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28F016XS/i960® Interface

1.0 INTRODUCTION

This technical paper describes. several designs interfac-

" ing the high-performance 28F016XS Flash memory to
the 1960® microprocessor family. All designs are based
on preliminary 28F016XS specifications. These designs
have been fully simulated but no yet taken to lab proto-
type. Please contact your Intel or distribution sales of-
fice for up-to-date information. Do not finalize a design
based on the specifications in this document.

The 28F016XS is a 16-Mbit flash memory with a high-
performance synchronous pipelined read interface. The
28F016XS combines ROM-like non-volatility, DRAM-
like read performance and in-system update ability in
one memory technology. These characteristics enable
code execution directly from the 28F016XS memory
space, replacing the costly practice of shadowing code
from HDD or ROM to DRAM for increased perform-
ance. The 28F016XS improves system performance,
ruggedness and cost of any burst microprocessor, such
as the 1960 microprocessor, base design. The 1960 mi-
croprocessor family sees widespread use in various ap-
plications, including imaging and data communica-
tions.

The 28F016XS performs synchronous pipelined reads.
Up to three accesses can be initiated before reading
data output from the initial cycle. This pipelined struc-
ture is ideal for use with the 1960 microprocessor’s
burst transfer mechanism. The 28F016XS brings signif-
icant system performance enhancements to an i960 mi-
croprocessor-based environment. This technical paper
describes processor-to-memory interfaces that exploit
these capabilities to achieve maximum system perform-
ance. Figures 1 and 2 illustrate relative system perform-
ance enhancements that the 28F016XS brings to an
1960 microprocessor-based environment, compared to
other memory technologies. The benchmark parame-
ters are documented in Appendix B.
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Figure 1. Relative System Performance
Enhancement of the 28F016XS Compared to
Other Memory Technologies in an i960® KB-25
Microprocessor-Based Design
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Figure 2. Relative System Performance
Enhancement of the 28F016XS Compared to
Other Memory Technologies in an i960® CA-33
Processor-Based Design
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28F016XS/i960® Interface

2.0 1960® CA-33 MICROPROCESSOR INTERFACE

r_gl'" Diso_
DQysq
Chip Select ‘
Decode
Dsto Tﬂ) Logle ‘—E‘-‘-> DQy,
. Cs# CEy #
1960% CA OV—™ CE, #
Processor N 28F016XSV Switched 5V
Aare A Aze Dl Ay, e ori2v
BYTE# 5V
CLKIN [——33 MHz ‘ OER ol oE#
CLKMODE [¢——5V ™ A) WE# ol WE# WP# GPIO
1 ' R, >l A, A, ov
BLAST# State 1 ola
ADS# Maching_ " ° ! RYBY#H—> INT
and ADV# »| ADV#
W/R# Burst s cLk RP# RESET#
CFG —| Counter -
RESET#}¢——RESET#————>
PCLK CLK
85C22V10-15
297500-3

Figure 3. Minimal Logic Required Interfacing the 28F016XS-15 to the i960 CA-33 Microprocessor

Using this interface, the 28F016XS-15/i960 CA-33 mi-
croprocessor system achieves 3-0-0-0-2-0-0-0 . .. wait-
state read performance, supporting burst transfers and
address pipelining.

2.1 Circuit Description

This section describes the 28F016XS-15/i960 CA-33
microprocessor interface block diagram in Figure 3.

Memory Configuration

This design uses two 28F016XS-15s, in x16 mode, to
match the i960 CA microprocessor’s 32-bit data bus,
providing 4 Mbytes of flash memory. Signals Aj;.4
from the 19960 CA microprocessor and CTR g from the
PLD select locations within the 28F016XS memory
space, arranged as 1-Meg double words. The two-bit
counter implemented in the PLD loads addresses A3
at the beginning of each memory cycle and generates
the lower two bits of the burst addresses on its outputs

I ADVANCE INFORMATION

CTRy. The counter feeds burst addresses to the
28F016XS, so that they do not stall waiting for the
processor to supply the next address.

Chip Select Logic

Chip select decode logic may use A31.37 to generate an
active low chip select signal, CS#, for the 28F016XS-
15 memory space and other system peripherals. The
chip select drives CEg# on each 28F016XS-15 and a
control input to the PLD. The 28F016XS-15’s CE; #
input is grounded.

In support of address pipelining, the chip select logic
latches CS#, holding it active throughout the duration
of the memory access. This will prevent potential CS#
problems caused by using combinatorial logic when uti-
lizing the address pipelining capability of 9960 CA mi-
CrOprocessor.

If address pipelining functionality is not implemented,
simple combinatorial logic can be utilized in generating

2-127
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the system CS# for the 28F016XS memory space, and
the chip select logic shown in Figure 3 does not exam-
ine BLAST# and ADS#. For many systems using the
upper address bits in a linear selection scheme may pro-
vide a sufficient number of chip select signals, thus
eliminating system chip select decode logic. (See

intel.

Figure 4 for an example of using linear selection for
chip selects.) When using a linear chip select scheme
however, the software must avoid using addresses that
may select more than one device, which could result in
bus contention. )

Separate Address Bus Multiplexed Address / Data Bus
Az Chip Select 1 Chip Select 1
S || elec!
i @ Chip Select 2
| I
1960°  Azs [ — Chip Select 2 is60® e e ° /
Processor Processor 2
A Chip Select 3
24 [ Chip Select 3
Chip Select Address Space

1 01800000 - 01BFFFFF H

2 01400000 - 017FFFFF H

3 00C00000 - OOFFFFFF H
297500-4

Figure 4. Example of Using Linear Chip Selection
Flash
Memory
Vee RP#
|
Voltage Monitor
SYSTEM_RESET# ————] MR# ooy RESET#
MAX705

297500-5

Figure 5. Example RESET Generation Circuitry
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CLK Option )

A 33 MHz clock signal drives the 1960 CA microproc-
essor CLKIN input. Driving CLKMODE to “1” con-
figures the 1960 CA microprocessor for a x! CLK in-
put. The 1960 CA microprocessor outputs an internally-
referenced 33 MHz clock on its PCLK1 and PCLK2
pins (the signals on PCLK1 and PCLK2 are identical),
which drives the CLK inputs of the PLD and the
28F016XS-15s.

Reset

An active-low reset signal, RESET #, connects to the
RESET# inputs of the 960 CA microprocessor, and
the PLD, and to the RP# input of the 28F016XS-15s.
Figure 5 illustrates a suggested logic configuration for
generating RESET #.

Interface Control Signals

The 1960 CA-33 microprocessor external bus signals,
BLAST#, ADS# and W/R#, serve as inputs to the
state machine, which controls the two-bit counter and
generates OE#, WE# and ADV#. The counter is
loaded at the beginning of the memory access, generat-
ing the burst addresses to the 28F016XS-15s. ADV #
indicates that a valid address is available to the
28F016XS-15. Addresses are latched and a read cycle is
initiated on a rising CLK edge. WE# controls writes to
the 28F016X8S-15, latching data into the 28F016XS-15
on its rising edge if the applicable timing requirements
are satisfied. (Data is latched on the falling edge of
WE# during page buffer writes.)

Configuration Signal

A general purpose input/output (GPIO) generates the
configuration signal input to the state machine. The
configuration signal must reset to logic “0” on power-
up and system reset to ensure that the operation of the
state machine matches the initial configurations of the
28F016XS-15s and the 19960 CA microprocessor. After
optimizing the 28F016XS-15s and 1960 CA microproc-
essor, the configuration signal must switch to logic “1.”

Additional 28F016XS Control Signals

The BYTE# input to the 28F016XS-15s is tied to 5.0V
to configure the 28F016XS-15s for x16 mode, and Ag is
tied to GND (Ag is only used for byte addressing).
A GPIO controls the write protect input, WP#,
to the 28F016XS-15s. As shown in Figure 3, the
28F016XS-15 is compatible with either a 5.0V or

I ADVANCE INFORMATION
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a 12.0V Vpp voltage and is completely write protected
by switching Vpp to GND. When Vpp voltage drops
below Vppy g, the 28F016XS-15 will not successfully
complete Program and Erase operations. Figure 3 also
illustrates the 28F016XS-15 RY/BY # output connect-
ed to a system interrupt for background erase opera-
tion. RY/BY #, WP#, and Vpp implementation are
application dependent. See the Additional Information
section of this technical paper for documentation that
cover these topics in more detail.

2.2 Software Interface Considerations
Boot-up Capability / Configuration ‘

This interface supports processor boot from the
28F016XS memory space after power-up or reset.
However, the boot code must follow some restrictions
until it has properly configured the 28F016XS-15s, the
i960 CA microprocessor and the CFG state machine
input valve. In the default configuration state, the i960
CA microprocessor supports only non-burst reads and
writes. Program control should jump to an area of
RAM to execute the configuration sequence. The code
must configure the 28F016XS-15s and all necessary
1960 CA microprocessor programmable attributes be-
fore setting the CFG input to logic “1.” Table 1 illus-
trates the required configuration settings for both the
28F016XS-15s and the i960 CA-33 microprocessor.

Table 1. Configuration Settings for the
28F016XS-15 and i960 CA-33 Microprocessor
Employing Address Pipelining at 33 MHz

Part Parameter Setting
28F016XS-15 SFI Configuration 2
(5V Vo)

i960 CA-33 Ready Inputs OFF
Microprocessor
Byte Ordering LITTLE
ENDIAN
Bus Width 32-BIT
Wait States: 3
Nrad
Nrdd 0
Nwad 2
Nwdd 2
Nxda 0
Address Pipelining ON
Burst mode ON
2-129
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2.3 Single and Burst Read Cycle
Description at 33 MHz

Refer to the read cycle timing diagrams (Figures 7 and
8) and the state diagram (Figure 6) for the following
read cycle discussion.

RESET

ADS#=0 * W_R#=1

BLAST#=0
* ADS#=1

BLAST#=0
* ADS#=0

BLAST#=0
* ADS#=1

BLAST#=1

BLAST#=1 297500-6

NOTE:
OE# and WE# are clocked on the inverted CLK edge

Figure 6. Read State Diagram of Single and Address Pipelined Burst Control Interface
Shown in Figure 3 )
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Initial Configuration

Figure 7 illustrates a read cycle with the 28F016XS-15s
and 1960 CA microprocessor in a reset/power-up con-
figuration state. The initial configuration permits only
non-burst transfers. The i960 CA microprocessor initi-
ates a read cycle by asserting ADS# with W/R# =
“0,” presenting the valid address and control signals.
At N = 1, the two-bit counter loads the values on
address bits A3.5. The state machine asserts ADV # for
the next clock edge (N = 2), where the 28F016XS-15
will clock in the address if CS# is asserted. If CS# is
not asserted, the state machine returns to inactive state
at N = 2. The state machine asserts ADV# for only

28F016XS/1960° Interface

one clock edge before entering a hold state to await the
assertion of BLAST # by the 1960 CA microprocessor.
The state machine asserts OE# (to meet timing re-
quirements OE# is falling-edge triggered) on the fall-
ing edge between N = 2 and N = 3 to enable the
28F016XS-15 data output buffers. With SFI Configura-
tion = 4, the data will be valid at the N = 7. The
28F016XS-15s will hold data on the bus until the 1960
CA microprocessor asserts BLAST #. During the clock
period following N = y, the state machine returns to
its inactive state, de-asserting OE# to tri-state the
28F016XS-15 data outputs.

N=0 1 2 3 4

ek [ L[ |

(33MH2)

ADS#

W/R# !k—’ /

D310 2
tsu1 ' ' (-
cs# A | W/ '
v syt ' ' ] '
CFG .\ (] | [} [}
! tvicH | ' |
ADV# L \l—, 1 ' '
1 1 ] ) )
OE# ' ' \ | [ ) N
WE# 1 1) 1 1) 1
1) 1 1 1) 1
CTRyo X ' ] i '
) ) 1 ) )
‘ ‘ ' ' 207500-7
Figure 7. Example Read Cycle, Initial Configuration,
Showing Key Specifications Requiring Consideration
2-131
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Optimized Configuration

Figure 8 illustrates a two double-word burst read fol-
lowed by a four double-word burst read with: the
28F016XS-15s, 1960 CA microprocessor and state ma-
chine configured for optimum read performance. With
CFG = 1, the counter increments the two lower bits of
the addressat N = 2, N = 3 and' N = 4, and ADV#
remains asserted so that the 28F016XS-15 latches in
four ‘successive addresses at N = 2 through 5. With
SFI Configuration = 2, the first data will be valid at
N = 5. If a second read cycle follows the current read
cycle, the 1960 CA microprocessor will assert ADS #
one clock after asserting BLAST #. The state machine
will respond by immediately re-entering the read

- .
intgl.
cycle. After detecting the assertion' of ' BLAST#, the

state machine will return to its inactive state waiting for
a new access targeting the 28F016XS memory space.

When implementing the 1960 CA microprocessor ad-
dress pipelining capability, the state machine control-
ling CS# monitors the upper address lines, ADS# and
BLAST#. CS# is held active upon detecting an access
targeting the flash memory space until BLAST # is as-
serted with ADS# de-asserted. When BLAST# and
ADS# are active at the same time, a pipelined read
access is in progress. The CS# state machine examines
the upper address lines to determine whether or not the
current pipelined access is aimed at the 28F016XS
memory space.

o/
X
[e—>tsyq : . .
rse XK1, X OO
o310 YIO——— R XTRE NI : AR Y XRRNE 2K RR Y XK KKRRX
y,[ELCH .
(B ' ' ' ' ' ' ' ' ' ' "
CFG ___;__/ ¥
fe-i'SUT [ ' [ 4 ' ' ] ] ' ' ] '
le—VicH ' ' VLCHI ' ' ' L 1 n 1
i [ - 1 ! 1 ' i ' 1 J/ ' ' ' '
1 2. afeeH ' [ 1 [ ' [ [ ' [ —_
OE# 1 ! ) I 1 1 1 1 ] 1 1 — 1 1 1 1
tvieH
WE# 1 1 1 1 1 1 1 1 1 (] 1
' 1 1 1 1 1 L )] 1 1 1
CTR19 |X [ 1X i1 IX 1+2 IX y 1*3 XIX! ket x k+2 (K*8 1
' ) ) ) 1) 1 1 1
T 1 v 1 1 ]
) 1 1 ) ' )

[}
]
]
'
'

]
297500-8

Figure 8. Example Two Double-Word Burst Read Followed by Pipelined Four Double Word Burst Read
Showing Key Specifications Requiring Consideration
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Critical Timings

Table 2 describes the critical timings illustrated in Fig-
ures 7 and 8. One particularly critical timing in this
designs, is the data hold time. The 1960 CA-33 micro-
processor requires a 5 ns hold time after the clock edge.
The 28F016XS-15 guarantees a 5 ns data hold after
clock, meeting the processor’s hold requirement with 0
ns of margin. co

This design provides 7 ns of margin in meeting the 3 ns
setup time of the 1960 CA-33 microprocessor data in-
puts, outputting data tcyqQv after a rising CLK edge.

Another critical area concerns CS# during pipelined
read accesses. Since the 28F016XS-15 specifies zero

28F016XS/i960° Interface

data hold from CE# gojng high, the chip select state
machine must hold CS# active for 5 ns fo satisfy the
i960 CA-33 microprocessor ‘data input hoid specifica-
tion of 5 ns. Hence, the chip select state machine holds
CS# active for an additional clock period after detect-
ing BLAST# active. ’

The 1960 CA-33 microprocessor control outputs
ADS# and W/R # have 3 ns of margin and BLAST #
has 5 ns of margin to meeting the 85C22V10-15 input
setup requirement.

Consult the appropriate datasheets for full timing infor-
mation. ‘

Table 2. Example Read Cycle Timing Specifications at 5V Vcc

Part Symbol Parameter Mi'nirc:::: es(l:m esc):ified
85C22V10-15 tsu1 Input Setup Time to CLK 9
1960 CA-33 Microprocessor Tis1 Input Setup D31.0 3
TiH1 Input Hold D349 5
28F016XS-15 teLCH CE# Setup to CLK 25
tycH ADV# Setup'to CLK 15
tAvCH Address Setup to CLK oo 15
tGLCH OE # Setup to CLK ' 15

NOTE:
Consult appropriate datasheets for up-to-date specifications.

I ADVANCE INFORMATION
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2.4 Single Burst Write Cycle
‘ Description at 33 MHz

Refer to the write cycle timing diagrams'and the state
diagram (Figure 9) for the following write cycle discus-
sion. ' ‘

BLAST#=1
* CFG=0

297500-9

Figure 9. Write State Diagram of Control
Interface Shown in Figure 3
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Figure 10 illustrates a write cycle. In the reset/power-
up configuration state, the interface supports only non-
burst writes. The i960 CA microprocessor initiates a
write cycle by asserting ADS# with W/R# = “1,”
presenting a valid address and control signals. At N =
1, the two-bit counter loads the values on address bits
Aj3.;. The state machine asserts WE# (to meet timing
requirements, WE# is falling-edge triggered) on the
falling edge between N ='1 and N = 2. WE # remains
asserted for two clock periods, in order to meet the
28F016XS-15 timing requirements. The state machine
then enters a holding state until the processor asserts
BLAST #, after which time the interface state machine
will return to SO. '

Initial Configuration

Optimized Configuration

Figure 11 illustrates a two double-word burst write
with CFG = “1.” When the first data write is complete
at N = 4, the counter increments the two lower
address bits, and the state machine asserts WE# on
the next falling clock edge to begin the next the
28F016XS-15 data write. The 19960 CA microprocessor
must provide the next data during the clock period fol-
lowing N = 4, The data writes continue to the next
consecutive addresses until the 960 CA microprocessor
asserts BLAST #, indicating the end of the burst write
cycle.

ADVANGE INFORMATION I
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PCLK N 1 2 3 4 5 y y+1
(33 MHz) I l ' |
C
ADs# e -+ + T — — —
' \——v-/ ' [ ' 1 [ '
W/R#
tSU1 i -
—r—/""l ' ' [ 1 syt
BLAST# le—>,
' ' ' [ ' ' [ \—4-/
A3rg

Az2
ROXX 1, — XRXKXKX

e vavavavavavavav viv.y T DV B_WHDX -
XXXOQOOXXXX_Di . . . XXX
ELwL,y ' ' ' ' '
Cst ' N— N . N N /
CFG [ 1 1 1 [ 1
J— R . L
ADV# 2 L L . 2 L L L
OE# 1 1 L 1 1 1 1 1
WER - ‘_I_— tWLWH I___.I I 1 i 1
] [\ N S R — 4 ] 1 ' ]
CTRyg 1 L e 1 =, le—twhax 1 s 1
1 1 L l 1 1 L 1 1
1 ' 1 ) 1 1 1 )
1 L L ) 1 1 1 1
297500-10
Figure 10. Example Write Cycle, Initial Configuration,
Showing Key Specifications Requiring Consideration
PCLK 1 2 3 4 5 6 7
(33 MHz)
tsu1
ADS# T [ ] T — — —r r T .
1 \_|-/ ' ' ] ' 1 1
WR# . . " .
—'_/H su1 ' ' ' ' 1 Igsu1
BLAST# le—>,
1 1 1 1 ) ' ] 1
DA
As2
D00 - o — XXX
D310 le——— 'DVWH ———p | ja— WHDX <« WHDX
O N ) XX oo, i
WHEH
co# _a____\ e, [ [ [ 1
N ' N N N N . .
CFG " . L N . N N .
_j___‘_’ 1 ' 1 ) ) )
ADV# L P L L N \ s N
OE# I 1 1 1 L I i I .
1 Il ' 1 ' ' N —
WEt ' 1 tavwi 1 'WLWHl ' . L 1 / 1 'WHAX
CTR f L L 1 =1, le="WHAX | \ o
1 1 X J 1 1 Il X i1y ] 1 X
1 1 1 ) 1 1 ) 1
! ! ! ! ! ! ! ' 297500-11

Figure 11. Example Two Double-Word Burst Write lllustrating
Key Specifications Requiring Considerations
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Critical Timings

Table 3 describes the critical timings illustrated in Fig-
ures 10 and 11.

One critical hold time to notice is twgax. WE# is
guaranteed to transition within 8 ns from the falling
clock edge. Therefore, the twgax requirement has 2 ns
of margin on CTR g, and 5 ns of margin on A3y.4.

intel.

Also notice that CTR 1.9 must be valid before WE# is

‘asserted. CTR].g are guaranteed valid 8 ns after the

rising clock edge, providing 9 ns of margin.

Consult the appropriate datasheets for full timing infor-
mation.

Table 3. Example Write Cycle Timing Parameters at 5V V¢g¢

Part Symbol Parameter MI"‘?:::: es(':‘ est):ified
85C22V10-15 tsu1 Input Setup Time to CLK 9
28F016XS-15 tELWL CE# Setup to WE# Going Low 0

tavwL Address Setup to WE# Going Low 0
tWLWH WE # Pulse Width 50
tovwH Data Setup to WE# Going High 50
twHDX Data Hold from WE # High

twHAX Address Hold from WE # High

tWHEH CE# Hold from WE # High

NOTE: '
Consult appropriate datasheets for up-to-date specifications.
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3.0 i960® JF-33 MICROPROCESSOR INTERFACE

LI
y DQ15-0
[
.| CHIP SELECT] 0150
AD D 4 OCTAL Ghay2; | DECODE Ty
b 30 JiLaTcHES T ceor
Process ~ EW orotexs
Processor o
ALE LE
\ Switched
QA A
214? 203 ver fa— 5V or12v
BYTE# M— 5V
OE# OE#
S\ WP# M— GPIO
A32 A3.2 » WE# WE# Ao el ov
> CTR, Az
C RY/ » INT
nos STATE ™o ~ v
o MACHINE APV# ADV# RPY# RESET#
BLASTH AND BURST
COUNTER
CLKIN }§——— 33 MHz CLK
RESET# j§———— RESET: RESET#
CFG 22vi0
297500-12

Figure 12. Minimal Interface Logic Required in interfacing the 28F016XS-15 to the
i960 JF-33 Microprocessor

Using this interface, the 28F016XS-15/i960 JF-33 mi-
croprocessor system can achieve 3-0-0-0 wait state read
performance, supporting burst transfers.

3.1 Circuit Description

This design (Figure 12) uses two 28F016XS-15s to
match the 32-bit data bus of the 19960 JF microproces-
sor, providing 4 Mbytes of flash memory. Four octal
latches, enabled by the ALE signal, de-multiplex the
32-bit address from the AD bus. The latched address
bits QAD>;.4 and the counter outputs CTR o from the
PLD select locations within the 28F016XS memory
space. The two-bit counter implemented in the PLD
loads the address bits on A3, at the beginning of each
memory cycle, and generates the lower two bits of the
burst addresses on its outputs CTR;( to the
28F016XS-15.

I ADVANCE INFORMATION

CLK Option

A 33 MHz clock signal drives the 19960 JF microproces-
sor CLKIN input and the PLD and 28F016XS-15s
CLK input.

Reset

An active-low reset signal, RESET #, connects to the
RESET# inputs of the 1960 JF microprocessor and
PLD and to the RP# input of the 28F016XS-15. Fig-
ure 5 illustrates a suggested logic configuration for gen-
erating RESET #.

Interface Control Signals

ADS# and W/R # 1960 JF microprocessor signals, just
as in the 1960 CA microprocessor design, serve as in-
puts to the state machine, which controls the two-bit
counter and generates the OE#, WE# and ADV # sig-
nals for the 28F016XS-15s. The state machine also gen-
erates the RDYRCV # signal for the i960 JF micro-
processor to control the insertion of wait states during
data transfers.
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Configuration Signal

A general purpose input/output (GPIO) generates the
configuration signal for input to the state machine. The
configuration signal must be reset to logic “0” on pow-
er-up and system reset to ensure that the operation of
the state machine matches the 28F016XS-15s. After
optimizing the 28F016XS-15s, the reconfiguration sig-
nal must switch to a logic “1” to take advantage of the
new configuration.

Additional Control Signals

For information regarding BYTE#, WP#, RY/BY #
and Vpp, see Section 2.1.
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3.2 Software Interface
Considerations

Boot-up Capability

This interface supports processor boot-up from the
28F016XS-15 memory space after power-up or reset.
Burst reads and writes may commence with no configu-
ration. However, read wait state performance will be
5-1-1-1 until the SFI Configuration is set to 2 and the
CFG input is set to logic “1.” Program control should
jump to an area of RAM to execute the configuration
sequence. A pseudocode flow for this configuration se-
quence is shown below.

Execute Device Configuration command sequence
Activate CFG signal
End

The SFI Configuration must be set to 2 before the CFG

input is set to logic “1.” Thereafter, burst read wait
state performance will improve to 3-0-0-0.

ADVANCE INFORMATION l
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3.3 Burst Read Cycle Description at
33 MHz

Refer to the read cycle timing diagrams and state dia-
gram (Figure 13) for the following discussions of the

read cycle.
RESET
ADS#=0 * W_R#=1
s13
S0
ADV#=1
ADS#=1 OE#=1
WE#=1
RDYRCV#=1
. INC=0
*W_R#=0
ADV#=0 Sh=1 S8/ ADva=i
OE#=1 OE#=1
WE#=1 WE#=1
RDYRCVi#=1 CS#=0 RDYRCV#=1
INC=1 * CFG=0 INC=0
BLAST#=0
s7
ADV#=0 ADV#=0
) OE#=1 OE#=1
WE#=1 WE#=1
RDYRCV#=1 RDYRCV#=1
BLAST#=0 INC=1 INC=1
S5 s8
ADV#=0 ADV#=1
OE#=0 OE#=1
WE#=1 WE#=1
RDYRCV#=1 RDYRCV#=1
BLAST#=1 INC=1 INC=0
* CFG=1
?é?%z?’ S8/ apvit=0
OE#=1
WE#=1
BLAST#=1 RDYRCV#<1
INC=1
s12 BLAST#=0
ADV#=1 st
OE#=0
WE#=1 ADV#=0 ADV#=1
RDYRCV#=1 OE#=1 BLAST#=1 OE#=1
INC=0 WE#=1 : WE#=1
RDYRCV#=1 RDYRCV#=0
INC=1 INC=0
297500-13

Figure 13. Read State Diagram of Burst Control Interface Shown in Figure 12
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Figure 14. Example Four Double-Word Burst Read in Initial Configuration
Showing Key Specifications Requiring Consideration

Initial Configuration

Figure 14 illustrates a four double-word burst read cy-
cle with the 28F016XS-15s and the state machine in the
reset/power-up configuration state. The i960 JF micro-
processor initiates a read cycle by asserting ADS # with
W/R# = “0”, presenting a valid address and control
signals. At N = 1 with ADS# = “0”, the two-bit
counter loads the values on the address bits Aj.;.

The state machine asserts ADV # after clock edge N =
1 where the 28F016XS-15s will clock in the first ad-
dress at the next rising clock edge (N = 2), if CS# is
asserted. If CS# is not asserted, the state machine will
return to its inactive state at N = 2.

The state machine deactivates ADV# at N = 2. The
state machine then asserts ADV# at N = 3 to load the
next read address into the 28F016XS-15s. De-asserting
ADV# for one clock cycle (at N = 2, 4, 6 and 8)
between accesses forces the 28F016XS-15s to hold data
output for two clock cycles (access stretching), which
allows time for the data to stabilize and meet the timing
requirements of the 1960 JF microprocessor bus.

2-140 '

The counter increments the two lower bits of the ad-
dress at N = 3, 5 and 7 to provide the four successive
burst addresses. The state machine asserts OE# (to
meet timing requirements OE# is falling-edge trig-
gered) on the falling edge between N = 4and N = 5
to enable the 28F016XS-15 data output buffers. With
the SFI Configuration = 4, the data will be valid at the
1960 JF microprocessor data inputs at N = 7.

The state machine asserts RDYRCV# to inform the
i960 JF microprocessor that the data is valid.
RDYRCV # is returned active at N = 7,9, 11 and 12.
The interface will follow this methodology until the
processor asserts BLAST #, which identifies the.end of
the burst transaction. BLAST # is examined at N = 7,
9, 11 and 13. The interface will transition to its inactive
state, SO, after the assertion of BLAST #.

ADVANCE INFORMATION I
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Optimized Configuration

Figure 15 illustrates a four double-word burst read with
the 28F016XS-15s and state machine configured for op-
timum read performance. With the SFI Configuration
= 2, ADV# is held active and the counter increments
at N = 2, 3 and 4, supplying the 28F016XS-15s with
four consecutive accesses. Data from the initial access

28F016XS/i960% Interface

will be valid for transfer at N = 5. Subsequent data

“will be valid at N = 6, 7 and 8. This interface and

28F016XS-15 configuration improve read wait-state
performance to 3-0-0-0. All other signal monitoring
and generation are identical to the reset/power-up con-
figuration read cycle documented in the preceding sec-
tion.

oK N: 1 2 3 4 5 [ 7, 8
Mo L L LT LT LT LT LT LT
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ADS# LI ) [ ' (I ' ' ' '
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W/R# [} ' ) ] ) ) ] ' ]
] ) ) ] ) ] ) L} '
BLAST# ' ) ) ) ) ] ] ] \—O/—_
) 1) ) 1) ' ' ] 1 |
PR 1 e s [ 0 (GED ¢4 CEED Y G
) ] [} 1) ' ] '
1 ] (] ] ] ] ) ] )
nzrs  XRRKKXK) ValfAddress ! ' ' - - XXX
) ] [ ] ) [} ) ] ]
” tELCH ' ' [ ' ] '
cs# ' ' \\ N : N A N N /
U1
_.A..__‘ "_‘ ] ] ] 1 ) ] )
CFG I I T I i 1 1 N 1 N
'VLCH
ADV# —'—‘—\k—" ! ! ! / L . .
] ] 1 1 i 1 (] ) 1)
1 N : lotaton ] ' ' ' '
OE# ) L} L} \' 1 1 1 1 i 1 /
1 [} 1 [} 1 ] L 1 1
WE#
] [l ] 1) ) ' 1 | ]
' X i X a1 X j+2 X j+3 | ! ! !
CTRI-O 1 1 1 ) 1 T 1 ) ]
owon 1 N
297500-15
Figure 15. Example Four Double-Word Burst Read lllustrating
Important Timing Parameters Requiring Consideration .
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Critical Timings

Table 4 describes the critical timings illustrated in Fig-
ures 14 and 15. One particularly critical timing in this
design is the data hold time, which the 28F016XS-15
meets with 0 ns margin. The 28F016XS holds data for
5 ns after a rising clock.

The 28F016XS-15 will provide data 10 ns before the
rising edge of the system clock, which satisfies the 1960
JF-33 microprocessor’s data input requirement.

: . "

intal.

ADV# and CTR g are guaranteed valid 8 ns after-the
rising clock edge. Setup times for these inputs to

28F016XS-15 are each 15 ns. Since the clock period is
30 ns, this allows 7 ns margin for these timings.

RDYRCV# is guaranteed valid 8 ns after the rising
clock edge to met the microprocessor’s setup time to
rising clock edge. C

Consult the appropriate datasheets for full timing‘ infor-
mation.

Table 4. Example Write Cycle Timing Paramt_aters at 5V Vee

Part Symbol Parameter ‘ Miniv::: es('; i‘;‘ﬁed
85C22V10-15 tsu1 Input Setup Time to CLK 9
28F016XS-15 teLCH CE# Setup to CLK 25

tvLcH ADV# Setup to CLK 15
tAvcH _ Address Setup to CLK ! - 15
teLCcH OE # Setup to CLK 15

NOTE:
Consult appropriate datasheets for up-to-date specifications.
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3.4 Burst Writé Cycle Description at
33 MHz

297500-16

Figure 16. Write State Diagram of Burst Control
Interface Shown in Figure 12

28F016XS/i960° Interface

Write Configuration

Figure 17 illustrates a two double-word burst write cy-
cle. The 1960 JF microprocessor initiates a write cycle
by asserting ADS# with W/R# = 1 and presenting a
valid address and control signals. At N = 1 with
ADS# = 0, the two-bit counter loads the values on the
address bits A3_y. The state machine asserts WE# (to
meet timing requirements, WE# is falling-edge trig-
gered) on the falling edge between N = 1and N = 2.
WE# remains asserted for four clock periods, in order
to meet 28F016XS-15 timing requirements. The state
machine asserts RDYRCV # for N = 4 to inform the
1960 JF microprocessor to supply the next data, At N
= 4, the counter increments the two lower address bits,
and the state machine asserts WE# on the next falling
clock edge to begin the next data write to the
28F016XS-15s. The data writes continue until the proc-
essor asserts BLAST #, noting the end of the current
write transaction. The SFI Configuration has no effect
on the write cycle.

N=0 1 2 3 4 5 6 7
SRR I sy Ty By oy B B
U tsu‘l ) 1 1 1 1 1
ADS# TN/ ' ' v\ '/ , :
1 ) 1 1 ] 1] ] 1
WRS ' /ll'su1| ' ' ' ' ' '
R [ [ [ ' [ [ ' '
BLAST# ! ! ' ' v\ ] ]  /
' v 'DVWH ' v tWHDX ' 1 1 twHDX
 nd e
oo TR X X XERERER

oooo e
Asz2 1,

QAz14 — “ R

[ ] ) ) ] ] ] 1 tWHEH

: tELWI '—-7.—

cs# ' a e e [ [ [ ] [
ADVE ' ' [ [ [ ' 1 T
oE# i [ 0 0 0 [ [ 1

1 [ [ 0 O [ 1 [
WE# 1 1 \ '_’_M.WH—___.' 1 5 [ ] / 1

t

' "y | e—tAVWL 0 le '.|WHA" 1 ] [
CTRy o 0 X i 1 0 1 X 141 1 T |

T T 0 1 T T

12 Ti1

RDYRCV# 1 T T T ]

' ' [ [

[ ' ]

297500-17

Figure 17. Two Double-Word Burst Write
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Critical Timings C Consult the appropriate datasheets for full timing infor-
mation. ‘

Table 5: describes the critical timings illustrated in Fig-

‘ure 17.

Notice that CTR.9, and CS# must be valid before
WE# is asserted. CTRj. are guaranteed valid 8 ns
after the rising clock edge, providing 12 ns of margin.

Table 5. Example Write Cycle Timing Parameters at 5V Vc¢

Part 4 Symbol / Parameter Minir‘:;:;: es(':; <):Ifled
85C22V10-15 tsu1 Input Setup Time to CLK 9
28F016XS-15 teLwL CE# Setup to WE# Going Low 0

tavwiL Address Setup to WE # Going Low 0
twLwH WE# Pulse Width 50
tovwH Data Setup to WE # Going High 50
twHDX Data Hold from WE # High

tWHAX Address Hold from WE # High

tWHEH CE # Hold from WE # High

NOTES:
Consult appropriate datasheets for up-to-date specifications.
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intela:,

4.0 1960 KB-25 MICROPROCESSOR INTERFACE

LAD1s0
DQys,
Chip
Select
LAD3y.0 o aKl DQIS-O
Logic CS# ——®CE#
oV—=>]{CE; #
960 i I——ucu(
:’ - |, 28F016XS Switched
rocessor oA
o Ver [ 9= svor12v
State  og# —»|oE# BYTE#|4— 5V
Machine \yey > WE# WP#|4— GPIO
LADs2 /land Burst Ao |4— oV
I | IR CTR A
Counter 1 2 o
ALE# CTR, —>|A, RY/BY# H-»IN
ADS# ADV# »{ADV# RP#|$— RESET#
W/R#
READY# |-
CFG —¥]
CLK2 lg—— 50 MHz 25 MHz CLK
RESET |@——— RESET RESET
85C22V10-15
297500-18

Figure 18. Minimal Logic Required in Interfacing 28F016XS-20 to the
i960 KB-25 Microprocessor

Using this interface, the 28F016XS-20/i960 KB-25 mi-
croprocessor system can achieve 3-0-0-0 wait state read
performance (5-1-1-1 read performance) in terms of the
CPU’s internal 25 MHz CLK, supporting burst cycles.
This design operates the logic and 28F016XS-20s at
25 MHz.

4.1 Circuit Description

This interface uses two 28F016XS-20s to match the
32-bit data bus of the 19960 KB microprocessor, provid-
ing access to 4 Mbytes of flash memory. Like the
28F016XS-20 interface to the 1960 JF microprocessor,
four octal latches de-multiples the 32-bit address from
the LAD bus. The latches are enabled by an inverted
ALE# signal from the microprocessor. The latched ad-
dress and two-bit counter integrated into the PLD se-
lect locations with the flash memory space. The two-bit
counter loads the address bits on LADj_; at the begin-
ning of each memory cycle, and generates the lower
two bits of the burst addresses on its outputs CTR.g.

I ADVANCE INFORMATION

CLK Option

In this interface, a 50 MHz clock signal drives the 1960
KB microprocessor CLK2 input, and an external
25 MHz clock signal, synchronized to the 960 KB mi-
croprocessor internal 25 MHz clock, drives the CLK
inputs for the 28F016XS-20s and the PLD. The re-
duced clocking frequency places a less stringent de-
mand on the PLD to meet setup times, thereby allow-
ing the usage of a slower PLD.

External 25 MHz CLK generation and synchronization
can be accomplished using simple flip-flop logic. The
i960 KB microprocessor synchronizes its internal
25 MHz clock on the falling edge of RESET.

Two different methods for generating a 25 MHz CLK

are illustrated in Figure 19, and the PLD equations are
}ocated in the Appendix A.
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The two 1X clock generation methods in Figure 19 will
produce a different amount of clock skew between the
2x and 1x CLK. Clock generation method (A) will have

- .
intgl.
a maximum skew of Tcoy, while method (B) will have

little to no clock skew because the 2x and 1x CLKSs are
exposed to the same PLD delay (see Figure 20).

" 2x CLK Input

2 CLK———4t——" 14 processor

A

EPLD

— 1xCLK

RESET —¥,

4x CLK:
. 2x CLK Input
to Processor
EPLD
—— 1x CLK
RESET —»|

(A) (B)
297500-19
Figure 19. Example 1x CLK Generation and Synchronization Circuitry
1 § 1 L} )
2x CLK l )
1 1 )
|'c°1 1 ' '
1 1 1 '
1xCLK | . . .
: :Configuration (A) Skew: :
(Skew =ty )
4x CLK |
_| ' [l [ [l ] ] ]
ltc01 ] ] ) 1 L L} )
1 T 1} 1 T ) N
2x CLK 1 L 1 1 1 1 1 1 .
1 ) 1 ) 1 L 1} 1
' 1 1} 1 1 1 1) )
i ' 1 1) L i 1 1
1 0 [ ) L [ ' 1
ixCLK ! ' ' 1 [ ' 0 . '
— 1 1] 1 ) £+
Configuration (B) Skew
(Skew = 0)
297500-20

Figure 20. CLK Skew Produced by the Two Different CLK Generation Methods lllustrated in Figure 19
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4.2 Software Interface ance. Program control should jump to an area of RAM
Considerations to execute the configuration sequence. The code must
set the SFI Configuration to 2 before setting the CFG

Boot-up Capability input to logic “1.”

This interface supports processor boot-up from the .
28F016XS-20 memory space after power-up or reset. 4.3 Read Burst Cycle Description at
Burst reads and writes may commence with no configu- 25 MHz

ration. However, read wait-state performance will be L

5-0-2-0 until the SFI Configuration is set to 2 and the ~ Refer to the read cycle timing diagrams and the state
CFG input is set to logic “1.” Thereafter, burst trans- diagram (Figure 21) for the following discussion of the

fers will improve to 3-0-0-0 wait state perform- read cycle.

RESET

ADS#=0 * W_R#=1
S0,

ADVi#=1
OE#=1
WE#=1
INC=0
READY#=1

s11

ADV#=0
OE#=1
WE#=1
INC=1
READY#=1

ADV#=0
OE#=1
WE#=1
INC=1
READY #=1

ADV#=0
OE#=0
WE#=1
INC=1
READY#=1

Ss3

ADVi#=1
OE#=0
WEi#=1
INC=0
READY#=1

ADV#=0
OE#=0
WE#=1
INC=1
READY#=1

ADV#=0
OE#=0
WE#=1
INC=0
READY#=0

ADV#=1
OE#=0
WE#=1
INC=0
READY#=1

QA[1:0]=1,2,0r3,

QA[1:0]=0

ADVit=1
OE#=0
WEit=1
INC=0
READY#=1

ADV#=1
OE#=0
WEi#=1
INC=0
READY#=0

QA[1:0]=1,
2,0r3 '

297500-21

Figure 21. Read State Diagram of Burst Control Interface Logic Shown in Figure 18
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'
 297500-22

Figure 22. Example Four Double-Word Burst Read in Initial Configuration Showing Key
Specifications Requiring Consideration

Initial Configuration

Figure 22 illustrates a four double-word burst read cy-
cle with the 28F016XS-20s and state machine in the
reset/power-up configuration state. The 19960 KB mi-
croprocessor initiates a read cycle by asserting ADS#
with W/R# = “0,” presenting valid address and con-
trol signals.

At N = 1, the two-bit counter loads the values on
address bits Aj.5. The state machine asserts ADV # at
the next clock edge (N = 2), where 28F016XS-20 will
latch in the address if CS# is asserted. If CS# ‘is not
asserted, the state .machine will return to its inactive
state at N = 2. The counter increments the two lower
bits of the address at N = 2 and ADV# remains as-
serted so that the 28F016XS-20 clocks in the first two
burst addresses at N = 2 and 3.

With the SFI Configuration = 4, the state machine
must wait 4 clock periods between loading two even or
two odd addresses into 28F016XS-20Q. Therefore, the
state machine asserts ADV# at N=6 and N=7 to
latch the third and fourth addresses, respectively,

2-148

'into 28F016XS-20. The state machine asserts OE# (to

meet timing requirements OE# is falling-edge trig-
gered) on the falling edge between N = 4and N = §
to enable the 28F016XS-20 data output buffers. Data
will be valid at the i960 KB microprocessor data inputs
atN = 7.

The state machine asserts READY # to inform the
1960 KB microprocessor that the data is valid. To com-
pensate for the delayed third and fourth burst address-
es, the state machine must de-assert READY # for N
third and fourth addresses, respectively, N=9 and
N=10 before again asserting READY# for N=11
and N = 12, when the third and fourth data, respective-
ly, become valid.

The 1960 KB microprocessor encodes the length of the
burst transfer onto the two lowest bits of the initial
address. Therefore, the state machine decodes QAD;o '
to determine the end of the burst transfer. At this point,
the state machine will return to its inactive state, SO,
de-asserting OE# to tri-state the 28F016XS-20’s data
outputs.
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Figure 23. Example Four Double-Word Burst Read lllustrating
Key Specifications Requiring Consideration
Optimized Configuration clock, meeting the setup requirement with O ns of mar-

Figure 23 illustrates a four double-word burst read with
the 28F016XS-20s and state machine configured for op-
timum read performance. With the SFI Configuration
= 2, 28F016XS-20 can accept addresses with only two
clock periods between each even address and two clock
periods between each odd address. Therefore, the four
burst addresses flow into SFI on successive rising clock
edges and the four data become valid for transfer on
successive rising clock edges with the first data valid by
N = 5. Otherwise, the transaction is similar to the
reset/power-up configuration read cycle.

Critical Timings

Table 6 describes the critical timings illustrated in Fig-
ures 22 and 23. One particularly critical timing in this
design is the data hold time. The 1960 KB-25 micro-

processor requires a 5 ns hold time after the clock edge.
The 28F016XS-20 guarantees a 5 ns data hold after

\

I A@WAN@E INFORMATION

gin. This design provides:
1/25MHz — tig = 7 ns

of margin to meeting the 3 ns setup time of the 1960
KB-25 microprocessor data inputs.

Another critical area concerns CS# and QAj;.4 setup
time to 28F016XS-20. This design allows two clock pe- .
riods (80 ns) for these signals to stabilize and meet the
28F016XS-20 setup time. Since the i960 KB-25 micro-
processor guarantees ALE# and LAD3;. 18 ns after
the rising clock edge and the 28F016XS-20 setup time
is 30 ns, this leaves:

2*1/25 MHz — tg — tgr.cy = 32ns
for the propagation delays of the inverter plus the latch

plus the chip select decode logic (if applicable, for
CS#). .
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READY # is guaranteed valid 8 ns after the falling
clock edge, providing 5 ns of margin on the 7 ns setup

required by the 1960 KB-25 microprocessor.

OE# is also guaranteed valid 8 ns after the falling
clock edge, providing O ns of margin on the 12 ns setup

requirement.

intgl.

Consult the appropriate datasheets for full timing infor-

mation.

Table 6. Example Read Burst Cycle Timing Parameters at 5V Vg¢

Part Symbo! Parameter Mi""";:::es&z ¢):Ified
85C22V10-15 . tsu1 Input Setup Time to CLK 9
i960 KB-25 Microprocessor T10 Input Setup 1 3
Ti4 input Hold 5
T2 Input Setup 2 7
28F016XS-20 teLcH CE# Setup to CLK 30
tvLcH ADV # Setup to CLK 20
tavcH Address Setup to CLK .20
tGLCH " OE# Setup to CLK 20
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4.4 Write Burst Cycle Configuration at 25 MHz

ADV#=1

OE#=1 ADVi=1
OEi#=1
WE#=0
WE#=0
INC=0. INC=0
READY#=1

READY#=1

QA[1:0)=1

ADVi#=1
OE#=1
WE#=0
INC=0
READY#=1

QA[1:0}=3
QA[1:0]=0

ADVi#=1

ADVi#=1 ADVi=1

OE#=1 OE#=1 OE#=1
WE#=0 WE#=0 WE#=1
READY#=0 INC=0 INC=0 INC=1

s13 READY#=1 READY#=1 READY#=0

QA[1:0}=1,2,0r3

ADVi#=1
OE#=1
WE#=0
INC=0
READY#=1

297500-24

Figure 24. Write State Diagram of Burst Control interface Logic in Figure 18
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Figure 25. Example Two Double-Word Burst Write Showing Key Timing Parameters Requiring
Consideration

Write Considerations

The 1960 KB microprocessor initiates a write cycle by
asserting ADS# with W/R# = 1 and presenting a
valid address and control signals. At N = 1 with
ADS# = 0, the two-bit counter loads the values on the
address bits LAD3.;. The state machine asserts WE #
(to meet timing requirements, WE # is falling-edge trig-
gered) on the falling edge between N = 1 and N = 2.
WE# remains asserted for two clock periods, in order
to meet the 28F016XS-20 timing requirements. The
state machine asserts READY # for N = 4 to inform
the 1960 KB microprocessor to supply the next data. At
N = 4, the counter increments the two lower address
bits, and the state machine asserts WE# on the next
falling clock edge to begin the next data write to the
28F016XS-20s. The data writes continue until the burst
cycle is complete. The state machine determines the
length of the burst cycle by decoding QADj.g. The
28F016XS-20 Configuration has no effect on the write
cycle.
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Critical Timings

Table 7 describes the critical timings illustrated in Fig-
ure 25.

One critical hold time to notice is twyax. WE# is
guaranteed to transition with 8 ns from the falling clock
edge. Therefore, the twgax requirement has 7 ns of
margin on CTR.g and 9 ns of margin on A3q.4.

Also notice that CTR}.o must be valid before WE# is
asserted. CTR o are guaranteed valid 8 ns after the
rising clock edge, providing 12 ns of margin.

Consult the appropriate datasheets for full timing infor-
mation.
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Table 7. Example Write Burst Cycle Timing Parameters at 5V Vco

Part Symbol Parameter Mlnlr:;::: es(':\ est):lﬂed
85C22V10-15 tsu1 . Input Setup Time to CLK 9
960 KB-25 T14 Input Hold 5
Microprocessor
T12 Input Setup 2 .

28F016XS-20 teLwiL CE # Setup to WE# Going Low
tavwL Address Setup to WE # Going Low
tWLWH WE # Pulse Width ‘50
tovwH Data Setup to WE# Going High 50
tWHDX Data Hold from WE # High 0
twHAX Address Hold from WE # High
twHEH CE# Hold from WE # High

5.0 INTERFACING TO OTHER i960
MICROPROCESSORS

i960®CF-16, i960®CF-25 and i960®CF-33
Microprocessors

The 1960 CF microprocessor bus interface is completely
compatible with the 9960 CA microprocessor bus inter-
face. Therefore, the 28F016XS-15 interfaces described
above for the 19960 CA-33 microprocessor work equally
well with the 19960 CF-25 and 33 MHz microprocessors.

At 16 MHz, the interface requires a slight modification
because the SFI Configuration value at 16 MHz equals
1. The 28F016XS-15 will begin driving the data pin 1
CLK period after initiating a read access. The interface
returns READY # to the 1960 CF-16 microprocessor, 1
CLK cycle earlier. Therefore, the 28F016XS-15 inter-
face to the i960 CF-16 microprocessor will deliver
3-0-0-0 wait-state read performance.

i960® SA Microprocessor, i9960® SB Microprocessor

The 28F016XS’s interface to the i960® Sx microproces-
sor series will be similar to the 1960 KB microprocessor
interfaces, with the following differences:

® The 1960 Sx microprocessor series has a 16-bit data
bus multiplexed with the lower 16 of 32 address bits.
Therefore, a single 28F016XS will match the width
of the data bus.

I ADVANCIE ﬂNF@RA‘Fﬂ@N

® Two octal latches will de-multiplex the address/data
bus, and the ALE signal, without inversion, will
properly enable the latches.

® The i960 Sx microprocessor series supports eight
double-word burst transfers. Therefore, the
28F016XS interface will require a three-bit counter
to generate the lower three bits of the burst address-
es.

® The interface state machine must use the 1960 Sx
microprocessor BLAST# signal to recognize the
end of a burst cycle (see the 9960 CA microprocessor
state diagrams).

6.0 CONCLUSION

This technical paper has described the interface be-
tween the 28F016XS 16-Mbit Flash memory compo-
nent and the 1960 microprocessor family. This simple
design has been implemented with a minimal number of
components and achieves exceptional read perform-
ance. The 28F016XS provides the microprocessor with
the non-volatility and update ability of flash memory
and the performance of DRAM. For further informa-
tion about 28F016XS, consult reference documentation
for a more comprehensive understanding of device ca-
pabilities and design techniques. Please contact your
local Intel or distribution sales office for more informa-
tion on Intel’s flash memory products.
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ADDITIONAL INFORMATION

b

Order Number . Document/Tools
1290532 " | 28F016XS Datasheet
297500 “Interfacing 28F016XS to the Intel486™ Microprocessor Famlly”
292147 AP-398, “Designing with the 28F016XS”
292146 AP-600, “Performance Benefits and Power/Energy Savings of 28F01 6XS .
Based System Designs”
297372 .16-Mbit Flash Product Family User’s Manual,
; 28F016SA/28F016SV/28F016XS/28F016XD
297508 FlashBuilder Utility
Contact Intel/Distribution | 28F016XS Benchmark Utility
Sales Office
Contact Intel/Distribution | 28F016XS iBIS Models
Sales Office
Contact Intel/Distribution | 28F016XS VHDL/Verilog Models
Sales Office
Contact Intel/Distribution | 28F016XS Timing Designer Library Files
Sales Office
Contact Intel/Distribution | 28F016XS Orcad and ViewLogic Schematic Symbols
Sales Office

REVISION HISTORY
Number , : Description
001 Original Version
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APPENDIX A
PLD FILES

PLD File for the 28F016xs Interface to the i960 CA-33 Microprocessor

Tide 28F016XS/ 1960 CA Microprocessor Interface State Machine
Pattern PDS
Revision 1
Authors Example .
Company Intel Corporation - Folsom, California
Date 1-25-94
CHIP STATEMACHINE 85C22V10
; inputs
PIN 1 CLK .
PIN ADS_n ; address status - i960 CA microprocessor
PIN W_R_n ; W/R# - 1960 CA microprocessor
PIN BLAST_n ; burst last - 1960 CA microprocessor
PIN CS_n ; chip select - 28F016XS
PIN CFG ; 28F016XS/i960 CA microprocessor config status set input
PIN A2 ; LAD bit 2
PIN A3 ; LAD bit 3
PIN RESET ; resets all FFs in device
PIN 25 GLOBAL ; virtual pin to implement reset
; outputs
PIN CTRO ; burst counter out - 28F016XS-A1
PIN CTR1 ; burst counter out - 28F016XS-A2
PIN /WE ; write enable - 28F016XS
PIN /0E ; output enable - 28F016XS
PIN Qo , state variables
PIN Q1
PIN /ADV ; state variable and address valid - 28F016XS
PIN Q3
; burst counter control signals

STRING LD '(/ADS_n)' ; load
STRING INC'(ADV */Q1 */Q0

+Q3*ADV*/Ql

+Q3*/Q1 */Q0) ; increment
STATE
MOORE_MACHINE
DEFAULT_BRANCH SO

297500-26
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; state assignments

SO= /Q3 */ADV */Q1 */Q0
Sl= /Q3* ADV */Ql */Q0
S2= Q3 * ADV*/Q1*/Q0
S3= Q3* ADV*/Ql* Q0
S4= /Q3* ADV */Q1* QO
S5= /Q3*/ADV */Ql * Q0
S6= /Q3 */ADV * QI */Q0
S7= Q3 */ADV* Q1*/Q0
S8= Q3 */ADV */Ql */Q0

'; state transitions

S0:= (/ADS_n*/W_R_n) ->SI ; READ cycle
+ (/ADS_n*W_R.n) ->S6 s WRITE cycle
+-> S0  else, stay
S1:= (/CS_n*/CFG) -> 8§ ; 28F016XS selected, initial configurations
+ (/CS_n*CFG) > 82 ; 28F016XS selected, 28F016XS and i960 CA microprocessor conﬁgured
+-> S0 ; else, return to idle state
§2:= VCC ->83 -
s3:= VCC ->S4 ; 28F016XS is configured to wait 4 clocks
S4:= (/BLAST_n*ADS_n) ->S0 ; 1 double word read
+ (/BLAST_n */ADS_n) ->Sl ; pipelined read
+-> 85 ; else, continue
S5:= (/BLAST_n* ADS_n) ->S0 ; burst read finished
+  (/BLAST_n*/ADS_n)->Sl1 ; pipelined read
+->S5§ ; else, continue
§6:= /CS_n -> 87 ; 28F016XS selected, continue
: +> S0 ; else, return to idle state
§7:= VCC -> S8
S8:= (BLAST_n*CFG) ->S6 ; continue burst
+ (BLAST_n*/CFG) ->S8 ;pre-config write
+> S0 ; write is finished

; transition outputs
S0.0UTF := /OE * /WE
S1.OUTF := /OE * /WE

$2.0UTF := OE */WE
$3.0UTF := OE * /WE
$4.0UTF := OE * /WE
$5.0UTF := OE * /WE
$6.0UTF := OE * /WE

S7.0UTF:= /OE* WE
S8.OUTF:= /OE* WE
. S9OUTF:= /OE*/WE

EQUATIONS
; implement RESET
GLOBAL.RSTF =/RESET

; implement 2-bit burst counter - registered counter equations

CTR1 :=(LD * A3) + (/LD * INC * CTRO * /CTR1)
+ (/LD * INC * /CTRO * CTR1) + (/LD * /INC * CTR1)
CTRO :=(LD * A2) + (/LD * INC * /CTRO) + (/LD * /INC * CTRO0)

; flop OE and WE on falling edge
OE.CLKF = /CLK
WE.CLKF =/CLK

297500-27
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PLD File for the 28F016XS Interface to the i960 JF-33 Microprocessor

Title 28F016XS/i960 JF Microprocessor Interface State Machine
Pattern PDS

Revision 1

Authors Example :

Company Intel Corporation - Folsom, California

Date 8-16-94

CHIP STATEMACHINE 85C22V10

. inputs
PIN 1 CLK
PIN ADS ; address status - i960 FJ microprocessor
PIN W_R ; W/R# - 1960 FJ microprocessor
PIN BLAST ; burst last - i960 JF microprocessor
PIN (&) ; chip setect
PIN CFG ; 28F016XS/i960 JF microprocessor config status set input
PIN A2 JADbIt2
_ PIN A3 ;AbIt3

‘ PIN RESET ; resets all FFs in device
PIN 25 GLOBAL ; virtual pin to implement reset
, outputs

1 PIN CTRO ; burst counter out - 28F016XS-Al

w PIN CTR1 ; burst counter out - 28F016XS-A2
PIN /WE ; write enable - 28F016XS
PIN /OE ; output enable - 28F016XS
PIN /RDYRCV ; wait-state control
PIN Qo ; state variables
PIN Qt
PIN /ADV ; state variable and address valid - 28F016XS
PIN Q3

; burst counter control signals

STRING LD '(/ADSY ; load

STRING INC '(ADV
+RDYRCV*Q3*Ql1*Q0) ;increment

STATE
MOORE_MACHINE
DEFAULT_BRANCH S0

297500-28
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, state assignments
SO = /RDYRCV */Q3 */ADV */Q1 */Q0
S1 = /RDYRCV */Q3 * ADV */Q1 */Q0
S2 = /RDYRCV*/Q3* ADV*/Q1* Q0
. 83 = /RDYRCV */Q3* ADV * Q1 */Q0
S4 = RDYRCV*/Q3* ADV* Q1* Q0
S5 = RDYRCV */Q3*/ADV */Q1 * Q0
S6 = /RDYRCV */Q3 */ADY * Q1 */Q0
S7 = /RDYRCV * Q3 * ADV */Q1 */Q0
S8 = /RDYRCV */Q3 */ADV * Q1 * QO
S9 = /RDYRCV* Q3* ADV*/Q1* Q0
S10= RDYRCV * Q3 */ADV.*/Q1 */Q0
Si1= /RDYRCV* Q3* ADV* Q1 */Q0
S12= /RDYRCV * Q3 */ADV*/Ql * QO
S13= /RDYRCV * Q3 */ADV * Q1 */Q0
S14= /RDYRCV * Q3 */ADV * Q1 * QO
S15= RDYRCV* Q3*/ADV* Ql* Q0
; state transitions
S0:= (/ADS * /W_R) ->S1 : READ cycle
+ (/ADS * W_R) ->S813  , WRITE cycle
+-> S0 ; else, stay
+ Sl:=" (/CS */CFG) -> 86 ; 28F016XS selected, init configurations
+  (/CS*CFG) > 82 ; 28F016XS selected, optimized configured
+> S0 ; else, return to idle state
§2:= VCC ->83
§3:= 'VCC >S54 ; 28F016XS is configured to wait 4 clocks
S4:= (/BLAST * ADS) -> S0 ; 1 double word read
. +> 8§ , else, continue
§5:= /BLAST ->80 . ; burst read finished
+ (BLAST* CFG) -> 85§ ; continue, optimized configuration
+  (BLAST */CFG) ->S12 ; continue, initial configuration
§6:= VCC > 87
§7:= VCC -> S8
S8:= VCC >89
§9:= VCC ->S10 '
S10:= /BLAST -> 80 ; BLAST - end of the burst read transaction
+ BLAST ->S11
Sii:= VCC -> 8§
S12:= VCC -> 85
Si13:= CS ->S0 ; write cycle control
+ /CS ->S14
Sl4:= VCC ->S15 '
S15:= BLAST ->S13  ; BLAST - end of burst write transaction
+ _ /BLAST -> 80
; transition outputs
SO0.OUTF = /OE*/WE
SI.OUTF = /OE*/WE
S2.0UTF = OE * /WE
S3.0UTF := OE * /WE
S4.0UTF = OE * /WE
SS.OUTF := OE */WE
S6.0UTF := /OE*/WE
S7.0UTF := /OE*/WE .
S8.OUTF := OE */WE
S9.OUTF = OE */WE '
’ 297500-29
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S10.0UTF:= OE*/WE
SI1.OUTF:= OE*/WE
S120UTF:= OE*/WE
S13.0UTF:= /OE* WE
SI40UTF:= /OE* WE
S1S.OUTF:= /OE*/WE

EQUATIONS
; implement RESET
GLOBAL.RSTF = /RESET

; implement 2-bit burst counter - registered counter equations
CTR1 :=(LD * A3) + (/LD * INC * CTRO * /CTR1)
+ (/LD * INC * /CTRO * CTR1) + (/LD * /INC * CTR1)
CTRO := (LD * A2) + (/LD * INC * /CTRO) + (/LD * /INC * CTRO)

; flop OE and WE on falling edge
OE.CLKF =/CLK
WE.CLKF =/CLK

297500-30
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PLD File for the 28F016XS Interface to the i960 KB-25 Microprocessor

intal.

Title 28F016XS/i960 KB Microprocessor Interface State Machine - 2SMHz Version
Pattern PDS
Revision 1
Authors Example
Company Intel Corporation - Folsom, California
Date 1-18-94
CHIP STATEMACHINE 85C22V10
, inputs
PIN 1 CLK
PIN ADS ; address status - 960 KB microprocessor
PIN QA0 ; latched LAD bit 0
PIN QAl *; latched LAD bit 1
PIN W_R » W/R# - 19960 KB microprocessor
PIN Cs ; chip select - 28F016XS
PIN CFG ; 28F016XS config status input
; CFG=0 => 28F016XS config=4 (initial config)
; CFG=1 => 28F016XS config=2
PIN A2 ; LAD bit 2
PIN A3 ; LAD bit 3 .
PIN RESET ; resets all FFs in device
PIN 25 GLOBAL ; virtual pin to implement reset
; outputs
PIN CTRO ; burst counter out - 28F016XS-A1
PIN CTRI1 ; burst counter out - 28F016XS-A2
PIN /OE ; output enable - 28F016XS’
PIN /WE ; write enable - 28F016XS
PIN /READY ; 1960 KB microprocessor
PIN /ADV , state register and address valid - 28F016XS
PIN Qo0 ; state registers
PIN Q1
PIN Q2
PIN Q3
; burst counter control signals
STRING LD '(SO * /ADS)’ ; load
STRING INC'(S1+S2+8S3
+S9+S13+S16+S19) ;increment

STATE .
MOORE_MACHINE
DEFAULT_BRANCH SO
; state assignments )

SO =/ADV */Q3 */Q2 */Q1 * /Q0

S1 = ADV*/Q3*/Q2*/Ql */Q0

S2 = ADV*/Q3*/Q2*/Q1* Q0

S3 = ADV*/Q3*/Q2* Q1 * QO

S4 = ADV*/Q3*/Q2* Q1 */Q0

S5 =/ADV*/Q3*/Q2* Q1 */Q0

S6 = ADV* Q3*/Q2* Q1*/Q0

S7 =/ADV */Q3*/Q2*/Q1* QO

S8 =/ADV*/Q3* Q2* Q1* QC

297500-31
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S9 = ADV*/Q3* Q2* Q1* Q0
S10= ADV*/Q3* Q2* Q1 */Q0
S11=/ADV * Q3 */Q2 */Q1 * /Q0
S12=/ADV * Q3*/Q2*/Q1 * Q0
S13=/ADV * Q3*/Q2* Q1 * Q0
S14=/ADV * Q3*/Q2* Q1 */Q0
SIS=/ADV * Q3* Q2* QI */Q0
S16=/ADV* Q3* Q2* Q1* Q0
S17=/ADV * Q3* Q2*/Q1* Q0
S18= ADV* Q3* Q2*/Q1* Q0
S19=/ADV * Q3* Q2*/Ql */Q0
$20=/ADV */Q3 * Q2 */Q1 * /Q0
S21= ADV */Q3* Q2 */Q1 */Q0
$22=/ADV */Q3* Q2*/Q1* Q0
$23=/ADV */Q3* Q2* Q1 */Q0
S24=/ADV */Q3*/Q2* Q1 * Q0
S25= ADV * Q3* Q2* QI */Q0

, state transitions
SO:= (/ADS */W_R_n) ->S1 ; READ cycle
+ (/ADS*W_R_n) >8Il ; WRITE cycle

+> S0  else, stay

Sl:= /CS ->82 ; continue if 28F016XS is selected
+> S0 ; else, return to idle state

S2:= /CFG ->824  ; 28F016XS is configured to wait 4 clocks
+>83 ; else, continue .

S3:= VCC -> S84 ; else, continue

S4:= (/QAl1 */QA0) -> S0 ; 1 double word read
+> S5 ; else, continue

S5:= (/QA1*QAO0) ->S0 ; 2 double word burst read

+ (QAIl */CFG) ->823 ; SFI Configuration = 4

+-> S6 ; else, continue

S$6:= (QALl */QA0) -> 80 + 3 double word burst read

' +>87 ; else, continue

§7:= VCC -> S0 ; 4 double word burst read

S8:= VCC -> 89

S9:= VCC +> S5 ; else, continue

Si1:= /CS ->S812 ; continue if 28F016XS is selected
+> S0 ; else, retumn to idle state

S12:= VCC ->S13

S13:= (/QA1 * /QA0) -> S0 ; 1 double word write
+>S14 ; else, continue

S14:= VCC ->S18

S15:= VCC -> 816

S16:= (/QA1l * QA0) -> S0 ; 2 double word burst write
+> 817 ; else, continue

S17:= VCC ->S18

S18:= VCC ->S19

S19:= (QAl */QA0) -> S0 ; 3 double word burst write
+-> 820 ; else, continue

S20:= VCC -> 821

S21:= VCC -> 822

§22:= VCC -> S0 ; 4 double word burst write

§23:= VCC -> 828

S24:= VCC ->S8

§25:= VCC ->S6

297500-32
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, transition outputs

S0.OUTF = /WE */OE * /READY
S1.OUTF = /WE */OE * /READY
S2.0UTF = /WE */OE * /READY
S3.0UTF := /WE* OE*/READY
S4.OUTF = /WE* OE* READY
S5.0UTF := /WE* OE* READY
S6.0UTF := /WE* OE* READY
S7.0UTF = /WE* OE* READY
S8.OUTF = /WE* OE */READY
S9.OUTF := /WE* OE */READY

SI0O.OUTF:= /WE* OE* READY
SIL.OUTF:=  WE */OE * /READY
SI20OUTF:= WE */OE * /READY
SI3.OUTF:= /WE*/OE* READY
SI40UTF:= WE */OE * /READY
SISOUTF:= WE */OE * /READY
S16.0UTF:= /WE */OE * READY
SI70UTF:= WE */OE * /READY
SI8OUTF:= WE */OE * /READY
SI9.0UTF:= /WE*/OE* READY
S200UTF:= WE */OE * /READY
S21.0UTF:=  WE */OE * /READY Co
S22.0UTF:= /WE*/OE* READY
S23.0UTF:= /WE* OE * /READY
S24OUTF:= /WE */OE * /READY
S25.0UTF:= /WE* OE * /READY

 EQUATIONS
; implement RESET
GLOBAL.RSTF = RESET

; implement 2-bit burst counter - registered counter equations
CTR1 :=(LD * A3) + (/LD * INC * CTRO * /CTR1)
+ (/LD * INC * /CTRO * CTR1) + (/LD * /INC * CTR1)
CTRO := (LD * A2) + (/LD * INC * /CTRO) + (/LD * /INC * CTR0)

; flop WE, OE, and READY on falling edge
WE.CLKF =/CLK
OE.CLKF =/CLK

READY.CLKF =/CLK
297500-33
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PLD File for the 1x CLK Generation and Synchronization

Title : 1x Clock Generations & Sychronization
Pattern PDS

Revision 1

Author Example

Company Name Intel

Date 5/26/94

CHIP Clock_Generation_Circuit 85C220

; input pins

PIN CLK ; clk frequency 33MHz
PIN RESET

, output pins

PIN SYSCLK

EQUATIONS

SYSCLK :=/SYSCLK * /RESET
SYSCLK.CLKF = CLK

29750034
PLD File for thl 1x and 2x CLK Generation and Synchronization

Title 1x and 2x Clock Generation and Synchronization
Pattern PDS
Revision 1
Author Example
Company Name Intel
Date 5/26/94
CHIP Clock_Generation_Circuit 85C220
; input pins
PIN CLK ; clk frequency 4x
PIN RESET ; System RESET
, output pins :
PIN CLK2 ; 2x CLK output
PIN SYSCLK ; Sychronized 1x CLK output
EQUATIONS

CLK2 :=/CLK2

CLK2.CLKF=CLK

SYSCLK := CLK2* SYSCLK * /RESET

+/CLK2 * /SYSCLK * /RESET
SYSCLK.CLKF = CLK
297500-35
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APPENDIX B
BENCHMARK PERFORMANCE ANALYSIS

The following section provides detailed memory technology information used in the performance analysis (UDP/IP
Networking and Imaging Benchmarks) contained in the introduction. The performance analysis was based on actual
memory component performance in an 1960 processor-based environment. System interface delay between micro-
processor and memory was not included in the analysis. The two benchmarks illustrate relative system memory
performance. '

A. 28F016XS Flash Memory

28F016XS is capable of 3-1-1-1-1-1-1-1 . . . read performance at 5.0V V¢ and 33 MHz or 25 MHz (2-0-0-0-0-0-0-0
... in terms of wait states). The benchmarking analysis is shown below: :

UDP/IP Networking Benchmark Imaging Benchmark
Time (sec) Time (sec)

i960 KB-25 1.30 » 1.64
Microprocessor

i960 CA-33 .89 ‘ .89
Microprocessor

i960 CF-33 .53 ' .59
Microprocessor

B. 16-Mbit DRAM

16-Mbit DRAMS were, at the time this technical paper was published, only beginning to ramp into production. Only
advance information for the wider x16, 16-Mbit DRAMs was available for use in the calculations that follow.

Sequential reads allow use of the DRAM fast page mode. Assumed DRAM specifications are shown below:
® 80 ns trac, 40 ns tap (5.0V Vo)
® 256 word (512 byte) page buffer

Therefore, 16-Mbit DRAMs are capable of 3-2-2-2-2-2-2-2 . . . read performance at 33 MHz and 25 MHz (2-1-1-1-1-
1-1-1 in terms of wait states . . . ). The benchmarking analysis is shown below:

UDP/IP Networking Benchmark Imaging Benchrhark
" Time (sec) Time (sec)

960 KB-25 1.88 1.89
Microprocessor

i960 CA-33 1.06 1.03
Microprocessor

i960 CF-33 .59 o .64
Microprocessor

\
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C. 4-Mbit EPROM
Calculations that follow used the x16 version of the 4-Mbit EPROM (Intel 27C400 or equivalent).
The assumed 5.0V V¢ 4-Mbit EPROM random access time is 150 ns. Therefore, 4-Mbit EPROM:s are capable of 5-

5-5-5-5-5-5-5 ... read performance at 5.0V Ve and 33 MHz (4-4-4-4-4-4-4-4 . . . in terms of wait states). The
benchmarking analysxs is shown below:

UDP/IP Networking Benchmark Imaging Benchmark
Time (sec) Time (sec)

i960 KB-25 NA NA
Microprocessor

i960 CA-33 : 1.56 1.49
Microprocessor

i960 CF-33 .78 .81
Microprocessor

D. 16-Mbit PAGED MASK ROM

Calculations that follow used the x16 version of the 16-Mbit paged mask ROM, which is not yet widely available
from multiple vendors. The x8, 16-Mbit paged mask ROM is the more common version today.

Sequential reads allow use of the mask ROM page mode. The assumed 5.0V V¢ 16-Mbit mask ROM random
access time is 150 ns, with 75 ns accesses in page mode (4-word page). Therefore, 16-Mbit mask ROMs are capable
of 5-3-3-3-5-3-3-3 . . . read performance at 5.0V Vcc and 33 MHz (4-2-2-2-4-2-2-2 . . . in terms of wait states). The
benchmarking analysis is shown below:

UDP/IP Networking Benchmark Imaging Benchmark
Time (sec) Time (sec)

i960 KB-25 NA NA
Microprocessor
. 1960 CA-33 1.35 1.30
Microprocessor

i960 CF-33 71 .73
Microprocessor
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QT960 EVALUATION AND PROTOTYPING
BOARD

2707431

LOW COST EVALUATION TOOL

The QT960 products give you a 32-bit starter kit to begin software evaluation and
hardware design at a low cost. The boards feature the 20 MHz 80960KB 32-bit embedded
processor. The 80960KB has integrated floating point, instruction and register caches,
and an on-chip interrupt controller. The 80960K-series are the first in a new
architectural family of embedded processors from Intel built using Intel’s CHMOS IVt
process. These boards provide you with full access to the features of the 80960KB
processor. A wire wrap prototyping area offers you easy access to board features to test
your designs. Interleaved EPROM means fast execution of your code taking advantage of
the 80960KB’s burst bus. A programmable wait state generator simulates different
memory environments useful in evaluating the performance of your code. These features
make the QT960 boards useful low cost tools for the 32-bit embedded designer.

Once written, you can debug your program with NINDY, an EPROM resident debug
monitor. NINDY enables you to download code, set seven different trace modes, dlsplay
and modify memory or registers, and disassemble problem code sequences.

Available separately from Intel are the ASM-960 (assembly language) and iC-960 (high-
level language) products which provide you with the code development environment for
the QT960 boards.

The starter kit comes in two versions: the- QT960F version has fast SRAM, high speed
EPROM and Flash memory; the QT960E version has lower cost SRAM, Flash memory
and no high speed EPROM. Each version has NINDY in either EPROM (QT960F) or
Flash memory (QT960E), power supply cable, and the QT960 User Manual. Both versions
also include the parts list, source code of the debug monitor, and the board data base
(schematics) all on diskette. Armed with this starter kit you now have a system to
evaluate and prototype your product ideas quickly and at low cost.

November 1990
Order Number. 270743-002 3-1
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FEATURES
QT960 FEATURES
¢ 20 MHz Execution Speed ¢ Display/Modify Memory and Registers
¢ 128K Bytes to Zero Wait State EPROM* ¢ Code Disassembly .
¢ 128K Bytes of Flash Memory . o High Level Language Support
¢ 128K Bytes of Zero Wait State SRAM* ¢ RS-232 Communications Link
¢ Programmable Wait State Generator ¢ The QT960E Version has 128K Bytes of Two
¢ Prototyping Wire Wrap Area . Wait State SRAM and 128K Bytes Four Wait
¢ Five Instruction Traces . State Flash Memory

¢ Two Hardware Breakpoints

Product Order Codes: EVQT960F20 and EVQT960E20
+CHMOS 1V is a patented Intel process.

$QT960F Version only.

FAST AND EASY CODE UPDATES

128K Bytes of Intel’s 28F256 Flash memory provides an easy and quick method of changing your
code in nonvolatile memory. Flash memory may be conveniently reprogrammed without
removing it from the board while software is under development.

FAST EPROM
Interleaved fast EPROM (Intel’s 27C202) on the QT'960F version yields one-zero-zero-zero wait

state code access. It efficiently utilizes the four word burst capabilities of the 80960KB bus
maximizing program performance.

PROTOTYPING SUPPORT

A prototyping wire wrap area is provided on board with access to the system’s signals and buses.
This area gives you access to the board’s features and allows you to easily test design ideas. A
system bus connector is also provided for off board prototyping.

PROGRAMMABLE WAIT STATE GENERATOR

A software programmable wait state generator enables you to quickly model various memory
speeds. Under software control you can set over 16 different wait state combinations and evaluate
the performance of your target system.

DMA

The board offers you eight DMA channels accessed through a NINDY library function using
Intel’s 82380. In addition, off board connectors provide DMA 1/0 capabilities.

FIVE INSTRUCTION TRACES AND TWO HARDWARE
BREAKPOINTS

NINDY utilizes the built-in trace capabilities of the 80960KB to provide you with smgle step,
supervisor, call, return, and branch instruction tracing offering you extensive debug capabilities
for software examination and modification. Two hardware breakpoints enable you to break on
and examine EPROM resident code.
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FEATURES

" HIGH LEVEL LANGUAGE SUPPORT

NINDY is capable of downloading absolute object code generated by ASM-960 or iC-960. ASM-960
and iC-960 may be purchased separately from Intel.

COMMUNICATION AND SOFTWARE REQUIREMENTS

The QT960 boards communicate with the host through the RS-232 link using an Intel 82510
UART provided on board. The boards support five baud rates: 1200, 2400, 9600, 19200, and 38400.
The default is 9600 baud. To communicate with the QT'960 boards you must meet the following

minimum software requirements:

¢ Terminal Emulator

¢ XMODEM Download Capabilities

WAIT STATE
80960KB [ GENERATOR 82380 82510
CcPU SYSTEM
sueport | | (STEO o
PERIPHERAL
- | ] ADDRESS | 1
T LATCHES 1[
| ceprom FLASH o
PPy 128K BYTES - MEMORY
eLock : 1o8x syres|  [128K BYTES

Block Diagram of the QT960 Board

For information or the number of your nearest sales office call 800-548-4752 (U.S. and Canada).
Intel Corporaton, Literature Department, 3065 Bowers Avenue, Santa Clara CA 95051, United States. Tel: 408-987-8080.

WIRE
WRAP
PINS

OFF
BOARD
CONNECTOR

270743-2
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C PROGRAMMING TOOLS FOR THE i%960®
MICROPROCESSOR FAMILY

281434-1

PRODUCT OVERVIEW

In recent years, embedded designs have grown in sophistication, encompassing many
years of development and thousands of lines of code. Due to the size, complexity and
constantly evolving desire to stay competitive, designers have turned to high-level
languages for productivity and RISC-based processors for performance.

Advanced processor technology such as RISC and superscalar has promised enhanced
performance through the use of pipelining, multiple execution units, and generally, more
efficient code execution. Achievement of this performance, however, has been
constrained by the lack of compiler technology to take advantage of it.

Intel’s continuous investment in compiler technology allows user applications to deliver
maximum performance from the 1960 processor family. CTOOLS960 exploits the i960
processor features and implements the most advanced optimization technique—profile
driven optimizations, where code optimizations are based on application runtime
behavior, thus achieving superior performance compared with code generated by
conventional global optimizations.

19609 is a registered trademark of Intel Corporation.
*Other brands and names are property of their respective owners.

. November 1993
3-4. - Order Number: 281434-002
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C PROGRAMMING TOOLS FOR THE i960©
MICROPROCESSOR FAMILY

PRODUCT HIGHLIGHTS

¢ CTOOLS960 consists of a high-performance
profiling compiler, profiling tools, an
assembler/linker and utility tools

¢ Fully conforms to ANSI standard, passes
Plum Hall* and Perennial* tests

¢ Produces superior quality, highly optimized »

code for 1960 microprocessor family

¢ Tightly integrated with DB960 source-level
debugger and in-circuit emulators

¢ Operates on a variety of host operating
systems

¢ Supports in-line assembly code in C source

¢ Big-endian support (1960 CA/i960 CF
processors)

¢ Faster compile time and smaller code with
Revision 4.0

PROFILE-DRIVEN COMPILER
OPTIMIZATIONS

Profile-driven compiler optimization is a
technique wherein the compiler reads a
runtime profile of the source code being
compiled, and makes code optimization
decisions based on that profile. The runtime
profile is gathered by instrumentation code
inserted by the compiler during a preliminary
compilation. The instrumented program is
executed using typical data and the resultant
program profile is saved. In a subsequent
compilation, the runtime profile is correlated
to the source code and an optimized program
generated.

Code optimizations based on a program profile
are more effective than traditional global
optimizations. Conventional optimization
strategies are limited by static knowledge of
the program: the text of the program is
extrapolated to its runtime behavior. Since the
compiler has no idea which parts‘of the

' program influence execution time, all parts of
the program receive equal attention.

In contrast, profile-driven optimizations are
based on known runtime characteristics of the
program. They go beyond traditional local and
global optimizations, to become application-
specific. The profile information is used by the
compiler in a number of ways:
¢ Additional resources (e.g., registers) can be
allocated to parts of the program that
execute more often.

Loops may be transformed to separate
frequently executed paths from rarely
executed ones, reducing interference
between code segments and opening up more
code motion opportunities. (Superblock
Formation)

Frequently taken paths through the program
code may be placed in sequence, increasing
instruction cache hit rates. (Basic Block
Rearrangement)

Program-level function inlining reduces call
overhead and creates more optimization
opportunities. (Inter-module Inlining)
Heavily used global variables may be placed
in faster memory or in on-chip data RAM.

All of these optimizations have been

implemented in the Intel CTOOLS960
compiler tool set.

i960® ARCHITECTURE-

SPECIFIC OPTIMIZATIONS

These optimizations are implemented to
ensure the application can benefit from all
features of the architecture.

L]

Specialized instruction selection. The
compiler makes use of the i960 architecture’s
specialized instructions such as clrbit, setbit,
nand, and ornot instructions. ‘

Intelligent register manager. It performs
the assignment of all register operands to the
available general purpose and floating point
registers.

Code scheduling. The compiler modifies the
ordering of instructions to increase the
amount of parallel execution available on the
specific i960 processor.

Use of on-chip data RAM for spill
registers. When the 1960 processor’s
physical registers are insufficient to meet the
demands of a function, some registers must
be “spilled” to some slower storage. For the
1960 CA/i960 CF processor, you may “spill”
into the on-chip data RAM instead of the
slower off-chip memory.

Complex addressing modes (reducing
instruction fetches and code space). By
default, the compiler uses complex .
addressing modes that generate denser code,

3-5
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C PROGRAMMING TOOLS FOR THE i960®
MICROPROCESSOR FAMILY

generating fewer instructions and fetches
from memory. Users can instruct the
compiler to retain the RISC form of
addressing when code oompactlon is not
desirable.

¢ Branch prediction. ‘The compiler uses
profile data to set the branch prediction bit
for the 1960 CA/i960 CF processors to
maximize the chances of a correct prediction.

¢ Identification of leaf procedures. The
iC960 compiler identifies procedures that
contain no further calls. The linker optimizes
the call to such leaf procedures to use the
branch-and-link mechanism that does not
allocate a new stack frame or register frame
and executes faster than the call mechanism.

ARCHITECTURE
INDEPENDENT TRADITIONAL
OPTIMIZATIONS

The 1960 processor compiler performs the
following local and global optimizations.

¢ Constant expression evaluation. The
iC960 compiler directly evaluates simple
arithmetic expressions containing constants
and tracks constant values through all the
computations performed.

¢ Collapsing of arithmetic and bitwise
Boolean identities. The compiler recognizes
instances of arithmetic and bitwise Boolean
operations in which one of the operands is an
identity constant. The unnecessary operation
is eliminated. .

¢ Common subexpression elimination. The
compiler detects multiple occurrences of the
same expression and avoids redundant
computations by using the result left in the
register.

¢ Register subsumption or register
coalescing. The compiler coalesces multiple
registers containing the same value, thus
eliminating a large number of register move
instructions:

¢ Local variable promotions. The compiler
promotes to a register location, a variable of
automatic or register storage class.

¢ Tail-call elimination. When the last
statement. in a function is a call, execution
time can be saved by replacing the call with
an unconditional branch.

¢ Automatic procedure inlining. The
compiler automatically selects functions for
inlining. Pragmas are also available for user
control over inlining.

3-6

¢ Branch optimizations. The compiler
rearranges branch instructions to minimize
the number of branches executed.

¢ Dead code elimination. The compiler
eliminates code that computes values never
used and code that cannot be reached.

¢ Loop invariant code motion. The compiler
identifies computations that do not change
within the body of a loop and moves those
computations to a point before the loop
entry.

¢ Induction variable elimination. FOR loop
array subscripts can be simplified by the
compiler thus minimizing address
calculation overhead.

ASSEMBLER AND LINKER

The ASM960 assembler tool is based on the
Free Software Foundation Tools (Note:
Applications code generated by ASM960 is not
subject to copyleft. Copyleft applies to ‘
application code incorporating ASM960 source
code.). The assembler processes assembly code

" produced by the compiler. The 1960 processor

linker links together separately compiled
modules, performing additional optimizations
such as replacing calls by branch-and-link
sequences. ‘

The ASM960 toolset offers other useful
utilities such as:

¢ Debugging aids: COFF dumper and
mapper.

® An archiver to build libraries in COFL
format.

¢ A COFF stripper to eliminate debug
records from the object module.

¢ A big-endian to little-endian converter
(on big'endian hosts).

¢ A ROM builder to produce ROMable code.
¢ A COFF to IEEE-695 converter.

LIBRARY SUPPORT

There are three types of libraries supported by
CTOOLS960:

. * High level libraries—contain over 200

ANSI conforming and ANSI superset
functions.
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CTO0LS960

INDUSTRY
STANDARD

CODE
COMPATIBLE SUPERIOR
PERFORMA NCE

AVAILABLE o POPULAR HosTs

281434-2

¢ Floating-point support—the Accelerated Intel also offers software support which
Floating Point library provides highly includes technical software information,
optimized, basic floating-point operations for =~ automatic distributions of software and
1960 architectures without a ﬂoatmg -point documentation updates, (COMMENTS
unit (KA, SA, CA, CF). publication, remote diagnostic software, and a
e Low-level libraries—provide low-level development tools troubleshooting guide.

support for execution on Intel-supported i960  Intel Development Tools also offers a 30-day,

processor execution vehicles. money-back guarantee to customers who are
not satisfied after purchasing any Intel
WORLDWIDE SERVICE AND developmeont (0oL, & any
SUPPORT

To augment its development tools, Intel offers
field application engineering expertise and
hotline technical support.

ORDERING INFORMATION

CTOOLS960 includes C compiler, assembler (ASM960), llnker, utilities, C and floating point
libraries. Note ASM960 source code is also included.

Code ‘ Description

CTOOLS960D | Intel386™ or Intel486™ CPU DOS-based i960 processor C programming tools.
CTOOLS960H | HP9000/300 or 700, HP-UX based i960 processor C programming tools.
CTOOLS960R | IBM RS6000/AIX-based i960 processor C programming tools.
CTOOLS960W | Sun-4 based i960 processor programming tools.

For more product information call 1-800-628-8686 (U.S. and Canada).

For literature call 1-800-548-4725 (U.S. and Canada)
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GNU/960 Software Toolset

Intel’s GNU/960 cross-development toolset
offers a complete C language development
environment for the entire family of 1960® RISC

icrop GNU/960 is available in binary
form for ten UNIX* hosts and DOS/X. Source code
1s provided for all tools, allowing users to easily
port the toolset to a wide variety of other host
environments. The GNU/960 tools include gcc960,
a profile-driven optimizing compiler designed to
take full advantage of the 1960 processor's advanced
RISC features, as well as an assembler, a linker,
a symbolic debugger and many other tools to
improve developer productivity.

The GNU/960 tools support both COFF
(Common Object File Format) and b.out (GNU/960
specific) object file formats. This allows users to
mix and match tools with Intel’s CTOOLS960,
protecting their software and hardware investment.
GNU/960 i based on the Free Software Foundation

. tools and has been optimized by Intel for the i960

architecture. GNU/960 includes run-time libraries;
software developed using the GNU960 tools is fully
copyrightable. GNU/960 offers users ongoing
maintenance, with frequent releases and two

software support options.

The GNU/960 Tools: gec960 .
GNU/960 features gcc960, an ANSI-Compliant

C compiler. It emits standard Intel assembly

Profile-Driven Optimization

« The best optimization decisions require execution
information about the whole program. To obtain
program-wide inf ion, gcc960 employs a
profile-driven compilation model. Several of gcc960's
optimization techmques are profile-driven:

* global function inlining
* allocating global vanables to on-chip SRAM
* refining ahas information for global variables

Other gec960 optimizations include:

* shadowing memory with registers

* 1960 processor instruction scheduling
* constant propagation

* adjacent .ménmy access coalescing

* supports S, K and C-series processors

855960, gld960, gar960

The GNU/960 assembler, linker, librarian and
other tools form a complete software development
toolset, allowing users to get the most out of the
powerful gcc960 compiler. The GNU/960 tools
are designed to be interoperable with Intel’s
CTOOLS960. This lets users choose the best

‘ combination of tools for their individual 1960

development environment.

language for assembly by either Intel’s asm960
or by the GNU/960 toolset’s gas960 assembler.
£cc960 contains many isticated optimi

including a number of Intel additions to the standard
GNU C compiler.

2db960

The GNU/960 debugger 1s a fully symbolic
debugger, and operates with the MON960 monitor.

September 1994
Order Number: 272178-002
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Debug Monitor

MON960 monitor is the new debug monitor for
the 1960 processor family. It replaces the NINDY
monitor. New features are: interrupt-driven capability,
big Endian and flash support, and a well defined ,
host debugger interface. It is shipped complete with
source for easy retargeting. can be integrated as part
ofa s application, and includes ROM-able
hex files for all the standard Intel 960 processor

GNU/960 Software Toolset

Software Support

Intel offers two different annual maintenance
contracts for GNU/960:

Full Supported Contract (GNU960 SSC):
+ Unlimited 1-800 technical hotline assistance

* Guaranteed 48 hour bug fix or workaround to
all critical problems once they can be duplicated
at Intel's development facilities

evaluation boards.
* Free release upgrades

Hosts Supported * Inter-release fixes

Sun3

Sun4 Software Assistance Contract (GNU960 SAC):

Sun 386i b * Unlimited 1-800 technical hotline assistance

1386/i486™ CPU-based UNIX System V R3.2 .

1386/1486 CPU-based DOS/X 5.0 PC Fiee release upgrades

HP9000/300/700

IBM RS/6000

VAX/ULTRIX

DECStation 3100

Apolio 400

Ordering Information

ORDER CODE DESCRIPTION

GNU960T . The complete GNU960 toolset, including source, on a QIC-24 format
UNIX tar cartridge tape.

GNU960H The complete GNU/960 toolset, including source, on a HP9000
16-track UNIX tar format cartridge tape.

GNU9%6OM The complete GNU/960 toolset for DOS/X 5.0 hosts, on 3.5”
and 5.25" floppies. **

GNU960DT The complete GNU/960 toolset, including source, for DOS/X 5.0
hosts, on a QIC-24 format Sytos Plus cartridge tape.

GNU960SSC Annual full software support contract for GNU/960.

GNU960SAC Annual software assistance contract for GNU/960.

Contact your nearest Intel Sales Office for information about on-site application development or
consulting services or call 1-800-628-8686 (U.S. and Canada) for more product information.
For more literature call 1-800-548-4725 (U.S. and Canada).
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DB960 SOURCE-LEVEL RETARGETABLE
DEBUGGER

DBIGD

PRODUCT OVERVIEW

281433-1

DBI60 is a source-level symbolic debugger supporting all members of the i9960®
microprocessor family. It allows the users to debug application code in their own targets.
DB960D’s new user interface is based on the Microsoft Windows 3.1 environment
providing greater debug productivity. DB960 shares the same debugger interface as
Release 4.0 of Intel’s 1960 KB/SB processor emulators so users can easily transition debug
" work between the different tools. It operates on a DOS-based Microsoft Windows* 3.1
environment, communicating with the user’s target system via a serial port. A )
retargetable monitor, MON960, is included with DB960D. The complete monitor source,
example code and documentation are shipped so users can easily customize the monitor
for the target system. There is no incorporation or royalty fee incurred if the monitor is

shipped with the customers’ products.

FEATURES

¢ Supports CTOOL960 R4.0 and GNU960
R2.2 compiler development environment

¢ Microsoft Windows 3.1 human interface
with all the convenience of the windows
environment, plus source display
window, register window, watch window,
memory window and local variable
window to boost debugging productivity

¢ Extensive breakpoint modes including
source breakpoints, passpoints,
temporary breakpoints and event-action
breakpoints which trigger actions after
the breakpoint is reached

¢ Breakpoints can be defined interactively,
in the source window or symbolically
using module names, procedure names
and line numbers

*Windows is a trademark of Microsoft Corporation.

3-10
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DB960 Source-Level Retargetable Debugger

¢ Single step program executions based on an
assembler instruction, a C language
statement or function

* Memory and registers can be dlsplayed and
modified

o Watch expressions can be defined and
observed in the watch window as the
program executes

¢ Low level run-time library allows programs
to access the host file system or to perform
I/0 operations

¢ Symbols are demand loaded

¢ DB960 R4.0 comes with a retargetable
monitor (MON960)

DEBUGGING FEATURES

High-level source or disassembled code can be
displayed in the source window. Users can
scroll through the source, browse from module
to module in a program, scope to any execut-
able point in the source, or instantaneously
relocate from a symbol name to the location
where it was defined (hyperscope operation).
Symbol names in the source can be highlighted
to inspect the current run-time value of
program variables. Call stacks can be
examined to trace execution flow.

A variety of breakpoints can be specified
including source breakpoints, watch points,
passpoints, or event-action breakpoints.
Breakpoints can be defined symbolically using
module names, procedure names and line
numbers. Watch points allow users to observe
a variable as it changes during program
execution. Passpoints display a message when
a specified instruction is executed, giving the
user a non-realtime way to track execution of
key code sequences without halting instruction
flow. The event-action form allows complex
breakpoint conditions to be set up, including
data breakpoints (when supported by on-chip
registers).

Users can step through program execution via
a single assembly language instruction, a high-
level language statement or a high-level
function, function return statement or branch
. taken. Memory can be displayed or modified as
common data types and all processor registers
and system tables can be examined or changed.
Expressions involving symbol names, memory
references, or both, can be defined as watch
expressions whose values are monitored in a
Watch window as a program executes.

RETARGETABLE MONITOR

A retargetable monitor, MON960, is shipped
with DB960 for users to customize and
incorporate into their target systems.
Complete source code is provided with
comprehensive retargeting instructions.
Example code for porting to Intel evaluation
boards, Intel 82510 UART serial controller
chip and the 82C54 counter/timer are
provided. MON960 has a well defined host
debugger interface allowing users to develop a
custom host debugger for their product. It
supports big Endian, flash and interrupt-
driven capabilities. MON960 also supports
GDB960 R2.2 (debugger shipped with GNU960)
and is available as a stand-alone product.

HARDWARE DEBUG

DB960 takes advantage of on-chip debug
registers like those found on the 19960 CA
processor to provide hardware execution
address and data address breakpoints. By
using the available hardware breakpoint
registers, the debugger can be used to find
difficult bugs like stack overruns and invalid
pointer accesses. Once the monitor has been
retargeted to the target system, hardware
designers can download initialization code,
read/write to registers, and examine memory
or register contents.

HIGH-SPEED SERIAL LINK

Communications between the debugger host
and target system is supported via RS-232 and
RS-422 communication links. RS-232 allows
access to industry standard serial protocols
while the RS-422 interface provides higher
speed communication (up to 115K baud) for
faster code and data download. PC-AT bus-
compatible RS-422 communication boards are
available from various third party vendors.

WORLDWIDE SERVICE AND
SUPPORT

Intel offers software support which includes
technical software information, a technical
hotline, automatic distributions of software
and documentation updates, iCOMMENTS
publication, remote diagnostic software, and a
development tools troubleshooting guide. Intel
Development Tools also offers a 30-day, money-
back guarantee to customers who are not
satisfied after purchasing any Intel
development tool.

3-11
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ORDERING INFORMATION

Order Code

Description

DB960D

DOS-based, retargetable software debugger for the
1960 KA, 1960 KB, 1960 SA, 1960 SB, 1960 CA and
1960 CF microprocessors. Includes host debug
software, MON960 retargetable monitor, host I/0
libraries and documentation.

MON960

System debug monitor, source code product.

For more product information call 1-800-628-8686 (U.S. and Canada).
For more literature call 1-800-548-4725 (U.S. and Canada).
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EP80960Cx
Evaluation
Platform

Order Number: 272505-001

Low-Cost Processor Evaluation Tool
Intel's EPR0960Cx Evaluation Platform provides
a low-cost hards i for code i
and software debug. The board features the i960° CA
processor and is easily upgradeable to the i960 CF
processor: the newest and highest performance member

EP80960Cx Features
W 33MHz Execution Speed
B 32 Kbytes of EPROM for 80960CA MON960
‘Target Operating Firmware
B 2 Mbytes of Fast Page Mode DRAM* expandable
to 16 Mbytes

of Intel’s family of 32-bit embedded microp: | C Interrogation of Memory and Registers
The EP80960Cx includes a high-performance W 384 Software Breakpoints
tieaved DRAM sub peraling 212000 g e Disassembly

‘wait state burst reads and zero wait state (0-0-0-0) ¥

posted write. The 2 Mbyte subsysiem, expandable up : High Level Language Suppont

to 16 MBytes, employs standard 70 ns DRAM SIMMs
and runs at frequencies up to 33 MHz. The EP80960Cx
also features an /O subsystem and an advanced set of

peripheral devices for benchmarking and debugging

One RS-232 port for Host and User

Communication up to 115.2 Kbaud

8 One Centronics Parallel Port for Parallel
Downloads

application code written for the 1960 CA/CF embedded
processors. The EP0960Cx expansion bus (X-Bus)
supports expansion cards and external devices; the
X-Bus provides direct access to the i960 CA/CF
processor’s bus and control signals.

Popular features such a single line assembler/disas-
sembler, single-step program execution, and software
breakpoints are standard on the EP80960Cx s on-board
monitor. Available separately, Intel offers a compl
code development environment with tools such as
Intel's iC-960 or GNU/960 compiler.

The EP80960Cx Evaluation Platform package fea-
tures MON960 Monitor in EPROM, a power supply,
a9-pin PC /AT senal (RS-232) connector, a 25-pin
parallel cable for parallel download, the EP80960Cx
User's Manual, and diskettes containing MON960 host
software, design and library files and an example pro-
gram. The EP80960Cx User’ Manual includes board

hematics, a parts list, prog ble logic (PLD)
equations, and step-by-step instructions on how to
compile, assemble, link, download, and execute the
example program.

B AnExp Bus (X-Bus) for Penpheral-to-CPU
Interface

@ Memory Wait State Control for Memory
Subsystem Simulation

* The DRAM subsystem provides zero wait-state

posted writes (0-0-0-0) and (2-0-0-0) wait-state read.

Fast Page-Mode DRAM SIMM Modules
The EP80960Cx Evaluation Platform's memory
design takes advantage of the 1960 CA/CF processor's
burst mode bus for interfacing with fast page-mode
DRAM. The high-performance DRAM design utilizes
three techniques: bank interleaving, write posting and
RAS interleaving.
Concurrent Interrogation of Memory

and Registers
The on-board MON960 Monitor allows the user to

 read and modify intenal registers and extemal memory

while running the user’s program.




EP80960Cx Evaluation Platform

\
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High Speed Downloads
‘The paralle! port on the EP80960Cx is a full imple-
ion of a C i patible receive only
port. This port allows fast downloads of code or data to
the EP80960Cx. Intel's software tools support paralle!

downloads.

Prototype and Expansion Bus

The X-Bus allows the user to quickly prototype
simple applications. Two rows of header pins on the
EP80960Cx provide buffered versions of address, data
and control signals as well as other signals which ease
the task of interfacing simple peripherals and /O
devices. The header pins also double as logic analyzer
access points. N
Communication Link

‘The EP80960Cx board communicates with the host

computer via the RS-232 link. This platform supports
baud rates from 300 to 115200 baud.

. Power Requirements

The EP80960Cx Evaluation Platform requires 5
volis at 2500 mA, which the included power supply
provides. The EP80960Cx also supports a power
supply that provides +5VDC / +12VDC for FLASH
programming.

Host System Requirements

The EP80960Cx Evaluation Platform interfaces to
either a UNIX- or DOS-based system. An Intel486-
based PC is recommended. A DOS-based host system
must meet the following minimum requirements:

8 PC-DOS 3.2 or Later

8 512 Kbytes of Memory

® One 1.4 Mbyte Floppy Disk Drive

@ Serial Port (COMI or COM2)

® Parallel Port (LPT1) (parallel port is optional)

CF Upgrade
Available for the EP80960CX is a kit designed to
quickly and easily upgrade your platform to take

advantage of the 80960CF microprocessor perfor-
mance. This kit supplies the 80960CF component and
all documentation needed to make the upgrade.
Product order code EPCF upgrade.
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i960 SA/SB EVALUATION BOARD

The EV80960SX board is a general purpose evaluation tool for the 19960 SA/SB embedded
processors: This evaluation board provides a high-performance DRAM subsystem, an
interleaved EPROM subsystem, and a robust set of peripheral devices for benchmarking
and debugging application code written for the 1960 SA/SB embedded processors.

The EV80960SX is a great starter kit for your 32-bit application. The EV80960SX,
NINDY debug environment, along with assembler and C-compiler (not provided) provide
a seamless environment for developing code and evaluating the i960 SA/SB processors.
The NINDY monitor provides code download capabilities from a number of popular
development systems, including DOS-based PC’s. Single step, breakpoints, register and
memory display are among the full set of features provided by NINDY.

The board is provided with the following The EPROM subsystem accommodates

features: four, 32-pin or 28-pin 8-bit wide EPROMs

¢ DRAM Subsystem operates at with up to 150 ns access times.
1-0-0-0-0-0-0-0 wait states for read and ¢ Flash EPROM Subsystem reads and
write cycles in the burst mode. The writes two 8-bit wide Flash EPROMS.
DRAM subsystem runs at the maximum ¢ 8259A Interrupt Controller prov1des
processor frequency of 16 MHz, using expanded interrupt capabilities using
100 ns fast page mode DRAMs. The - the i960 SA/SB’s interrupt controller
DRAM subsystem can accommodate interface.
from 512 Kbytes to 4 Mbytes, using4 or 8 ¢ Parallel Port Input allows fast
ZIP-packaged DRAMs. downloads of code or data to the

¢ Interleaved EPROM Subsystem executes EV80960SX board. The parallel port
burst program fetches with a 2-0-1-0-2-0- provides auto-busy and interrupt
1-0 wait state performance. capabilities, and is a full implementation
of the Centronics standard.

ACES1, ICE and MCS® are registered trademarks of Intel Corporatxon
Ethernet is & registered trad k of Xerox Cc
*CHMOS is a patented Intel process.

June 1991 '
Order Number: 272033-001 3-15
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i960 SA/SB EVALUATION BOARD

¢ Two serial ports provide queued and
interrupt driven serial transfer at up to
128000 baud. R

* 82C54 Timer/Counter provides a 32-bit
counter and 16-bit counter, each with
dedicated interrupts. -

Expansion/Prototype Bus (XBUS) allows

expansion cards and prototype hardware
direct access to the 19960 SA/SB’s bus and
control signals. Optionally, a configurable
wait state scheme provides a no glue

interface to most peripherals attached to the

XBUS.

LEDs and Switches are user programmable.

One 10-segment bar LED, a 7-segment LED
and an 8-position switch are under program
control.

Local Area Networking (LAN) is

implemented using an 82596SX LAN

¢ Laser Printer Control provides interfaces to
TEC or Canon compatible lasér engines.

¢ Monitor and Self-test diagnostics are
provided for the EV80960SX in the EPROMSs
installed in the board.

The evaluation board comes complete with a

design database included on diskette, the

NINDY debug monitor on diskette and in

EPROM, power and serial cables, schematics
" and user’s manual.

The EV80960SX is a public domain design. The
hardware is fully documented and provides
working examples of popular memory and
peripheral interfaces to the i960 SA/SB
processor. The schematic and PLD database
are provided with each board. The EV80960SX
designs are easily duplicated and can be used
directly as the building blocks for custom
designs. Custom hardware can be prototyped

COpProcessor. " L
using the expansion bus (XBUS) connector.
i960™ 8259A
SB-16 . Interrupt
Processor Buffers Controller
Laser Printer
Engine
Interface
LEDs & Dual Host Port
DIP RS-232
Butfers/ Switches : Serial User Port
Interleaved Expansion
EPROM Connector Centronics
Parallel
Port (INPUT)'

272033~2
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By tailoring these low
cost modules to be
interchangeable,
designers are freed from
the burdensome and
time consuming task of
supporting multiple
boards during an
architectural evaluation.

October 1994

1960° Microprocessor
Evaluation Platform

Cyclone EP

Flexibility Plus

Intel’s Cyclone Evaluation Plattorm 1s designed to pio-
vide the developer with a flexible. low cost environment for
code execution and sottware debug. Configured as a stand-
alone basc board with interchangeable modules, the
Cyclone EP 15 capable of supporting the entire 1960"
processor fanuly: from the low cost 1960 SA processor to
the newest and highest performance member of the 1960
famuly. the 1960 HT processor.

The standard interface incorporated on the Cyclone EP
allows a designer to nterchange application specific mod-
ules ranging from Fthemet to SCSI-3. Published specifica-
tions for the interface allow designers to build their own
module or have Cyclone Microsystems custom develop it
for them. ‘

Processor Modules

Designed for the Cyclone EP arc CPU modules leatur-
ing a specific 1960 processor. By tailoring these four low
cost modules to be interchangeable. the designer 1s freed
{rom the burdensome and time consuming task of suppon-
ng multiple boards during an architectural evaluation. The
CPU modules cach contain a boot flash ROM with the
MONY60 monitor, appropriate glue logic and configuration
swilches. Using these switches the designer has the ability
to further tune the design.

DRAM Memory

The Cyclone EP 1 stipped with 2 Mbytes of inter-
leaved DRAM memory upgradable to 8 or 32 Mbytes The
DRAM controller automatically adjusts the wait-states
based on processor type, clock frequency, and memory
specd. The controller supports burst transters using the

leaved banks to maxi perfc ¢ The default
memory configuration comes standard with 70ns memory.
For processor frequencies of 25 and 40 MHz. performance

Order Number: 272598-001

can be significantly increased by using 60ns memory The
board requires no shunts or switches to adjust for memory
changes. The Presence Detect Signals and the controller
automatically adjusts to minimum wait-states for the
processor frequency and memory speeds. In addition the
nitialization code automatically sizes the memory so user
software can take advantage of larger memory modules.

Software Development Support

The Cyclone EP supports many software development
tools. The installation instructions presented in the manual
were venfied using Intel’s GNU/60 and IC960. These
advanced C-Janguage compilers for the 1960 processor fam-
1ly are available tor DOS-based systems and a vanety of
UNIX workstation hosts. Both products provide execution
profiling and instruction scheduling optimizations for tuned
code generation. In addition to the Intel tools, the Cyclone
EP has been validated for use with many of the
Solutions960" program development tools.

Console Serial Port/Parallel Port

The Cyclone EP has a single console port with an RS-
232 line interface as well as a Centronix PC compatible
nput paralle] port Cables are supplied for both communi-
cation ports

Cyclone Evaluation Platform Features

@ Interchangeable 1960 processor modules

DIP switch selectable processor clock frequency

2 Mbytes of DRAM, expandable to 32 Mbytes
DRAM controller automatically optimizes want- states
to processor frequency and memory

® Flash ROM sockets

® Parallel download port

@ Three sixteen bit counterftimers

® Squall II' module /O expansion interface

3-17
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Cyclone Evaluation Platform Functional Block Diagram

Squall I Module Interface

The Cyclone EP has a single expansion location
(Squall 11) and connector. While Cyclone
Microsystems has many ofl the shell modules avaul-
able, users ae alvo encouraged to build their own mod-
ules or contact Cyclone regarding custom modules and
boards. Boards currently available through both Intel
and Cyclone Microsystems are:

® SCSI3
® High Speed Serial .
The Cyclone EP Functional Overview

1/0 subsystem provides data bufters and simplified-
control:

® [Cthemet
® 5CSI-2

@ The Centronics compatible parallel port allows fast
download of code or data to the Cyclone EP
The asynchronous serial (RS-232) port provides
transfers up (o 115.2 Kbaud.

® A 78536 timer/counter provides three 16-bit coun-
ters, with interrupts.

A single expansion bus (Squall Il module) allows
capansion cards and extemal devices direct access
to the 1960 processor’s bus and control signals.

Product Ordering Information

EP80960BB Basc Board without CPU Module
CPUSIMGOHX'  HX Microprocessor CPU Module
CPUBIOKICX CX Microprocessor CPU Module
CPUSMY60SX SX Microprocessor CPU Module
CPUSO960KX KX Micioprocessor CPU Module
CPUBM60IX JX Microprocessor CPU Module
Available Q2 05

1/0 MODULES

SQETHERNET ETHERNET MODULE -
SQHSS' HIGH SPEED SERIAL
SQSCSI-2 SCSI-2

SQSCSI-¥ SCSI-3 (FAST AND WIDE)

* Notavatlable on the CPUBINO0K X OR CPURMOOSX
“Notawailable on the CPUB96OSA
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960" Processors and Related Products

The 1960® embedded processor is the world’s best selling 32-bit
RISC processor and is used in a wide range of embedded
applications including imaging, networking, communications and
intelligent I/O. Whatever your application, there is an 1960 processor
to fit your cost and performance goals. This book contains detailed
product specifications on the 14 different versions of the processor
family that are now available. We’ve also included information on
other related Intel products that can be used to enhance your design

or speed your development.
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