HD81501A

ISDN I-Interface LSI

I-INTERFACE LSl is a full-duplex transceiver for
an ISDN basic user-network interface specified by
ITU-T I-Series Recommendations.

This LSI contains all layer 1 and 2 control func-
tions following 1.430 and 1.441 at S/T reference
points, and also includes layer3 interface, which is
selectable data transfer mode (DMA/Programmed
1/0), for direct connection to 3 types of micro-
processors, and moreover, Master/Slave operations
modes for various kind of Terminal equipments
(TE) and network termination (NT2).

Features

® Layerl Control Following ITU-T Recommen-
dation 1.430
» 192kb/s Transmission Rate
+ B+B+D Channel Structure
* Synchronization Control (Timing Recover,
Frame Alignment)
+ D Channel Collision Control by E-bit with Re-
transmission Function
+ Multiframing Control by Q-bit
« Master/Slave Mode Operations
* Selectable B Channel Use
Individual Use of B1 and B2 (64kb/s)
Bulk Use of B1+B2 (128kb/s)
+ B Channel Data Input/Output Clock Selectable
(Internal or External Clock)
® Layer2 Control Following ITU-T Recommen-
dation [.441
+ HDLC Frame Control (Flag Control, FCS Addi-
tion/Check, O Insertion/Deletion)
* LAPD Status Control for TE Mode (Error Con-
trol, Flow Control, DLCI Control)*
+ Internal Timer for Time-out Check

*This LSI contains LAPD firmware for TE
(Slave) mode.

e Layer3 Interface Function
+ Direct Connection to 3 Types of Microprocessor
Bus . ... 8086 Type, 68000 Type, 6809 Type
» Selectable Data Transfer Mode ... ... DMA/
Programmed 1/O
* Logical Interface by Interface Primitives

® Built-in 8 bit Microprocessor {64180 Core) for
LAPD Sequence

® Contains 16kB ROM and 1kB RAM for LAPD
Software

¢ Implanted LAPD Firmware in on Chip-ROM
for Slave Application

® Adaptation to Circuit Switching (without Ext.
RAM) or Packet Switching (with Ext. RAM) by
Contained LAPD

® Memory Area Extension Capability for Master

Mode and X.25 Packetization (User Program

Available)

Individual Operation Modes of Layerl and

Layer2 Functions

Power Down Mode for Low Power Operation

Oscillation Circuit Provided

1.3um CMOS Double Metal Technology

TTL/CMOS Compatible Input/Output

Singie Power Supply 5V+5%

136 pin Quad Flat Package

Main Operation Mode

® Operation Layer Selectabie
+ All Layer Operation
» Layerl Individual Operation
+ Layer?2 Individual Operation
® Master/Slave Mode Selectable
® Receive Timing Selectable at Master Mode
+ Transmit Synchronized Mode for Short Passive
Bus
+ Receive Synchronized Mode for Point to Point
Bus and Extended Bus
® B Channel Data Input/Qutput Clock Selectable
(8kHz, 64kHz/128kHz)
« Internal Clock Mode
+ External Clock Mode
® B Channel Use Selectable
+ Nomal Use. . . . Bl and B2 (64kb/s) 2Channels
« Bulk Use . ... Bl + B2 (128kB/s) 1Channel
® Layer3 Interface Bus Selectable
+ 8086, Z80 Type
+ 6800, 6809 Type
+ 68000 Type
® Data Transfer Mode to Layer3 Bus Selectable
+ Programmed I1/O Transfer Mode
* DMA Transfer Mode
o Internal Microprocessor Clock Rate Selectable
* Nomal Mode . ...... Layer2 Microprocessor
Operation Clock; 6.144MHz
+ Power Down Mode .. Layer 2 Microprocessor
Operation Clock; 3.072MHz for Low Power
mode
@ Internal/External Memory Area Selectable
* 4 Types of Memory Space Area
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e Circuit Switching/Packet Switching Mode Se-
lectable
Internal LAPD firmware for terminal equip-
ment is automatically operated as follows
+ Circuijt Switching Mode . . . . without external
RAM. SAPI=0 only

* Packet Switching Mode .. with external RAM
(8kB). both SAPI=0 and 16
(SAPI=0: Circuit Switching Service ~SAPI=16:
Packet Switching Service)

Pin Arrangement

B
HLTA
HOLT
EXHLTA
EXHOLY
A
€1

E0
RAMIP
RAMIN

(Top View)

BCH CLK SEL
RTIO

RDIO

010

SYNC
ABIT/VDET
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Pin Descriptions

1. Common Part

Pin No. Symbol /0 Function
35
103 Vee | Power Supply; 5V 6%
119
1
52 Vgs | Ground
69
33 XTAL 0 Oscillator Qutput: X'tal connect
34 EXTAL 1 Oscillator {nput: X'tal connect or External Clock Input
+ X'tal; AT Cut Type
cu F 12.288MH
» Frequency; 12. 2
EXTAL External Clock EXTAL '1;
12.288MHz [n] « Co<7pF
XTAL Open XTAL N + Rs<602
C
L2 - Cp1, Cpp: 10-22pF£10%
(A) External Input Mode (B) X‘tal Mode
38 CPU CLK (o] System Clock:
6.144MHz Output at PD=""L""
3.072MHz Output at PD=""H*
36 CK12M o 12.288MHz Ciock Output:
37 PD | Power Down Set: Internal CPU System Clock Select
PD="L" ..... 6.144MH2
PD="H" ..... 3.072MHz
50 RESET | RESET: LS! is RESET if this pin remains low level for over 6 cycles.
86 TESTO Mode Set: LS| is set as follows by these pins.
T2 11 TO Mode
87 TEST1 | 0 O 0 Normal Operation Using Internal LAPD
0o 0 1 internal CPU Inactive for ASE.
88 TEST2 0 1 1 Internal RAM (nactive
1 o 1 Internal ROM Inactive

1 1 0 Internalt ROM/RAM Inactive

At memory inactive mode, memory address space is switched from internal
area to external, and external memory is available. Even if LS| is set to
Normal Operation, external RAM may be connected. In this case, LS1
should be adapted to not only circuit but also packet switching.
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2. Internal CPU Part

Pin No. Symbol 110 Function
49 INTO /O INTERRUPT 0: This input is request pin for maskable interrupt level Q.
{Open At this LSI, operation mode 2 {IM2; VECTOR method) must be set,
Drain) This pin is connected to internal interrupt factors of layer1, 2 and layer3
interface, and each interrupt factors are controlled by daisy chain system.
This pin must be connected to V¢ through resister (10k—100k2).

44 NMI 1 NON MASKABLE INTERRUPT: This pin is request pin for nonmaskable
request. Normally, this pin is connected to V.

9 IEI I 1EI INPUT FOR DAISY CHAIN: This is interrupt permission signal for
internal factors. Normally, connect to V.

10 IEQ (o] {EO OUTPUT FOR DAISY CHAIN: This is output of internal daisy chain.

48 T™C1 1 CPU TEST PIN: These pins must be connected to “HIGH"" level.

47 T™MC2

39 ASEQQ CPU TEST MONITOR: These pins are monitor outputs under test mode.

89 ASEO1 (o]

90 ASEO2

40 ASEI | CPU TEST MONITOR SET: This pin is for test, and connected to V¢ at
normal mode.

53 RD READ: indicates read cycle of layer2 microprocessar.

54 WR /O WRITE: indicates write cycle of layer2 microprocessor.

Y13 MEMORY ENABLE: indicates memory read/write cycle of layer2 micro-

55 ME (3-state) processor.

56 10E 1/0 ENABLE: indicates I/Q read/write cycle of layer2 microprocessor.

46 BUSREQ | BUS REQUEST: This pin is used for bus release request-to layer2 micro-
processor. When this pin goes “LOW" level, microprocessor suspends
sxecution cycle, and makes CPU buses high impedance. At bus release
state, internal logic parts can not be accessed by external BUS MASTER.

43 BUSACK 0 BUS ACKNOWLEDGE: This output indicates that this microprocessor is
at bus release state caused by BUS REQUEST.

“LOW' is active level.

41 HALT 0 HALT: When microprocessor executes HALT or SLP operands, this output
turns to “LOW’’ which means HALT/SLEEP/SYSTEM STOP mode.

45 WAIT | WAIT: This pin is used for wait cycle insertion when low speed memory or
1/O devices are connected.

“LOW" is active ievel. Normally, connect t0 V.

51 R 1/0 LOAD INSTRUCTION REGISTER: This output indicates that execution
cycle is Op-code fetch cycle. However, if LIRE bit in the operation mode
control register is set to "0, this pin turn to “"LOW"’ only during RETI
instruction cycle or TNTO acknowledge cycle.

42 ST 0 STATUS: This signal indicates operation status as follows.

ST HALT LIR Operation
0 1 0 CPU Operation
(1st Opcode cycle)
1 1 0 CPU Operation
(2nd, 3rd Opcode cycle)
1 1 1 CPU Operation
{except for Opcode cycle)
0 0 0 Halt Mode
1 0 1 Sleep/System Stop Mode
78 D7 110 DATA Bus: These are bi-directional 8 bits data buses of layer2 micro-
| | (3-state) processor. At LIMODE, these pins turn to Q-bit input/output pins,
856 Do
57 A0 /0 ADDRESS BUS: These are address pins for 16 bits memory space {(64kB).
) | {3state) These go high impedance at reset status and bus release status.
73 A15
74 TA16 1{e] TEST ADDRESS BUS: These are address buses for test.
] | (3-state)
77 TA19
8 RAMCS 0 RAM CHIP SELECT: This pin outputs “"LOW" level when address space

are between EQOOH~FFFFH and ME goes “LOW" level at memory access
cycle, This pin may be used for external RAM select.

in case of packet switching application, this pin should be connected to
TS of additional external RAM.
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3. Layerl and Layer2 Control Parts

Pin No.

Symbol /0

Function

"

RAMIP |

RECEIVE AMI POSITIVE: At receiving AMI positive pulse which means
“0", “HIGH" level may be input to this pin at 192kb/s.

12

RAMIN |

RECEIVE AMI NEGATIVE: At receiving AMI negative pulse which means
0", "HIGH" level may be input to this pin at 192kb/s.

15

TAMIP 0

TRANSMIT AMI POSITIVE: This is output pin for positive pulse when
transmit AMI signal goes 0",
Output is synchronized by 192kHz divided external standard clock
1.636MHz at master mode, and 192kHz extracted from receive AMI signal
at slave mode, respectively.

16

TAMIN 0

TRANSMIT AMI NEGATIVE: This is output pin for negative pulse when
transmit AMI signal goes 0",
Output timing is the same as TAMIP.

13

MODE M/s |

MASTER/SLAVE MODE SELECT:
+ Slave Mode at “LOW" Level Input
+ Master Mode at “HIGH"' Level Input

31
32

L1ACT |
L2ACT |

LAYER1 ACTIVE:
LAYER2 ACTIVE:
Operation layer can be selected as follows by these pins.

L1ACT L2ACT Mode Function
1 0 LIMODE LAYER1 INDIVIDUAL
0 1 L2MODE LAYERZ2 INDIVIDUAL
1 1 NORMAL ALL LAYERs OPERATION

14

RCVSEL |

RECEIVE TIMING SELECT: Receive timing select pin at master mode.
At slave mode, “LOW" level should be input.
« “LLOW” level input ...... Receive synchronized mode. Receive side
operates by clock synchronized to receive AMI.
* "HIGH" level input ..... Transmit synchronized mode. Receive side
operates by timing extracted from external
1.5636MHz clock.

25

BCH CLK SEL |

Bch CLOCK SELECT: Select pin for Beh data input/output clock. This pin
also switches input/output mode of CK8K pin and CK64K/128K pin.

INPUT SYNCHRONIZED CLOCK CK8K  CK64K/128K
0 INTERNAL CLOCK OUTPUT OUTPUT
1 EXTERNAL CLOCK INPUT INPUT

23

CK8K 170

Bch FRAME TIMING: Input/output pin for frame timing of RB1, RB2 and
81, TB2.

24

CK64K/128K 1o

Bch BIT TIMING: Input/output pin for bit timing of RB1, RB2 and TB1,
TB2.

17

BULKSET I

BULK MODE SET: Seiect pin for Bch BULK mode.
BULKSET="LOW" BULKSET="HIGH"
RB1 RECEIVE B1 OUTPUT RECEIVE B1+B2 OUTPUT
RB2 RECEIVE B2 OUTPUT DON'T USE
TB1 TRANSMIT B1 INPUT TRANSMIT B1+B2 INPUT
T82 TRANSMIT B2 INPUT CONNECT to V¢ or GND
CK64K/128K 64kHz clock 128kHz clock
BIT RATE 64kb/s 128kb/s

18

RB1 (o]

RECEIVE B1ch DATA:

19

RB2 o)

RECEIVE B2ch DATA:

(to be continued)
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Pin No.

Symbol

I/0

Function

20

TB1

TRANSMIT B1ich DATA:

il

TB2

TRANSMIT B2ch DATA:

26

RTIO

110

Dch DATA RECEIVE/TRANSMIT TIMING CLOCK:
Input/output pin for 16kHz clock. Duty isn‘t 50%.

27

RDIO

/0

RECEIVE Dch DATA:
Input/output pin for receive Dch data (HDLC format).
Data input/output is synchronized to RT1O timing.

TDIO

1o

TRANSMIT Dch DATA:
Input/output pin for transmit Dch data (HDLC format).
Deta input/output is synchronized to RTIO timing.
Input/output of above pins are controlled as follows.
L1IMODE L2MODE NOMAL MODE
RTIO OUTPUT INPUT OUTPUT
RDIO OQUTPUT INPUT OUTPUT
TDIO INPUT OUTPUT OQUTPUT

22

CK1536

110

1.536MHz CLOCK:
« At MASTER MODE, input pin for transmit basis clock 1.536MHz.
« At SLAVE MODE, output pin of 1,536MHz clock in DPLL.

ABIT/VDET

ABITSET/VDET:

« At MASTER MODE, input pin for activation of layer1, Only at
LiMODE, this pin may be used. If this goes “HIGH" level, A-bit in the
transmit frame turn to *’1”. At normal mode, this pin must be connected
to VSS‘

At SLAVE MODE, input pin for power feed detection, Power feed
detection is noticed to LS| by "HIGH" level input. |f power is removed,
layer1 transmits infoO signal and TE is deactivated.

SYNC

SYNCHRONIZATION: This pin indicates establishment of receive frame
synchronization.
- At MASTER MODE, this pin outputs "HIGH’’ level when frame
alignment is established according to CCITT 1.430.
« At SLAVE MODE, this pin outputs "HIGH"' level when 3 consecutive
"1 s of A-bit are detected after frame alignment.

N

LSW

1o

LAYER1 ACTIVATION SWITCH: input/output pin for layer1 activation
signal,
« At L1IMODE, a “HIGH" input on this pin enables layer1 part to activate,
- At other mode, this is an output of layer2 microprocessor indication
for layer1 activation.

78
81

TQ1

TQ4

TRANSMIT Q-BIT: At LIMODE, these are used to set Q-bit in the SLAVE
transmit frame for SLAVE MODE. For MASTER, these shouid be input
“LOW" level.

82

85

RQ1

RQ4

RECEIVE Q-BIT: At L1MODE, these are used to output Q-bit in the
MASTER receive frame.
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4. Layer3 Interface Part

Pin No. Symbol 170 Function
122 DMA/IO | DMA/IO MODE SELECT: This pin sets transfer mode to layer3 buses as
follows.
DMA/IO Transfer Mode
0 Programmed 1/O Transfer Mode
1 DMA Transfer Mode
123 CPU1 { CPU TYPE SELECT: These pins determine iayer3 microprocessor types as
124 cPU2 | fotlows.
CPU1T CPU2 CPU Type
0 0 80 Type ... 8086, Z80 etc
1 0 68 Type ... 6809, 6800 etc
0 1 60 Type ... 68000 etc
129 [+ | CHIP SELECT: This is used by layer3 microprocessor to select this LS|

when this signal is active “LOW''. This pin is available during programmed
transfer input/output at programmed /O transfer mode or DMA transfer
mode. During DMA transfer at DMA transfer mode, this pin must be
remained “HIGH" level.

92 oDo 110 DATA BUS FOR LAYERS3: These are bi-directional 8 bits buses for layer3
| | (3state) interface,
99 oD7
100 OADO 1/0 ADDRESS BUS FOR LAYER3: During programmed transfer, |/O DATA
(3-state) REGISTER and EXTERNAL MASK REGISTER are selected by this
pin. During DMA transfer, this is output of DMA address.
101 OAD1 o ADDRESS BUS FOR LAYER3: These are outputs of DMA addresses
l | {3-state) during DMA transfer.
120 OAD18
121 OAD19 [1]e) ADDRESS BUS FOR LAYERS3: This is an output of DMA address except
(3state) for 80Type selection.
In case of selecting 80Type, this is used as READY input. READY signal
is active "LOW",
125 INTRO o INTERRUPT FOR LAYER3 microprocessor: INTRO is for read
126 INTR1 request, and INTRT is for write request. INTR2 and INTR3 indicate
127 INTR2 DMA READ END and DMA WRITE END, respectively. These pins are
128 INTR3 "“LOW" active. At programmed |/O transfer mode, INTRO and INTRT

are available, and at DMA transfer mode, INTR1—INTR3 are available.

Note 1. Programmed transfer means that 1/O transfer sequence is executed by layer3 microprocessor program at program-
med 1/O transfer mode or DMA transfer mode for address set.
DMA transfer means that DMA transfer sequence is executed by internal DMAC at DMA transfer mode.
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Pin No, Symbol 1/0 Function
7 L3CLK I LAYER3 MICROPROCESSOR SYSTEM CLOCK: System clock input of
layer3 microprocessor.
134 OWR 1/0 WRITE FOR LAYER3: This pin corresponds to WR of 8086 and R/W of
{3-state) 6809 and 68000. This is “LOW" active,
135 ORD 11O READ FOR LAYERS: This pin corresponds to RD of 8086.
{3-state) This is “LOW" active.
4 HOLT (o] HOLD REQUEST TO LAYER3 MICROPROCESSOR: This pin is output of

bus request signal which corresponds to HOLD (high active) of 8086,
DMA/BREQ (low active)of 6809 and BR (low active) of 68000.

3 HLTA I HOLD ACKNOWLEDGEMENT FROM LAYER3 MICROPROCESSOR: Bus
release signal from layer3 microprocessor is provided to this pin. This signal
corresponds to HLDA of 8086, BA of 6809 (high active) and BG of 68000

(low active).
136 M0 o} MEMORY REQUEST TO 8086 BUS: This goes “LOW"’ level during DMA
(3-state) transfer at 80Type, which corresponds to inverted signal of M/10.
133 AS 110 ADDRESS STROBE: This corresponds to AS of 68000.
(3-state) “LLOW" is active level.
130 uDs (o] UPPER DATA STROBE: This is used only at DMA transfer mode. On 8086
(3-state) bus, this goes L OW" during DMA transfer and corresponds to AO signal

and inverted signal of BHE. Lower byte (even address) will become active
by this. On 68000 bus, this goes "HIGH'' during DMA transfer and
corresponds to UDS. Upper byte (D8—D 15} will be inhibited by this pin.

132 Bs 1/0 LOWER DATA STROBE: This corresponds to LDS of 68000.
(3-state) “LOW" is active level. During DMA transfer, this pin goes “LOW" and
selects lower byte of data buses.
131 DTA 1/0 DATA TRANSFER ACKNOWLEDGE: This pin will be connected to
{3-state) DTACK of 68000. “LOW" is active.
2 BGA 1/0 BUS GRANT ACKNOWLEDGE: This pin will be connected to BGACK of
(3state) 68000,
6 EXHOLT | EXTERNAL BUS MASTER HOLD: This is connected to bus request signal

from external DMAC. If there is bus request of external DMAC, this LS
will execute bus arbitration between internal and external DMACs.
When unused, this pin must be set as follows. This pin is valid only at

DMA transfer mode.
+ 80 Type ... Pull Down + 68 Type, 68000 Type ... Pull Up
5 EXHLTA (o] HLTA TO EXTERNAL BUS MASTER: This is HOLD acknowledge signal

to external DMAC. This pin is valid only at DMA transfer mode.

Note 1. Above |/O pins are set to inputs during programmed transfer and outputs during DMA transfer except DTA.
DTA is set conversely.
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Description for Function

Block diagram of ISDN IINTERFACE LSI is
shown in figure 1. The descriptions for function
in each block are as follows.

1. Layerl Control Function Part

Layerl part controls basic access interface layerl
of which channel structure is 2B+D specified on
ITU-T Recommendation 1.430.

This LSI satisfies with all layerl specifications
shown intable.1 by connecting to specified
Driver/Receiver Module, and fully corresponds to
transmission frame structure at S/T reference
points. Frame format is shown -in figure 2. In this
figure, 2 bits offset means delayed time between
input and output of Driver/Receiver Module at the
point of interface cable side of TE. At input/
output points of LSI, it is adjusted to 1.5 bits
offset.

Multiframe function specified in ’86 Recom-
mendations can be also provided in this LSI. (This
function isn’t supported on internal firmware.) At
slave mode, Q-bit insertion frame is detected by M-
bit and FA-bit transmitted from NT, and Q-bit
information, which is set by layer2 microprocessor,
is transmitted to NT every 20 frames. Multiframe
structure is shown in table 2.

Collision control part supports D-channel collision
detection, empty detection and retransmission of
suspended D-channel frame. In case of mismatch-
ing send D-bit and received E-bit, T.E instantly
stops frame transmission and supervises empty of
lines. When Empty is detected, buffered suspended
D-channel frame is retransmitted without re-
setting by layer2 and layer3 microprocessors. This
part is also supports priority control (class1/class2).
TEs are assigned two priority classes with two
priority levels for each class. Signalling is highest
priority class.

2. B Channel Buffer

B channel receive buffer is FIFO configuration.
This part derives B-channel (B1, B2) from receive
frame, and output two B channel informations
(64kb/s) at normal mode or one information as
128kb/s channel at BULK mode.

B channel transmit buffer is also FIFO structure,
and sends 64kb/s two informations (B1 and B2) at
normal mode, or, 128kb/s information (B1+B2) at
BULK mode.

B channel Input/output clock is selectable out of
internal clock mode and external clock mode by
switching BCH CLK SEL pin. Phase between
transmit frame timing and B channel input/output
timing is free by FIFO structure.

B channel data input/output timing is shown in
figure 3.

When layer! is at operation status (state number
F7 for TE, G3 for NT), B channel data is trans-
parent, therefore, in case of unassignment on B
channel, TB1 and TB2 must be inactivated by
“HIGH” level input. RB1 and RB2 will output
receive data irrespective of assignment or not,
When layer! is at asynchronized state (SYNC=
“0”), outputs of RB1 and RB2 go “HIGH” level.
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Table. 1 Basic Interface Layerl Specifications

Items

Content

Channel Structure

2B+D; B=64kb/s ... User-to-User Information Transfer
; D=16kb/s ... Signalling Information
Packetized Data
Management Protocol

Interface

4 Signal Lines for Batanced Transmit and Receive

Physical Configuration

{1) Point to Point

[NT] (1km}— —{1E |

{2) Short Passive Bus
{100~ 150m)

..................... Tes

{3) Extended Passive Bus

NT

(~500m)
[W7]
......
—{~36m}—
Transmission Rate 192kb/s
Line Encoding Pseudo Ternary Code
Frame Structure 48 Bits/Frame Every 250us
20 Frames/Mutitiframe
Power Supply Phantom Power Supply
D-Channel Contension Echo-Bit Check

Table 2 Detection of Q-Bit Position and Multiframe Configuration

Frame Number NT-TE TE-NT M Bit
FA Bit Position EA Bit Position
1 ONE a1 ONE
2 ZERO ZERO ZERO
3 ZERO ZERO ZERO
4 ZERO ZERO ZERO
5 ZERO ZERO ZERO
6 ONE Q2 ZERO
7 ZERO ZERO ZERO
8 ZERO ZERO ZERO
] ZERO ZERO ZERO
10 ZERO ZERO ZERO
1 ONE Q3 ZERO
12 ZERO ZERO ZERO
13 ZERO ZERO ZERO
14 ZERO ZERO ZERO
15 ZERO ZERO ZERO
16 ONE 04 ZERO
17 ZERO ZERO ZERO
18 ZERO ZERO ZERO
19 ZERO ZERO ZERO
20 ZERO ZERO ZERO
1 ONE a1 ONE
2 ZERO ZERO ZERO

Note 1. Q-bit must be set to binary **1*’ if Q-bit is not utilized.
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LAYER1 CONTROL LAYER?2 CONTROL
Fo- s = - = | Ir' """"""""" =
RECEIVE 44 [T 1
{ B CHANNEL | W t
1
revseL ' |
: B CHANNEL | ]
ROM] !
lMH-nl ' i v | S 1
536MH: |
MASTER | | 1 ~F——=n : |
SLAVE =md | 1 coLusion | RAM] |
| 1 CONTROL I=- : — Iﬁ‘ 1
[}
TRANSMIT : t---4 HOLC ) |
| ! ) TIMER ] |
e e e e e e T 1 ! |
. R 4
LAYER3 INTERFACE
- - - - - - - - -"=-"-"-"=-7"="-"-=""-""""—"-"-- M N
] { O t 1
| N ' P,
P TYPE — EXT
# ' 10 T : —
TRANSFER DMA) ) (DMA) .
MODE T trmmc, ADDRESS DATA | v
i CONTROL CONTROL BUFFER '
| |
LAYERS | N
uP BUS ¥ T 7\
b e e e e e - — e ————— d
Figure 1. ISDN I-Interface LSI Block Diagram
| 48bits in 250Ms |
| NT—TE |

0(+) O LF L BIBIBIBIBIBIBIBIE D A FAN B2B8282B2B2B2B2B2E D MBIBIBIBIBIBIBIBIE D S B2B2B2B2B2B2B2B2E O L F L.
EEEEENSE IS SSEEEEEEESNSENUEARNAESEAEAEEEARERR

|j 2bits OFFSET

TE-NT l | |
DL F L BBIBIBIBIBIBIBIL D L FAL B2B2B282B2B2B2B2L.0 L. B18181B1BIBIBIBILD 'I:_'BZBZBZBZBZBZBZBZL. DLFL
pptib A A AL LA R g T3 = \ T T

0(-)

F = Framing Bit N = Bit Set to a Binary Value N=Not (FA)
L. = DC Balancing Bit B1 = Bit within B-=Channel 1

D = D-Channel Bit B2 = Bit within B-Channel 2

E = D-Echo-Channel Bit A = Bit used for Activation

FA = Auxiliary Framing Bit S = Reserved for Future Standardization

M = Multiframing Bit

Notes 1. Dots(.) demarcate those parts of the frame that are independently DC-balanced.
2. FA bit (TE-NT) is used as Qbit every 5 frame at multiframing.
3. Nominal 2 bits offset is applied at TE output point. The offset at NT point might become large by the
interface cable delay or connection configuration. The offset at LS| point is adjusted to 1.5 bits offset.

Figure 2 Frame Structure at Reference Point S and T
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CK8K l —L l

T81/782 |B7]Bo|81Iazlaa[Balaslaslmlaolmﬂszlaa
RB1/RB2

1. BULKSET="0" NORMAL MODE

CKBK I | |

TB1,RB1 esjgslmlao[m]szsslsalasleelmlao]m|Bz]33]84|as|as|s7|30|mIaz{aa]sclaslaslm
)

Bl CHANNEL ! B2 CHANNEL
1
2. BULKSET="1" BULK MODE
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3. HDLC Part

HDLC part performs specification about HDLC
(High level Data Link Control) format in layer2
protocol, LAPD (Link Access Protocol on the D
channel) following ITU-T Recommendation I.
441,

That is, this part functions contain the following;
formatting/deformatting of layer2 frame which is
composed of opening flag, address field, control
field, information field, FCS (Frame Check
Sequence) and closing flag, O insertion/deletion
for transparency, FCS generation/check, detec-
tion of invalid frame and generation/check of
abort/idle signals. This part is also controls re-
transmission sequence.

HDLC part is composed of transmit part and
receive part.

4. Layer2 State Control Microprocessor Part

This part performs status control of LAPD and
interface control to layer3 interface part and
HDLC control part. Status control is as follows:
flow control, error control and DLCI (SAPI,
TEI) control.

Layer2 microprocessor is composed of two parts.
One is internal memory part with 16kB ROM and
1kB RAM, and the other is CPU core compatible
with 64180Z. 16kB ROM is implanted LAPD soft-
ware for terminal equipment (slave mode). Internal
LAPD firmware is automatically operated as
follows.

(1) Circuit switching mode ...Not connected to

external RAM. Only SAPI=0 available.

(2) Packet switching mode ... Connected to exter-
nal RAM (8kB). SAPI=0 and 16 available.
And also, program made by user can be executed
on the external ROM/RAM by switching memory
space area from internal to external. Memory and

1/O maps are shown in Figure 4.

5. Layer3 Interface Part

This block performs interface function to connect
to layer3 microprocessor which realizes function
following ITU-T Recommendaation 1. 451.
General 16Bit and 8Bit microprocessors are avail-
able. That is, microprocessor type can be selectable
out of 80 series (8086, Z80, 64180), 68 series
(6800, 6809) and 68000 series.

Transfer mode can be also selectable out of DMA
transfer mode and programmed I/O transfer mode.
This LSI contains BUS ARBITER for other
DMAC to perform bus arbitration between exter-
nal and internal DMACs, so this can be applied for
various kinds of system configurations.

Logical interface between layer2 and layer3 is
performed by primitive specified ITU-T Re-
commendation I. 441. :

5.1 Layer3 Control Microprocessor Interface
Function

(1) Selection of Layer3 Microprocessor

Layer3 microprocessor type can be selected by
using CPU1 and CPU?2 pins.

This can be connected to three types of 16bit and
8bit microprocessors, but data transfer width is
limited to 8bits.

(2) Selection of Transfer Mode

Transfer mode is changeable by setting DMA/IO
pin.

At DMA transfer mode, layer3 processor must
inform start address of this LSI. Transfer word
numbers is set by length information in primitive
format. Function of built-in DMAC is shown in
table 3.

(3) Control Primitives

This LSI can be connected to layer3 buses by
interface primitives of which format is designed
based on CCITT Recommendation primitives.

5.2 Hardware Interface between Layer2 and
Layer3
(1) Connection to Layer3 Microprocessor
Connection to layer3 microprocessor is shown in
table4. Data bus width is limited to 8bits. There-
fore, in case of connection to 16bit CPU at DMA
transfer mode, a few external circuits may be re-
quired. For example, at 8086 type, UDS may con-
trol ADDRO and BHE with additional circuit for
access to either odd address or even address. At
8086 type, OADI19 pin is changed to READY
input pin to control slow speed memory. At 6809
type, memory access is inhibited during the
DEAD-CYCLE.
(2) Accessible Register from Layer3 Processor
DATA Register and MASK Register are available
for data transfer to/from layer3 processor, as
shown in table 5. These registers can be accessed
by OADO and CS pins.
DATA Register is used for input/output of primi-
tive at I/O transfer mode. At DMA transfer mode,
this is used as control register for notice of DMA
direction and setting address of transfer memory
buffer. To set address, layer3 processor must
transmit 3bytes addresses continuously (low byte;,
A0-A7, middle byte: AB8-AlS, high byte: Ale6-
Al9).
MASK Register is used for mask set to INTRO and
INTRI, and clear for INTR2 and INTR3.
(3) Interrupt Outputs to Layer 3 Processor
Interrupt outputs (INTRO--INTR3) are low-active,
and connected to INTERRUPT CONTROLLER of
layer3 system.
At 1/O transfer mode, only INTRO and INTR1 are
available, and at DMA transfer mode, INTR!—
INTR3 are used. Interrupt function is shown in
table 6.
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Table 3 BuiltIn DMA

Item Content

Priority to Ext. DMAC Contains

DMA Channels 2: Receive/Transmit
Address Bus Width 20 Bit

Data Bus Width 8 Bit

Transmit/Receive . . .

Number of Transfer Words

267Bytes: Maximum

Address Increment

+1

Notice for DMA End

Interrupt x 2; (INTR2Z, INTR3)

Vector Generation

No

Table 4 Connection to Layer3 Processor Interface

NOTE . .. Operstion condition at DMA mode

set start address {layer3 micro-
processor)

indicate DMA activation (layer3
microprocessor}

notice DMA End (layer2 micro-
processor)

Pin Name 80 Series (8086) 68 Series (6809) 60 Series (68000)
P-1/0 Mode DMA Mode P-1/0 Mode DMA Mode P-i/O Mode DMA Mode
CPU1 0 0 1 1 0 0
cPU2 0 0 0 0 1 1
DMA/IO (1] 1 0 1 0 1
[} Input Input at Input Input at Input Input at
Address Set Address Set Address Set
INTRO Read Request  Open Read Request Open Read Request Open
INTR1 Wiite Request  Write Request  Write Request  Write Request  Write Request  Write Request
INTR2 Open DMA Read End Open DMA Read End Open DMA Read End
INTR3 Open DMA Write End Open DMA Write End Open DMA Write End
0D0-0D7 D0-D7 DO-D?7 DO-D7 DO-D7 DO-D7 DO-D7
0ADO ADDR1 ADDR1 A0 AO A1l A1l
OAD1-0AD18 Open ADDR2— Open A1-A1S5 Open A2-A19
ADDR19
OADI19 Pull Up Input inverted Pull Up Pull Up Pull Up A20 etc.
Ready Signal
(If Unused,
Pull Up)
L.3CLK CPU CLK ECLK CPU CLK
HOLT Open Hold Open DMA/BREQ  Open BR
“H" Active L Active “L'" Active
HLTA Puli Down HLDA Pull Down BA Puil Up BG
“H’ Active “H" Active L' Active
OWR WR R/W R/IW
ORD RD Pull Up Pull Up
M/10 Open Inverted to Open Open
M/10
AS Pull Up Pull Up AS
UDS Open Inverted to Open Open uDS
BHE
Non-inverted
to ADDRO
LDS Pull Up Pull Up LDS
DTA Pull Up Pull Up DTACK
BGA Puil Up Pull Up BGACK
EXHOLT Pull Down External DMAC Pull Up External DMAC Pull Up External DMAC
If Unused, Hf Unused, If Unused,
Pull Down, Pult Up. Pull Up.
EXHLTA Open External DMAC Open External DMAC Open External DMAC
or Open. or Open. or Open,
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Table § Accessible Registers from Layer3 Microprocessor

Address Name Read Write Notes

OADO DB DB DB DB DB D8 D8 DB DB DB DB DB DB DB DB DB

7 6 5 4 3 21 0 7 6 5 4 3 2 10

0 /O Dste D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO Read/Write at P-1/0
Register Write only at DMA

1 Ext. Mask OMSKO: INTRO MASK
Register OMSK1: INTRT MASK

CLRED: DMA READ END CLEAR
CLWED: DMA WRITE END CLEAR

= xXnZ0
oxwzo

[»)

[¢]
omEgEro
omIrao
= xXWnWZTO
oOxW”WZO

OMSKO, OMSK1: “1’ at Mask. “1’’ at Initial Reset

CLRED: ““1”" for Clear of INTR2 CLWED: “1*' for Clear of INTR3
CLWED and CLRED are automatically reset after INTR2 and INTR3 Clear.
INTRZ and TNTR3 are non maskable,

{A)_MEMORY ADDRFSS MAP (64KB)

o0 INTERNAL INTERNAL
ROM (I6KB) ROM (16KB)
3FFF EXTERNAL
w0 e RIs IR VINSSNT SR
UNUSED
DBFF EXTERNAL EXTERNAL
by | el bory || MEMory
INTERNAL INTERNAL
RAM (IKB) (IKB)
DFFF
R s L e SR N
*EXTERNAL # EXTERNAL
MEMORY MEMORY
FFFF
(1) TESTO,1.2 (2) TEST0,1,2 (3) TESTO,1,2 6 TESTO,1.2

="000" ="101" =" 10" ="
*MEMORY AREA BY INDICATED BY RAMCS

(B) 1/0 ADDRESS MAP (256R)

CPU
CONTROL
o7 | REGISTER

B | war INTERNAL
CONTROL 1/0
OF | REGISTER REGISTER

RESERVED
IF
20
EXTERNAL
/0
30 ...............
8 LAYER? 4P INTERNAL
INTERFACE /0
92 | REGISTER REGISTER
o ]
EXTERNAL
170
FF

Figure 4 Memory and 1/O Address Map
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5.3 Primitive Interface between Layer2 and
Layer3
Interface primitive between layer2 and 3 corres-
ponds to primitive based on ITU-T Recommenda-
tion I. 441.
(1) Available Interface Primitive
Available interface primitive of this LSI is shown in
table 7.
(2) Interface Primitive Format
Interface primitive format is shown in figure 5,
and content of individual part is shown in table 7.
Common part expresses the attribute of interface
primitives and individual part expresses parameters
or data corresponding to each interface primitive.
(3) DMA Transfer Mode
a) DMA Read Sequence
After setting primitives on the layer3 RAMs,
layer3 microprocessor must indicate start addresses
to LSI. At first, layer3 microprocessor may output
address discrimination (“53H”) to I/O data
register. After that, it must output 3 bytes address
data continuously, that is, high byte (OAD19-
OAD16), middle byte (OAD15-OADS8) and low
byte (OAD7-0ADO), Upper 4bits (Sbits at 8086
type) in high byte are invalid. Every write cycle of
programmed transfer may be controlled by INTRI
indicating write request. After setting addresses by

programmed transfer, DMA sequence will be auto-
matically start to read primitives on layer3 RAMs.
At the end of reading primitives, INTR2 will be
activated. Layer3 microprocessor must set bit2
(CLRED) in mask register to “1” after detecting
INTR2. At this time, other bits must not be
changed.

b) DMA Write Sequence

Addresses setting at DMA write sequence is the
same as at DMA read sequence, except for address
discrimination (“52H™). At the end of writing pri-
mitive on layer3 RAMs, INTR3 will be activated
to indicate DMA write end. Layer3 microprocessor
must set bit3 (CLWED) in mask register to “1”
after receiving INTR3, and then new addresses of
receive buffer must be indicated again to LSI by
layer3 microprocessor. CLWED and CLRED will
be automatically reset after acknowledgement by
layer2 microprocessor. Number of transfer words
is indicated by 6th and 7th octets in primitive
format.

(4) 1/O Transfer Mode

Layer3 microprocessor may write and read primi-
tives every 1 byte according to INTRO or IﬁTRI.
At both DMA and programmed I/O transfer
modes, INTRO and INTR1 are maskable. But,
INTRO is not used at DMA transfer mode.

Table 6 Interrupt Pins Function

Reset Condition

Note

When Layer3 micro-
processor completes
reading output data
from data register.

Only Programmed
1/0 Transfer Mode

When input data is set
in data register by
LLayer3 microprocessor.

Programmed /0
TYransfer Mode,
DMA Transfer Mode
for Address Setting.

When Bit2 {CLRED) in
mask register is set to
ey

DMA Transfer Mode

Pin Function Set Condition
{“Low”’ Active)
Read Request from When output data is
iNTRO Data Register set in data register.
Write Request When data register goes
to Data Register empty and turns into
INTRY ‘'Write Enable’’.
Notice of DMA When 1 primitive is
INTR2 Transfer End transfered to Layer2
(Layer3—~Layer2) mMicroprocessor.
Notice of DMA When 1 primitive is
INTR3 Transfer End transfered to Layer3
(Layer2—Layer3) Bus.

When Bit3 (CLWED) in
mask register is set to
g

DMA Transfer Mode
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Table 7 Interface Primitive

L-Name G-Name Type Direction Individual Part
Request L3-L2 B7 B6 BS B4 B3 B2 81 80
Establish Indication L3+L2 | D.C l 1 l
Confirm L3+«L2
Request L3~L2 B7 B6 BS B4 B3 B2 B1 BO
oL Release Indication  L3«L2 [ermio [ v] D.C | 1]
Confirm L3+L2
Data Request L3-L2 B7 B6 B5 B4 B3 B2 B1 BO
Indication L3+~L2 1
Unit Indication L3«L2 N N
Data

N=Data Length

Notes 1. ERRID: Valid at DL-Release-Indication

00: Normal End 01: Link Establish N.G 10: Link Release N.G

11: Information Retransmission N.G
2. V: Valid at DL -Release-Indication

0= Voltage Detection On, 1= Voltage Detection Off

OCTET No. B7 86 B5 B4 B3 B2 B1 BO __

1 PRIMITIVE NAME
2 lole SAPI
30 COMMON
s | D CHANNEL NUMBER ] |raRT
5 (MASTER MODE ONLY)
6 DATA LENGTH (L} i
7 i {H) ]
s p— —
.
. PRIMITIVE DATA 'P":\%';“DUA'-
.
N+7 B T B

Notes 1. PRIMITIVE NAME

| TvPe| GNamE | | LNAME]

LNAME: LAYER NAME O01; layer2-layer3 (DL)
OTHERS; UNDEFINED
0000; LINK ESTABLISH
0001; LINK RELEASE
0010, DATA TRANSFER

GNAME: ATTRIBUTE

0011; UNIT DATA TRANSFER

OTHERS; UNDEFINED
TYPE: 00; REQUEST

01; INDICATION

10; UNDEFINED

11; CONFIRM

2. SAPI 000000: SIGNAL
010000: PACKET
OTHERS; UNDEFINED

3. TEI 1111111: GLOBAL TEI

1000000:

| AUTO-ASSIGNED TE!

1111110:
4, Primitive attribute is expressed in common part.

§. Parameters and data of each primitive is expressed in individual part.

6. At stave mode, ““0* should be set in octet No. 4 and 5.

Figure 5 Interface Primitive Format
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Application

The ISDN I-INTERFACE LSI is applied for digital
telephones and NT2 systems. This LSI can control
all functions required for layerl and layer2 of
ISDN system equipments. Therefore, the digital
telephone system requires only the additions of
the microprocessor for layer3 and man-machine
for

interface, codecs and driver/receiver module

line interface.

NT2 has two interfaces. The LSI connecting to S
point is used as master. The LSI connecting to T
point is used as slave. This LSI is used as both
controller, and the B channels can be directly
connected with each other.

Digital telephone set system using this LSI is
shown in figure 6. Layer3 bus interface examples
are shown in figure 7 and figure 8.

S
| EXTERNAL
+8v i MEMORY

i AREA

* At restricted power condition, LPD goes to “HIGH” level. But, at normal power condition, be careful that LPD

* In case of connecting LPD pin to VDET pin, LS! operates sometimes incorrect because of noise.

DRIVER/RECEIVER
MODULE (ANRITSU ENIOIA)
«—TONT2 GND +5V
4 WIRES 5
1 VR GND Ve F—
: T RO - F
! ; o+
UL I - TAMIN TESTO
- RA LPD VDET TESTY
i i— 270k TESTZ
B b MODE M/S
L —~{TNo RCVSEL 00~D7
! ™Ni BULK SET
RNo BCH CLK
RNi SEL AO~A15
LG(LINE GND) | +5V
E LIACT 10E., ME,
CODEC [T Re1 _—
| a0 SET KX (pgtozoete) |- vy, NTO
H : BUSREQ
: WAIT
ilrc RATE Re2 N
: FAX etc $232C ADAPTOR 1Bz Aspet;
l | SYNC RAMCS
KK
64K/ 128K o
TMC2
LAYER3
INTERFACE
remains "‘LOW"’ level.
{VDET should be input “"HIGH" signal to operate |-interface LSI.}
Please insert a Schmitt Buffer.

+5V
3 LcD
B
T e
'g DLV
 AND :
S0 MAN-MACHINE |
i CONTROL !
KEY BOARD
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R

LAYERS _ INTERFACE PART
o8 MN/MX
CPUI 0AD1S  f—o}——- LATCH
cPuz (READY) BHE | —
L3cLK T8 ALE ek
EXHOLT ADDR2-19 '<_A'W_19| _ B BHE READY
0ADI-18 > oF RESET
DMA/IO 0ADO ADDR1 ADO-AD1S
+5 A16-A19
[ ADDRO ouesganen ||
— BHE
As p—
s +5 m/io
1) /10
BGA
DATA
000-7
HLTA
HOLT
DR ; RO
2 20 [ — N (7Y
=] f— e—r—[ |-|—|—{| [OEC] (825%4)
C L) 20 2 _INT.
INTRY RO.WR INT INTR
we |———7IH~ |~ IRD-1RT INTAL$—| IATA
R 3 I ] SP/EN
A
;__‘:;uo-m

A
{ svg'rEM B8US )

10 SEFIES LAYERD BUS INTERFACE EXAMPLE (OMA TRANSFER WODE)

Figure 7 80 Series Layer3 Bus Interface Example (DMA Transfer Mode)

e (T8

LAYER) INTERFACE PART 88000 CPU
cPut
[T CLOCK GEN,
- LK {CEooGER )
EXHOLT A2-A20
0AD1-19 >I< A1-AZ3
DMAN  0ADD LY
ORD
DATA,_ DATA N
000-71 kS 1< > | bo-015
Lu Y B </ RS
u%om 4 VDS, DTACK
={|— AW
& |[—-|-| [ BOAK
HTA Jo————— || ~| |— BG
Hot [————— =[] |[— B
SYSTEM |-*———| 7€S
INTERRUPT |-e———— = | RALT
_ CONTROL [— | s
& |- -
INTR1 PLO
i ||| || ||| |———] =2
i) 3 I P2
\ E . %

Y

60 SERES LAYERS BUS INTERFACE EXAMPLE (DMA TRANSFER MODE)

Figure 8 60 Series Layer3 Bus Interface Example (DMA Transfer Mode)
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Absolute Maximum Ratings

1tem Symbol Rating Unit
Supply Voltage Vee -03tw0+70 \
Input Voltage Vin —0.3t6 Vg +0.3 v
Operating Temperature Topr 0to+70 °c
Storage Temperature Tstg —55 to +125 °c

Notes 1. This product has protection circuits in input terminals against high electrostatic voltage or high electric fieids.
Not withstanding, be careful not to apply any voltage higher than the absolute maximum rating to these high
input impedance circuits.
To assure normal operation, we recommend Vin, Vout: Vss=(Vin or Voue SVee.
2. The flat package with absorbed moisture might be cracked under reflow processing. To prevent crack, we
recommend you should bake packages at 126°C for about 24 hours before reflow process.
Package tray is heat-proof and the tray can be baked with packages.
After baking, the relative humidity and temperature should be under 60% and 30°C, respectively, and also, reflow
process should be executed within 168 hours.

Recommended Operating Conditions

item Symbol Min Typ Max Unit
Supply Voltage Vee 4.75 6.00 5.25 v
Operating Temperature Topr 0 25 70 °c
Input Voltage Vin 03 - Veet0.3 v

Electrical Characteristics (Voc=5V15%, Vss=0V, Ta=0 to +70°C, Unless otherwise noted)
DC Characteristics

Item Symbol Min Typ Max Unit Test Condition

Input “HIGH" Voltage ViHl Vee—06 - Vect0.3 \Y

RESET, EXTAL, NMI

Input “HIGH’' Voltage VIHZ 2.2 - Vcc‘*'o.3 v

OTHER INPUTS

Input “LLOW’’ Voltage Viea -~0.3 - 06 v

RESET, EXTAL, NMI

Input “LOW" Voltage ViLz -03 - 08 v

OTHER INPUTS

Output “"HIGH"’ Voltage Vou 24 - - \% loH = —200pA

ALL OUTPUTS Voeoi2 = — v ons = —20uA

Output “LOW" Voltage VoL - - 0.45 v loL =2.2mA

ALL OUTPUTS

Input Leakage Current HITH - - 10 MA Vin =0.5V to Vgc-0.5V
INPUTS except XTAL,

EXTAL

Three-State Current ) - - 10 HA Vin =05V to Vcc-0.5V
Power dissipation lce - 22 34 mA No CPU f = 6.144MHz*!
{(Normal Operation) _ 13 20 mA Load CPU f = 3.072MHz*?
Pin Capacitance Cp - - 15 pF

Notes 1. PD = 'LOW’ 2. PD ="'HIGH'
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AC Characteristics

» Bus Timing T

est Loads, Reference Level

Tes

Vee

RL=2.2kQ

t Point v 24v
' 1520748
o] R or Equiv.

0.8v 0.45V

C=90pF R=12kQ

Test Loads (TTL Loads) Input Reference Level Output Reference Level
(C=40pF for CPUCLK, CK12M)

« Line Interface

item Symbol Min Typ Max Unit Test Condition

Delay between RCV. Rtd -~ 1.5%! - Bit Slave Mode (TE only)

Data and TX. Data Fig. 9-1

X‘tal Frequency Deviation Dt  ~100 - 100 p.p.m 1.4308.1.2

Timing Extraction Jitter J -7 - 7 % 1.430 8.2.2 (TE only)
(Short Passive Bus)

Total Phase Deviation TPD -7 - 15 % 1.430 8.2.3 (TE only)
{Short Passive Bus)

Tolerance Round Trip Drt 12 - 16 us 1.430 A2.1.2 (NT only)

Delay *?

(Short Passive Bus) Fig. 9-2

Notes 1. In case of connecting to Driver/Receiver Module, delay is adjusted to 2 bits offset.
2. This delay is defined as the time of RAMI inputs delay from TAMI outputs of LSI.

RCV.DATA! Fl o ]en]ee]

TX.DATA [ F ] v ]enfsi2]
t Rd !

—— e

1.5BIT offset

Figure 9-1 The offset from receive data to transmit data at slave mode

15.2us:
-_—

TX.DATAi F 1 L | 8| Biz|

RCV.DATA [ F I L [Bn]oeiz]

Drt
12~16ps

Figure 9-2 Torelance round trip delay in short passive bus at master mode
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- B-Channel Interface

Item Symbol Min Typ Max Unit Test Condition
Clock Period {Normal Use) tgcycen 15623 - 16.627 us Fig. 10-1 {f=64KkHz)
Clock Period (Bulk Use)  tpcycg 7.811 - 7814 us Fig. 10-2 (f=128kHz)
Clock Duty Duty 45 50 65 % Fig. 101, -2, D=tcn/teyc
Clock Rise Time ter - - 50 ns

Clock Fall Time tef - - 50 ns

Frame Clock deviation tco 250 - 250 ns

RCV. Data Output Delay tgp - - 1 s Fig. 101, Fig. 102
TX. Data Set-up Time tgs 3 - - us

TX. Data Hold Time tgH 3 - - us

+» D-Channel Interface

Item Symbol Min Typ Max Unit Test Condition
Timing Clock Period tprTcyc 62.49 62.50 62.51 s

Timing Clock Rise Time  tpy, - - 50 ns Fig. 11 (RTI0)
Timing Clock Fall time tRTt - - 50 ns

RCV. Dch Data Output trD - - 1.0 us Fig. 11 (RDIO)
Delay {(Normal Mode)

TX. Dch Data Output ttpD — - 1.0 us Fig. 11 (TDIO)
Delay (Normal Mode)

RCV. Dch Data Input tRD 0 - 1.0 us Fig. 11 (RDIO)
Timing {Layer 2 Mode)

TX. Dch Data Input ttp 0 - 1.0 us Fig. 11 (TDI10)

Timing (Layer 1 Mode)
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CK64k/128k / .
scyen

T tor  ter tew teL
tc’p ter ter -
K8k f
teol 1

teo

RB1/RB2 Y [so X & Y 82 X B8 X 8 Y 85 X 8 X 87 X

tog | tan

T81/782 B0 \ & Y e X 8 X 8 Y 8 X 8 X 87 X

Figure 10-1 Bch Data Input/Output Timing (BULKSET=0 . . . Normal Use)

te

v AV | \VAVAVAVAVAVAVAVAVAVAVAVAVAVS

ter

oxsi ] \ [

~14teo
. —_'I:BO 2860000000800000040

ts ton
81 0000000000600 00000

]
| 1 \
! BY CHANNEL ! B2 CHANNEL '
[} | [}

Figure 10-2 Bch Data Input/Qutput Timing (BULKSET=1 . . . Bulk Use)

tarcye
tare tare
RTIO n [
I
tro
RDIO RD, ) RDa+1 X RDp+2
tro
™0 T, } TOnes ) SR

Figure 11 Dch Data Input/Output Timing
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- Layer 2 CPU Interface

item Symbol Min Typ Max Unit Test Condition
Clock Period tcve 162 - 333 ns

Clock Pulse Width “HIGH" topw 57 - - ns

Cilock Pulse Width "'LOW"" tcu,; 57 - - ns Fig. 14-1 (1)
Ciock Fall Time tet - - 25 ns

Clock Rise Time ter - - 25 ns

External Clock Rise Time tgx, - - 25 ns Fig. 12
External Ciock Fall Time tgxs - - 25 ns

Address Delay Time tap - - 90 ns

Address Set-up Time tas 30 - - ns

{for ME or IOE{)

ME Delay Time 1 tMED: — - 60 ns

RD Delay Time 1 trop!! — - 65 ns

TR Delay Time tLp, - - 80 ns Fig. 14-1 {1)
Address Hold Time _ tay 35 - - ns

{For ME, |10E, RD or WR?)

ME Delay Time 2 tMED2 — - 60 ns

‘RD Delay Time 2 tRDD: — - 60 ns

TIR Delay Time 2 tLD, - - 80 ns

Data Read Set-up time tprs 50 - - ns Fig. 14-1 (1), (2)
Data Read Hold Time tpRH 0 - - ns

ST Delay Time 1 tsTp, - - 90 ns

ST Delay Time 2 tsTD; - - 90 ns

WAIT Set-up Time tws 40 — - ns

WAIT Hold Time twH 40 - - ns

Write Data Floating twpz - - g5 ns

Delay Time

WR Delay Time 1 twRD: — - 65 ns

Write Data Delay Time twpp -~ - 90 ns Fig. 14-1 (1)
Write Data Set-up Time twDs 35 - - ns

(For WR1)

WR Delay Time 2 tWRD2 - 80 ns

WR Pulse Width twrp 170 - - ns

Write Data Hold Time twDH 40 - - ns

(For WRt)

10E Delay Time 1 oo - - 65 ns

10E Delay Time 2 tiop: - - 60 ns

:gsr DL_eI_:.:_‘a_\I)TIme 3 t110D> 340 - — ns Fig. 14-1 (2)

Note 1. These values are specified from CPUCLK falling edge at IOC=""1", otherwise from CPUCLK rising edge
at TOC="0" (280 compatible mode).
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Item Symbol Min Typ Max Unit Test Condition
TNT Set-up Time HNTS 40 - - ns
(For CPUCLK!)
TNT Hold Time TUNTH 40 - - ns
{For CPUCLK})
‘NMT Pulse width tMIW 120 - - ns Fig. 14-1 (2)
Bus Floating Delay time  tgzp - - 125 ns
HALT Delay Time 1 tHAD: — - 20 ns
HALT Delay Time 2 tHAD2 — - 90 ns
RESET Set-up Time tres 120 - - ns
RESET Hold Time t 80 - - ns

— SEH Fig. 141 (1)
RESET Rise Time tRr - - 50! ms
RESET Fall time tRt - - 50* ms
Input Terminal Rise Time t,, - - 100! ns
{Except

Fig.

Input Terminal Fall Time t;¢ - - 100*! ns ig. 13
{Except RESET)
Osciilation Start Time tosc - - 20 ms
Valid RESET Pulse Width tRVALID 6 - - cycle

Note 1. Even if these specifications are satisfied, when other specifications are not, rise time and fall time

should be set to be satisfied with such specifications.

EXTAL

Figure 12 Rise/Fall Time of

External Clock Input

Figure 13 Rise/Fall Time of Inputs
Except EXTAL,
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ADDRESS

WAIT

10E

A VA YAYAYAVAYA U
Uz
!\; )/
tueo: L I tiosz, ta
A
A
e ti001

3

st

Data
IN

Data
ouTt

RESET

'CNV ‘CI.W
—

E

\ =

—~
H

taoo1 Lﬁﬁlm
twre
r

] .
L )
1 tioz
fros tsro2
i} tons| tomn toas) t's au|  twoe
(TN Al AANA
NAN/K - ANV
twoo N twon
¥
(!
| tren tren

=

i

tar tar

Notes 1. At point of output buffer “OFF"’ ,
2. These Specifications are measured from CPUCLK falling edge at TOC="1",
otherwise from CPUCLK rising edge at TOC="0"" (Z8B0 compatible mode).
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-y AVA YAV AV AVAVA

r

tumiw

3

o \* t ‘o
= \ /

tons toaw
-
Data ;
IN*1 \A}E@_
tazo tezo
ADDRESS [~
DATA -
WE, D ) $
WR, IOE f
2
tuaoy tuaoz
HALT

Notes 1. At point of INTO Acknowledge Cycle
2. At point of output buffer “OFF’’

Figure 14-2 CPU Timing (2)
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- 80 Type Bus Interface

Item Symbol Min Typ Max Unit Test Condition
Clock Period tcLcL 162 - 500 ns

Clock Pulse width “LOW"” t¢| cH 80 - - ns

Clock Pulse width “HIGH" tcHcL 62 - - ns Fig. 15-1, Fig. 15-2
Clock Rise Time tcHICH2 — - 10 ns

Clock Fall Time tcL2cLl - - 10 ns

Address, CS Valid Delay  tcav 10 - 80 ns

RD Active Delay tCLRL 10 - 80 ns

RD Inactive Delay tCLRH 10 - 80 ns

Data Output Delay Time tpycL - - 160 ns

(Read Cycle)

t);;:ngxI:;me teLDX 10 ns Fig. 15-1
WR Active Delay teveTv 10 - 80 ns

WR inactive Delay teveTx 10 - 80 ns

Data Valid Delay teLpDv - - 110 ns

Data Hold Time teHDX 10 - - ns

{Write Cycle}

HLDA Valid Delay tCLHAV 10 - 100 ns

Signal Active Delay tomML - - 160 ns

(During DMA)

Signal Inactive Delay tDMH - - 160 ns

{During DMA)

WEWSet-up time troyser 80 - - ns Fig. 152
(During DMA)

Data Hold time tcLDXDM 10 - - ns

(During DMA)

Data Set-up Time tpvcLpom 80 - - ns

{During DMA)

HOLT inactive Delay tomMLH - - 200 ns
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L3CLK

OADO

ORD

0D0-0D7

OWR

0D0-0D7

| T T2 | T3 T4 |
tercr o tewicwz | tewzenn
S N\
kcion
Bdadd
A temer
; X
tewav
3 1
th,ng tCLIH
DATA IN VALID DATA OUT DATA IN
-t t
tDVCL CLDX
tevery teverx
VALID DATA IN )
teLov tenox

READ
CYCLE

WRITE
CYCLE

Figure 15-1 80 type 1/0 Mode Timing
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Z1CLK | T T2 | T T
CYCLE
—
e W U W an NN i W an ¥
- toun
- i 4F
HoLT HOLD LATCH teuune \m_l.
HLTA S 4 ¢
oML tbll‘
B — -
OADU-0AD18 Hi-2 VALID ADDRESS —
toum toun
| Lom PRI
wro el S
[ HI-Z HI-Z
(A0,BHE) | Wiz
toun tomt - toun

OWR Hi-2Z \ F\H-Z

WRITE

CYCLE
000-0D7 Hi-Z VALID DATA OUT  Hi-Z

tome toun
taovser
0AD19
(READY)*? L/
toun tom
ORD N HI-Z \ HI-Z
tecoxom READ
CYCLE
——\ HI-Z
000-007 VALID DATA IN —
toveLon
CPU CYCLE DMA CYCLE
Notes 1. During READY “LOW" cycle, each signal holds previous status and wait cycles are inserted.

2. HOLT isn‘t synchronized at L3 CLK rising edge. If synchronization is necessary, external
circuit should make circuit should make synchronization to layer 3 clock.
3. OAD19 pin turns to READY input.
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HD81501A

+ 60 Type Bus Interface

Item Symbol Min Typ Max Unit Test Condition
Clock Period tevye 162 - 500 ns

Clock Pulse Width “LOW"" tey 75 - 250 ns

Clock Pulse Width “"HIGH"” tcpy 75 - 250 ns Fig. 16-1, Fig. 16-2
Clock Fall Time tcF - - 10 ns

Clock Rise Time ter - - 10 ns

Address Valid Delay tcLAV - - 80 ns

AS, TDS Active Delay teHsL 0 - 70 ns

AS, TDS Inactive Delay tcLsH - - 80 ns

AS, TDS Pulse Width tsL 337 - - ns

“LOW” (Read Cycle)

R/W="H" Active Delay  tcHrH 10 - 80 ns

DTA Active Delay tDSTR 0 - 140 ns

{Read Cycle)

DTA Hold Time tSHDAH 0 - 325 ns

Data Output Delay Time  tpicL - - 160 ns Fig. 16-1
(Read Cycle)

Data Hold Time tsHDI 0 - - ns

(Read Cycle)

DS Puise Width “LOW”  tg, w 170 - - ns

(Write Cycle)

R/W="H" Active Delay  teHRL 10 - 80 ns

Data Valid Delay tcLDO - - 80 ns

Data Hold Time tcHDO 0 - - ns

{Write Cycle)

LD8-Data Invalid Time  tgnpo 40 - - ns

Note 1. In case of tpsTw S 25ns, wait state may be inserted between S4 and S5.

Item Symbol Min Typ Max Unit Test Condition
BG Valid Delay tCHGL - - 80 ns

Strobe, R/W Float Delay tgLz - - 160 ns
BGA”L"-»BG"H" Delay tgaLGgH 15 - 3.0 CLOCK

Time Fig. 16-2
BG Inactive Delay tcHGH - - 80 ns
BGA“L"-BR"“H" Delay tggKeRr 20 - - ns

time

BGA Valid Delay taGAD - - 160 ns
CLK'L'*—8Signal Delay tcLAVD - - 160 ns

Time

CLK‘'H"-Signal Delay tCHAVD - - 160 ns

Time

DTA Set-up Time tDKST 80 - - ns Fig. 16-3
DTA Hold Time toKLH 10 - 350 ns

Data Set-up Time tpicLD 80 - - ns

Data Hold Time tsHDID 20 - - ns
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teve
tew teo
S S2 S3 | 54 S5 S?
sox A 0 s B A s U
tee  ton
& \
OADO X
CLAY 'SL
[
— |/ f
AS teusm teust
teusw
ts ~
DS
tenrn
OWR f
R/W)
(R tosre tsmoan
TR HI-Z l’ HI-Z
toice touo
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P
t
CHSL touw -~
\
D5 —_— 3 {
CHAL
OWR
(R/W)
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DTA 1™
t
towoo cHDO
oD0-0D7 Hi-Z { VALID DATA IN -z
tsuoo
/

READ
CYCLE

WRITE
CYCLE

Note 1. In case of tpgTw S 25ns under some load condition, Set-up time of DTACK may not be
assured at S4 rising edge. Then, wait cycle is inserted for 1 clock period {2 wait status)

between S4 and S5.
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HoLT
{8R) iy
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o
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BGA \
(BEACK) - / -

— HI-Z
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DA _—/

{DTACK)
ADDRESS,DATA -z
STROBES —/ g o ———
AND DMA CYCLE

Note 1. HOLT isn‘t synchronized to L3 CLK. If Set-up time is insufficient for L3 CLK rising
edge, HOLT is fetched by layer 3 CPU after 1 clock cycle.

Figure 162 68000 type Bus Arbitoration
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Figure 16-3 68000 type DMA Mode Timing
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HD81501A

+ 68 Type Bus Interface
Item Symbol Min Typ Max Unit Test Condition
Clock Period teye 1.0 - 10.0 Hs
Total Up Time tur 975 - - ns
Clock Pulse Width “HIGH’’ tpwen 450 - 5500 ns
Clock Puise Width “LOW"” tpwe_ 430 - 5000 ns Fig. 17-1, Fig. 17-2
Clock Fall Time ter - - 25 ns
Clock Rise Time teR - - 25 ns
Address, R/W Valid Delay tap - - 220 ns
Address, R/fWHold Time  tay 20 - - ns Fig. 17-1
Data Set-up Time tpskr 80 - - ns
(Read Cycle) Fio. 171 Fig. 172
Data Hold Time tOHR 20 - - ns ‘. 1741, Ha- 17
(Read Cycle)
Data Set-up Time tpsw 0 - - ns
{Write Cycle)
- Fig. 171
Data Hold Time toHW 30 - - ns
{Write Cycle)
HOLT ODelay Time tpcso - - 360 ns
Address Delay Time tADDMA 0.5 - 20 CYCLE
{DMA Cycle) gE:PU Fig. 17-2
Address Hold Time taDH 10 - - ns
(DMA Cycle)
teve
ter-afio— tpwg, ——entien-ten
L3CLK
(E) i trwan
Tao e
m l ~
(R/W)
0ADO X vALID ADDRESS X
READ
[ — CYCLE
toun tonn
000-007 DATA VALID OUT K
tag -
tan
R ~
(R/W) \ Y/
0400 X VALID ADDRESS | X
WRITE
= CYCLE
—_— —
I tosw tonw
000-0D7 DATA VAUD IN X
f P
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DEAD DMA CYCLE
E
(€ tecsn trcso
HOLT
oW 1
tao tao
HLTA 1 Y
—
(BA AND 85) tagoua taon
Y }—-—-——-—.
oapo-ompts —/ ADDRESS
tao
. I
(R/W)
tosa r_’ towa
DATA IN —
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tas tao taou
OWR )
(R/W)
0D0-007 DATADUT e

Note 1. Memory access is inhibited during dead-cycle.

READ
CYCLE

WRITE

Figure 17-2 68 type DMA Mode Timing
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