(=5 2~35~00

TACT83000
AT CHIP SET
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D3612 AUGUST 1990
. ¢ High-Speed 1-um CMOS Technology ® TACTB83443 AT Bus Interface Unit (ATU)
Supports System Speeds up to 33 MHz -~ Internal Clock Switching Between Two
*  Fully AT-Compatible 386 Three-Chip SX, g‘dffpe"dent Frequencies Controlled by
Four-Chip DX Solutions oftware .
— 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 Data Path Cascadable to 32 Bits

— Can Directly Drive up to 36 DRAM Write Buffer Capability for AT Bus
Devices Access

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

— 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

® TACT83441 Data Path Unit (DPU)
8- and 16-Bit Data Bus Sizing

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 SRZUQO1.

PC-AT is a trademark of International Business Machines.
386 and 387 are trademarks of Inte! 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.
P;ocliluction processing does not necessarily include testing EXAS
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functional block diagram — 386DX cache-based system ‘
ED
pRAM? MA
PARALLEL
SERIAL
INTER-
FACE?
DRAM MA
BIOS
ROM
ED
%)
387/ CACHE 2 |
WTK3167 MEMORY P
2 n 0 <
@ > 2 —d
> < 2 z
o
© CACHE . * : %
386 CONTROLLER . TIMING 5
CPU & ADDRESS : CONTROL. o
ADDRESS PERI-
BUFFER EA . PHERALS
ED EA
SD
t Optional

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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The EL bus includes both data (ED) and address (EA) lines. CPU addresses sent out on the EAlines 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 controlied 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 I/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 SCS! 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 on the 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 — BEO) 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 (EDO-EDxx) is always the output data from the DPU; itis 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 I/O space necessary for configuration. The index register is a pointer
to the 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 I/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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internal I/O 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 1/0 buffer.

EXAMPLE POSSIBLE
o TYPE BUFFER VALUES
INPUT TIL PU S

SCHMITT-TRIGGERED

{ puLLUP (PU)
|_ PULLDOWN (PD)

fTTL

|_cmos
OUTPUT 3S 10 PU
and [ puLLUP (PU)
BIDIRECTIONAL
vyt |__PULLDOWN (PD)
loL. (mA)
f 3-STATE (3S)

OPEN DRAIN (OD)
LPUSH-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) T-52-33-05

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/contro! 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 monitars 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 SN74L.S612-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

j 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 control 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 bufer control are also available.

*p
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ATU terminal assignments T-52-33-05

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.

Top View
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DREQS 990 OWS
DREQ3 980 IOCHCK
DREQ2 97h 10Cs16
DREQ1 96 [ MEMCS16
DREGQO 950 GND
Vee 94 1RQ1S
XD7 930 IRQ14
XD6 923 IRQ12
XD5 91p IRt
XDa S0P IRQ10
XD3 893 IRQ9
XD2 8813 Vce
XDt 870 1RQ7
XDO 861 IRQ6
GND 850 IRQ5
ATCLK 841 IRQ4
MPCKHH 830 IRQ3
MPCKHL 820 IRQ1
MPCKLH 810 NU
MPCKLL 80 NU
ATLATCH 798 NU
Vee TACT83443 78f1 NU
DPUS3 77 XDSEL
DPUS2 76 0sc_1
DPUS1 754 GND
SATB 740 A20GATE
DGE 730 KEYBCS
LW/R 720 SPEAKER
TBUS 71p osc_12
PCLK 70p vee
GND 690 PWRGOOD
A20GOUT 68y PCS1
ERESET 67 PCs2
TANP 66 PCS3
LAP 65§ RTCSQW
FLUSH 6413 RTCRES
Vee 635 BATT
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EA30 61 RTCXIN
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NU-Nonusable, make no external connection. These are reserved for future use.
L _
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' ATU Terminal Descriptions T-52-33-05
TERMINAL e} BUFFER DESCRIPTION
NAME NO. TYPE
CPU Signals

ADS 44 /O 3S10PU | Address status control

BUSY 30 0 PP6 Numeric coprocessor busy

CLK2 36 O 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 /0 | 3S10PU | Data/Code control

ERROR 29 O PP6 Coprocessor error

HOLD 45 O PP10 Hold request input to CPU

HOLDA 46 | TTL-S Hold acknowledge output from CPU

INTR 26 O PP6 Interrupt request output to CPU

MO 34 /O | 3S10PU | Memory/IO control

NMi 28 O PP6 Nonmaskable Interrupt output to CPU

PEREQ 27 O PP6 Numeric processor request

READY 49 1 TTL-S Ready input. Same signal as CPU or EREADY.

. READYO 47 0] PP10 Ready out control. This ready output is ORed with the other EL bus
READY signals.
W/R 32 /O | 3S10PU | Wirite/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 11O 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 le} 3510PU | Byte enable 2. Used with the 386 to enable data bits 16-23. The 386SX
uses the CPU address line A1.

BE3 40 /0 3S10PU | Byte enable 3. Used with the 386 to enable data bits 24-32. Tied high
on 386SX systems.

EA2-EA4 24-22 /0 3510PU | EL bus address bits 2-31

EA5-EA14 20-11

EA15-EA18 96

EA19-EA22 4-1

EA23-EA26 208-205

EA27-EA31 203-199

ERESET 194 O 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 0] PP16 CPU phase clock. High during processor phase 2.

T In & 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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ATU Terminal Descriptions (continued)
TERMINAL BUFFER
NAME NO. /O TYPE DESCRIPTION
SEL32 59 I 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 | Interruptrequest 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. This active 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 areset
for the numeric processor. Either a write to 1/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 O PP6 Data output enable. This signal controls the CPU bus transceiver on
the DPU if no cache controller is present.

DPUSH 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 O 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 O.

MPCKHH 178 1 CMOS Memory parity check high word high byte

MPCKHL 179 | CMOS Memory parity check high word low byte

MPCKLH 180 | CMOS Memory parity check low word high byte

MPCKLL 181 | 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 0 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 6] PP10 AT bus clock output. Qutput 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 o] PP24 Buffered address latch enable. During a HOLD cycle (HOLDA=1), this
signal is driven high.
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ATU Terminal Descriptions (continued) T-52-33-05
TERMINAL BUFFER
110 DESCRIPTION
NAME NO. TYPE

DACKO-DACK3 156—-153 0] PP6 DMA request acknowledge

DACK5-DACK?7 152-150

DREQO-DREQS3 166—-163 | TTL-S DMA request. These signals are asynchronous channel requests that

DREQS5-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 I TTL-S I/O 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 NM! is enabled in Port B/NM! logic.

IOCHRDY 134 Je} OD24 I/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.

I0CS16 97 | TTL-S 1/0 chip select 16. If IOCS16 goes active low during an AT bus /O
cycle, the ATU disables the 16-to-8-bit conversion logic and sets the
default wait states for 16-bit I/O transfer; otherwise, the ATU generates
two 8-bit /O cycles on the AT bus.

iOR 135 I/O | 3S24PU |I1/O read. During AT master and DMA cascade modes, outputs are in
3-state.

oW 136 /O 3S824PU | 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-IRQ15 93-94

LA17-LA19 141-143 110 3524 Latchable address. These address bits are inputs when MASTER is

LA20-LA23 145148 low and HOLDA is high, indicating an external bus master cycle; they
are outputs otherwise.

MASTER 100 | TTL-S Master request input

MEMCS16 96 | TTL-S Memory chip select 16. If MEMCS16 goes active low during an AT bus
memory cycle, the ATU disables the 16-t0-8-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 I/O 3524PU | Memory read bus. During AT master and DMA cascade modes,
outputs are in 3-state.

MEMW 138 i/O 3524PU | Memory write bus. During AT master and DMA cascade modes,
outputs are in 3-state.

REFRESH 106 I/O 0D24 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 109113 /O 35824 System address [ines 0—16. Latched by BALE. During AT master and

SA5-SA9 115-119 DMA cascade modes, outputs are in 3-state.

SA10-SA15 121-126

SA16 128

SA17-SA19 129-131 o] 3524 System address lines 17-19

SBHE 107 /O 35824 System byte high enable
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ATU Terminal Descriptions (continued)

TERMINAL
NAME

NO.

/0

BUFFER
TYPE

DESCRIPTION

SMEMR

104

3S824PU

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

SMEMW

103

3524PU

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 level 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 controlier, 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 Vg level during powered
operations and battery voltage is applied to it during a powered-down
condition.

KEYBCS

73

PP6

Keyboard controlier 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 1/0 address 64h, both
CPURST and KEYBCS are generated. When FEh is written to 1/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.

PCS1

68

ODs

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

PCS2

67

0Ds

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

PCS3

66

ODs

Programmabile 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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' ATU Terminal Descriptions (continued) T-52-33-05
TERMINAL BUFFER
NAME NO. /0 TYPE DESCRIPTION
RTCXIN 61 I Real-time clock oscillator input. This signal connects to a 32.768-kHz
crystal or can be used as afrequency input pin. Itis powered by battery.
RTCXOUT 62 0 Real-time clock oscillator output. This is the second terminal for the
32.768 kHz crystal. It is powered by battery.
SPEAKER 72 6] 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 175-168 110 356 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 586 ! CMOS Clock Input 0. One of the two oscillator inputs.

CLKIN1 58 | CMOSs 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
A |
'
TEXAS
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TACT83441
DATA PATH UNIT (DPU)

TEXAS INSTR (UC/UP)
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 between these 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 I/O buffer types.

53E D EE 389b1i722 0088L34 293 MTIIE

T-52-33-05

Top View
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g e TACT83441 o é e
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D14 [] 94 37 [J DOE
ED13 [J 95 36 [J WBCLK
Di3 [0 96 35 [1 ELWBEN
ED12 O 97 34 [1 CLKSEL
GND [] 98 33 [] CLK2
Di2 [J 99 32 [ READY
ED11 [ 100 31 [0 GND
Famtneroo SFNRILEEE2RINRILENERS
) WA g D D D Q0 O SN NN J N NN N U 0 [ S G G O Oy O [ R ) IO D Gy Ny NNy D BN BN [ D J NSy o
2 8282888.5582835853888288558 88
na§n8508°§8 mg *0°8Q mogm W w=
NU — Nonusable, make no external connection. These are reserved for future use.
_ _
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TACT83441

DATA PATH UNIT (DPU)
TEXAS INSTR (UC/UP) 53E P W &9k1l722 00848L35 12T EETIIZ
DPU Terminal Functions T-52-33-05
RMINAL BUF
TE e UFFER 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 | 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 i 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 0o PP6 Latched parity high byte status

MPCKL 48 0 PP6 Latched parity low byte status

SATB 40 I 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, I/O | 3S16PU | CPU datalines 0—15

D3-D5 22,20, 18,

D6-D8 15,12, 9,

Dgo-D12 7,4,1, 99,

D13-D15 96, 94, 92

EDO-ED2 28, 26, 24, /O 3516PU | EL bus data lines 0—15

ED3-ED5 21,19,17,

ED6-EDS8 13, 11, 8,

ED9-ED11 5, 2,100,

ED12-ED14 97, 95, 93,

ED15 90

MDPL 10 /1O | 38S16PU [ EL bus parity bit for the low byte

MDPH 88 /0 | 3816PU | EL bus parity bit for the high byte -

i
TEXAS Q
INSTRUMENTS
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TACT83441
DATA PATH UNIT (DPU) T-52-33-05

TEXAS INSTR (UC/UP) S53E D EE 89b1722 0088L3L Obb EETIIZ

L}
DPU Terminal Functions (continued)
TERMINAL BUFFER
NAME NO. /0 TYPE DESCRIPTION
SD0-SD3 61-63, 65 I/O 3524PU | AT bus system data bits 0—15
SD4-SD9 67-72
SD10-SD13 74-77
SD14-SD15 79-80
XD0-XD3 51-53, 55 11O 3S10PU | XD bus peripheral data bits 0—7
XD4-XD7 57-60
Miscellaneous Signals
CLK2 33 I CMOS CPU system clock
READY 32 I TTL CPU or EL bus ready input
SA0 82 I TTL AT bus system address line 0
SA1 83 I 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, I Ground
31, 39, 49,
56, 64, 73,
81, 89, 98
Vee 3, 16, 29, Supply voltage
41, 54, 66,
78, 91

Texas “9
INSTRUMENTS
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TACT83442
MEMORY CONTROL UNIT (MCU)

TEXAS INSTR (UC/UP) S53E P WA 89bl722 0088637 TTS EETIIZ

TACT83442 Memory Control Unit (MCU) T-52-33-05

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.

Upto 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 multiple MCUs are
used, they are initialized automatically at power up as MCUO, 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 DRAMSs, but the banks within pairs must use identical DRAMs. 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 parametersinclude RAS and CAS pulse durations, RAS and CAS precharge times, CAS to 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.

TExas ‘b
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TACT83442

MEMORY CONTROL UNIT (MCU) T-52-33-05
TEXAS INSTR (UC/UP) 53E ) EE 3951722 008A8L3A 939 EETII2 —

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 [/O buffer types.

Top View
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MCU Terminal Functions
TERMINAL BUFFER
/o DESCRIPTION
NAME NO. TYPE
EL Bus Signals
ADS 37 ] TTL Address status control signal
BEO 47 ! 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 | 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 ! TTL Byte enable 2. Used with the 386DX to enable data bits 16-23. The
386SX uses the CPU address line A1.
L ____ L ]
i
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TACT83442
MEMORY CONTROL UNIT (MCU)

TEXAS INSTR (UC/UP) S3E D MEE 89kl722 0088L39 875 EMTIIC
MCU Terminal Functions (continued) T-52-33-05
_’ TERMINAL BUFFER
: NAME NO. /0 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 | TTL Multiplexed EL address/AT control signal for support of AT master
EA26/MEMR 78 | mode. The terminal definition is selected by mode select bits 2 and 3
EA27/MEMW 79 ! of the configuration register.
EA31/MCUEN 80 !
EDO-EDS 99-94 I/O 3S10 EL bus data bits 0—-15
ED6-ED10 92-88
ED11-ED15 86-82
ERESET 45 | TTL EL bus reset
MO 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-CAS3 4,5,7,8 o PP16 Column address strobe signals 0-3
CAS4-CAS7 25, 27-29 (6] PP16 Column address strobe signals 47
W\B—MAS 10-15 8] PP16 Memory address multiplexer outputs 0—10
MAB-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. It is 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.
CcOouT 100 0] PP10 MCU cascade output. Connects to the CIN pin of the next MCU in the
chain.
LANP 35 0o PP10 EL bus local access with no parity
LAP 36 6] PP10 EL bus local access with parity
0SC_12 33 | TTL Oscillator frequency of 1.19 MHz, used for RAS duration time limit
and refresh timing.
REFHLD 32 | TTL DRAM refresh inhibit
ROMCS 1 o] PP10 ROM chip select. This signal is inactive if shadow RAM is enabled.
I
9
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TACT83442 S3E D MM 49b1722 0088L40 597 METIIR
MEMORY CONTROL UNIT (MCU)
TEXAS INSTR (UC/UP)
MCU Terminal Functions (continued) T-52-33-05
TERMINAL /o BUFFER DESCRIPTION
NAME NO. / TYPE
Power Terminals
GND 6, 16, 26, [ Ground
40, 56, 74,
87
Voo 9, 22, 34, | Supply voltage
46, 65, 93
TeEXAs {9
INSTRUMENTS
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JEXAS INSTR (MC/UP) TACT83000

AT CHIP SET
53t D N 89b1722 0088L4L 423 EETII2 T-52-33-05

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

NOTE

Supply voltage range, Voo (S8e Note 1) ..o e -05Vto7V
input voltage range, Vi ... . -05VtoVge +05V
Output voltage range, Vo ... vt et -0.5VtoVge + 0.5V
Input clamp current, ik (Vi <00r V> Voo) o oeoeenn = 20mA
Output clamp current, Iog (Vo <00V > VEE) v vrver et + 20mA
Continuous output current, Ig (VO = 010 VEE) - v vttt ittt + 25mA
Continuous total power dissipation .............c.o i 1W
Operating free-air temperature range . ...........oit ittt 0°Cto 70°C
Storage temperature range ... —65°C to 150°C
1: All voltage values are with respect to all GND terminals connected together,

recommended operating conditions

MIN  NOM MAX [ UNIT

\ole] Supply voltage range 20 MHz 4.5 5.5 \
Vee Supply voltage range 25 and 33 MHz 4.75 5.25 \4
v Battery voltage (ATU only) Backup 3 55 %

batt v g y Normal Vee-0.3 Vee+0.3
V) Input voltage range 0 Voo A
VIH High-level input voltage 2
ViL Low-level input voltage TTL levels 0.8 M
ViH High-level input voltage 0.7V,
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

j
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TACT83000
AT CHIP SET

TEXAS INSTR (UC/UP) S53E D M 89L1722 0088L42 3ILT ETIIC

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

T-52-33-05

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
A% Positive-going threshold level 2 \Y
VT_ Negative-going threshold level Schmitt-trigger inputs 0.8 \Y
Vhys Hysteresis (see Note 2) 0.2 0.6 \Y
PP2, 38 loH=2mA 37
PP6 loH=6mA 37
VOH High-level output voltage PP10, 35 loH=10mA 3.7 \
PP16 oy = 16 mA 3.7
PP24,3S loH = 16 mA 3.7
PP2, 35, OD loL=2mA 0.5
PP6 loL=6mA 05
VoL Low-level output voltage PP10, 35 loL =10 mA 0.5 A
PP16 loH = 16 mA 0.5
PP24, 3S, OD loL =24 mA 0.5
CMOS Vi=0to Voo =10
) V=22V 70 450 HA
TTL Pullup input
H Input current V=04V 80 500
V=22V 20 170
TTL Pulidown input V=45V 35 200 WA
loz Off-state output current Vo=00rVge 10 HA
Icc Quiescent power supply current Veg =525V 100 HA
ATU 75
Pp Power dissipation MCU See Note 3 460 mw
DPU 40
Backup Vpatt = 3.6V 4 10
Ibatt Battery current Backup Vpatt =55V 35 uA
Normal Vbatt = Voc+ 0.3V 100 uA
f]RTC Real-time clock output frequency 32.768 kHz
NOTES: 2. Hysteresis is the difference between the positive-going input threshold voltage, V., and the negative-going input threshold voltage,

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

}
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TACT83000

AT CHIP SET
TEXAS INSTR (UC/UP) S3E D MR 89GL1722 0088LYJ 2Th MNTII? =
' TIMING AND SWITCHING DATA T-52-33-05
Page
TACT83443 - ATU
Clock Generator DIVIder . ... 22
RSBt P LK i e 23
Slave Cycle: EL BUS SIgNals ... i ittt et 24
Slave Cycle: AT Bus Normal 8-Bitand 16-BIt Cycles ........ ... i, 26
Slave Cycle: AT Bus Refresh . ....oiiii i 28
Master Cycle: EL Bus DMA Cycle —HOLD Request . ... e 29
Master Cycle: EL Bus DMA Cycle — Single Transfer Mode (1 WaitState) .................cvinnat. 30
Master Cycle: EL Bus DMA Cycle — Block Demand Transfer Mode (0 Wait States) .................. 32
Master Cycle: EL Bus DMA Cycle — EXiting ... .ttt 34
Master Cycle: ELBUS DMA Cycle —Cascade . ... ...ttt e e 35
Master Cycle: AT Bus DMA Cycle —-HOLD Request ...t i s 36
Master Cycle: AT Bus DMA Cycle —EL Bus Signals ... i ie i 37
Master Cycle: AT Bus DMA Cycle — AT BUS SigNals ...t i i iiiinas 38
: Master Cycle: AT Bus DMA Cascade — Capture/Release .............cciiiiiiiiiiii i 40
Master Cycle: AT Bus DMA Cascade — AT-to-EL Bus Cycle Conversion ... ........... ..., 42
Master Cycle: IOCHRDY DrVe ..o 43
DPU Interface: Select Code ..ot 44
DPU Interface: ATLATCH — AT-to-EL Data Transfer Cycle ........ ... i 45
DPU Interface: ATLATCH — EL-to-AT Data TransferCycle ... .. .. .. . i 46
Numeric Coprocessor: 387 Identification . ........ .. 47
Numeric Coprocessor: 387 BUSY/ERROR ... . i e 48
Nonmaskable Interrupt (NMI) oo e 49
) A20GATE/A20GOUT .ttt ettt 50
FLU S H o e 51
I U S i e e e e e e 52
OS C _12/8PEAKER . e 53
Peripherals: Read/Write CyCle ... .. i i e e e 54
TACT83441 - DPU
Write Cycle — CPU/Cache Controller Host ... e 56
Read Cycle — CPU/Cache Controller Host ... ..ttt e iaas 58
EL-to-EL or EL-to-AT Data Transfer : DMA Controller/EL Master Host  ............................. 60
AT-to-EL Data Transfer: DMA Controller/EL Master Host ... .. o i . 61
Pty GENErat ON oo 62
Parity G CK . 63
SD or XD Data Transiers ..o i 64
TACT83442 - MCU
CLK 2 ERE ST oo i e 65
EL BUS INerface . e 66
EL Bus Interface — READY ... 68
Memory INterface .. 69
O 1Yo o [T 70
Refresh Hold . 71
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP)

53E ) WEE 89kLl722 008abL44 132 EETIICZ

IR
CLOCK GENERATOR/DIVIDER T-52-33-05
timing requirements, Tp = 0°C to 70°C
f=20 MHz f=25MHz f=33MHz
Vee=5V=10% | Veg=5V=+5% | Voc=5V=5% UNIT
MIN MAX MIN MAX MIN MAX
tc1  Cycle time, CLKIN1, CLKINO 25 20 15 ns
tw1  Pulse duration, high or low 9 7 6 ns
switching characteristics, Tp = 0°C to 70°C, C_ = 50 pF
TEST f =20 MHz f=25MHz f=33 MHz
= = 107 = + 59 =5V 5%
PARAMETER CONDITIONS | YCC =5V =10% | Vec=5V«5% | Vcc=5V+5% | UNIT
MIN MAX MIN MAX MIN MAX
Delay time, CLKIN1, CLKINQ to CLK2 o
W2 otk © omEReor Undivided 3 12 3 10 3 10| ns
tgz  Delay time to CLK20UT or ATCLK Divided 4 18 4 16 4 16 ns
CLKINT1,
CLKINO
| |
|
w1 —¥

CLK2, | | |
ATCLK ;
(Undivided)
J
|
143 —>{

CLK2,
ATCLK

(Divided)

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

TEXAS INSTR (UC/UP) S53E D Em 89Ll722 0084bus 079 EMTIIC -

- RESET/PCLK
' ESET/ T-52-33-05

timing requirements, Tp = 0°C to 70°C

= 20 MHz f=25 MHz f =33 MHz
| Vee=5V=10% | Vog=5V=5% | Voe=5V=+5% UNIT
MIN MAX MIN MAX MIN MAX

tca Cycle time, CLK2IN high or low 25 20 15 ns
twa Pulse duration, CLK2IN high or low 8 7 6 ns
tsug  Setup time, PWRGOOD before CLK2INt 12 10 10 ns
the Hold time, PWRGOQD after CLK2IN ¢ 3 2 2 ns

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

f =20 MHz f=25MHz f=33MHz
TEST
PARAMETER Ve =5V+10% | Voo =5V 5% Vee =5V 5% UNIT
CONDITIONS |~C€ > | e > “CC 2
MIN MAX MIN MAX MIN MAX
td5  Delay time, CLK2IN to PCLK 4 17 4 15 3 13 ns
tg7  Delay time, CLK2IN to CPURST CL =30pF 4 13 4 12 3 1 ns
tdg  Delay time, CLK2IN to ERESET and NPRST 4 13 4 12 3 1 ns
CPU CLOCK o1 42 ¢1 92 o1 92
I | ! | I I
[ te1—¥ | | | |

|

twH4 -:*——H

| l
-

PWRGOOD X

CPURST,

I
neser X
NPRST

Figure 3. Reset/PCLK Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU) T-52-33-05

TEXAS INSTR (UucC/upP) S3E D EN 89kl722 D088bLYL TOS EETIIC
ATU SLAVE CYCLE: EL BUS SIGNALS

timing requirements, Tp = 0°C to 70°C

f = 20 MHz f = 25 MHz =33 MHz
Vec=5V=10% | Vec=5V=5% | Vcc=5V=5% | UNIT
MIN  MAX MIN MAX MIN MAX

tgug  Setup time, ADS before CLK2IN$ 12 10 8 ns
the Hold time, ADS after CLK2INt 4 4 3 ns
. Setup time, EA31-EA2, BE3-BEO, and EL CMDsT before

sut0 CLK2IN? 9 7 5 ns

Hold time, EA31-EA2, BE3-BEO, and EL CMDsT after

th10 CLK2IN? g 7 7 ns
tgy11  Setup time, LAP and LANP before CLK2INt 10 8 ns
thi1  Hold time, LAP and LANP after CLK2IN? 9 7 7 ns
tsy12 Setup time, READY before CLK2IN? 12 10 7 ns
th12  Hold time, READY after CLK2INt 5 3 ns
tsu1g  Setup time, MPCKH, MPCKL before CLK2IN?} 7 5 3 ns
thig  Hold time, MPCKH, MPCKL after CLK2IN 4 4 4 ns

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

switching characteristics, Ta = 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% | Voc=5V=5% | Voc=5V=5% | UNIT
MIN  MAX MIN MAX MIN MAX
tq13  Delay time, CLK2IN to READYO CL=15pF 3 14 3 13 3 12| ns
1g1a  Delay time, CLK2IN to TBUS 4 20 4 18 4 15 ns
tq15 Delay time, CLK2IN to DOE See Note 5 22 5 20 5 17| ns
t415  Delay time, CLK2IN to LW/R 4 20 4 18 4 151 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.
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) 53E D EE 89b1722 00A8A8LY? 941 EETII2
’ T-52-33-05

EL STATE T2P TP T2P
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BE3-BEO x X

ELCMDst — T

1
tupt =N
| I n it J|

(see Note A) T I I 1 T
[ tﬁl‘“z | “_pi_ th1%l | |
] ] i | ] |
READY X X
T 1 T T T 1
> 14413 | I | |
t

_ | d13 T T T
READYO | SL | | ;It | | |

1
} } td14 J,*—*I IL_H_ td14 i
TBUS | | f | | J
! } [ ! | }

I ! |
| ST e I

| I

DOE I | I I I
f f I t
[ | f
[ | !

LW/R X

SATB X

T T
[ !
tg13—™ i<— |
| ]

I
|
I
I
I I I
T T ll‘_’l_ tsutg
lI |1 s ¢
MPCKH,
MPCKL 1 | [ X 1 X ] [
| | | | | I
T The EL CMDs consist of M/I0, W/R, and D/C.
NOTES: A. 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
register.
B. The ATU timing control register AT write bit is enabled.
C. TheELbus cycle 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.

ATLATCH
(see Note B)

"~
X

Figure 4. EL Bus Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP)

T7-52-33-05

53E D EEM 89bl722 0088L4S 888 EATIICZ

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

timing requirements, T = 0°C to 70°C

f=20 MHz f=25MHz f=33 MHz
Vec=5V=+10% | Vgc=5V=5% | Vcc=5V=5% UNIT
MIN  MAX MIN  MAX MIN  MAX
tsup2 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| 3 x CLK2 3 x CLK2 3 x CLK2 ns
tsupg  Setup time, IOCS16 before ATCLK] 7 5 5 ns
thog  Hold time, IOCS16 after ATCLK] 12 10 10 ns
tsu2g Setup time, IOCHRDY before ATCLK] 7 5 5 ns
thpg  Hold time, IOCHRDY after ATCLK] 12 10 10 ns
tgu3zg  Setup time, OWS before ATCLK| 7 5 5 ns
thag 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 COJ!EI?‘IONS Vec=5V=10% | Voc=5V=5%| Vec=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tgeo Delay time, ATCLK to SYSCLK Gy =50pF 6 22 6 22 6 22 ns
tqp1 Delay time, ATCLK to BALE C =50pF 8 25 8 25 8 25 ns
tyoa Delay time, ATCLK to SA19-SA0 and 10 32 10 32 10 32 ns
SBHE
tgos Delay time, ATCLK to AT CMDst MEMCS16 = 0 8 30 8 30 8 30 ns
1426 ga;g;ne, AT CMDsTto SMEMW and | e 6 25 6 00 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.
 The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, 1OW, and IOR.
R N L
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) S53E D WM 89bl722 0088bL4T 714 EETIIZ -
T-52-33-05
AT STATE Ti TS2 TCH TC2 TC1 TC2 ™
| I l I I I |
I I | | I
ATCLK

| I
I I I
|
BALE ! I ¥ PR ! ! !
| ! |

SRS R S S T
9.0 0.9.9.0.0.0.0.6.8.0.0.0.66.0. L0000 ¢ ¢ 00
0%0%0%0%0%0%0%0%%0 %% %0 %0 % %%, oot %%

MEMCS16 %00 %0 00 %000 %0 %% %0 %0 %6 % e %

LA23-LA17

SA19-SAQ,
SBHE

AT cmps
(MEMCS16 = 0)

SMEMR,
SMEMW

AT CMDs ¥
(MEMCS16 = 1)

|
|
|
J
I
I
I
{
I
I
!
I

A AN PR A K OL02020202029202020207020-020994 | XX
JOCST6 SRR Jofeleleleololedoleleloledoleledeels

ST TS ST R LTETS
IO CHRDY R ARRRARRS

|
; |
wis 0000 SN |/
| I | | I
t The AT CMDs are MEMW, MEMR, TOW, and 10R.

¥ 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)

TEXAS INSTR (UC/UP)

T-52-33-05

S53E ) W8 89bl7e2 0088650 4365 EETIIZ

ATU SLAVE CYCLE: REFRESH

timing requirements, Ta = 0°C to 70°C

f =20 MHz f = 25 MHz f =33 MHz
Vee=5V+10% | V=5V 5% | Vcg=5V=5% UNIT
MIN  MAX MIN  MAX MIN  MAX
tgu2g  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, Cy_ = 100 pF (unless otherwise noted)
f =20 MHz f = 25 MHz f =33 MHz
PARAMETER conT;?'rons Voo =-5V=10% | Vegc=5V=5% | Vec=5V«5% | UNIT
MIN  MAX MIN  MAX MIN  MAX
tg31 Delay time, ATCLK to REFRESH} 8 30 8 30 8 30| ns
tgzp  Delay time , ATCLK to REFRESH? CL=0 8 30 8 30 8 30| ns
tyz3 Delay time, ATCLK to AEN and BALE 8 25 8 25 8 25 ns
Delay time, ATCLK to LA23-LA17 and
t434  SA19-SAO 10 35 10 35 10 35| ns
tgos Delay time, ATCLK to MEMR 8 30 8 30 8 30 ns
AT STATE TH TI2 T TS2 TCH TC2 TC1 TC2 TH TI2
| | | ! | | | f } |
| | | | | | 1 | | |
J
ATCLK | | ! ! ) 1 | | 1
ta31—e—> | | l I | | ' 1432 —je—d |
— t | | | | | | | | )V—r'—
REFRESH | N | | | | l | I |
| [ | | | | | «—
tyan sl | | | | | | | tass | | :
BALE, AEN 03375 | T | l | i T |
| | ! | | | 1 | \\1__
| “—’I—itd34 : J' } l : t434 —lq—nl |
LA23-LA17 SRTSTSTIN l
SA19-SA0 XKL
|
|
|
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
L L )
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) 53E D WM 49kl722 0084L51 372 EETIIC
ATU MASTER CYCLE: EL. BUS DMA CYCLE - HOLD REQUEST
T-52-33-05

timing requirements, T = 0°C to 70°C

f =20 MHz t=25 MHz f =33 MHz
Vee=5V=+10% | Voc=5V+5% | Voc=5V=5% UNIT
MIN MAX MIN MAX MIN MAX
tsy3s  Setup time, DREQn before CLK2IN?{ 15 13 1 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% | Voc=5V=5% | Vec=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tgzg  Delay time, CLK2IN to HOLD 4 20 4 18 4 15| ns
Tx Tx Tx Tx Tx

I I
| | I

|

I

I |
I I

| | I :
}

I‘_H_ tsu3s

I

I
Il |
T T
I I
I I
I I
I I
I I
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) T-52-33-05

TEXAS INSTR (UC/UP) 23E ) W 89bl722 0088L52 209 EMTIIR —
ATU MASTER CYCLE: EL BUS DMA CYCLE - SINGLE TRANSFER MODE (1 WAIT STATE)

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

thgs  Hold time, DREQn after CLK2IN?t 5 5 5 ns
tsuz7 Setup time, HOLDA before CLK2IN?t 14 12 10 ns
tsu12  Setup time, READY before CLK2INt 12 10 7 ns
thyp  Hold time, READY after CLK2IN?t 5 4 3 ns

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

f = 20 MHz f = 25 MHz f = 33 MHz
PARAMETER TEST Voe=5V=10% | Veg=5V+5% | Voc=5V=5% | UNIT
CONDITIONS " "miN~ MAX | MIN __ MAX| MIN  MAX
tgag  Delay time, CLK2IN to DACKn 6 30 6 27 6 22| ns
tyag  Delay time, CLKIN to ADS 5 28 5 23 5 18| ns
tenzg Enable time, CLK2IN to ADS 5 28 5 23 5 18| ns
tdicap Disable time, CLK2IN to ADS CL=0 5 28 5 25 5 21| ns
tenat Enable time, CLK2IN to EL CMDsT 5 28 5 23 5 18| ns
tgisaz Disable time, CLK2IN to EL CMDs? CL=0 5 28 5 25 5 21 ns
t Enable time, CLK2IN to EA31-EA2 and
en4d3 BE3-BEO 5 28 5 23 5 19 ns
taisad %bﬂme, CLK2IN to EA31-EA2 and CL=0 5 o8 5 o5 5 o1 ns
BE3-BED
tgas  Delaytime, CLK2INto TC 5 35 5 31 5 25 ns
1t The EL CMDs are M/I0, W/R, and D/C.
R N
i
TEXas ‘”
INSTRUMENTS

30 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




) TACT83443
| AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) S3E D EE 89Ll722 008AL53 145 EETIIP
T-52-33-05
EL STATE Ti Ti T1 T2 T2 Ti
| | I | I |

I I | | I |

PCLK

|
] ] |

-
=3
W
o

7
%

|
|
| | I [
|
| td3g —f—»ll : I
DACKn i i \ I {
| | | |
I ten39 -J|+——->: IH' td3g|
| | Ne— HI-Z —
| | I I
|
|

]
ADS e HIZ |
| I
| ) tdis42: tr;lIs44 e
EL CMDst =N
S R TR _I_( ’... 7 —
EA31-EA2, Hi-Z I HI-Z

BE3-BEO | {
—¥ I*- tsut2 |
—» :

L 2

T

I

|
‘T

| is40
| ¢
|

|
Il
|
|
|
|
|
|
I

TC

I I [
I | |
| I I
| I |
| I I
¢ i t

! I

 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 8. EL Bus DMA Cycle Waveforms — Single Transfer Mode (1 Wait State)
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TACT83443

AT BUS INTERFACE UNIT (ATU) T-52-33-05
TEXAS INSTR (UC/UP) 53¢ D EE 3951722 0088bL54 081 EETII2 |
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% | Vec=5V=56% | Vcc=5V=5% UNIT
MIN MAX MIN MAX MIN MAX

tsuas Setup time, DREQn before CLK2INt 15 15 15 ns
th3s  Hold time, DREQn after CLK2IN? 5 5 5 ns
tgu37  Setup time, HOLDA before CLK2IN?® 14 12 10 ns
tsui2 Setup time, READY before CLK2INY 12 10 7 ns
th1p  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 = 25 MHz f = 33 MHz
PARAMETER CONDITIONS | YEC =5V =10% | Vcc=5V=5% | Vcc=5V=5% | UNIT
MIN  MAX MIN MAX MIN MAX
tdyag  Delay time, CLK2IN to DACKn 6 30 6 27 8 22| ns
tqg3e  Delay time, CLK2IN to ADS 5 28 5 23 5 18 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
Delay time, CLK2IN to EA31-EA2 and
t b ity ’
T 5 28 5 23 5 19 ns
Enable time, CLK2IN to EA31-EAZ2 and
lend5 BEZ BED 5 28 5 23 5 19| ns
tyss  Delay time, CLK2IN to TC 5 35 5 31 5 25| ns

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

TEXAS INSTR (UC/UP) S53E D WM 8961722 D088L55 T18 EMTIID
T-52-33-05
EL STATE Ti T T2 T T2 Ti

I I | I I I

| | | | | |
S IVAWAWAWAWAWAWAWAWANW AWAN AN
|

| I | I |

! ! I t

i i I tsu3s —I<—>} ! 35 i tsu3s —::‘3—5;:‘_”[
PREaN /T TN\ N/

| su37 | I I I I

oo I I‘——’I“l fdaai I : I
DACKn i I X | I | {

I ten3g H i<—>1— tdagI i I

| I

|
ADS —_—— HIZ I ] | I
| J I |
] tena1 —j¢———p! : : } ;
EL CMDsT _._I_ HI-Z —I-__I( VALID
[ [ [ I | | [
EA31-EA2 | tenag —i¢ > I tdaa | | |
EE‘s‘-B'ET;—-—I— Hi-Z —I——( VALID 1 X VALID 2
I T T T
| I
| ! I . I‘—*I—tmz | th12_J[ -
I I | 2T | tsut2 —I<—>I :
READY 7 7% 777 AN N

TC

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

T The EL CMDs are MG, 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 T-52-33-05
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) 53E D WM 8951722 0088kL5E 954 MATIIC

ATU MASTER CYCLE: EL BUS DMA CYCLE - EXITING

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

f =20 MHz f = 25 MHz f =33 MHz
PARAMETER COJ;?_IONS VeG=5V=10% | Voc=5V+5% | Voc=5V=5% | UNIT
MIN  MAX MIN MAX MIN MAX
ty3g  Delay time, CLK2IN to HOLD 4 20 4 18 4 15 ns
tgzg  Delay time, CLK2IN to DACKn 6 30 6 27 6 22 ns
tdisag Disable time, CLK2IN to ADS CL=0 5 28 5 25 5 21 ns
tgis4p Disable time, CLK2IN to EL CMDsT CL=0 5 28 5 25 5 21| ns
Disable time, CLK2IN to EA31-EA2 and

taisad —BE;_-——BeEé ° : CL=0 5 28 5 25 5 21| ns
T The EL CMDs are M/IO, W/R, and D/C.

I | | [ |

TN N N N
|

|

l l
| I [
DREQn A\ I JI E
} | | | ta3s —e—>! |
HOLD I T | + + q\ |
| I ! I | |
| I ! | | |
HOLDA I : | | | | \
| | taos e— | | |
DACK ! ! !
" { — £ | |
l [ taisa0 I : {
ADS i i ! \ ; 5 HI-Z |
! | |
| l“—:—’,‘ tdisa2 | | !
\ | l |
EL CMDst | ] 7 1 | HI-Z ,
| et } |
EA31-EA2
BE3-BEO }l : i HI-Z }
T |
| ] | i |
READY N\ | [/ 77
!
| |

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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' TACT83443

1. SRR SIS IO K XK KX IR KX I X K XK K X R AR AKX KKK XX KX IR
Don’t Care RS R R R R R,

4 AT BUS INTERFACE UNIT (ATU)
== TEXAS INSTR (UC/UP) 53E D MWW 849kl722 00a8L57 490 EETIIE
ATU MASTER CYCLE: EL BUS DMA CYCLE — CASCADE
T-52-33-05
timing requirements, Tp = 0°C to 70°C
f = 20 MHz f = 25 MHz f = 33 MHz
Vec=5V+10% |Vec=5V 5% |Vcc=5V=5% | UNIT
MIN MAX| MIN MAX| MIN MAX
tsuss  Setup time, DREQn before CLK2IN{ 15 13 T ns
thgs  Hold time, DREQn after CLK2INt 5 5 5 ns
tsy37 Setup time, HOLDA before CLK2IN?t 14 12 10 ns
thg7  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 | Voc=5V=10% |Voc=5V=5% |Voc=5V=5% | UNIT
MIN MAX|{ MIN MAX| MIN MAX
td3g Delay time, CLK2IN to DACKn 6 30 6 27 6 22 ns
EL STATE Ti Ti Ti Tx Ti Ti
] I I ] I I
! I I | | I
CLK2IN -\_N\J_\_/_\_*_\_/—\_N—\_J}'—\_/—\_J{_—
I ] I [ I I
PCLK '__{'\__/ }\_/ i\_/_'{\__/_'l'\__J_T\_
| [ | tsussm | |
| | | ! I thas |
DREQn | t438 | [ X X
! ,i i ! : td38~—>: e '
DACKn i } ! | 3 / }
| | | ! | |
HOLD | I | ! i i
N e tgy37 | | tsuaz H—N— th3z | |
Hooa ¥ i } } hY ! X l I
I I ] | I I
ADS, EL CMDst | | I ] I |
! T M I I I
EA31-EA2, I | | | | |
BE3-BED T T Hi-Z T | [ i
| I

%a%0 % %0 a0 06 Va0 %a % et NP IV Pttt e

Low Level ] ] ! L

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 11. EL. Bus DMA Cycle Waveforms — Cascade

Texas *’)
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 35




TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP)

T-52-33-05

S3E D WB 39bl722 D084b58 727 EMTIIC

L
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% [Vec=5V=+=5% |Vec=5V+5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
tsuag Setup time, DREQn before SYSCLK1 15 15 15 ns
switching characteristics, Ta = 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
ty3g  Delay time, CLK2IN to HOLD 4 20 4 18 4 15| ns
| | | | | |
| | ! ! | !
SYSCLK ww
[ l | I | |
tsuds —r‘—ﬂl | | : i
| l ]
DREGn Y 4 | | | ! |
|
[¢————— 5x SYSCLK + 6 x cucz—»{
EL STATE ™ | T | ™ | Tx I Tx | ™ | Tx o™

I I

! ! [ I ! !

|
|
I
|
HOLD |1

!

|
|
|
I

f I

i
tdze —W 'A—— !
|

!
I I | !
I I
|
I
L

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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TEXAS INSTR (UC/UP)

TACT83443

S53E D MR 8961722 0088L59 bb3l EETIIR
ATU MASTER CYCLE: AT BUS DMA CYCLE - EL BUS SIGNALS

AT BUS INTERFACE UNIT (ATU)

T-52-33-05
timing requirements, T4 = 0°C to 70°C
f = 20 MHz f =25 MHz f = 33 MHz
Veo=5V£10% |Vog=5V+5% [Vooc=5V+5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
tsyzz7 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% |Voe=5V=5% |Vogc=5V=5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
tdag  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
tenat Enable time, CLK2IN to EL CMDs? 5 28 5 23 5 18| ns
Enable time, CLK2IN to EA31-EA2
ten43  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
I I I | | I I
I I I ! ! | |
S VAV AVAVAVAVAVAVAVAVAVAVAVAVAVE
PCLK /\ /N /N
| | N N | | N—v
= A R R R R N
HOLDA 4 I b | I | !
M————+ 2 x SYSCLK + 2 x CLK2(min) { » '
| I I | | ——»— tdss
DACKn / | : | [ | | ’,S [
| ten3s —— ! |
AMR™C / ) i i T 1 I
ADS — HI-Z ; | | | | \ /
I : | I I | I
! , po ! | ! |
t t
EL CMDst, endl,fend3 —¢— ; } { I l {
EA31-EA2, L HE-Z ] |( >
BES3-BEO 4 I
fé— 1 x SYSCLK + 2 x CLK2(min)}——
ATSTATE 1y | ™ | Tin | | |
I |
e _ /TN T Y Y N
| I | | |
: : l rz Il |
T ey T I
AT CMDs?# | | / | | |

T The EL CMDs are M/I0, W/R, and D/C. .
#The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, 1OW, and TOR.
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)

TEXAS INSTR (UC/UP)

T-52-33-05

S3E D Em 39bl722 0088bL0 385 METIIR

|
ATU MASTER CYCLE: AT BUS DMA CYCLE - AT BUS SIGNALS
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
tsupg Setup time, IOCHRDY before ATCLK| 7 5 5 ns
theg 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 TEST CONDITIONS | Vog=5V=10% |Vegc=5V=5% |Voc=5V=5% | UNIT
MIN MAX| MIN MAX| MIN MAX
tg21 Delay time, ATCLK to BALE and AEN CL = 50 pF 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
tqyog Delay time, ATCLK to IOR 8 30 8 30 8 30| ns
Delay time, ATCLK to IOW, MEMW,
126 1 MEMR 8 30 8 30 8 30! ns
N _ _ M R
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TACT83443
AT BUS INTERFACE UNIT (ATU)

- TEXAS INSTR (UC/UP) 53E D EE Aa9cl722 0088bbLL 211 EETIIZ
’ T-52-33-05

OIS ISR, '.v‘v’v.v‘v.v’v.v.v‘v.v.v0v.v.v‘v.v.v.v.v.v.v"."v.v‘v.v.'."0‘0‘0‘0‘0‘0‘0‘0‘0"‘9‘0‘0‘0‘0‘0‘0‘0‘0‘0. ’0‘0‘.0.0‘0‘9‘0‘9‘0‘
R R R S S R R R R I L LRI RELLEIXRA

Figure 14. AT Bus DMA Cycle Waveforms — AT Bus Signals
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TACT83443

AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP)

T-52-33-05

S3E D MW 89L1l722 0088kL2 158 EMETIIC

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
Vec=5V+10% |Voc=5V:5% |Voc=5V=5% | UNIT
MIN  MAX|{ MIN MAX| MIN MAX
tsyay 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
= o, - o, = -
PARAMETER CONDITIONS | YEC =8V £ 10% |Vec=5V=5% |Vec=5V«5% | UNIT
MIN MAX | MIN MAX | MIN  MAX
tgag  Delay time, CLK2IN to DACKn 30 6 27 6 22 ns
ten3g Enable time, CLK2IN to ADS 5 28 5 23 5 18 ns
tenas Enable time, CLK2IN to EL CMDsT 5 28 5 25 5 21| ns
Enable time, CLK2IN to EA31-EA2 and
ten44 B—Ea_E-E—(—)' 5 28 5 25 5 21 ns
tgisa7 Disable time, ATCLK to AT CMDs¥ CL=0 8 35 8 35 8 35| ns
dis4s Disable time, ATCLK to SA19-SA0 and CL=0 8 35 8 35 8 35 ns
SBHE
tdisag 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. L
* The AT CMDs are SMEMW, SMEMR, MEMW, MEMR, IOW, and 10R.
A IR
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) 53E D ! 89k1l722 0088LL3 094 EETIIZ
T-52-33-05
EL STATE Ti Ti Ti Ti Ti Ti T1 T2

I I I I | I |
| | I I [ I !

PCLK _M/ N/ I\ m

tsu37—;<—bI
HOLDA )‘

J
|
|
DACKn / |
|
!
1

! |
I |
I |
I I
I |
| {6 |
I |
I |
! [
I I
I |
| |

]
I i\ I

fen3g—¢——P, — '
ADS HI- , { |
tend2, tenas H I |
EL CMDst, i | 7, 4 I |

EA31-EA2, | HI-Z | < .

BE3-BEO | 7 I I I |

I
(€1 x SYSCLK + 2 x CLK2(min) ———|
AT STATE Ti | Ti | Ti | Ti | Ti I

| l | | |

|

!
I l “’I I‘“ tdisa7
AT CMDs# I i / I \I
[ 1
| |

| |
] I
| !
| : HI-Z I
| [
—» “—tdlst;a I |
SA19-SAO0, —\ I HI-Z |
SBHE / | |
I : T | ,
| | h
+ f
MASTER | I I | I
| | I f \!\ t
E I } } [ tgisag W
| |

|
!
LA23-LA17 )—— HI-Z —-—

I I I I I
1 The EL. CMDs are MAD, W/R, and D/C. L
¥ 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)

TEXAS INSTR (UC/UP)

T-52-33-05

S53E D WB 39kl722 0088bbL4 T2D MATIIR

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

timing requirements, Ta = 0°C to 70°C

f = 20 MHz f = 25 MHz f = 33 MHz
Vee=5V=10% |Vec=5V+5% |Voe=5V+5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
teuso  Setup time, AT CMDsT before CLK2IN¢ 12 10 10 ns
switching characteristics, Ta = 0°C to 70°C, Cy_= 50 pF (unless otherwise noted)
f =20 MHz f =25 MHz f=33 MH2z
PARAMETER canelirons Voo =5V=10% | Voo =5V=5% |Veg=5V<=5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
1451 Delay time, CLK2IN to ADS 5 28 5 23 5 18| ns
tqog Delay time, AT CcMDst to SMEMR/SMEMW CL=100pF 6 22 6 22 6 22 ns
tgse  Delay time, AT CMDST to M/IO and W/R 5 28 5 25 5 25| ns
Delay time, SA19-SAQ and LA23-LA17 to
'd53  EA31-EAO and BE3-BEO 5 28 5 25 5 %) s
T The AT CMDs are MEMW, MEMR, 1OW, and 1OR.
CPU CLOCK o1 02 #1 2 o1 42 o1 $2
| | I { | | | |
| | | | | t | |
wan NN\ S S S S S
I I I | I | | |
e L
ATCMDs },!
1\ X ! | | I |
] 1 t
! M SO | | I —
SMEMR, ] I | l | I I | i
SMEMW | [ — i i i 55—t . |
! ! % I td51 : ! ] td511 [4 ! { }
—— | 2]
ADS | | I Ao | |
| || X ! : | o
| | i 'II tdas2 i I | ] [ | d52
— —_— 27
WIR, M/i0 X . X
I i I ] I I T |
! [ | [ | [ | i
SA19-SA0, X )T
LA23-LA17 Y
I L ' | | T |
| NI tds3 | | I 1
EA31-EA2, X X
BE3-BE0 ”

{ The AT CMDs are SMEMW, SMEMHA, MEMW, MEMR, TOW, and IOR.

Figure 16. AT Bus DMA Cascade Waveforms — AT-to-EL Bus Cycle Conversion
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) S53E D WW 89bl722 0088bk5 967 EETIIZ
ATU MASTER CYCLE: IOCHRDY DRIVE T-52-33-05

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

f=20 MHz f=25MHz f=33 MHz
PARAMETER TEST CONDITIONS | Voo =5V=10% |Voc=5V=+5% |Voc=5V£5% | UNIT
MIN MAX MIN MAX MIN MAX
tds4 Delay time, CLK2IN to IODCHRDY 5 28 5 25 5 23 ns
tys55 Delay time, ATCLK to IOCHRDY CL=0 5 30 5 30 5 30 ns
tdog Delay time, ATCLK to SYSCLK 6 22 6 22 6 22 ns
EL STATE Ti T T2 T2 T2 Ti Ti Ti

| | | I I |
CLK2IN | l | | l | I I |
e N/ N/ N NN NN AN
— |
! l |
| | !

!

l

|

I

I |
l l | i
| | 4 [
TBUS | | |/ N\ | |
1 L | l ;
AP, I | |
LANP L 1 5 | .
,' : } lh—bl— tasa : : : l
I
IOCHRDY | i : \I { II il ll
| I
l<—+,—| tdss
AT STATE | TC | TC | TC | TC
| I
ATCLK "/ S S 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.
The AT bus cycle states are as follows: Ti = idle, TS = status cycle, TC = command state, and Tx = any state.

Figure 17. IOCHRDY Drive Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/upP) 53t D MR 39bl722 00AALLL 8T3 EETIIR

I
DPU INTERFACE: SELECT CODE

T-52-33-05

switching characteristics, Tp = 0°C to 70°C, C_= 50 pF
TEST f =20 MHz f=25MHz f=33 MHz
= + 10° = + B9 =
PARAMETER CONDITIONS | YCC =5V =10% [Vcc=5V=5% [Vcc=5V 5% | UNIT
MIN MAX MIN MAX MIN MAX

tgsg Delay time, ATCLK to DPUS3-DPUSH 5 22 5 20 5 20 ns
tgs7  Delay time, DPU ControiT to DPUS3-DPUSH 5 27 5 25 5 25 ns

I
I<—~*:— tdse {
| |
DPU
|
CONTROL? ’?\I ; / I
tas7 T —¥ 4 tyse
‘ |
DPUS1-DPUS3 X Valid DPU Code X

t The DPU controt signals consist of SA0, I0CS16, MEMCS16, XDSEL, and the AT CMDS (SMEMR, SMEMW, MEMW, MEMR, IOW, and 10R).

Figure 18. Select Code Waveforms
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TEXAS INSTR (UC/UP) S3E D WM 389b1722 0088LL7? 73T MMTIIZ2

TACT83443
AT BUS INTERFACE UNIT (ATU)
T-52-33-05
DPU INTERFACE: ATLATCH — AT-TO-EL DATA TRANSFER CYCLE
(CPU READ FROM AT BUS, AT-DMA/AT-MASTER WRITE TO EL BUS)
switching characteristics, Tp = 0°C to 70°C, C|_= 50 pF
f = 20 MHz f = 25 MHz f= 33 MHz
PARAMETER TEST Vec=5V=10% |Voc=5V=5% | Voe =5V 5% | UNIT
CONDITIONS MIN  MAX| MIN MAX| MIN MAX
tgsg  Delay time, ATCLK to ATLATCH 6 22 6 20 6 20| ns
tgsg  Delay time, AT CMDs' to ATLATCH 6 22 6 20 6 20| ns
ATCLK |
tdss —|<—>: ;4*— tdse —>{
|
AT cMDst }\ l
’ | : | ‘
L 1—-1 tds9 —ﬂ—HI
ATLATCH \, ¥
T The AT CMDs are SMEMR, SMEMW, MEMW, MEMR, iOW, and TOR.
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 T-52-33-05
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) S3E D M 89L1722 0088LLS bL7L EMTIIZ

AR I [ ]

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

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

f=20 MHz f =25 MHz f=33 MHz
PARAMETER Vec=5V=10% |Voc=5V+5% |Vec=5V+5% | UNIT
MIN MAX MIN MAX MIN MAX
t4gtg  Delay time, CLK2IN to ATLATCH 4 20 4 18 4 15 ns
2
CPU CLOCK { o1 : ¢ % ¢ '[ 02 } #
CLK2IN WM
t le—
B N M
| I l =t !
ATLATCH | | | | | Sk
| ! I

Figure 20. ATLATCH — EL-to-AT Data Transfer Cycle Waveforms
(CPU Write to AT Bus, AT-DMA/AT-Master Read from EL Bus)
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TACT83443
AT BUS INTERFACE UNIT (ATU)

= TEXAS INSTR (UC/UP) 53t D WM 89bLl722 0088bLY 502 METIIR
NUMERIC COPROCESSOR: 387 IDENTIFICATION

T-52-33-05
timing requirements, Tp = 0°C to 70°C

f=20 MHz t=25MHz t=33 MHz

Vcec=5V=10% |Voc=5V 5% [Voc=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX

tsus0 Setup time, NPERR before CLK24 7 5 5

thep  Hold time, NPERR after CLK21 5 5 5

ns
ns

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

f =20 MHz f=25MHz f =33 MHz
PARAMETER TESTCONDITIONS | Veg=5V+10% |{Voo=5V=5% {Voe=5V 5% | UNIT
MIN MAX MIN MAX MIN MAX
tgg1  Delay time, CLK2 to ERROR 5 22 5 20 5 18| ns
tde2  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.

| | | |
ERESET PN | . | ) |
l [ & l )T | bs |
tsueo—r——J h—':— theo ] 3 | ) |
NPERR > @ 4 § ;
| l o | 7 | Y T
td61 _«_I_'i 4 ! A l I I
ERROR X . . .
(See Note 6) | 16 x CLK2 ] 16 oLKa e l
3 tagp —— Jde2 ‘f'—’! y
_ 46 Loz . i 1 —
BUSY !
{See Notes 7 and 8) I \ n ll I'4 \_
PEREQ tag3 P tde3
(See Note 8) . )( ” ﬂ\ ) /—

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)

TEXAS INSTR (UC/UP) S53E D WM 89b1722 0088670 224 EETIICZ

S
NUMERIC COPROCESSOR: 387 BUSY/ERROR
T-52-33-05
timing requirements, T = 0°C to 70°C
f=20 MHz f=25 MHz f =33 MHz
Vec=5V=10% {Voe=5V=5% |Vog=5V=5% [ UNIT
MIN MAX MIN MAX MIN MAX
tsuga Setup time, NPBUSY before NPERR| 7 5 5 ns
thg4  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 | Ve =5V =10% |Vec=5V=5% |Veg=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tdgs Delay time, NPBUSY to BUSY 4 20 4 18 4 15 ns
tggg  Delay time, IOW to BUSY See note 5 25 5 25 5 25 ns
tyg7  Delay time, NPPEREQ toc PEREQ 4 20 4 18 4 15 ns
tggg 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-SAQ = 00FOh or 00F1h.
NPERR \‘I\ /
tsuM—H—*—-’t—- thea
I
NPBUSY w
b taes [P~ taes |
l I
S |
N £\ /
|
}
: l“—ﬂ— tdes
NPPEREQ A \:\ ‘l 'I
I
|
M tye7 “—’1— tde7 1‘—”—[ tdse|
I
PEREQ 7’ k 7l K
l‘—"— td69
oW Sk il
Figure 22. 387 BUSY/ERROR Waveforms
— — R ]

48

Texas ‘b
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TACT83443
AT BUS INTERFACE UNIT (ATU)
TEXAS INSTR (UC/UP) S3E D WM 89bL1l722 D088L71 1L0O METIIZ .
NONMASKABLE INTERRUPT (NMI) T 52_33_05
timing requirements, Tp = 0°C to 70°C
f = 20 MHz f = 25 MHz f = 33 MHz
Voc=5V=10% (Vog=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% |Voc=5V=5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
t471 Delay time, CLK2IN to NMI 5 22 5 20 5 18| ns
tg7o  Delay time, IOCHCK to NMI 8 40 8 40 8 40 | ns
tg73  Delay time, [OW to NMI See note 8 40 8 40 8 40| ns
NOTE: Address on SA19-SAQ = 0061h or 0070h.
TOCHCK skl }l/
tw70 ————
I
| M ta7y
I‘—-——'{— ta72
NMI
AN
t473 —r—"[
iow \ 7“

Figure 23. Nonmaskable Interrupt (NMi) Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP)

53 D EE 89bl722 008a8k72 0OT? MRTIIZ

]
A20GATE/A20GOUT T-52-33-05
timing requirements, Tp = 0°C to 70°C
f = 20 MHz f = 25 MHz f = 33 MHz
Vee=5V=10% |Vog=5V=5% |Voc=5V=5% | UNIT
MIN MAX | MIN MAX | MIN  MAX
tsu74 Setup time, A20GATE before CLK2IN?t 10 8 8 ns
th74  Hold time, A20GATE after CLK2INt 7 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 | Veg=5V=10% |Vegc=5V=5% |Voo=5V+5% | UNIT
MIN  MAX| MIN MAX| MIN MAX
t475 Delay time, CLK2IN to A200UT 4 20 4 18 4 16| ns

A20GATE

X X

] }
tsu74 —Pld—P— th74

I

tazs —€——

A20GOUT

X

Figure 24. A20GATE/A20GOUT Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

= TEXAS INSTR (UC/UP) S3E D WM 39L1722 0088L73 T33 EMTIIC
FLUSH T_52_33—0'5

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

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

PARAMETER Vee=5V=10% |{Voo=5V+5% |Vec=5V+5% | UNIT

MIN MAX MIN MAX MIN MAX

tgze  Delay time, CLK2IN to FLUSH 4 20 4 18 4 16 ns
CLK2IN _/—\M
tgze—ie———h

l
FLUSH X

Figure 25. FLUSH Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU) T-52-33-05

TEXAS INSTR (UC/UP) S3E D WM #9L1722 0088L74 977 EMTIIC
INTERRUPTS

timing requirements, Ta = 0°C to 70°C

f =20 MHz f=25 MHz f=33 MHz
Vee=5V=10% |Voc=5V«5% [Vogc=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
twL7g Pulse duration, NPERR low 60 60 60 ns
twH7s FPulse duration, NPERR high 30 30 30 ns

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

f=20MHz f=25MHz t=33 MHz
PARAMETER TEST CONDITIONS | Voc=5V+10% |Voc=5V=5% |Voe=5V+5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tg7o Delay time, IRQnto INTR 8 50 8 50 8 50 ns
| >
I“—' twi77 — P& twH77 |
|

IRQn, \K
IRQ13X |
|“—-— twH7s — P& twL78 —‘I

«— 1479 —”I

INTR

Figure 26. Interrupt Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU)

TEXAS INSTR (UC/UP) S53E D W 3951722 0088L75 80k ERTII2
0SC_12/SPEAKER

T-52-33-05
switching characteristics, Ta = 0°C to 70°C, C_ = 50 pF
f = 20 MHz f =25 MHz f=33 MHz
PARAMETER TEST CONDITIONS | Vec=5V=10% |Vec=5V=5% |Voc=5V=5% | UNIT
MIN MAX [ MIN  MAX| MIN MAX
tygo Delay time, OSC_1 to OSC_12 5 25 5 25 5 251 ns
tggy Delay time, OSC_12 to SPEAKER 10 55 10 55 10 55| ns

{1—— 6 x 0SC_1 >'< 6x 0SC_1————p]

t— tdgo—Nl — tdao—’}
| |
0SC_12 A X /
l
M—tgg1 —

SPEAKER X

Figure 27. OSC_12/SPEAKER Waveforms
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TACT83443
AT BUS INTERFACE UNIT (ATU) T-52-33-05

TEXAS INSTR (UC/UP) 53t D EW 89bl7ee 0088kL7L 742 EETIIZ
PERIPHERALS: READ/WRITE CYCLE

timing requirements, Tp = 0°C to 70°C

f = 20 MHz f =25 MHz f=33 MHz
Vec=5V=210% |Voe=5V=+5% |Vgc=5V=+5% | UNIT
MIN MAX MIN MAX MIN MAX

tsug2  Setup time, SA19-SA0 and AEN before IOR/IOW 30 30 30 ns
thgz  Hold time, SA19-SA0 and AEN after IOR/IOW 20 20 20 ns
twga 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
TEST f= 20 MHz 1= 25 MHz =33 MHz
CONDITIONS Voe=5V=+10% [Voe=5V=5% |Vec=5V=5% | UNIT

MIN MAX| MIN MAX| MIN  MAX
ta84  Access time, IOR and IOW to XD7-XD0 8 100 8 100 8 100 ns

PARAMETER

tgisgs Disable time, 10R and 10W to XD7-XDO0 7 35 7 35 7 35 ns
tgg7  Delay time, XD7-XD0 to KEYBCS 4 20 4 20 8 40 ns
tdas Delay time, SA19-SA0 and AEN to KEYBCS 8 40 8 40 8 40 ns
Delay time, SA19-SA0 and AEN to
1 —_— 8 40 8 40 8 40
d89  pCST_PCS3 ns
L L
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SA19-SA0

IOR/IOW

XD7-XDO
{Read Cycle)

XD7-XD0
{Write Cycle)

KEYBCS

PCS1-PCS3

TACT83443
AT BUS INTERFACE UNIT (ATU)

m TEXAS INSTR (UC/UP) 53JE D WH 89bl722 0084L77? LAY WRMTIIC

1-52-33-05

Htsues thGGH
[ J
|
: H—b’— tag7 : k—D:— tas7
I JE— R T @ tdss
J I
X VALID x
| |
H tdso H tdag

X C

Figure 28. Peripheral Read/Write Cycle Waveforms
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TACT83441
DATA PATH UNIT (DPU) T-52-33-05

TEXAS INSTR (UC/UP) S53E D WM 89bl722 0088L78 515 METIIE
WRITE CYCLE: CPU/CACHE CONTROLLER HOST

timing requirements, Vo =5V :10%, T = 0°C to 70°C

MIN  MAX | UNIT
tsu1 Setup time, D15-D0 before WBCLK} 5 ns
thi Hold time, D15-D0 after WBCLK? 2 ns
two Pulse duration, WBCLK high or low 10 ns
tw7L Pulse duration, ATLATCH low 10 ns
tsus Setup time, D15-D0 before ATLATCH? 5 ns
ths Hold time, D15-D0 after ATLATCH?¢ 2 ns
tsu9 Delay time, WBCLK to ATLATCH 9 ns

switching characteristics, Vog = 5V +10%, Ta = 0°C to 70°C, and C|_ = 100 pF (unless otherwise

noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
ten3 Enable time, ED15-EDO from DOE 4 18| ns
tdis3 Disable time, ED15-EDO from DOE CL = 50 pF 4 18] ns
tend Enable time, ED15-EDO from BT/R 4 18| ns
tdis4 Disable time, ED15-EDO from BT/R CL=50pF 4 18] ns
g5 Delay time, WBCLK to ED15-EDO 3 16 ns
tde Delay time, D15-D0 to ED15-EDO 3 16 ns
td10 Delay time, ATLATCH to SD15-SD0 4 15 ns
td11 Delay time, DPUS3-DPUS1 to SD15-SD0O 4 18 ns
td12 Delay time, WBCLK to SD15-SD0 5 20 ns
1413 Delay time, D15-D0 to SD15-SD0 5 20 ns
td14 Delay time, ATLATCH to XD7-XDO 4 15 ns
td1s Delay time, DPUS3-DPUS1 to XD7-XD0 4 18 ns
tdie Delay time, WBCLK to XD7-XDO0 5 20 ns
t417 Delay time, D15-D0 to XD7-XDO 5 20 ns
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TACT83441
DATA PATH UNIT (DPU)

TEXAS INSTR (UC/UP) S3E ) WM 89bl722 0088679 451 EETIIZ
T-52-33-05

D15-DO
uwomn- ) KRN RIS

| !
H_ tsu‘] _+- th1 —"'

l
WBCLK J—\_J
I | I

lﬂ— tw2H *-"ﬂ— twalL —JI

D15-DO
(ELWBEN =0) | |

{ |
| | |
| | 1
DOE Sk | ; |
I } T : |
M— tens -”l : : o tdlss_:’{
_ T | ||
BT/R | |
; l ! | | td5 x:\ ; !
M= teng "’|( { td|6 | o tdiStt'l‘Jl
| | I
f i tsus >|< tha—’l
l :'4 tsug ”i
i !
ATLATCH ' | \:\ }:/
} { ll‘—‘ —  tw7L >
C XX XXX KX XX XK X X X XK XN
| (I
| | | M= tgi0—H
| | = tgy —H
|  td12
SD15:5D0 S0 IR EIKIKELD
| [
: [l e tg1q —¥
| | le— td15 —
| e tgg —»
e tq417 |
=\ |
Figure 29. Write Cycle Waveforms — CPU/Cache Controller Host
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TACT83441 1-52-33-05
DATA PATH UNIT (DPU)

TEXAS INSTR (UC/UP) 53E D ME 3951722 0088LA0 173 WETIIR
READ CYCLE: CPU/CACHE CONTROLLER HOST

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

MIN MAX | UNIT
tsuoqa  Setup time, DPUS3-DPUS1 before ATLATCH? 10 ns
the4  Hold time, DPUS3-DPUS1 after ATLATCH?
tsups  Setup time, SD15-SD0 before ATLATCH?
theg  Hold time, SD15-SDO0 after ATLATCH?
tsypg  Setup time, XD7-XDO before ATLATCH?
thog  Hold time, XD7-XDO after ATLATCH?

ns
ns
ns
ns
ns

oI~ O

switching characteristics, Voc =5V 10%, Tp = 0°C to 70°C, and Cy_ = 50 pF

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
ten1g Enable time, D15-DO from DOE 4 16| ns
tgisig Disable time, D15-DO from DOE 4 16| ns
ten1g Enable time, D15-DO from BT/R 4 16| ns
1gis1g Disable time, D15-D0 from BT/R 4 16| ns
tgpg  Delay time, ED15-EDO to D15-D0 4 13 ns
tqoq1  Delay time, SATB to D15-D0 4 13 ns
tqop  Delay time, ATLATCH to D15-D0 4 13 ns
tgo3  Delay time, DPUS3-DPUS1 to D15-D0 8 25| ns
tgos  Delay time, SD15-SD0 to D15-DO 6 20 ns
tgo7  Delay time, XD7-XD0 to D15-D0 6 20 ns
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TACT83441

DATA PATH UNIT (DPU)
w= TEXAS INSTR (UC/UP) S53E D W 8961722 0D088LAL OOT MMTIIR
T-52-33-05
, | ! !
[ ten1g ¥ } IK— tdis18—™
I !
DOE | : # |
f J
r—temg—ﬂ : IH— tdis1g—M
!
BTR l /
e tgz0 —»)

!
r__
ATLATCH \

I

Figure 30. Read Cycle Waveforms — CPU/Cache Controller Host
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TACT83441 T-52-33-05
DATA PATH UNIT (DPU)

TEXAS INSTR (ucsup) S53E D WM 89L1722 0088bA2 Tub EMTIIC ——

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

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

MIN  MAX | UNIT
tgu2g  Setup time, ED15-EDO before ATLATCH? 6 ns
thog  Hold time, ED15-EDO after ATLATCH1 2 ns

switching characteristics, Voo =5 V +10%, Tp = 0°C to 70°C, and C;_ = 100 pF

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
ty30  Delay time, ED15-EDO to SD15-SDO 6 221 ns
tg1o  Delay time, ATLATCH to SD15-SD0 4 15 ns
td11 Delay time, DPUS3-DPUS1 to SD15-SD0 4 18 ns
tg31  Delay time, ED15-EDO to XD7-XDO 6 22 ns
tg14  Delay time, ATLATCH to XD7-XDO 4 15 ns
tg15  Delay time, DPUS1-DPUS3 to XD7-XDO 4 18 ns

ED15-EDO

ATLATCH

DPUS3-DPUS1

SD15-SD0

XD7-XD0O

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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1_57-33-05 TACT83441
DATA PATH UNIT (DPU)

« TEXAS INSTR (UC/UP) S3E D W 39b1722 00A8LA3 942 EETIIR

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

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

MIN  MAX | UNIT
tsu24 Setup time, DPUS3-DPUS1 before ATLATCH¢ 1 ns
thoa  Hold time, DPUS3-DPUS1 after ATLATCH?
tsuze  Setup time, SD15-SDO before ATLATCH ¢
thog  Hold time, SD15-SDO after ATLATCH?
tsu2g  Setup time, XD7-XDO before ATLATCH ¢
thog Hold time, XD7-XDO after ATLATCH?

ns
ns
ns
ns
ns

RNl O

switching characteristics, Voo = 5V £10%, T = 0°C to 70°C, and C|_ = 100 pF

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
ten32 Enable time, ED15-EDO from SATB 4 15 ns
tdis32 Disable time, ED15-EDO from SATB 4 15 ns
tdaz  Delay time, ATLATCH to ED15-EDO 4 15 ns
td34  Delay time, DPUS3-DPUS1 to ED15-EDO 8 25 ns
tgz3s  Delay time, SD15-SDO0 to ED15-EDQ 6 20 ns
tgzg  Delay time, XD7-XDO to ED7-EDO 6 20 ns

| | I
,*— ten32 —ﬂ l [‘4— tdis32 —’{
! T q
SATB % | X
[
“” td33 P
| l
ATLATCH |
|
— tasg —

e tsu24 ——’ﬂ—thza—ﬂ

I

“— tdqas ——Hl |
ﬂ_ tsu26 *ﬂ‘—thze—h

“‘7 tdss ———‘HI ]
H“—* tsu2s ——’ﬁ*thza—"

N\

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)

TEXAS INSTR (UC/UP)

T-52-33-05

S3E D W 89bl722 0088LAY 819 EMTIIC

PARITY GENERATION

switching characteristics, Voo =5 V +10%, Ta = 0°C to 70°C, and C|_ = 100 pF (unless otherwise

noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
ten37  Enable time, MDPH, MDPL from LW/R 5 18| ns
t4is37  Disable time, MDPH, MDPL from LW/R CL=50pF 5 18| ns
tg38 Delay time, WBCLK to MDPH, MDPL 4 15 ns
t439 Delay time, D15-D0 to MDPH, MDPL 4 18 ns
t440 Delay time, ED15-EDO to MDPH, MDPL 4 18| ns
tda1 Delay time, ATLATCH to MDPH, MDPL 4 15 ns
tda2 Delay time, DPUS3-DPUS1 to MDPH, MDPL 8 25 ns
1443 Delay time, SD15-SD0 to MDPH, MDPL 6 22| ns
t344 Delay time, XD7-XD0 to MDPH, MDPL 6 22 ns

!
|
| v
NN \ NN
ol
[
eors-£00. Q300 RIIIN
|

MDPH, MDPL

LW/R %
|

f— td3s —» |

| |
— tenaz _’: —— tqap ——¥ - tdis37“"”l

(IR )
| /

ATLATCH

DPUS3-DPUS1 5

SD15-SD0

XD7-XDO

62

Figure 33. Parity Generation Waveforms
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TACT83441

DATA PATH UNIT (DPU)
TEXA§ INSTR (ucCsup) S3E D WM 89kl722 0088LAS 755 MEATIIZ
PARITY CHECK T-52-33-05

timing requirements, Vo = 5 V +10%, Tp = 0°C to 70°C (unless otherwise noted)

PARAMETERS MIN MAX | UNIT
Voo =5V =10%, f=20MHz, Vref = VooyeT 8
twas  Pulse duration, CLK2 high or low Veo=5V5%,  f=25MHz,  Vief= Vool 6 ns
Vec=5V25%,  f=33MHz,  Vief= Vgl 6
Voo =5V =10%, f=20MHz 25
tcas Cycle time, CLK2 Voo =5V £5%, f=25MHz 15 ns
Voo =5V 5%, f=33 MHz 15
tsuae Setup time, ED15-EDO before CLK21 4 ns
thas Hold time, ED15-EDO after CLK21 2 ns
tsud7 Setup time, MDPH, MDPL before CLK2¢ 4 ns
tha7 Hold time, MDPH, MDPL after CLK21 2 ns
tsuag  Setup time, READY before CLK21 5 ns
thag Hold time, READY after CLK21 2 ns
tsyag  Setup time, LW/R before CLK214 3 ns
thag Hold time, LW/R after CLK2t 2 ns
Vet is the reference voltage with respect to which the time intervals are defined.
switching characteristics, Veg = 5V £10%, Tp = 0°C to 70°C, and C|_ = 50 pF
PARAMETER TEST CONDITIONS MIN  MAX [ UNIT
tdso Delay time, CLK2 to MPCKH, MPCKL 3 12 ns

I

twasH —H———*——H—- twasL. I
teas H‘ ~ tsua6 _’ﬂ“ thas ‘“”

|
l‘_ tsua7 —PE— thay —H

MDPH,
MDPL
“‘ tsuag '—’1‘— thas ———N

/

READY

LWiR NN \{K

___Ma{_ _

Figure 34. Parity Check Waveforms
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TACT83441
DATA PATH UNIT (DPU) T-52-33-05

TEXAS INSTR (UC/UP) 53E D WA 89bl722 0088L&L b9l EETIIZ ————
SD OR XD DATA TRANSFERS

switching characteristics, Voc =5V +10%, Tp = 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 CL =50 pF 4 18 ns
tds2 Delay time, SD7-SDO to SD15-SD8 4 18 ns
tgs3 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-SDO from DPUS3-DPUS1 CL =50 pF 4 18 ns
td55 Delay time, SD15-SD8 to SD7-SDO0 4 18 ns
tdss Delay time, XD7-XD0 to SD7-SD0 4 18 ns
tens7 Enable time, XD7-XDO from DPUS3-DPUS1 4 18 ns
tdgiss7  Disable time, XD7-XDO0 from DPUS3-DPUS1 Cp =50pF 4 18 ns
tdss Delay time, SD7-SDO0 to XD7-XDO0 4 18 ns
tds59 Delay time, SD15-SD8 to XD7-XDO 4 18 ns

SOURCE SD15-SDO SD7-SDO SD15-SD8 XD7-XDO

DPUS3-DPUSH X X X
I | !

IH—— tdiss4—
tdlss7*1‘—'—’1

|
XD7-XDO A X

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)

= TEXAS INSTR (UC/UP) SIE D WM 8961722 00BBLA? 526 ETIIZ
K2/ERESET
CLK2/ERESE T-52-33-05

timing requirements, Tp = 0°C to 70°C

f = 20 MHz2 f = 25 MHz f = 33 MHz
TEST CONDITIONS | Vec=5V=10% |Veg=5V=5% |Voc =5V =5% | UNIT
MIN  MAX| MIN MAX| MIN MAX

tel Cycle time, CLK2 25 20 15 ns
tw1 Pulse duration, CLK2 high or low Vref = Voo/2 9 7 6 ns
tsy2  Setup time, ERESET before CLK21 9 7 6 ns
tho Hold time, ERESET after CLK2? 4 3 3 ns

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

| | I |

-ty Pty M |
M tgg ——— Dl —’“—‘—H—I tsu2

[
ERESET \

Figure 36. CLK2/ERESET Waveforms
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TACT83442 T-52-33-05
MEMORY CONTROL UNIT (MCU)

TEXAS INSTR (UC/UP) 53E D BB 89kl722 0088L48 4b4 EEMTIIR —
EL BUS INTERFACE

timing requirements, Ta = 0°C to 70°C

f =20 MHz f=25 MHz f=33 MHz
Vee=5V=+10% | Voe=5V 5% {Vog=5V=+5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tgu3  Setup time, ADS before CLK21 14 1 8 ns
th Hold time, ADS after CLK21 4 3 3 ns
tsu4  Setup time, EL CMDsT before CLK21 14 11 8 ns
tha Hold time, EL CMDsT after CLK21 3 3 3 ns
tsus  Setup time, A2-A31 (including gated A20) before CLK21t 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 CLK2*1
su7  (See Note 10) 35 82 30 ns
tsug  Setup time, BE3-BEO before CLK21t 16 14 11 ns
thg  Hold time, BE3-BED after CLK21 4 3 3 ns
tgu12 Setup time, D15-DO0 before CLK2¢ 5 5 5 ns
thi2  Hold time, D15-D0 after CLK2t 6 6 6 ns

T The EL CMDs consist of W/R, M/IO, 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, Cy_= 15 pF (unless otherwise noted)

f=20 MHz f=25MHz f=33 MHz
Vec=5V=10% [Vog=5V+5% [Voe=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tdo Delay time, CLK2 to READYO 5 16 5 13 5 12 ns

TEST
CONDITIONS

PARAMETER

tq10  Delay time, A2-A31, M/iO, and D/C to LAP 5 35 5 32 5 201 ns
1411  Delay time, A2-A31, M/IO, and D/C to LANP 5 24 5 21 5 19{ ns
tenta Enable time, CLK2 to D15-D0 C|=100pF 4 25 4 20 4 20 ns
tgis14 Disable time, CLK2 to D15-D0 CL=0 4 25 4 20 4 20{ ns
ta15  Access time, CLK2 to D15-D0 CL =100 pF 60 50 50 ns
MR ]
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TACT83442
MEMORY CONTROL UNIT (MCU)

TEXAS INSTR (ucs/up) S53E D WM 89Lk722 0088689 370 MTIIC =
T-52-33-05
EL STATE | T1/T2P | T2/T1P | T2/T2P | Tx
[ l ! !
CLK2

| l“‘“ tsya — ¥ |

| | [ | |

| ,“— tsus —H | [ ths —J, |

| e tgyg ——— ! | |

| ] tsu7 =¥ : |

1 ! | | | |

| I‘— tsug M r * thg — l

s TN X

| | | | |

| : | [ tdg -—ﬁ—ﬂl p——»f-l tdo
] | ' I | |

READYO | [ { l | j‘\ | 7
| y I | T
| l tdt0 'l ! 1 |
o RN XER

| — ta M | | | |

|
If“ tsy12 P thyy —M

l | | |
| | ! |

D15-DO | i | ! / >
(Write) ! | [ ; N

| : ; ten13 }‘——'{ | — tais1a ":
D15-D0 ] | | ! >
(Read) ' | | | %

‘ | | l‘—— ta15 —b {

NOTE: The EL bus cycle states are as follows: Ti = idle, T1 = first state of cycle, T2 = second state of cycle, T1P = first state of cycle in pipelined
made, 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) T-52-33-05

TEXAS INSTR (UC/UP) 53E D EE 39L1722 008ALYA0 012 EETIICZ —
EL BUS INTERFACE - READY
timing requirements, Ta = 0°C to 70°C
t = 20 MHz f = 25 MHz f = 33 MHz
Vee=5V=10% [Vee=5V=5% |Vcc=5V=5% | UNIT
MIN  MAX| MIN MAX | MIN MAX
tsu1e Setup time, READY before CLK21 16 13 10 ns
thig  Hold time, READY after CLK21t 4 3 3 ns
[ T2/T1P | T1/T2P | Tx
I ! |
| I |
l I‘- tsute —ﬂl I"’ thie
Figure 38. EL Bus Interface Waveforms — READY
R
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TACT83442
MEMORY CONTROL UNIT (MCU)

TEXAS INSTR (UC/UP) S53E D W 49b1722 0088L91 T59 EETIIZ -
MEMORY INTERFACE
1-52-33-05

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

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

PARAMETER TEST CONDITIONS | Vgc=5V+10% |Voc=5V+5% |Vec=5V=5% | UNIT

MIN MAX MIN  MAX MIN  MAX
td17 Delay time, CLK2 to RAS3-RASO CL=150pF 4 25 4 22 4 22 ns
tdis Delay time, CLK2 to CAS7-CASO CL=75pF 4 20 4 18 4 18 ns
419 Delay time, CLK2 to MA10-MAO CpL=250pF 5 30 5 26 5 24 ns
tgo0 Delay time, A31-A2 to MA10-MAQ CL=250pF 5 39 5 35 5 32 ns
tgo1 Delay time, CLK2 to WE Cy = 250 pF 5 30 5 26 5 24| ns
tgoo Delay time, CLK2 to ROMCS 4 22 4 20 4 20 ns

CLK2
| I | | I |

tgiy ~—> |
| | |
! |
I LI ((
I ] l 1]
I I

I
|
|
I
I
!
I ——— R2mt ——»
I
I
|
|
I

RAS3-RAS0

{ L

| I
))i ]7 I
i [ ) 2I
}

| (
td19 —¢——»! ' K
| ta19 1&—»—

4 AT Valn
|

{
R ¥ )
— tgog ——»!

I )
{
)

|
[ tgo1 —H

CAS7-CASO

. [
) BER)

[¢ 4
} J

N

I (¢ {( {(
_ Y 1) R
WE
q- {C g
I 17 RM ]
 tgoo—M
I [ {{ {(
) B2 1
ROMCS
{ Q- [(
)) )] RN

T R2M = MA10-MAD hold time from BASH. One to two CLK2 cycles as defined by MCU DRAM timing registers.
¥ M2C = TASn hold time from MA10-MAO. One to two CLK2 cycles as defined by MCU DRAM timing registers.

Figure 39. Memory Interface Waveforms
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TACT83442
MEMORY CONTROL UNIT (MCU) T-52-33-05

TEXAS INSTR (UC/UP) S3E P W 39bL722 0088LSY2 995 EATIIR
CASCADE

timing requirements, Ty = 0°C to 70°C

f =20 MHz f=25 MHz f=33MHz
Vec=5V=10% |Vcc=5V=5% |Vcc=5V=5% | UNIT
MIN MAX MIN  MAX MIN  MAX
tsu23 Setup time, CIN before CLK2¢ 2 2 2
tha3 Hold time, CIN after CLK21 3 3 3

ns

ns

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

=20 MHz f =25 MHz f =33 MHz
PARAMETER TEST CONDITIONS | Vec=5V=10% |Voc=5V=5% {Vcg=5V=5% | UNIT
MIN MAX MIN MAX MIN MAX
tq24  Delay time, CLK2 to COUT 4 24 4 21 4 19 ns
I |
M th23 ————‘*—""l T tsu2a
CIN \ :
|
— tooq—

l
cout X

Figure 40, Cascade Waveforms
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TACT83442
MEMORY CONTROL UNIT (MCU)

53E D EH 89bLl7e22 0088LY93 821 EMTIIZ2
REFRESH HOLD

TEXAS INSTR (UC/UP)

T-52-33-05
timing requirements,Ta = 0°C to 70°C
f = 20 MHz f = 25 MHz f = 33 MHz
Vece=5V=10% |Voe=5V+5% [Vee=5V=5% | UNIT
MIN  MAX| MIN MAX| MIN  MAX
tsuzs Setup time, REFHLD before CLK2¢ 10 10 10 ns
thos Hold time, REFHLD after CLK214 3 3 3 ns
l
|
I
t5u25 —f————Pd————>— thos5
| |
Figure 41. Refresh Hold Waveforms
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TACT83442
MEMORY CONTROL UNIT (MCU) T-52-33-05
TEXAS INSTR (UC/UP) S3E D WE 89b1722 O088kA4 7L8 EETIIZ ——
: MECHANICAL DATA

208-Lead Quad Flatpack (ATU)

30,4

29,6

e 28,2 MAX >
156 105

v

-
[4)]
~
-
o
&

w
Bls
B

=
;-

N

0.

n
lIIlIIlllIIIIIIIIIIIIII!!!lIIIIIlIIIlIIIl!!!!I!IIII
atelelstalalabeialalalatalalaialulalalaladnlslatalalslalulalaislsinialalslalalsiatabatsisiziniolalnts

Rl Rl SR L

[3)]
(4]

N
Qo
«©

N

0,5 NOM 0,2 NOM

0,16 3,9 MAX

0,14 *

%_T

<

o
w

’ 0,15
MIN STANDOFF

[

(=]
-]

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

= TEXAS INSTR (UC/UP) 53 D WE 8961722 0088695 bTH MMTIT2
MECHANICAL DATA T-52-33-05

100-Lead Quad Flatpack (DPU and MCU)

T |
e

-

0,65 NOM 0,4 MAX

R

MIN STANDOFF

ELTa—

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS
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