable input 83 OMARQ2 DMA/ 2 request output
32-34 :mﬁs,lMAz, Image memory address 84, 85 IMD+,IMD+4 Bidirectional image memory
0 output bits data bus bits
35 DMAAKT DMA /1 acknowledge input 86 Voo +5 V power supply
36 L DMA /1 request output 87,88 IMDg,IMD5 Bidirectional image memory
37 IMD43 Bidirectional image memory data bus bits
— data bus bit 89 Ay Address select input
38 IMAK LT;E:WT&?: rﬁ/]pm 90 IMDg giatiiare;l:isor;?: image memory
89-42 1MD1o-IMD; g;rgebcjisorg?tlsimage memory 91 IMRF Image memory refresh
output
43 i Address select input 92 Do Bidirectional data bus bit
44,45 IMD3,IMD,4 gia(gebcl:isorg?tlsimage memory 93 RD Read input
6 IMWR Image memory write output 94-96 D4.Dg,D7 Bidirectional data bus bits
47 WR Write input a GND Ground
48.49 D205 Bidirectional data bus bits 98 Dig Bidirectional data bus bit
50 TS Chip select input 99 IPPRST Image pipelined processor
reset output
51,52 Dg,Dg Bidirectional data bus bits 100 DBy Input data bus bit
53 GND Ground 101 0DB,5 Output data bus bit
54,55 MM Bidirectional data bus bits 102 DB1, Input data bus bit
5 IREQ Input request input 103,104 0DB1,,008B, Output data bus bits
57 IACK Input acknowledge output 105.106 GND Ground
58 DB1s Input data bus bit 107 0DBg Output data bus bit
59 0815 Output data bus bit 108,109 MN3.MNg Module number output bits
60 0B+ Input data bus b“. 110 IDB; Input data bus bit
61-63 833;0'%87' Qutput data bus bits 111-113 IMA20,IMA /g, Image memory address
IMA; 5 outputs
64 Voo +5 V power supply 114 Vop +5 V power supply
65,66 0DB3,0D8, Output data bus bits 15 GND Ground
67 1085 Input data bus bit 116118 IMA;.IMAs. Image memory address
68 MN, Module number output bit IMA3 outputs
2h-2
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Pin Identification (Cont)

Table 1. ,PD9305 Pins by Function

No. Symbol Function

118 RESET Reset input

120-122 IMD4¢-IMD44 Bidirectional image memory
data bus bits

123,124 GND Ground

125,126 1MD4,IMD, Bidirectional image memory
data bus bits

127 IMRD Image memory read output

128 GND Ground

129 ERR Error output

130,131 D1,D; Bidirectional data bus bits

132 Vop +5 V power supply

Pin Functions

Table 1 shows the PD9305 pins in their particular func-
tional groups. The paragraphs that follow table 1 describe
the operation of the pins in each group.

All unused input or output pins should be pulled up to
Vpp or down to GND through a 2K-3K ohm resistor.

110 Signal No.

| CLK 1
RESET 119

Status

ERR 129

0 SOLBSY 29
CPURQ 30

INBUSY 78

Host Interface

WR 47

RD 93

I cs 50
Ag 43

Ay 89

Dq 92

Dy 130

D, 48

D; 131

Dy 94

Ds 49

Dg 95

D; 96

110 Dg 51
Dg 52

Do 2

D1y 54

D12 3

D13 98

Dy4 55

D1s 4

OMA

0 DMARQ1 36
DMARQ2 83

DMAAK1 35

DMAAK2 82

DMAAEN 31
3h-3
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Table 1. xPD9305 Pins by Function (Cont) Table 1. .PD9305 Pins by Function (Cont)
7[1] Signal No. 1o Signal No.
«PD7281 Interface Image Memory Interface
MN, 109 I IMAK 38
0 MN; 68 IMRD 127
MN, 19 0 IMWR 46
MN3 108 IMRF 91
0 OREQ 6 IMD, 90
| 0ACK 5 IMD; 45
IREQ 56 IMD, 126
0 1ACK 57 IMD; 44
IPPRST 99 IMD, 125
008y 107 IMDs 88
0DB; 66 IMDg 87
0DB, 17 IMD; 42
0DB3 65 110 IMDs 41
0DB,4 15 IMDg 40
ODBg 13 IMD4g 39
0DBg 63 IMD44 85
0 0DB; 62 IMD;5 84
0DBg 11 IMD;3 37
0DBgy 104 IMD;4 122
0DB1g 61 IMD15 121
008 10 IMD1g 120
ODB4y 103 IMDy7 81
0DB43 59
0DB14 8
0DBy5 101
IDBy 25
IDB; 7
D8, 22
IDB3 110
IDB,4 20
IDBs 67
IDBg 18
I iDB; 16
IDBg 1
IDByg 12
IDByg 60
IDB14 9
IDB1» 102
IDB14 7
IDBys5 100
3n-4
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Table 1. ,PD9305 Pins by Function (Cont)

170 Signal No.
Image Memory Interface
IMAg 34
IMA; 80
1MA, 33
IMA3 118
IMA4 79
IMAg 32
IMAg 117
IMA; 116
IMAg 77
IMAg 76
IMA{o 28
0 IMA4¢ 27
IMA12 26
IMA43 74
IMA 4 73
IMA45 24
IMA 15 113
IMA47 72
IMA g 23
IMA1g 112
IMAyg 11
IMA, 70
IMA, 21
IMA,3 69

CLK (Clock)

CLK is the single phase master clock input. The xPD9305
clock frequency can be independent of ImPP clock
frequency.

RESET (Reset)

RESET initializes the xPD9305. A reset places OREQ,
IACK, the token 1I/0 flip-flop, and IM access request
signals at an inactive level. RESET resets the refresh
address counter, refresh timer counter, and mode register
to 0. RESET must be held low for a minimum of four
rPD9305 or uPD7281 clock cycles, whichever is slower.

Voo (POWeI’)
Vpp is the single +5 volt power supply.

GND (Ground)
GND is the ground signal.

Status Signal Pin Functions

CPURQ (CPU Request)

CPURQ indicates to the host processor that the ,PD9305
is ready to transfer a token to the host.

INBUSY (Input Busy)

INBUSY indicates that tokens are being input to the first
ImPP from the uPD9305.

SOLBSY (Self Object Load Busy)

SOLBSY indicates that a self object load is being
executed.

ERR (Error)

ERROR indicates that an error was output from the
ImPPs, the host has read an invalid output token, or that
the host has input a token while INBUSY was active.

Host Interface Signal Pin Functions

RD (Read)

RD reads the contents of the internal registers specified
by Aq and Ag.

WR (Write)

WR writes an input from the data bus to the internal
register specified by A; and Ag.

CS (Chip Select)

CS enables the RD or WR control signals.

Ao, A, (Address)

Ag and Aq select the internal register for a read or write
operation.

Do-D1s (Data BUS)

The contents of the internal registers are read from or
written to via data bus bits Dg-D1s.

DMA Signal Pin Functions

DMAAEN (Direct Memory Access Address Enable)

DMAAEN is used to indicate to the xPD9305 that an
external DMA controller is putting DMA addresses on the
address bus. During a DMA operation, DMA addresses
(system memory addresses) are input to Ag and A;.
However, these addresses have no meaning for the
uPD9305 and might alter register contents. For this
reason, the uPD9305 operates as if Ag and A, are both
reset to 0 when DMAAEN is active (high).

2h-5
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DMARQ1 (Direct Memory Access Request 1)

DMARQ1 issues a request to an external DMA controller
to transfer data from the host system memory to the
uPD9305.

DMARQ2 (Direct Memory Access Request 2)

DMARQ2 issues a request to an external DMA controller
to transfer data from the xPD9305 to the host system
memory.

DMAAK1 (Direct Memory Access Acknowledge 1)
DMAAK1 is issued by the external DMA controller to indi-
cate to the xPD9305 that DMARQ1 has been received.
DMAAK?2 (Direct Memory Access Acknowledge 2)
DMAAK?2 is issued by the external DMA controlier to indi-
cate to the xPD9305 that DMARQ2 has been received.
uPD7281 Interface Signal Pin Functions

MNg-MN; (Module Number)

MNg-MN3 specify the module number of one ImPP. Dur-
ing a reset, one module number is output via MNg-MN3,
the other via IDB2-IDB15. MNg-MN3 are three-state pins.
OREQ (Output Request)

OREQ signals to the first ImPP that the xPD9305 is ready
to transfer haif a token.

OACK (Output Acknowledge)

OACK signals to the uPD9305 that a half token has been
accepted by the first ImPP.

IREQ (Input Request)

IREQ signals from the last ImPP that a half token is ready
to be transferred from the ImPP to the xPD8305.

IACK (Input Acknowledge)

IACK indicates to the last ImPP that the xPD9305 has
accepted the half token.

2h-6

IPPRST (Image Pipelined Processor Reset)
IPPRST resets the ImPPs during RESET or a command
reset.

ODBy-ODB 5 (Output Data Bus)

ODB,-0ODB,5 transfer tokens from the xPD9305 to the
first ImPP.

IDB,-IDB ;5 (Input Data Bus)

IDBy-IDB;5 transfer tokens between the output of the last
ImPP and the xPD9305.

image Memory interface Signal
Pin Functions
IMRD (Image Memory Read)

IMRD requests a read of the contents of the image
memory addressed by IMAg-IMA23.

IMWR (Image Memory Write)

IMWR requests a write to the image memory location ad-
dressed by IMAy-IMA23.

IMRF (Image Memory Refresh)

IMRF indicates an image memory refresh cycle.

IMAK (Image Memory Acknowledge)
IMAK indicates to the yPD9305 that an image memory
read, write or refresh has been completed.
IMAg-IMA,; (Image Memory Address)

IMAg-IMA>3 supplies the image memory address for a
read or write operation or for DRAM refresh (IMAg-IMAg
only).

IMD,-IMD,; (Image Memory Data)

IMDy-IMD 7 is the bidirectional data bus for transferring
data to and from the image memory.
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»PD9305 Block Diagram

MA23_16 IMA{5_g

Image Memory
Bus Interface

! RHAR1(8) Refresh
Yoo | WHAR2(8) M}_ Control
WHAR3(8) RHAR3(8,
GND ——» = w LAR(16) . soLBSY
A {} RETMR(S) '
( IDBy5_o
Memory IMRD
Access IMWR
Control IMRF
DMAAEN Y : IMAK
S———y | |
Allg—— ] Bus [Civeea ) | Input Token Input Token IREQ
WR ——+——] Interface | Decoder Controt 1ACK
ﬁ)—'——» Controt FIFO(2-token) | T 1 crm
| ! L:Tnm = CPURQ
: I‘l"ipu\ Bus Interface I
I
R s |
D15~D< - ﬂ] K
| Output Token i DMARQ1
Control | DMAAK1
! [ODERE) ] [ wnrE) ] OUTR(32) | DMARQG2
: L Highs;a | —]L DMAAKZ
| 1 : I
| S wPD7281 | :
{ System Output Bus | X
U S _ Buslmerdace L ____ T merteee 4 L Lo J
IPPRST MN;_o ODBys5_p OREQ OACK INBUSY
49-001278C
Functional Description ©PD7281 Input Bus Interface
The xPD9305 has the following functional units: After the last ImPP outputs a token, the input bus inter-
« uPD7281 input bus interface face determines whether the token should be an output
» uPD7281 output bus interface token to the host CPU, to the image memory, or to the
» System bus interface output bus interface block. The high order 16 bits of the
» Image memory bus interface token output from the last ImPP are latched into in the
—Register file high word register (HWR) and then decoded by the input
g g y
—R/M/W control token decoder to determine the token type.
—Self object load control
—Image memory refresh control
3Ih-7
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nPD7281 Output Bus Interface

The output bus interface logic transmits tokens through
the multiplexer (MUX) to the first ImPP. The transmitted
tokens come from the system bus interface, the xPD7281
input bus interface, or the image memory bus inter-
face. The output bus interface uses a priority control
mechanism to prevent collisions between the tokens
coming from the different blocks.

System Bus Interface

The system bus interface receives a token from the host
CPU for the ImPPs, sends it to the output register
(OUTR), and signals the output bus interface. Conversely,
it sends a token, which is output from the last ImPP,
through the input register (INR) to the host CPU accord-
ing to instructions from the host CPU. The host CPU can
set input or output modes (MODER register), read the
status register (STATUSR), set image memory refresh
timing (RFTMR register), and set module numbers (MNR)
for two uPD7281s.

Image Memory Bus Interface

The image memory bus interface accepts the following
five types of tokens:

Token Description
WHA Write high address
WLA Write low address
WD Write data

RHA Read high address
RLA Read low address

Tokens have a 16-bit data value, so the address is
transferred in two tokens to form the 24-bit image
memory address. The lower 16-bits of the image memory
address are latched in the lower address register.

3h-8

The image memory bus interface also performs read/
modify/write functions with the R/M/W control logic and
provides a register file.

Register File. The register file is used for storing write
high addresses (WHAR/four 8-bit registers), write data
(WDR/four 18-bit registers), and read high addresses
(RHAR/four 8-bit registers).

Read/Modify/Write (R/M/W) Control. The R/M/W con-
trol reads a word from the image memory, performs a
logical operation (AND, OR, or XOR) between it and the
contents of a write data register (WDR), and then writes
it back to a location referenced by the WHAR (the same
lower 16-bit address, but a different upper eight bits).

Self Object Load (SOL). The seif object load control
loads ImPP object programs stored in image memory into
the ImPPs. When the SOL is given a starting address,
the SOL control automatically generates the appropriate
addresses to read the image memory.

Image Memory Refresh Control. The xPD9305 gen-
erates a 10-bit address and the timing for refreshing
dynamic image memories. The timing is set by the
RFTMR register.

Figure 1 shows the input/output token format and table 2
shows how the image memory access tokens function.

Figure 1. Input/output Token Format

| High Word }

Low Word ——————]

15 12 1110 43 015 0

[w ] »

I CTLF ” Data I

49-001279A
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Table 2. Image Memory Access Tokens!"
MN Z [} CTLF Data Function Operation
0001 - MN’ D’ --=- Image memory read low address Image memory read (RHAR1 reference) R
111 --=- e Image memory read Read high address register (RHAR1) set S
high address (Note 2)
0010 - MN’ (v} ---- Image memory read low address Image memory read (RHAR2 reference) R
111 -—-- B Image memory read Read high address register (RHAR2) set S
high address (Note 2)
0011 - MN’ D’ ---- image memory read low address Image memory read (RHAR3 reference) R
111 -—--- —--= === Image memory read Read high address register (RHAR3) set S
high address (Note 2)
0100 - MN’ vy -——-—- Image memory read low address Image memory read (RHAR4 reference)
111 -—-- —-—-- - Image memory read Read high address register (RHAR4) set
high address (Note 2)
00000 DIR -——— Image memory write low address Image memory write (referencing WHAR w
and WDR selected by DIR)
001-~- DIR ——— - - - Image memory write Set write high address register S
high address (WHAR) selected by DIR
0101 - 010-- DIR --CS Image memory write data register Set write data register (WDR) S
selected by DIR
011-- DiR - —---- Image memory read Set read high address register S
high address (RHAR) selected by DIR
100 MASK DIR --—-- Read/write low address Read/modify/write RW
101-- DIR  ----  Read/write low address Read / modify / write (write CS bits RW
selects mask)
00--- DIR --—-- Load starting low address Self object load R
0110 -  01--- DR ----  Load starting low address Self object load MN of output token R
is SOLMN)
1---- - - R SOLMN Set SOLMN for self object load S
Notes:

(1) The following definitions refer to the above table:
MN: Module number
Z: Always 0
ID: Identifier
CTLF: Control field
ID": 1D used for next circulation
MN’: MN used for next circulation (MN # 111)
DIR: Specifies registers for memory image access
MASK: Specifies the modify mode
~: Do not care
S: Set
R: Read
W: Write

(2) When RHASEL of the mode register is 1, the tokens become image memory read (request) tokens

Table 3 shows moduie number (MN) values and the five
token types (refer to figure 12).

The five token types are:

(1) Output request data to the host
(2) Image memory access data

(3) DMA request data

(4) Pass data

(5) Delete data

2n-g
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Table 3. MN Values and Token Types

Token Type MN 10 Function Abbreviation
(1) 0000 X X X X X X X 1PD7281 output data to host CPU
2) 0001 MN’ D’ image memory read1 (RHAR1 IMR

X X X XXX X select)
111 X X X X RHAR1 set (Note 2)
0010 MN’ D’ Image memory read2 (RHAR2
X X X X X X X select)
111 XX XX RHAR2 set (Note 2)
0011 MN” D’ Image memory read3 (RHAR3
—- - select)
111 XX XX RHAR3 set (Note 2)
0100 MN’ D’ image memory read4 (RHAR4
- - select)
111 X X X X RHAR4 set (Note 2)
0101 00000DR Image memory write IMW
001xxDR High address set for write IMWHA
- (selected register file is DIR +1)
010xxDR Write data set (selected IMWD
- register file is DIR +1)
011xxDR High address set for read IMREA
- (selected register file is DIR +1)
1 0 0 Mask DIR Read/modify/write1 RMW1
101 xx DR Read / modify / write2 (mask RMW2

- selected by CS bits of image
memory write data)

3) 0101 110xxxX DMA1 (host — uPD7281) DMA1
111 xxxx DMA2 (»PD7281 — host) DMA2
2) 0110 00xxxDR Self object load1 SOL1
01xxxDR Self object load2 (rewrite MN) SoL2
1TXXXXXX MN set for self object load SOLMN
(4) 0111 uPD7281 module number (when PASS
RHASEL=1)
1000
1001
1010
«PD7281 module numbers
1100
1101
1110
(5) 1111 Deleted VANISH

Notes:

(1) The following definitions refer to the above table:
MN: Module number
ID: Identifier
MN’: MN used for next circulation (MN % 111)
1D’: ID used for next circulation

(2) When RHASEL of the mode register is 1, the tokens become image memory read tokens.

2W-10
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Absolyte Maximum Ratings AC Characteristics
Ta = 25°C Ta = 0°Cto +70°C, Vpp = 5V +10%
Power supply voltage, Vpp -05Vto70V Clock Timing
Input voltage, V, —-05Vto70V G
imit
Output current, lg 10 mA symbol W W m'; . Test
" P m| i ax Unit onditi
Operating temperature, Tgpr 0°C to 70°C - ymoo n a Wons
Storage temperature, Tgrg Z65°C 10 150°¢  ULK oyl time fovk 8 ns
Clock pulse twkH 30 ns
“Comment: Exposing the device to stresses above those listed in width high
absolute maximum ratings could cause permanent damage. Do not
operate the device under conditions outside the limits described in c',OCk pulse twkL 30 ns
the operational sections of this specification. Exposure to absolute width low
maximum rating conditions for extended periods may affect device Clock rise tkr 10 ns
reliability. time
: Clock fait tke 10 ns
TCa_pzast‘,:étant:e ime
A=
_ Limits Test Input Timing
Parameter Symbol Min Max Unit Conditions -
Limits
Input C 10 pF _ Test
capacitance M Parameter Symbot Min Max Unit Conditions
fo = 1MHz -
Output Co 15 pF  Unmeasured Input rise R 0 10 HS
capacitance pins are time
Input/output Co 5 pF A0V (nput fall t 0 10 s
capacitance time
DC Characteristics RESET Timing
Tp = 0°Cto +70°C, Vpp = 5V +10% Limits Test
Limits Test Parameter Symbol  Min Max Unit Conditions
Parameter Symbol  Min Typ Max Unit  Conditions W pulse tasT tovk ns  uPD9305 only
Input vV, -05 08 v width
low RESET setup tbRsSPRL 40 ns
voltage time to TPPRST
Input Vi 2.0 Vpp+0.5 vV IPPRST hold time  tpaspre 50 ns
high after RESET 1
voltage
IPPRST setup to tomn 60 ns
Output VoL 0.4 V lgo=2mA MNg-MN;
low
voltage MNQ‘MNg float temn 50 ns
time after
Output Vou Voo V lg=-4004A  IPPRST t
high —0.4
voltage IPPRST low toprOD 60 ns
until OBD15-OBD12
Input ]|_| 10 A O< V| SVDD active
leakage
urrent 08015-OBD_IM trPROD 50 ns
curre time after IPPRST 1
OUtDUT ILO +10 lLA 0 SV| SVDU
leakage
current
Supply oo 10 100 mA 10 MHz
current
An - 11
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Host CPU — ,PD9305 Read/Write Timing I/0 Request/Acknowledge Timing
_ Umits Test _ Umits Test
Parameter Symbol Min Max Unit Conditions Parameter Symbel Min Max Unit Conditions
Address setup w20 ns IREQ | setu gy 15 60 ns
toWR |,RD ! time to TACK |
Address hold tirwa 20 ns TACK ¢ toiagns 10 ns
time after WR 1, setup time to
RD ! IREQ 1
CSsetupto WR | tgcaw O ns IREQ 1 toigani 20 70 ns
RD | setup time to
= - 1ACK 1
CS hold time turwe 0 ns —
'f_lﬁer WR 1, IACK ¢ _ toiaiaL 10 ns
RD 1 setup to IREQ ¢
WR, RD pulse twrwe 100 ns iD bus setup tsipi 20 ns
width time to IREQ 1
RD setup to torp 80 ns ID bus hold twap 10 ns
data time from
Data float time trRD 30 ns IREQ 1
after RD 1 OREQ | tD0aoAL 10 ns
tup time to
Data setup to tsow 20 ns pad
WR t OACK 1
Data hold after two 20 ns SI:CK tt togaoan 20 70 ns
WR 1 etup time to
OREQ 1
. OREQ 1 setu tooooad 10 ns
DMA Request Timing™ time toWKP t
Limits OACK 1t setup toomoa. 15 60 ns
- Test : OREQ
Parameter Symbol Min Max Unit Conditions time to OREQ |
DMARQ ! tDDQDA 20 ns (S)eﬂtﬁg t:me to tDODDD 10 ns
setup time to ODB valid
DMAAK | & 5
—— float time ) 1 ns
DMARQ t tooaoa 50 ns after OREQ !
time from
DMAAK +
50 Note:
OMARQ ¢ tavoa ns Pull-up resistors required on xPD9305 IDB4s-IDBg to meet thiqip
time from timing.
DMAAK t
DMAAEN 1t tspeRw 30 ns
setup time to
(RD,WR) |
DMAAEN tHRWDE 30 ns
hold time
after (RD,WR) 1
DMAAK Io_w_situp tsparw 0 ns
time to (RD,WR) |
DMAAK_h(ﬂ time tHRWDA 0 ns
after (RD,WR) 1
DMAAK puise twpAL tov ns
width
Note:

(1) DMAAK = DMAAK1 or DMAAK2
DMARQ = DMARQ1 or DMARQ2

3h-12
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Image Memory Read, Write, Refresh Timing SOLBSY Timing
Limits Test Limits Tost
Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions
IMA( 1 active tDKMARE 100  ns IMrefresh SOLBSY delay toiase 30 ns
time from CLK ¢ time from IACK 1
IMA active time 1DKMAMC 60 ns IMreador IM SOLBSY delay tokss 60 ns
from CLK ¥ write time from CLK |
IMA float time tFMCMA 10 ns
from IMC 4 CPURQ Timing
IMC recovery time trymc  1-5tcyk ns Limits
- - Test
IMC 1 delay time tDKMCH 35 ns . %
from CLK 4 Parameter Symbo! Min Max Unit Conditions
: CPURQ delay time  tpjapa 30 ns
IMC ¢ delay time tDKMCL 40 ns - DIA
from CLK from IACK t
IMAK recovery time ~ taymk  1.5tgyk ns ﬁzyﬂRg_Dd?Iay time  topRq 60 ns
IMAK setup time tSMKK 10 ns
to CLK 4 .
IMAK hold time tHMCMK 4] ns INBUSY Tlmmg
from IMC ¢ Limits Test
IMg setTup time tSMDK 20 ns Image memory Parameter Symbol Min Max Unit Conditions
to CLK read timin
9 INBUSY 1 delay  tows 70 s
IMD hold time tHMRMD 0 ns Image memory time from WR 1
from IMRD ¥ read timing INBUSY 1
IMD delay time tokmop 30 ns Image memory delay time from tooqs 40 ns
from CLK + write timing OREG 1
IMD float time tFMWMD 20 ns Image memory
from IMWR } write timing ERR Timing
Note: N
(1) IMA = IMA,3IMAg —le__ "‘_ Test
(2) IMC + IMRD, IMWR or IMRF Parameter Symboi Min Max Unit Conditions
(3) To maximize IM access time use IMAK = IMC. Then IM cycle time ERR 1 dela tone 30 ns  Error token
i I
willbe 3kevk time from ACK t output
ERR 1 delay towe 60 ns INBUSY = 1
time from WR |
ERR 1 delay toRe 60 ns CPURQ =0
time from RD
INBUSY hold thwis 10 ns
time from WR |
CPURQ setup tspor 10 ns
time to RD |
Note:

All unused input or output pins should be pulled up to Vpg or down to

GND through a 2K-3K ohm resistor.

3n-13
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Timing Waveforms RESET Timing

Clock Timing

| trsT
RESET /

- \ le— tDRSPRL 'DRSPARH — fe——
le—txp IPPRST \ /
K

49-001262A

CLK /‘

—{ le—tOMN tFMN —{  fe———
Input Timing MN3_MNo {
A
— 1, 1, — b
tR [ r- DPROO FPROD
ODB{5~ 3
Input 0DB;,
49-001276A 49-001275A

Host CPU — 4PD9305 Write Timing

wom — —

le— tsarw tHRwa
cs q k
Iscrw _.I je— tHRWC -.I

tWRWL Vs

HwD
tsow

49-0012738
Host CPU — ,PD9305 Read Timing
4
Aq-A,
1 0 —-gr
le— tsaRw —ef e tHRWA
cs
tsCRW — re—HRWC
—_—] twAwL |
RD
tDRD —»f flmoi
Y
D15-Do L
49-0012748

2h.14
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DMA1 Request Timing

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003

DMARG!1
‘boaoa
topapa —4 re—— tRvDQ
DMAAEN
twoaL k
ISDARW —>  fe— WHRWDA—w{ |e—
DMAAK1 \‘ A‘
t
[e— tSDERW —- HRWDE
. s
WR \ A
tHwD
1SOW —o
D15-Do
49-001271B
DMA2 Request Timing
DMARG2
tppaba
tbpaoa fe——tRVDQ
/ twDAL. \
DMAAEN ~———————] k--——
'SDARW —» |e— 'HRWDA—of |@—
o s
OMAAK2 ]
.
tHRWDE
[e— ISDERW —»1
o L
RD ]
torD tFRD
Dis-Dg }——
49-0012728
1/0 Request/Acknowledge Timing
S \ '
OREQ ;
tDOQOAH
tboaoQ! tpoAOQH|
'DOQOAL! oA0ay tpoaoat} DOGORH
DoQoAL|
N o \ i
OACK /
tp0QOD—e] r tF0QOD \'FOQOD
0ODB,;5-0DBy >( H g L
49-0012598
3h-15
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I/0 Data Bus Handshake Timing

toialaL

TN

I

tDIQIAH1 N
toiaiaH| o . tDIAIGH
olAIGL 1
tolaraLt : DlQIAH
tsioia _ [tHiaio tsioia_| tHiain

1DB45-1DBg Xr

- X Xt X

X

490012588
Image Memory Read Timing
IMA X B X
[—tokmamc — I-—'Fucm\
IMRD e__/‘_——
— tokMCH  tDKMCL trRvmc
SMKK THMCMK tRVMK
— j:—'??—\
[*—=1—tHMAMD
83-0039238
Image Memory Write Timing
ma )( K )(
0—4— tDKMAMC == [*—tFMCMA
IMWR e_/c—
1 = IDKMCH tDKMCL = tRvMC
1F N
1SMKK tHMCMK tRVMK
‘—-l—mmu -—i—tmwMD
wors X KX
83-003924B

3n-16
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Image Memory Refresh Timing

I“DKMARF’
iMA X
tDKMCL — ‘—OI—QFMCMA
IMRF \
tDKMCH [+———— tRvMC
CLK \ _/_—\—/_
tRVMK 1SMKK — r—tnmcm
IMAK 7 ﬂ
83-0039258
IM Command Timing
IMRD (IMWR)
[e—tRvMCMF
IMRF \
i—z@—
|#————tRvMCMRW
IMRD (IMWR)
SOLBSY Timing
iREQ \ /
TACK
toiass
SOLBSY - \
tpksB
IMRD / e
oK _\_/ \_gg_/ \c_/ \
2h- 17
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4PD9305

NEC

CPURQ Timing

tpiarQ

Ja
¢

CPURQ \

torpPQ

- _ e
(A1=Ag=0)

49-0012678

INBUSY Timing

p— ‘—'
WR
(A =Ag=0)

DWI8
INBUSY ; \
——

tooqis

49-0012668

ERR Timing, Error from ImPP

1ACK

tDIAE

49-0012638

ERR Timing, INBUSY

INBUSY \

WR \ /
(Ay=Ag=0)

49-0012648

2h-18
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ERR Timing, CPU Request

————
CPURQ ‘
tspoR
RO
(A1=Ag=0)

49-0012658

©PD9305 Operation Table 4. I/O Ports
Table 4 shows how the xPD9305 uses signals CS, RD,

WR, and A4, A to read or write to I/O ports. 08 RD WR A A Infemal l/0 Ports
0 0 1 0 0 Read ImPP input data register (from ImPP)
0 0 1 0 1 Read status register
0 0 1 1 0 CommandRESET. dataread has no meaning
0 o 1 1 1 Notused
0 1 0 0 0 write ImPP output data register (to ImPP)
0 1 0 0 1 Write mode register
0 1 0 i 0 Write module number register
0 1 0 t 1 Write refresh timing register

Figure 2 shows the status register format.
Figure 2. Status Register Format

7 6 5 4 3 2 1 0

|son.esv [ IPPERR ] CPURQ I mausy | bmana lDMARQl | ners [ourenn]

OUTERR [1) uPD7281 input data register (INR) is

read while CPURQ = 0 (incl. during
DMA)

RESET

nPD7281 output data register is written
to when INBUSY = 1 {incl. during DMA)
—_

RESET

DMA2 token [3] (MN = 51D = 7xH)
input from the 1 PD7281

DMAAK2 + RD = 0 or RESET

DMAT token [3] (MN = 5,1D = 6xH) is
input from the uPD7281

DMAAK] + WR = 0or RESET

Output token (OUTRY) is being input to
the 1PD7281

[} 1 PD7281 input of the token complete.
or RESET

INERR [1]

DMARQ2

DMARQ1

INBUSY

CPURQ [2) 1 MN = 0 token is input from the
wPD7281

Host read of the uPD7281 input token
(INR) or RESET

Error token is input from the pPD7281
RESET

SOL1 or SOL2 token [4] is input from
the uPD7281

0 SOL terminates or RESET

IPPERR {1.2]

sSoLBSY

Notes: [1]IPPERR. INERR and OUTERR are ORed and output to the ERR pin
(2] When IPPERR becomes '1". CPURQ also becomes ‘1" at the same time.
(3] Refer to «PD9305 User’s Manual. Section 6. DMA Request Function
[4] Refer to 11PD9305 User's Manual, Section 5. Image Memory/p PD7281 Interfacing

49-001280B

3h- 19
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Figure 3 shows the mode register format.

Figure 3. Mode Register Format

7 6 5 4 3 2 1 o
I RHASEL I RFINH I HALFIN |HALFOUT | 8BITIN l 8BITOUT I CSSEL I CRESET ]
CRESET 0 | No operation
1 Command reset
CSSEL 0 |&I@ memory read data C.S bits are
1 Ivcnsoge memory read data C.S bits are
8BITOUT 0 16-bit external data bus
1 8-bit external data bus
8BITIN 0 16-bit external data bus
1 8-bit external data bus
HALFOUT 0 High/iow 32-bit output
1 Low 16 bits output (high 16 bits
ignored)
HALFIN 0 | High/low 32-bit input
1 Low 16 bits input (high 16 bits fixed)
RFINH 0 IMRF output
1 IMRF not output
RHASEL 0 Read high address valid for MN = 1 to
4 tokens
1 | Read high address invalid for MN = 1
to 4 tokens (becomes read operation)

Note: All bits of the mode register default to 0 when an external reset is applied
49-001281A

Figures 4-20 graphically show xPD9305 operation. For a Figure 5. Setting Read Method for
detailed description of xPD9305 operation, refer to the Output Data
uPD9305 User’s Manual.

Figure 4. Setting Write Method for

Mode Output data read-out sequence
Input Data 3
B A 16-bit 16-bit
iy T 1 | e
Mode Input data write sequence ool [w T ] [w] ul]
U v
e n 16-bit 16-bi T -
oL 1 ] | Useexamp iy 16-bCPU
}’T[HHIHLIILHILL] o of { O] 1 @ ]nom\aiuu
NN o 1 16-bCPU
n 166t CPU image memory read
o 0 [ @ I I @ ] normal use 8bCPU
2 Scanner 1@ 9o ] [@]e] use
Y - oz e
—rrene X .
——] 8-bitCPU
1o l @ [ ®j [ @ I @ normal use Note: [1] Circled numbers indicate order in which data is written
8-bit C P U memory 49-001284A

11 Fixed data ——>uPD7281

—Image memory

Notes: [1] Circled numbers indicate order in which data is written
[2] Fixed data should be defined beforehand

49-001283A

Zn-20
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Figure 6. Setting Fixed (16-Bit) Data

Figure 7. MN Register

For 16-bit CPUs

Set the mode:
8BITIN = 0
HALFIN = 0

Write the 16-bit data (H) to
be set in the output data

register (OUTR) (Low data
is not written]

Set the mode:
BBITIN = 0
HALFIN = 1

Note: Each time the 16-bit low data is written to the output data register. the 16-bit
high data set by the above procedure will be input with it to the pnPD7281.

For 8-bit CPUs

Set the mode:
8BITIN = 1
HALFIN = 0

:

Write, in two 8-bit opera-
tions, the 16-bit data (H)
be set in the output data

register (OUTR) (Low data
is not written}

1

Set the mode:
8BITIN = 1
HALFIN = 1

49-001285A

7 6 5 4 3 2 1 o

LT T T T T T

h m |

T
uPD7281 #1071

T
nPD7281 =2

Note: [1] Bits 7—4 are output on the output data bus

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003

49-001287A
Figure 8. Refresh Timing Register
7006 5 4 3 2 1 0
T T T T T T
%ﬂ—i
Refresh Cycle (RC)
Notes: {1]X = don't care
[2) The actual refresh cycleis (RC +1) x 8 CLK. RC = 0to 63
49-001288A
2h-21
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Figure 9. Input Timing (Host to ,PD9305 to .PD7281)

/
U —k( IR ]

[
* f\ /
< : ( Y,
s - 1\ <

OUTR
HH register

T

nPD7281 output data register

outh Latched \/
LH register W -
121 @lched
BUSRQ
oDB < High Data X Low Data

Notes: {1)¥/7// = Output enable
(2} internal signal
3. 8BIN = 1, HALFIN = 0

49-0012898

3h-22
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Figure 10. Output Timing (.PD7281 to .PD9305 to Host)

s ANV VAN EIVAN

J [1]

|

e )

HL register (8)
Latched

02

|
N
z

nn register (8) (
Latched

LL register (8)

)
[
|

%

Latched

|
|
W//)/

CPURQ

LH register (8)
Latched

N\

High Low
{

o Data

Notes: (1] F22222] = Outputenable

2. 8BITOUT = 1. HALFOUT = 0

Input Data Register

Power ed

by 1 Cm ner.com El ectronic-Librar

y Service CopyRi ght 2003

49-0012868
Figure 11. Output to ,PD7281, Control Data Paths
-
’ R 1DB15-108g
L 3]
|MD,7-|M002j 3 -
@)
4)
INR(32) FlFO
o,s-oﬂ<‘L > (1) @
RS i)
OUTR(32) @
L
0,
Note: [ Mux
{1) Data trom host
{2) Data trom last ImPP
{3) Image memory read data
{4) Self object load data 0DB,5-0DBy
49-0012828
3h- 23
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Figure 12. ,PD7281, Input Control Data Flow

WDR1(18) WHAR1(8) RHAR1(8)
WDR2(18) WHAR2(8) RHAR2(8)
WDR3(18) WHAR3(8) RHAR3(8)
WDR4(18) WHAR4(8) RHARA(8) l LAR(S) l
L4 (2PE j(z)t j(ZF r @)
t 3 2 { 10B,5-108,
{Note 1)
@)

g l :

INR(32) FIFO

O o U

Dv5-00< (1.(3) < n——
A% A

Note:

(1) Reter to Table 3 for
token type definitions ODB15-0DBg

49-001290B

h-24
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Figure 13. Image Memory Read Timing (Without Refresh Request)

)Y

IREQ

149

IACK

1DB(16) —D f_—\,, \

Memory Access
Request internal
lag

o« /N /\ /X

IR CCCCLCCCeeeeeecace

- ¢ o~
%
vy
|

IMAK

Power ed by | Cniner.com El ectronic-Library
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Figure 14. Image Memory Write Timing (Without Refresh Request)

:q cccccccccc / (
w“_ /TN /N }\ ANA ]
««««(«««(«f« . o E)))))
R CLCLCLCELTEECeeetc o DINY

49-001292C

Zn-26

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



N E C wPD9305

Figure 15. Image Memory Access Request Priority Control

b))
H L T
IREQ
Memory Access
Request Token
b)1
¢
1ACK
pR— )
Memory Access e
Request Internal
Flag
)
Memory Refresh (a
Request Internal
Flag
CLK

iMRD
OR

IMWR b)Y

IMRF

)

/<
.
7

490012938

dh-27
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Figure 16. Read Data — .PD7281 Output Timing (Single Output)

- ) T
L
IREQ
33
<«
{ACK
0Bee) —D_D %
Memory Access
Request Internal
Flag
CLK
IMRD
b}
o T
IMAK
b
IMD(18) ve— )
by
<C
OREQ
b))}
N <€
OACK
49-001294C
3nh-28
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Figure 17. Read Data — .PD7281 Output Timing (Continuous Output)

H, Ly H, L, H, Ly H, La
a8 Y, N R
IRea J ~ y \___ ' J N
1ACK KR @ Y ] N ‘\\ 7
Memory Access \ -
Request Internal
Flag
I
CLK Q ) ey Q () ) ()] QR ¢ €)) 0 (P
[ ( | / A \ /]

-

b - |
1

IMRD J ;
MAK / \
H, L H, L, Hy
OREQ
OACK
Refresh ' Read 1 Read 2 Read 3
49-001299C
*
3h-29
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Figure 18. Self Object Load Timing

SOL Start
Request Token
H L H L
IREQ R R v/ xR
\ 7, ‘ b, 7

ACK ] \“ @ \
Internal Flag
Showing SOL

XXX X_ X

~ ‘u.
. YT ) /h2 \ /2 \ /r3 \ /Ta\_

Notes: [t} When OACK is not returned. the nPD9305 can retain up to two tokens. (H2)-L2 and
H3-L3 tokens). IMRD will not become active until the token is output.
2. If arefresh request is generated during execution of self object load, retresh is
given priority.

IMAK N
H1 L H2 L2
OREQ
m
OACK

49-001300C
Figure 19. Refresh Timing
CLK
iIMA 8-0 <<<</ / [X
L (\ Increment
Internal Flag
SRhowmg' / }
Refresh Reques! T
IMRF {
‘When no Other Request
49-0012958B

3h-30
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Figure 20. Read/Modify/Write Timing

H L
e ra A
iACK
Internai Flag
Showing
i Y
CLK
IMRD
IMWR
MAK
49-0012978B
Table 5 shows the differences between command and Figure 21 shows a typical system configuration using the
external resets. uPD9305 with several ImPPs.
Table 5. Command and External Reset
Differences
Item RESET Commmand Reset
1/0 data counter; Tokens in the #PD9305; Cleared Cleared
image memory access requests (except
retresh); OREQ, IACK; DMA request
Refresh timer; refresh request; refresh Detault No change
address; mode register values
IPPRST pin 0 (active) 0 (active)
Figure 21. Typical System Configuration
Image
Memory
a i:I
o —
‘E PN N
2 P r
& <k i
RS VA i
! OMAC i
R H
nPD7281 nPD7281 :> nPD7281 :> nPD7261
#1 #2 #3 #a
49-0012968
2h-31
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