TACT83000

AT CHIP SET
D3612 AUGUST 1990
S IR
High-Speed 1-um CMOS Technology ®* TACT83443 AT Bus Interface Unit (ATU)
Supports System Speeds up to 33 MHz - Internal Clock Switching Between Two
*  Fully AT-Compatible 386 Three-Chip SX, 's"dffpende’“ Frequencies Controlled by
Four-Chip DX Solutions ontware
— Asynchronous AT Bus Interface With
* Only Four Additional Logic Chips Needed Write Buffer Option

— Full AT Direct-Drive Capability

®* Major Features Programmable Through
— Extended Direct Memory Access Mode

Software . .
for 32-Bit Operation
* TACT83442 Memory Control Unit (MCU) — Fast CPU Reset and A20GATE

— Cascadable up to Eight Devices Modification

-~ Address Range of up to 32M Byte Per — Numeric Processor Interface for 387SX,
Device, 256M Byte Fully Cascaded 387DX, and Weitek 3167

— Supports 256K-, 1M-, and 4M-Bit DRAMs — Integrates All Essential AT Peripherals
in Normal, Page, Word-Interleave, and ~ Real Time Clock With 128-Byte CMOS
Page Block-Interleave Modes RAM

~ Programmable DRAM Timing Parameters

- Supports up to Two Memory Banks for
32-Bit Systems and Four Banks for
16-Bit Systems

— Can Directly Drive up to 36 DRAM

* TACT83441 Data Path Unit (DPU)

— 8- and 16-Bit Data Bus Sizing
Data Path Cascadable to 32 Bits
Write Buffer Capability for AT Bus

Devices Access
— Shadow RAM Available Between — Supports Posted Write Operations From
0C 0000h and OF FFFFh Cache Controlier

- Contains Global Page Mapping RAM Parity Generation and Checking Logic

Allowing Remap of
¢ 64K-Byte Memory Blocks Above

1M Byte
* 16K-Byte Memory Blocks Below
1M Byte
description

The Texas Instruments TACT83000 AT Chip Set is designed for cached and noncached 386™-based PC-AT™
compatible systems running at speeds up to 33 MHz. Manufactured with high-speed 1-um CMOS EPIC™
technology, the chip set is functionally partitioned into three devices: the TACT83443 AT Bus Interface Unit
(ATU), the TACT83442 Memory Control Unit (MCU), and the TACT83441 Data Path Unit (DPU). The ATU is
packaged in a 208-lead plastic quad flatpack (QFP), while the MCU and DPU are packaged in 100-lead plastic
QFPs.

These three chips, along with four other logic chips, comprise all the logic necessary for a fully compatible 16-bit
386SX-based system. Since one DPU provides a 16-bit data path, a 32-bit 386DX-based system requires an
additional DPU.

With software-controlled configuration registers on board the ATU and MCU, the chip set supports a wide variety
of PC system configurations. For complete programming details, see the TACT83000 AT Chip Set User’s Guide,
literature number SRZUQO01.

PC-AT is a trademark of International Business Machines.
386 and 387 are trademarks of intel Corporation.
EPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information current Copyright © 1990, Texas Instruments Incorporated
as of publication date. Products conform to specifications

per the terms of Texas Instruments standard warranty.

Production pr ing does not ily include testing EXAS
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TACT83000
AT CHIP SET

functional block diagram — 386DX cache-based system
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architecture

In a 386 cache-based system, the TACT83000 chip set architecture uses three tiers of buses. From the system
core outward, these buses are the local or CPU bus, the extended local (EL) bus, and the AT bus. The
architecture also provides an 8-bit peripheral bus, the XD bus, which operates with AT bus timing. The
three-tiered bus structure used by the TACT83000 in a cache-based system can be seen in the functional block
diagram.
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AT CHIP SET

The EL busincludes both data (ED) and address (EA) lines. CPU addresses sent out on the EA lines are mapped
to physical memory addresses (MA) by the MCU. The AT bus includes system address (SA) and latched address
(LA) lines, as well as system data (SD). Control lines are also included in the buses, though they are not listed
separately in the block diagram. All data traffic between the buses is controlled by the DPU(s), which contain(s)
logic for bus sizing and conversion, as well as for parity generation and checking.

The TACT83000 chip set supports the 82385 (or compatible) cache controller, providing control of external
address buffers and data transceivers in the DPU between the CPU local bus and EL bus. In a cache-based
system, the interface between the CPU local bus and the EL bus is controlled by the cache controller. In a
noncached system, the EL bus essentially becomes the CPU bus.

The ATU, situated between the EL bus and the AT system bus, provides the interface, timing, and command
control for both buses, as well as direct 24-mA drive capability for the 1/O channel. The ATU also contains
essential AT system board peripherals.

The MCU, located on the EL bus, controls system memory interface. The MCU is a programmable DRAM
controller that has extensive memory mapping capability. It can function in several DRAM modes selectable
through its configuration registers.

extended local (EL) bus

The EL bus is a buffered CPU bus with additional parity lines and control signals for EL bus accesses. These
control signals, local access with parity (LAP) and local access with no parity (LANP), are required of all devices
on the EL bus and gated to the ATU to indicate that the current cycle is an EL bus access.

In many systems, performance can be greatly improved by placing high-speed I/O peripheral devices onthe EL
bus instead of on the AT bus. These devices can then operate at CPU speed, rather than at the 8-MHz limit of
the AT bus. Typical examples of such peripherals are SCSI disk controllers, LAN adapters, and display
subsystems. A peripheral placed on the EL bus must generate LAP/LANP when itis accessed in order to let the
system controller know that the bus cycle belongs to that device onthe EL bus. Otherwise, the cycle will be either
passed on to the AT bus or terminated by a ready signal from the system controller.

The EL bus directly supports the data bus width of the attached processor. Bus sizing must be accomplished
through the byte enable bits (BE3 — BEQ) and the DPU(s).

In a minimum system without a cache controller, the EL bus is identical to the CPU bus with respect to address
and control. For example, the CPU address line A10 will be directly connected to the MCU EA10 address line.
Note, however, that the EL data bus (ED0O-EDxx) is always the output data from the DPU; it is the CPU data bus
buffered via the DPU and is, therefore, the same in either a cached or noncached system.

chip set configuration

All programmable functions and page map entries for the ATU and MCU are accessed through an index/data
register pair, minimizing the size of CPU 1/O space necessary for configuration. The index register is a pointer
tothe actual configuration register/map entry location, and the data register is the port used to access the location
pointed to by the index register. Once the desired index value is set by writing to the index register, reading from
or writing to the data register will retrieve or update the value in the configuration register/page map entry
addressed by the index register. A read or write of either register involves a single 16-bit data access.

By default, the data register is located at I/O address 0024h and the index register at 0026h. However, the
register pair may be relocated after power-up to any unused |/O address between 0000h and FFFFh by resetting
the configuration register /O base address for the device (index = 0XFF). In a 32-bit system, the data register
address must be at a double-word boundary.

For details regarding programming the configuration registers, see the TACT83000 AT Chip Set User's Guide.
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AT CHIP SET

internal 1/0O buffers

To ensure both AT compatibility and flexible system configurations, the TACT83000 chip set uses a variety of
input and output buffers internally. These buffers are listed, along with the pin descriptions for each device, in
the device Terminal Function Table. Figure 1 details the convention used to describe each type of 1/O buffer.

EXAMPLE POSSIBLE
VO TYPE BUFFER VALUES
INPUT TIL PU

L S
T T SCHMITT-TRIGGERED

{ PuLLUP (PU)
|_ PULLDOWN (PD)

fTTL

|_cmos
OUTPUT 3S 10 PU
and T f PULLUP (PU)
BIDIRECTIONAL
woyt L PULLDOWN (PD)
loL (mA)

f 3-STATE (3S)
OPEN DRAIN (OD)
L PUSH-PULL (PP)

1 Bidirectional buffers operate at non-Schmitt-triggered TTL Input levels.

Figure 1. Buffer Naming Convention
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TACT83443 AT Bus Interface Unit (ATU)

The ATU supports three types of functions: system bus interfacing, timing between buses, and standard AT
peripherals. During a DMA cycle or a master cycle for an AT bus device, the ATU asserts control over the EL
bus. At all other times, it is a slave to the EL bus master. This master is normally the cache controller in a
cache-based system; however, there may be other EL bus masters as well.

interfacing system address and control buses

The ATU provides the interface, command translation, and timing control among the CPU/EL bus, AT bus, and
system support peripherals. It manages two separate command/control buses —the AT bus and the EL bus. The
signals from these two buses are inputs to two internal control blocks.

The AT control block monitors inbound CPU/EL signals and encodes those into corresponding AT bus signals.
The EL control block monitors inbound AT bus signals and decodes those into CPU/EL signals. There is also
a common support peripheral block, address management block, data control block, and configuration register
space shared by the AT and EL control blocks.

timing between system buses

System oscillators are fed into the ATU, which in turn divides them to generate the appropriate system clocks
for both the EL and AT buses. In addition to providing the clocks as outputs, the ATU uses the clocks for timing
control and synchronization. The ATU also manages the generation of system reset and drives AT bus refresh
timing.
The AT bus interface works either synchronously or asynchronously in both directions. All timing parameters,
including control of the clock dividers, are defined by software.

AT peripherals
The ATU contains the following standard AT system board peripherals:

* Two 8237A-compatible direct memory access (DMA) controllers with SN74LS612-compatible page
registers

®* Two 8259-compatible interrupt controllers
® 8254-compatible timer/counter
® 146818-compatible real-time clock (RTC) with on-board oscillator

¢ Port B and nonmaskable interrupt (NMI) logic

All of these peripherals are fully AT-compatible functions. The DMA and NMI functions and the static RAM offer
additional features. The DMA controller supports full 32-bit DMAs for EL bus devices, including support of an
EL cascade or AT master mode. The NMI extensions provide for generation of NMI due to a READY timeout
and improved NMI status reporting. The configuration static RAM provided with the RTC registers is 128 bytes
in length and can be backed up by a battery.

Becausethe EL and AT buses share the standard peripheral block, these peripherals are available to both buses.
For 1/O addressing, the ATU peripherals and keyboard controller are placed on the XD bus, the only data bus
that is routed into the ATU. Any additional devices (system ROMs) placed on the XD bus must drive XDSEL.

In addition to its extensive controf and timing management for the major system buses, the ATU also provides
interfaces for or supports several other system devices or functions. For example, an interface is available for
a numeric coprocessor. This interface is monitored by the ATU and is used to provide the coprocessor’s status
to the CPU. A keyboard processor interface, AT bus refresh control logic, programmable chip select options,
and AT write buffer control are also available.
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TACT83443

AT BUS INTERFACE UNIT (ATU)

ATU terminal assignments

The ATU is packaged in a 208-lead QFP. The ATU Terminal Functions Table gives a description of each terminal. See
Figure 1 for details of the 1/O buffer types.
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU Terminal Descriptions

TERMINAL /0 BUFFER DESCRIPTION
NAME NO. TYPE
CPU Signals

ADS 44 /0 3S10PU | Address status control

BUSY 30 (0] PP6 Numeric coprocessor busy

CLK2 36 0] PP24 CPU Clock. This is the basic CPU clock. On power-up, the default
source is CLKINO.

CLK2IN 39 | CMOS CLK2 Input. Feedback of the CLK2 signal. This input is required to
verify that the CPU clock and the internal AT unit clock have the same
delay. It should be sourced after any clock distribution buffering.

CPURST 31 0] PP16 CPU Reset. Active during power-on reset, shutdown, and keyboard
reset. The keyboard reset is generated internally to the ATU by
intercepting the keyboard controller reset command.

D/C 33 I/0 | 3S10PU | Data/Code control

ERROR 29 o PP6 Coprocessor error

HOLD 45 (6] PP10 Hold request input to CPU

HOLDA 46 | TTL-S Hold acknowledge output from CPU

INTR 26 o] PP6 Interrupt request output to CPU

M0 34 I/0 | 3S10PU | Memory/IO control

NMI 28 (0] PP6 Nonmaskable Interrupt output to CPU

PEREQ 27 ¢} PP6 Numeric processor request

READY 49 | TTL-S Ready input. Same signal as CPU or EREADY.

READYO 47 (6] PP10 Ready out control. This ready output is ORed with the other EL bus
READY signals.

W/R 32 I/O | 3S10PU | Write/Read control

EL Bus SignalsT

BEO 43 110 3S10PU | Byte enable 0. Used with the 386 to enable data bits 0-7. The 386SX
uses the signal BLE (Byte Low Enable).

BE1 42 1/O 3S10PU | Byte enable 1. Used with the 386 to enable data bits 8—15. The 386SX
uses the signal BHE (Byte High Enable).

BE2 41 11O 3S10PU | Byteenable 2. Used with the 386 to enable data bits 16—23. The 386SX
uses the CPU address line Af.

BE3 40 110 3S10PU | Byte enable 3. Used with the 386 to enable data bits 24--32. Tied high
on 386SX systems.

EA2-EA4 24-22 11O 3S10PU | EL bus address bits 2-31

EA5-EA14 20-11

EA15-EA18 9-6

EA19-EA22 41

EA23-EA26 208-205

EA27—EA31 203-199

ERESET 194 0] PP16 EL bus reset. Active only during power-on reset.

LANP 195 | TTL-S Local access with no parity

LAP 196 I TTL-S Local access with parity

LW/R 189 0 PP10 Latched W/R. This is the latched CPU or EL bus W/R signal.

PCLK 191 O PP16 CPU phase clock. High during processor phase 2.

1 1n a minimum system configuration without cache and address buffers, some EL signals can be connected directly to the CPU.
For example, in this case, EA10 is identical to A10 from the CPU.
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TACT83443

AT BUS INTERFACE UNIT (ATU)

ATU Terminal Descriptions (continued)

TERMINAL BUFFER
NAME NO. 1/0 TYPE DESCRIPTION
SEL32 59 | CMOS Select 32-bit data bus width:
L 386SX Operation Mode
H 386DX Operation Mode
TBUS 190 O PP10 CPU or EL bus state signal indicating T2/T2P. Active high.
Numeric Processor Interface Signals

IRQ13X 50 | TTLPD-S | Interrupt request 13. This signal is ORed internally with the output from
the ATU numeric processor error logic to generate IRQ13 if a
processor other than the 387 is used.

NPBUSY 52 | TTLPU-S | Numeric processor busy. Thisa_ctilt_a low numeric processor output
signal is used for generating a BUSY signal for the CPU.

NPERR 51 | TTLPU-S | Numeric processor error. If the numeric processor sets this signal low,
an unmasked error condition has been detected. In this case, the
NPBUSY signal is latched, and a numeric processor interrupt signal
will be generated.

NPPEREQ 53 | TTLPD-S | Numeric processor extension request input.

NPRST 54 0] PP16 Numeric processor reset. A high level on this signal generates a reset
for the numeric processor. Either a write to /O address 00F1h or a
system reset will activate this signal.

DPU/Cache Interface Signals

ATLATCH 182 o] PP6 AT bus buffer latch control

DOE 188 0] PP6 Data output enable. This signal controls the CPU bus transceiver on
the DPU if no cache controller is present.

DPUSH1 186 O PP6 DPU source select 1

DPUS2 185 0] PP6 DPU source select 2

DPUS3 184 0 PP6 DPU source select 3 (conversion signal)

FLUSH 197 0] PP6 Reset cache controller contents. This signal is set active by writing a
1 to the FPC bit of the ATU miscellaneous control register and cleared
by writing 0.

MPCKHH 178 1 CMOS Memory parity check high word high byte

MPCKHL 179 | CMOS Memory parity check high word low byte

MPCKLH 180 i CMOS Memory parity check low word high byte

MPCKLL 181 I CMOS Memory parity check low word low byte

SATB 187 0 PP6 Source/destination control of the AT bus Buffer

AT Bus Signals

AEN 157 (6] PP24 Address enable. This signal is used to disable other address driver de-
vices from the AT bus. When this line is active, the DMA controller has
control of the address data bus and read/write lines.

ATCLK 177 O PP10 AT bus clock output. Output of the internal clock divider for the AT bus
state machine. This clock is used for generating the independent AT
bus timing. The power-on default source is CLKINO/4.

BALE 140 (0] PP24 Buffered address latch enable. During a HOLD cycle (HOLDA=1), this
signal is driven high.
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU Terminal Descriptions (continued)

TERMINAL BUFFER
/0 DESCRIPTION
NAME NO. TYPE

DACKO-DACK3  156-153 o PP6 DMA request acknowledge

DACK5-DACK?  152-150

DREQO-DREQ3 166-163 | TTL-S DMA request. These signals are asynchronous channel requests that

DREQ5-DREQ7 162-160 are prioritized. DREQO has the highest priority; DREQ7 has the
lowest. DREQO-DREQ3 will perform 8-bit DMA transfers and
DREQ4-DREQ7 will perform 16-bit DMA transfers.

IOCHCK 98 | TTL-S I/0 channel check. This signal is used by devices on the 1/O channel
to indicate an uncorrectable error, such as a parity error. An NMI will
be generated if NMI is enabled in Port B/NMI logic.

IOCHRDY 134 /0 OD24 1/O channel ready. The ATU does not complete the current cycle as
long as IOCHRDY is low. This signal is used by AT bus cards to extend
the number of wait states beyond the set default values.

IOCS16 97 ! TTL-S 1/0 chip select 16. If IOCS16 goes active low during an AT bus 1/O
cycle, the ATU disables the 16-t0-8-bit conversion logic and sets the
default wait states for 16-bit I/O transfer; otherwise, the ATU generates
two 8-bit I/O cycles on the AT bus.

1OR 135 /0 3524PU | 1/O read. During AT master and DMA cascade modes, outputs are in
3-state.

iow 136 I/O | 3S24PU [I/O write. During AT master and DMA cascade modes, outputs are in
3-state.

IRQ1 82 | TTL-S Interrupt request. Available for AT bus devices

IRQ3-IRQ7 83-87

IRQ9-IRQ12 89-92

IRQ14-1RQ15 93-94

LA17-LA19 141-143 /O 3524 Latchable address. These address bits are inputs when MASTER is

LA20-LA23 145-148 low and HOLDA is high, indicating an external bus master cycle; they
are outputs otherwise.

MASTER 100 I TTL-S Master request input

MEMCS16 96 I TTL-S Memory chip select 16. If MEMCS16 goes active low during an AT bus
memory cycle, the ATU disables the 16-to-8-bit conversion logic and
activates the default wait state logic for a 16-bit transfer; otherwise, the
ATU generates two 8-bit memory cycles on the AT bus.

MEMR 137 /O 3S24PU | Memory read bus. During AT master and DMA cascade modes,
outputs are in 3-state.

MEMW 138 I/O | 3S24PU |Memory write bus. During AT master and DMA cascade modes,
outputs are in 3-state.

REFRESH 106 /O | OD24 AT bus refresh

RESET DRV 102 O PP24 Reset drive. This line is used to reset or initialize system logic on the
AT bus. This signal is active during power-on and if the RPC bit in the
ATU miscellaneous control register is set.

SA0-SA4 109-113 110 3824 System address lines 0—16. Latched by BALE. During AT master and

SA5-SAS 115-119 DMA cascade modes, outputs are in 3-state.

SA10-SA15 121-126

SA16 128

SA17-SA19 129-131 (@) 35824 System address lines 17-19

SBHE 107 1/0 3524 System byte high enable

*
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TACT83443

AT BUS INTERFACE UNIT (ATU)

ATU Terminal Descriptions (continued)

TERMINAL
NAME

NO.

/O

BUFFER
TYPE

DESCRIPTION

SMEMR

104

3524PU

System memory read. This signal is similar to the MEMR signal, but
is only active in the first 1M byte address range.

SMEMW

103

3S24PU

System memory write. This signal is similar to the MEMW signal, but
is only active in the first 1M byte address range.

SYSCLK

105

PP24

AT bus system clock. This clock is half of the ATCLK frequency and is
inactive until the first CPU access after reset.

TC

158

PP24

Terminal count. During DMA service, a high leve! indicates the
completion of the requested number of transfers.

OWS

99

TTL-S

Zero-wait state. AT bus cards can use this input to shorten the current
bus cycle. After OWS goes low, the ATU will synchronously finish the
cycle.

Peripheral Signals

A20GATE

74

TTL-S

A20 gate input. Sourced by the keyboard and input to A20 gate out
control logic.

A20GOUT

193

PP6

A20 gate output. Combination of keyboard controller, A20 gate, and
gate output control bit of miscellaneous control register. A low level on
this input will hold the A20 line low; otherwise, the A20 line is identical
to the CPU A20 line.

BATT

63

Real-time clock power supply input. This terminal should be connected
to battery circuit. This terminal is at Voo level during powered
operations and battery voltage is applied to it during a powered-down
condition.

KEYBCS

73

PP6

Keyboard controller chip select. Normally, the ATU generates chip
select signals for I/O addresses 60h and 64h. However, when FO, F2,
F4, F6, F8, FA, or FCh is written as data to 1/0O address 64h, both
CPURST and KEYBCS are generated. When FEh is written to /O
address 64h, only CPURST is generated.

0SC_1

76

Oscillator clock input. This is the 14.31818-MHz clock, which is not
synchronous to the AT-system clock (SYSCLK); an external oscillator
is required.

0SC_12

71

PP6

Oscillator clock output. Provides 1.193-MHz frequency for a
PC-AT-compatible design, which is used internally for the timers and
by the MCU for refresh and RAS pulse width timing.

PCSH

68

0OD6

Programmable chip select 1. Programmable through index address =
0809.

PCS2

67

OD6

Programmable chip select 2. Programmable through index address =
080A.

PCS3

66

0ODs

Programmable chip select 3. Programmable through index address =
080B.

RTCRES

64

CMOS-8

Real-time clock reset. This signal resets the real time clock after a
battery power-up.

RTCRTN

60

Real-time clock oscillator ground terminal. This terminal provides
ground return for the 32.768-kHz crystal timing capacitor to the
onboard oscillator circuit.

RTCSQW

65

PP2

Real-time clock square-wave output. This signal is enabled through
the RTC configuration registers.

10
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU Terminal Descriptions (continued)

TERMINAL BUFFER
NAME NO. /O TYPE DESCRIPTION

RTCXIN 61 | Real-time clock oscillator input. This signal connects to a 32.768-kHz
crystal or can be used as a frequency input pin. Itis powered by battery.

RTCXOUT 62 (6] Real-time clock oscillator output. This is the second terminal for the
32.768 kHz crystal. It is powered by battery.

SPEAKER 72 0] PP6 Speaker output. This is an ANDed output of data bit 1 of port B (/O
address 0061h) and the OUT2 output of the timer. For driving the
speaker, an open collector TTL buffer or a transistor with a base
resistor is necessary.

XD0-XD7 175-168 I/O 356 I/O Data lines 0~7 for the peripheral bus

XDSEL 77 | TTL-S XD bus select. Driven by XD bus devices to indicate XD bus transfers.

Miscellaneous Signals

CLKINO 56 | CMOS Clock Input 0. One of the two oscillator inputs.

CLKIN1 58 | CMOS Clock Input 1. One of the two oscillator inputs.

CPUSTEN 55 ! TTL CPU self-test enable. When active high (pulled up), the ATU will drive
BUSY low during power-on reset and hold it low for 10 CLK2 states
following the negation of reset, indicating an 80386 self-test.

PWRGOOD 69 ! CMOS Power good. Power supply generates this signal, which is used as a
general reset input.

NU 78 - 81 Nonusable, make no external connection. Reserved for future use.

Power Terminals
GND 10, 25, 37, | Ground
38, 57, 75,
95, 108,
120, 132,
133, 144,
159, 176,
192, 204
Vee 5, 21, 35, Supply voltage
48, 70, 88,
101, 114,
127, 139,
149,167,
183, 198
*»
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TACT83441
DATA PATH UNIT (DPU)

TACT83441 Data Path Unit (DPU)

The DPU provides data routing for all system data traffic. The data routing is provided by two sections of the DPU:
the CPU and EL data buses {the D/ED data lines) and the AT data bus (the SD/XD data lines). For both read and write
operations, data betweenthese two sections is transferred through an AT bus buffer latch. An AT write buffer controlled
by the ATU is also provided on the DPU. In addition, the DPU contains bus sizing and conversion logic for 8-bit and
16-bit AT bus accesses, and parity generation and checking logic.

DPU terminal assignments
The DPU is packaged in a 100-terminal QFP. The DPU Terminal Function Table gives a description of each terminal.
See Figure 1 for details of the 1/O buffer types.

Top View
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SA0 [J 82 49 1 GND
SA1 [] 83 48 D MPCKL
NU [] 84 47 [0 MPCKH
NU [ 85 46 [1 LWR
NU [ 86 45 [1 DPUS3
NU [0 87 44 [1 DPUS2
MDPH [} 88 43 [ DpPUSHt
GND { 89 42 [ ATLATCH
ED15 [J 90 41 Vce
Vee O 9t TACT83441 40 é SATB
D15 [ 92 39 GND
ED14 [] 93 38 1 BTR
D14 [ 94 37 P DOE
ED13 [] 95 36 [J wWBCLK
D13 [] 96 35 [] ELWBEN
ED12 [0 97 34 [1 CLKSEL
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NU — Nonusable, make no external connection. These are reserved for future use.
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TACT83441

DATA PATH UNIT (DPU)
DPU Terminal Functions
TERMINAL BUFFER
1/0 DESCRIPTION
NAME NO. TYPE
DPU Control Signals

ATLATCH 42 | CMOS AT read/write buffer latch control. Data is latched in the AT read/write
buffer on the rising edge of this input.

BT/R 38 I TTL Bus transmit/receive. CPU D bus transceiver direction control. This
signal is sourced by the cache controller or connects to the ATU LW/R
signal in a non-cache system.

CLKSEL 34 | CMOS Clock select input. Used for inverting the CLK2 input.

L 386DX or 386SX
H Reserved

DOE 37 TTL Data output enable control. CPU D bus transceiver output control. This
signal is sourced either by the cache controller or, in a non—cached
system, by the ATU.

DPUSH 43 | CMOS AT bus source select bit 1

DPUS2 44 ! CMOS AT bus source select bit 2

DPUS3 45 | CMOS AT bus conversion control

ELWBEN 35 | CMOS EL bus write buffer enable

L Disable write buffer
H Enable write buffer

LW/R 46 | CMOS Latched write/read signal from ATU

MPCKH 47 0] PP6 Latched parity high byte status

MPCKL 48 o) PP6 Latched parity low byte status

SATB 40 | CMOS CPU/EL bus source/destination control for the AT bus buffer

SELDPU 50 | CMOS DPU word select

L Low word (D15-0) in a 16-bit or 32-bit system
H High word (D31-16) in a 32-bit system
Note: SA1 must also be tied low in a 16-bit system.

WBCLK 36 ] TTL Write buffer clock. Latch signal for cache controller posted write opera-

tions. Write data is latched on the rising edge of WBCLK.
Data Signals

Do-D2 30, 27, 25, /O | 3S16PU | CPU data lines 0-15

D3-D5 22, 20, 18,

D6-D8 15,12, 9,

D9-D12 7,4,1,99,

D13-D15 96, 94, 92

EDO-ED2 28, 26, 24, /O | 3S16PU | EL bus data lines 0-15

ED3-EDS 21,19, 17,

ED6-ED8 13, 11, 8,

ED9-ED11 5,2, 100,

ED12-ED14 97, 95, 93,

ED15 90

MDPL 10 /0 | 3S16PU | EL bus parity bit for the low byte

MDPH 88 /0 | 3S16PU | EL bus parity bit for the high byte -

i
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TACT83441

DATA PATH UNIT (DPU)
DPU Terminal Functions (continued)
TERMINAL BUFFER
NAME NO. /O TYPE DESCRIPTION
SD0-SD3 61-63, 65 1/O 3S24PU | AT bus system data bits 0—15
SD4-SD9 67-72
SD10-SD13 74-77
SD14-SD15 79-80
XD0-XD3 51-53, 55 /0 3S10PU | XD bus peripheral data bits 0-7
XD4-XD7 57-60
Miscellaneous Signals
CLK2 33 | CMOS CPU system clock
READY 32 ] TTL CPU or EL bus ready input
SA0 82 | TTL AT bus system address line 0
SAt 83 | TTL AT bus system address line 1. Must be tied low in a 16-bit system.
NU 84-87 Nonusable, make no external connection. Reserved for future use.
Power Terminals
GND 6, 14, 23, Ground
31, 39, 49,
56, 64, 73,
81, 89, 98
Vee 3, 16, 29, | Supply voltage
41, 54, 66,
78, 91

j
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TACT83442
MEMORY CONTROL UNIT (MCU)

TACT83442 Memory Control Unit (MCU)

The MCU is a high-performance, programmable DRAM controller with an address range of 32M bytes. The MCU
provides several access modes, including normal, page, word-interleave, and page block-interleave modes, as well
as programmable DRAM timing parameters. Its physical memory address is generated by the on-chip page mapping
RAM (PMRAM). Each page may be enabled or disabled, allowing flexible memory configuration for shadow RAM and
EMS 4.0 features.

The MCU can directly drive up to 36 DRAM devices. If the memory array contains more than 36 DRAM devices, then
buffers are required for the memory address and write enable signals. DRAM configuration and timing parameters
are programmed through the configuration registers and PMRAM in the MCU.

Up to eight MCUs can be cascaded to expand the system memory. The MCU base address register and page mapping
RAM combine to provide memory configuration control in a multiple MCU environment. When multipte MCUs are
used, they are initialized automatically at power up as MCUQ, MCU1, . . . MCU?7 for configuration. Since each MCU
can manage up to 32M bytes, a fully cascaded system will provide control for up to 256M bytes.

memory array organization

The MCU configures system memory according to the processor being used. In a 386DX system, the MCU can
support two 32-bit banks of DRAM, while in a 386SX system it can support four 16-bit banks. The MCU defines DRAM
type based on bank pairs, allowing for a mixture of DRAM types in system memory. However, when memory
interleaving is used, each bank pair must use identical DRAM types.

DRAM access modes and timing

The MCU supports normal and page DRAM access modes, as well as interleaving on page block, odd/even word,
or double-word boundaries (depending on the memory data width of 16 or 32 bits). Interleaved banks must use
identical DRAMSs. Four interleaved 16-bit banks may be used as two pairs of banks, in which case the pairs may use
different-sized DRAMs, but the banks within pairs must use identical DRAMSs. If four banks are organized in two pairs,
the banks within each pair must be interleaved.

DRAM timing information is programmable for each pair of banks through separate configuration registers.
Programmable parameters include RAS and CAS pulse durations, RAS and CAS prechargetimes, CASto RAS delay,
CAS active write delay, RAS to memory address delay, and memory address to CAS read delay.

The MCU supports a programmable DRAM refresh scheme with staggered CAS before RAS.

TeExas ‘b
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TACT83442
MEMORY CONTROL UNIT (MCU)

MCU terminal assignments

The MCU is packaged in a 100-terminal QFP. The MCU Terminal Functions Table gives a description of each terminal.
See Figure 1 for details of the 1/O buffer types.

Top View
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MCU Terminal Functions
TERMINAL 1o BUFFER DESCRIPTION
NAME NO. TYPE
EL Bus Signals
ADS 37 | TTL Address status control signal
BEO 47 I TTL Byte enable 0. Used with the 386DX to enable data bits 0~7. The
386SX uses the signal BLE (Byte Low Enable).
BE1 48 I TTL Byte enable 1. Used with the 386DX to enable data bits 8—15. The
386SX uses the signal BHE (Byte High Enable).
BE2 49 I TTL Byte enable 2. Used with the 386DX to enable data bits 16-23. The
386SX uses the CPU address line A1.

1tm&5*y
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TACT83442
MEMORY CONTROL UNIT (MCU)

MCU Terminal Functions (continued)

TERMINAL BUFFER
NAME NO. /O TYPE DESCRIPTION

BE3 50 ! TTL Byte enable 3. Used with the 386DX to enable data bits 24-32. Tied
high on 386SX systems.

CLK2 41 ! TTL CPU system clock

D/C 43 I TTL Data/code control signal

EA2-EA6 51-55 I TTL EL bus address bits 2—-24

EA7-EA14 57-64

EA15-EA22 66-73 Note: In 386SX designs, EA24 must be tied low.

EA23-EA24 75-76

EA25/MASTER 77 I TTL Multiplexed EL address/AT control signal for support of AT master

EA26/MEMR 78 I mode. The terminal definition is selected by mode select bits 2 and 3

EA27/MEMW 79 f of the configuration register.

EA31/MCUEN 80 f

EDO-EDS5 99-94 /O 3510 EL bus data bits 0-15

ED6-ED10 92-88

ED11-ED15 86-82

ERESET 45 I TTL EL bus reset

M/10 42 [ TTL Memory/IO control signal

READY 39 [ TTL Ready input signal. This READY is the output of the ANDed EL bus
ready signals.

READYO 38 0] PP10 Ready out control signal. Output to system ready generation logic.
Must be ANDed with the other EL bus ready signals.

W/R 44 [ TTL Write/read control signal

Memory Control Signals

CAS0-CASS3 4,5,7,8 0] PP16 Column address strobe signals 0-3

CAS4-CAS7 25, 27-29 o] PP16 Column address strobe signals 47

EO—@_s_ 10-15 6] PP16 Memory address multiplexer outputs 0—-10

MA6-MA10 17-21

RAS0-RAS3 2,3,23,24 0] PP16 Row address strobe signals for banks 0-3

WE 30 (0] PP16 Write enable for DRAMs

MCU Control Signals

A20GOUT 81 | TTL A20 gate output from the ATU in non-cached systems. Itis tied high in
cache-based systems (assuming AND gate is used between proces-
sor and cache for A20 control.)

CIN 31 | TTL MCU cascade input. Must be grounded for first MCU.

couT 100 (0] PP10 MCU cascade output. Connects to the CIN pin of the next MCU in the
chain.

LANP 35 (0] PP10 EL bus local access with no parity

LAP 36 (0] PP10 EL bus local access with parity

OSC_12 33 | TTL Oscillator frequency of 1.19 MHz, used for RAS duration time limit

and refresh timing.
REFHLD 32 1 TTL DRAM refresh inhibit
ROMCS 1 (0] PP10 ROM chip select. This signal is inactive if shadow RAM is enabled.
s
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TACT83442
MEMORY CONTROL UNIT (MCU)

MCU Terminal Functions (continued)

18

TERMINAL BUFFER
NAME NO. 1/0 TYPE DESCRIPTION
Power Terminals
GND 6, 16, 26, | Ground
40, 56, 74,
87
Vce 9, 22, 34, | Supply voltage
486, 65, 93
*
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TACT83000
AT CHIP SET

NOTE

Supply voltage range, Vg (see Note 1)
Input voltage range, V|
Output voltage range, Vg

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

-05Vto7V
-05VtoVgg+ 05V
-0.5VtoVee+ 0.5V

Input ctamp current, ik (V] <0 0r V> Vo) oo = 20mA
Output clamp current, [og (VO <0 0T VO > VEE) oo v oot e = 20mA
Continuous output current, Ig (Vo = 010 VEG) v e e + 25mA
Continuous total power dissipation ... ... i i 1W
Operating free-air temperature range .. .........uuuuriii it 0°C to 70°C

Storage temperature range

1: All voltage values are with respect to all GND terminals connected together.

recommended operating conditions

...................................................... —65°C to 150°C

MIN NOM MAX | UNIT
Vce Supply voltage range 20 MHz 4.5 ' 55 \
Vce Supply voltage range 25 and 33 MHz 4.75 5.25 \
V| Battery voltage (ATU onl Backup 3 >3 \%
batt i ge iz Normal Vce-0.3 Voc+0.3
Vi Input voltage range 0 \ele \4
VIH High-level input voltage 2
ViL Low-level input voltage TTL levels 0.8 v
VIH High-level input voltage 0.7Vce
ViL Low-level input voltage CMOS level 0.2Vce
- t Input transition time (Except Schmitt-trigger inputs) 0 25 ns
TA Operating free-air temperature range 0 70 °C

TEXAS J\"
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TACT83000
AT CHIP SET

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VT4 Positive-going threshold level 2 \
A% Negative-going threshold level Schmitt-trigger inputs 0.8 \Y
Vhys Hysteresis (see Note 2) 0.2 0.6 \Y%
PP2, 3S IOH =2 mA 3.7
PP6 loH =6 mA 3.7
VOH High-level output voltage PP10, 3S loH =10mA 3.7 V
PP16 IoH = 16 mA 3.7
PP24, 38 IOH = 16 mA 3.7
PP2, 3S, OD loL=2mA 0.5
PP6 oL =6 mA 0.5
VoL Low-level output voltage PP10, 38 loL=10mA 0.5 \
PP16 IoH = 16 MA 05
PP24,3S, OD loL =24 mA 0.5
CMOS Vi=0toVce =10
. Vi=22V 70 450 HA
TTL Pullup input
Iy Input current V=04V 80 500
V=22V 20 170
TTL Pulldown input V=45V 35 200 uA
loz Off-state output current Vo=0orVcc +10 HA
icc Quiescent power supply current Voc =525V 100 pA
ATU 75
PDp Power dissipation MCU See Note 3 460 mwW
DPU 40
Backup Vpatt =36V 4 10
Ibatt Battery current Backup Vbatt = 5.5V 35 hA
Normal Vpatt = VCC+ 03V 100 uA
frRTC Real-time clock output frequency 32.768 kHz
NOTES: 2. Hysteresis is the difference between the positive-going input threshold voltage, V14, and the negative-going input threshold voltage,

VT_.
3. System environment: 25-MHz CPU without cache operating in pipeline mode. 8-MHz AT bus. Relevant load capacitances equivalent
to stated test conditions.

j
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TACT83000

AT CHIP SET
TIMING AND SWITCHING DATA
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TACT83443
AT BUS INTERFACE UNIT (ATU)

CLOCK GENERATOR/DIVIDER

timing requirements, Ta = 0°C to 70°C

f = 20 MHz f = 25 MHz f =33 MHz
Vec=5V=«10% | Vec=5V=5% | Voc=5V=5% | UNIT
MIN  MAX MIN  MAX MIN  MAX
teq Cycle time, CLKIN1, CLKINO 25 20 15 ns
twi  Pulse duration, high or low 9 7 6 ns
switching characteristics, T = 0°C to 70°C, C;_= 50 pF
f = 20 MHz f = 25 MHz f = 33 MHz
TEST
PARAMETER Ve =5V =10% =5V=5% | Vec=5V 5% NIT
CONDITIONS | —CC Vec=5V=5% | Vec=5V=5% | U
MIN  MAX MIN  MAX MIN  MAX
Delay time, CLKIN1, CLKINO to CLK2 N
W2 Atk © or Undivided 3 12 3 10 3 10| ns
tgz  Delay time to CLK20UT or ATCLK Divided 4 18 4 16 4 16 ns

CLKINT,
CLKINO

e twH1 — P, |
| < twi1 '{
l |
|
¢ | | ﬁ—*l— ta2
d2 —e—» |

CLK2, | |
ATCLK

|
|
(Undivided) ——,——/—\\—/—\———

|
|
r‘—tds—ﬂl

CLK2, |
ATCLK X X
(Divided)

Figure 2. Clock Generator/Divider Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

RESET/PCLK
timing requirements, Tp = 0°C to 70°C
f=20 MHz f=25MHz f = 33 MHz
Vee=58V«10% | Vcc=5V=+56% | Vcc=5V=5% UNIT
MIN MAX MIN MAX MIN MAX
tea Cycle time, CLK2IN high or low 25 20 15 ns
twa Pulse duration, CLK2IN high or low 8 7 6 ns
tsus  Setup time, PWRGOOD before CLK2iNt 12 10 10 ns
the Hold time, PWRGOOD after CLK2IN% 3 2 2 ns
switching characteristics, Tp = 0°C to 70°C, Cy_= 50 pF (uniess otherwise noted)
f =20 MHz f=25MHz f =33 MHz
TEST
PARAMETER Veg=5V= =5V =59 Vee = + 59 NIT
CONDITIONS |_YC€C 5 10% | Vgc =5 5% cCc=5V=5% U
MIN MAX MIN MAX MIN MAX
tygs  Delay time, CLK2IN to PCLK 4 17 4 15 3 13 ns
ty7z  Delay time, CLK2IN to CPURST Cp=30pF 4 13 4 12 3 11 ns
tgg  Defaytime, CLK2IN to ERESET and NPRST 4 13 4 12 3 11 ns
CPU CLOCK 92 o1 92 o1 92
| | | | I |
e tet—> ! | ! !
g ey | | | !
wHa L, | | l !
| I twie | l !
| | | ! |
PCLK L_ | I | | !
tas
Tere T
[
tsue _"_"I | ! I !
L e the » | l l |
' | Il | I |
PWRGOOD X
[ | I [ ] |
| | | [ ! |
| | f t | ! |
| | l tg; —fe—d | |
CPURST, ' ' ' L ’ L
ERESET, X
NPRST
Figure 3. Reset/PCLK Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU SLAVE CYCLE: EL BUS SIGNALS

timing requirements, Tp = 0°C to 70°C

f = 20 MHz f = 25 MHz f = 33 MHz
Vee=5V=10% | Voc=5V=5% | Voc=5V=5% | UNIT
MIN  MAX MIN MAX MIN MAX
tsug  Setup time, ADS before CLK2IN$ 12 10 8 ns
thg Hold time, ADS after CLK2INt 4 4 3 ns
. Setup time, EA31~EA2, BE3-BED, and EL CMDsT before
su10 CLK2IN? 9 7 5 ns
. Hold time, EA31-EA2, BE3-BED, and EL CMDs' after
h10 CLK2IN?t 9 7 7 ns
tgy11  Setup time, LAP and LANP before CLK2INt 10 9 8 ns
th1y  Hold time, LAP and LANP after CLK2IN} 9 7 ns
tsu12  Setup time, READY before CLK2IN} 12 10 7 ns
thio  Hold time, READY after CLK2IN* 5 3 ns
tsu1g  Setup time, MPCKH, MPCKL before CLK2INt 7 3 ns
th1g  Hold time, MPCKH, MPCKL after CLK2IN* 4 4 ns
T The EL CMDs consist of M/IO, W/R, and D/C.
switching characteristics, Tp = 0°C to 70°C, C|_ = 50 pF (unless otherwise noted)
f = 20 MHz f =25 MHz f = 33 MHz
PARAMETER TEST CONDITIONS | Voc=5V=10% | Vec=5V=5% | Vocc=5V=+5% | UNIT
MIN  MAX MIN MAX MIN MAX
ty13  Delay time, CLK2IN to READYO CL=15pF 3 14 3 13 3 12 ns
tq14  Delay time, CLK2IN to TBUS 4 20 4 18 4 15 ns
tqy1s  Delay time, CLK2IN to DOE See Note 5 22 5 20 5 17{ ns
tyis  Delay time, CLK2IN to LW/R 4 20 4 18 4 15| ns
tg17  Delay time, CLK2IN to SATB 5 22 5 20 5 17 ns
tg1g  Delay time, CLK2IN to ATLATCH 4 20 4 18 4 15 ns

NOTE: For 33-MHz operation, the MCU DRAM control register CWD bit = 1.

24
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TACT83443

AT BUS INTERFACE UNIT (ATU)

EL STATE
CPU CLOCK

CLK2IN

ADS

EA31-EA2,
BE3-BEO
EL CMDsT

LAP, LANP
(see Note A)

READY

READYO

TBUS

LW/R

SATB

ATLATCH
(see Note B)

MPCKH,
MPCKL

T
‘su11m !

| | L . )}( Bk |
T ! T T T T
| fu12 > L‘_,;_th,%‘ ! !
] | | | |
|
X X
et tar3 L | i
T\ | “"37‘_‘;1( T i T
| l ! | | |
T e R
| | | | | |
: | ! [ |
| | l [ |
T e
| ! l | | |
; + + | ; t
] el
X
T T T 1 T T
| | | I | |
| | | ‘d”‘I‘——;( 1 |
T T T T T T
! | | | | |
[ | tg18—> }“— | | tg18—» }‘——
| | | : : ;
| ] | | | l
T T T |“—’|— tsutg | 1\'
I S SNLs e i R

X X

T
|

T The EL CMDs consist of M/IO, W/R, and D/C.

NOTES: A.
register.

T T
I |

B. The ATU timing control register AT write bit is enabled.
C. The ELbuscycle states are as follows: T1 =idle, T1 =first state of cycle, T2 = second state of cycle, T1P = first state of cycle in pipelined
mode, T2P = subsequent state of cycle in pipelined mode, Tx = any state.

Figure 4. EL Bus Waveforms

LAP/LANP sampled at center of T1P. Can also be sampled at end of T1P. Sampling is controlled by BCTT bit of ATU timing control
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU SLAVE CYCLE: AT BUS NORMAL 8-BIT AND 16-BIT CYCLES

timing requirements, Tp = 0°C to 70°C

f =20 MHz f=25MHz f=33MHz
Vcc=5V=10% | Voc=5V=5% | Voc=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tsuz2 Setup time, MEMCS16 before ATCLK] 10 8 8 ns
thoo  Hold time, MEMCS16 after BALE| 12 10 10 ns
tsu23 Setup time, LA23-LA17 before ATCLK| (See Note 3) (See Note 3) (See Note 3) ns
thog  Hold time, LA23-LA17 after ATCLK| 3x CLK2 3 x CLK2 3 x CLK2 ns
tsupg Setup time, I0CS16 before ATCLK] 7 5 5 ns
thog  Hold time, IOCS16 after ATCLK| 12 10 10 ns
tsy2g Setup time, IOCHRDY before ATCLK]| 7 5 5 ns
thpg  Hold time, IOCHRDY after ATCLK] 12 10 10 ns
tsuz0 Setup time, OWS before ATCLK| 7 5 5 ns
th3p Hold time, OWS after ATCLK| 12 10 10 ns
NOTE 4: Default MIN = 2 x CLK2. When early AT bus control trigger is selected, MIN = 1 x CLK2. MAX = MIN + 2 x ATCLK.
switching characteristics, Tp = 0°C to 70°C, C|_= 100 pF (unless otherwise noted)
f= 20 MHz f = 25 MHz f = 33 MHz
PARAMETER COJI;?'.II-ONS Vee =5V =10% Vee=5V=5%| Vec=5V+5% | UNIT
MIN MAX MIN MAX MIN MAX
tgog Delay time, ATCLK to SYSCLK Cp =50pF 6 22 6 22 6 22 ns
t4p1 Delay time, ATCLK to BALE CL =50 pF 8 25 8 25 8 25 ns
tapa Delay time, ATCLK to SA19-SA0 and 10 30 10 32 10 32 ns
SBHE
tgps Delay time, ATCLK to AT CMDsT MEMCS16=0 8 30 8 30 8 30 ns
426 gagﬂ t%me, AT CMDsT to SMEMW and TERCS16 = 0 6 00 6 20 6 ool ns
tgo7  Delay time, ATCLK to AT CMDs# MEMCS16 = 1 8 30 8 30 8 30 ns

T The AT CMDs are MEMW, MEMR, IOW, and 1OR. o
¥ The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, IOW, and TOR.
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TACT83443
AT BUS INTERFACE UNIT (ATU)

AT STATE Ti TS2 TC1 TC2 TC1 TC2 ™

BALE . | .
| — ¢
! tsu22_': | Lo h22
'0'0'0'0'0'0'0'0'0'0'0'0"'0"'.'\ """"""""""""
MEMCST6 KRR IRIXEKKR
LA23-LA17
SA19-SA0, XTI STTS L I I | |
D 020-0-0 2020299 -0-0.9-0-9 O
SBHE  SSXXRRREEIIRRS | ] : :
tgos —e—>» | taos | l
AT CMDs | ! : N s
|

(MEMCS16 = 0)

|
t
|
|
J— |
SMEMR '
sweww | ' X |
|
¢ I td27 -H——-t—ﬂl : ta7 ——»
AT CMDs T ' Y ! )J{'
(MEMCS16 = 1) : : | ; i
, | tsu2s —4—-’1: |, |
|

XS L5RRIIIEIAIIIRS
0000000000000 %%:%0%0% %%

I0CS16 LR R RN NRKIIRIIRRAK
| | I tsu2g —4—m [ |
N
LSS AR KX X X X X X X X XK X X X XX R X X X XKD
IOCHRDY  XXXKEERHKKLLXRILRIRIILKHXIKLIKHK  JRRLREKEKELKKL

-~
[”]
c -
[
o
.
[/}
f~4
w
(=]
~
—_
W
o

; |
ws 70007770 SN | /7
| [ I I

T The AT CMDs are MEMW, MEMR, IOW, and TOR.
¥ The AT CMDs are SMEMW and SMEMR.,
NOTE: The AT bus cycle states are as follows: Ti = idle, TS = status state, TC = command state, and Tx = any state.

Figure 5. AT Bus Waveforms (Normal 8-Bit and 16-Bit Cycles)
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TACT83443

AT BUS INTERFACE UNIT (ATU)

ATU SLAVE CYCLE: REFRESH

timing requirements, Tp = 0°C to 70°C

f = 20 MHz f = 25 MHz f = 33 MHz
Vec=5V=+10% | Vcc=5V=5% | Vcc=5V=5% UNIT
MIN  MAX MIN  MAX MIN  MAX
tsupg  Setup time, IOCHRDY before ATCLK| 7 5 5 ns
thog Hold time, IOCHRDY after ATCLK| 12 10 10 ns
switching characteristics, Tp = 0°C to 70°C, C|_= 100 pF (unless otherwise noted)
f = 20 MHz f =25 MHz f =33 MHz
PARAMETER cor;r:g.lrons Vec=5V=10% | Vgc=5V=5% | Vcc=5V=5% | UNIT
MIN  MAX MIN  MAX MIN  MAX
tg3q Delay time, ATCLK to REFRESH| 8 30 8 30 8 30| ns
tgaz Delay time , ATCLK to REFRESH1 CL=0 8 30 8 30 8 30| ns
tg33 Delay time, ATCLK to AEN and BALE 8 25 8 25 8 25| ns
Delay time, ATCLK to LA23-LA17 and
1434  SA19-SAO 10 35 10 35 10 35| ns
tges Delay time, ATCLK to MEMR 8 30 8 30 8 30 ns
AT STATE ™ TI2 ™ TS2 TC1 TC2 TC1 TC2 TH TI2
| | | | I | | | | |
| | | | | | | f | |
|
ATCLK | | | | | | | | | |
tag1—e—> | | ! | ! | ' t432 —je—» |
S ; | | | | ! | ! a2
REFRESH | \l | | | | | | | |
| I | | | | | | «—»
b eyl | | | ! ! | | ‘st |
BALE,AEN 4335 T T T T T T 1 |
| | l ! | | | | \_,—
| td3a | ! | | I tdza Le—>» |
| | | | ] | |
LA23-LA17 TRTTITTLTTTIT
SA19-SA0 XXRXRRARRRKKS
T T T T T T
1 | | | | |
; | | | |
MEMR 7 l l | | | |
ﬂ | | | T ! |
| l l
! | |
IOCHRDY 0‘0.0.0‘0.0.00000000

NOTE: The AT bus cycle states are as follows: Ti = idle, TS = status state, TC = command state, and Tx = any state.

Figure 6. AT Bus Refresh Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: EL BUS DMA CYCLE - HOLD REQUEST

timing requirements, Ta = 0°C to 70°C

f = 20 MHz f=25MHz f=33 MHz
Vec=5V=10% | Vecg=5V=+5% | Vog=5V 5% UNIT
MIN MAX MIN MAX MIN MAX
tsuzs Setup time, DREQn before CLK2IN? 15 13 11 ns

switching characteristics, Tp = 0°C to 70°C, C|_= 50 pF

f =20 MHz f=25MHz f=33 MHz
PARAMETER TEST CONDITIONS | Vec=5V=10% | Voec=5V 5% Vee=5V=5% UNIT
MIN MAX MIN MAX MIN MAX
ty3g  Delay time, CLK2IN to HOLD 4 20 4 18 4 15| ns
Tx Tx Tx Tx T

| | | | |
i | | | |
CLK2IN
| | | | |
| | | | |
PCLK M
| | |
| |
)‘_ﬂ— tsu3s |
| }
DREQn _/

HOLD

|
ﬂ—P[l— td3e

|
|
! |
| |
} t t
| I !
| | |
| [ l |
I [ | !
T T ! ! |
I I ! !
NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.

Figure 7. EL Bus DMA Cycle Waveforms — HOLD Request

@ Copyright © 1990, Texas Instruments Incorporated
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: EL BUS DMA CYCLE - SINGLE TRANSFER MODE (1 WAIT STATE)

timing requirements, Ta = 0°C to 70°C

f=20 MHz f=25MHz f=33 MHz
Vee=5V+10% |Voc=5V+5% [Vec=5V+5% | UNIT
MIN MAX | MIN MAX| MIN MAX
thas  Hold time, DREQn after CLK2IN$ 5 5 5 ns
tsuz7 Setup time, HOLDA before CLK2IN% 14 12 10 ns
tsy12 Setup time, READY before CLK2INt 12 10 7 ns
thi2  Hold time, READY after CLK2IN{ 5 4 3 ns
switching characteristics, Tp = 0°C to 70°C, C|_ = 50 pF (unless otherwise noted)
t = 20 MHz f = 25 MHz f =33 MHz
PARAMETER TEST Vec=5V=10% | Vcc=5V+5% | Vcg=5V5% | UNIT
CONDITIONS ™ "qiIN™ MAX MIN  MAX| MIN  MAX
tq3g  Delay time, CLK2IN to DACKn 6 30 6 27 6 22| ns
tygag  Delay time, CLKIN to ADS 5 28 5 23 5 18 ns
tendg Enable time, CLK2IN to ADS 5 28 5 23 5 18| ns
tgisap Disable time, CLK2IN to ADS CL=0 5 28 5 25 5 21 ns
tenai Enable time, CLK2IN to EL CMDsT 5 28 5 23 5 18| ns
tgisap Disable time, CLK2IN to EL CMDs? CL=0 5 28 5 25 5 21| ns
tond3 Enable time, CLK2IN to EA31-EA2 and 5 o8 5 23 5 ol s
BE3-BEO
tgisaq DiSaDIe fime, CLK2IN to EA31-EA2 and CL=0 5 28 5 25 5 ol s
BE3-BEO
tg4s5  Delay time, CLK2IN to TG 5 35 5 31 5 25| ns
T The EL CMDs are M/I0, W/R, and D/C.
TExas ‘W
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TACT83443
AT BUS INTERFACE UNIT (ATU)

EL STATE Ti Ti T1 T2 T2 Ti

]

o IS
HOLDA_){

|
|
l
DACKn |
l |
} ten3s | II :1—){ td39) IH_;’:L‘GISM)
ADS ! HI-Z : \ | # | ! C— HZ—
! | | | |
| tenaq, tenag —l¢——! ‘ ' tdisa2: tdisas —4———>
EL CMDst : I I/ 1 I E N
3 I
EA31-EA2, " A\ ) wz—
BE3-BEO | | i th12 ~>1| f— ! |
| | I T }‘— tsu12 |
I | | tsu12 —>! +— h12

meso 777

TC

T The EL CMDs are M/i0, W/R, and D/C.
NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.

Figure 8. EL Bus DMA Cycle Waveforms — Single Transfer Mode (1 Wait State)
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: EL BUS DMA CYCLE - BLOCK DEMAND TRANSFER MODE

(0 WAIT STATE)
timing requirements, Tp = 0°C to 70°C
f =20 MHz f =25 MHz f=33 MHz
Vee=5V=10% | Vcc=5V=5% | Vcc=5V=+5% UNIT
MIN MAX MIN MAX MIN MAX
tsyszs Setup time, DREQn before CLK2IN$ 15 15 15 ns
thzs  Hold time, DREQn after CLK2IN? 5 5 5 ns
tsuz7 Setup time, HOLDA before CLK2IN? 14 12 10 ns
tsut2 Setup time, READY before CLK2IN 12 10 7 ns
thi2  Hold time, READY after CLK2IN? 5 4 3 ns
switching characteristics, Tp = 0°C to 70°C, C|_ = 50 pF
TEST f =20 MHz f=25MHz f =33 MHz
PARAMETER CONDITIONS | YCC =5V £10% Vee=5V+5% | Vee=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tyzg  Delay time, CLK2IN to DACKn 6 30 6 27 6 22 ns
tg3g  Delay time, CLK2IN to ADS 5 28 5 23 5 18 ns
tengg Enable time, CLK2IN to ADS 5 28 5 23 5 18 ns
tens1 Enable time, CLK2IN to EL cMmpst 5 28 5 23 5 18 ns
Delay time, CLK2IN to EA31-EA2 and
t T
443 BE3.BEO 5 28 5 23 5 19| ns
Enable time, CLK2IN to EA31-EA2 and
tend5 BE3Z_BED 5 28 5 23 5 18] ns
tdas  Delay time, CLK2INto TC 5 35 5 31 5 25 ns

T The EL CMDs are MO, W/R, and D/C.
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TACT83443
AT BUS INTERFACE UNIT (ATU)

EL STATE Ti T1 T2 T T2 Ti
| | l | l |

| | | | | |

| |
! |
: I tsuss —k—f} | tsuss —k—“! |
!
DREQn T T , | l
IV I N\ ¥ Vg I N\
! += :
HOLDA o | l |
| [ td3g I | : |
DACKn ! ! N ! J| ! {
| |
: ten3g —;4——»: :<—>[r- td39 | : |
ADS ! HI-Z ! ' ! | | |
! | | |
| tenat ———»! : : : {
EL CMDsT E HI-Z ! I( VALID
[ | | I | | i
le > l 1443 —e—» | |
EA31-EA2, { tena3 I v l | | [
BE3-BEO | HI-Z l { VALID 1 )k VALID 2
T T T
| |
| I I t _u_’]“_ﬁ—tmz : thi2 —J [\
l : } su12 : } tsu12 —14—’1 :
READY 7Z. 7 } /A . V 7 S Z
| | 1 | ' tdas ‘J [
; : : | tdas ——’1 14— ! |
[
TC | | | L | / I N
l I [ |

| |
T The EL CMDs are M/iO, W/R, and D/C.
NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.

Figure 9. EL Bus DMA Cycle Waveforms — Block Demand Transfer Mode (0 Wait States)
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TACT83443

AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: EL BUS DMA CYCLE - EXITING

switching characteristics, Tp = 0°C to 70°C, Cy_= 50 pF (unless otherwise noted)

f =20 MHz f = 25 MHz =33 MHz
PARAMETER co;;irws Voc=5V=10% | Voc=5V«5% | Vcc=5V=5% | UNIT
MIN  MAX MIN MAX MIN  MAX
tdgsg  Delay time, CLK2IN to HOLD 4 20 4 18 4 15 ns
ty3g  Delay time, CLK2IN to DACKn 6 30 6 27 6 22| ns
tgisap Disable time, CLK2IN to ADS CL=0 5 28 5 25 5 21| ns
tdisap Disable time, CLK2IN to EL CMDsT C_L=0 5 28 5 25 5 21 ns
Disable time, CLK2IN to EA31-EA2 and
taisas B—ES—BEE_IOm 0EA3 : CL=0 5 28 5 25 5 21| ns
T The EL CMDs are M/IO, W/R, and D/C.
EL STATE T2 Ti | Ti | Ti Ti

|

DREQn

N

I
I

|

I I I

\N

HOLD

HOLDA

DACKn

{
I
[
I
|
|
|
I
I
I
I
f
|
I
|

HI-Z

EL CMDst

EA31-EA2,

|
|
|

BE3-BEQ

WN

|
I
I
|
I
;
I
]
|
I
|
1
|
N——r—-:lk tdisa0 I
!
|
|
I
T
I
|
L
|
|

HI-Z

I
|
|
!
I
|
|
|
]
|
I
!
|
|
!
I
|
!
I
|
|
!
|

1 The EL CMDs are M/IO, W/R, and D/C.
NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.

Figure 10. EL. Bus DMA Cycle Waveforms — Exiting
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[
|
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: EL BUS DMA CYCLE - CASCADE

timing requirements, Tp = 0°C to 70°C

f=20 MHz f =25 MHz f=33 MHz
Ve =5V+10% |Vog=5V+5% [Voc=5V 5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tsu3s Setup time, DREQn before CLK2INt 15 13 11 ns
thas  Hold time, DREQn after CLK2INt 5 5 5 ns
tsu3z7 Setup time, HOLDA before CLK2INt 14 12 10 ns
th37  Hold time, HOLDA after CLK2IN?t 4 4 3 ns
switching characteristics, Tp = 0°C to 70°C, C; = 50 pF
f =20 MHz f =25 MHz f=33 MHz
PARAMETER TEST CONDITIONS | Ve =5V =10% |Vogc=5V=5% [Vocc=5V=5% | UNIT
MIN MAX MIN MAX MiIN MAX
tgzg Delay time, CLK2IN to DACKn 6 30 6 27 6 22 ns
EL STATE Ti Ti Ti Tx Ti Ti
I | | l | |
| | [ | | |
CLK2IN W\N\_r\_/_\_*_\_/_\_*_\_/-\_l(_
| | | | | |
ek T N/ oS T N TN
| | | ‘su35—k—m_ﬁ_ | |
I thas
| | | [ | | |
DREQnN T ta38 ! ] X i(
| . | 1 I T
1 i | | tdzg —¥ )‘;."—_4_
DACKn | | AN | 5 - !
| | | | | |
HOLD I | | ! i ;
™ e tgu37 | | tsua7 -H———*—H—I l thar | |
HoLoA ¥ | | ; X ' —X . :
— + | l ! | I l
ADS, EL CMDs
: — 2 —] : | :
EA31-EA2, | | | | | |
BE3-BEO T ] Hi-Z T ‘ | I
l
READY e DO e e e e e e SRS
TC | | | | | |
[ | Low Level ‘ l ' L
T The EL CMDs are M/I0, W/R, and D/C.
NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.
Figure 11. EL Bus DMA Cycle Waveforms — Cascade
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TACT83443

AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: AT BUS DMA CYCLE - HOLD REQUEST

timing requirements, Tp = 0°C to 70°C

f =20 MHz f = 25 MHz f =33 MHz
Vee=5V=10% |Vegc=5V=5% |Voc=5V 5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tsusg Setup time, DREQn before SYSCLK? 15 15 15 ns
switching characteristics, Tp = 0°C to 70°C, C|_= 50 pF
f = 20 MHz f = 25 MHz f=33 MHz
PARAMETER TEST CONDITIONS | Voc=5V=10% |Vcc=5V+5% |Voc=5V=5% | UNIT
MIN MAX MIN  MAX MIN  MAX
ty3s  Delay time, CLK2IN to HOLD 4 20 4 18 4 15 ns
| I | | | |
| | | | | |
SYSCLK _\_ww
| l | | | |
tsuae —4—’1| | | | |
| | L ] | L
DREQn | ly | l | | |
f
[ 5xSYSCLK + 6 x CLK2-—-—-————————¥I
EL STATE Tx | Tx I Tx { Tx | Tx I

Tx I
[

Tx

| Tx [
l |

l | Iy 1 I |

| | I

Iy
taze — < — !
I

HOLD

|
|
|
!
|

|
!
|
]

|
! |
| |
! |
E |
| |

<4

I

I
|
|
]

| |

S

)

NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.

Figure 12. AT Bus DMA Cycle Waveforms — HOLD Request
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: AT BUS DMA CYCLE - EL BUS SIGNALS

timing requirements, Ta = 0°C to 70°C

f = 20 MHz f = 25 MHz f = 33 MHz
Vee=5V=10% |Voc=5V=5% |Vocg=5V 5% | UNIT
MIN MAX| MIN MAX| MIN MAX
tsy37  Setup time, HOLDA before CLK2IN 14 12 10 ns
switching characteristics, Tp = 0°C to 70°C, C_= 50 pF
f = 20 MHz f = 25 MHz f = 33 MHz
PARAMETER TEST CONDITIONS | Voo =5V =10% |Voc=5V 5% |[Voc=5V=5% | UNIT
MIN MAX| MIN MAX | MIN  MAX
tg3g  Delay time, CLK2IN to DACKn 6 30 6 27 6 22 ns
ten3g Enable time, CLK2IN to ADS 5 28 5 23 5 18| ns
teng1 Enable time, CLK2IN to EL CMDsT 5 28 5 23 5 18| ns
Enable time, CLK2IN to EA31-EA2
tend3 and BE3-BEG 5 28 5 28 5 28| ns
T The EL CMDs are M/IO, W/R, and D/C.
EL STATE Ti Ti Ti Ti Ti Ti T T2
| | ! l | | l
| | 1 ! | | |
U EAVAVAVAVAVAVAWAVAVAVAVAVAVAVAVAE
l l 1 | I | |

PCLK

Iy
xba

HOLDA

|
| |
| |
| | |
j¢———— 2 x SYSCLK + 2 x CLK2(min) !
| I L ! |
DACKn / { } I | : |
| | | !
L | ten3g —4—» — ; | : |
ADS — HI-Z : I | | ‘ \ /
' : 1 | | | [
! , o ! | | |
t t
EL CMDst, endl,tendd —¢—n } ) : | : {
EA31-EA2, L. Hk-z — ¥ y
BE3-BEO 46 7
l— 1xSYSCLK +2 x CLK2(min}——
AT STATE Tx1 I Tx2 i Ti1 l | I
| | |
[ | [
| l | | |
| | L ' !
AT CMDs# ]' | / ; i i i

T The EL CMDs are M/IO, W/R, and D/C. L
¥ The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, 1OW, and IOR.
NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.

Figure 13. AT Bus DMA Cycle Waveforms —~ EL Bus Signals
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: AT BUS DMA CYCLE - AT BUS SIGNALS

timing requirements, Tp = 0°C to 70°C

E S —

f = 20 MHz f = 25 MHz f=33 MHz
Vec=5V=10% |Vcc=5V+5% |Vcc=5V=+5% | UNIT
MIN MAX| MIN MAX| MIN MAX
tsupg Setup time, IOCHRDY before ATCLK| 7 5 5 ns
thag Hold time, IOCHRDY after ATCLK} 12 10 10 ns
switching characteristics, Tp = 0°C to 70°C, C_= 100 pF (uniess otherwise noted)
f = 20 MHz f = 25 MHz f =33 MHz
PARAMETER TEST CONDITIONS | Vec=5V=10% |Veg=5V=5% [Vcc=5V=5% | UNIT
MIN MAX[ MIN MAX| MIN MAX
tgpy1 Delay time, ATCLK to BALE and AEN CL=50pF 8 25 8 25 8 25| ns
Delay time, ATCLK to LA23-LA17,
td24  SA19-SAO, and SBHE 10 32 10 32 10 32| ns
tgog Delay time, ATCLK to IOR 8 30 8 30 8 30| ns
Delay time, ATCLK to IOW, MEMW,
tdoe and MEMR 8 30 8 30 8 30 ns
INSTRUMENTS
38 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TACT83443
AT BUS INTERFACE UNIT (ATU)

pindyindrind iyl
| !

SYSCLK : :/ :\ :/ ]l\ :/_T\_!['/_:\ :/ :\ }/ I\:
i g SN S S S S S S S S

BALE, AEN | | | | l | I | I | | ! |
ta2s-4—» | I I | | I | | | | | | I
LA23-LA17, I ] ] | ! | | | ] | | ] |

o6 T eTe IO IOl
0. 0.0.0.0.0.0. ¢,
IR BRRARRARS

:: b :Il[:l
b [ I |
.Q—R}lr;::\LIIl Lo
| L 1 L L L L

[ T e e N N IR 777 Tur . o < N N E B
'T—EMW[""""‘UlI!!I/-
L T T o
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Figure 14. AT Bus DMA Cycle Waveforms — AT Bus Signals
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: AT BUS DMA CASCADE ~ RELEASE/CAPTURE

timing requirements, Ta = 0°C to 70°C

f=20 MHz f =25 MHz f=33 MHz
Vee=5V=+10% |Vec=5V+5% |Vcc=5V=+5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tsuz7 Setup time, HOLDA before CLK2IN? 14 12 10 ns
switching characteristics, Ta = 0°C to 70°C, C_ = 50 pF(unless otherwise noted)
TEST f=20 MHz f=25MHz f=33 MHz
= * % = % = x
PARAMETER CONDITIONS Vee=5V=+10% |Voc=5V+5% |Voe=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tgzg  Delay time, CLK2IN to DACKn 6 30 6 27 6 22 ns
ten3g Enable time, CLK2IN to ADS 5 28 5 23 5 18 ns
tenaz Enable time, CLK2IN to EL CMDst 5 28 5 25 5 21 ns
Enable time, CLK2IN to EA31-EA2 and
ten44 ﬁ_@ 5 28 5 25 5 21 ns
tgis47 Disable time, ATCLK to AT CMDs# CL=0 8 35 8 35 8 35 ns
disa8 Disabie time, ATCLK to SA19-SAQ and CL=0 8 35 8 35 8 35 ns
SBHE
| tdis4g  Disable time, MASTER to LA23-LA17 CL=0 5 22 5 22 5 22 ns

T The EL CMDs are M/iO, W/R, and D/C.

 The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, IOW, and 10R.
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TACT83443
AT BUS INTERFACE UNIT (ATU)

EL STATE Ti Ti Ti Ti Ti Ti T T2

PCLK __/_1-\_/_\_/

HOLDA f

DACKn /'

L
|
| |
I I "\ |
t |
| en39‘ﬂ_> 4
ADS — HI-Z ; i |
tena2, tenas |‘ >| l !
EL CMDst, i | ’ ‘s | |
EA31-EA2 HI-Z < N
BE3-BEO | | — T i T |
|
|
{4————— 1 x SYSCLK + 2 x CLK2(min) ———»
AT STATE Ti | Ti l Ti | Ti | Ti ,

| l | | |
ATCLK W

l |
|
} | —>: }4— tdisa7
AT CMDs# } i /
| 1
l L

| [
| |
| [
T\ | |
: [ I HI-Z T
I |
P M—tyiag | |
SA19-SAQ, \| Lz |
SBHE / [ l
T T l , |
| 1 l : |
MASTER I I l | |
! | | J \I\ '

{ } { : — tgisag —",

|

LA23-LA17 HI.Z —

| [ | I I

T The EL CMDs are M/i0, W/R, and D/C. o
# The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, 10W, and IOR.
NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.

Figure 15. AT Bus DMA Cascade Waveforms — Capture/Release
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TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: AT BUS DMA CASCADE - AT-TO-EL BUS CYCLE CONVERSION

timing requirements, Tp = 0°C to 70°C

f =20 MHz f =25 MHz f=33 MHz
Vee=5V+10% (Voc=5V=5% |Vec=5V+5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tsus0  Setup time, AT CMDs' before CLK2IN® 12 10 10 ns

switching characteristics, Tp = 0°C to 70°C, C_ = 50 pF (unless otherwise noted)

TEST f =20 MHz f=25MH2z f=33 MHz
- " LY - + 5% = + 59
PARAMETER CONDITIONS Vec=5V=+10% |Voe=5V=5% |Vog=5V=5% | UNIT
MIN MAX MIN  MAX MIN  MAX

tys1 Delay time, CLK2IN to ADS 5 28 5 23 5 18 ns

tgos Delay time, AT CMDst to SMEMR/SMEMW CL =100 pF 6 22 6 22 6 22 ns

tgs2  Delay time, AT CMDST to M/IO and W/R 5 28 5 25 5 25| ns

Delay time, SA19-SA0 and LA23-LA17 to

'd53  EA31-EAQ and BE3-BEG 5 28 5 25 5 25| ns
T The AT CMDs are MEMW, MEMR, IOW, and 10R.
CPU CLOCK o1 $2 o1 $2 o1 $2 1 42

ATCMDsT

1\

| |
| |
| |
' : =
]
' | [
1
SMEMR, Lo | | | |
I {C 1
SMEMW | | t 1 ) ; T |
e L et |
[ i )7
e = -/ oL
| ¢ |H"| tds2 | | | B | > | tds2
p— —_— 27
| I ! I | | T i
| | [ | | l o |
SA19-SA0, R
LA23-LA17 X| 4
| ! ! | | | | |
t
| N ’[ dss, | | | o |
EA31-EA2, X )
BE3-BEO I =y

[ | f T

t The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, 10OW, and iOR.

Figure 16. AT Bus DMA Cascade Waveforms — AT-to-EL Bus Cycle Conversion

*p

TeEXas
INSTRUMENTS

42 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TACT83443
AT BUS INTERFACE UNIT (ATU)

ATU MASTER CYCLE: IOCHRDY DRIVE

switching characteristics, Ta = 0°C to 70°C, Cy_= 100 pF (unless otherwise noted)

f = 20 MHz f =25 MHz f =33 MHz
PARAMETER TEST CONDITIONS | VGC =5V =10% |Voc =5V =5% |Vog=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tgsa Delay time, CLK2IN to IOCHRDY 5 28 5 25 5 23| ns
tqss Delay time, ATCLK to IOCHRDY CL=0 5 30 5 30 5 30| ns
tqo0_ Delay time, ATCLK to SYSCLK 6 22 6 22 6 22| ns
EL STATE Ti T1 T2 T2 T2 Ti Ti Ti

I | I I

|

| | ! ! | | | | |
| | | | I |

/

N

/

-

|
I
|
L/
|
|
|

%

I I H tasa
| 1

IOCHRDY | | \:
| |

AT STATE I TC ' TC

ATCLK —-\ /_\ ﬂ /_—\_/_\_./_-—\_/

—'I 420 —’I ke tazo

-1

TC

A=A

|
I
I
|
I
|
-
|
I
I
[

I<—>‘- tdss

TC

b

/ S

|
SYSCLK | | |l I I

NOTE: The EL bus cycle states are as follows: Ti =
The AT bus cycle states are as follows: Ti =

I

Figure 17. IOCHRDY Drive Waveforms

idle, T1 = first state of cycle, T2 = subsequent state of cycle, and Tx = any state.
idle, TS = status cycle, TC = command state, and Tx = any state.
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TACT83443
AT BUS INTERFACE UNIT (ATU)

DPU INTERFACE: SELECT CODE

switching characteristics, Ta = 0°C to 70°C, C_ = 50 pF

s f =20 MHz f=25 MHz f=33 MHz

TEST - Y = Eo — 5o

PARAMETER CONDITIONS Vee=5V+10% [Voc=5V=5% |Voc=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX

tagse  Delay time, ATCLK to DPUS3-DPUS1 5 22 5 20 5 20 ns

tys7  Delay time, DPU Control to DPUS3-DPUST 5 27 5 25 5 25 ns

|
[¢——> tgs6 |
I [
| |
DPU

|

CONTROLT sP\ ; / :
|
tas7 T+ — {4— tase
DPUS1-DPUS3 X Valid DPU Code X

T The DPU control signals consist of SA0, IOCS16, MEMCS16, XDSEL, and the AT CMDS (SMEMR, SMEMW, MEMW, MEMR, ITOW, and IOR).

Figure 18. Select Code Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

DPU INTERFACE: ATLATCH - AT-TO-EL DATA TRANSFER CYCLE
(CPU READ FROM AT BUS, AT-DMA/AT-MASTER WRITE TO EL BUS)

switching characteristics, T = 0°C to 70°C, C|_ = 50 pF

f = 20 MHz f = 25 MHz f = 33 MHz
PARAMETER corfriirous Vec=5V=10% |Voc=5V=5% |Vocc=5V=5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
tgss  Delay time, ATCLK to ATLATCH 6 22 6 20 6 20| ns
tys9  Delay time, AT CMDsT to ATLATCH 6 22 6 20 6 20| ns

tsg ¢ [— tasp —’t
|
AT cMDst N 7 {

ATLATCH * ;k

T The AT CMDs are SMEMR, SMEMW, MEMW, MEMR, IOW, and IOR.

Figure 19. ATLATCH Waveform — AT-to-EL Data Transfer Cycle
(CPU Read from AT Bus, AT-DMA/AT-Master Write to EL Bus)
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TACT83443

AT BUS INTERFACE UNIT (ATU)

DPU INTERFACE: ATLATCH - EL-TO-AT DATA TRANSFER CYCLE
(CPU WRITE TO AT BUS, AT-DMA/AT-MASTER READ FROM EL BUS)

switching characteristics, Tp = 0°C to 70°C, C;_= 50 pF

CPU CLOCK

ATLATCH

ta1s

:4__

tcns—>II }4—

/

I
*I
I
|
I

I
I
|
|
|
|

g
T

I
|
|
I
[

|

~\

Figure 20. ATLATCH - EL-to-AT Data Transfer Cycle Waveforms
(CPU Wirite to AT Bus, AT-DMA/AT-Master Read from EL Bus)

f = 20 MHz f=25MHz f = 33 MHz
PARAMETER Vec=5V+10% [Vcc=5V+5% |Vcc=5V+5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tgig  Delay time, CLK2IN to ATLATCH 4 20 4 18 4 15 ns
l o1 92 o1 $2 o1

46
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TACT83443
AT BUS INTERFACE UNIT (ATU)

NUMERIC COPROCESSOR: 387 IDENTIFICATION

timing requirements, Tp = 0°C to 70°C

f=20MHz f =25 MHz f =33 MHz
Vee=5V=10% |Vee=5Vx5% [Voe=5V+5% | UNIT
MIN MAX MIN MAX MIN MAX
tsugo Setup time, NPERR before CLK21 7 5 5 ns
theo  Hold time, NPERR after CLK21 5 5 5 ns
switching characteristics, Ta = 0°C to 70°C, C|_= 50 pF
f=20 MHz f=25MHz f=33MHz
PARAMETER TEST CONDITIONS | Voc=5V=10% |Vec=5V=5% |Veg=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tge1 Delay time, CLK2 to ERROR 5 22 5 20 5 18| ns
tge2 Delay time, CLK2 to BUSY See Note 5 5 22 5 20 5 18 ns
tge3  Delay time, CLK2 to PEREQ See Note 5 5 22 5 20 5 18 ns

NOTE 5: System has no 387. BUSY is driven by the ATU.

K2 /\/\/\/\f\/\/\/\/\/\/\f\f\/\/\/\f\_

N2 NI 2NV NIV NIV an N
| | | |
' | [ | !
ERESET TN | B | B |
a— T it T 46 T
tsueo—n——-' L—';— theo | . ' ) !
NPERR X A I .
4 ] 46 | e i
tde1 —k—T—ql | | |
ERROR Ry 4 4
(See Note 6) Ihi 16 x CLK2——+7 16 x CLK2—+— 16 x CLK2—-———J‘
« tde2 e (ldeat—
— ig ; + i f 7 a—
BUSY m
(See Notes 7 and 8) : A } / \-
PEREQ tde3 (o [T 63
(Ses Note 8 ) ” D /
NOTES: 6. If there is a 387 installed, NPERR is sampled low at the falling edge of ERESET. In this case, ERROR is held low until ADS is driven

low.

7. When CPUSTEN is high, BUSY is held low for 10 CLK2 cycles after ERESET is driven low.
8. Ifthere is no 387 installed, NPERR is sampled high at the falling edge of ERESET. In this case, BUSY and PEREQ toggle every 16

CLK2 cycles.

Figure 21. 387 Identification Waveforms
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TACT83443
AT BUS INTERFACE

UNIT (ATU)

NUMERIC COPROCESSOR: 387 BUSY/ERROR

timing requirements, Tp = 0°C to 70°C

f = 20 MHz f = 25 MHz f = 33 MHz
Vee=5V+10% |Voe=5V=5% |Vcc=5V=5% | UNIT
MIN MAX | MIN  MAX MIN  MAX
tsus4 Setup time, NPBUSY before NPERR| 7 5 5 ns
thea  Hold time, NPBUSY after NPERR| 5 5 5 ns
switching characteristics, Tp = 0°C to 70°C, C_ = 50 pF
f =20 MHz f = 25 MHz f = 33 MHz
PARAMETER TEST CONDITIONS | Voc=5V=10% [Voc=5V=5% |Voc=5V=5% | UNIT
MIN MAX | MIN  MAX MIN  MAX
tges Delay time, NPBUSY to BUSY 4 20 4 18 4 15 ns
tdge  Delay time, IOW to BUSY See note 5 25 5 25 5 25 ns
tye7 Delay time, NPPEREQ to PEREQ 4 20 4 18 4 15| ns
tgeg  Delay time, NPBUSY to PEREQ 4 20 4 18 3 15| ns
tggg  Delay time, IOW to PEREQ See note 5 22 5 20 5 18 ns
NOTE: Address on SA19-SA0 = 00FOh or 00F1h.
NPERR \:\ /
tsu“"«"“*—"}"‘ th64
I |
I
e—>— 1465 —>— tge5 I
I I
___ I (
BUSY ——\I\—/_\ | [
T
|
: lh——-ﬂ— tdse
NPPEREQ # \I\ 1 |
I
| | I |
M tae7 P tge7 |“’I”“| tdes,
| | |
PEREQ % |
I
> tygg
_ [
oW \1
Figure 22. 387 BUSY/ERROR Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

NONMASKABLE INTERRUPT (NMI)

timing requirements, Tp = 0°C to 70°C

f = 20 MHz f = 25 MHz f =33 MHz
Vec=5V=10% |Voc=5V=5% |[Voc=5V=5% | UNIT
MIN MAX | MIN MAX| MIN MAX
tw7o  Pulse duration, IOCHCK 10 8 8 ns
switching characteristics, Tp = 0°C to 70°C, C_ = 50 pF
f = 20 MHz f = 25 MHz f = 33 MHz
PARAMETER TEST CONDITIONS | Voc=5V+10% |Voc=5V=5% [Vec=5V=5% | UNIT
MIN MAX | MIN  MAX| MIN MAX
tg71  Delay time, CLK2IN to NMI 5 22 5 20 5 18 ns
t4g7o  Delay time, IOCHCK to NMI 8 40 8 40 8 40| ns
ty73  Delay time, I1OW to NMI See note 8 40 8 40 8 40| ns
NOTE: Address on SA19-SAQ = 0061h or 0070h.

TOCHER % 7
"w7o—1|“—“——-——’i
CLK2IN /—\_M
| g7y
H—’:—tdn
NMI )( \l
t(173—:‘—"

Figure 23. Nonmaskable Interrupt (NMI) Waveforms

/
Texas ‘b
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

49



TACT83443
AT BUS INTERFACE UNIT (ATU)

A20GATE/A20GOUT
timing requirements, T = 0°C to 70°C
f = 20 MHz f = 25 MHz f =33 MHz
Vec=5V=10% |Voc=5V=5% |Veg=5V=5% | UNIT
MIN MAX | MIN MAX | MIN  MAX
tsu74 Setup time, A20GATE before CLK2INt 10 8 8 ns
th74  Hold time, A20GATE after CLK2IN{ 7 5 5 ns
switching characteristics, Tp = 0°C to 70°C, C_ = 50 pF
f =20 MHz f=25MHz f=33 MHz
PARAMETER TEST CONDITIONS | Voc=5V+10% [Vog=5V=5% |Vcc=5V 5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
tg7s  Delay time, CLK2IN to A200UT 4 20 4 18 4 16 ns
| |
| |
tsu74 ¢—Pt—>+ th7a
I
CLK2IN -/_\—/:/—\—/—\—
td75 —K—‘—Hl
A20GOUT X
Figure 24. A20GATE/A20GOUT Waveforms
L _ L N
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TACT83443
AT BUS INTERFACE UNIT (ATU)

FLUSH

switching characteristics, Tp = 0°C to 70°C, C_ = 50 pF

f=20 MHz f=25MHz f=33 MHz
PARAMETER Vee=5V=+10% |Voc=5V+5% |Voe=5V=+5% | UNIT
MIN MAX MIN MAX MIN MAX
tg7e  Delay time, CLK2IN to FLUSH 4 20 4 18 4 16 ns
awan L/ N\_f N/ \_
ta7—H——H

FLUSH XI

Figure 25. FLUSH Waveforms
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TACT83443

AT BUS INTERFACE UNIT (ATU)

INTERRUPTS
timing requirements, Ta = 0°C to 70°C
f =20 MHz f=25MHz f = 33 MHz
Vee=5V=+10% |Voe=5V 5% |Vocc=5V=5% | UNIT
MIN MAX MIN  MAX MIN  MAX
twL77 Pulse duration, IRQn and IRQ13X low 30 30 30 ns
twH77 Pulse duration, IRQn and IRQ13X high 60 60 60 ns
twL7g8 Pulse duration, NPERR low 60 60 60 ns
twH78 Pulse duration, NPERR high 30 30 30 ns
switching characteristics, Tp = 0°C to 70°C, C_= 50 pF
f = 20 MHz f = 25 MHz f =33 MHz
PARAMETER TEST CONDITIONS | Vcc=5V+10% |Veg=5V=5% |Vocc=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tg7g9 Delay time, IRQnto INTR 8 50 8 50 8 50 ns
¢ | >
I twi77 — P twh77 |
[
IRQn, \R
IRQ13X |
IH— twH7s —P&—— twL78_‘~J’
|
NPERR )! ‘\ }/
|
— tg7e “—’1
INTR
Figure 26. Interrupt Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

OSC_12/SPEAKER

switching characteristics, Tp = 0°C to 70°C, C_ = 50 pF

f =20 MHz f=25MHz f=33 MHz
PARAMETER TEST CONDITIONS | Vcc=5V=10% |Vcc=5V=5% |Vog=5V 5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tdqgo  Delay time, OSC_11to OSC_12 5 25 5 25 5 25 ns
tgg1  Delay time, OSC_12 to SPEAKER 10 55 10 55 10 55 ns

0sc_t MW/VWW/

| [
{1——— 6 x 0SC_1 >J|= 6x0SC_1—— !

|
— tdgo—ﬂ {¢— tdgo
|

™
|
0sC_12 v X /)
|
M tgg1 —

|
SPEAKER X

Figure 27. OSC_12/SPEAKER Waveforms
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TACT83443

AT BUS INTERFACE UNIT (ATU)

PERIPHERALS: READ/WRITE CYCLE

timing requirements, Tp = 0°C to 70°C

f = 20 MHz f = 25 MHz f =33 MHz
Vee=5V+10% {Voc=5V=5% |Vce=5V=5% | UNIT
MIN MAX| MIN MAX | MIN MAX
tsugp  Setup time, SA19-SAC and AEN before IOR/IOW} 30 30 30 ns
thgz Hold time, SA19-SA0 and AEN after IOR/IOW 20 20 20 ns
twgs Pulse duration, IOR/IOW high or low 120 120 120 ns
tsugs Setup time, XD7-XDO before IOW 10 10 10 ns
thgg  Hold time, XD7-XDO after IOW 10 10 10 ns
switching characteristics, Tp = 0°C to 70°C, C_= 50 pF
f = 20 MHz f = 25 MHz f = 33 MHz
PARAMETER c0NT:|'snT0Ns Vec=5V=10% |Voc=5V=5% |Vcg=5V=5% | UNIT
MIN MAX| MIN MAX| MIN  MAX
tag4  Access time, IOR and IOW to XD7-XDO 8 100 8 100 8 100 | ns
tgisgs Disable time, IOR and IOW to XD7-XDO 7 35 7 35 7 35| ns
tyg7  Delay time, XD7-XDO to KEYBCS 4 20 4 20 8 40| ns
tysg  Delay time, SA19-SA0 and AEN to KEYBCS 8 40 8 40 8 40| ns
Delay time, SA19-SA0 and AEN to
tgs9 TD—C—S%—PCSS 8 40 8 40 8 40| ns
TExas {?
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TACT83443
AT BUS INTERFACE UNIT (ATU)

-3 -

SA19-SA0

IOR/IOW

XD7-XDO
(Read Cycle)

XD7-XD0
(Write Cycle)

KEYBCS

PCS1-PCS3

l l

X X

l—— tgyga— [— thgeo —¥
e tyrg3 P& tyHgz3— M

1

N /T

|

|
|
' 1
{ |
I — tags —P tdgs-l‘—‘—‘—‘ﬂ {
|
!
|
|
|

|
| [ I
|
,“—"r*tsuas thGH I
| |
X " X
: K—b’— tag7 ! 'r<—b:— tda7
D E— R VT [ — T
| |
X VALID x
| |
H tdg9 H tdgg

X N

Figure 28. Peripheral Read/Write Cycle Waveforms
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TACT83441
DATA PATH UNIT (DPU)

WRITE CYCLE: CPU/CACHE CONTROLLER HOST

timing requirements, Voc =5V +10%, Ta = 0°C to 70°C

MIN  MAX | UNIT
tsu1 Setup time, D15-D0 before WBCLK? 5 ns
thi Hold time, D15-DO0 after WBCLK?t 2 ns
tw2 Pulse duration, WBCLK high or low 10 ns
tw7L Pulse duration, ATLATCH iow 10 ns
tsug Setup time, D15-D0 before ATLATCH? 5 ns
thg Hold time, D15-D0 after ATLATCH? 2 ns
tsu9 Delay time, WBCLK to ATLATCH 9 ns

switching characteristics, Vog =5V =10%, Tp = 0°C to 70°C, and C_ = 100 pF (unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tena Enable time, ED15-EDO from DOE 4 18| ns
tdis3 Disable time, ED15-EDO from DOE Cp =50 pF 4 18| ns
tens Enable time, ED15-EDO from BT/R 4 18| ns
tdis4 Disable time, ED15-EDO from BT/R C =50pF 4 18 ns
tds Delay time, WBCLK to ED15-EDO 3 16 ns
tds Delay time, D15-D0 to ED15-EDO 3 16 ns
td10 Delay time, ATLATCH to SD15-SD0 4 15 ns
td11 Detay time, DPUS3-DPUS1 to SD15-SD0 4 18 ns
td12 Delay time, WBCLK to SD15-SD0 5 20 ns
td13 Delay time, D15-D0 to SD15-SD0O 5 20 ns
td14 Delay time, ATLATCH to XD7-XD0O 4 15 ns
td1s Delay time, DPUS3-DPUS1 to XD7-XDO 4 18 ns
td1e Delay time, WBCLK to XD7-XD0 5 20 ns
td17 Delay time, D15-D0 to XD7-XD0O 5 20 ns
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TACT83441

DATA PATH UNIT (DPU)

e, AR R SRR
(ELWBEN = 1) | |
:‘_ tsu1 —ple— thi _’:

D15-DO
(ELWBEN = 0) | |

| | |
| | f
DOE _\:\ ‘ | 7( |
— ten3 “’1 E : - tclis:s—:N|
_ l | 1 Ly
BT/R ! : : :4——b|Ltd5 \:\ i E
« tena — l“-‘_ tdf—’: o tdis4'[’J:
f i tsus >[‘~ ths_’l
! :‘ tsug ";
ATLATCH { I \ 1
| | tw >

DPUS3 - DPUS1

|
SD15-SD0O ””0“"..””"""’.

Figure 29. Write Cycle Waveforms — CPU/Cache Controller Host
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TACT83441
DATA PATH UNIT (DPU)

READ CYCLE: CPU/CACHE CONTROLLER HOST

timing requirements, Voc =5V :10%, Ta = 0°C to 70°C

MIN  MAX | UNIT

tsu24 Setup time, DPUS3-DPUS1 before ATLATCH ¢ 10 ns

thos  Hold time, DPUS3-DPUS1 after ATLATCH 1 5 ns

tsuos  Setup time, SD15-SDO before ATLATCH? ns

thog  Hold time, SD15-SDO after ATLATCH? ns

tsuog  Setup time, XD7-XDO before ATLATCH? ns

NN

thog  Hold time, XD7-XDO after ATLATCH? ns

switching characteristics, Voc = 5 V 210%, Tp = 0°C to 70°C, and C|_ = 50 pF

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
ten1g Enable time, D15-DO from DOE 4 16] ns
tdis1g Disable time, D15-DO from DOE 4 16| ns
ten1g Enable time, D15-DO from BT/R 4 16| ns
t4is1g Disable time, D15-DO from BT/R 4 16| ns
tgog  Delay time, ED15-EDO to D15-D0 4 13 ns
tgo1  Delay time, SATB to D15-DO 4 13 ns
tgoo  Delay time, ATLATCH to D15-D0 4 13 ns
tgoz  Delay time, DPUS3-DPUS1 to D15-DO 8 25 ns
tgos  Delay time, SD15-SDO0 to D15-D0 6 20 ns
tgo7  Delay time, XD7-XDO0 to D15-D0 6 20 ns

j
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TACT83441
DATA PATH UNIT (DPU)

[ ten1g ¥ }‘— tdis1g P
| |
DOE X | # |
t |
4 ten1g M — tgisig—P

/

| |
[ tg22 P

I |

ATLATCH \ |
t

. 7

e tga3— M | |
tsuzq ————PM— ths—P

| | '
e tg25s —¥ I {
e touzg — P~ thos—

|
|

| |
e tgo7——M | |
———————  toysg ———P4— thog —»

[ |

Figure 30. Read Cycle Waveforms — CPU/Cache Controller Host
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TACT83441
DATA PATH UNIT (DPU)

EL-TO-EL OR EL-TO-AT DATA TRANSFER: DMA CONTROLLER/EL MASTER HOST
(DOE HIGH, BT/R IRRELEVANT, SATB LOW)

timing requirements, Vog =5V +10%, Ta = 0°C to 70°C

MIN  MAX | UNIT

tsupg Setup time, ED15-EDO before ATLATCH? 6 ns

thog  Hold time, ED15-EDO after ATLATCH ¢t 2 ns

switching characteristics, Voo =5V £10%, Tp = 0°C to 70°C, and C_ = 100 pF

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
tgzo  Delay time, ED15-EDO to SD15-SD0O 6 22 ns
tg1o  Delay time, ATLATCH to SD15-SDO 4 15 ns
td11 Delay time, DPUS3-DPUS1 to SD15-SD0 4 18 ns
td31 Delay time, ED15-EDO to XD7-XD0O 6 22 ns
td14 Delay time, ATLATCH to XD7-XDO 4 15 ns
tg1s  Delay time, DPUS1-DPUS3 to XD7-XD0O 4 18 ns

| |

——— tgu29 —*—*l thog — M

|
ATLATCH \ } /
f
|
|
|

TRRRS 9% ’

SD15-5D0  KISEAIERIRLIKIRKIRLIRKKRLKY
: : — tgzy —¥
| e tg1a—M

Figure 31. EL-to-EL or EL-to-AT Data Transfer Waveforms:
DMA Controller/EL Master Host (DOE High, BT/R irrelevant, SATB Low)
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TACT83441
DATA PATH UNIT (DPU)

AT-TO-EL DATA TRANSFER: DMA CONTROLLER/AT MASTER HOST
(DOE HIGH, BT/R IRRELEVANT)

timing requirements, Voo =5V =10%, Tp = 0°C to 70°C

MIN  MAX | UNIT
tsy24  Setup time, DPUS3-DPUS1 before ATLATCH ¢ 10 ns
thog Hold time, DPUS3-DPUS1 after ATLATCH?
tsu2g Setup time, SD15-SDO before ATLATCH?
thog  Hold time, SD15-SDO after ATLATCH?
tsuog  Setup time, XD7-XDO before ATLATCH*
theg  Hold time, XD7-XDO after ATLATCH ¢

ns
ns
ns

ns

NE®D N[N O

ns

switching characteristics, Vog =5V 210%, Ta = 0°C to 70°C, and C_ = 100 pF

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
tenz2 Enable time, ED15-EDO from SATB 4 15 ns
tgisg2 Disable time, ED15-EDO from SATB 4 15 ns
tgz3  Delay time, ATLATCH to ED15-EDO 4 15 ns
tgzs  Delay time, DPUS3-DPUS1 to ED15-EDO 8 25 ns
ty3s  Delay time, SD15-SD0 to ED15-EDO 6 20 ns
tyzg  Delay time, XD7-XDO0 to ED7-EDO 6 20 ns

! | |
:4-“ tenaz P : “—I tgisa2 —¥
| T |
SATB % | \
l
,“* tg33 P
| l
ATLATCH :
| I
e tgzg —? '

l‘*——-—— tsu24 —‘—’ﬂ—thm—H

| |
“‘—— tazs — ¥
ﬂ‘“‘*— tsu26 ———H‘—fhze—H

]

| |
“ td3e

ﬂ—*“‘—‘— tsu2s —‘——’[‘—fhze—H

Figure 32. AT-to-EL Data Transfer: DMA Controller/EL Master Host (DOE High, BT/R Irrelevant)
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TACT83441
DATA PATH UNIT (DPU)

PARITY GENERATION

switching characteristics, Vg =5 V +10%, Ta = 0°C to 70°C, and C_ = 100 pF (unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tena7  Enable time, MDPH, MDPL from LW/R 5 18| ns
tdis37  Disable time, MDPH, MDPL from LW/R CL =50 pF 5 18| ns
438 Delay time, WBCLK to MDPH, MDPL 4 15 ns
t439 Delay time, D15-D0 to MDPH, MDPL 4 18 ns
td40 Delay time, ED15-EDO to MDPH, MDPL 4 18 ns
tda1 Delay time, ATLATCH to MDPH, MDPL 4 15 ns
tdao Delay time, DPUS3-DPUS1 to MDPH, MDPL 8 25 ns
tda3 Delay time, SD15-SDO0 to MDPH, MDPL 6 22 ns
tg44 Delay time, XD7-XD0 to MDPH, MDPL 6 22 ns

N /T OIITTITITNNY
T

| | |
\

MDPH, MDPL
RERRREGEEEIN )

ATLATCH

KKK AKX X X XK XKD
DPUS3-DPUS1 ‘.“"”"’0"”””0.&

|
|

Figure 33. Parity Generation Waveforms
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TACT83441
DATA PATH UNIT (DPU)

PARITY CHECK

timing requirements, Voe = 5V 210%, T = 0°C to 70°C (unless otherwise noted)

PARAMETERS MIN  MAX | UNIT
Vog =5V =10%, f=20MHz, Vref = Voot 8
twas Pulse duration, CLK2 high or low Ve =5V £5%, f=25MHz, Vref = Voot 6 ns
Voc=5V5%,  f=33MHz,  Vief=Voge! 6
Ve =5V =10%, f=20MHz 25
teas Cycle time, CLK2 Veg =5V £5%, f=25MHz 15 ns
Vee =5V #5%, f=233 MHz 15
tsu46 Setup time, ED15-EDO before CLK2?t 4 ns
thas Hold time, ED15-EDO after CLK21 2 ns
tsua7 Setup time, MDPH, MDPL before CLK21t 4 ns
tha7 Hold time, MDPH, MDPL after CLK21 2 ns
tsu48 Setup time, READY before CLK21t 5 ns
thag Hold time, READY after CLK21 2 ns
tsusag  Setup time, LW[R- before CLK21 3 ns
thag Hold time, LW/R after CLK21 2 ns

T Vyef is the reference voltage with respect to which the time intervals are defined.

switching characteristics, Voc =5V £10%, Ta = 0°C to 70°C, and C_ = 50 pF
PARAMETER TEST CONDITIONS MIN MAX | UNIT
tgsg  Delay time, CLK2 to MPCKH, MPCKL 3 12| ns

l | | |

twasH —H—*—H—l twast l
» l
et
c45 ] «— tsuae —.ﬁ— thas —b|

| f
|
— tsua7 —P&— thay —H
MDPH, | '
MDPL
[
I‘— tsuag — P& thas —"l

[

READY \ | /

|
M— tguag — P& thgg — ¥

LW/R \\J\ : )V /)

MPCKH,
MPCKL

Figure 34. Parity Check Waveforms
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TACT83441
DATA PATH UNIT (DPU)

SD OR XD DATA TRANSFERS

switching characteristics, Voo = 5V 210%, Ta = 0°C to 70°C, and C|_ = 100 pF (unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
tens1 Enable time, SD15-SD8 from DPUS3-DPUSH 4 18 ns
tdis51 Disable time, SD15-SD8 from DPUS3-DPUS1 C|_=50pF 4 18 ns
tgs2 Delay time, SD7-SDO0 to SD15-SD8 4 18 ns
1453 Delay time, XD7-XD0 to SD15-SD8 4 18 ns
tens4 Enable time, SD7-SDO from DPUS3-DPUS1 4 18 ns
tdiss4  Disable time, SD7-SDO0 from DPUS3-DPUSH CL=50pF 4 18 ns
tdss Delay time, SD15-SD8 to SD7-SD0 4 18 ns
t456 Delay time, XD7-XDO to SD7-SDO 4 18| ns
tens7 Enable time, XD7-XDO0 from DPUS3-DPUS1 4 18 ns
tdiss7  Disable time, XD7-XDO0 from DPUS3-DPUS1 CL=50pF 4 18 ns
tds8 Delay time, SD7-SDO0 to XD7-XD0O 4 18 ns
td59 Delay time, SD15-SD8 to XD7-XDO0 4 18 ns

SOURCE SD15-SDO SD7-SDO SD15-SD8 XD7-XD0
DPUS3-DPUS1 X XI X
:‘— teﬁssa—ﬂl

tdiss57 —1‘—’1]

SD7-SDo

l
XD7-XD0 X A

NOTE: A, B, C, and D represent specific bytes being transferred

Figure 35. SD or XD Data Transfer Waveforms
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TACT83442
MEMORY CONTROL UNIT (MCU)

CLK2/ERESET
timing requirements, Ta = 0°C to 70°C
f =20 MHz f=25MHz f=33 MHz
TEST CONDITIONS | Ve =5V =10% (Voc=5V=«5% {|Vocc=5V+5% | UNIT
MIN MAX MIN  MAX MIN  MAX
te1 Cycle time, CLK2 25 20 15 ns
twi Pulse duration, CLK2 high or fow Vref = Voo/2 9 6 ns
tsy2  Setup time, ERESET before CLK21 9 6 ns
tho Hold time, ERESET after CLK21 4 3 ns
1 V et is the reference voltage with respect to which the time intervals are defined.
we 4N NS
| ! ! |
M= twH Pty M |
tc1 tha —-Pr————ﬂ— tsu2
[
ERESET \
Figure 36. CLK2/ERESET Waveforms
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TACT83442
MEMORY CONTROL UNIT (MCU)

EL BUS INTERFACE

timing requirements, Ta = 0°C to 70°C

f=20MHz f =25 MHz f =33 MHz
Vee=5V=+10% |Voc=5V 5% |Voco=5V+5% | UNIT
MIN MAX MIN MAX MIN MAX
tsu3  Setup time, ADS before CLK21 14 11 8 ns
th3  Hold time, ADS after CLK21 4 3 3 ns
tsus  Setup time, EL CMDsT before CLK21 14 11 8 ns
thg  Hold time, EL CMDsT after CLK21 3 3 3 ns
tsus  Setup time, A2-A31 (including gated A20) before CLK24 16 12 8 ns
ths Hold time, A2-A31 (including gated A20) after CLK21% 3 3 3 ns
Setup time, A2-A31 (including gated A20) before CLK21
tsu6  (See Note 9) 35 32 30 ns
Setup time, A2-A31 (including gated A20) before CLK21t
tsu7 (See Note 10) 35 32 30 ns
tsus  Setup time, BE3-BEO before CLK21 16 14 11 ns
thg  Hold time, BE3-BEO after CLK2? 4 3 3 ns
tsuy12 Setup time, D15-D0 before CLK21t 5 ns
th12  Hold time, D15-DO0 after CLK21 6 6 6 ns
T The EL CMDs consist of W/R, M/I0, and D/C.
NOTES: 9. RAS/CAS active point is at the center of T2/T1P (RCAP bit of DRAM control register = 0).
10. RAS/CAS active point is at the end of T2/T1P (RCAP bit of DRAM control register = 1).
switching characteristics,Tp = 0°C to 70°C, C_ = 15 pF (unless otherwise noted)
f=20MHz f=25MHz f=33 MHz
PARAMETER COJDE;ITONS Vog=5V=10% |Voc=5V=5% |Vcc=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tgo Delay time, CLK2 to READYO 5 16 5 13 5 12 ns
t4i0  Delay time, A2-A31, M/IO, and D/C to LAP 5 35 5 32 5 29| ns
tg14  Delay time, A2-A31, M/IO, and D/C to LANP 5 24 5 21 5 19| ns
ten1a Enable time, CLK2 to D15-D0 CL = 100 pF 4 25 4 20 4 20| s
tdis14 Disable time, CLK2 to D15-D0 CL=0 4 25 4 20 4 20 ns
tats  Access time, CLK2 to D15-D0 Ci =100 pF 60 50 50 ns
Texas 9
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TACT83442
MEMORY CONTROL UNIT (MCU)

EL STATE | T1/T2P | T2/T1P | T2/T2P | Tx

CLK2

|
M= tsu12 P& thio —M

|
' { |
— —

[ | |
| |

D15-D0 ___| | |
(Write) ' | | |

| : I tems}‘——“’{ i - ‘dls14"l|
D15-DO | | ; | @8% >___
(Read) ' | | I :

| ! | e 15— {

NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = second statz of cycle, T1P = first state of cycle in pipelined
mode, T2P = subsequent state of cycle in pipelined mode, Tx = any state.
T The EL CMDs consist of W/R, M/IO, and D/C.

Figure 37. EL Bus Interface Waveforms
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TACT83442

MEMORY CONTROL UNIT (MCU)

EL BUS INTERFACE - READY

timing requirements, T = 0°C to 70°C

f=20 MHz

f =25 MHz

f =33 MHz

Vee=5V=10%

Vee=5V=5% |Vcc=5V=5%

UNIT

MIN MAX MIN MAX MIN MAX
tsutg Setup time, READY before CLK2? 16 13 10 ns
th1g  Hold time, READY after CLK21 4 3 3 ns
| T2/T1P | T1/T2P | Tx

9%

READY

TRIZTXTRRS
X RKIRKILRKL

X

Figure 38. EL Bus Interface Waveforms - READY

68

*p

TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TACT83442
MEMORY CONTROL UNIT (MCU)

MEMORY INTERFACE

switching characteristics,Ta = 0°C to 70°C, C|_ = 50 pF (unless otherwise noted)

f = 20 MHz f=25MHz f=33 MHz
PARAMETER TEST CONDITIONS | Vog=5V=10% |Voc=5V+5% |Voc=5V=5% | UNIT

MIN MAX MIN  MAX MIN MAX
t417 Delay time, CLK2 to RAS3-RAS0 C| =150 pF 4 25 4 22 4 22 ns
td18 Delay time, CLK2 to CAS7-CASO CL=75pF 4 20 4 18 4 18 ns
td19 Delay time, CLK2 to MA10-MAQ Ci =250 pF 5 30 5 26 5 24 ns
tg20 Delay time, A31-A2 to MA10-MAQ CL =250 pF 5 39 5 35 5 32 ns
tgo1 Delay time, CLK2 to WE C = 250 pF 5 30 5 26 5 24 ns
tgoo Delay time, CLK2 to ROMCS 4 22 4 20 4 20 ns

| | | | { |

|
RAS3-RASO ( l
)7 3 T
«—pl— M2C |
| |
e '[ 'q18 tdmﬂ
I 1) I
CAS7-CASO ! \ | .
1 ]

!
t g—ﬂ—bl )
a1 I td1g 14—

r)() | % | ();
MA10-MAO WW Row Address . Column Address .
l ) T

IR

] {( {(
12 )]
I {(
) )]

|
WE SQ0XRHLHLILIRKRIK

4
|
€ty —M

!
woes TTERRRRTRRX

T R2M = MA10-MAO hold time from RASn. One to two CLK2 cycles as defined by MCU DRAM timing registers.
#M2C = CASn hotd time from MA10-MAO. One to two CLK2 cycles as defined by MCU DRAM timing registers.

o

T

Figure 39. Memory Interface Waveforms
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TACT83442

MEMORY CONTROL UNIT (MCU)

CASCADE
timing requirements,Tp = 0°C to 70°C
f = 20 MHz f = 25 MHz f = 33 MHz
Vee=5V=10% [Voc=5V=5% |Voc=5V 5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
tsu23 Setup time, CIN before CLK2?} 2 2 2 ns
tho3 Hold time, CIN after CLK21 3 3 3 ns
switching characteristics,Tp = 0°C to 70°C, C_= 50 pF
f = 20 MHz f = 25 MHz f = 33 MHz
PARAMETER TEST CONDITIONS | Voe=5V=10% {Voc=5V=5% |Voc=5V=5% | UNIT
MIN MAX | MIN MAX| MIN MAX
tgo4 Delay time, CLK2 to COUT 4 24 4 21 4 19 ns
| |
e ‘h23—‘——‘“’r_’:_ tsu23
CIN \ l
I
) — td24_”]
cout 51;
Figure 40. Cascade Waveforms
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TACT83442
MEMORY CONTROL UNIT (MCU)

REFRESH HOLD

timing requirements,Tp = 0°C to 70°C

f =20 MHz f=25MHz f=33 MHz
Vee=5Vz10% [Vocc=5V=5% |Vecc=5V=5% | UNIT
MIN MAX MIN  MAX MIN  MAX

tsu2s Setup time, REFHLD before CLK2¢ 10 10 10 ns
thos Hold time, REFHLD after CLK21 3 3 3 ns
|
|
|
tsu25—H—h<——H— thas
l |

Figure 41. Refresh Hold Waveforms
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TACT83442
MEMORY CONTROL UNIT (MCU)

MECHANICAL DATA

208-Lead Quad Flatpack (ATU)

- 30,4
29,6

Lr 28,2 MAX

v

156 105

HHHAABHBHARARARARAHARAARRRARRARRRARAR RRRAABARARRARBRAAR |
nigialasainisinintniniainindainininintntninizininiataininininininisininindniaintintoiniviatsiatniaininhs

Y
0
~
-
[=
o

(34
0
IS

HHHHHHHHHHHAHH B HH HHHH B HH HE HHHEHH HHH B HHEE HH BH G

=

>

X
NOABAAARABRARAARRARARARARRLROARBAAARARARARRAAGAARARARALR
sinlalalntululolulatnloinlalaintalaiabatalntslolatabainlalalalsisiatalalalaiainlatababulalalatalatnle

N
[«
®
(4]
(A

ilisllilalalstilalstililslatslitatalalslstalitalals slifitijatslalslalstslatalafilalslsitatslalslits |

[ b

0,5 NOM 0,2 NOM

0,16 3,9 MAX

VL e f
0.3 0,15
1.2 MIN STANDOFF
— 2

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS
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TACT83442
MEMORY CONTROL UNIT (MCU)

MECHANICAL DATA

100-Lead Quad Flatpack (DPU and MCU)

254
24,6

- 20,2 MAX
8

MIN STANDOFF

i N

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS
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107, 03-498-2111; MS Shibaura Building 9F, 4-13-23
Shibaura, Minato-ku, Tok: go Japan 108, 03-769-8700;
Nissho-iwai Building 5F, 2-5-8 Imabashi, Chuou-ku,
Osaka, Japan 541, 06-204-1881; Daini Toyota West
Building 7F, 4-10-27 Meieki, Nakamura-ku, Nagoya,
Japan 450, '052-583-8691; Kanazawa Oyama -cho Daiichi
Seimei Building 6F, 3-10 Oyama-cho, Kanazawa,
Ishikawa, Japan 920, 0762-23-5471; Matsumoto Showa
Bunldm GF -2-11 Fukashi, Matsumoto, Nagano, J.
3-1060; Daiichi Olympic Tachikawa Buil mg
6F 5 2 Akebono-cho, Tachikawa, Tokyo, Japan 190,
042527 - 6760; Yokohama Nishiguchi KN Building 6F.
2-8-4 Kita-Saiwai, Nishi-Ku, Yokohama, Kanagawa,
Japan 220, 045- 322-6741; Nihon Seimei K yolo Yasaka
Building 5F, 843-2, Hlﬁashl Shiokohijicho, Higashi-iru,
Nishingtoh-in, Shiokol ji-dori, Shimogyo-ku, Kyoto. Japan
600, 075-341-7713; Sumitomo Seimei Kumagaya
Building 8F, 2- MYa?(on Kumagaya, Saitama, Japan 360,
0485-22-2440; 2597-1, Aza Harudai, Oaza Yasaka.
Kitsuki, Oita, Japan 873, 09786-3-3211; 3-18-36, Mlnaml,
Hatogaya, Saitama, Japan 334, 0482- 82-2211; 4260
Aza-takao, Ohaza-kawasaki, H||| machi, Hayami-gun,
Qita, Japan 879-15, 0977- 72-1111; 2350 Kihara.
Miho-mura, Inashiki-gun, tbaragi, Japan 300-04.
0298-85-3311.
KOREA: Texas Instruments Korea Ltd., 28th Floor, Trade
Tower, 159, Samsung-Dong, Kangnam-ku Seoul, Korea.
2 551 2800.
MEXICO: Texas Instruments de Mexico S.A.. Alfonso
Reyes 115, Col. Hipodromo Condesa, Mexico. D F.
Mexico 06120, 525/525-3860.
MIDDLE EAST: Texas Instruments, No. 13. 1st Floor
Mannai Building, Diplomatic Area, P.O. Box 26335,
Manama Bahrain, Arabian Gulf, 973 274681
NORWAY: Texas Instruments Norge A/S, PB 106.
Refstad SSmsenvelen 53), 0513 Oslo 5, Ncrway

PEOPLE S REPUBLIC OF CHINA: Texas Instruments
China inc., Beijing Representative Office, 7-05 Citic
Building, 19 Jian %uomenwal Dajje, Betjing. China, (861)
5002255, Ext. 3

PHILIPPINES: Texas Instruments Asia Ltd.. Philippines
Branch, 14th Floor, Ba-Lepanto Building, Paseo de
Roxas, Makati, Metro Manila, Philippines,

2817 6031.

PORTUGAL: Texas Instruments Equipamento
Electronico Ponu%‘r} Ltda., Eng. Frederico Ulricho, 2650
Moreira Da Maia 0 Maia, Portugal (2) 948 1003
SINGAPORE (& INDIA, INDONESIA, MALAYSIA,
THAILAND): Texas Instruments Si apore (PTE) ld.
Asia Pacific Division, 101 Thomson Road. #23-01. United
Square, Singapore 1130, 350 8100.

]

TEXAS
INSTRUMENTS

SPAIN: Texas instruments Espana S.A., ¢c/Gobelas 43.
Ctra de la Coruna km 14, La Florida, 28023, Madrid,
Spain, (1) 372 8051 c/Di tacnon. 279-3-5, 08007
Barcelona, Spain. (3) 317 91 80
SWEDEN: Texas Inslruments Internationai Trade
Corporation {Sverigefilialen), (visit address:
Isatjordsgatan 7 sta) Box 0. S-164 93 Kista,
Sweden, (08) 7.
SWI'IZERLAND Texas Instruments Switzerland AG,
(Fé)led;trasse 6, CH-8953 Dietikon, Switzerland,

1) 74
TAIWAN: Texas Instruments Supply Company, Taiwan
Branch, Room 903, Sth Floor, Bank Tower, 205 Tun Hwa
N. Road, Taipei, Taiwan, Republic of China, 2 713 9311
UNITED KINGDOM: Texas Instruments Ltd., Manton
Lane, Bedford, England, MK41 7PA (0234) 270 111.

Worldwide Regional
Technology Centers

NORTH AMERICA

ATLANTA: Texas Instruments incorporated, 5515

Spalding Drive, Norcross, GA 30092, (404) 662-7950

BOSTON: Texas Instruments Incorporated. 950 Winter

Street, Bay Colony Corp. Center, Suite 2800, Waltham.

MA 02154, (617) 895-9196.

CHICAGO Texas Instruments Incorporated, 515 W.
%onqum Road, Arlington Heights, IL 60005, (708)

DALLAS: Texas Instruments Incorgorated, 7839
Churchill Way. Park Central-V, MS O. Box
650311, Dallas, TX 75251, (214) 917-3881.
INDIANAPOLIS: Texas iInstruments Incorporated, 550
Congressional, Suite 100, Carmel, IN 46032, (317)
573-6400.
JIRVINE: Texas Instruments Incorporated, 17831
Cartwright Road. Irvine, CA 92714, (714) 660-8140.
MEXICO CITY: Texas Instruments de Mexico, Calle 18E
No. 507, Ciudad Industrial, 20290 Aguas Calientes, AGS
20290, 491-70834.
MINNEAPOLIS: Texas instruments Incorporated, 11000
g\g 7gth Street, Suite 100. Eden Prairie, 55344, (612)
OTTAWA: Texas Instruments incorporated, 301 Moodie
Drive, Suite 102, Nepean Ontario,, Canada K2H 9C4
337, (613) 726-1970.
SANTA CLARA: Texas Instruments Incorporated. 5353
Betsy Ross Drive, Santa Clara. CA 95054, (408)
748-2220.
ASIA
HONG KONG: Texas Instruments Asia Ltd.. 8th fioor,
World Shngginzq Center, 7 Canton Road, Kowloon, Hong
Kong, 3-7221

KOREA: Texas Instruments Supply Company, Korea
Branch, 28th floor, Trade Tower, 159, Samsung-Dong,
Kangnam-Ku, 2-552-8000.
SINGAPORE: Texas Instruments Singapore (PTE) Ltd..
101 Thompson Road, #23-01. United Square, Smgapore
1130, 251-9818
TAIPEI: Texas Instruments Sugg Company, Taiwan
Branch, 9th ficor, Bank Tower, Tun Hua N. Road.
Taipei, Taiwan 10592, Republic of China, 2-7139311
TOKYO: Texas Instruments Japan Ltd., Texas
Instruments Asia Ltd., Aoyama Fuji Building 4/F, 6-12
Kita-Aoyama 3-Chome, Minato-Ku, Tokyo. 3-498-2111.
EUROPE
BEDFORD: Texas Instruments Ltd., Manton Lane.
Bedford, England MK41 7PA. 234-270 111
FREISING: Texas Instruments Deutschland GmbH..
Haggertystrasse 1, 8050 Freising, Federal Republic of
Germany. 8161-804152
HANNOVER: Texas Instruments Deutschland GmbH..
Kirchhorster Strasse 2, 3000 Hannover 51. Federal
Republic of Germany, 511-648021
MILAN: Texas instruments ltalia, S.p.A.. Centro
Direzionale Colleoni, Palazzo Perseo, Via Paracelso 12,
20041, Agrate Brianza (Mi), {039)-63221.
VELIZY (Paris): Texas Instruments France. 8-10
Avenue Morane Saulnier, Borte Postale 67,
Velizy-Villcoublay Cedex, France, 13-0701001
AUSTRALIA
NEW SOUTH WALES: Texas Instruments Australia Ltd..
6-10 Talavera Road, North Ryde, New South Wales,
Australia 2113, 2-887-1122.
SOUTH AMERICA
SAO PAULO: Texas Instruments Electronicos do Brasil
Etda ] R%Jasﬁ’gez Leme, 524-7 Andar, 05424. Sao Paulo.

razil. 1

Important Notice:  Texas Instruments (TI)
reserves th rlghl’ to "]:|l(C \:h:lnﬂL\\ o or o d‘\'
continue any semiconductor product or service
identitied i this publication withour notice. Tl
advises its customers to obtain the latest version
of the relevant information to venfy, before plac-
ingorders, that the information being relied upon
is current.
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