Headland

HT22
3865X/286 Single Chip

Features:
» Single Chip 803865X/286 PC/AT Compatible Solu-
tion for CPU Clock Speeds to 25MHz

*» SX Mode or 286 Mode

» Supports up to 20 MB DRAM using 4M, IM or
256K Devices in by 1 or 4 configuration

» Page Mode and 2-Way Interleaving

¢ LIM EMS 4.0 Support in Hardware using 2 Sets of
32 EMS Registers

= 8-Bit or 16-Bit BIOS Support

¢ High Performance DRAM Multiplexed Interleave
Mode

¢ Asynchronous AT Bus Clock

¢ Supports up to 12 MHz Backplane Operation
* Programmable DRAM Timing

* Port 92 Alternate GATEA20 and Hot Reset

* Shadow RAM support over entire 640K to 1M
range in 16K increments

« BIOS Shadow support in 64K increments

* Built-in Sleep Mode

¢ Three-state control pins for board level testing
» HCMOS Technology

AT System Implementation

Description

The HT22 is an advanced PC/AT compatible,
single- chip 803865X/80286 system design solution.
This highly integrated single chip allows simple, low
cost system design options while featuring high per-
formance, low power consumption, and minimum
board space requirements. Advanced memory
management features include support for page mede,
2 or 4-way interleaving in both pipelined and non-
pipelined modes. The EMS 4.0 hardware implemen-
tation features dual sets of 32 registers with full
context support for highest performance optimization
of extended local memory accesses. An advanced
EMS hardware write-protect option has been added
for maximum EMS 4.0 compatibility. The HT22 sup-
ports 256K, IM and 4MB DRAMs in 1 by 1 and 1 by
4 device configurations for up to 20MB of on-board
system memory. 16MB is addressed directly by sys-
tem resources, the remainder addressed by the EMS
mode.

A flexible Shadow RAM option for System and
Video BIOS as well as 8- 16-bit BIOS options adds to
overall design versatility.

A complete PC/AT compatible system with ad-
vanced features may be implemented with minimal
external support logic. The HT22 performs all CPU
and peripheral support functions in a single chip. In-
tegrated device functions include DMA Controllers, a
Memory Mapper, Timers, Counters, Interrupt Con-
trollers, a Bus Controlier and all supporting circuitry
for PC core logic requirements. The chip also contains
all the necessary address buffers, data transceivers,
memory drivers, parity checking and supporting cir-
cuitry for acomplete high performance computer solu-
tion. An asynchronous AT Bus clock allows for a
constant 8MHz Bus clock rate for highest bus device
compatibility as defined in IEEE Spec P996. This
device is packaged in a 208-pin Plastic Quad Flat
Pack.
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HT22

386SX/286 Single Chip Functional Description
[
Overview: -~ CPU Interface
~ Clock Generation
The HT22 single chip, integrates the majority of the ~ Internal Clocks
main board logic required for a cost effective, high - Clock Switching Logic
performance PC AT-compatible computer based on - I/O Channel Interface
either a 80286 or 803865SX microprocessor. It - VO Bus
provides address control and buffering of the A, SA, - /O Decode
and MA buses as well as providing necessary data path - 1/O Address Map

interface. .

Keyboard Controller Interface
Real-Time Clock Interface

Peripheral circuit functions embedded in this device

include: an 82284 compatible clock generation and - DMA Controller
READY interface, 82288 compatible bus controller, - Address Generation
74612 compatible memory mapper, 8254 compatible — Register Descriptions
programmable interval timer, two 8237 compatible — Interrupt Controller
DMA controllers, and two 8259 compatible interrupt - Programmable Interval Timer
controllers. — Bus Control

— NPU Interface

Additional feature enhancements incorporated into the
chip are power management sleep mode, high perfor-
mance hardware LIM EMS control, 8-bit or 16-bit

— Power Management / Sleep mode
— System Control Port - Port 92H

wide BIOS options, flexible memory options, OS/2 - Memory Controller
fast alternate gate A20 and hot reset. This section of - DRAM Interface
the data sheet provides functional descriptions of the - Extended Memory
following logic sections of the HT22: - EMS
- ROMY/BIOS Interface
- Pipeline Option

751-0080-01 Rev.1 2 991
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HT22

3865X/286 Single Chip
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Functional Diagram
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Pin Descriptions

Pin Names and Numbers in Alphabetical Order

A[0:23]
A20GATE
AEN

BHE*
BALE
BUSYCOP*
BUSYCPU*
CASH*[0:3]
CASL*[0:3]
CLKASN
CLKX2
CPUA20
CPUHLDA
CPUHRQ
CS8042*
D[0:15)

DACK*[0:3],{5:7]

DRAMWE*
DRQ[0:3], {5:7]
ERROR*
HISPEED
INTR
IOCHCK*
I0CHRDY
10CS16*
IOR*

IOW*
IRQ(3:7]
IRQ8*
IRQ[9:12]
IRQ[14:15]
LCSROM*
M/IO*
MA[0:10]
MASTER*
MDPL MDPH
MEMCS16*
MEMR*
MEMW#*
NA*

NMI
NPCS*-ADS*
OPTBUFUL
PEREQ
PEREQCPU

116, 97, 95-81, 137, 138, 140-144

37

197

126

200

128

136
60,63,69,71
57.62,68,70
43

45

119

123

121

38

98-104, 106-112,114-115
167,4,199,6,164,162,160
75
165,3,24,5,163,161,159
129

34

135

22

12

173

-

8

203-207

29
23,172-170
169, 168

79

127

59, 58,49-47,42-39,26,25
158

72-73

174

155

154

198

134

132

30

54

55

HT22

386SX/286 Single Chip

1

POWERGOOD 77

PROCCLK
RAS*[0:3]
RC*
READY*
REFRESH*
RESET*
RESETCOP
RESETCPU
RTCAS
RTCRD*
RTCWR*
SO*-W/R*
S1*-D/C*
SA[0:19]
SBHE*
SBIOS*
SD[0:15]

SMEMR*
SMEMW#*
SPKR
SYSCLK
TC
TESTI[1:3]
X1
XDDIR
oOwWSs*
GND

vCC

117

64-67

28

120

2

131

133

118

31

32

33

124

125
175-182,184,186-196
156

50
13-17,19-21,153-150,
148-145

9

11

76

208

202

51,74,56

36

46

52
10,27,44,61,78,96,113,
130,149,166,183,201
1, 18,35,53.80,105,122
139,157,185
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HT22
386SX/286 Single Chip

Pin Names and Numbers in Numerical Order

Pin Descriptions

1 VvCC 43 CLKASN 85 Al2 127 M/IO* 169 IRQl4
2 REFRESH* 44 GND 86 All 128 BUSYCOP* 170 IRQl12
3 DRQI1 45 CLKX2 87 AIlO 129 ERROR* 171 IRQ11
4 DACKI1* 46 XDDIR 88 A9 130 GND 172 1RQI10
5 DRQ3 47 MA4 89 A8 131 RESET* 173 IOCS16*
6 DACK3* 48 MA3 90 A7 132 NPCS*-ADS 174 MEMCS16*
7 IOR* 49 MA2 91 A6 133 RESETCOP 175 SAO
8 IOw#* 50 SBIOS* 92 AS 134 NMI 176 SA1l
9 SMEMR* 51 TESTI1 93 A4 135 INTR 177 SA2
10 GND 52 OwWS* 94 A3 136 BUSYCPU* 178 SA3
11 SMEMW* 53 VCC 95 A2 137 Al7 179 SA4
12 IOCHRDY 54 PEREQ 96 GND 138 AIl8 180 SAS
13 SDO 55 PEREQCPU 97 Al 139 VCC 181 SA6
14 SD1 56 TEST3 98 DO 140 Al9 182 SA7
15 SD2 57 CASLO* 99 D1 141 A20 183 GND
16 SD3 58 MAI 100 D2 142 A21 184 SA8
17 SD4 59 MAO 101 D3 143 A22 185 VCC
18 VCC 60 CASHO* 102 D4 144 A23 186 SA9
19 SD5 61 GND 103 DS 145 SD15 187 SA1l0
20 SD6 62 CASLI* 104 D6 146 SDi4 188 SAll
21 SD7 63 CASHI1* 105 VCC 147 SD13 189 SA12
22 TOCHCK* 64 RASO* 106 D7 148 SDi2 190 SA13
23 IRQ9 65 RASI* 107 D8 149 GND 191 SAl4
24 DRQ2 66 RAS2* 108 D9 150 SD11 192 SAIlS
25 MAI0 67 RAS3* 109 D10 151 SDi0 193 SAl6
26 MA9 68 CASL2* 110 D11 152 SD9 194 SA17
27 GND 69 CASH2* 111 D12 153 SD8 195 SA18
28 RC* 70 CASL3* 112 D13 154 MEMWH* 196 SA19
29 IRQS8* 71 CASH3* 113 GND 155 MEMR* 197 AEN
30 OPTBUFUL 72 MDPL 114 D14 156 SBHE* 198 NA*
31 RTCAS 73 MDPH 115 D15 157 VCC 199 DACK2*
32 RTCRD* 74 TEST2 116 AQ 158 MASTER¥* 200 BALE
33 RTCWR* 75 DRAMWE* 117 PROCCLK 159 DRQ7 201 GND
34 HISPEED 76 SPKR 118 RESETCPU 160 DACKT7* 202 TC
35 VCC 77 PWRGOOD 119 CPUA20 161 DRQ6 203 IRQ3
36 X1 78 GND 120 READY* 162 DACKG6* 204 IRQ4
37 A20GATE 79 LCSROM* 121 CPUHRQ 163 DRQ5 205 IRQS
38 CS8042* 80 VCC 122 VCC 164 DACKS* 206 IRQ6
39 MAS 81 Al6 123 CPUHLDA 165 DRQO 207 IRQ7
40 MA7 82 AlS 124 SO*-W/R* 166 GND 208 SYSCLK
41 MA6 83 Al4 125 S1*-D/C* 167 DACKO*
42 MAS 84 Al3 126 BHE* 168 IRQI1S5
751-0080-01 Rev.1 5 991



HT22

* L] .
Pin Descriptions 386SX/286 Single Chip
#*
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HT22
386SX/286 Single Chip Pin Descriptions

Internal
Pin Pin Pin Pull
Symbol Number Type Up/Dn Description

CPU Interface 286 or 3865SX Mode

A[0:16] 1169795-81 1 PU Address bits [0:16]: Inputs from 80286 CPU or 80386SX CPU. The
HT?22 takes the address bus inputs and generates SA bus for I/O
slots, and the MA bus for the system DRAM.

A[17:19]1, 137-138,140, 1/O PU A[17:19],121:23], bi-directional Address lines: Inputs from [21:23]

{21:23] 142-144 the 80286 CPU or 80386SX CPU used for memory selection
decoding. They output addresses from the memory mapper (inter-
nal) logic during DMA operations.

A20 141 I/0 Address 20 is output for CPU cycles and input during Bus Master
cycles.
ADS¥* 132 I/0 PU Multiplexed ADS * or NPCS * operations, depending on auto-sense

definition of mode. 386SX Mode Input ADS*, when 386SX mode
is selected (Mode=0). ADS*: ADdress Status input from the
386SX. When low, the 386SX is providing valid address on

(NPCS*) A[23:1], and driving the R/W*, D/C*, M/IO*, BHE*, A0 control
lines.
BHE* 126 I PU Byte High Enable: A low at this input enables the high byte [15:8]

of the data bus. Driven by the CPU.

CPUA20 119 I PU CPU Address 20 from CPU: This input drives the A20 output pin,
if CPUHLDA =0 and A20GATE = 1.

CPUHLDA 123 I PD CPU Hold Acknowledge: The CPU drives this input high to indi-
cate that it has released control of the buses.

CPUHRQ 121 o CPU Hold ReQuest: When high, the HT22 needs to perform a
DMA, Refresh, or bus Master operation.

D[0:15] 98-104, 1O PU Bi-directional Data Bus: Transfering data to/from the CPU or

106-112,114-115 System Memory. This is part of what is commonly referred to as
the Local Bus.
D/C* 125 i PU Multiplexes D/C* or S1* functions, depending on auto-sense mode

selection. Input D/C*, when 386S X support (mode =0). D/C*: Data

or Control bus cycles. A high level indicates a 3865X Mode

Memory or IfO Data cycle by the 386SX. Low indicates a control
(S1%) cycle; inclusively interrupt acknowledge, halt, or code fetches.

751-0080-01 Rev.1 7 991



HT22

Pin Descriptions 386SX/286 Single Chip

—
Internal

Pin Pin Pin Pull

Symbol Number Type Up/Dn Description

INTR 135 0] INTerrupt Request: A high on this output requests an interrupt from
the CPU.
M/IO* 127 I PU Memory IfO: From CPU: if high during set up, memory cycle is in

progress; if low, I/O cycle is occuring. Three-state when the CPU
is in Hold Acknowledge. (See CPUHLDA)

NMI 134 0] Non-Maskable Interrupt: A high level forces the CPU to uncondi-
tionally execute an interrupt routine.

PROCCLK 117 0] PROCessor CLocK: this output supplies the clock signal for the
CPU and co-processor. It drives CLK on the CPU, and the clock
lines on the co-processor. Rate determined by HISPEED and

IOHALFSP defined in B3 of CR4.

READY* 120 0] READY: A low level telis the CPU that the current bus cycle is
near completion.

RESETCPU 118 0] RESET CPU: A low-to-high transition resets the CPU during

powerup, keyboard reset, and shutdown status. The rising edge
resets the CPU, if the pin is held high for 16 clock cycles.

SO* 124 I PU Multiplexes SO* or W/R* functions, depending on auto-sense mode
selection. Input SO* when 286 operation (mode = 1). 286 CPU
Status bit. When SO*, S1*, INTA are low and M/IO* 286 Mode is
high - a shutdown or halt of the 286 occurs. If A1=1, the CPU shuts

(W/R*) down. If Al =0, the system shuts down.

S1* 125 I PU Muldplexes S1* or D/C* functions, depending on auto-sense mode
selection. Input S 1* when 286 operation (mode = 1). 286 Mode 286

(D/C*) CPU Status bit. (See SO*-W/R*)

W/R* 124 I PU Multiplexes W/R* or S0* functions, depending on auto-sense

mode selection. Input W/R*, when 386SX support (mode = 0).
W/R*: Write or Read bus cycles of the 386SX high for 3865X
(S0™) Mode Writes, low for Reads.

91 8 751-0080-01 Rev.1



HT22
386SX/286 Single Chip Pin Descriptions

Internal
Pin Pin Pin Pull
Symbol Number Type Up/Dn Description

Keyboard and RTC Interface

CS8042* 38 0] Chip Select 8042: A low level drives CS* of an external keyboard
controller.
IRQ8* 29 I PU This input is driven by a Real Time Clock interrupt output to

support standard RTC devices. (Note that Interrupt Request 8 is
active low, unlike the other Interrupt Requests.)

OPTBUFUL 30 1 PD OutPuT BUffer FULL: Input from P24 of the keyboard controller.
Setting this pin high activates the internal IRQ. This causes an
INTR to the CPU, indicating the keyboard buffer is full.

RC* 28 I PU Reset CPU: When driven low by the keyboard controller (P20), the
CPU resets its internal registers.

RTCAS 31 0] Real Time Clock Address Strobe:A low to high signal transition
latches the RAM address for read/write operations.

RTCRD* 32 0] Real Time Clock ReaD: When low, data is read from the RTC.

RTCWR* 33 6] Real Time Clock WRite: When low, data is written to the RTC.

I/O Interface

AEN 197 0] Address ENable DMA: This signal is used to disconnect the

microprocessor and other devices from the I/O channel to allow
DMA transfers to take place. When AEN is high, the DMA con-
troller drives the address bus, data bus, I/O read/write lines and
memory read/write signals.

BALE 200 0] Buffered Address Latch Enable: This signal is provided by the
82288 bus controller and is used to latch valid addresses and
memory decodes from the microprocessor. It is used by the I/O
channel as an indicator of a valid microprocessor or DMA address
(when used with AEN). A high level indicates the presence of valid
address at the I/O slots. System Addresses (SA[0:19]) are latched
on the falling edge of BALE.

751-0080-01 Rev.1 9 9M91



Pin Descriptions

HT22

386SX/286 Single Chip
—
Internal
Pull

Pin Pin Pin
Symbol Number Type

Up/Dn Description

DACK*[0:3], 1674, 0
DACK*[5:7] 199,6,
164, 162, 160

DMA ACKnowledge: When low, these signals are used to
DACK*[5:7] requests (DRQ[0:3],[5:7]) from peripherals on the
1/O expansion slots.

DRQI0:3], 165,3,24,5 I
DRQ[5:7] 163,161,159

PD DMA ReQuests: These asynchronous channel requests DRQ{5:7]
are used by peripheral devices and the I/O channel microprocessors,
active high signals request DMA services or control of the system,
They are prioritized with DRQO having the highest priority and
DRQ?7 having the lowest. Each signal should be held high until the
corresponding DMA Request Acknowledge (DACK* signal) goes
active (low). DRQI0:3] govern 8-bit DMA transfers, DRQ[5:7]
control 16-bit DMA transfers with devices on the I/O slots.

IOCHCK* 22 I

PU I/O CHannel ChecK: A low on this input indicates there is an
uncorrectable system error. Provides the system board with parity
(error) information about memory or devices on the 1/O channel.
This causes the NMI (Non-Maskable Interrupt) output to become
active (high), and interrupts the CPU. Needs external 4.7K Ohm
pullup.

IOCHRDY 12 I

PU 1/0 CHannel ReaDY: This signal is used by any slow I/O device
driving this line low immediately upon detecting its valid address
and a Read/Write command. The HT22 will add more wait states
for a page miss by pulling this signal low. Needs external 1K Ohm
pullup and should be driven low or active by any open collector
device.

10CS16* 173 I

PU 1/O Chip Select 16: A low indicates a 16-bit I/O data transfer on the
SA bus. This signal should be driven by an open collector or
three-state driver capable of sinking 20mA. Needs external 300
Ohm pullup.

IOR* 7 1/0

PU 1/0 Read: When low, instrucis an I/O device to drive or write its
data onto the data bus. It is driven by the microporcessor or DMA
controller, either resident in the system or on the I/O channel.

Iow* 8 /0

PU I/O Write: When low, instructs an I/O device toread or capture the
data on the data bus. It may be driven by any microprocessor or
DMA controller in the system.

IRQ[3:71, 203-207, I

IRQ[9:12], 23,
IRQ[14:15] 172-170,
169-168

PU Interrupt ReQuest: These pins signal the microprocessor that an I/O
device needs attention. An interrupt request is generated when an
IRQ line is raised from low to high. The line must be held high until
the microprocessor acknowledges the interrupt request (Interrupt
Service routine). IRQ3 has the highest priority interrupt, IRQ15 the
lowest.

9/91
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HT22
3865X/286 Single Chip Pin Descriptions

iR e

Internal
Pin Pin Pin Pull
Symbol Number Type Up/Dn Description

MASTER* 158 I PU MASTER#*: This signal is used with a DRQ line to gain control of
the system. A processor or DMA controller on the I/O channel
issues a DRQ to a DMA channel in cascade mode and receives a
DACK*, Upon receiving the DACK*, an I/O microprocessor pulls
MASTER¥ input low, which will allow it to control the system
address, data, and control lines. After this signal is pulled low the
1/0 microprocessor must wait one system clock period before
driving the address and data lines and two clock periods before
issuing a Read/Write command. If this signal is held low for more
than 15 microseconds, the system memory may be lost because of

a lack of refresh.

MEMCS16* 174 I PU MEMory Chip Select 16 wide: External devices drive this inputlow
for 16-bit data transfers. Connects to the system expansion bus.
Needs external 300 Ohm pullup.

MEMR* 155 /0 PU MEMory Read signal: Output is low during a memory read cycle.

This signal instructs the memory devices to drive data onto the data
bus. It can be driven by any microprocessor or DMA controller in
the system. When a microprocessor on the IO channel drives this
signal it must have the address lines valid on the bus for 1 system
clock period before driving MEMR* active. Three-stated when
MASTER¥ is low and the CPU does not control the system. Not
active during local memory cycles.

MEMW* 154 /0 PU MEMory Write signal:Output is low during a memory write. This
signal instructs the memory devices to store the data present on the
data bus. It is active during all memory write cycles and can be
driven by any microprocessor or DMA controller in the system.
When driven by a microprocessor on the I/O channel the address
lines on the bus must be valid for one system clock period before
driving the signal active. Thisis three-stated when MASTER is low.
Not active in local memory cycles.

REFRESH* 2 1/0 REFRESH input is low when the current cycle is for memory
refresh and can be driven by a microprocessor on the I/O channel.
Needs external 470 Ohm pullup.

SAQ 175 /0 PU System Address bit 0: Bi-directional address bit on the expansion

slot. It supplies address bit O during refreshes.

751-0080-01 Rev.1 11 991



HT22
386SX/286 Single Chip

Pin Descriptions
Pin Pin Pin Pull
Symbol Number Type

Internal

Up/Dn  Description

SA[1:19] 176-182,184, I/O PU

186-196

System Address bus: Bi-directional bus used to address memory
and I/O devices within the system. These lines alone allow access
of up to IMB of memory and up to 16MB when used with
LA[18:23]. SA[0:19] are gated on the system bus when BALE is
high and are latched on the falling edge of BALE. These signals are
generated by the microprocessor or DMA controller. They also may
be driven by other microprocessors or DMA controllers that reside
on the I/O channel.

SBHE*

156

/0 PU

System Byte High Enable: Low when peripherals are performing a
transfer on the upper byte. 16-bit devices use SBHE* to condition
data bus buffers tied to SD[8:15].

SD[0:15] 13-17,19-21, /O PU

153-150,
148-145,

1/0O System Data Bus: These signals provide bus bits [0:15] for the
microprocessor, memory, and I/O devices. SDO is the least-sig-
nificant bit and SD15 is the most significant bit. All 8-bit devices
on the 1/O channel use SD[0:7] for communications to the
microprocessor. The 16-bit devices will use SD[0:15]. To support
8-bit devices, the data on SD(8:15] will be gated to SD[0:7] during
8-bit transfers to these devices; 16-bit microprocessor transfers to
8-bit devices will be converted to two 8-bit transfers.

SMEMR*

System MEMory Read: Low during memory reads. This signal
instructs the memory devices to drive data onto the data bus. It is
active only when the memory decode is within the low 1IMB of
memory space. This is a buffered version of MEMR*.

SMEMW*

11

System MEMory Write: Low during memory writes. This signal
instructs the memory devices to store the data present on the data
bus. It is active only when the memory decode is within the low 1
MB of memory space. This is a buffered version of MEMW*.

SYSCLK

208

SYStem CLocK: This provides a clock for devices on the expansion
slot. SYSCLK is a quarter of CLKASN.

TC

202

Terminal Count: pulses high when the DMA channel terminal
count is reached. This signal is available on the expansion slots.

XDDIR

46

External Data BUS control for KBD and RTC, SBIOS: 1 = Write
0=Read

991
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HT22
386SX/286 Single Chip Pin Descriptions

—

Internal

Pin
Symbol

Pin Pin
Number

Type

Pull

Up/Dn  Description

OWS*

52 I

PU

Zero Wait State: This signal tells the microprocesser that it can
complete the present bus cycle without inserting additional wait
cycles. It comes from an address decode gated with a Read/Write
command. In order to run a memory cycle to an 8-bit device with
a minimum of 2 wait states, OWS* must be driven low one system
clock after Read/Write commands are gated with the address
decode for the device. These Read/Write commands are active on
the falling edge of the system clock. This signal should be driven
by an open collector or three-state driver capable of sinking 20mA.
External 300 Ohm pull up.

NPU Interface

BUSYCOP*

128 I

PU

BUSYCOP* input to be connected to BUSY* output of the
coprocessor. When the math co-processor is working, it drives this
pin low, which in turn forces BUSYCPU* output low and halts the
CPU.

BUSYCPU*

136 )

BUSYCPU* output connects to the BUSY* input of the CPU. A
low level on this pin indicates the math co-processor is operating.
Interrupts are honored by the CPU while this input is low. (See
ERROR¥)

ERROR*

129 I

PU

ERROR: Connect ERROR* from the co-processor to this input. A
low level indicates the math co-processor has an unmasked error
condition.

NPCS*

(ADS*)

132 /0

PU

Multiplexed NPCS* and ADS* operations, depending on auto-
sense definition of mode. 286 Mode Output NPCS*, when 286
operation is selected (Mode=1). NPCS*: Numeric Processor Chip
Select. A low output enables the co-processor chip.

PEREQ

54 I

Processor Extension REQuest: Request from NPU for Processor
Extension. If this logic is to remain dormant leave this pin floating.
This feature starts with Rev.C.

PEREQCPU

55 O

Processor Extension REQuest to CPU: Request passed on to CPU
from NPU for extension. If this logic is to remain dormant leave
this pin floating. This feature is implimented starting with Rev. C.

RESETCOP

133 o)

RESET COP: A high signal resets the co-processor.

751-0080-01 Rev.1
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— ]
Internal
Pin Pin Pin Pull
Symbol Number Type Up/Dn Description
Memory Interface
CASH*[0:3] 60,63, 0] Column Address Strobe High order byte: Control up to four banks
69,71 of DRAMSs. These signals can be connected directly to DRAM CAS
inputs through a 22 Ohm resistor. (Resistor value may vary with
board layout and number of RAMs used.)
CASL*[0:3] 57,62, 0] Column Address Strobe Low order byte: Controls up to four banks
68,70 of DRAMs. These signals can be connected directly to DRAM CAS
inputs through a 22 Ohm resistor. (Resistor value may vary with
board layout and number of RAMs used.)
DRAMWE* 75 O DRAM Write Enable: Generates the write strobe to DRAMs. This
is a gated signal derived from the MEMW?* input.
LCSROM* 79 O Latch Chip Select ROM: Drives the chip enable pins of the
EPROM, ie EOO00-FFFFF and FEQOOO-FFFFFF for EPROMs,
MAJ[0:10] 59-58, O Multiplexed Address bus: to DRAMs, should connect to the
4947, memory address of the DRAM through 22 Ohm resistors.
42-39,26,25
MDPL 72-73 /0O PU Memory Data Parity: Low and high bytes: When data is written to
MDPH RAM orread from RAM its parity value is calculated.
RAS*[0:3] 64-67 O Row Address Strobe: Controls up to four banks of DRAMSs. These
signals can be connected directly to DRAM RAS inputs through a
22 Ohm resistor. (Resistor value may vary with board layout and
number of RAMs used.)
SBIOS* 50 I PU Switch for single BIOS: 1 = Two Chip BIOS 0 = Single BIOS
Clock Inputs
CLKX2 45 I PU CLocK X 2: Drive this clock input at twice the desired processor
clock (PROCCLK) frequency. This signal is used when CPU is
running at "High" speed. For 16MHz system operations CLKX?2
and CLKASN can share the 32MHz OSC.
CLKASN 43 I PU CLocKASN: Drive this clock input at four times the desired
SYSCLK frequency. This signal is used when CPU is running at
"Low" speed. For 16MHz system operations CLKX2 and
CLKASN can share the 32 MHz OSC.
X1 36 I PU This input is tied to a 14.31818 MHz Oscillator, to generate OSC.
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Internal

Pin Pin Pin Pull

Symbol Number Type Up/Dn Description

Miscellaneous and Reset

A20GATE 37 I Gates address from CPU: If CPUHLDA=0 the CPU is driving the
address bus. When A20GATE is high, the upper address bit
(CPUA20 input) drives the A20 pin directly, when low the A20
output is forced low if Port 92 bit 1 = 0.

HISPEED 34 I PU HiIgh SPEED: When high, PROCCLK (the processor clock) speed
is equal to the CLKX2 rate for on-board memory accesses. When
low, PROCCLK is one half of CLKASN.

NA* 198 I Next Address: This is used to place the HT22 in pipeline mode. A
low or 0 = Pipeline mode, 1 = non-pipeline mode (default) must =1
for 80286 operation.

NC , Not Connected : Reserved for future enhancements.

POWER- 7 I PU POWERGOOD: When low, it resets the HT22 controller. A

GOOD Schmitt Trigger buffers the input pin.

RESET* 131 0] RESET: A low level used to reset the system logic at power-up or
low-line voltage. (Open Drain Outputs)

SPKR 76 O SPeaKeR: Output of the Timer 8254 Channel 2 (mega function).

This connects to a speaker, through a buffer.

TEST [1:3] 51,74,56 I PU Tie TEST[1:3] ICT test functions can use these pins to float all
output pins by pulling them low. For normal non-test operation
these pins should not be used or connected.
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Functional Description 386SX/286 Single Chip
X
CPU Interface

The HT?22 has built-in CPU auto mode select capability to provide either an 80286 or 80386SX microprocessor
interface. This auto mode select is employed during reset by monitoring the default reset condition of multiplexed
input pin used for SO* signal input for 80286 CPU configuration or W/R signal input when used with 803865X
CPU configuration.

A high level on the SO*-W/R* pin would indicate the reset condition for the 80286 CPU and set the mode for
286 operation. A low level would indicate the reset condition for the 80386SX CPU and set the mode for 386SX
operation. This mode select feature determines the signal interface and timing requirements for both 286 or
386SX CPU interface.

Both modes provide all the CPU main board interface signals for Numeric processor, memory, peripherals, and
I/O interface required for a PC AT-compatible computer. The HT22 supports common CPU system clocks of
16 and 20 and 25MHz. To obtain the highest system performance with lower cost DRAM technology at higher
CPU speeds, the 80386SX address pipelining option is fully supported.

p—————Jp TO DRAM, Dus! BIOS
F573 PIPELINED ADDRESS
80286 80386sx | P> TOLA Buffers 5 NON-PIPELINED ADDRESS
Al1:23] A[0:23]
AD -oroeeeeo- se' b— | oo 1 4 ——{cruzo
D[0:15] ] Df0:15]
BHE* b o BHE*
[NTo P ADS* b o ADS*/NPCS*
[0 LN WR* b —y WR*/S0*
I3 RV DC* b 4gocstt
MIO* b qmno*
BUSY" [y —dBuUsycpu*
NMI NMI
C P U INTR INTR H T22
HOLD CPUHRQ
HLDA CPUHLDA
RESET RESETCPU
CLK2 MA___| PROCCLK
ERROR |, f]x‘pu 19
READY" READY*
NA* 0 INA*
! o
10K PU
~ Non-Pipelined Address Mode (Optional for <16MHz)
v’ l Pipelined Address Mode (Reguired for >16MHz) 1> To LA Buffer F573 (for Pipelined Mode)
CPU Interface Diagram

Major signal timing relationships and sequences are shown for both 80286 and 803865X CPU interfaces. Both
pipelined and non-pipelined address timings are shown for 80386SX CPU’s with emphasis on the functional
timing relationship between signals.
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—
The following diagram illustrates a sample 80286 read and write cycle to memory or I/O address space. For
more detailed CPU cycles and sequences please refer to the CPU manufacturers 80286 Data Sheet.

Read Cycle Write Cycle
} Ts t Te y Ts : Tc g
mocos LML L L L
A[0:23] [ O VALID )48 VALID XX
wio* _
so'st* _\____/—'_'\____j——\
Valid Read

D{0:15] DATAY) Y Vaiid Write DATA_ X}
READY / \ [

80286 CPU FUNCTIONAL TIMING - Read and Write Cycles

The fastest 386SX microporcessor bus cycles require only two bus states. The diagrams below show two read
and write cycles with each cycle having two bus states. These bus states are named T1 and T2 or in the case of
pipelined address mode, T1P and T2P.

Any memory or [/O address may be accessed by these two-state bus cycles if the responding device is fast
enough. The HT22 can end these fast two-state cycles by acknowledging the end of the cycle by use of the
READY* handshake. In the event the responding device is not fast enough to complete the cycle in two-states,
the HT22 delays the READY* signal activation, causing insertion of extra bus cycles until READY* signal
activation terminates the cycle. These extra bus cycles or wait-states are further illustrated in the sections on I/O
Channel Interface including: Keyboard, RTC, DMA, PIT and Interrupt Controller associated with /O devices.
The Memory Controller Section also contains explanations on wait-states during local DRAM and ROM cycles.

Flead Cycle Wiite Cycle
T2P T1P——tp 2P————T1P—— 2P————T2P
PROCCLK
BHE® .
AD23) X777 \___VALID Read Cycie XX VALID Write Cycle X X

ADS* \ / \ __/ \
Y DATA, {Xvaid Wriw oATA Y
[

D{0:15]

READY*

NA* o\

80386SX CPU FUNCTIONAL TIMING - Read and Write Cycles Pipelined Addressing

Pipelined address mode is required for 20MHz 386SX microprocessor operation. For this mode the NA* signal
10 the HT22 and the 386SX must be tied to ground. The BHE*, A{0:23], M/IO* and D/C* signals are driven
low during the last T2P cycle for the next cycle. This provides the extra memory decode time needed to maintain
zero wait state page operation in the upcoming cycle. The disadvantage of this mode is that in order to establish
the address pipeline after an idle or hold acknowledge cycle the first cycle must be a non-pipelined T1 cycle and
finish with an extra T2P cycle, as shown in the 386SX funtional CPU Pipeline Diagram.

In actual operation address pipelining is almost always maintained because in the absence of any other request,
a code prefetch request is always intemnally pending until the instruction decoder and code prefetch queue are
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completely full. This insures that when operating in this mode the address pinpeline is maintained for long periods
unless the bus in not available, as in Hold Acknowledge cycles or other unusual type operations.

Detailed AC timing specifications from indicated clock edges are found in the AC Specification Section.
Read Cycle Write Cycle
T t 1

I T2 1 T1 T2 3
roco L LML LML ML L e m

A2 22X VALID ) 4 VALID XX Y

BHE®

ADS® \ / \ / \
Valid Read

D{§0:15] ~Y DATA Valid Write DATAH

READY \ / \ /

NA® i

803865X CPU FUNCTIONAL TIMING - Read and Write Cycles Non-pipelined Addressing

Clock Generation

The HT?22 clock generator provides all the clock switching and control for the main processor clock (PROC-
CLXK), power management clocks (Sleep Mode CIk), internal clocks (DMACLK), and I/O bus clock (SYSCLK).
All clock signals are described below:

PROCCLK is an output clock for the selected processor and should have a frequency twice the desired
processor frequency. The source for PROCCLK can switch from three sources depending on cycle type
and operation mode. These three sources are CLKX?2 input pin, CLKASN input pin divided by two, or
the Sleep Mode Clock source.

Processor
Clock Period HIGH SPEED Or Local Memory
/1P P2 Access PROCessor CLocK =
CLKX2 input Frequency.
80386sx
PROCCLK LOW SPEED Or VO Cycle
TS TC PROCCLK = CLKASN or CLocK
ASyNchronous divide by 2.
80286 When CLKASN = 32 MHz
PROCCLK PROCCLK Low or VO = 16 MHz
SYStem ClLocK = 8 Mhz or
. CULKAGSN divided by 4.
SYSCLK always rising at start of cycle.
SYSCLK
or
BUSCLK

CPU PROCESSOR CLOCK RELATIONSHIPS

CLKX2 is an input pin which determines the full speed clock or the maximum CPU clock rate. The fre-
guency of this input should be twice the desired CPU clock frequency. This input would be one of three
sources used for PROCCLK .

CLKASN is an input pin that is the source for SYSCLK (system Clock), Sleep Mode Clock and an alter-
nate PROCCLK source. The frequency of this input would be divided by two to provide the alternate
PROCCLK source for low speed or special 1/0 operations. It is again divided by two to provide the
SYSCLK (system clock) output which is typically used for system bus clock (BCLK) on an AT com-
patible bus. A 32 MHz input frequency is used to provide an 8 MHz SYSCLK output to meet the [EEE
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P996 AT compatible bus specification and would result in a 16 MHz low speed PROCCLK frequency
for an 8 MHz processor speed.

HISPEED is an input pin used to define two speed modes and is used to determine two sources of PROC-
CLK . A high level on this pin would indicate the high speed mode and PROCCLK source from

CLKX2. A low on this pin would indicate the low speed mode and PROCCLK source from CLLKASN,

In some applications this pin could be used in conjunction with "Turbo’ or high speed/low speed switch.

X1 is an input pin used to provide the clock for an internal programmable interval timer. This timer is an
8254 equivalent and can be programmed by the CPU and provides signals for system timing, refresh,
and speaker tone generation.

Internal Clocks: Clocks internal to the HT22.

DMACLK is used for internal DMA use and is the PROCCLK + 4.

Sleep Mode - Clock Generation

SLEEP MODE operation is enabled by Control Register S, Bit 7 which selects the Sleep Mode Clock
generator as the primary system clock source, disabling the speed select logic. The frequency of this
clock is selected by bits 4, 5 and 6 of Control Register 5. (See Power Management/Sleepmode Section.)

CPU Clock Switching

To maintain the highest level of compatibility with AT 1/O bus specifications, while running at higher
processor speeds, the HT22 allows switching between two asynchronous clock sources. A standard
20MHz CPU configuration supporting the IEEE, P996 Spec of a maximum 8MHz bus clock (SYSCLK)
requires two asynchronous clock sources. The high speed CPU clock source would be a 40MHz CLocK
X2 (CLKX2 = CPU frequency X2). The standard 8MHz I/O bus clock or system clock (SYSCLK) and
the 16MHz low speed CPU clock (for AT compatible I/O cycles) are derived from a second source
CLKASN. A 32 MHz CLKASN + 4 provides an 8MHz SYSCLK and + 2 provides a 16MHz PROC-
CLK during I/O cycles.

A standard 16Miz system would use a single 32MHz source for both CLKX?2 and CLKASN inputs. A
single 24MHz source could provide a 24MHz CPU CLKX?2 and a 6MHz system clack or bus clock.

PROCCLK switching synchronization requirements will cause the last phase low period of a processor
clock cycle, TS, T1, or T1P, to be extended until the clocks are synchronized. In a high speed (CLKX2
= PROCCLK source) to low speed (CLKASN = PROCCLK source) switch, the low period will be ex-
tended until the rising edge of SYSCLK. A low to high speed switch has no additional qualification re-
quirements and will switch within one CLKASN period and one CLKX2 period.

TP TorTep T1/T1P To—-T1/T1P— T2T2P

Tc Ts
cLkxe l:| M rI"LI'LJ'U'LF gy,
ey LU ULULIUUy Uy o

SYSCLK | J | L |
8MHz Nota: 80286
Mode Inverts
PROCCLK —_}f}__/_\_J—'\_l \__/ \_A'V'\J'U\_f—\__{_\_-/ lpnocc:LK
40MHz - 16MHz
HISPEED \ /

CLOCK SWITCHING DIAGRAM PROCessor CLocK - High speed CLocK X 2 switch to Low speedi/2 CLocKASN input
- Low speed, 1/2 CLKASN to High speed, CLKX2 - HISPEED Switch High to Low
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CYCLE TYPE: /O, MEM, NPU
CR4, BIT 3, VO SPEED

!

HT22

386SX/286 Single Chip
[ —— e

DMACLK (INTERNAL)

SPEED d ]
HISPEED>>——>f = N :
Y
CLKX2 > 1ol mux |
SLEEP ~
MODE CLKASN |_{ 5 %l‘\(/l;JT__L_ DBI\;Itz)E ]
ENABLE MUX
CRS-D7 N
CLOCK SWITCHING|
LOGIC
CLKASN=}
SLEEP
MODE SLEEP MODE
Frequency DIVIDE BY
Select 2,4,8,
CRS 16, 32,
D[6:4].
SLEEP MODE CLOCK GEN
X1 >>—— | Timer Circuits
Clock Switching Diagram

DIVIDE
BY?2
INTSYSCLK (INTERNAL)
-
DIVIDE
BY2
PROCCLK
>> SYSCLK
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3865X/286 Single Chip Functional Description
—
I/O Channel Interface

The HT22 /O Channel Interface includes all system /O devices as well as an AT compatible 8 or 8/16
bit Bus as defined by the IEEE P996 specification. This interface is managed by an internal Peripheral
Controller that is used to control all IfO channel bus cycles. From a system standpoint, these I/O channel
bus cycles are defined as all CPU cycles not claimed by internal memory address decode logic and result-
ing CPU local bus memory cycles. This can include typical system board resources such as RTC and
keyboard. These external devices are explained in detail in a separate section.

AT Compatible
v ’—Do 10 BUS
47031 [yopg |2 [ azxpuiLoe L3
_ | RESETDRV
SD[0:16] SD[0:16]
SA{0:19) SA0:19]
IRQ[3:7],[9:12],[14:15] IRQ[3:7],(9:12],[14:15]
DRQ pRQ
DACK* D < DACK*
ows* [ dows*
SMEMW"* b o SMEMW®
SMEMR® d SMEMR®
1OW* b Jiow
I0R*|> dJioR*
REFRESH|H JREFRESH
HT22 svscTLé L AM- SYSCLK
BALE giLE
IOCHCK" | 4 10CHCK®
IOCHRDY “liocHRDY
AEN AEN
RESET*
MEMCS16° |, —dMemcs16*
SBHE* |, _ O SBHE*
I0CS16* [, I0CS16*
MEMR® [ 2 MEMR®
MASTER- P IMASTE
5 JMASTER*
14.318MHz —_JOSC
CPU A[1723] Latched LA[17:23]

Buter | ysg F573 FOR PIPELINED OPERATION
& A F245 NON-PIPELINED OPERATION

/O Channel Interface

1/0 Bus

The Peripheral Controller contains an I/O Bus state machine that synthesizes the address strobe signal (BALE),
and many of the bus command signals (IOR*, IOW*, MEMR*, and MEMW¥), It also monitors the state of the
IOCS16* and MEMCS16* signals to determine if the device on the bus is capable of 16-bit operations for I/O
and memory respectively. If a 16-bit operation is attempted with an 8-bit device, the HT22 performs the necessary
conversions of 16-bit CPU operations to paired 8-bit bus cycles. Typical system implementations include an
external Data bus or XD-bus that can connect 8 bit system peripherals to the CPU. The HT22 supports an external
buffer connecting XD to the SD bus with an eXternal Data bus DIRection (XDDIR) output.
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0
Basic I/0 channel cycle operation occur as follows:
1. During processor state Ts, T1 or T1P internal decodes determine if a bus cycle should be performed.
2. The PROCCLK frequency is switched to CLKASN divided by 2 to provide 8MHz AT Bus
compatibility. This clock switching operation may be disabled by use of the IOSPEED bit, D3,
of Control Register 4.

3. The HT22 bus controller initiates the bus cycle by generating BALE during the 1/O bus state Ts.
The bus controller then times out the COMMAND DELAY interval and asserts the appropriate

command output.
AT BUS AT BUS AT BUS
MEMORY /O INTERRUPT
8-BIT 16-BIT 8-BIT 16-BIT ACKNOWLEDGE
COMMAND
DELAY YES NO YES YES YES
WAIT
STATES 4 1 4 1 -

4. Inresponse to the asserted command, the internal wait-state logic times out for the number of
processor BUSCLK s before beginning to monitor the IOCHRDY input. When the IOCHRDY
input sampling is active, the bus controller deactivates the command. If the cycle in process does
not require conversion cycles (8-Bit to 16-Bit) the HT22 asserts READY* and the cycle terminates.
The setup time to this IOCHRDY sampling point must be maintained to properly extend the cycle.

———Bus.Cycle.1 Cycle.2 Cycle.3 Cycle.4
SYSCLK | I ] I
| High Terminates in 4 Cycles.
IOCHRDY [SNNNNNNN W V77
Valid Sample Points (low) to Extend cycles.
OWS/SRDY N7 *

Sampie Point to End Cycle in 2 Clock Periods or next rising Clock edge

IOCHRDY & OWS - VALID SAMPLE AND TERMINATION POINTS

5. If the cycle in progress requires a conversion cycle (8-Bit to 16-Bit), the I/O state machine sets
this mode and begins to time out the BALE DELAY interval. At the end of this interval, the
bus controller will be retriggered to produce another cycle as described in (3) and (4). Note that
another BALE is not generated for the second cycle.

6. At the end of the second cycle, the HT22 generates processor READY*, and the CPU cycle

terminates.
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The 1/O channel clock signal, SYSCLK, is fixed at 1/4 CLKASN (unless sleep mode is enabled) but in-
ternal DMACLK and SYSCLK are always divided from the PROCCLK. See the clock generation sec-
tion to understand these relationships more fully.

TP —4—T1P: T2P T2P-1ws TP T2P

CLKxz R Rpupugipugnpipipnpipipupipipupngipipupn
1/2CLKASN 1 e O e O O O O e
L 1|

PROCCLK 1 ) E O A I L 1
Local CPU Memory to VO Cycle Clock switch
A1-23BHE /X VALID VO Read Y VALID VO Memory Write X }
ADS* \_ﬂ—_‘“ 16 Bit- 1 WS VO Read Cycle I: I \
Wi m I 7/1 386sx Page Mode VO Mem Write Cycle - O Wait State \
wio* =\ Iz \
READY* K5/286 Mode READY Enters cycle Lows\ I/ 1\ £Y
DATAD-15 L/ X Read Data X/} \_Write Data X}
1 2 3 1 2
SYSCLK ] | | I J
BALE N
IOR*/MEMW"* \ |17 NN |47,
LA[17:23] 'Y vaid Address X Valid Address X
SBHE*,SA[0:19)] Y X Valid Y7 X Valid ) %75 ¢
e SN\ —re— 7
- Terminate.Cycle
ows* (\W( /77/%7777/7
MEMCS16° \ /

11O BUS FUNCTIONAL TIMING - Standard Read Cycle and Ows /O Memory Write Cycle
Master Arbitration Cycle

A Master device will start the master arbitration cycle by asserting an assigned DMA Request (DRQ)
and waits for the corresponding DMA Acknowledge (DACK¥) as in a standard DMA Cycle, but for cor-
rect master device operation the assigned DMA channel must be programmed for Cascade Operation. In
this mode the DMA controller does not generate address or control signals and, ignores all inputs except
CPUHLDA and DRQ on the active channel. When the DACK* is received by the Master device, it will
drive the MASTER* signal. This will reverse the direction of various bus drivers and forces AEN 1o
deassert, which indicates that the Master device has control of the bus.

The Master can remain in control indefinitely if it maintains System Refresh and can perform 1/O or
memory cycles as needed. In actual practice, most Master devices limit transfers to 4 or 5 cycles and
then re-arbitrate by deasserting MASTER* and DRQ. Some Master devices are able to generate very
short command pulse widths in high speed, non-AT Bus compatible operations and must be set to slow
or moderate speed/command pulse width timing.

The HT22 supports DMA masters on the I/O channel. A device on an I/O channel can become master
and control IO channel operations and memory access. The MASTER* line is sampled during DMA to
determine if an external bus master wishes to control the I/O channel. If the line is active, the HT22 ex-
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e e -

pects that the external address buffers have reversed direction. The HT22 address lines also reverse direc-
tion (they normally drive out during DMA), so the internal memory controller can obtain the address.
The memory and /O control signals also reverse while MASTER* is active. The following diagram
shows how an add-on bus master device obtains and releases control of the system.

The HT22 should retain byte swapping responsibilities with the Master device being treated as a 16-Bit
resource. The Master device should not drive the SD[0:7] and SD[8:15] in a manner that would conflict
with the normal byte swapping activites being performed by the HT22,

The HT22 generates MEMCS16* or IOCS16* internally as required for DRAM and internal register ac-
cesses, but they are not driven on the bus.

The REFRESH* line is also bi-directional in the master environment. If the master holds the I/O channel
more than 15us, it should initiate a refresh cycle. To accomplish this it should hold the REFRESH* line
active until the HT22 refresh control circuit asserts MEMR* and brings it high again.

Arbitration Master,Cycle Rel
DRQx _
CPUHRQ / \.—
CPUHLDA / |\
- DACK* \ /
MASTER® \ v
AEN I \ J .
LA[17:23] - - - - 1
SD[0:15] (Driven by Core logic  }———— Driven by Master Device r
MEMRW*
IOR'W*, SBHE*
MASTER Arbitration Diagram
I/O Decode
. ADDRESS SELECTED
A9 A8 A7 A6 A5 A4 A3 A2 Al A0 RANGE(HEX) DEVICE
0 0 0 0 0 X X X X X 000 - OIF DMAL
0 0 O 0 1 X X X X X 020 - 02F PIC1
0 0 O 1 0 X X X X X 040 - O5F PTC
0 0 0 1 1 0 X X X 0 060 - 06F KBC, Port B
0 0 0 1 1 1 X X X X 070 - 07F RTC, NMI
0 0 1 0 0 X X X X X 080 - O8F DMAPAGE
090 - 091 Reserved
0 0 1 0 0 1 0 0 1 0 092 SYS CTRL PORT
093-09F Reserved
0 0 1 0 1 X X X X X 0AQ - OBF PIC2
0 0 1 1 0 X X X X X 0CO - ODF DMA2
0 0 1 1 1 X X X X 0 OFO - CLR BUSYCOP
0 0 1 1 1 X X X X 1 OF1 - RESETCOP 287
0 0 1 1 1 X 1 X X X OF08- OFF NPCS*
0 0 1 1 1 0 1 1 X X 1EC - 1EF EMS/CONFIG
— REGISTER

60-6F is KBC if AO=0, and Port B if AQ=1;  070-07F is RTC if AO=1 and NMI if A0=0

991

25 751-0080-01 Rev.1



HT22

3865X/286 Single Chip Functional Description
—
I/O Address Map

The following table defines the I/O ports supported by the HT22, Certain address locations may not be
used or reserved locations. Addresses shown in numerical order.

/0 TYPE

Addr Read/ Description
Port Write

~DMA Controller #1
0000H R/W Channel 0 current address
0001H R/W Channel 0 current word count
0002H R/W Channel 1 current address
0003H R/W Channel 1 current word count
0004H R/W Channel 2 current address
0005H R/W Channel 2 current word count
0006H R/W Channel 3 current address
0007H R/W Channel 3 current word count
0008H R/W Command/Status Register
0009H R/W Request Register
000AH R/W Single Bit Mask Register
000BH R/W Mode Register
000CH R/W Clear Byte Pointer
000DH R/W Master Clear
OOOEH R/W Clear Mask Register
000FH R/W Write All Mask Register Bit

Programmable Interrupt Controller #1

0020H w ICW1
w OoCw2
w OCWwW3
R Interrupt Request Register (IRR)
R In-Service Register (ISR)
R Polling Data Byte
0021H w ICW2
w ICW3
w ICW4
w OCwW1
R Interrupt Mask Register IMR)
0023H - 003FH Reserved
Timer/Counter
0040H R/W Timer 0 Count Load/Read
0041H R/W Timer 1 Count Load/Read
0042H R/W Timer 2 Count Load/Read
0043H w Timer Control Word
0044H - 00SFH Reserved

751-0080-01 Rev.1 26 991



HT22

Functional Description 386SX/286 Single Chip
Addr Read/ Description
Port Write
Write Keyboard Controller
0060H R/W Keyboard Data
0062H - 0063H Reserved
0064H R/W Keyboard Control/Status
PortB
0061H R/W Port B Status Port
Real Time Clock
0070H w Real-Time Clock Index and NMI Mask
0071H R/W Real-Time Clock Data Port
DMA Page Registers
0080H w Not Used
0081H W Channel 2 Page Register
0082H w Channel 3 Page Register
0083H W Channel 1 Page Register
0087H w Channel 0 Page Register
0089H w Channel 6 Page Register
008AH w Channel 7 Page Register
008BH w Channel 5 Page Register
System Control Port
0090H - 0091H Reserved
0092H R/W System Control Port
0093H - 009FH Reserved
Programmable Interrupt Controller #2
00AOH w ICW1
w OoCw2
\'J OCwW3
R Interrupt Request Register (IRR)
R In-Service Register (ISR)
R Polling Data Byte
00A1H w ICW2
w ICWwW3
w ICW4
w OCW1
R Interrupt Mask Register (IMR)
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Addr Read/ Description
Port Write

DMA Controller #2

00COH R/W Channel O current address
00C4H R/W Channel O current word count
00C6H R/W Channel 1 current address
00C8H R/W Channel 1 current word count
00CAH R/W Channel 2 current address
00CCH R/W Channel 2 current word count
00CEH R/W Channel 3 current address
00CFH R/W Channel 3 current word count
00DOH R/W Command/Status
00D2H R/W Request Register
00D4H R/W Single Bit Mask Register
00D6H R/W Mode Register
00D8H R/W Clear Byte Pointer
00DAH R/W Master Clear
00DCH R/W Clear Mask Register
0ODEH R/W Write All Mask Register Bit
00DFH - 00EFH Reserved

Co-processor Registers

00FOH w Clear Co-processor Busy
00F1H w Reset Co-processor

00F8H w Co-processor Chip Select
00FAH w Co-processor Chip Select
00FCH w Co-processor Chip Select

EMS Page Registers and Control Registers

01ECH R/W EMS Map Register
01EDH R/W Control Register Index
Indexed O to 6H for CR[0:6]
01EEH R/W EMS Map Address Register
Indexed offset 00 to 1FH for 64 EMS Pages (2 sets if 32)
01EFH R/W Control RegisterData Port (8-bits)
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1BM™ pC AT-Compatible Registers

I/0 Port 61H PortB 0061H R/W

[7[e[s[a[3]2]r o]

Timer 2 Gate

Speaker Data

Parity Disable

Channel Check Disable
Refresh Detect

Timer 2 Output

1/O Channel Check
Parity Check

This port controls several system level functions. The port can be accessed through any odd I/O port address
between (and including) 61H and 6FH.

BIT Description / State

7 Parity Check (read only). This bit indicates an error has occurred on the planar memory.
0 = no error occurred.
1 = an error occurred.

6 1/0O Channel Check (read only). This bit indicates an I/O channel check has occurred (usually
a parity error) on the system I/O channel.
0 =no error occurred.
1 = an error occurred.

5 Timer 2 Out (read only). This bit returns the condition of the timer 2 output.

4 Refresh Detect (read only). This bit toggles on each refresh cycle.

3 Channel Check Disable (read/write). This bit disables NMI generation for channel check errors.
0 = disables NMI (default).
1 = enables NML.

2 Parity Disable (read/write). This bit is used to disable parity error contribution to the NML

This bit is logically ORed with Parity Checking Option bit 2 of Control Register 5. With
this method a system parity is disabled if either this bit (PARITY DISABLE) or Bit2 of CR 5
is set to a logical 1.

0 = parity is enabled (default).

1 = parity is disabled.

1 Speaker Data (read/write). This bit gates the output of channel 2 of the timer/counter.
0 = output is disabled (default).
1 = output is enabled.

0 Timer 2 Gate (read/write). This bit controls operation of timer channel 2.
0 = channel 2 timer operation is disabled (default).
1 = channel 2 timer operation is enabled.
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I'OPort 70H RTC Index and NMI Mask 0070H w

e s [s 312 7]

l Real Time Clock
NMI Disable

RTC/CMOS Index and NMI mask - This register is used to access the RTC and its CMOS RAM.
Bit 7 is an NMI Mask bit used to mask NMIs from accessing the CPU. Bits [6:0] would be used by exter-
nal RTC chip. Reading this location causes RTCAS and RTCRD* signal activation. Writing will cause
RTCAS and RTCWR* signal activation.
BIT Description / State
7 NMI Disable (write only). This bit disables the generation of NMs.
0 = enables generation of NMls (default).
1 = disables the generation of NMls.
[6:0] RTC Index [6:0]. These bits are used as index pointers for external real-time clock.

LOPort 71H RTCData 0071H R/W

(7 [e[sfaf3]2]1]o]
]

| RTC Data Bits.

This port is used to transfer data to and from an external real-time clock. The RTC register is selected by
bit [6:0] of I/O port 70H as described above. Reading this location causes RTCAS and RTCRD* signal ac-
tivation. Writing will cause RTCAS and RTCWR* signal activation.
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I/OPort 92H System Control Port 0092H R/W
Reset State 00H

[7le[s[ef3]2]1]o]

—— CPUA20
Alternate GATEA20
Reserved

This register is used as a faster alternative to gating A20 and resetting the CPU rather than using the 8042
keyboard controller. This register is compatible with IBM PS/2 architecture and is explained more com-
pletely in the OS/2 Optimization section.

BIT Description / State
[7:2} Reserved.
1 Alternate GATEA20.

0 =CPUA20 is forced low. (If A20 Gate Pin is low)
1 = Address bit A20 (on the CPU) goes directly to the CPUA20 pin.

0 CPUA20 RESET.

0 to 1 transition = a reset pulse is provided on the RESETCPU pin to reset the CPU.
After setting, the state is maintained after a CPU reset so the BIOS can determine if the
reset was caused by a CPU RESET condition.
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Keyboard Controller Interface  0060H, 0062H, 0064H R/W

The HT22 uses an external 8042 to handle keyboard operations. The clock for the 8042 may be derived
from SYSCLK or separate OSC circuit and should have a frequency that is between 6 MHz and 10 MHz
when used with standard keyboard controllers.

The 8042 interfaces with the HT22 through OPTBUFUL (IRQ1) and a chip select line CS8042*. The
8042 also provides three output signals: HISPEED, (used for programmable speed switching)
A20GATE, and RC (Reset CPU). These signals are brought into the HT22 and combined internally with
Alternate Port 92 FAST GATEA20 and FAST CPU RESET functions.

SA2 SA2 XTLA
XTL2
HT22 or IOR* % ':;
low* Iow* P1 MONO/COLOR
CS8742 cs8742* P17 KEYBOARD LOCK
RESET* RESET* po KEYBOARD CLK TX
TEST RX
HISPEED, HISPEED
RC* RC P27 KEYBOARD DATA TX
OPTBUFUL OPTBUFUL  TESTt RX
A20GATE A20GATE
. 5D To XD
SD[0:7 .
0:7] Buftfer XD{o:7)
XDDIR
XDDIR 8042 KBC

Keyboard Controller Interface
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Real-time Clock Interface 0070H W 0071H R/W

The HT22 supports several types of external MC146818 compatible Real Time Clock (RTC) devices
with the Standard AT type interface. This includes standard register access with the RTC index register
at I/O port 70H used to latch the address of the desired register to be accessed on subsequent reads or
write to data IO port at 71H. A write access to I/O port 70H will activate the RTC Address Strobe
(RTCAS) and bring the external Data DIRection (XDDIR) signal high. This combination is used to latch
the address for subsequent read or write accesses to I/O port 71H.

A read from I/O port 71H will activate the RTC ReaD (RTCRD¥*) signal along with bringing the XDDIR
signal low to read the data addressed on the previous 1/O port 70H address cycle. Conversely a write to
I/O port 71 will activate the RTC WRite (RTCWR*) signal and bring the XDDIR signal high to read the
data addressed on the previous I/O port 70H address cycle. The use of IRQ8* interrupt request signal
completes the RTC interface. This Interrupt signal is active low unlike the remaining IRQ signals. For
complete register bit definitions see the standard PC-AT Register section on the I/O address map for
Port 70 and 71. Refer to the actual RTC documentation for configuration and programming sequences.

HT22 ooy Real Time
SD[0:7] SD{0:7] XD{0:7) XD[o:7] CIOCk
Chip

XDDIR XD DIR g 10K PU

RTCRD* b RTCRD*

RTCWR"* p RTCWR*
RTCAS RTCAS
IRQ8* |n IRQ8*

Real Time Clock Interface
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DMA Controller

Functional Description
’

0000H-000FH, 00C0H, C4, C6, C8, CA, CE,
CF, D0,D2, D4, D6, D8, DA, DC, 00DEH,

R/W

The HT22 integrated peripheral controller contains two DMA controllers that are compatible with the
Intel 8237. Each controller is a four-channel DMA device that can generate the control signals and
memory addresses necessary to transfer information between a peripheral device and memory directly.
These two DMA controllers are internally cascaded to provide four DMA channels for transfers to 8-bit
peripherals (DMAT1) and three channels for transfers to 16-bit peripherals (DMA2). DMA2 Channel 0
provides the cascade interconnection for the two DMA devices.

This arrangement is used to maintain IBM PC AT bus compatibility as documented by the IEEE P996

specification. The DMA function is arbitrated with internal logic and will gain control of the local bus as
an independent bus owner. To facilitate this operation the HT22 utilizes the HOLD/HLDA protocol of

the microprocessor.

Figure below shows how the two DMA controllers are cascaded for standard AT bus applications. DMA
channels [0:3] are used for 8-bit transfers, while channels [5:7] are used for 16-bit transfers. DMA opera-

tions are allowed within the full range of 16MB memory through the use of DMA page registers.

CPUHRQ HOLD  DRQ3 DRQ7
CPUHLDA | HLDA  packa* p DACK?*
TO CPU: DRQ2 DRQS
DACK2' |, DACKS*
DRQ1 DRQS
DACK1* b DACKS®
. . DRQo HOLD

For 16-Bit Periherals DACKO'—— i Hpa DRO3| DRGS
& Cascade to DMAt DACK3* p——— . DACKS3"
DMA2 DRQ2 DRQ2
DACK2* p———ro———— DACK2*
pRQT L DR
DACK1® b DACK1*
DRRO|—  DRQoO
DACKg* p—— DACKo*

For 8-Bit Peripherals

DMA1

Cascaded DMA Controllers

The DMA clock (DMACLK) will be 1/4 the PROCCLK rate and controls the DMA transfer rate and
timing. The PROCCLK frequency is application dependent as defined in the Clock Switching section.

During DMA cycles the PROCCLK is always CLKASN/2, unless sleep mode is enabled. DMA wait
state selection is based on the AT compatible IEEE P996 bus specification defining cycle length. All
DMA transters have 1 DMA wait state unless extended by IOCHRDY.

The DMA channels have a pair of 16-bit counters and corresponding reload registers. Each 16-bit

counter allows the DMA to transfer blocks as large as 65,536 words. The register associated with each
counter can allow the channel to re-initialize without reprogramming. The following description of the
DMA operation pertains to cascaded DMA controllers 1 and 2 unless noted otherwise.
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DRQx

vy \

CPUHRQ / -

CPUHLDA / -
DACK® \ /

oR*
Iow*

SD{0:15} { Write Data  Read Data }

SA[0:19] XX VaidAddress XX

A1) v 7,

1286 1386SX \386sx \286

BALE,AEN [ f _\
READY \ /

TC
RAS*
CAS®

MA{[0:10]

DMA CYCLE FUNCTIONAL TIMING - Standard Memory Read or 1O Write Cycle

DMA Operation

During normal operation of the HT22, the DMA controllers are in either an Idle mode, a Program
mode, or an Active mode. While in the idle mode the DMA coentroller state machine will stay in the
idle state. This is the default mode, and the controller remains in this mode until the device has been
initialized and a DMA request (DRQ) is active. If the CPU access one of the internal registers the
device will enter the programming mode.

When a DMA request becomes active (DRQ[0:3],[5:7]) the controller enters the Active mode and is-
sues a hold request that is past on to the microprocessor{CPUHRQ). The CPU responds with an ac-
knowledge (CPUHLDA) and the HT22 sets the appropriate DMA acknowledge {DACK*[0:3],[5:7])
and generates the necessary memory addresses and command signals to accomplish a memory-to-
1/O, or an I/O-to-memory transfer. During transfers between memory and I/O, data is present on the
system bus from either memory or requested device and the transfer is completed in one cycle.

During transfers between memory and I/O, two commands may be active during the same cycle. On
a memory-to-I/O transfer, the HT22 asserts both MEMR* and IOW* to allow data to be transferred
directly to the requesting device from memory. The HT22 will not latch data from nor drive the data
bus on this type of cycle. (Note: MEMR* is delayed 1 DMA Clock from 8237 timing.) MEMR* and
MEMW?* are not active during local memeory DMA cycles.
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The number of clock cycles required to transfer a word of data is fixed for Standard Access Memory
Cycles or optionally extended by the peripheral device utilization of IOCHRDY. During an active
cycle the DMA state machine sequences through a series of states with each state being one DMA
clock cycle long. The number of states in a cycle varies depending on how each device is
programmed and the type of cycle to be performed. These states are labeled S[0:4] and are explained
in more detail in the section called Active Mode.

Idle Mode

When no device is requesting service or the device has not been programmed, the DMA controller is
in an idle mode that will maintain the state machine in the S1 state. While in this state the HT22
samples the DREQ input pins every clock cycle. The internal DMA select from the /O decoder and
HLDA are also sampled at the same time to determine if the CPU is attempting to access the internal
DMA registers. When either these situations occurs, the DMA exits the idle mode. Access to the in-
ternal registers cause the controller to enter the Program mode and any other decode with in the
select range or valid CPU hold acknowledge will cause it to enter the Active mode.

Program Mode

The Program mode is entered whenever HLDA is inactive and internal DMA select has been
decoded. At this time the address lines A[0:3] become inputs when DMAL is selected, or A[1:4] be-
come inputs when DMA?2 is selected. Address line A0 is not used by DMAZ2 as transfers are word
wide instead of byte wide. These address inputs will select the DMA controller register that is to be
read or written 10. An internal Byte pointer flip-flop is used to supplement access to the count and ad-
dress registers by selecting the high and low bytes of these registers. This flip-flop will toggle each
time a read or write occurs to any of the word count or address registers in the DMA. It is cleared by
a POWERGOOD reset and may be set or cleared by issuing one of the special commands outlined
below and in the Special Commands section.

These Special commands are supported through the Program mode to control the individual DMA
controllers. The commands do not use the data bus but are derived from a combination of I/O address
decode and IOW* or IOR* access. Commands available are; Set and Clear Byte Pointer Flip-Flop;
Master Clear; Clear Mode Register Counter; and Clear all Mask Registers. The access to these com-
mands are explained in the special command section.

The HT22 will enable the programming mode when HLLDA has been inactive for at least one DMA
clock cycle. Systems operation must ensure that programming mode and HLDA are mutually ex-
clusive. Otherwise the HT22 can experience erratic operation if a request for service occurs on an un-
masked channel that has not been fully programmed. To prevent servicing a operation with a channel
that is only partially programmed the channel should first be masked or DMA activity disabled.

Active Mode

The HT22 DMA controller will enter the Active mode when a DMA request is made on an un-
masked channel or when a software request is made and the device is not in the Program mode. This
will start a DMA transfer cycle. Each DMA controller can be programmed on a channel-by-channel
basis to operate in one of four modes of operation. Each mode is described below.

— Single transfer operation--This mode allows the DMA channel to execute only one transfer cycle ata
time. The DRQ must be held active until DACK* is activated. If DRQ is held active throughout
cycle the DMA controller will release CPUHRQ and the bus once the transfer is complete. Once
CPUHLDA is inactive the same DMA controller will reassert CPUHRQ and complete another cycle
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on the same DMA channel unless a higher priority channel service request is received and it will be
allowed to complete its cycle in the same way. In this mode, the CPU is allowed to execute at least
one bus cycle between transfers and a higher priority DMA transfer will take precedence.

Following each transfer on a given channel, the word count is decrement and the address is incre-
ment or decrement. When the word count decrements from 0000H to FFFFH indicating the DMA ter-
minal count has been reached, a terminal count bit in the status register is set and the TC output pin is
pulsed high. If the automatic initialization option has been enabled, the channel will re-initializes it-
self. if option is not enabled the DMA controller will set the DMA request mask bit and suspend
transfers on the channel.

Block Transfer operation--When Block Transfer Mode is selected, the HT22 begins transfers in
response to either a DRQ or a software request. The transfer will continue until a terminal count
(FFFFH) is reached setting the status register terminal count bit and cause the TC output pin to be
pulsed high. This operation mode only requires DRQ to be held active until corresponding DACK*
is asserted. if the automatic initialization option has been enabled, the channel will re-initializes it-
self. if option is not enabled the DMA controller will set the DMA request mask bit and suspend
transfers on the channel.

Demand Transfer Operation--in Demand Transfer mode, the DMA begins transfers in response to the
assertion of DRQ and continues until either terminal count is reached or DRQ becomes inactive. This
mode is normally used for peripherals that have limited buffering. With this operation a peripheral
can initiate a transfer and complete a cycle based on its buffer capacity. In this way the peripheral
continue service by reactivating DRQ. During idle periods where terminal count has not been met,
the CPU is released to operate and can monitor the status of the operation by reading intermediate
values from the address and word count registers. This mode of operation allows other higher priority
channels to receive service pending its own completion by reaching terminal count. This results in
the TC output to be pulsed high and the setting of the appropriate terminal count bit in the status
register, and auto-initialization to occur if option is set.

Cascade Operation--This mode is used to interconnect the second DMA controller. In the Cascade
operation mode, the master DMA controller does not generate address or control signals for the chan-
nel operating in this mode. Instead the DRQ and DACK* signals of the master device are used to in-
terface the HRQ and HL.DA signals of the external slave DMA devices. Once the master device has
received an CPUHLDA in response to a DRQ caused by the HRQ from a slave DMA Controller, the
master DMA controller ignores all inputs except CPUHLDA and DRQ on the active channel. This
method prevents conflicts between the DMA devices.

DMA Transfers

Three types of transfer operations are supported in the HT22 DMA subsystem. These transfer types
are;

— Read Transfer--Read transfers move data from memory to an I/O device by generating the memory

address and asserting MEMR* and IOW* during the same cycle. In a read cycle for example, after
receiving a DRQ, the HT22 issues an CPUHRQ to the system. Until an CPUHLDA is returned, the
DMA remains in an idle state. On receiving the CPUHLDA the DMA controller exits idle on the
next clock cycle and enters an arbitration state (S0) where the device resolves priority and issues
DACK* on the highest priority channel requesting service. The DMA then proceeds to addressing
state (S1), where the multiplexed addresses are output and latched. In the next memory read state
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(S2) the HT22 asserts MEMR* and the device then transitions into the 1/O write state (S3) where the
IOW* command is asserted. The HT22 then remains in this state until the wait-state counter has
decrement to zero and IOCHRDY is true. At least one additional I/O write state occurs unless Com-
pressed Timing is selected. Once a ready mode (DRQ and IOCHRDY de-asserted), is detected, the
DMA enters the last state (S4) where both commands are terminated. In Burst Operation Mode and
Demand Operation Mode subsequent cycles begin in memory read state unless the intermediate ad-
dresses require updating. In these subsequent cycles, the lower addresses are changed in memory
read state(52).

— Write Transfer--A Write transfer moves data from an I/0 device to memory by generating the
memory address and asserting IOR* and MEMW*,

- Verify Transfer--The verify transfer is a pseudo-transfer that is useful for diagnostics. in this type of
transfer, the DMA operates as if it is performing a Read or Write Transfer by generating CPUHRQ,
addresses, and DACK, but does so without asserting a command signal. Since no transfer actually
takes place, IOCHRDY is ignored during Verify transfer cycles.

Auto-Initialization Option

Each of the Three DMA channel Mode Registers contains a bit that causes the channel to re-initialize
after reaching terminal count. During this process, referred to as Auto-initialization option, the Base
Address and Base Word Count Registers, which were originally written by the CPU, would be
reloaded into the Current Address and Current Word Count Registers with out additional CPU inter-
vention. The base register remains unchanged during DMA Active cycles and can only be changed
by the CPU. If the channel is set to auto-initialize the request mask bit is not set upon reaching ter-
minal count and DMA operation may continue without additional CPU intervention.

DRQ Priority

The HT22 supports two schemes for establishing DRQ priority. The first is fixed priority, which as-
signs priority based on channel position, in this method Channel 0 is assigned the highest priority.
Priority assignment then progresses in order down through the channels, with Channel 7 receiving
the lowest priority.

The second type of priority assignment is rotating priority. in this scheme the ordering of priority
from Channel [0:3] is maintained but the actual assignment of priority changes. The channel most
recently serviced is assigned the lowest priority and, since the order of priority assignment remains
fixed, the remaining three channels rotate accordingly. The rotating priority assignment is illustrated

in the following table.

First Second Third
Arbitration Arbitration Arbitration Priority
Channel 0 Channel 2 Channel 3 Highest
Channel 1 Channel 3 Channel 0
Channel 2 Channel 0 Channel 1
Channel 3 Channel 1 Channel 2 Lowest

Rotating Priority Scheme
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In instances where multiple requests occur at the same time, the HT22 issues an HRQ but does not
freeze the priority logic until HLDA is returned. Once HDLA becomes active, the priority logic is
frozen and DACK* is asserted on the highest requesting channel. Priority is not re-evaluated until

HLDA is deactivated.

Address Generation

The DMA Page Register is a set of 16 8-bit registers in the HT22 that are used to generate the high
order addresses during DMA cycles. Only eight of the registers are actually used, but all sixteen are
included to maintain IBM PC/AT compatibility. Each DMA channel has a register associated with it
with the exception of Channel 0 of DMAZ2, which is used for internal cascading to DMAL. Assign-
ment of each of these registers is shown in Table below along with its Read/Write address. For fur-
ther information refer to the IBM Technical Manual.

During Demand and Block Transfers, the HT22 generates multiple sequential transfers. For most of
these transfers the information in the external address latches remains the same, eliminating the need
to be re-latched. Since the need to update the latches occurs only when a carry or borrow from the
lower 8-bits of the Address Counter exists, the HT22 updates the laich contents cnly when necessary.
The HT22 therefore executes S1 cycles only when necessary, resulting in an overall through-put im-

provement.
080H Unused(Normally used for external diagnostic and test functions.)
081H 8-bit DMA Channel 2 (DACK2%*)
082H 8-bit DMA Channel 3 (DACK3*)
083H 8-bit DMA Channel 1 (DACK1%*)
084H Unused
085H Unused
086H Unused
087H 8-bit DMA Channel 0 (DACKO*)
088H Unused
089H 16-bit DMA Channel 2 (DACK6*)
08AH 16-bit DMA Channel 3 (DACK7*)
08BH 16-bit DMA Channel 1 (DACKS5*)
08CH Unused
08DH Unused
08EH Unused
08FH Refresh Cycle
DMA Page Register I/O Ports
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Register Descriptions

This section describes the registers used during DMA functions.
Current Address Register  0000H, 02, 04, 06, 00COH, C6, CA, 00CEH R/W

Each DMA channel has a 16-bit Current Address Register that holds the address used during trans-
fers. Each channel can be programmed to Increment or decrement this register whenever a transfer is
completed. This register can be read or written by the CPU in consecutive 8-bit bytes. if Auto-In-
itialization is selected, this register is reloaded from the Base Address Register upon reaching ter-
minal count in the Current Word Count Register. Channel 0 can be prevented from incrementing or
decrements by setting the Address Hold Bit in the Command Register.

Current Word Count Register 0001H,03,05,07, 00C4H,C8,CC,CE,00CFH R/W

Each channel has a Current Word Count Register that determines the number of transfers to perform.
The actual number of transfers performed is one greater than the value programmed into the register.
The register is decrement after each transfer until it goes from zero to FFFFH. When this roll-over oc-
curs, the HT22 generates TC, suspends operation on that channel, sets the appropriate Request Mask
Bit or Auto-Initialize, and continues. )

Base Word Count Register

This register preserves the initial value of the Current Word Count Register. It is also a write-only
register that is loaded by writing to the Current Word Count Register. This register is loaded in the
Current Word Count Register during Auto-Initialization.

Command Status Register 0008H, 00DOH R/W

This register controls the overall operation of a DMA subsystem. The register can be read or written
to by the CPU and is cleared by either a RESET or a Master Clear command.

(716 fs[alsf2lr]o]

t Reserved must be 0 (LSB)

Disable DMA
Reserved must be 0
Rotating Priority
Extended Write

DRQ Active

DACK Active (MSB)

BIT Description/State

7 DACK active level is determined by bit 7. Programming a one in this bit
position makes DACK an active high signal.

6 DRQ active level is determined by bit 6. Writing a one in this bit position
causes DRQ 1o become active low.

751-0080-01 Rev.1 40 9m1



HT22

Functional Description 386SX/286 Single Chip

—

5

[1:0]

Mode Register

Extended Write is enabled by writing a one to bit 5, causing the write com-
mands to be asserted one DMA cycle earlier during a transfer. The read and
write commands both begin in state S2 when enabled.

Rotating Priority Writing a one to bit 4 causes the HT22 to utilize a rotating
priority scheme for honoring DMA requests. The default mode is fixed priority.

Reserved must be 0.

Disable DMA: Bit 2 is the master disable for the DMA controller. Writing a
one to this location disables the DMA subsystem (DMA1 or DMAZ2). This
function is normally used whenever the CPU needs to reprogram one of the
channels to prevent DMA cycles from occurring.

Reserved must be 0

000BH, 00D6H R/W

Each DMA channel has a Mode Register associated with it. All four Mode Registers reside at the
same I/O address. Bits [0:1] of the Write Mode Register command determine which channel’s Mode
Register is written to. The remaining six bits control the mode of the selected channel. Each
channel’s Mode Register can be read by sequentially reading the Mode Register location. A Clear
Mode Register Counter command is provided to allow the CPU to restart the mode read process ata

known point.

During mode read operation, bits O and 1 are one.

[7Tels[alsfofr[o]
— — I

[ Channel Select [0:1] (LSB)
Type Transfer [0:1]
Auto-Initialization

Address Counter Direction

Mode Select[0:1] (MSB)

BIT

[7:6]

Description/State

Mode Select 0, 1 for each channel is accomplished by bits [6:7].

M1 MO

0 0 Demand Mode

0 1 Single Cycle Mode
1 0 Block Mode

1 1 Cascade Mode

Address Counter Direction;Determines direction of the address counter. A
one in bit 5 decrements the address after each transfer.

Auto-Initialization function is enabled by writing a one in bit 4 of the Mode
Register.
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[3:2] Transfer Type [1:0] Bits [2:3] control the type of transfer that is to be
performed.
T1 TO
0 0 Verify Transfer
0 1 Write Transfer
1 0 Read Transfer
1 1 Don’tuse
[1:0] Channel Select [1:0] Bits [1:0] determine which channel’s Mode Register is

written to. Read back of a mode register results in bits {1:0] both being ones.

CS1 CSO

0 0 Channel 0 Select
0 1 Channel 1 Select
1 0 Channel 2 Select
1 1 Channel 3 Select

Request Register 0009H, 0002H w

This is a four bit read register 3 bit write register used to generate software requests (DMA service
can be requested either externally or under software control). Request Register bits can be set or reset
independently by the CPU. The Request Mask has no effect on software generated requests. All re-
quest bits are cleared to zero by a RESET.

Lo s [alsTe 110]

Register Select[0:1]

Request Bit
Unused
BIT Description/State
2 Request Bit is set by writing a one to bit 2.
[1:0] Register Select [1:0] determine which channel’s Mode Register is written to.
Read back for the mode register results in bits [0:1] both being ones.
RS1 RSO Channel
0 0 Channel 0 Select
0 1 Channel 1 Select
1 0 Channel 2 Select
1 1 Channel 3 select
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Request Register 0009H, 0002H R

(76 [s]al3f2 {1 Jo]
] 1

- Register Control [3:0]
Unused must be set to 1
BIT Description/State
[3:0] During a Request Register Control read, the state of the request bit associated with each
channel is returned in bits [0:3] of the byte. The bit position corresponds to the
channel number.
Single Bit Mask Register 000AH, 00D4H R/W

Each channel can be independently masked by writing to the Write Single Mask Bit location. The
operation of this register is explained below.

T Telsels2]ilo]

Mask Select [1:0]

Mask Bit
Unused
BIT Description/State
2 Mask Bit sets or resets the request mask bit for the channel selected by MS1 and MSO.
Writing a one in this bit position sets the mask, inhibiting external requests.
[1:0] Mask Select [1:0] -These two bits select the specific mask bit that is to be set or reset.
MS1 MSO
0 0 Channel 0 Select
0 1 Channel 1 Select
1 0 Channel 2 Select
1 1 Channel 3 select

991 43 751-0080-01 Rev.1



HT22
386SX/286 Single Chip Functional Description

Write All Mask Register Bit 000FH, 00DEH R/W

The Write All Mask Register is a set of four bits that are used to inhibit external DMA requests from
generating transfer cycles. All four mask bits can be programmed in one operation by writing to the
Write All Mask Bit address. The data format for this function is shown below.

[7Telslalsfzlr]o]

'———Mask Bit[3:0]
Reserved

Mask Bits [3:0] Each bit position in the field represents the mask bit of a channel. The mask bit num-

ber corresponds to the channel number associated with the mask bit. All four mask bits are set follow-
ing a RESET or a Master Clear command. Individual channel mask bits are set as a result of terminal

count being reached, if Auto-Initialize is disabled. The entire register can be cleared, enabling all

four channels, by performing a Clear Mask Register operation.

Status Register 0008H 00DOH R

The status of all four channels can be determined by reading the Status Register. Information is avail-
able to determine if a channel has reached terminal count and whether an external service request is
pending. Bit {3:0] of this register are cleared by a POWERGOOD reset, a Master Clear, or each time
a Status Read takes place. Bits [7:4] are cleared by a POWERGOOD reset, a Master Clear, or the
pending request not asserted. Bits [7:4] are not affected by the state of the Mask Register Bits. The
Channel number corresponds to the bit position.

EEREENEEENENENIN

|
L———Terminal Count [3:0]
DRQ[3:0]

Special Commands

Five special commands are provided to make programming the device easier. These commands are
activated as a result of a specific address and assertion of either an IOR* or IOW*. Information on
the data lines is ignored by the HT22 whenever an IOW* activated command is issued. Thus data

returned on IOR* activated command is invalid. Descriptions of the five special commands follow:

— Clear Byte Pointer Flip-Flop - This command is normally executed prior to reading or writing to
the address or word count register. This initializes the flip-flop to point to the low byte of the register
and allows the CPU to read or write the register bytes in correct sequence.

- Set Byte Pointer Flip-Flop - Setting the Byte Pointer Flip-Flop allows the CPU to adjust the pointer
to the high byte of an address or word count register.

— Master Clear - This command has the same effect as a hardware RESET. The Command Register,
Status Register, Request Register, Temporary Register, Mode Register Counter, and Byte Pointer
Flip-Flop are cleared and the Request Mask Register is set. Immediately following Master Clear or
RESET, the DMA is in the Idle Mode.

~ Clear Request Mask Register - This command enables all four DMA channels to accept requests
by clearing the mask bits in the register.
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386SX/286 Single Chip

R

- Clear Mode Register Counter - in order to allow access to four Mode Registers while only using
one address, an additional counter is used. After clearing the counter, all four Mode Registers may
be read by doing successive reads to the Read Mode Register address. The order in which the register

is read is Channel O first and Channel 3 last.

0020H, 0021H, 00A0H, 00A1H

R/W

The HT22 incorporates two programmable interrupt controllers that are functionally compatible with the
Intel 8259A. The controllers accept requests from peripherals, resolve priority on pending interrupts and
interrupts in service, issue an interrupt request to the CPU, and provide a vector that is used as an index

by the CPU to determine which interrupt service routine to execute.

A variety of priority assignment modes are provided, which can be changed at any time during system
operation, allowing the complete interrupt subsystem to be restructured, based on the system require-
ments. The controllers are cascaded in a fashion compatible with the IBM PC AT and to be compatible

with IEEE AT Bus Specification P996.

PIC1 |po IRQO
INTR IR1 IRQ1
INT IR2
TO CPU: IR3 IRQ3
IR4 IRQ4
sp* IRS IRQ5
IR6 IRQ6
(MASTER) IR7 IRQ7
PIC2 RoP——<I} tRas"
A1 IRQY
INT IR2 IRQ10
IR3 IRQ11
CAS[2:0] IR4 IRQ12
IRS IRQ13
(SLAVE) IR6 IRQ14
IR7 IRQ15

L=

Cascaded Interrupt Controllers
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0
Table below shows interrupt levels used by the system board and AT compatible I/O bus.

Interrupt System /4]
Functions Bus
NMI Parity Check IOCHCK
IRQO Timer Not Available
IRQ1 Keyboard Not Available
IRQ3 Serial Port 2 Available
IRQ4 Serial Port 1 Available
IRQS5 Paraliel Port 2 Available
IRQ6 Floppy Disk Available
IRQ7 Parallel Port 1 Available
IRQS8 Real-Time Clock Not Available
IRQ9 Not Used Available
IRQ10 Not Used Available
IRQI11 Not Used Available
IRQ12 Not Used Available
IRQ13 Co-Processor Not Available
IRQ14 Hard Disk Available
IRQ15 Not Used Available

Typical System Interrupts and AT compatible I/O Channel

The two devices interconnected in chained fashion with the interrupt output of Programmable Interrupt
Controller 2 (PIC2) connecied to interrupt input 2 on PIC1. To insure that all 16 interrupt channels
operate correctly in arrangement all channels must be programmed to operate in Cascade Mode. PIC1 is
located at addresses 020H-021H and is configured for Master operation (defined below) in Cascade
Mode. PIC2 is a Slave device (defined below) and is located at addresses 0OAOH-0A1 H. The address
decoding and Cascade interconnection insures compatibility with AT compatible bus specifications.

Two additional interconnections are made to the interrupt request inputs of the interrupt controllers. The
output of Timer O in the Counter/Timer subsystem is connected directly to the input of Channel 0 (IR0)
of PIC1 and does not have an external connection. In a standard AT system implementation IRQ1 is
reserved exclusively for the Keyboard output Buffer full flag. Therefore the input pin for this interrupt
has been named OPTBUFUL or Output Buffer Full and should only be used as an input from the key-
board controller. IRQ8* has an inverter between the Pin and PIC (This Interrupt is committed to the
Real Time Clock and this device requires an inverted sense for proper operation.)

| \

- S ]
s s Rewes'\/?/////////////////%iﬁl§\\\\\\\\\\

INTERRUPT FUNCTIONAL SIGNAL TIMING - Interrupt Signal Source and Acknowledge Cycle
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f

The following description of the Interrupt Subsystem pertains to both PIC1 and PIC2 unless otherwise
noted. When register addresses are given, the address for PIC1 register is listed first, and the address for
the PIC2 register is listed second, for example 020H/0AOH would indicate an 020 Hex address for PIC1
and 0AO Hex for PIC2.

Interrupt Controller Operation

The figure on page 45 is a block diagram of the major elements in the Interrupt controller. The Inter-
rupt Request Register (IRR) is used to store requests from all the channels that are requesting service.
Interrupt Request Register bits are labeled using the Channel Name IRQ[0:7], The In-Service
Register (ISR) contains all the channels that are currently being serviced (more than one channel can
be in service at a time). In-Service Register bits are labeled IS[0:7]. The Interrupt Mask Register
(IMR) allows the CPU to disable any or all of the interrupt channels. The Priority Resolver evaluates
inputs from the above three registers, issues an interrupt request, and latches the corresponding bit
into the In-Service Register. During interrupt acknowledge cycles, a master controller outputs a code
to the slave device that is compared in the Cascade Buffer/Comparitor with a three bit ID code pre-
viously written. If a match occurs in the slave controller, it generates an interrupt vector. The con-
tents of the Vector Register are used to provide the CPU with an interrupt vector during INTerrupt
Acknowledge (INTA) cycles.(See Interrupt Acknowledge Cycle Timing.)

Interrupt Sequence

The HT?22 allows the CPU to perform an indirect jump to a service routine in response to a request
for service from a peripheral device, The indirect jump is based on a vector that is provided by the
HT?22 on the second of two CPU generated INTA cycles (the first INTA cycle is used for resolving
priority; the second cycle is used for transferring the vector to the CPU). The events that occur during
an interrupt sequence are as follows:

1 One or more of the interrupt requests (IRQ[7:0]) becomes active, setting the corresponding
IRR bit(s).

2 The interrupt controller resolves priority based on the state of IRR, IMR, and ISR and asserts
the INTR output if appropriate.

3 The CPU accepts the interrupt and responds with two INTA cycles.

4 During the first INTA cycle, the highest is reset. The internal Cascade address is generated
and D([0:7] outputs remain three-stated.

5 The CPU executes a second INTA cycle, during which the HT22 drives an 8-bit vector onto
the data pins D[0:7], which is in turn latched by the CPU. The format of this vector is shown in
the following table. Note that V[3:7] in the table are programmable by writing to Initialization
Control Word 2 (see Initialization Command Words section and table below.

D7 D6 D5 D4 |[D3 D2 DI DO
IR7 VI V6 V5 V4 V3 1 1 1
IRE VI V6 V5 V4 V3 1 1 0
RS VI V6 V5 V4 |[Vv3 1 0 1
SLAVE |IR4 VI V6 V5 V4 (V3 1 0 O
IR3 VI V6 V5 V4 |V 0 1 1
IRZ VI V6 V5 V4 Vi 0 1 0
IRI VI V6 V5 Vv4 |[vi 0o o0 1
IRO VI V6 V5 V4 (V3 0 0 O
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6 At the end of the second INTA cycle, the ISR bit is cleared if the Automatic End-of-Interrupt
mode is selected (see End-of-Interrupt section below). Otherwise, the ISR bit must be cleared
by an End-of-Interrupt (EOI) command from the CPU at the end of the interrupt service routine.

If no interrupt request is present at the beginning of the first INTA cycle (i.e., a spurious interrupt),
PIC1 issues an interrupt level 7 vector during the second INTA cycle.

End-of-Interrupt (EOI)

EOIl is defined as the condition that causes an ISR bit to be reset. Determination of which ISR bit is
to be reset can be done by a CPU command (specific EOI) or the Priority Resolver can be instructed
to clear the highest priority 1ST bit (non-specific EOI).

The HT22 can determine the correct ISR bit to reset when operated in modes that do not alter the
fully nested structure, since the current highest priority ISR bit is necessarily the last level acknow-
ledged and serviced. In conditions where the fully nested structure is not preserved, a specific EOI
must be generated at the end of the interrupt service routine. An ISR bit that is masked, in Special
Mask Mode by an IMR bit, is not cleared by a non-specific EOI command. Optionally, the interrupt
controller can generate an Automatic End-of-Interrupt (AEOI) on the trailing edge of the second
INTA cycle.

Priority Assignment

Assignment of priority is based on an interrupt channel’s position relative to the other channels in the
interrupt controller. After the initialization sequence, IR0 has the highest priority, IR7 has the lowest,
and priority assignment is fixed (Fixed Priority Mode). Priority assignment can be rotated either
manually (Specific Rotation Mode) or automatically (Automatic Rotation Mode) by programming
Operational Command Word 2 (OCW2).

Fixed Priority Mode

This is the default condition that exists unless rotation (either manual or automatic) is enabled, or the
controller is programmed for Polled Mode. In Fixed Priority Mode, interrupts are fully nested with
priority assigned as shown:
Lowest Highest
Priority 7 6 S 4 3 2 1 0

Nesting allows interrupts with higher priorities to generate interrupt requests prior to the completion
of the interrupt in service. When an interrupt is acknowledged, priority is resolved, the highest
priority request’s vector is placed on the bus, and the ISR bit for that channel is set. This bit remains
set until an EQI (automatic or CPU generated) is issued to that channel. While the ISR bit is set, all
interrupts of equal or lower priority are inhibited. Note that a higher priority interrupt that occurs
during an interrupt service routine, is acknowledged only if the CPU has internally re-enabled inter-
Tupls.
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E
Specific Rotation Mode

Specific Rotation allows the system software to re-assign priority levels by issuing a command that
redefines the highest priority channel.

Before Rotation
Lowest Highest
Priority 7 6 5 4 3 2 1 0

(Specific Rotation cmd issued with Channel 5 specified)
After Rotation

Lowest Highest
Priority 5 4 3 2 1 0 7 6

—_ Automatic Rotation Mode
In applications in which a number of equal priority peripherals are requesting interrupts, Automatic
Rotation may be used to equalize the priority assignment. In this mode a peripheral, after being serv
iced, is assigned the lowest priority. All peripherals connected to the controller are serv iced at least
once in eight interrupt requests to the CPU from the controller. Automatic rotation occurs, if enabled,
due to the occurrence of EOI (automatic or CPU generated).

Before Rotation (IR4 is highest priority request being serviced.)
ISR IS7 IS6 IS5 1S4 1S3 IS2 IS1 ISO

StatusBit 0 1 0 1 0 0 0 0

Lowest Highest
Priority 7 6 5 4 3 2 1 0

After Rotation (IR4 service completed.)
ISR IS7 IS6 ISs IS4 IS3 IS2 IS1 ISO

StatusBit 0 1 0 0 0 0 0 0

Lowest Highest
Priority 4 3 2 1 0 7 6 5

Two types of commands are used to control the HT22 interrupt controllers: Initialization Command Words
(ICWs) and Operational Command Words (OCWs).
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Initialization Command Words

The initialization process consists of writing a sequence of four bytes to each interrupt controller.
The initialization sequence is started by writing the first Initialization Command Word (ICW1) to ad-
dress 020H / OAOH with a one on bit 4 of the data byte. The interrupt controller interprets this as the
start of the initialization sequence and does the following:

The Initialization Command Word Counter is reset o zero.
ICW1 is latched into the device.

Fixed Priority Mode is selected.

IR7 is assigned the highest priority.

The interrupt Mask Register is cleared.

The Slave Mode Address is set to seven.

Special Mask Mode is disabled.

The IRR is selected for Status Read operations.

0O ~IDNW B WN =

The next three [/Os write to address 021H / 0A1H will load ICW2-ICW4, See table below for a flow
chart of the initialization sequence. The initialization sequence can be terminated at any point (all
four bytes must be written for the controller to be properly initialized) by writing to address 020H /
0AOH with a zero in data bit 4. Note, this causes OCW2 or OCW3 to be written.

START
Write ICW1 A0=0 D4=1
Write ICW2 A0 =1
Check CASCADE Mode?

YES - Write ICW3 A0=1
NO - Optionally Write ICW4

END OF INITIALIZATION Controller Ready

Initialization Sequence
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ICWI1 (Address 020H /0AOH)  Write Onl
7] 6] s |4 32 ]1]o0

Reserved Set to 1 if ICW4 is needed (LLSB)
Single Mode 0 = Cascade Mode

Unused

Level Triggered Mode

Sequence Initialization

Reserved (Bit 7 MSB)

Bit
4 Sequence Initialization - indicates to the interrupt controller that an Initialization Sequence is
starting and must be a one to write ICW1.

3 Level Triggered Mode - sclects level or edge triggered inputs to the IRR. If a one is written to
LTM, a high level on the IRR input generates an interrupt request. The IR must be active until
the first INTA cycle is started to generate the proper interrupt vector (an IR7 vector is gener-
ated if the IRR input is de-asserted early), and the IR must be removed prior to EOI to prevent
a second interrupt from occurring.

1 Single Mode - selects between Single Mode and Cascade Mode. Single Mode is used
whenever only one interrupt controller (PIC1) is used and is not recommended for this device.
Cascade Mode allows the two interrupt controllers to be connected through IR2 of PIC1.
PIC1 allows PIC2 to generate its own interrupt vectors if Cascade Mode is selected and the
highest priority IR pending is from an PIC2 input. PIC1 and PIC2 must be programmed for
Cascade Mode for both devices to operate.

ICW2 (Address O21H / 0A1H) (Write Only)
l7lelslelslzi]o]

Reserved
Vector [7:3]

- Vector[7:3]: These bits are the upper five bits of the interrupt vector and are programmable by the
CPU. The lower three bits of the vector are generated by the Priority Resolver during INTA. PIC1
and PIC2 need not be programmed with the same value as ICW2.

ICW3 Format for PIC1 (Address 021H Write Only)

[7[els[afsf2]r]o]
[

l Slave Select [7:0] (Bit 7 is MSB and 0 is LSB)

— Slave Select [7:0] Select which IR inputs have Slave Mode controllers connected. ICW3 in PIC1
must be written with 04H for PIC2 to function.
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ICW3 Format PIC2 (Address 0A1H Write Only)
(7 lels]slsfo]r]o]

INTA Data bits [2:0]
Reserved must be 0

— INTA Data [2:0] Determine the Slave Mode address the controllers will respond to during the
cascaded INTA sequence. ICW3 in PIC2 should be written with 02H for Cascade Mode operation.
Note that bit [7:3] must be zero.

ICW4 (Address 021H /0A1H Write Only)

[7[elsfalal2 1]o]
| — —

____ Reserved must be 1
Auto-End of Interrupt
Reserved Bit 3 must be 0
Enable Multiple interrupt
Reserved (Default = 0)

Bit

4 Enable Multiple Interrupts-Enables Multiple Interrupts from the same channel in fixed Priority
Mode. This ailows PIC2 1o fully nest interrupts, when Cascade Mode with Fixed Priority Mode
are both selected, without being blocked by PIC1. Correct handling of this mode requires the
CPU to issue a non-specific EOI command to PIC2 and to check its In Service Register for
zero when exiting an interrupt serv ice routine. If zero, a nonspecific EOI command should be
sent to PIC1. If non-zero, no command is issued.

1 AEOQI - Auto End-of-Interrupt is enabled when ICW 14 is written with a zero in both. The
interrupt controller performs a non-specific EOI on the trailing edge of the second INTA cycie.
Note that this function should not be used in a device with fully nested interrupts unless the
device is a cascade Master.

751-0080-01 Rev.1 52 991



HT 22

Functional Description 386SX/286 Single Chip

[ S ]

Operational Command Words

Operational Command Word One (OCW1) is located at address 021H/0A1H and may be written any
time the controller is in Initialization Mode. Operational Command Words Two and Three (OCW2
and OCW?3) are located at address 020H/OAOH. Writing to address 020H/0AOH with a zero in bit 4
places the controller in operational mode and loads OCW?2 (if data bit 3 = 0) or OCW3 (if data bit 3
=1).

QOCWI1 (Address 021H / 0A1H Read/Write Register)
716 s |43 |2 ]1]o
l I

‘ Mask Bit[7:0]

— Mask Bits [7:0] These bits control the state of the interrupt Mask Register. Each interrupt Request
can be masked by writing a one in the appropriate bit position (M0 controls IR0 etc.). Setting an IMR
bit has no affect on lower priority requests. All IMR bits are cleared by writing ICW 1.

OCW2 (Address 020H / 0AOH Write Only)
[7Tels[afs2fr]o]

|—|————{—— Level [2:0]

Reserved must be 0
Start Interrupt =0
End Of Interrupt
Select Level

Rotate

Bit
7 Rotate This bit in conjunction with Select Level and End Of Interrupt selects operational
function. Writing a one in bit 7 causes one of the rotate functions to be selected.

6 Select Level - This bit in conjunction with Rotate and End Of Interrupt selects operational
function. Writing a one in this bit position causes a specific or immediate function to occur.
All specific commands require Level 2-0 to be valid except for no operation.

5 End Of Interrupt  This bit in conjunction with Rotate and Select Level selects operational
function. Writing a one in this bit position causes a function related to End of Interrupt to occur.

Rotate Select Level End Of Interrupt
0 0 0 Function disabled
0 0 1 Non-Specific EOI Command
0 1 0 No Operation
0 1 1 Specific EOI Command
1 0 0 Rotate on auto EOI enable
1 0 1 Rotate on non-specific EOI
1 1 0 Specific Rotate Command
1 1 1 Rotate on Specific EOI
4 Start Interrupt Writing a zero in this bit position takes the interrupt controller out of initialize
mode and writes OCW2 or OCW3.

2:0] Level[2:0] These three bits are internally decoded to select which interrupt channel is to be
affected by the Specific command. Level [2:0] must be valid during three of the four specific
cycles when Select Level bit is set to high.
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OCW3 (Address 020H /0AOH Write Only)

(76 [sTaf3l2fr]o]

Rotate Interrupt Status
Read Register

Polled Mode
Reserved must be 1
Select Interrupt =0
Special Mask Mode

Enable Special Mask Mode
Reserved must be O

Bit

Enable Special Mask Mode Writing a one in this bit position enables the Set/Reset Special
Mask Mode function controlled by bit 5. Enable Special Mask Mode allows the other
functions in OCW3 to be accessed and manipulated without affecting the Special Mask Mode
state.

Special Mask Mode If Enable Special Mask Mode and Special Mask Mode are wriiten with a
one, the Special Mask Mode is enabled. Writing a one to Enable Special Mask Mode and a
zero to Special Mask Mode disables Special Mask Mode. During Special Mask Mode, writing
a one to any bit position inhibits interrupts and a zero enables intefrupts on the associated
channel by causing the Priority Resolver to ignore the condition for the ISR.

Select Interrupt Writing a zero in this bit position takes the interrupt controller out of initialize
mode and writes OCW2 or OCW3,

Polled Mode is enabled by writing a one to bit 2 of OCW?3 causing the HT22 to perform the
equivalent of an INTA cycle during the next I/O read operation to the controller. The byte read
during this cycle sets bit 7 if an interrupt is pending. If bit 7 of the byte is set, the level of the
highest pending request is encoded on bits [2:0]. The IRR remains frozen until the read cycle is
completed, at which time the Polled Mode bit is reset.

Read Register When the bit is one, reading the Status Port at address 020H/0AOH causes the
contents of IRR or ISR {determined by Rotate Interrupt Status) to be placed on D[7:0].
Asserting Polled Mode forces Read Register reset.

Rotate Interrupt Status This bit selects between the IRR and the ISR during Status Read
operations if Read Register = 1 IRR is selected . ISR is selected if this bit is set to zero
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Programmable Interval Timer

The HT22 intergrates a Programmable Interval Timer (PIT), which is functionally equivalent to the Intel
8254 Programmable Internal Timer/Counter. The PIT is programmable through internal I/O ports ad-
dressed at 0040H through 0043H.

The inputs of the three channels are connected to a 1.19MHz clock. The 1.19MHz clock is internally
generated by dividing X1 oscilator input pin (14.31818MHz) by 12. The output of the three channels are
as follows:

—~ Channel 0 is a general purpose and software interrupt timer. The output of this channel is connected

directly to the IRQO pin of the internal programmable interrupt controller.
— The output of Channel 1 is used internally by the HT22 to generate refresh requests.
— The output of Channel 2 supports tone generation for the audio speaker.

PAN

GATEO OUTO
—— IRQO

(X1 Divided by 12)

ouT1
GATE1 . REFRESH REQ

CLK1

ouT2 SPKR

Port 61H, BIT 0

GATE2
CLK2

PIT

Programmable interval Timer

The Programmable Interval Timer (PIT) in the HT22 is general purpose, and can be used to generate ac-
curate time delays under software control. The PIT contains three 16-bit counters (Counter [0:3]) that
can be programmed to count in binary or binary coded decimal (BCD). Each counter operates inde-
pendently of the other two and can be programmed for operation as a timer or a couner.

All three of the counters are controlled from a common set of control logic. The control logic decodes
control information written to the PIT and provides the controls necessary to load, read, configure, and
control each counter. Counter 0 and Counter 1 can be programmed for all six modes, but Moede 1 and
Mode 5 have limited usefulness due to the lack of an external hardware trigger signal. Counter 2 can be
operated in any of six modes listed below.

Mode 0 - Interrupt on terminal count

Mode 1 - Hardware re-triggerable one-shot

Mode 2 - Rate generator

Mode 3 - Squarc wave generator

Mode 4 - Software triggered strobe

— Mode 5 - Hardware re-triggerable strobe
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All three counters in the PIT are driven from a common clock input pin (X1) that is derived by dividing
X1 14.31818MHz input frequency by 12. Counter zeros output (Out0) is connected to IRQO of PIC1
(see the Interrupt Controller Functional Description) and may be used as an interrupt to the system for
time keeping and task switching. Counter 1 is programmed to generate pulses for use by the refresh gen-
erator. The third counter (Counter 2) is a full function Counter/Timer. This channel can be used as an in-
ternal timer, a counter, or as a gated rate/pulse generator. The HT22 uses this signal as SPeaKeR (SPKR)
tone output on pin 76 of the device.

Counter Description

Each counter in the PIT contains a Control Register, a Status Register, a 16-bit Counting Element
(CE), a pair of 8-bit Counter Input Latches (CIL and CIH), and a pair of 8-bit Counter Output
Laiches (COL and COH). Each counter also has a clock input for loading and decrementing the CE,
a mode defined GATE input for controlling the counter (only GATE2 is controlled by 1/O port 61 ,
bit 0), and an OUT signal. The OUT signal’s state and function are controlled by the Counter Mode
and condition of the CE (see Mode Definitions).

The Control Register stores the mode and command information used to control the counter. The
Control Register may be loaded by writing a byte, containing a pointer to the desired counter, to the
Write Control Word address (043H). The remaining bits in the byte contain the mode, the type of
command, and count format information.

The Status register allows the software to monitor counter condition and read back the contents of the
Control Register.

The Counting Element is a loadable 16-bit synchronous down-counter. The CE is loaded or decre-
mented on the falling edge of TMRCLK. The CE contains the maximum count when a zero is
loaded; this is equivalent to 655536 in binary operation or 10000 in BCD. The CE does not stop
when it reaches zero. In Modes 2 and 3, the CE is reloaded and in all other modes it wraps around to
FFFFH in binary operation or 9999 in BCD.

The CE is indirectly loaded by writing one or two bytes (optional) to the Counter Input Latches,
which are in turn loaded into the CE. This allows the CE to be loaded or reloaded in one TMRCLK
cycle. The CE is also read indirectly by reading the contents of the Counter Output Latches. COL
and COH are transparent latches that can be read while transparent or latched (see Latch Counter
Command).
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Programming the PIT

After power-up, the condition of PIT Control Registers, counter registers, CE, and the output of all
counters is undefined. Each counter must be programmed before it can be used.

Counters are programmed by writing a Control Word and then an initial count. The Control Register
of a counter is written to by writing to the Control Word address (see the following table). The Con-
trol Word is a write-only location.

I/0 Function

ADDR

040H Counter 0 (Read/Write)
041H Counter 1 (Read/Write)
042H Countier 2 (Read/Write)
043H Counter Control (Write)

Counter Control Register (043H Write Only)
(716 s a3 ]2]1]o]
I [ i |

t——Binary Coded Decimal
Mode[2:0]
Format [3:0]

— Format [3:0] Bits [7:4] determine the command to be performed as shown in Command Table.

— Mode [2:0] Bits [3:1] determine the counter’s mode during Read/Write Counter Commands (see
Read/Write Counter Command) or select the counter during a Read-Back Command (se¢ ReadBack
command). Bits [3:1] become "don’t care” during Latch Counter Commands.

~ Binary Coded Decimal - Bit 0 selects counting format during Read/Write Counter Commands. Where
bit 0 is set to zero, the count is binary 1, when bit 0 is set to one, the count is Binary Coded Decimal.
Note that during Read-Back Command this bit must be zero.

Read/Write Counter Command
When writing to a counter, two conventions must be observed:

— Each counter’s Control Word must be written before the initial count is written.

— Writing the initial count must follow the format specified in the Control Word (least significant byte
only, most significant byte only, or least significant byte, then most significant byte).
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F3 F2 Fl FO Command

0 0 0 0 Latch Counter 0 (Counter Latch Command)

0 0 0 1 Read/Write Counter O LSB Only

0 0 1 0 Read/Write Counter 0 MSB Only

0 0 1 1 Read/Write Counter 0 LSB then MSB

0 1 0 0 Latch Counter 1 (Counter Latch Command)

0 1 0 1 Read/Write Counter 1 LSB Only

0 1 1 0 Read/Write Counter 1 MSB Only

0 1 1 1 Read/Write Counter 1 LSB then MSB

1 0 0 0 Latch Counter 2 (Counter Latch Command)

1 0 0 1 Read/Write Counter 2 LSB Only

1 0 1 0 Read/Write Counter 2 MSB Only

1 0 1 1 Read/Write Counter 2 LSB then MSB

1 1 b ¢ X Read-Back Command (Counter RB Command)
Command Table

MSB = most significant byte
LSB = least significant byte

A new initial count can be written into the counter any time after programming without rewriting the
Control Word, as long as the programmed format is observed.

During Read/Write Counter Commands M[2:0] are defined as follows:

M2 M1 MO Function

0 0 0 Select Mode 0
0 0 1 Select Mode 1
X 1 0 Select Mode 2
X 1 1 Select Mode 3
1 1 0 Select Mode 4
1 1 1 Select Mode 5

Latch Counter Command

‘When a Latch Counter Command is issued, the counter’s output latches (COL and COH) latch the
current state of the CE. COL and COH remain latched until read by the CPU, or the counter is
reprogrammed. The output latches then return to a "transparent” condition. In this condition, the
latches are enabled and the contents of the CE may be read directly.

Latch Counter Commands may be issued to more than one counter before reading the first counter o
which the command was issued. Also, multiple Latch Counter Commands issued to the same counter.
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Read-Back Command

The Read-Back Command allows the user to check the count value, mode, and state of the QUT sig-
nal and Null Count Flag of the selected counter(s).

The format of the Read-Back Command is:

7 [els [4]
-

3 2 |1 ]o |

l ]
Reserved must be 0
Counter[2:0]
Latch Status
Latch Counter

Reserved must be set to 1

Bits

[3:1]

Latch Counter - Writing a zero causes the selected counter(s) to latch the state of the CE in
COL and COH.

Latch Status - Writing a zero causes the selected counter(s) to latch the current condition of its
Control Register, Null Count, and Output into the Status Register. The next read of the Counter
results in the contents of the Status Register being read (see Status Read).

Counter [2:0] Writing a one in bit 3 causes Counter 3 to latch one or both of the registers
specified by LC and LS. The same is true for bits 2 and 1 except that they enable Counters 1
and 0 respectively.

Each counter’s latches remain latched until either the latch is read or the counter is reprogrammed.

If LS = L.C =0, status is returned on the next read from the counter. The next one or two reads
(depending on whether the counter is programmed to transfer one or two bytes) from the counter
result in the count being returned.

Status Byte
776 s a3 ]2 [1]o0]
L1
L BCD(LSB)

Mode [2:0]
F[1:0]
Null Count
Out (MSB)

Bit

7 OUT - contains the state of the OUT signal of the counter.

Null Count - contains the Null Count Flag. This flag is used to indicate that the contents of the
CE are valid. Null Count is set to a one during a write to the Control Register or the counter.
It is cleared to a zero whenever the counter is loaded from the counter input registers.
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—
[5:4] F[1:0] contain the F[1:0] Command bits, which were written to the Command Register of the
counter during initialization. This information is useful when determining whether the high
byte, the low byte, or both must be transferred during counter read/write operations.

[3:1] Mode [2:0] These bits reflect the mode of the counter and are interpreted in the same manner
as in Write Command operations.

0 BCD - indicates the CE is operating in BCD format.
Counter Operation
Due to the previously stated restrictions in Counter 0 and Counter 1, Counter 2 is used as the ex-
ample in describing counter operation, but the description of Mode 0, 1, 2, 3, and 4 is relevant to all
counters.

The following terms are defined for describing PIT operation.

- TMRCLK pulse - A clock equivalent to X1 input  (14.31818MH2) divided by 12.

Trigger - The rising edge of the GATE2 input.

Counter load-The transfer of the 16-bit value in CIL and CIH to the CE.

Initialized - A Control Word written and the Counter Input Latches loaded.

Counter 2 operates in one of the following modes.
Mode 0 - Interrupt on Terminal Count

Writing the Control Word causes OUT2 to go low and remain low until the CE reaches zero, at
which time it returns to high and remains high until a new count or Control Word is written. Count-
ing is enabled when GATE2 = 1. Disabling the count has no effect on OUT2. The CE is loaded with
the first TMRCLK pulse after the Control Word and initial count are loaded. When both CIL and
CIH are written, the CE is loaded after CIH is written (see Write Operations). This TMRCLK pulse
does not decrement the count (for an initial count of N, OUT2 does not go high until N + 1
TMRCLK pulses after initialization). Writing a new initial count to the counter reloads the CE on the
TMRCLK pulse and counting continues from the new count.

If an initial count is written with GATE2 = 0, it is still loaded on the next TMRCLK pulse but count-
ing does not begin until GATE2 = 1. Therefore, Out2 goes high N TMRCLK pulses afier GATE2 =
1.

Mode 1 - Hardware Re-Triggerable One-Shot

Writing the Control Word causes OUT?2 to go high initially. Once initialized, the counter is armed
and a trigger causes OUT?2 to go low on the next TMRCLK pulse. OUT2 then remains low until the
counter reaches zero. An initial count of N results in a one-shot pulse N TMRCLK cycles long.

Any subsequent iriggers while OUT2 is low causes the CE to be reloaded, extending the length of the
pulse. Writing a new count to CIL and CIH does not affect the current one-shot unless the counter is
retriggered.
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Mode 2 - Rate Generator

Mode 2 functions as a divide-by-N counter, with QUT2 as the carry. Writing the Control Word
during initialization sets OUT2 high.

When the initial count is decremented to one, OUT?2 goes low on the next TMRCLK puise. The fol-
lowing TMRCLK pulse returns OUT? high, reloads the CE, and the process is repeated. In Mode 2,
the counter continues counting (if GATE2 = 1) and generates an OUT?2 pulse at the end of every N
TMRCLK cycle. Note that a count of one is illegal in Mode 2.

GATE2 = 0 disables counting and forces OUT?2 high immediately. A trigger reloads the CE on the
TMRCLK pulse. Thus GATE2 can be used to synchronize the counter to extemal events.

Writing a new count while counting does not affect current operation unless a trigger is received.
Otherwise, the new count is loaded at the end of the current counting cycle.

Mode 3 - Square Wave Generator

Mode 3 is similar to Mode 2 in every respect except for the duty cycle of OUT2. OUT2 is set high in-
itially and remains high for the first half of the count. When the first half of the initial count expires,
OUT?2 goes low for the remainder of the count.

If the counter is loaded with an even count, the duty cycle of OUT2 is 50% (high = low = N/2). For
odd count values, OUT2 is high one TMRCLK cycle longer than it is low. Therefore,
high=(N+1)2andlow=(N-1)/2.

Mode 4 - Software Triggered Strobe

Writing the Control Word causes OUT2 to go initially. Expiration of the initial count causes OUT2
1o go low for one TMRCLK cycle. GATE2 = ( disables counting but has no effect on OUT2. Also, a
trigger does not reload the CE.

The counting sequence is started by writing the initial count. The CE is loaded on the TMRCLK
pulse after initialization. The CE begins decrementing one TMRCLK pulse later. OUT2 goes low for
one TMRCLK cycle, (N+1) cycles after the initial count is written. If a new initial count is written
during a counting sequence, it is loaded into the CE on the next TMRCLK pulse and the sequence
continues from the new count. This allows the sequence to be re-triggered by software.

Mode 5 - Hardware Triggered Strobe

Writing the Conirol Word causes OUT2 to go high initially. Counting is started by trigger. The ex-
piration of the initial count causes OUT2 to go low for one TMRCLK cycle. GATE 2 = 0 disables
counting.

The CE is loaded during counting, the current counting sequence is not affected unless a trigger oc-
curs. A trigger causes the counter to be reloaded from CIL and CIH, making the counter re-trig-
gerable.

GATE2

In Modes 0, 2, 3, and 4 GATE2 is level sensitive and is sampled on the rising edge of TMRCLK. In
Modes 1, 2, 3, and 5 the GATE2 inpul is rising-edge sensitive. This rising edge sets an internal flip-
flop whose output is sampled on the neAt rising edge of TMRCLK. The flip-flop resets immediately
after being sampled. Note that in Modes 2 and 3 the GATE?2 input is both edge- and level-sensitive.
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Gate Pin Function
Condition
Mode Low Rising High
0 Disable Count - Enable Count
1 - a)Initial Count -
b)Reset Out
2 a)Disable Count Initial Count Enable Count
b)Out High
3 a)Disable Count Initial Count Enable Count
b)Out High
4 Disable Count - Enable Count
5 - Initial Count -

Bus Control

The HT22 internal bus controller provides all the 8-bit to 16-bit Data bus translations and is functionally
similar to an 82288 bus controller device. The primary function of the bus controller section is to provide the
means to impliment an AT compatible 8- or 16-bit data bus as a integral part of the overall system. To ac-
complish this objective this control function has been primarily designed to provide command generation and
timing control for an AT compatible bus as defined in the [EEE P996 specification.

Proper adherance to this specification requires that the AT compatible bus have a maximum bus clock speed
of § MHz. Flexible design criteria options allow the processor cycles to be run at a faster speed and switch to
the lower speed during any access to the AT bus. This would be required to maintain compliance with this
specification and still operate the processor at higher speeds. If a designer has more control over system I/O
access, faster bus speeds can be used. The 1/O channel may be programmed to select full processor speed for
all I/O operations( except HOLD Acknowledge cycles which always switch to PROCCLK = CLKASN/2
speed) via bit 3 of Control Register 4. Alternately, the CLKASN frequency can be increased.

The HT22 has the following data and address buses:

Pin Bus Description

Symbol

D[0:15] Local Data 16-bit Bi-directional bus connecting CPU, Memory, NPU
and HT22

SD[0:15] System Data 16-bit Bi-directional bus connecting 1/O slots, XD bus
buffer and HT22.

SA[0:19] System Address 20-bit Bi-directional bus connecting I/O slots and HT22.

A[0:16] Local Address 17-bit Address bus from CPU to HT22.

All17:23] Local Address 7-bit Bi-directional Addresses between CPU and HT22.
MAJ0:10] Muxed Address 11-bit Muxed Addresses to local DRAM.

Local bus arbitration is supported by use of CPU Hold ReQuest (CPUHRQ) and CPU HoLD Acknowledge
(CPUHLDA) signals. In this method the CPU can relinquish control of bus for MASTER, DMA and
REFRESH cycles, as shown in the respective timing diagram.
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NPU Interface

The HT22 contains interface logic that supports use of an 80287 numeric co-processor with 80286
microprocessor or the 80387SX with 80386SX microprocessor. The following timing diagram shows the
NPU signal relationships that exsist when interfacing with a 287 or 387SX NPU chip.

It should be noted that the Intel NPU devices specify a maximum ratio of NPU Clock to PROCCLK that
may be violated with the HT22 when the NPU operates in asynchronous mode. The Cyrix NPU compatible
devices ignore the asyncronous Clock input. We recommend that NPU’s be only operated with a
syncronous Clock input.

The co-processor will monitor ADS*, READY* and CPU Address bit 23 to detect I/O operations addressed
to it. It will operaie a 16-Bit data resource with the following differences:

NPU operations will occur at full PROCCLK speed.

The logic provides the following features:

Decodes chip select to the 80287 (NPCS*)

Generates a dedicated reset (RESETCOP) on write to [/O Port F1h.(For 80287 only)
Detects and latches co-processor error status

Generates an interrupt (IRQ13) to the system when an error occurs

Error latches BUSY state and is cleared by write to I/O Port FOh. (See I/O Address Map.)

SX Mode
-~ BUSY toggled by REFRESH when no 80387SX is installed.

— PEREQ is forced High on ERROR cleared by a Write to 1/O Port FOh.
— Detects and latches co-processor error status

A2
A1:23] A23 | CMDO"
[ 1oxPULLUP J——? NPS2
|

D[0:15] D[0:15]

STEN

- . —Q e

Al - ADS 7sX
HT22 WR" P Wior JWR* 8038
wio” P —ANPST*
CLKM
USYCOP

BUSYCOP* P— BUSYCOP BUSY*
ERROR" [© PEREQCOTO ERROR”
PEREQ PEREQ

10K Pull Dow%
RESET" B RESET"
PROCCLK —WV PROCCIK ' opycLK2
READY" P —4 READY”
BUSYCPU o d
PEREQCPU 0 g 386SX

NPU Interface
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Busvcorr | / /
BUSYCPU* “\ / _\ /
PEREQ I'l \ Signal Activation Depgndent on Instruction Type
PREQCPU 387K Only l[ \ i
ERROR* \q // ('—".\
INTR |'/ / L\_
ow" \__/—__
NPCS*(Nate.1) \ / [ NN | D

Normal. Cycle : Error

(Note 1) NPCS® Signal is used to select the 80287 CYdedge

when the 80286 is proforming Co-Proc data Cycles.
This signal is not needed by the 80387SX.

NPU FUNCTIONAL TIMING DIAGRAM - NPU Bus/CPU Interface Cycles

Power Management / Sleep Mode

The HT22 contains built in Power Management circuitry that can be utilized to reduce system power con-
sumption by slowing the PROCcessor CLocK (PROCCLK) and SYSCLK. This feature is enabled by bit 7 of
Control Register 5. (CR 5) Bits 4 to 6 of this register are used to select the operating Frequency of PROC-
CLK and SYSCLK.

Note: When Sleep Mode is enabled,SYSCLK will not run at 8MHz for I/O Bus.

(7 [ef[sfafalaf1]o]
L

Frequency of Sleep Mode
Sleep Mode Enable
D7: Sleep Mode Enable
0 = Normal (default)
1 = Sleep Mode
D[6:4]: Frequency of Sleep Mode
D6 D5 D4 PROCCLK SYSCLK DMACLK
0 0 0 8 MHz 4 MHz 2 MHz
0 0 1 4 MHz 2 MHz 1 MHz
0 1 0 2 MHz 1 MHz 0.5 MHz
0 1 1 1 MHz 0.5 MHz 0.25 MHz
1 0 0 .5 MHz 025MHz 0.125MHz

These frequencies are referenced to the (CLKASN) input signal frequencies of 32 MHz. The Clock Swiich-
ing section explains this relationship,
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System Control Port - Port 92H
0S/2 Optimization

0S/2 Optimization consists of two specific enhancements to the original AT design. These are the Aliernate
Gate A20 (Bit 1 of the Port 92H) and Alternate Hot Reset (Bit 0 of the Port 92H) features.

The Alternate Gate A20 feature is used to force address A20 to low (inactive) whenever the processor is in
Real Address Mode. (This is required to insure 8086 compatibility). The CPU Reset feature is used to change
the CPU from Virtual Address Mode back to Real Address Mode. A CPU reset is the only way to make this
mode change.

In the original AT both of these functions were handled through the keyboard controller. The keyboard con-
troller, however, is a very slow device. Therefore, in order to improve the performance of these features, the
HT?22 implements parallel circuitry that performs the same functions at a much faster speed. The new cir-
cuitry is implemented in parallel and the old circuitry is retained to ensure full AT compatibility.

These enhancements are referred to as OS/2 Optimization because these features are used by OS/2 which
gains performance from the enhancement. Alternate Gate A20 is a read/write bit controlling address bit A20
when CPU is in the Real Address Mode.

1= A20isactive
0= A20isinactive (if A20GATE [pin 37] is low)

This bit is set to 0 during system reset.

Alternate Hot Reset is also a read/write bit providing an alternate CPU reset function, which supports faster
operation than the original implementation on the standard AT using the 8042 controller for a mode switch
from the Protected Virtual Address Mode to the Real Address Mode.

This Alternate Hot Reset is used to increase system performance when switching from protected to real
mode. This bit must be set to O either by a system reset or a write operation. When a write operation changes
this bit from O to 1, this Alternate Hot Reset pin is pulsed high for 100 to 125 ns, the reset takes place after a
minimum delay of 6.72 microseconds. After writing this bit from 0 to 1 the laich remains set to 1.

1 = Assumes a switch from the Protected Mode to Real Mode has taken place.
0 = Assumes the system was just powered on.
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The HT22 Memory Architecture support several Memory configurations and operational modes but for the
purpose of this guide, only true Ows operation and Fast Page Mode operations will be covered. Numerous
other custom configurations and modes are possible when designing with the HT22.

True Ows operation is only possible with very fast memory devices, typically 60ns devices for 16MHz opera-
tion and sub-50ns rated devices for 20MHz operation. These type devices are not available and this mode is
not recommended. If this mode of operation is the primary design goal. Headland Technology has products
specifically designed for this mode.

The Page Interleave mode utilizes readily available low cost memory devices operating in the Fast Page
Mode. In this mode one extra processor wait state is used to enter a page boundry, (up to a 8K page) with sub-
sequent accesses being at the fastest zero wait state memory cycles. While in this large page boundry the con-
troller will hold several RAS* lines active and toggle the appropriate CAS* lines depending on which
interleave mode is used and if access is within the same page.

Ons 80 ns 160 ns 240 ns 320 ns 400 ns 480 ns 560 ns
procai L Iyt
—TC—+—TC: TC~
READS Page Miss - (Note 1) 2 wait stated (Note 2): Numbers represents
2-ws MinMax Signal timeing.
WO,
AD:23) 2 Z 4 v :
|1/15ns. | 1/16 ns.@ 20 MHz
N
S0° S1° \\ " \\\ é \\\ 5 | 1@ ns. | 1/13 ns. @ 25 MH3
Read
Dl0:15] OATA ,T 7 3ns. Data Setup
READY® 12N [] N |4A5ns. |3/12ns.
| : -
MA[0:10} x Column Column x Row Golurmn &x Row = 8 35 ns. Column 9/28 ns.
i Row i
< <
RAS' \\ 7 \\ | 6/25ns. | &28ns.
7 ~ 7 7

cas INIFZANVIRYZ) =\ O] e e

(Note 1): Number of Wait-

states dependent on RAS

Precharge Register seltings. PAGE MODE FUNCTIONAL MEMORY TIMING - Read Cycles, 80286 Operation
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0ns 100 ns 200 ns 300 ns 400 ns 500 ns 600 ns 700 ns 800 ns 900 ns

rroccix wm@ummmmmmﬁf

= TS——TC: TC——TC—4—TS—4—TC—4+—TC—1—TS——TC TC TC TC—

WRITES: RAS® Inactive Page Hit- 1ws Writa Page Miss - (Note 1) 3 wait states
2-ws 1-ws J-ws
M/10*, BHE®
A[0:23} :Ex Ex xzx m 1/23 ns 20MHz - 1/18ns 25MHz
[1/1S ns. | 1/16 ns. @ 20 MHz
s0°.54° \x /J \‘\ /‘] k\ /;F | 18 ns. | 1/13 ns. @ 25 MHz
Olo:15) g:ﬂ A 0/ 27 ns. B
MDP{0:1) &Y RH R 3
READY* \! _[[ \:! _” T\ [#15ns. [3/12ns.
MA[0:10] @m Column Column EK Column  To Row = 8735 ns. Column = /28 ns.
RAS* \\\ 4/ \\ | 6/25ns. | 8/28 ns.
N

cAs® AN 144 ANV 1 N [] T 5aTre T o5 ms.
DWE* LN ZEAN 7 N\ [/] T oR3ns | a28rs.

(Note 1): Number of Wait-
states dependent on RAS

Pracharge Register settings.

{Note 2): Numbers represent
MinvMax Signal timing.

PAGE MODE FUNCTIONAL MEMORY TIMING - Write Cyclas, 80286 Operation

Ons 100 ns 200 ns 300 ns 400 ns 500 ns
PROCCLK 'LE'L"U"L L 'L}'L'L}"L'L}l L
-T2/ ~——T1——To——T2 Ti—=T2——T1——T2——T2——T2—
READS: £ RAS® Inactive Page Hit- Ows| Page Miss - (Note 1) 2 wait stated
1-ws O-ws 2-ws Min/Max Signal
M/IO, BHE® Timing = X/X ns.
Al0:23) X { X 430 s,
ADS* AN 7 Q Z N /. 6/26 ns.
READ
D{0:15] OATA } 4/38 ns.
READY* ‘ [‘ [‘ \ [} Active 4/15, Inactive 3/12 ns.
MA(0:10] oAZY Cotumn_IfSK Colurmn S ¥Row Colurmn J&%}
] - Active 7/19, Inactive 4/15 ns.
RAS \ VAN 1
]
CAS* \ [0 I\ 7] \ [/ Active &/16, Inactive %32 ns.
(Note 1): Number of Wait- ! ' i
states dependent on RAS
Precharge Register settings. PAGE MODE FUNCTIONAL MEMORY TIMING - Read Cycles, 80386SX, Non-Pipelined Addrassing
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Ons 100 ns 200 ns 300ns 400 ns 500 ns 600 ns 700 ns 800 ns
PROCCLK mmmmmﬂlﬂUﬂlﬁ}LMT}L‘l}LﬂlU
|12 —T1 ——T2——To——T2—}—T1 ——T2——T2——T1 —+—T2——T2——T2——T2
WRITES: RAS" Inactive Page Hit - 1ws Write Page Miss - 3 wait states - (Note [1) (Note 2): Numbars reprosenst
2-ws 1-ws J-ws MirvMax Signal timeing.
M/IO*, BHE®
A[0:23] 7 x x 4730 ns
ADS" \\ 7/ \\ 7 \\ 7 6/26 ns
Write 4/38ns.
Djo:15] DATA
g \ { \
MDP[0:1] \ ! I 1 /
READY* \ [J AR Y [‘ \\ [] | 4/15ns. | ¥12ns.
MA[D:10] Row K Column K Colurmn EVEK Column
A | 7/19ns. | 4/15ns.
RAS* '\ A\
CAS* AV Z N7 \{ |[/] | &i6ns |on2ns.
DWE* LY 7 12\ 17 BN [7] | 933ns. | 828ns.
(Note 1): Number of Wait ) t :
states dependent on RAS
Precharge Ragister settings.

PAGE MODE FUNCTIONAL MEMORY TIMING - Write Cycles, 80386SX, Non-Pipelined Addressing

In the pineline addressing mode, the shortest possible local memory read cycle is two processor cycle states,
T1P and T2P, or zero wait state access. The shortest possible pipelined write would be three processor cycle
states, T1P, T2P and T2P. This extra wait state is needed for parity generation during memory writes.

Ons B0 ns 160 ns 240 ns 320 ns 400 ns 480 ns 560 ns
PROCCLK 'Lbl‘L}’LﬂUULUlI"L'\JIIIﬁI‘LI“UL'UI{LIl}IFU
- T2/iP = T1P—+=T2P —=T2P—=T1P—=T2P—=TIP——T2P——T2P ——T2P—
READS: RAS* Inactive Page Hil- Ows | Page Miss - (Note 1) 2 wait state Nate 2 - Numbers represent
ci-]”s — O-ws 2-ws Next Min/Max Signal Timing.
ycle 13 Cycle 2 Cycle 3
M/I0, BHE® [ . yee 1 l l I y l Cycle 4/30 ns.
A[0:23] Vaiid 1 Valid 2 Valid 3 X1
ADS* J 7 J i Z < Z NC /) 6/26 ns.
READ H 4/38 ns.
o S o D -E0DER)
| READY" ) N \\1 L. ‘\I\ f | 415NS. | 9/12ns.
MA[0:10] lm Column ] Column E&x Column E Y28,
RAS* Q\ [/l \ | 7/19ns. | 4/15ns.
cas* AN JZANN 1277 R\ [7/] 1 en6ns. | 9m2ns.
(Note 1): Number of Wait- ; ot i J !
states dependent on RAS
Precharge R"?'St‘* settings. PAGE MODE FUNCTIONAL MEMORY TIMING - Read Cycles, 386SX, 25 MHz, Pipelined Addressing
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Ons 80 ns 160 ns 240 ns ) 320 ns 400 ns 480 ns ) 560 ns 640 ns

PROCCLK ||‘|||‘|||i ||I|[|i||||”|||||

—T1P——T2P ——T2P——T1P~+—T2P——T2P——T2P—+—T2P— ’

WRITES: RAS;nw:ctive Page:i:l; tws Write Page Miss - g_‘:t: 1) 3 wait states Next Cycle
Cyc’le 1 ' C)":'O'Z Cycle 3 (Note 2): Numbers represent
Min/Max Signal timing.
M/IO*, BHE* !
A[023) X Cvaidr XX({ vaid2 XX [ vaias X X
i
ADS* \NEZ BN 2 1ZBRANEE 7B\ NC 7] 6/25 s
Write r 4/38 ns
oots)  para K R ) 263529 | 52892
MDP[0:1] { ) { ) Y
READY" ANV /) ANV 2 Wi [/ Temsns-jat2ns
MA[0:10) @E’-bw Column x&zx Column EX) Row Wlumn ) {
RAS* o\ T 1R\ {7119 s - | 4/15ns
CAS* AN 17 B\ 2] N W
DWE* oo 17 AN AN [7/] /33 ns - | 828 ns
i

(Note 1): Number of Wait-
siates dependent on RAS
Precharge Register settings.

PAGE MODE FUNCTIONAL MEMORY TIMING - Write Cycles, 386sx, Pipelined Addressing

A Bank Switch cycle or a Page Miss cycle occurs when the memory access is outside the page boundry or in
a different bank not currently active. The timing relationship is shown in the following diagram. This timing
is the same for the first memory access foliowing a REFRESH, DMA or MASTER cycle, or when a RAS
time out is inserted. During certain page miss cycles such as when the same bank must be re-accessed, an ad-
ditional wait state may occur to satisfy RAS* precharge timing requirements, for a total of 2 wait states. A
normal page miss with the same bank being re-accessed (RAS* Active and valid) results in only a 1 wait
state start cycle in order to re-establish Ows page mode operation.

For custom applications, or to use slower memory devices the RAS* and CAS* precharge time and CAS* ac-
tive times can be extended. Changing these values has the effect of adding additional processor wait states.

The HT22 has the ability to interleave 2 banks of memory operating in the fast page mode even when 3
banks are installed. In this case the first 2 banks are interleaved and access to the third bank will have an
extra wait state. With 2-way interleave the RAS* signals for 2 banks stay active for all access within the page
boundary each RAS* line establishes. With 2 + 2-way interleave all four RAS* signals are active and the
page size is increased to its maximum size. Correspondingly, longer time is spent accessing data with in a

page boundry.
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Memory Controller

The HT22 Memory Controller contains three types of memory interface. These types include the ROM,
DRAM and I/O Channel interface. The ROM interface supports 16-bit medes and can be placed in a shadow
RAM mode where the ROM information is copied in DRAM for faster access. The DRAM interface has
numerous major options such as EMS, shadow RAM, Parity, pipelined address and page mode operation. Ad-
ditional minor options are defined in the DRAM interface section. An internal Linear Address Decoder con-
trols all accesses to system memory resorces. The address locations of these resouces are defined in the
Memory Address Map.

The following table indicates the memory addresses used in the HT22. For more detailed information about
memory addressing, refer to the IBM PC AT Technical Reference Manual.

Address R/W Description
000000-09FFFFH R/W System RAM
0A0000-0BFFFFH R/W Video Memory or Shadow RAM
0C0000-OEFFFFH R/W BIOS extension or Shadow RAM
0E0000-OEFFFF R/W ROM or Shadow (Rev E ROM Optional)
OF0000-OFFFFFH R/W ROM or Shadow RAM
100000-FDFFFFH R/W Expanded or Extended Memory
FE0000-FEFFFFH R/W BIOS extension
FF0000-FFFFFFH R/W ROM

Memory Address Map
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DRAM Interface

The HT22 includes a memory controller that supports up to 20MB of memory in four 16-bit (no-parity)
or 18-bit (including two parity bits) banks. Maximum DRAM interface design flexibility is supported by
numerious programming options configured by using 7 internal Control Registers numbered CR[0:6].
Options include, mixing of 256K, 1M and 4M DRAM in different banks, BIOS Shadow mode, Extended
EMS support of up to 20M, Parity disable mode, special Page Interlcave CAS Sharing mode, Page
memory Mode and Interleave memory mode. EMS support and ROM interface are explained in their
respective sections.

To access any one of the four banks, the HT22 asserts one of the four RAS signals (RAS*[0:3]) along
with one of eight CAS signals (CASL*[0:3] or CASH*[0:3]) to specify the low or high byte of the
selected bank. RAS and CAS signal combinations are used for different Page and Interleave memory
configurations. For write operations, the DRAMWE* signal is asserted. The HT22 multiplexes the
A[1:20] address lines for DRAM accesses during assertion of RAS* and CAS*.(See Multiplexing Table)

Memory is accessed on the D-bus (local bus) using Multiplexed Addresses (MA[0:10] except when the
address exceeds the top of memory address value loaded in the internal Control Register 3. Memory ac-
cess above this value will pass the address on to the SA bus for a bus cycle on the I/O channel. In this
way additional memory can be configured on the I/O channel.

Dynamic Random Access Memory (DRAM) device selection and arrangement are application depend-
ent but the following information should serve as a general guide.

A Bus
A[1:23] A[0:23}
D[0:15] D Bus D[0:15]
MDPO
MDP1
HT22
2
BANIq 0 BANK|1 MA[0:10]
! AAS RAS1*
- RASO"
RASO AW e
CASLO'ICASHO' casL1] casHs CASL*/H",011
| MWE? . MWER DRAMWE
M MEMORY
"D”\ p DATA ';A / '; 22 OHM
p p  PARITY | p SERIES
a V 1 O=Low 1=High o / 1 RESISTOR
BANK? MA ANK|3RA§§' - -
RS2 | W CASLYH- 223
CASL2* CASH2" CASLs'ICASHS‘ ’
| MWE' | MWE]
DRAM Memory Interface
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For normal PC/AT Applications full 4 Bank Memory support will not require external buffering for any
memory interface signal. Series dampening resistors are suggested for increased noise amunity and a
very reliable memory interface.

Local DRAM timing values can be programmed by selecting RAS and CAS timing options in Control
Registers 1 and 2 (CR1/CR2). Bits S to 3 in CR1 is used to select RAS precharge timing. Bits 3 and 2 in
CR2 define the CAS Precharge time and bits 1 and 0 define CAS active time. Remaining bits in CR1
and CR2 define Page Mode options and DRAM mix option.

CAS Sharing Mode

The CAS sharing mode is used to support special CAS sharing SIMM memory modules where CAS
lines are shared between pairs of banks. Usage of this SIMM requires the CAS sharing memory control
option in the HT22 to be enabled by setting bit 1 of Configuration Register 5 high. Once enabled the fol-
lowing changes will occur.

Pairs of CAS outputs will be or’d onto common outputs.
CASLO*+CASL1*=CASLO*
CASHO*+CASH1*=CASHO*
CASL2*+CASL3*=CASL2*
CASH2*+CASH3*=CASH2*
NOTE: The unused outputs must be ieft open as they will retain their original timing.

In this mode RAS lines will be made mutually exclusive; which is to say that RASO* and RAS 1* will
never be active simultaneously, and likewise with RAS2* and RAS3*.
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PAGE Interleave Mode Address Translations

The Page interleave chart showing the RASA and RASB signals and address translation is shown below. In
Page Interleave mode 256K, 1M, and 4M devices are supported.

Device # of Banks Installed
1 2 3 4
256K 1K 2K 2K+1K 2K + 2K
M 2K 4K 4K +2K 4K + 4K
4M 4K 8K 8K +4K 8K + 8K
Interleave Mode

L RASARASB MA0O MA1 MA2 MA3 MA4 MAS MA6 MA7 MAB MA9 MAI0
Memory Type 256K

CAS O BKO BK1 Al A2 A3 A4 A5 A6 A7 A8 A9 Ti19 T21
RAS A10 All Al12 A13 T4 TI5 Ti6 Ti17 TI8 T20 T22

CAS 2 Al0 BK1 Al A2 A3 A4 AS A6 A7 A8 A9 TI19 T21
RAS BKO All Al2 A13 T4 TIS Ti6 T17 TI8 T20 T22

Memory Type 1M

CAS O BLO BK1 Al A2 A3 A4 A5 A6 A7 A8 A9 AI0 T21

RAS T19 All Al12 Al13 Ti4 TI5 Ti6 Ti17 Ti8 T20 T22
CAS 2 All BK1 Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 T21
RAS T19 BKO Al2 Al13 Ti4 TI5 Tie T17 T18 T20 T22
Memory Type 4M

CAS O BKO BK1 Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All
RAS T19 T21 Al2 Al13 TIi4 TIi5 Ti6 Ti7 Ti8 T20 T22
CAS 2 Al12 BK1 Al A2 A3 A4 A5 A6 AT A8 A9 Al0 All
RAS T19 T21 BKO Al13 Ti4 TI15 Tie T17 Ti8 T20 T22

BK = Bank A= Address T=Translated Address

The upper addresses (A[19:23]) are used to generate the RAS* signal for each bank. The AQ address line, in
conjunction with BHE* signal, is used for CASL*[0:3] and CASH*[0:3] generation for high byte or low byte
or word. The addresses are sourced by the CPU or DMA controller inside the HT22 or by EMS page
registers inside the HT22, or by a master on the IfO channel.
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Memory Parity

HT22

386SX/286 Single Chip

X

The HT22 optionally supports even parity for each byte. Each time a byte or a word is written, an even
parity bit is generated and writien along with the byte. When a read occurs, the written parity bit is com-
pared against calculated parity from the read byte. If a mismatch occurs during this read operation, a
parity error is reported and an NMI is generated indicating a problem with memory. The NMI generation
for parity errors can be disabled using bit 2 of internal Control Register 5 (CRS) or bit 2 of I/O port 61 H.
If the Parity is not implemented bits should be disabled.

The HT22 allows the system designer to utilize up to four banks of memory using either 256K, 1M or
4M DRAM and 25MHz CPU speed for increased speed. Memory type and configuration selection is
programmable by the use of bits 5, 6 and 7 of Control Register 0 (CRO), bit 6 of Control Register 1
(CR1) and bit 0 of Control Register 6 (CR6). The following table defines the valid configurations.

REGISTER BITS DRAM TYPE TOTAL

CR1 CR6 CRO for Banks MEM

D6 DO D7 D6 DS 1 2 3 4 SIZE I/L
0 4] 0 0 0 256K None None None 512K 0

0 0 0 0 1 256K 256K None None M 2
0 0 0 1 0 256K 256K 256K None 1.5M 2%
0 0] 0 1 1 256K 256K 256K 256K M 2x2
0 0 1 0 0 1M None None None M 0
0 0] 1 0 1 M 1M None None 4M 2
0 0 1 1 0 1M 1M 1M None 6M 2%
0 4] 1 1 1 M 1M 1M 1M 8M 2x2
0 0 0 0 AM None None None §M 0
0 0 0 1 4iM 4iM None None 16M 2
0 1 1 0 1 M 4M None None 10M 0
0 1 1 1 0 1M 4M 4M None 18M 2
1 0 0 1 0 256K 256K M None M 2%
1 0 0 1 1 256K 256K M 1M M 2
1 0 1 1 0 M M 256K None 4.5M 2%
1 0 i 1 1 M 1M 256K 256K M 2
1 1 0 1 0 256K 256K 4M None oM 2%
1 1 0 1 1 256K 256K 4M M 17 2
1 1 1 1 0 1M 1M 4M None 12M 2%
1 1 1 1 1 M 1M iM M 20M 2

* Banks 1 and 2 only

Note: The HT22 supports memory mapping up to 16MB DRAM; beyond 16MB, memory is addressed

byEMS mapping.

9m1
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All HT22 specific operational modes and configurations are contained in the following section and accessed
by first insuring the desired Control Register Index value points to the Control Register to be accessed. I/O
data port accesses at hex address 1EF will display or modify the specific Control Register address contained
in the Control Register Index. EMS functions are controlled with a Map Address Register with 64 indices lo-
cated at I/O port register 1EE and a 12-bit Map Register at 1/O port 1EC.

Control Registers

PC/AT Registers not specific to the HT22 operation are contained in the explainatory text for these common
peripheral controller functions.

Control Register Index 8R/W bits, at I/O 1ED (Hex) Reset State: 0

The Control Register Index is used to select which Control Register is selected on a read or write to I/O port
address O1EFH. Use of this port first requires writing the Control Register Select number to the Control
Register Index at I/O port 01EDH followed by the desired access to Control Register 1/O port at 01EFH. The
binary values for CR Index is defined below.

Reserved Write as zero
D[2:0]: Control Register Select:

D2 D1 DO

0 0 0 Control Register 0
0 0 1 Control Register 1
0 1 0 Control Register 2
0 1 1 Control Register 3
1 0 0 Control Register 4
1 0 1 Control Register 5

Control Register { 8 R/W bits, Data Port 1IEFH Reset State: all 0’s

EEENENENERERENTE

EMS Context Selection
L Global EMS
384K Memory Relocation
Shadow Enable EOOO0/FE0000
Shadow Enable FO000/FFO000
DRAM Bank Count
DRAM Type

D7 DRAM Type
1= 1M DRAMs
0 = 256K DRAM:s (default)
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D[6:5] DRAM Bank-count

This register is used to program the number of banks installed under BIOS control.
D6 D5 RAM Banks Interleave
Enabled Mode

0 0 1 0

0 1 2 2

1 0 3 2 Way Interleave on lower 2 banks
1 1 4 2 two-way interleaves

D4 Shadow Enable FOO00 and FF0O000
1 = Shadow Enable
0 = Shadow Disable

64K page of DRAM that would have been located from FO000 to FFFFF in ROM
is now enabled between OF0000 to OFFFFF and is duplicated at FFO000 to
FFFFFF. The ROM chip select will now be disabled. Data should be writien to
this DRAM before enabling this bit. Access to this memory requires the
following EMS pages be reserved for shadow ram use: (See page 89 ROM

BIOS for additional information)

Note: DRAM is write protected in these Ranges and is READ only.

D3 Shadow Enable E0000 and FEQQO0
1 = Shadow Enable
0 = Shadow Disable

The 64K page of DRAM that would have been located from E00OO to EFFFF in
ROM is now enabled between OEO000 and OEFFFEF and is duplicated at FE0000
to FEFFFF. The ROM chip select will now be disabled. Data should be written to
this DRAM before enabling this bit.

Note: DRAM is write protected in this Range and is READ only.
D2 384K Memory Relocation

1 = Disables the extra 384K and usable as shadow RAM ar as EMS.

0 = Enables 384K, the memory address range, located between A0OOO and
FFFFFh is relocated above the 1M border. This preserves the lower
address for systems use.

D1 Global EMS

1 = EMS Enabled. You must initialize the EMS registers before D1 is set high.
0 = EMS Disabled

DO EMS Context Selection

1= Alternate context. This bit operates in the same manner as bit D5 of Map
Address Register 1EE except this determination of context is used during
EMS Memory cycles.

0 = Standard context is selected
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Control Register 1 8 R/W bits at I/O address 1EF (Hex)  Reset State: 0
(76 fs[4af3]2]1 [o]
L Reservedsetto
RAS Precharge Timing
Mix DRAM Type
Page Mode Enable

D7 Page Mode Enable

0 =Page mode disabled, uses normal read/write timing for normal memory access
1 =Page mode enabled, uses page mode memory timing except during DMA
and bus master

D6 Mix Dram Type Mode Register

0 = Same type all four banks
1 = Selected type for first 2 banks, other type for last two banks

D[5:3] RAS Precharge Timing

PROCCLK

D5 D4 D3 Cycles

0 0 0 16

0 0 1 14

0 1 0 12

0 1 1 10

1 0 0 8

1 0 1 6

1 1 0 4

1 1 1 2

These bits determine the RAS precharge time for page mode cycles
when there is a page miss access to a bank.

D[2:0] RAS Active Time-out

D2 D1 DO Time (uSec)

1 1 1 200
1 1 0 150
1 0 1 120
1 0 0 100
0 1 1 80
0 1 0 60
0 0 1 30
0 0 0 10

751-0080-01 Rev.1 77 991



HT22

Functional Description 386SX/286 Single Chip
—
Control Register 2 8 R/W bits, at I/O address 1EF (Hex) Reset State: 0

(76 s [al3f2]1 o]
— 1 L CAS Active Time
\ CAS Precharge Time

0 Wait State Enable
Reserved

Values are adjustable to provide values for almost all DRAMs at any speed and configuration. All iming is
based on a fixed PROCCLK signal. If changes are made to the PROCCLK signal, adjustments may be re-
quired to this register to compensate. DD Hex is the recommended value for 80386SX or 80286 0-wait state
operation. C8 Hex should be used for 1-wait state 386SX systems while CC Hex should be used for 1-wait
state 286 systems.

D[7:6] Reserved must be set to 1 in order to execute operations properly.

D[5:4] 0 Wait State Enable
CR1 CR2
D7 D5 D4
1 X 0 Page Mode operation with 1 Wait State when Page Hit
1 X 1 Page Mode operation with 0 Wait State when Page Hit
0 1 X Non-page mode operation with 0 Wait State memory operation
0 0 X Non-page mode operation with 1 Wait State Memory Operation

D(3:2] CAS Precharge Time

PROCCLK Configurations
D3 D2 Cycles
0 0 4 Invalid
0 1 3 Invalid
1 0 2 C8 1ws
1 1 1 DD, CC Ows, 1ws

D[1:0] CAS Active Time

PROCCLK
DI DO Cycles
0 0 4 C8,CC 1ws
0 1 3 DD Ows
1 0 2 Invalid
1 1 1 Invalid

Note: CAS active cycles plus CAS precharge cycles must total 4 for O wait state operations and 5
or 6 for 1 wait state. Bits D[3:0] have no effect when page mode is disabled - CR1 Bit 7.
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_
Control Register 3 8 R/W bits at /O address 1EF (Hex)  Default Memory Size (A[23:16])

7Il6 5‘4 3}2[1?

Top of System board memory starting
Address of External Expansion RAM

D(7:0] Starting Addr of External Expansion Ram

Total 16M memory is divided into 256 memory blocks with each 64K wide.
This register indicates how much on-board memory is installed. A 0 would
indicate that all system board RAM should be disabled for all but EMS and
shadow. After RESET* will be 0.

Control Register 4 8 R/W Bits at I/O address 1EF (Hex) Reset State: 0

[ 1e[s]s]3 211 [o]

— 128K ROM Disable

RAS Time-out Enable
Numeric Co-processor Select
I/0 Speed

Chip Identification

D[7:4] Chip ID 0001

D3 1/O Speed
0=PROCCLK is CLKASN/2 for all I/O and non-local DRAM cycles to

accomodate I/O memory, peripherals (Default)(All AT bus cycle)
1 = Full speed For all cycles PROCCLK is CLKX2 except DMA*,

D2 Numeric Co-processor Select

0 = Numeric Co-processor does not exist (defaulf)
1 = Numeric Co-processor exists

D1 RAS Time-out Enable
0 = Defeat RAS Time-out
1 = Enable RAS Time-out

D0: ROM Chip Select Disable
0=ROM Chip Select Enable (E0000-FFFFF)
1= ROM Chip Select Disable (E0000-EFFFF)

*NOTE: DMA cycles run at high speed with I/O full speed enabled.
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Control Register 5 8 R/W bits at /O address 1EF (Hex) Reset State: 0
(7 Te[sTe]3f2]1t [o]
L |

Reserved
L Page Interleave CAS Sharing
Parity Checking Option
Hispeed Switch

Frequency of Sleep Mode
Sleep Mode Enable

D7 Sleep Mode Enable
0 = Normal (default)
1 = Sleep Mode

D[6:4] Frequency of Sleep Mode
D6 D5 D4  Frequency
0 0 0 4MHz *

0 0 1 2MHz *

0 1 0 1MHz *

0 1 1 0.5MHz *
1 0 0 0.25MHz *

*These frequencics for SYSCLK are referenced to asynchronous clock
(CLKASN) signal running at 32 MHz. (See section on Sleep Mode)

D3 Hispeed Switch
1= Enable switch to Hispeed on idle

D2 Parity Checking Option
0 = Normal (default) (Parity Enabled)
1 = Parity Checking Disabled

D1 Page Interleave CAS Sharing
0 = Normal (default)
1 = Page Interleave CAS Sharing Mode Enabled

DO Reserved
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Control Register 6  8R/W bits at I/O( address 1EF(Hex) Reset State: 0

s[5+ 32 1 ]0]
] l [____ 4MDRAM Select
Master Speed Sclect

High Speed Refresh
Reserved

D2 High Speed Refresh
0 = Normal Refresh (AT Bus Compatible)
1 = High Speed Refresh

D1 Master Speed Sclect
0 =PROCCLK runs at low speed in master mode
1 =PROCCLK runs at high speed in master mode

DO 4M DRAM Select
0 =No 4M DRAMs
1 =4M DRAMs in any bank
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Extended Memory

The HT 21 can support a combination of extended and expanded memory as well as expansion memory
that is located on the I/O bus. Extended memory is any memory at a physical address above 1MB that
has not been configured for EMS use and is below the expansion memory address placed in Control
Register 3 (CR3). The value in this register should indicate the top of total physical memory on the sys-
tem board that would be available as extended memory. For example a 10H value in CR3 would cause
all physical memory accesses above IMB to be passed on to the I/O bus. This would cause all system
board RAM above 1MB 1o be reserved for EMS and Shadow RAM options.

EMS - Expanded Memory

The HT22 has built in EMS hardware support the LIM 4.0 specification. This hardware provides EMS
software drivers with a more efficient page mapping scheme in accessing memory greater than the DOS
1 MB limitation. Once the internal EMS re-map option has been configured and under EMS driver con-
trol operating systems and applications software have access to two sets of 32, 16KB EMS pages (or two
EMS Page Frames 64K to 512K in size).

A built in EMS Auto-Increment feature provides the capability to rapidly configure multiple contexts or
two sets of 32 regisiers associated with the configuration for each available EMS page (referred as stand-
ard and alternate context). This feature can particularly effective with advanced multi-tasking require-
ments. Both application software or an EMS driver can take advantage of these advanced EMS features
in allowing applications programs to access more memory than allowed by DOS. The dual Context op-
tion allows more programming flexiblity and can make switching between multiple programs almost in-
stantaneous. More information on software implementation can be found in an HT22 Programming
Application Note as well as various Lotusm, Intel™ and Microsofi' ™ publications.
Expanded Memory

[T
Up to 8M .
Extended | orabekme s i ot £ Page Frames
Memory I rmain memary 1
16K page
™ lFFFFE . —
BIOS and ROM o000 Lo
960K G irer AOM L Up to 7.75M
898K B X 1.6K Pages
1 of Expanded
4-16K Pages . —
' Memory
,,,,,,,,,,,,,,,,,,,,,,,, . _’Tgmoxt #2
64K main EMS . : Context # 1 496 Logical
:':’2": Pages 16K page | 16KB Pages
76K Video and Other ywuu_ ¢ :
Drivers ¢ [ ]
640K A0000 .
0 1
1 1
Normal / 24 - 16K Pages| |
|Application Code] : L]
Data and aptional . —
24 - 16K Pages . [
. —]
. .
' L
. - 256KB
: Emeﬂﬁ-'
4———Context #1
28K |- oo e 6000 EMS Memory
oK 00000(Hex)
Physical Address
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On power up the EMS function is disabled, all the DRAM addresses are left as standard linear address-
ing mode; ie. without any EMS address translations. Implementation and configuration of all EMS func-
tions can be controlled in software and are accessed by registers defined in the EMS Register Summary
section. Major EMS options includ EMS Bank selection, Individual Map Enable and address translation
functions are accessed by the Map Register. Additional programming options are accessed by the Map
Address Register and Control Registers.

Both sets of the 32 EMS page frames are physically mapped into the address space from 256KB to
640K B (040000H - 09FFFFH) and from 768KB to 896KB (0CO0000H - ODFFFFH). These are the physi-
cal addresses at which the EMS page frames will appear. The EMS page register will define the physical
to logical address translation of address bits A[22:14]. In this way a physical address location below
1MB will automatically result in an access to a logical address location that can be above the 1MB DOS
limitation. A standard EMS page requires 64KB of contiguous program memory and would require four
16KB pages.

EMS Register Summary

The following is a short summary of the EMS Register functionally. For more detailed information see
Application Note 756-0106-01 for details of programming the HT22.

The HT22 EMS Hardware Support functions are configured and controlled by the use of four
Read/Write registers, all accessed via I/O operations. These registers are the Map Register (MR), Map
Address Register (MAR), Control Registers Index (CRI), and Control Register 0 (CRO). The Map
Register is 12 bits wide and requires I/O word accesses. This register is used to define 64 seperate EMS
I/O Page Registers that can be used to re-map two sets of memory using 32 16KB EMS pages. Address-
ing for this Map Register is provided by the Map Address Register. Control Register O is used to enable
the EMS option and select standard or alternate context. To access this Control Register it must first be
selected by the use of the Control Register Index. The 1/O address for these Registers are shown below.

I/O Address Width Index Description

01EEH 8 Bit Map Address Register(MAR)
00-3FH 64 16KB Page Addresses

01ECH 10 Bit Map Register(MR)

01EDH 8 Bit Control Register Index(CRI)
00H Control Register 0 Select{(CR0)
01 H Control Register 1 Select(CR1)
02H Control Register 2 Select(CR?2)
03 H Control Register 3 Select(CR3)
04 H Control Register 4 Select(CR4)
05H Control Register 5 Select (CRS)
06 H Control Register 6 Select (CR6)

0O1EFH 8 Bit Control Register Data Port(CDP)

During I/O cycles, the Map Address Register(1EE) provides a 6-bit address to the Map Register (a
64x12 Static RAM ). This selects the register for programming or reading the maps. Writing data to the
Map Register(1EC) programs the RAM, and that data becomes the uppermost address bits (translated
A[14:22]) when addressing DRAM in EMS operation. By selecting the auto-increment operation of the
Map Address Register, you can write once to the Map Address Register, and follow that with 64 writes
to the Map Register and fully program the RAM pages with the address translations. This programs both
the standard and alternate context maps.
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During memory cycles, address pins and a single bit from the Control Register(1EF) provide the 6-bit ad-
dress to-the Map Register(1EC). The Map Register then puts its programmed data onto the system’s ex-
ternal DRAM address lines.

The Map Register contains two sets of 32 registers; used as standard context maps and alternate context
maps. This allows two programs to maintain separate and simultaneous register mappings, so switching
between two programs is practically instantaneous. In systems with only a single set of 32 registers,
when a second program needs to perform EMS operations, it must save the current mapping and then
write it’s own maps before starting. This requires time, and data may be lost in fast-moving communica-
tions programs. The two sets of 32 registers in the HT22 alleviate this problem.

For I/O cycles, the Map Address Register(1EE) page bits (D[0:4]) select 1 of 32 registers, and its Con-
text bit (D5) selects between the two pairs of 32 registers. 0 selects the standard context maps, and 1
selects the alternate context maps. These six bits drive the address lines of the 64x12 RAM, or Map
Register. An additional bit determines whether auto-incrementing is enabled (D7). If enabled, when a
count of all ones is reached on D[0:6], D7 is cleared and auto-incrementing ceases.

For the memory cycles, 6 address pins select pages among the 32 registers. The address pins are either
A[14:19] or SA{14:19], depending upon whether the CPU has control of the system or not. By multiplex-
ing the lower three address bits and translating the 3 upper address bits, ie A[17:19], 5 inputs are
generated as addresses to the Map Register. As with 1/O cycles, there is a Context bit to select between
the 2 sets of 32 registers. DO of the Control Register (1EF) provides context information; a § selects the
standard context maps.

The Map Register outputs 12 lines, the 7 least significant plus 2 most significant provide DRAM addres-
ses, the next two perform barnk selection and thus generate RAS{0:3], and D9 is for bank enable. When
EMS memory accesses occur, A[0:13] are passed unfiltered to the DRAM. A{14:19] are redirected to
the MR as addresses, and the Map Register outputs the translated addresses on its D{0:6] lines. (The
smaller 256K DRAM uses only D[0:4] outputs.)

Four other bits within the Control Register, D[7:5] and D2, are software switches to select DRAM type
(1M vs 256K DRAM), bank count, and extra 384K disable .

The full EMS register descriptions follow.
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— 386SX/286 Single Chip Functional Description

Map Address Register 8 R/W bits at I/O address 1EE (Hex) Reset State:0

EAEEENENENERENN

Page Selection

Context Selection

EMS Page Write Protect
Auto-increment Enable

D7 Auto-increment Enable
When 1, each read or write of the Map Register (1EC) increments the count
on D[7:0]. These bits can be treated as a 8-bit counter, which auto-increments
under D7 control. The counter consists of Auto-increment enable (D7), EMS
Page Write Protect (D6), Context Selection (D5}, and Page Address bit (D[4:0]).

By initializing the counter to 80 hex (auto-incrementing on, standard context,
and page 40000 H) the maximum number of automatic accesses is available.

32 standard-context writes are followed by 32 alternate-context writes will bring
the count to CO. Then, 32 reads in gach context would increment the counter to
00. The 64th read clears the auto-incrementing enable (D7), and prevents
further increments until D7 is manually set back to 1.

D6: EMS Page Write Protect
0, Do not write protect the selected page when data is written to the Map
- Register to select the physical memory to map into this EMS page.
1, Write protect the selected page when data is written 1o the map register 1o
select the physical memory to map.

DS: Context Selection
0 standard context is the default
1 alternate context

The HT22 contains two sets of 32 registers, each maps to different available

P pages. Bit D5 switches between the two sets of registers during I/O cycles.
(CR’s DO is context selection during memory cycles.) This allows one program
to access its 32 mapping registers (standard context), and a second program has
an alternate set of register maps (alternate context). With two pairs of registers
available, changing between two programs is almost instantaneous, and data
integrity is maintained. DS selects the active set of map registers during I/O
EMS cycles.

D({4:0]: Page Selection
Page selection is determined by these 5 bits. Once latched in the MAR, with
incrementing enabled, they generate the address lines to the Map Register for
1/0 cycles. Select the appropriate page(s) by setting D[4:0] according to
| table below. A minimum of 4 contiguous 16k pages must be selected for EMS
| operation. (EMS requires a Page Frame size of 64K or more, thus four 16K
| pages.) Note that page addresses are presented in the following table as both
| hexadecimal and decimal numbers.
:
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Functional Description

HT22

386SX/286 Single Chip

#

Hex Page Decimal Page Register 1IEE
Address Address Bits

4 3 2 1 0
DCO000-DFFFF 880-896K 1 1 1 1 1
D8000- 864 - 1 1 1 1 0
D4000- 848 - 1 1 1 0 1
DO000- 832 - 1 1 1 0 0
CC000-CFFFF 816 - 832K 1 1 0 1 1
C8000- 800 - 1 1 0 1 0
C4000- 784 - 1 1 0 0 1
C0000-C3FFF 768 - 784K 1 1 0 0 0
9CO000-9FFFF 624 - 640K 1 0 1 1 1
98000- 608 - 1 0 1 1 0
94000- 592 - 1 0 1 0 1
90000- 576 - 1 0 1 0 0
8C000-8FFFF 560 - 576K 1 0 0 1 1
88000- 544 - 1 0 0 1 0
84000- 528 - 1 0 0 0 I
80000- 512 - 1 0 0 0 0
7C000-7FFFF 496 - 512K 0 1 1 1 1
78000- 480 - 0 1 1 1 0
74000- 464 - 0 1 1 0 1
70000- 448 - 0 1 1 0 0
6C0O00-6FFFF 432 - 448K 0 1 0 1 1
68000- 416 - 0 1 0 1 0
64000- 400 - 0 1 0 0 1
60000- 384 - 0 1 0 0 0
5C000-5FFFF 368 - 384K 0 0 1 1 1
58000- 352 - 0 0 1 1 0
54000- 336 - 0 0 1 0 1
50000- 320- 0 0 1 0 0
4C000-4FFFF 304 - 320K 0 0 0 1 1
48000- 288 - 0 0 0 1 0
44000- 272 - 0 0 0 0 1
40000-43FFF 256 - 272K 0 0 0 0 0

(4000 increments in hex 16k increments in decimal)

9IP1
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HT22

386SX/286 Single Chip Functional Description

Map Register

12 R/W bits, at /O address 1EC (hex) Reset State: 0

|11‘1019[8[7[6___;}4|3|2|1|a)|
L 1 [ | ] ]

L 4M/IM/256K DRAM
Address Bits

1M/4M DRAM Address Bits

Bank Select

Map Enable

TA22-TA21

D[11:10] Translated Address [22:21] for 4M DRAM

D9 Map Enable
When the Global EMS Enable bit in Control Register 0 is a 1, the Map Enable
bit associated with each 16K page acts as an individual page mapping enable.
If Map Enable is a 1, then its corresponding page is remapped by the HT22. If
the Map Enable bit is 0, the CPU address lines are passed through untranslated.
If the Global EMS Enable bit is a 0, all address remapping is turned off regard-
less of the state of the individual Map Enable bits.

D[8:7] Bank Select
For 1M/256k, selection as follows;

D8 D7

0 0 Bank 0
0 1 Bank 1
1 0 Bank 2
1 1 Bank 3

DI[6:5] Translated address bits for IM/4M DRAMS
They drive A{20:19] on system DRAMs.

DI[4:0] Translated address bits for 256K/1M/4M DRAMs
They drive A[18:14] on system DRAMs,

751-0080-01 Rev.1
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HT22

Functional Description 386SX/286 Single Chip
—

ROM/BIOS Interface

D{0:15]
CPU
—
D{0:15] D{0:15]
Dual ROM BIOS
SA[0:15] SA[0:15]
MEMR" MEMR*
LCSROM® LCSROM*| or
HT22 || sAj:1s]
MEMR"
LCSROM® Single ROM
SDTo XD :
Sbio:7) Butler xete]
XDDIR XDDIR

ROM Memory Interface

The HT22 ROM interface has three modes of operation, based on desired BIOS Data location and sys-
tem configuration. The traditional mode has BIOS code stored in two ROM devices on the CPU data
bus. The single BIOS mode utilizes one ROM device on the XD bus. Both of these modes support the
third Shadow RAM mode where BIOS data is copied from either source into system RAM that shadows
the slower ROM device allowing the ROM device to disabled.

The HT22 utilizes a Single BIOS (SBIOS*) input pin used to select two of interface modes. A low level
on the SBIOS* input pin is used to activate the single BIOS, 8-bit, mode and a high level places the
ROM interface in the two chip BIOS, 16-bit, mode. Both of these modes utilizes a Latched Chip Select
ROM output pin (LCSROM¥). This signal is activated by memory accesses between OEOOOOH to
OFFFFFH and FEQOOOH to FFFFFFH allowing up to 128KB of addressable ROM space The E0000 to
EFFFF Range of LCSROM* can be disabled using Control Register 4 bit 0. ROM access can be dis-
abled by switching to the shadow RAM mode.

When the ROM interface is in the single BIOS mode the HT22 will read two bytes of data from the low
byte of the SD[0:7] inputs while placing a low level on the eXternal Data DIRection output pin
(XDDIRY), which will source the data from the eXternal Data BUS (XD[0:7]). This is the standard
method of converting 8-bit I/O accesses to one 16 bit word require by the CPU. ROM reads are at slow
speed.
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HT22
386SX/286 Single Chip Functional Description

The third ROM mode supported by the HT22 is called the shadow RAM mode. This is where an image
of the BIOS (which is in ROM}) is copied into an area of RAM and the normal ROM access are disabled.
The purpose of this feature is to allow operating systems and software applications to make faster acces-
ses to the shadowed BIOS data contained in RAM (rather than the much slower ROM devices).

The performance improvement derived from the use of shadow RAM is primarily dependent on the dif-
ference in access times between ROM and DRAM cycles. At higher system speeds, the difference can
be significant. The normal use of the shadow RAM mode allows higher system performance and can be
combined with the single 8-bit ROM interface to reduced circuit board size requirements and component
count. This combination reduces system cost without sacrificing system performance.

Shadow RAM mode can be implemented using internal Control Register 0 (01EFH). The following pro-
cedure defines a suggested programming sequence to enable the shadow RAM mode.

1. Disable any remap for FOO00-FFFF.
Switch to context 0. It is necessary to copy the System BIOS into shadow RAM. Hence,
the System BIOS addresses FOO00-FFFFF cannot be remapped elsewhere.
3. Remap four pages e.g. 90000 to FO000, 94000 to F4000, 98000 to F8000, and 9C000 to
FCO00G in context 0.
Enable EMS if it is not already enabled.
Block copy FOOO0-FFFFF to 90000-9FFFF.
Enable the shadowing of the System BIOS. Note that the shadow enable bits (bits 3 and
4 of Control Register 0) have no effect unless the global EMS enable bit is set.

Sk

Note: See 756-0106-01 Programming the HT22.

When the 384K Memory Relocation feature is active enabled (CRQ, Bit2 = 0), local memory located in
the AOOOO address range is relocated upward by 384K and is not available for shadow RAM.
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HT22 .
386SX/286 Single Chip AC Specifications

—
A.C. Timing Specifications for HT22

CPU Interface

Signal timing Characteristics

Note: Values for 25 and 16 MHz CPU Clock speeds unless other wise noted All values measured in Nano
Seconds

Reference Parameter Min Max
t100setup ADS*, M/IO*, W/R*, D/C* Setup time to PROCCLK (Pipeline) 19
t100hold ADS*, M/IO*, W/R*, D/C* Hold time to PROCCLK 6
1102setup A Bus Setup time to PROCCLK 17
t102hold A Bus Hold time to PROCCLK 4

1109 PROCCLK to SA Bus Propagation Delay (20 Mhz) 12 24
t101setup BHE* Setup time to PROCCLK 17
t101hold BHE* Hold time to PROCCLK 4
t103setup D Bus Setup time to PROCCLK 14
t103hold D Bus Hold time to PROCCLK 4

1108 SD to D Bus Data Valid Delay 16-Bit 5 18
t108 SD to D Bus Data Valid Delay 16-Bit to 8-Bit

t107 D to SD Bus Propagation Delay (16-Bit Xfer) 22 46
1107 D to SD Bus Propagation Delay (16-Bit to 8-Bit Xfer) _ _
t110 INTR Valid Delay from IRQ [3:7] 11 39
t110 INTR Valid Delay from IRQ[9:15] 15 54
t106 NMI Valid Delay from PROCCLK (for local RAM parity error) .
t106b NMI Valid Delay from IOCHCK _
1104 READY* Valid Active Delay from PROCCLK 4 15
t104b READY* Valid Inactive Delay from PROCCLK 3 12
t105 CPUHRQ Valid Delay from PROCCLK 3 28
t156delay RESETCPU Valid Delay from PROCCLK 3 14
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AC Specifications 386SX/286 Single Chip
Tx Tx
0.1 0.2 o.1 0.2
PROCCLK | I ] I_____ L__._
[Note 1] 1100
ADS", WIRF, ) A7 Yo )
WIO*, DIC* 11000 —
1101
—t101h —
BxE* 7z A AAA A AP
1102~ |-t102h
Al1:23} ) A2 X —
1103 1103
DI[0:15},(Write) 7 ) A2 | )
——t109—] '
SA[0:19] 1 (A
Tx Tx
PROCCLK. l l R —' l—
1104min — t104bmax
READY* N -t104bmin—57 /T
t104max
t105max
CPUHRQ For REFRESH Cycle _'1°5m"_—l/////AA @
1105hold
t106max l-
NM For PARITY Error }——t106min I///// { ‘

IOCHCHK \
l—noeb_;ocucx_oe—I
/

For IOCHCHK

NMI

t106bdelay

1IRQX { \
1110delay

INTR

/ \

D{o:15] —_—

g

—— )

£107max
t108max

—1t107min

SD{0:15]

[Note:1] PROCCLK for
80286 operation is inverted.
Refer o Functional Diagram
for Phase relationship.

AN ) {

A.C. WAVEFORMS - CPU Interface Specifactions
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HT22 . .
386SX/286 Single Chip AC Specifications

X
A.C. Specifications for HT22

Clock Generation
Signal timing Characteristics
Reference Parameter Min Max
CLKX2 Input Frequency 5 50MHz
133 CLKX2 Cycle Time (Osc Input) 27.5ns
CLKASN Input Frequency (Non-AT Bus Compatible Mode) .5 48MHz
CLKASN Input Frequency (AT Compatible $MHz Bus) .5 32MHz
132 CLKASN Cycle Time (Osc Input) 34.4ns
X1 Input Frequency (AT Compatible) 14.21818MHz +/- 1%
131 X1 Cycle Time (Osc Input) 76.8ns
t33 Period CLKX2, Low/High Pulse (Osc Input) 125 15.0ns
t32 Period CLKASN, Low/High Pulse (Osc Input) 15.6 18.8
t31 Period X1 High/Low Pulse 349 419
t1T PD T CLKX2,1t0 PROCCLK T Delay 4 17
t1 {PD l CLKX2 to PROCCLK { Delay 5 21
2 TPD T CLKASN to PROCCLK T Delay 5 22
2 LPD ! CLKASN to PROCCLK { Delay 6 25
19 PROCCLK Period CLKX?2 Source(40MHz CLK) 25
110 PROCCLK Period CLKASN/2 Source (16MHz CLK) 62
111 PROCCLK Switch Time Low Period
Fast (Source CLKX?2) to Slow (Source CLKASN)
CLKX?2 = CLKASN (# of clock cycles) 35 5
CLKX2 # CLKASN (# of clock cycles) 3 7
t12 PROCCLK Switch Time Low Period
Slow (Source CLKASN) to Fast (Source CLKX?2)
CLKX2 =CLKASN (# of clock cycles) 1 2
CLKX2 # CLKASN (# of clock cycles Min=1 CLKASN) 1 20
t5 T CLKASN1to T SYSCLK Delay 4 18
15 T CLKASNto { SYSCLK Delay 8 23
4 SYSCLK Frequency (CLKASN/4 with 32MHz CLKASN) 8MHz
HISPEED Setup to PROCCLK 21C/D 8ns
21E Ons

(1) 2CYCLES =1 CLKASN cycle + 1 CLKX2 cycle.

NOTE: PD = Prop Delay
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AC Specifications 386SX/286 Single Chip
ons 100 ns 200 ns 300 ns 400 ns 500 ns 600 ns 700 ns
133
8
o '\J VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
132
2
S VIRV VRt AU VAVAVATAVAT LA AV A TAV VATV VAt
Inpu 4
5-M/M-v CLKASN Input/4 R
SYSCLK )\ JEBRAAN 7] A i / \ g 1L
Output - 15-M/M-* ~t12Max
° - 112Min
i TS 4 80286 Cycles
N\VA r:l [
PROCCLK \ t11 I‘MN—SCIK«!
e {\J V] AVAVATAVAVAVAVAY
t1-A-PD t11MAX-7Clks
: TUT1p 80386SX Cycles
| | 2
A.C. WAVEFORMS - CLOCK SWITCH SPECIFICATION - High to Low and Low ta High
X1
le-flfL 132 i i
i All Clock in 1 :
Clcken r{_r\f\_/\j\ Lovos with o/, 3% Tolaanca
: Clock periods and Hi
133HAL - 33 mins/:\:xn?:a: indk;aghte/h?w
Clioc2 r\j\l / ﬁDuty Cycle shoul? be 50 %
A.C. WAVEFORMS - INPUT CLOCK SPECIFICATIONS
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—
A.C. Specifications for HT22

I/O Channel Interface

Signal timing Characteristics

Reference Parameter Min Max
t122 BALE Active Delay fm PROCCLK Active/Inactive 6/8 23727
t12xsetup/hold IOCHCK*

t128setup/hold IOCHRDY Setup and Hold time 9
t12xsetup/hold  10CS16* Setup and Hold time 9/0
t127set/hold MEMCS 16* Setup and Hold time 13/2
t120/t121 IOR* Command Active delay / Inactive 7/5 23119
1120/t121 IOW*Command Active delay / Inactive /5 23/19
t120/1121 MEMR* Command Active delay / Inactive 7/6 25120
t120/1121 MEMW?* Command Active delay / Inactive 7/6  25/20
1120/1121 SMEMR* Command Active delay / Inactive 7/6  26/21
t120/t121 SMEMW#* Command Active delay / Inactive 7/6 26/21
1125 SBHE* Command Active delay / Inactive 10/9 19/18
1133 Clock to SA Bus Propagation Delay (REFRESH¥*) 8 31
t108 SD[0:15] to D Bus delay 1 7
t126setup/hold  OWS* 12/0
Refresh Timing

t129 Refresh active delay 5 19
t130 Refresh inactive delay 4 16
t131 MEMR active delay 6 25
t132 MEMR inactive delay 6 26
1134 RAS* active delay (REFRESH*) 8 30
t135 Staggered RAS* active delay 5 18
t136 RAS* inactive delay 6 26

751-0080-01 Rev.1 94 991



—

AC Specifications

HT22

386SX/286 Single Chip

SYSCLK

Command

SA[0:19]

BALE

SD{0:15](Write)

SBHE®,SA[0:19]

IOCHRDY
ows*

MEMCS16*

PROCCLK
REFRESH"
MEMR' '
SA[0:9]
MA[0:9]

RAS[0:3)*

NOTE: SYSCLK Frequency 1/2 PROCCLK Fraquency,
PROCCLK Source 1/2 CLKASN input for 10 Operation.

L[ LT ]

M I

t121mirvmax ———RDY,wait-state
-STANDA
10R*, IOW* = i j \\‘\\ %
MEMR*, MEMW* t120min/max \ ]Ax ﬁ;}
SMEMR*, SMEMW* —t109—
U 1%, {
p=1122max -1 t123min
- t122min 7 - N - t123max
7 R /
I-n 24setup —
[‘/QZZI Valid Write Data xzx
—t125max —1
- t1 25min-zx ‘EZ/I
—t128hold ——
-\ - t128setup ’
|- t126setup —+ t126hold —'
, Valid Sample low
F——t127hold
-\ -1127setup /

REFRESH Cycle Timing

[ L

I-t1 29min
|-t129max

N

i

—t130max ——
Z|

=113 1max —

N

L

1132

Z

rt133

Ex VALID SA Address

A

3%,

VALID MA Address

AU

—l134—|

1135

\

7
4
Z

L,

A.C. WAVEFORMS - 10 INTERFACE Timing
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45—

A.C. Specifications for HT22

Keyboard Interface
Signal timing Characteristics
Reference Parameter Min Max
t141 CS8042* Active delay / Inactive 7 27
t148setup/hold HISPEED Setup and Hold time Rev C/D 5
RevE 0

1120/121 IOR* Command Active delay / Inactive 7/5 23/19

IOW *Command Active delay / Inactive 15 23/19
t146 OPTBUFUL to INT delay 9 36
t147semp/hold RC *Setup and Hold time 0
1142 XDDIR Command Active delay / Inactive 7/32 7/30
t149setup A20GATE delay to A20

CPUA20 to A20 dealy
Real-time Clock Interface
Signal timing Characteristics
Reference Parameter Min Max
t110setup/hold  IRQ8* delay to INT 15 54
t143min/max RTCAS Active delay / Inactive 971
tl44min/max  RTCRD *Active delay / Inactive 7/8 29/31
tl44min/max ~ RTCWR* Active delay / Inactive 7/8 29/30
t142min/max XDDIR Active delay / Inactive 7/32 7730
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AC Specifications 386SX/286 Single Chip
Tx Tx
0.1 0.2 0.1 0.2
SYSCLK I l |
] t141min f=114 tmin =4
7,
cssoaz AN Z]
~ti4tmax = ——t141max—l
~—1142max —I
XDDIR -t1 42m«'n-zx
t143max
RTCAS —11 43min—[’2 J Valid Delay for RTC Interface \&\
t144max
RTCWR*/RD* —t144min—-\\‘ \ [Z J
INT —1110 ——/ \
[—1145setup —+—t145hold
Y _I/
IRQ8* ‘ Zx
OPTBUFUL X?J—tﬂssenm——n %hold—@
RCY XZX-—t147setup ——t147hold—-m
HISPEED XZX—“ 48setup ——+——t148hoid ﬂx
cPUAZ0 ES [’/ﬁ{
t149a_Delay — t149b
A[20] N 7 @X
t14ec f—t140d —
A20Gate \&\ /,%l

A.C. WAVEFORMS - Valid Delay, Setup and Hoid timimg for Keyboard and RTC Interface
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A.C. Specifications for HT22

DMA Controller
Signal timing Characteristics
Reference Parameter Min Max
1160 AEN Active delay / Inactive (from PROCCLK) 20721
t161 BALE Active delay / Inactive (from PROCCLK) 25/28
t170 CPUHLDA Sectup and Hold time 20/4
1163 CPUHRQ Active delay / Inactive 3/4 28/20
t164 DACK* Active delay / Inactive 8/ 32726
t171 DRQ Setup and Hold time 4/17 3/19
t172 AEN delay from MASTER* AENJ 15
AEN T 31t
t165 IOR* Active delay / Inactive 8 3t
t165 IOW* Active delay / Inactive 8 31
t165 MEMR* Active delay / Inactive 8 29
t165 MEMW* Active delay / Inactive 9 31
1173 SA[0:19] Address Valid Setup to Memory CMD in MASTER* mode
t169 SBHE* Active delay / Inactive 13/13 46/47
t167 TC Active delay / Inactive 9/8 30729
t168 SA[17:23] delay 3 19
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AC Specifications 3865X/286 Single Chip
Tx Tx
[ B] 0.2 0.1 0.2

PROCCLK I " I # l—] |—
SYSCLK I —I ] i I " I I

- |- <{-1160
- “ \

- r— f-—-t161ma)
anLE 1]

—1166 —] —165/66 —
COMMAND*w/ 1165 _I \.\\\ [’%//A
COMMAND" | 67— \\\\\\ l//////J
. % X
SA[17:23] [ 63_1 X )
{/ 2’
CPUHRQ / —t164—f - 1168
pAcK AN ]
A.C. WAVEFORMS - Output Valid Delay, Setup and Hoid timimg for 'O Interface, DMA Signals

CPUHLDA EX_H 70setup —}—1170hoid —ﬂ
bRQ x;x;nﬁsemp——nﬂhold-ﬂ
MASTER® \
SA(0:19] Valid Address }
MEMR/W® —t173setup —\ ,

A C. WAVEFORMS - MASTER Mode Valid Address Input Specifacation

9M91
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X

A.C. Specifications for HT22

Interrupt Controller and RESET timing

Signal timing Characteristics

Reference Parameter Min Max

1151 Valid Interrupt Pulse Width 65

t150 INTR Valid delay time from IRQ 3-15

1156 RESETCOP Active Delay from PROCCLK

1152 Reset Valid Pulse Width 250
NPU Interface

Signal timing Characteristics

Reference Parameter Min Max

t180setup/hold PEREQ*

t181setup/hold BUSYCOP* 16/7 18/20
t182setup/hold  ERROR* delay to NMI

1184 BUSYCPU* Active Delay from BUSYCOP* 5 19
1185 PEREQCPU Active Delay from PEREQ

t186 RESETCOP Active Delay

1188 IOW* | to BUSYCPU* Inactive 3 12
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s

IRQ[x} !/7 t151

TR Maskable blomupt Racuest [z
oW \_—4'—!156PD—1
RESETCOP _ [%/ \

T e | L LT ) I L

s —0.1_or_o0.2 0.2
[ . 1152 \
RESETCPU I 4 1

A.C. WAVEFORMS - INTERRUPT AND RESET SIGNAL SPECS - Interrupt Signals and Reset

PEREQ = 80387
PEREQ * 1 \
t185—-J 1 LHBSinactive
PREQCPU J/IX \

?'t132typ—l

ERROR* /

—-t182
NMI

\ o ./
l' BUSYCPU* \ ‘ \ " ]

t184 — 1 F1sainacTIVE
BUSYCOP* ( / \ /

RESET

1186 ——
RESETCOP \

NPCS* \ /

A.C. WAVEFORMS - NPU Interface - Signals shown for timing reference
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AC Specifications for HT22

Memory Interface
Reference Parameter Min Max
t180b RAS*[0:3] Active delay from PROCCLK 80286 T 6 25
t180a/b RAS*[0:3] Active delay from PROCCLK 80386SX { Pipelined 7 19
T Non-pipelined
t181b RAS*[0:3] Inactive delay from PROCCLK 80286 T 8§ 28
t181ap RAS*[0:3] Inactive delay from PROCCLK 80386SX { Pipelined 4 15
T Non-pipelined
t182 b CAS*[0:3] Active delay PROCCLK 80286 T 5 27
t182a/b CAS*[0:3] Active delay PROCCLK 803865SX | Pipelined 6 16
T Non-pipelined
t183b CAS* [0:3] Inactive delay PROCCLK 80286 T 9 25
t183a/b CAS*[0:3] Inactive delay PROCCLK 80386SX | Pipelined 9 32
T Non-pipelined
t 184 DRAMWE* Active delay from PROCCLK 80386SX T 9 33
80286 |
t185 DRAMWE* Inactive delay from PROCCLK 80386SX T 8§ 28
80286 |
1186 LCSROM* Active delay from PROCCLK
t120/121 MEMR* Command Active delay from PROCCLK 6
t187setup/hold MDP[0:1] Setup and Hold time (Memory Read)
t188setup/hold  SBIOS* Setup and Hold time
t189setup/hold  SD{0:15] to D Bus delay 22 46
t191delay MA[0:9] Addrss delay from A bus 38 65
t190 MDP[0:1] Valid Data from D bus (Mem Write)
1192 MA Delay from PROCCLK | before CAS* 8 28
1192 MA Delay from PROCCLK | before RAS* 8§ 28
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—

Tx Tx
0.1 o2 0.1 0.2
PROCCLK I I
—t180b/max ti ——=1181max |
— N [
Edge of PROCCLK) -~ 1180b/min -1 Ft181min
. q t-t180a/Max = t-1181max
RAS"(Falling) \& \\\ 17/ '
4 L'H&Da/Min - F1181min
——1182max — 983max -
cas+Fasing) R [z
4 Ft182min ~ F1183min
9 1182max ———t183max ————1
CAS*(Faling) \\\\\ :\ ‘%/// 7
{ Ftigdmin ~ Ft183min
-—1184max aclive |——t1 85max——
DRAMWE® *"80235——\\\\,\§§ \ —wzsﬁ—m
- mMmin,adive -J l—n 85min
LCSROM® \;\\‘\ [Z
— P——t142max
XDDIR ——l14~2min%\
—1192max -1
MAJA-Bus] \ VALID MA ADDRESS - ROW & COLUMN
~ +1192min

SBIOS ﬂ“ 88setup "—'HSBW%
17 S =
oo.15 E////////////////////////////////////////

t190max,Delay

MDPO-1 t190min, Delay —W '] Vaiid Memory Parity Data for Mem Wrte

A.C. WAVEFORMS - MEMORY SPECIFACATION - Output Vaiid Delay for Memory Interfac
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386SX/286 Single Chip

Absolute Maximum Ratings (Referenced to VSS)

DC Specifications

Parameter Symbol Limits Unit
DC Supply Voltage vbD -0.3to +7 \
Input Voltage VIN -0.3t0 VDD +0.3 \
DC Input Current 1IN 10 mA
Storage Temperature Range TSTG -40to +125 c
{Plastic)
Recommended Operating Conditions
Parameter Symbol Limits Unit
DC Supply Voltage vDD +4.7510 +5.25 v
Operating Ambient Temperature TA Oto +70 c
Range (Commercial)
DC Characteristics: VDD = 5V +/- 5%, TA =0C to 70C
Parameter Symbol Condition Min | Typ | Max | Unit
Voitage input LOW ViL 0.8 \'
Voltage Input HIGH VIH 2 Vv
Input Current IIH -10 1 10 UA
Voltage Output High VOH \'
PROGCCLK |IOH=8mA 4.2
MAD-10, RAS*0-3, DRAMWE™ IOH=-12mA 24 45
RESET", CASx"0-3, SD0-15, IOCHRDY" IOH=-8mA 24 45
REFRESH" {open drain) IOH=8mA 24 45
BALE, SMEMR/W, SAC-S, IOR/W*, SYSCLK, MEMR/W
READY, CPUHRQ, NMI, IOR/W, TC, BALE, IOH=-6mA
DACK'0-3,5-7, NPCS"-ADS", RESETCOP, INTR,
XDDIR, AEN, BUSYCPU", RESETCPU,
SBHE, CS8042*, RTCAS, RTCWR", ERROR,
RTCRD", MDPH/L, DO-16, A17-23,
SPKR, LCSROM", DACK*0-3,5-7, PEREQCPU IOH=-4mA 24 4.5
Voltage Output Low VoL 04 0.8 v
PROCCLK IOL=BmA
RESET", CASx"0-3, MAO-9, RAS™0-3, DRAMWE" IOL=12mA
SD0-15, ICCHRDY” 10L-24mA
REFRESH"(open drain), I0L=16mA
BALE, SMEMR/W,SA0-9, IOR/W*, SYSCLK, MEMR/W~ IOL=12mA
SYSCLK, AEN, SBHE
READY",DACK'0-3,5-7, RESETCOP, INTR, IOL=6mA
BUSYCPU*, RESETCPU, CPUHRQ, NMI,
CS8042*, RTCAS, RTCWR*, ERROR,
RTCRD*, MDPH/L, DO-16, A17-23
SPKR, LCSROM®, PEREQCPU 10L=4mA
3-State Output Leakage Current 102 VOH=VSS or VDD -10 1 10 UA
Output Short Circuit Current 10S VDD=Max, V0=VDD 20 110} 220 mA
VDD=Max. VO=0V -10 -0 | -190 | mA
Supply Current IDD CLK=16MHz, CL=50pf 100 mA

Note: Not more than one output may be shorted at a time for a maximum duration of one second.

751-0080-01 Rev.1 104

991




DC Specifications

HT22

386SX/286 Single Chip
;

Parameter Symbol Condition Min | Typ { Max | Unit

Voitage Input Low VIL
TTL Inputs 0.8 \
CMOS Levels * Powergood {nput Pin 3VDDy V

Voltage Input High VIH
TTL inputs 2 v
CMOS Levels * Powergaod Input Pin |.7 VDD v
Switching Threshold vT CMOS 25 \
TTL 1.5 \%
Schmitt Trigger, Positive-going Threshold * VTT CMOS 3 4 v
TTL 1.8 2.1 v
Schmitt Trigger, Negative-going Threshold * V1T CMOS 1 1.5 v
0.7 0.9 v
Hysteresis, schmitt trigger * CMOS ViL to VIH 1 1.5 v
TTL VIL to VIH 0.4 0.8 v

*For POWERGOOD SIGNAL
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HT22
386SX/286 Single Chip

Package Outline
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DIMENSIONS IN MM
SYM | MINIMUM | MAXIMUM
A 30.30 30.90
Al 27.90 28.10
A2 25.50 REF.
8 30.30 [ 3050
Bl 27.90 [ 2810
B2 25.50 REF.
C 3.68 4.01
Ci 2.43 3.66
0 0.25 0.36
|3 0.30 0.70
F Q.10 0.25
G 0 10°
H 0.40 0.60
J 0.15 0.25
M 0.10 MAX.
P 0.05 MAX.
TOTAL NO.
QF PINS 208

Notes: Unless otherwise specified

pesition
ceETaL Y
0
DIMENSIONS IN INCHES
SYM | MINIMUM | MAXIMUM
A 1.193 1.216
Al 1.098 1.106
A2 1.004 REF.
8 1.193 | 1.216
B1 1.098 | 1.106
82 1.004 REF.
C 145 .158
< 135 144
0 010 014
£ .012 .028
F .004 .010
G o 10°
H .020 £.004
J .006 | 010
M .004 MAX
P .002 MAX.
TOTAL NQ. 208
OF PINS

1. Nominal dimensions in millimeters. Inches rounded to the nearest .001 inch. Controlling

dimension in millimeters.

2. Coplanarity of all leads shall be within 0.1MM (0.004") (Difference between highest and

lowest lead with seating plane [ -K-] as reference)
3. Lead pitch determined at Datam [-L
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HT22
Product Order Information 386SX/286 Single Chip

Product Order Information

HT22/X

Headland Chip Set —-:l_

Revision Level

Part Number

IMPORTANT: Contact your local sales office for the
current Order Code/Part Number
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