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1.0 INTRODUCTION 

This technical paper describes several designs interfac­
ing the high-performance 28F016XS Flash memory to 
the i960® 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 28FOl6XS is a l6-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 HOD or ROM to DRAM for increased perform­
ance. The 28F016XS improves system performance, 
ruggedness and cost of any burst microprocessor, such 
as the i960 microprocessor, base design. The i960 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 i960 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 
i960 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 1960® 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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2.0 1960® CA·33 MICROPROCESSOR INTERFACE 
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28F016XS 

A31•2 A31.2 
'-- Switched SV 
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BYTE It t-- 5V 

WPIt ~GPIO 

AD ~OV 

RVIBVIt ~ INT 

CTR, A2 
BLASTltt-------lt+--~ State CTR A, 

ADSit Machine 0 
and ADVIt 1----1 ADVIt 

W/Rltl---------~ Burst _ ClK RP# ~ RESET# 

RESET#~RESET 
CFG ~ Counter '--____ .... 

PCLK~------~~~CLK 
8SC22V10-1S 
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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 28FOI6XS-15s, in xl6 mode, to 
match the i960 CA microprocessor's 32-bit data bus, 
providing 4 Mbytes of flash memory. Signals A21-4 
from the i960 CA microprocessor and CTR 1-0 from the 
PLD select locations within the 28FOl6XS memory 
space, arranged as I-Meg double words. The two-bit 
counter implemented in the PLD loads addresses A3_2 
at the beginning of each memory cycle and generates 
the lower two bits of the burst addresses on its outputs 

CTRI_O. 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 A3l-22 to generate an 
active low chip select signal, CS#, for the 28FOI6XS-
15 memory space and other system peripherals. The 
chip select drives CEo# on each 28F016XS-15 and a 
control input to the PLD. The 28FOI6XS-15's CEI # 
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 i960 CA mi­
croprocessor. 

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

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 I Data Bus 

A 22 f-- Chip Select 1 

1960® A 23 r- Chip Select 2 
Processor 

A 24 r- Chip Select 3 

A22 

LAD 31.0/ 
Octal 

A 23 
1960® 
Processor Latches 

A24 

Chip Select 1 

Chip Select 2 

Chip Select 3 

Chip Select Address Space 

1 01800000-01BFFFFFH 
2 01400000 - 017FFFFF H 
3 ooCOOOOO - OOFFFFFF H 

297500-4 

Figure 4. Example of Using Linear Chip Selection 

Flash 
Memory 

Vee RP# 

I 
Voltage Monitor 

MR# 
PWR 

GOOD 
SYSTEM_RESET# RESET# 

MAX705 

297500-5 

Figure 5. Example RESET Generation Circuitry 
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CLK Option 

A 33 MHz clock signal drives the i960 CA microproc­
essor CLKIN input. Driving CLKMODE to "I" con­
figures the i960 CA microprocessor for a xl CLK in­
put. The i960 ~A microprocessor outputs an internally­
referenced 33 MHz clock on its PCLKI and PCLK2 
pins (the signals on PCLKI and PCLK2 are identical), 
which drives the CLK inputs of the PLD and the 
28FOI6XS-15s. 

Reset 

An active-low reset signal, RESET #, connects to the 
RESET # inputs of the i960 CA microprocessor, and 
the PLD, and to the RP# input of the 28FOI6XS-ISs. 
Figure 5 illustrates a suggested logic configuration for 
generating RESET # . 

Interface Control Signals 

The i960 CA-33 microprocessor external bus signals, 
BLAST #, ADS # and W /R #, serve as inputs to the 
state machine, whicn 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 28FOI6XS-ISs. ADV# 
indicates that a valid address is available to the 
28FOI6XS-IS. Addresses are latched and a read cycle is 
initiated on a rising CLK edge. WE# controls writes to 
the 28FOI6XS-IS, latching data into the 28FOI6XS-IS 
on its rising edge if the applicable timing requirements 
are satisfied. (Data is latched on the falling edge of 
WE# during page butTer 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 
28FOI6XS-ISs and the i960 CA microprocessor. After 
optimizing the 28FOI6XS-ISs and i960 CA microproc­
essor, the configuration signal must switch to logic "I." 

Additional 28FOl6XS Control Signals 

The BYTE# input to the 28FOI6XS-ISs is tied to S.OV 
to configure the 28FOI6XS-lSs for xl6 mode, and Ao is 
tied to GND (Ao is only used for byte addressing). 
A GPIO controls the write protect input, WP#, 
to the 28FOI6XS-ISs. As shown in Figure 3, the 
28FOI6XS-lS is compatible with either a S.OV or 

28F016XS/1960® Interface 

a 12~OV Vpp voltage and is completely write protected 
by switching Vpp to GND. When Vpp voltage drops 
below VPPLK, the 28F016XS-15 will not successfully 
complete Program and Erase operations. Figure 3 also 
illustrates the 28FOI6XS-IS 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 2 
28FOI6XS memory space after power-up or reset. 
However, the boot code must follow some restrictions 
until it has properly configured the 28FOI6XS-lSs, 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 28FOI6XS-lSs and all necessary 
i960 CA microprocessor programmable attributes be-
fore setting the CFG input to logic "I." Table I illus-
trates the required configuration settings for both the 
28F016XS-lSs and the i960 CA-33 microprocessor. 

Table 1. Configuration Settings for the 
28F016XS·15 and 1960 CA·33 Microprocessor 

Employing Address Pipelining at 33 MHz 

Part Parameter Setting 

28F016XS-15 SFI Configuration 2 
(5VVccl 

i960CA-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 
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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. 

NOTE: 
DE .. and WE # are clocked on the inverted elK edge 

_---.S9 

BLAST#:1 

BLAST#=O 
• ADS#:1 

297500-6 

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 28FOI6XS-ISs 
and i960 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 = I, the two-bit counter loads the values on 
8ddress bits A3-2. The state machine aSserts ADV # for 
the next clock edge (N = 2), where the 28FOI6XS-IS 
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 ADY # for only 

28F016XS/1960~ Interface 

one clock edge before entering a hold state to await the 
assertion of BLAST # by the i960 CA microprocessor. 
The state machine asserts OEI (to meet timing re­
quirements OE# is falling-edge triggered) on the fall­
ing edge between N = 2 and N = 3 to enable the 
28FOI6XS-IS data output buffers. With SFI Configura­
tion = 4, the data will be valid at the N = 7. The 
28F016XS-ISs will hold data on the bus until the i960 
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 
28FOI6XS-IS data outputs. 

'W 
~--~--~--~--:~~--~ ~ 
~--~--~--~~:~.--~--~ ~ 

~----~----~-------r------~----~~----~:~ ~ 

Figure 7. Example Read Cycle, Initial Configuration, 
Showing Key Specifications Requiring Consideration 

I I 

~ 

297500-7 

, 
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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 
28FOI6XS-15s, i960 CA microprocessor and state ma­
chine configured for optimum read performance. With 
CFO = I, the counter increments the two lower bits of 
the address at 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 i960 CA microprocessor will assert ADS # 
one clock after asserting BLAST #. The state machine 
will respond by immediately re-entering the read 

PCLK 
(33MHz) tSU1 

ADS' -t.Jr:--.---.---..---.~ 
tSU1 

W/R. =t"": 

cycle. After detecting the assertion of BLAST #, the 
state machine will return to its inactive state waiting for 
a new access targeting the 28Fp16XS memdryspace. 

When implementing the i960 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 28FOl6XS 
memory space. 

BLASU ___ -...:. __ ..:... __ .!-_-..! __ ..:..."""> • .: .. .."SU ___ '_..:... __ .!-_-..! __ ..:... __ .!-_-..!---,. ...... 'SUo-",_..:.... __ 

'C!I 'GJ 
~--:----------~X : ~~,~~ 

"su, . '. l~ 
.~ j : X k • : 1JJJVJVJJJJJ.. 

" Ok OJ OJ+1 Dk+3 
. " 

k+ Dk+2 

es. ----~~~ __ .:~'E_~_H_~_~ ___ _L __ ~_~~ _ _L __ ~_~~ _ _L __ ~ __ L_J~ 
, 

___ -'--'1 "'-o..ISU' 
.......... tYLCH I _ ___ _L-i'""-c-"-.IVLCH 
~ 'r---'--I+-+' • ,--'-_-1.._--'---'--

, \I.._.L..... __ --<.o-__ ,L-_..J...J,! , \1... __ .J.'--_....L-----'-__ ~,/ 
I tGLCH I ~ I ,--L--

• \1..1-..1. __ ..1' __ -'-_---''-----', , \I..J..' __ -'-_-L __ .J...._....1. __ ..J........J' • 

eFG 

ACVI 

OE. 

I IVlGH! I , 

J+3 :~L-__ -L: _k+_3_-'-__ '--_ ...... __ 

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·i960 CA-33 micro­
processor requires a 5 ns hold time after the clock edge. 
The 28F016~-15 guarantees .a 5 .ns data hold after 
clock, meeting the processor's hold requirement with 0 
ns of margin. 

This design provides 7 ns of margin in meeting the 3 ns 
setup time of the i960 CA-33 microprocessor data in­
puts, outputting data tcHQV after a rising CLK edge. 

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

28F016XS/1960® Interface 

data hold from CE# going high, the chip select state 
machine must hold CS# active for 5 ns to 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 i960 CA-33 microprocessor control outputs 
ADS# and W/R# have 3 ns of margin and BLAST# 
has 5 ns of margin to meeting the 85C22VIO-15 input 
setup requirement. 

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

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

Part Symbol Parameter 
Mi,nimum Specified 

Value (ns) 

85C22V10-15 tsU1 Input Setup Time to ClK 9 

i960 CA-33 Microprocessor TIS1 Input Setup 031,0 3 

TIH1 Input Hold 031-0 5 

28F016XS-15 tELCH CE # Setup to ClK 25 

tvLCH AOV # Setup'to ClK 15 

tAVCH Address Setup to ClK 15 

tGLCH OE # Setup to ClK 15 

NOTE: . 
Consult appropriate datasheets for up-tO-date speCifications. 
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2 • .4 Single Burst Write Cycle 
. Description at 33 MHz . 

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

297500-9 

Figure 9. Write State Diagram of Control 
Interface Shown In Figure 3 
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Initial Configuration 

Figure 10 illuStrates a write cycle. In the reset/power­
up confil\~ration state, the interface supportS only non­
burst writes. The i960 CA microprocessor initiates a 
write cycle by asserting ADS III· with W/RIII = "I," 
presenting a valid address and control signals. At N = 
1, the two-bit counter loads the values on address bits 
A3.2. The state machine asserts WEill (to meet timing 
requirements, WE# is falling-edge triggered) on the 
falling edge between N ='1 and N = 2. WE# 1 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 III, after which time the interface state machine 
will return to SO. 

Optimized Configuration 

Figure 11 illustrates a two double-word burst write 
with CFO = "1." When the first data write is complete 
at N = 4, the counter increments the two lower 
address bits, and the state machine asserts WEill on 
the next falling clock edge to begin the next the 
28F016XS-15 data write. The i960 CA microprocessor 
must provide the next data during the cl9Ck period fol" 
lowing N = 4. The data writes continue to the next 
consecutive addresses until the i960 CA microprocessor 
asserts BLAST III, indicating the end of the burst write 
cycle. 
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Figure 11. Example Two Double-Word Burst Write illustrating 
Key Specifications Requiring Considerations 
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Critical Timings 

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

Also notice that CTR1_0 must be valid before WE# is 
'asserted. CTR1_0 are guaranteed valid 8 ns after the 
rising clock edge, providing 9 ns of margin. 

One criticar hold time to notice is tWHAX. WE# is 
guaranteed to transition within 8 ns from the falling 
clock edge. Therefore, the tWHAX requirement has 2 ns 
of margin on CTR 1-0, and 5 ns of margin on' A 31-4. 

Consult the appropriate datasheets for full timing infor­
mation. 

Table 3. Example Write Cycle Timing Parameters at 5V Vee 

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10·15 tSU1 Input Setup Time to ClK 9 

2BF016XS-15 tELWL CE# Setup to WE# Going low 0 

tAVWL Address Setup to WE # Going low 0 

tWLWH WE # Pulse Width 50 

tDVWH Data Setup to WE # Going High 50 

tWHDX Data Hold from WE# High 0 

tWHAX Address Hold from WE# High 5 

tWHEH CE# Hold from WE# High 5 

NOTE: 
Consult appropria\e datasheets for up-to-date specifications. 
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3.0, 1960® JF·33 MICROPROCESSOR INTERFACE 
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Figure 12. Minimal Interface Logic Required In Interfacing the 28F016XS-15 to the 
1960 JF-33 Microprocessor 

Using this interface, the 28FOI6XS-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 i960 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 QAD21-4 and the counter outputs CTRl-O from the 
PLD select locations within the 28F016XS memory 
space. The two-bit counter implem~nted in the PLD 
lOads the address bits on A3-2, at the beginning of each 
memory cycle, and generates the lower two bits of the 
burst addresses on its outputs CTRl-O to the 
28FOI6XS-15. 

CLK Option 

A 33 MHz clock signal drives the i960 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 i960 JF microprocessor and 
PLD and to the RP# input of the 28FOI6XS-15. Fig­
ure 5 illustrates a suggested logic configuration for gen­
erating RESET # . 

Interface Control Signals 

ADS # and W /R # i960 JF microprocessor signals, just 
as in the i960 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 28FOI6XS-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 28FOI6XS-15s. After 
optimizing the 28F016XS-15s, the reconfiguration sig­
nal must switch to a logic "I" 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 

infel~ 

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 "I." 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 "I." Thereafter, burst read wait 
state performance will improve to 3-0-0-0. 



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. 

G 
BLAST#=l 
• CFG=l 

BLAST#=l 
• CFG=O 

28F016XS/i960® Interface 

~---S13 

CS#=O 
• CFG=O 

BLAST#=l 

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 IR # = "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 A3.2. 

The state machine asserts ADV # after clock edge N = 
1 where the 28FO 16XS-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 28FOI6XS-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 i960 JF microprocessor bus. 
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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 = 4 and N = 5 
to enable the 28F016XS-15 data output buffers. With 
the SFI Configuration = 4, the data will be valid at the 
i960 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 # . 



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/1960@ Interface 

will be valid for transfer at N = 5. Subsequent data 
-will be valid at N = 6, 7 and 8. This interface and 
28F016XS-lS configuration improve read wait-state 
performance to 3'()'()"(). All other signal monitoring 
and generation are identical to the reset/power-up con­
figuration read cycle documented in the preceding sec­
tion. 

DJ+~ 

,~--~----~--~----~--~----~--~~,---

~~ __ ~ ____ ~ __ ~ ____ ~ ____ ~r--

'r-~----~------r-------r-------ir 

Figure 15. Example Four Double-Word Burst Read illustrating 
Important Timing Parameters Requiring Consideration , 

297500-15 
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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 i960 
JF-33 microprocessor's data input requirement. 

ADV# and CTR,_o 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. 

Consult the appropriate datasheets for full timing infor­
mation. 

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

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10-15 tSUl 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 

tGLCH OE # Setup to CLK 15 

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

33 MHz 

297500-16 

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

Figure 17 illustrates a two double-word burst write cy­
cle. The i960 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 A3-2. 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 four clock periods, in order 
to meet 28F016XS-15 timing requirements. The state 
machine asserts RDYRCV # for N = 4 to inform the 
i960 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 
28FOI6XS-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. . 
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Figure 17. Two Double-Word Burst Write 
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Critieal Timings Consult the appropriate datasheets for full timing infor­
mation. 

Table ~ describes the critical timings illustrated in Fig. 
'ute 17. 

Notice that CTRl'()' and CSIf! must be valid before 
WEI is asserted. CTRi-O are guaranteed 'valid 8 ns 
after the rising cIock edge, providing 12 ns of margin. 

Table 5. Example Write Cycle Timing Parameters at 5V Vee 

Part Symbol Parameter 
MInimum SpecIfied 

Value (n8) 

85C22V10·15 tsU1 Input Setup Time to ClK 9 

28F016XS·15 tELWL CE If! Setup to WE # Going low 0 

tAVWL Address Setup to WE # Going low 0 

tWLWH WE# Pulse Width 50 

tOVWH Data Setup to WE If! Going High 50 

tWHOX Data Hold from WE# High 0 

tWHAX Address Hold from WE # High 5 

tWHEH CEIf! Hold from WE If! High 5 

NOTES: 
Consult appropriate datasheets for up-to-date specifications. 
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4.0,1960 KB·25 MICROPROCESSOR INTERFACE 

196Q'IlKB 
Processor Vpp 

Switched 
5Vor 12V 

BYTEII 5V 

WPII GPIO 

Ao OV 

RYIBYII INT 
RPII RESETII 

CLK2 

297500-18 

Figure 18. Minimal Logic Required In Interfacing 28F016X5-20 to the 
1960 KB-25 Microprocessor 

Using this interface, the 28FOI6XS-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 ofthe 
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 i960 KB microprocessor, provid­
ing access to 4 Mbytes of flash memory, Like the 
28F016XS-20 interface to the i960 JF microprocessor, 
four octal latches de-multiples the 32-bit address from 
the LAO bus, The latches are enabled by an inverted 
ALE# signal from the microprocessor. The latched ad· 
dress and two-bit counter integrated into the PLO se­
lect locations with the flash memory space. The two-bit 
counter loads the address bits on LAD,J.2 at the begin­
ning of each memory cycle, and generates the lower 
two bits of the burst addresses on its outputs CTR\.o. 

CLK Option 

In this interface, a 50 MHz clock signal drives the i960 
KB microprocessor CLK2 input, and an external 
25 MHz clock signal, synchronized to the j960 KB mi­
croprocessor internal 25 MHz clock, drives the CLK 
inputs for the 28F016XS-20s and the PLO. The re­
duced clocking frequency places a less stringent de­
mand on the PLO to meet setup times, thereby allow­
ing the usage of a slower PLO. 

External 25 MHz eLK 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 PLO equations are 
located in the Appendix A. 
I 
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The two IX clock generation methods in Figure 19 will 
produce a different amount of clock skew between the 
2x and Ix CLK. Clock generation method (A) will have 

a maximum skew ofTcolo while method (B) will have 
little to no clock skew because the 2x and 'Ix CLKs are 
exposed to the same PLD delay (see Figure 20). 

2x CLK---...--_' 2x CLK Input 
to~r 

EPLD 

1xCLK 

RESET 

(A) 

4x CLK-----. 

EPLD 

RESET 

(8) 

2xCLKlnput 
toProCeHor 

1xCLK 

297500-19 

Figure 19. Example 1x ClK Generation and Synchronization Circuitry 
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Figure 20. ClK Skew Produced by the Two Different ClK Generation Methods Illustrated In Figure 19 
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4.2 Software Interface 
Considerations 

Boot·up Capability 

This interface supports processor boot-up from the 
28F016XS-20 memory space after power-up or reset. 
Burst reads and writes may commence with no configu­
ration. However, read wait-state performance will be 
5-0-2-0 until the SFI Configuration is set to 2 and the 
CFO input is set to logic "1." Thereafter, burst trans­
fers will improve to 3-0-0-0 wait state perform-

28F016XS/1960® Interface 

ance. Program control should jump to an area of RAM 
to execute the configuration sequence. The code must 
set the SFI Configuration to 2 before setting the CFO 
input to logic "1." 

4.3 Read Burst Cycle Description at 
25 MHz 

Refer to the read cycle timing diagrams and the state 
diagram (Figure 21) for the following discussion of the 
read cycle. 

297500-21 

Figure 21. Read State Diagram of Burst Control Interface Logic Shown in Figure 18 
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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 28FDI6XS-2Ds and state machine in the 
reset/power-up configuration state. The i96D KB mi­
croprocessor initiates a read cycle by asserting ADS # 
with W /R # = "D," presenting valid address and con­
trol signals. 

At N = I, the two-bit counter loads the values on 
address bits A3-2. The state machine asserts ADV # at 
the next clock edge (N = 2), where 28FDI6XS-2D 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 28FDI6XS-2D 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 28FDI6XS-2Q. Therefore, the 
state machine asserts ADV # at N = 6 and N = 7 to 
latch the third, and fourth addresses, respectively, 
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'into 28FDI6XS-2D. The state machine asserts OE# (to 
meet timing requirements OE# is falling-edge trig­
gered) on the falling edge between N = 4 and N = 5 
to enable the 28FDI6XS-2D data output buffers. Data 
will be valid at the i960 KB microprocessor data inputs 
at N = 7. 

The state machine asserts READY # to inform the 
i960 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 READ¥.# for N= 11 
and N= 12, when the third and fourth data, respective­
ly, become valid. 

The i96D KB microprocessor encodes the length of the 
burst transfer onto the two lowest bits of the initial 
address. Therefore, the state machine decodes QAD1_O 
to determine the end of the burst transfer. At this point, 
the state machine will return to its inactive state, SD, 
de-asserting OE# to tri-state the 28FDI6XS-2D's data 
outputs. 
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Figure 23. Example Four Double-Word Burst Read lIIustr~tlng 
Key Specifications Requiring Consideration 

Optimized Configuration 

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 betw.een 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 == S. 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 i960 KB-2S micro· 
processor requires a 5 ns hold time after the clock edge. 
The 28F016XS-20 guarantees a 5 ns data hold after 

clock, meeting the setup requirement with 0 ns of mar· 
gin. This design provides: 

1/25 MHz - tl0 = 7 ns 

of margin to meeting the ,3 ns setup time of the i960 
KB-25 microprocessor data inputs. 

Another critical area concerns CS# and QA21.4 setup 
time to 28FOI6XS-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 LAD31.0 18 ns after 
the rising clock edge and the 28FOI6XS-20 setup time 
is 30 ns, this leaves: 

2·1/25 MHz - t6 - tELCH = 32 ns 

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 i961;> KB-2S microprocessor. 

OE# is also guaranteed valid 8 ns after the falling 
clock edge, providing 0 ns of margin on the 12 ns setup 
requirement. 

Consult the appropriate datasheets for full timing infor­
mation. 

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

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10-15 tsU1 Input Setup Time to ClK 9 

i960 KB-25 Microprocessor T10 Input,Setup 1 3 

T11 Input Hold I 5 

T12 Input Setup 2 7 

28F016XS-20 tELCH CE # Setup td 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 B.urst Cycle Configuration at 25 MHz 

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 i960 KB microprocessor initiates a write cycle by 
asserting ADS# with W/R# = I and presenting a 
valid address and control signals. At N = I with 
ADS# = 0, the two-bit counter loads the values on the 
address bits LAD3_2. The state machine asserts WE# 
(to meet timing requirements, WE# is falling-edge trig­
gered) on the falling edge between N = I 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 i960 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 
28FOI6XS-20s. The data writes continue until the burst 
cycle is complete. The state machine determines the 
length of the burst cycle by decoding QADI_O. The 
28F016XS-20 Configuration has no effect on the write 
cycle. 

2-152 

Critical Timings 

Table 7 describes the critical timings illustrate.d in Fig­
ure 25. 

One critical hold time to notice is twHAX' WE# is 
guaranteed to transition with 8 ns from the falling clock 
edge. Therefore, the tWHAX requirement has 7 ns of 
margin on CTRI_O and 9 ns of margin on A31-4' 

Also notice that CTRI_o must be valid before WE# is 
asserted. CTRI_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 Vee 

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10-15 tsU1 . Input Setup Time to CLK 9 

i960 KB-25 T11 Input Hold 5 
Microprocessor 

T12 Input Setup 2 ' 7 

28F016XS-20 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 

twHOX Data Hold from WE" High 0 

tWHAX Address Hold from WE" High 5 

twHEH CE" Hold from WE# High 5 

5.0 INTERFACING TO OTHER i960 
MICROPROCESSORS 

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

The i960 CF microprocessor bus interface is completely 
compatible with the i960 CA microprocessor bus inter­
face. Therefore, the 28FOI6XS-IS interfaces described 
above for the i960 CA-33 microprocessor work equally 
well with the i960 CF-2S and 33 MHz microprocessors. 

At 16 MHz, the interface requires a slight modification 
because the SFI Configuration value at 16 MHz equals 
1. The 28FOI6XS-IS will begin driving the data pin 1 
CLK period after initiating a read access. The interface 
returns READY" to the i960 CF-16 microprocessor, 1 
CLK cycle earlier. Therefore, the 28FOI6XS-IS inter­
face to the i960 CF-16 microprocessor will deliver 
3-0-0-0 wait-state read' performance. 

1960- SA Microprocessor, 1960. SB MicroprocessOr 

The 28F016XS's interface to the i96O. Sx microproces­
sor series will be similar to the i960 KB microprocessor 
interfaces, with the following differences: 

• The i960 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. 

• 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 i960 Sx 
microprocessor BLAST" signal to recognize the 
end of a burst cycle (see the i960 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 i960 microprocessor family. This simple 
design has been implemented with a minimal number of 
components and achieves exceptional read perform­
ance. The 28FOl6XS provides the microprocessor with 
the non-volatility and update ability of flash memory 
and the performance of DRAM. For further informa­
tion about 28FOI6XS, 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 
Order Number Document/Tools 

'290532 28F016XS Datasheet 

297500 "Interfacing 28F016XS to the Intel486TM Microprocessor Family" 

292147 AP-398, "Designing with the 28F016XS" 

292146 AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS , 
Based System Designs" 

297372 ,16-Mbit Flash Product Family Us~r'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 VHDLlVeriiog Models 
Sales Office 

Contact Intel/Distribution 28F016XS Timing Designer Library Files 
Sales Office 

Contact Intel/Distribution ' 28F016XS Oread and ViewLogic Schematic Symbols 
Sales Office 

REVISION HISTORY 
Descitptlon 

Original Version 

\ 
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APPENDIX A 
PLD FILES 

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

Tide 
Pattem 
Revision 
Authors 
Company 
Date 

28F016XSI i960 CA Microprocessor Interface State Machine 
PDS 
I 
Example 
Intel Corporation· Folsom. California 
1-25-94 

CHIP 

; inputs 
PIN 1 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 25 

; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

STA TEMACHINE 

CLK . 
ADS_n 
W_R_n 
BLAST_n 
CS_n 
CFG 
A2 
A3 
RESET 
GLOBAL 

CTRO 
CTRl 
!WE 
IOE 
QO 
Ql 
IADV 
Q3 

; burst counter concrol signals 
STRING LD '(/ADS_n)' 
STRING INC '(ADV * IQI * IQO 

+ Q3 * ADV * IQI 
+ Q3 * IQI * IQO)' 

STATE 
MOORE_MACHINE 
DEFAULT_BRANCH SO 

85C22VIO 

; address status • i960 CA microprocessor 
; W IRtI- i960 CA microprocessor 
; burst last· i960 CA microprocessor 
; chip select· 28FOI6XS 
; 28F016XS/i960 CA microprocessor contig status set input 
; LAD bit 2 
; LAD bit 3 
; resets all FFs in device 
; virtual pin to implement reset 

; burstcounterout- 28FOI6XS·AI 
; burst counter out· 28F016XS·A2 
; write enable - 28F016XS 
; output enable· 28F016XS 
; state variables 

; state variable and address valid· 28F016XS 

; load 

; increment 

297500-26 
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: state assignments 
SO = IQ3 ·/ADV ·/QI ./0.0 
SI = IQ3· ADV·/QI·/o.o 
S2 = Q3· ADV ·/QI ./0.0 
S3 = Q3· ADV· IQI • 0.0 
S4 = IQ3· ADV ·/QI • 0.0 
SS = IQ3 ·/ADV ·/QI • 0.0 
S6 = IQ3 ·/ADV· QI ./0.0 
S7;: Q3 ·/ADV· QI ./0.0 
S8= Q3 "/ADV·/QI"/o.o 

; stjlte transitions 
SO:= (lADS_n"/W _R_n) -> SI ; READ cycle 

; WRITE cycle 
; else. stay 

+ (I ADS_n " W _R_n) -> S6 
+->SO 

51 := -> S5 : 28FOI6XS selected, initial configurations 
+ 

(lCS_n " ICFG) 
(lCS_n " CFG) ->S2 

+->SO 
; 28FOI6XS selected. 28FOI6XS and i960 CA microprocessor configured 
; else. return to idle state 

VCC ->S3 S2:= 
53 := 
S4:= 

VCC -> S4 ; 28FOl6XS is configured to wait 4 clocks 
(IBLAST _n • ADS_n) -> SO ; I double word read 

+ (IBLAST_n ·/ADS_n) -> SI ; pipelined read 
+-> S5 ; else. continue 

55:= 
+ 

(IBLAST _n • ADS_n) . -> SO ; burst read ·finished 
(IBLA5T _n " I ADS_n) -> S I ;pipelined read 

+-> S5 ; else. continue 
56:= -> S7 : 28FOI6XS selected. continue 

+-> SO ; else. return to idle state . 
57 := 
58:= 

+ 

VCC ->S8 
(BLA5T_n" CFG) -> S6 
(BLAST_n "/CFG) -> S8 

+->SO 

; transition outputs 
50.0UTF := 10E • /WE 
Sl.OUTF := 10E "/WE 
S2.0UTF := OE " /WE 
S3.0UTF := OE • /WE 
S4.0UTF := OE "/WE 
SS.OUTF := OE " /WE 
S6.0UTF := OE • /WE 
S7.0UTF:= IOE· WE 
S8.0UTF := 10E· WE 
S9.0UTF := 10E" /WE 

EQUATIONS 
; implement RESET 

GLOBAL.RSTF = IRESET 

continue burst 
pre-config write 
write is finished 

; implement 2-bit burst cOunter - registered coUnter equations 
eTRI := (LD· A3) + (ILD· INC· CTRO ·/CTRI) 

2-156 

+ (ILD· INC ·/CTRO· CTRl) + (ILD • lINe "CTRI) 
CTRO := (LD • A2) + (ILD • INC • tCTRO) + (ILD " lINe " CTRO) 

; flop OE and WE on falling edge 
OE.CLKF = ICLK 
WE.CLKF = ICLK 

297500-27 



28F016XS/1960® Interface 

PLD File for the 28F016XS Interface to the i960 JF·33 Microprocessor 

Title 
Pattern 
Revision 
Authors 
Company 
Date 

28F016XSIi960 IF Microprocessor Interface State Machine 
PDS 
I 
Example 
Intel Corporation • Folsom. California 
8·16·94 

CHIP 

; inputs 
PIN I 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 2S 

; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

STA TEMACHINE 

CLK 
ADS 
W_R 
BLAST 
CS 
CFG 
A2 
A3 
RESET 
GLOBAL 

CTRO 
CTRI 
/WE 
IDE 
/RDYRCV 
QO 
QI 
IADV 
Q3 

; burst counter control signals 

8SC22VIO 

; address stalUS • i960 FJ microprocessor 
; WIR.· i960 FJ microproCessor 
; burst last· i960 IF microprocessor 
; chip setcct 
; 28F016XSIi960 IF microprocessor config status set input 
; Abit2 
; A bit 3 
; resets all FFs in device 
; virtual pin to implement reset 

; burst counter out· 28FOI6XS·AI 
; burst counter out· 28FOI6XS·A2 
; write enable· 28FOI6XS 
; output enable· 28FOI6XS 
; wait·state control 
; state variables 

; state variable and address vilid· 28FOI6XS 

STRING LD '(lADS), ; load 
STRING INC '(ADV 

+ RDYRCV • Q3 • QI • QO)' ; increment 

STATE 
MOORE_MACHINE 
DEFAULT_BRANCH SO 

297500-28 
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; state assignments 
SO = /RDYRCV "Q3 "ADV ·'QI .'QO 
SI = /RDYRCV "Q3 • ADV ·IQI "QO 
S2 = /RDYRCV ·'Q3· ADV ·/QI • QO 
S3 = /RDYRCV ·/Q3· ADV' QI '/QO 
S4 = RDYRCV '/Q3' ADV' QI • QO 
SS = RDYRCV ·/Q3 '/ADV ·/QI " QO 
S6 = /RDYRCV "/Q3 • lADY • QI ./QO 
S7 = /RDYRCV • Q3" ADV "/QI "/QO 
S8 = /ROYRCV ·/Q3 "/ADV" QI " QO 
S9 = /RDYRCV· Q3' ADV ·/QI " QO 
S10 = RDYRCV· Q3 • IADV,·IQI '/QO 
SII = /RDYRCV· Q3· ADV' QI .'QO 
SI2 = /RDYRCV· Q3 ·'ADV ·'QI • QO 
SI3 = /RDYRCV· Q3 ·'ADV· QI·'QO 
SI4 = /RDYRCV· Q3 ·'ADV· QI • QO 
SIS = RDYRCV' Q3 ·/ADV· QI • QO 

; state transitions 
SO:= (lADS' !W~R) -> SI 

+ (lADS· W_R) -> SI3 
+-> SO 

SI := (lCS ·/CFG) -> S6 
+ (lCS· CFG) -> S2 

+->SO 
S2;= VCC -> S3 
S3:= VCC -> S4 
S4:= (!BLAST • ADS) -> SO 

+-> SS 
SS := !BLAST -> SO 

+ (BLAST· CFG) -> SS 
+ (BLAST • ICFG) -> S12 

S6:= VCC -> S7 
S7:= VCC ->S8 
S8:= VCC -> S9 
S9:= VCC -> SIO 
SIO:= !BLAST ->SO 

+ BLAST -> Sl1 
SI1:= VCC -> SS 
SI2:= VCC -> SS 
SI3:= CS -> SO 

+ ICS -> SI4 
SI4:= VCC -> SIS 
SI5:= BLAST -> SI3 

+ !BLAST ->SO 

; transition outputs 
SO.OUTF:= fOE • !WE 
SI.OUTF:= IOE· /WE 
S2.0UTF := OE • /WE 
S3.0UTF := OE • /WE 
S4.0UTF := OE • /WE 
SS.OUTF := OE • /WE 
S6.0UTF:= IOE • /WE 
S7.0UTF:= IOE • /WE 
SS.OUTF := OE • /WE 
S9.0UTF := OE • !WE 
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; READ cycle 
; WRITE cycle 
; else, stay 
; 2SFOI6XS selected, init configurations 
; 2SFOl6XS selected, optimized configured 
; else, return to idle state 

; 2SFOI6XS is configured to wait 4 clocks 
; 1 double word read 
; else, continue 
; burst read finished 
; continue, optinUzed configuration 
; continue. initial configuration 

; BLAST - end of the burst read transaction 

; write cycle control 

; BLAST - end of burst write transaction 

297500-29 



SlO.OUTF:= 
Sll.OUTF := 
S12.0UTF:= 
S13.0UTF:= 
S14.0UTF:= 
SlS.OUTF:= 

EQUATIONS 

OE*IWE 
OE*IWE 
OE-IWE 
IOE- WE 
IOE- WE 
IOE-IWE 

; implement RESET 
GLOBAL.RSTF .. /RESET 

; implement 2·bit burst counter· registered counter equations 
CTRI := (LO· A3) + (ILO - INC - CTRO -/CTRl) 

+ (ILO - INC -/eTRO - CTRl) + (ILO -/INC * CTRl) 
CTRO := (LD - A2) + (ILO - INC * ICTRO) + (ILD * IINC * CTRO) 

; flop OE and WE on falling edge 
OE.CLKF = ICLK 
WE.CLKF = ICLK 

28F016XS/i960® Interface 
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PLD File for the 28F016XS Interface to the i960 KB-25 Microprocessor 

Title 
Pattern 
Revision 
Authors 
Company 
Date 

CHIP 

; inputs 
PIN 1 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

PIN 
PIN 
PIN 
PIN 25 

; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

28F016XS/i960 KB Microprocessor Inlerface Stale Machine - 25MHz'Version 
PDS 
1 
Example 
Intel Corporation - Folsom, California 
1-18-94 

STA TEMACHlNE 

CLK 
ADS 
QAO 
QAI 
W_R 
CS 
CFG 

A2 
A3 
RESET 
GLOBAL 

CTRO 
CTRl 
IOE 
/WE 
/READY 
IADV 
QO 
Ql 
Q2 
Q3 

85C22VIO 

; address status - i960 KB microprocessor 
; latched LAD bit 0 

, ; latched LAD bit I 
; W/R. - i960 KB microprocessor 
; chip select· 28FOI6XS 
; 28F016XS config status input 
; CFG=O => 28F016XS config--4 (initial config) 
; CFG=l => 28FOI6XS config=2 
; LAD bit 2 
; LAD bit 3 
; resets all FFs in device 
; virtual pin to implement reset 

; burst counler out· 28FO 16XS· Al 
; burst counler out· 28F016XS·A2 
; output enable· 28FOI6XS 
; wrile enable· 28F016XS 
; i960 KB microprocessor 
; stale regisler and address valid· 28F016XS 
; stale regislers 

; burst counler control signals 
STRING LD '(SO * lADS), ; load 
STRING INC '(S I + S2 + S3 

+ S9 + S13 + SI6 + SI9)' ; increment 

STATE 
MOORE_MACHINE 
DEFAULT_BRANCH SO 

; stale assignments 
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SO = IADV */Q3 */Q2 */Ql */QO 
SI = ADV */Q3 */Q2 */Ql */QO 
S2 = ADV * IQ3 * IQ2 * IQl * QO 
S3 = ADV */Q3 */Q2 * Ql * QO 
S4 = ADV */Q3 */Q2 * Ql */QO 
SS =/ADV */Q3 */Q2 * Ql */QO 
S6 = ADV * Q3 * IQ2· Ql * IQO 
S7 =/ADV */Q3 *'Q2 */QI· QO 
S8 =/ADV*/Q3* Q2* Ql* QO 

intel® 
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S9 = ADV */Q3 * Q2 * QI * QO 
SIO= ADV */Q3 * Q2 * QI */QO 
Sl1 =/ADV * Q3 */Q2 */QI */QO 
SI2=/ADV* Q3*/Q2*/QI* QO 
SI3=/ADV* Q3*/Q2* QI* QO 
SI4=/ADV* Q3*/Q2* QI*/QO 
SIS =/ADV * Q3 * Q2 * QI */QO 
SI6=/ADV* Q3* Q2- Ql* QO 
S17 =/ADV * Q3 * Q2 */QI * QO 
S18= ADV- Q3- Q2*/Ql- QO 
SI9 =/ADV * Q3 * Q2 */Ql */QO 
S20 = IADV -/Q3 * Q2 */QI */QO 
S21 = ADV -/Q3 * Q2 */Ql */QO 
S22 =/ADV */Q3 * Q2 */QI - QO 
S23 =/ADV * /Q3 * Q2 * QI */QO 
S24=/ADV*/Q3*/Q2* QI- QO 
S2S = ADV * Q3 * Q2 * QI - IQO 

28F016XS/1960® Interface 

; state ttansitions 
SO:= (/ ADS * /W _R_n) -> SI ; READ cycle 

+ (lADS - W _R_n) . -> Sl1 ; WRITE cycle 
+->SO ; else. stay 

SI := les -> S2 ; continue if 28F016XS is selected 
+->SO ; else. retum to idle state 

S2:= ICPO ->S24 ; 28FOI6XS is configured to wait 4 clOcks 
+->S3 ; else. continue 

S3:= vee ->S4 ; else. continue 
S4:= (/QAl */QAO) ->SO ; 1 double word read 

+->SS ; else. continue 
SS:= (/QAl *QAO) ->SO ; 2 double word burst read 

+ (QAI */CPO) ->S23 ; SFl Configuration = 4 
+->S6 ; else. continue 

S6:= (QAl */QAO) ->SO ; 3 double word burst read 
+->S7 ; else. continue 

S7:= vee ->SO ; 4 double word burst read 
S8:= vee -> S9 
S9:= vee +->SS ; else. continue 
Sl1 := les -> SI2 ; continue if 28FO 16XS is selected 

+->50 ; else. retum to idle state 
S12 := vee -> SI3 
S13 := (/QAl * IQAO) ->SO ; 1 double word write 

+-> S14 ; else. continue 
SI4:= vee -> SIS 
SIS := vee -> S16 
SI6:= (/QAI * QAO) ->SO ; 2 double word burst write 

+-> 517 ; else. continue 
SI7 := vee ->SI8 
S18 := vee ->SI9 
SI9:= (QAI */QAO) ->SO ; 3 double word burst write 

+->S2O ; else. continue 
S20:= vee -> S21 
S21 := vee ->S22 
S22:= vee -> SO ; 4 double word burst write 
S23:= vee ->S15 
S24:= vee ->S8 
S2S:= vee ->S6 

297500-32 
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; transition outputs 
SO.OUTF:= /WE *'OE * /READY 
Sl.OUTF.- !WE *'OE */READY 
S2.0UTF.- /WE *'OE * /READY 
S3.0UTF.- /WE * OE * /READY 
S4.0UTF.- /WE * OE * READY 
SS.OUTF.- /WE * OE * READY 
S6.0UTF:= /WE * OE * READY 
S7.0UTF:= /WE * OE * READY 
SB.OUTF:= /WE * DE * /READY 
S9.0UTF:= /WE * OE */READY 
SIO.OUTF := /WE * OE * READY 
SII.OUTF := WE * 'OE * /READY 
S12.0UTF := WE ·'OE * /READY 
S13.0UTF := /WE */OE * READY 
SI4.OUTF := WE ·'OE ·/READY 
SIS.OUTF := WE *'OE * /READY 
S16.0UTF := /WE ·/OE * READY 
SI7.0UTF:= WE *'OE */READY 
S18.0UTF := WE ·'OE ·/READY 
S19.0UTF := /WE *IOE * READY 
S20.0UTF := WE ·'OE */READY 
S21.0UTF:= WE ·/OE */READY 
S22.0UTF := /WE */OE * READY 
S23.0UTF := /WE· OE ·/READY 
S24.0UTF := /WE ·'OE • /READY 
S2S.0UTF := /WE. OE * /READY 

EQUATIONS 
; implement RESET 

GLOBAL.RSTF = RESET 

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

+ (ILD -INC -/CTRO - CTRl) + (ILD *IINC * CTRl) 
CTRO := (LD * A2) + (ILD - INC - ICTRO) + (ILD * IINC * CTRO) 

; flop WE, OE, and READY on faUine edge 
WE.CLKF = ICLK 
OE.CLKF = ICLK 
READY.CLKF = ICLK 
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PLD File for the Ix CLK Generation and Synchronization 

Tide 
Pattern 
Revision 
Author 
Company Name 
Date 

Ix Cloc:k Oenerations & Sychronization 
POS 
I 
Example 
Intel 
5126194 

CHIP Clock..Oeneralion..Circuit 85C220 

; input pins 
PIN CLK ; elk frequency 33MHz 
PIN 

; output pins 
PIN 

EQUATIONS 

RESET 

SYSCLK 

SYSCLK := ISYSCLK -/RESET 
SYSCLK.CLKP = CLK 

PLD File for thl Ix and 2][ CLK Generation and Synchronization 

Tide 
Pattem 
Revision 
Au~or' 
Company Name 
Date 

Ix and 2x Clock Oeneration and Synchronizalion 
PDS 
I 
Example 
Intel 
5126194 

CHIP Cloc:k..OeneraIion..CiR:uit 8SC220 

; input pins 
PIN 
PIN 

; output pins 
PIN 
PIN 

EQUATIONS 

CLK 
RESET 

CLKl 
SYSCLK 

CLKl := ICLKl 
CLKl.CLKP = CLK 

; elk frequency 4x 
; System RESET 

; 2x CLK output 
; Syc:hronized Ix CLK output 

SYSCLK:= CLK2.' SYSCLK -/RESET 
+ ICLKl -/SYSCLK -/RESET 

SYSCLK.CLKP = CLK 

28F016XS/1960@ Interface 
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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 i960 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. 

,1 
A. 28F016XS Flash Memory 

28F016XS is capable of 3-1-1-1-1-1-1-1 ... read performance at 5.0V V cc 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 (SBe) Time (see) 

i960 KB-25 1.30 1.64 
Microprocessor 

i960CA-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 tAA (5.0V V cd 
• 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 Imaglngl;Senchmark 

. Time(see) Time (see) 

i960 KB-25 1.88 (89 
Microprocessor 

i960CA-33 1.06 1.03 
Microprocessor 

i960 CF-33 .59 .64 
Microprocessor 
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c. 4-M,bit EPROM 

Calculations that follow used the x16 version of the 4-Mbit EPROM (Intel 27C400 or equivalent). 

The assumed 5.0V Vee 4-Mbit EPROM random access time is 150 ns. Therefore, 4-Mbit EPROMs are capable of 5-
5-5-5-5-5-5-5 ... read performance at 5.0V Vee and 33 MHz (4-4-4-4-4-4-4-4 ... in terms of wait states). The 
benchmarking analysis is shown below: 

UDP/IP Networking Benchmark Imaging Benchmark 

Time (sec) Time (SfIC) 

i960 KB-25 NA NA 
Microprocessor 

i960CA-33 1.56 1.49 
Microprocessor 

i960 CF-33 .78 .81 
Microprocessor 

D. 16-Mbit PAGED MASK ROM 

Calculations that follow used the xl6 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 conunon version today. 

Sequential reads allow use of the mask ROM page mode. The assumed 5.0V Vee 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 Vee and 33 MHz (4-2-2-2-4-2-2-2 ... in terms of wait states). The 
benchmarking analysis is shown below: 

UDPIIP Networking Benchmark Imaging Benchmark 

Time (sec) Time (sec) 

i960 KB-25 NA NA 
Microprocessor 

. i960CA-33 1.35 1.30 
Microprocessor 

i960 CF-33 .71 .73 
Microprocess~r 
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QT960 EVALUATION AND PROTOTYPING 
, BOARD 

270743·1 

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 in~rrupt 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, display 
and modify memory or registers, and disassemble problem code sequences. 

Available separately from Intel are the'ASM-960 (assembly langtlage) 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 Ex~cution Speed 
• 128K Bytes to Zero Wait State EPROM:!: 
• 128K Bytes of Flash Me!l)ory 
• 128K Bytes of Zero Wait State SRAM:!: 
• Programmable Wait State Generator 
• Prototyping Wire Wrap Area 
• Five Instruction Traces 
• Two Hardware Breakpoints 

• Display IModify Memory and Registe,rs 
• Code Disassembly 

, • High Level Language Support 
• RS-232 Communications Link 

, • 'The QT960E Ve~on has 128K Bytes of Two 
Wait State SRA:M and 128K Bytes Four Wait 
State Flash Memory , 

Product O~er Codes: EVQT960F20 and EVQT960~ 
tCHMOS IV i. a patented Intel proceaa. 
tQT960F 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. 

FASTEPROM 
Interleaved fast EPROM (Intel's 27C202) on the QT960F version yields one-zero-zero-zero wait 
state code access. It efficiently utilizes the four word burst capabilities of the 80960KB bus 
maximizing pr~am performance. 

PROTOTYPIlVG SUPPORT 
A prototyping wire wrap area is provided on board with access to the system's signals and b1.JSe8. 
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 STA TE 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, offboard connectors provide DMA 110 capabilities. 

FIVE INSTRUCTION TRACES AND TWO HARDWARE 
BREAKPOINTS 
NINDY utilizes the built-in trace capabilities of the 80960KB to provide you with single step, 
supervisor, call, retul'p, 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 QT960 boards you must meet the following 
minimum software requirements: 

• Terminal Emulator 

80960KB 
CPU 

CLOCK 
RESET 

H WAIT STATE I 
GENERATOR 

ADDRESS 

T LATCHES 

J 
EPROM 

~ 

128K BYTES 

I 

• XMODEM Download Capabilities 

82380 
SYSTEM 

SUPPORT r-PERIPHERAL 

I 

I 
f"LASH 

MEMORY 

128K BYTES 

82510 
SERIAL 

CONTROLLER ~ 

,I 

1I~ 
I 

--SRAM 

128K BYTES 

WIRE 
WRAP 
PINS 

Of"f" 
BOARD 
CONNECTOR 

Block Diagram of the QT960 Board 

For information or the numher of your nearest sal .. office ca1l8()()'548-4752 (U.S, and Canada). 
Intel Corporaton, Literature Department, 3065 Bowers Avenue, Santa Clara CA 95051, United Stat ... Tel: 408-987·8080. 

270743-2 
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C PROGRAMMING TOOLS FOR THE i960® 
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 i960 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. 
i960® is a registered trademark of Intel Corporation. 
"'Other brands and names are property of their respective owners. 
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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 
asseinbler/linker and utility tools 

• Fully conforms to ANSI standard, passes 
Plum Hall" and Perennial' tests 

• Produces superior quality, highly optimized 
code for i960 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 (i960 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 runtiIhe 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 optiInizations are implemented to 
ensure the application can benefit from all 
features of the architecture. 

• Specialized instruction selection. The 
compiler makes use ofthe 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 i960 processor's 
physical registers are insufficient to meet the 
demands of a function, some registers must 
be "spilled" to some slower storage. For the 
i960 CA/i960 CF processor, you may "spill" 
into the on-chip data RAM instead ofthe 
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, 
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generating fewer instructions and fetches 
from memory. Users can instruct the 
compiler to retain the RISC form of 
addressing when code compaction is not 
desirable. 

• Branch prediction. The compiler uses 
profile data to set the branch prediction bit 
for the i960 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 i960 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 inUning. The 
compiler automatically selects functions for 
inlining. Pragmas are also available for user 
control over inlining. 
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• 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 i960 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 obje9t module. 

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

• A ROM builder to produce ROMabie code. 
• A COFF to IEEE-695 converter. 

LIBRARY SUPPORT 
There are three types of libraries supported by 
CTOOLS960: 

• Iligh levellibraries-contain over 200 
ANSI conforming and ANSI superset 
functions. 
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• Floating-point support-the Accelerated 
Floating Point library provides highly 
optimized, basic floating-point operations for 
i960 architectures Without a floating-point 
unit (KA, SA, CA, CF). ' 

• Low-level libraries-provide low-level 
support for execution on Intel-supported i960 
processor execution vehicles. 

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

281434-2 

Intel also offers software support which 
includes technical software information, 
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. 

ORDERING INFORMATION 

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

Code Description. 

CTOOLS960D Intel386TM 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 RS60001 AIX-based i960 processor C programming tools. 
CTOOLS960W Stin-4 based i960 processor programmihg 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 GNUl960 crpss-development toolset 
offers a complete C language development 
environment for the entire family of 1960® RISe 
microprocessors. GNUl960 is available in binary 
fonn for ten UNIX· hosts and DOS/X. Source cnde 
lS provided for all tools. allowmg users to easily 
port the toolset to a wide variety of other host 
environments. The GNUi960 tools include gcc960. 
a profile-driven optimizing compiler designed to 
take full advantage of the i960 processor's advanced 
RISC features. as well as an assembler. a linker. 
a symbolic debugger and many other tools to 
improve developer productivity. 

The GNU1960 tools support both COFF 
(Common Object File Fonnat) and b.out (GNU/960 
speCific) object file fonnats. ThIS allows users to 
mix and match tools with Intel's CTOOLS960. 
protecbng their software and hardware investment. 
GNUi960 is bIIsed on the Free Software Foundation 
tools and h", been optimized by Intel for the i960 
architecture. GNU/960 includes run-time Iibranes; 
software developed using the GNU960 tools is fully 
copyrightable. GNU1960 offers users ongoing 
mamtenance. With frequent releases and two 
software support options. 

The GNU/960 Tools: gee960 
GNUl960 features gcc960' an ANSI-Compliant 

C compiler. It emits standard lntei assembly 
language for assembly by either Intel's asm960 
or by the GNU/960 toolset's gas960 assembler. 
gcc960 contams many sophisticated optimizations, 
including a number of Intel additions to the standard 
GNU C compiler. 

Profile.Driven Optimizalion 

, The best optimization decision, reqUIre executIOn 
mfonnation about the whole program. To obtam 
program-wide infonnation. gcc960 employs a 
profile-driven compilation model. Several ofgcc960\ 
optimization techmques are profiJe-driven: 

• global function inlinmg 

• allocating global vanables to on-chip SRAM 

• refining ahas ,"fonnation for global variables 

Other gcc960 opbmlZations include: 

• shadowing memory With registers 

• i960 processor mstruction scheduling 

• constant p,?pag~tlOn 
., adjaCent memory access coale~cmg 

• supports S. K and C-series processors 

gss960, gld96O, gtu960 

The GNU/960 assembler. linker. librarian and 
other tools fonn 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 the" individual i960 
processor development environment. 

gdb960 

The GNU1960 debugger IS a fully symbohc 
debugger. and operates with the MON960 momtor. 

September 1994 
Order Number: 272178·002 
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Debug Monitor 
MON960 monitor b the new debug monitor for 

the i960 processor family. It replaces the NINDY 
monitor. New features are: interrupt-driven capability. 
big Endian and flasb suppon. and a well defined., 
ho>! debugger interface. It is shipped complete with 
source for easy retargeting. can be integrated i!S pan 
of a customer" application. and includes ROM-able 
hex files for all the standard Intel i960 proce~<or 
evaluation boards. . 

Hosts Supported 

Sun 3 
Sun4 
Sun 386i 
i386/i486"' CPU-~ UNIX 'System V R3.2 
i3861i486 cpu-based DOS/X 5.0 PC 
HP9OOOI3OO1700 
IBMRS/6000 
VAXlULTRIX 
DECStation 3100 
Apollo 400 

Ordering Information 

DESCRIPrION 

Software Support 
Intel offers two different annual maintenance 

contracl< for GNUI96O: 

FuU Supporllll Conlracl (GNU96IJ SSC): 

• Unlimited 1-800 technical hotline ~<istance 

• Guaranteed 48 hour bug fix or worl<around to 
all critical problems once they can be duplicated 
at Intel's development facilities 

• Free release upgrades 

• Inter-release fixes 

Software Assislllnc. Conlracl (GNU960 SAC): 

• Unlimited 1-800 technical holline ... ,,,tance 

• Free release upgrades 

OKDERCODE 

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

GNU960H 

GNU960M 

GNU960DT 

GNU960SSC 

GNU960SAC 

The complete GNUI960 tonlset, including soorce. on a HP9000 
16-track UNIX tar format canridge tape. 

The complete GNUI960 toolset for DOSIX 5.0 hosts. on 3.5" 
and 5.25" floppies." 

The complete GNUI960 toolset, including source. for DOS/X 5.0 
hosts, on a QIC-24 format Sytos Plus cartridge tape. 

Annual full software suppan contract for GNUI96O. 

Annual software assistance contract for GNUI96O. 

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). 

GNU/960 Software Toolset 

.. 
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DB960 SOURCE-LEVEL RETARGETABLE 
DEBUGGER 

281433-1 

PRODUCT OVERVIEW 
DB960 is a soutce-Ievel symbolic debugger supporting all members of the i960® 
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 i960 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 CTOOL960R4.0 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 

'Windows is a trademark of Microsoft Corporation. 
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• 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 

August 1993 
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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 displayed and 
modified 

• Wateh 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 
110 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 
includi.ng source breakpoints, watch points, 
passpomts, 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 
da~ breakpoints (when supported by on-chip 
regIsters). 

Users can step through program execution via 
a single assembly language instruction, a high­
level language statemllnt 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 
W ~tch window as a program executes. 

RETARGETABLEMONITOR 
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 i960 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/~rite to registers, and examine mem~ry 
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. 
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ORDERING INFORMATION 

Order Code Description 

DB960D DOS-based, retargetable software debugger for the 
i960 KA, i960 KB, i960 SA, i960 SB, i960 CA and 
i960 CF microprocessors. Includes host debug 
software, MON960 retargetable monitor, host 110 
libraries and documentation. 

MON960 System debug: monitor, source code product. 

. For more product information calI1.:s00-628-8686 (U.S. and Canada). 

For more literature call 1-800-548-4725 (U.S. and C~ada). 
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EP80960Cx 
Evaluation 
Platform 

Low-Cost Processor Evaluation Toot 
Inlel's EP80960Cx Evalualion Plalfonn provides 

a low-cost hardware environment for code execution 
and software debug. The boaJd fealUles !he i96O' CA 
processor and is easily upgnllleable 10 die i960 CF 
processor: !he newes! and highest performance member 
of Imel's family of 32-bil embedded microprocessors. 

The EPI!096OCx includes a high-perfonnance 
inlerleaved DRAM subsyslem, operating at 2~ 
wail sUlle buBl reads and wo wail state (0-040) 

posled wrile. The 2 MbyIe subsystem, expandable up 
10 16 MByles, employs slandard 70 ns DRAM SIMMs 
and runs al frequencies up 10 33 MHz. The EPI!096OCx 
aiso features an 00 subsystem and an advanced seI of 
peripheral devices for benchmarking and debugging 
application code written for !he i960 CAJCF embedded 
processors. The EPI!096OCx expansioo bus-(X-Bus) 
supports expansion cards and external devices; the 
X-Bus provides dlrecl access 10 !he i960 CA/CF 
processor's bus and coolrol signals. 

I\lpular features such a single line assembler/disas­
sembler, single-step program execulioo, and software 
breakpoinlS are slandard on !he EPI!096OCx's on-board 
monilor. Available separately,lnlel offers a complele 
code developmenl environmenl will! lools such as 
Imel's iC-960 or GNUI960 compiler. 

The EP80960Cx Evaluauoo Plalform package fea­
lures MON960 Monilar in EPROM, a power supply, 
a 9-pin PC /AT senal (RS-232) ccnnecIor, a 25-pin 
parailel cable for parailel download, !he EPI!096OCx 
User's Manual, and diskelles coollining MON960 host 
software, design and library files and an example ~ 
gnun. The EP80960Cx User' Manual includes board 
schemruics, a parIS list, programmable logic (PLD) 
equations, and slep-by-slep insllUClions on how 10 
compile'. assemble, link, download, and execule !he 
example program. 

EP80900Cx Features 
• 33MHz Execulion Speed 
• 32 Kbyles of EPROM for 80960CA MON960 

Targe! Operaling Finnware 

• 2 MbyIes of Fast Page Mode DRAM' expandable 
1016Mbyles 

• Concwrenllnlerrogalion of Memory and Registers 
• 384 Software BreakpoinlS 

• Code Disassembly 
• High Level Language Support 
• One RS-232 port for HoS! and User 

Communicalion up 10 115.2 Kbaud 

• One Cenlrorucs Parallel Port for Parailel 
Downloads 

• An ExpanSIOn Bus (X-Bus) for Penpheral-Io-CPU 
Inlerlace 

• Memory Wail Sune Conuol for Memory 
Subsystem Simulalion 

• The DRAM subsystem provides zero wail-Sune 
posled wriles (0-040) and (2~) wail-state read. 

Fast Page-Mode DRAM SIMM Modules 
The EP80960Cx Evalualioo Plruform's memory 

design lakes advanrage of!he i960 CA/CF processor's 
bunII mode bus for inlerfacing will! fasl page-mode 
DRAM. The high-performance DRAM design Ulilu"s 
Ihree IeChniques: bank inlerfeaving. wrile posting and 
RAS inlerfeaving. 

Concurrent Interrogation of Memory 
and Registel'S 

The on-board MON960 Monilor allows !he user 10 
read and modify inlema! registers and exlema! memory 

, while running lite user's prognun. 

• 
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High Speed DowIIIoeds 
The 1'11181101 pan on Ihe EP80960Cx is a full imp/e. 

menWion of a CCllIIOIIics-c:ompaIible "","ive Only 
port. This pan allows fast downIoeds of code or data 10 
Ihe EP8096OCx. Inlel's sotIw ... lOOl .. uppon parallel 
downloads. 

Prototype and Expansion Bus 
The X·Bus allows !he user 10 qUICkly proIOIype 

simple appiic8l1OllS., Two rows of header pins on Ihe 
EP80960Cx provide buffered versions of address. data 
and control signals as well as 0Iber signals which ease 
Ihe task of inIerfaoing simple peripherals and I/O 
devices. The header pins also double as logic analyzer 
aa:e55 points. 

Communication Unk 
The EP80960Cx board COI1lIIIIIIIica with Ihe host 

computer via Ihe RS·232 link. ThIS plalform supports 
baud ..... t'ro\n 300 10 IIS200 baud. 

Power Requirements 
The EP80960Cx Evalualion Plalform req~i ... S 

vollS II 2500 mA, which Ihe included power supply 
provides. The EP80960Cx also supports. power 
supply !hal provides +SVDC I +12VDC for FLASH 
programming. 

I Host System Requirements 
The EPtI0960Cx EvalUaIion PIaIfonn interfaces 10 

eidter a UNIX· or DOS-based sysICIII. An InIeI486-
baS!'d PC is recommended. A DOS-based host system 
must meet Ihe following minimum requimnents: 
• PC·DOS 3.2 or Later 
• SI2 Kbytes of Memory 
• One 1.4 MbyIe AQppy Disk Drive 
• Serial PorI (COM I orCOM2) 
• Parallel Port (lPT1) (peraI1e1 port is optional) 

CFUpgrade 
Available for Ihe EP80960CX is a kit designed 10 

quickJy and easily tIJl8I1Ide your plalform 10 take 
advantage oflhe 80960CF micropnlcessorpetfor. 
mance. This kit supplies Ihe 80960CF COJI1IIClIIOIII and 
all documentation needed 10 make !he upple, 
Product Older code EPCF tIJl8I1Ide. 

EPII0960Cx FundIonaI (Block) DiItgnm 

I 



i960 SA/SB EVALUATION BOARD 

272033-1 

i960 SA/SB EVALUATION BOARD 
The EV80960SX board is a general purpose evaluation tool for the i960 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 i960 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 
features: 
• DRAM Subsystem operates at 

1-0-0-0-0-0-0-0 wait states for read and 
write cycles in the burst mode. The 
DRAM subsystem runs at the maximum 
processor frequency of 16 MHz, using 
100 ns fast page mode DRAMs. The 
DRAM subsystem can accommodate 
from 512 Kbytes to 4 Mbytes, using 4 or 8 
ZIP-packaged DRAMs. 

• Interleaved EPROM Subsystem executes 
burst program fetches with a 2-0-1-0-2-0-
1-0 wait state performance. 

The EPROM subsystem accommodates 
four, 32-pin or 28-pin 8-bit wide EPROMs 
with up to 150 ns access times. 
• Flash EPROM Subsystem reads and 

writes two 8-bit wide Flash EPROMS. 
• 8259A Interrupt Controller provides 

expanded interrupt capabilities using 
the i960 SA/SB's interrupt controller 
interface. 

• Parallel Port Input allows fast 
downloads of code or data to the 
EV80960SX board. The parallel port 
provides auto-busy and interrupt 
capabilities, and is a full implementation 
of the Centronics standard. 

ACE51, ICE and MCS. are registered trademarks of Intel Corporation. 
Ethernet is a registered trademark of Xerox Corporation. 

'CHMOS is a patented Intel process. 

June 1991 
Order Number: 272033-001 3-15 



i960 SA/SB EVALUATIQN BOARD 

• Two serial ports provide queued and 
interrupt driven stll'iIU transfer at up to 
128000 baud. ':," ,.' 

• 82C54 Timer/Counter provides a 32·bit 
counter and 16-bitcounter;eoo'b. with 
dedicated interrupts. ' ' 

• Expansion/PrototyPe Bus (XBUS) allows 
expansion cards and prototYPe hardware 
direct access to the i960,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. 

• LEOs 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 
coprocessor. 

I 1960™ II :!:: I SB·16 
Proce .. or 

• • • • 
I DRAM I I F~SH 

, Bi.trers 
;.;;;; 

-

I Interleaved 
EPROM I I E~=n I 

Connector I 

• Laser Printer Control provides interfaces to 
TEC or Can,on compa:tible'laserengines. 

.' Monitor and Self.tef!t diagnoStiCs are 
provided for the EV80960SX in the EPROMs 
installed in the board. 

The evaluation board comes C(lI11plete with a 
design database included on diskette, the 
,NINDY debug monitor on diskette and in 
EPROM, power arid serial cables, schematics 

, and User's manu8I. 

I 

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 
using the expansion bus (XBUS) connector. 

82C54 I 8259A 
Tlmerl Interrupt I Counter Controller 

I~PmWI L I 
I ::::. 

LEDa& bl 

~: 
Port 

Port 
DIP RS-232 

Swltchn , SerIal 

~I Parallel 
Port (INPUT)' I 

272033-2 

EV80960SX Evaluation Board 
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By railoring these low 

cost modules to be 

interchangeable, 

designers are freed frolll 

the burdensollle and 

time m/lSllming task of 

supporting multiple 

boards during (Ill 

architectural evaluation. 

October 1994 
Order Number: 272598·001 

I 
i960® Microprocessor 
Evaluation Platform 

CycloneEP 

Flexibility Plus 
JnICJ'~ Cyclone Evaluation Platform I~ dc\'gncd to plO· 

vide the developer with a flexible. low CO ... 1 environment for 
code eXf\.:ution and 'iottware debug. Configured a~ a 'tand­
alone bu"ic bo,rrd with mterchangeable module ... , the 
Cyclone EP I~ capable of ~upportmg the entire 1960" 
procc':>sor family: from the low cosll960 SA proce ... !>or 10 
the newe~t and highc\t peli'ormancc member of the ,960 
family. the it.)6() HT proce'l!lor. 

The ... Iandard mterface incorporJled on the Cyclone EP 
allow ... ;! de'iigner to'mterchange appilcatlon "pecitk mod­
ulc., rangmg from Ethernet 10 SCSI·j. Puhli'ihcd "ipcdlica­
liom for Ihe inlerface allow dClignen; 10 bUild Ihelr own 
module or have Cyclone MICTO\y\tems CUliiom develop it 
torlh,m. 

Processor Modules 
DeMgned ti" Ihe Cyclone EP arc CPU module< lealur­

mg a 'ipccilic 1960 proCe~M)r. By tailOring the!<.e four low 
co\l module!<. to be mterchangeable. the de\'gner I~ treed 
from the burden~orne and time con"lummg ta ... k of support-
109 muluple boards during an archileclUml evalualion. The 
CPU module, each eonlam a bool fla,h ROM wnh Ihe 
MON960 momtor. app"'pnale glue logiC and eonligur.llon 
~Wllchc!<l. U"Img the'\f \wltche\ the dCMgner hal, the ability 

10 funhcr lune Ihe deMgn. 

DRAM Memory 
The Cyclone EP" ,hipped Wllh 2 MbylC\ of mlcr­

ledved DRAM memory upgmdable 10 8 or 32 Mbyle> The 
DRAM controller aUlomallcally adju~ts the wuit-Matc:-. 
ba",d on proce"or Iype, clock frequency, and memory 
speed. The controller \Upports burst Inmsters uSing the 
Interleaved bank ... to max.imlzc pcrionnancc The dclauh 
memory configuratIon comcIi .. tandard with 7On ... memory. 
For prnccs~or lrequenclcs 01 2~ tlnd 40 MHz. perfonnance 

can be Mgmtieanlly lncrea"d by using 60n, memory The 
board reqUlre~ no ~huntlj or ",wltche'llo adJu~t for memm")' 
changes. The Pre..ence Deleel Signall and Ihe conlroller 
automallcally adju"t" [0 minimum wail··;tate~ for the 
proce .. ~{)r frequency and memory .. peedli. In addition the 
100tmlization code automaucally \17-e .. (he memory .. 0 u~r 
Mlitware can take advantage of larger memory module ... , 

Software Development Support 
The Cyclone EP ,"ppon, many lot\ware developmenl 

tooh. The in ... tallation instructIon .. pre~nted in the manual 
were venfied "Img Inlel\ GNUf')60 and IC960. The" 
advanced C~lunguagc compiler .. lor the 1%0 proce:-:.~or fam­
Ily are "vatlable tor DOS-baled 'Yllem, and a vanely ot 
UNIX work"allon hosl'. BOlh produels proVide execution 
profilmg and m"itrucUon scheduling opumlzatlon~ lor tuned 
code gcncmuon. In addl1101110 the Intel tool~, the Cyclone 
EP ha, been validall'<l for usc wllh many 01 Ihe 
SolUliom,960" plogram development tooh. 

Console Serial Port/Parallel Port 
The Cyclone EP ha'l a "lIlgle con. .. ole port With an RS-

232 hne intertace u .. well a.., it Ccntromx PC compatible 
mput pmallel pon ClIblel"are I,upplied tor both commUfll­
cation port:-. 

Cyclone Evaluation Platform Features 
• Interchangeable 1960 proce~sor module') 
• DIP 'Witch <electable pr<lC"Ior dock frequency 
• 2 Mbyle< of DRAM. expandable 1032 Mbyle< 
• DRAM controller automatically optimize, Walt- I,tate~ 

to procel,l,or frcquem:y and memory 

• Ralh ROM 'llCkel' 
• Parallel download pon 
,. Three Mxtccn bit counter/timerfl 
• Squall II module 110 expanllon inlertace 

3·17 



Squall II Module Interface 
The Cyclone EP ha~ a "mglc e\p.m~ion location 

(Squall 11) J.nd l'onnel1or. While Cyd(me 

Mlcro~y"ilcm .. has milny 011 the ... hell module\ avml M 

able. u .. er ... me ul ... oencoU1uged to huild thelfown lTI(xI· 

ules or contact Cyclone regarding clistom modulc~ and 
ho;~dl. Boa,,!> currently available thmugh both Intel 
and Cyclone Mlcr~Y!ltcm"i ,Ire: 

• Ethel11ct • SCSI-J 

• SCSI-2 • fli~h Speed Serial 

The Cyclone EP Functional Overview , 
I/O ,ub'Y1tcm pnJVl<ics data buffers and simphlicd­

l.:onll11l: 

• The Centronics compatible purallel port i.lllow:-, fast 
download of C(xle or data to the Cyclone EP 
The as)nchlOnml> serial IRS-2121 pnrt provides 
Ir;m!-.ter'l up 10 115.2 K bi.\ud. 

• A Z~536 timer/counter provide' three l6-bit coun· 
le!\. with inlcn'Uph. 

3-18 

A ... ingle ex.pan ... jon bu .. (Squall II module) allow>: 
c>..pan:o.lon caN!'> and extemal dcvicc!I din.~1 al."Cc~!I 
to the 1960 pnx:t~~or\ bu~ and control ~ignab. 

Product Ordering Information 
EPS0960BB Ba", Board Without CPU Module 
CPU81~)(i)HX' 

CPU8096I1CX 
CPU81196()SX 
CPU811960KX 
CPU81~)6(lJX 

HX MlCroprocew" CPU Module 
CX MlcmprocclSorCPU Module 
SX MIl·ropnx..'e~~()r CPU Module 
KX MlCloprocellOl CPU Module 
JX MicropfO<."C'~" CPU Module 

110 MODULES 
SQETHERNET 
SQHSS' 

ETHERNET MODULE ' 
HIGH SPEED SERIAL 
SCS/-2 SQSCSI-2' 

SQSCSI-.1' SCSI-3 IFAST AND WIDEI 

I f\,nl.w,ul,\hk 1111 Ihe C'Pl:XII"'(~I"X OR ('PllX(JlX~IS\ 

, !\ul ,wallahk tl!11hc ('Plll«JI)6I1SX 

I 
UNITE!) SWES 
Intel Corporation 
2206 Mis.,ion Co/lege Bou/o .. rd 
eo. Bo. 58119 
Santa Clara, CA 1J54l52-8119 

JAPAN 
Intol Japan K_K_ 
5-61okodai, Tsukuba-shi 
lbaraki. 34N~Z6 

FRANCE 
Intol CorpOration S.A.R.L. 
I. Rue Edison, BP 3413 
711054 Saint-Quentin .. n-V.oines Cedo. 

UNITED KINGDOM 
Intol Corporation (t:.K_I Ltd. 
Pipen.Way 
Swindon 
Wiltshire, England SN3 I RJ 

GERMANY 
IntolGmbH 
Duma.:her St ....... e 1 
8016 Feldkirchon bei Muenchen 

HONG KONG 
Intel Semirond ... 1ur Ltd. 
32IF Two Pa<if'" Place 
88 Qu .. nsway 
Central 

CANADA 
Intel Semiconductor of Canada, Ltd. 
190 Adwell Drivo. Suite 500 
Re.dale, Ontario M9W 6H8 

Cyclone MkroloY"~m\' Inc. 
z.~ Scilom't! Part 
Nf.'W Hln'en. CT 
""' ... , ~lVIIIOl-!5J6 
FAX,~MIt6,~125 

email: InftJOcycicme ... ·om 

l!IId (' .. rp"I.IUIII\ ,1"lun~, 110' l~'I'Ull"hll­
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NORTH AMERICAN SALES OFFICES 

...: 

ALABAMA Intel Corp. ·jlntel Corp. ·jlntel Corp. 
2250 Lucien Way Lincroft Center 

Intel Corp. Suite 100, Room 8 125 HaW Mile Road 
5000 Quorum Drive 

4024 Medford Drive MaRland 32751 Red Ban~ 07701 
Surte 750 

Hunlaville 35802 ~~f~~m~~~EORGIA Tel: (BOO) 628-8688 
Dallas 75240 

~~f~~gtr~tl=~ FA'!: (908) 747·0983NEW YORK 
Tel' (BOO) 828·8688 
FAX: (214) 233·1325 

ARIZONA 
jlntel Corp. ·Intel Corp. ·jlntel Corp 
20 Technology Park 
Suite 150 r.~~'\"4~~ OWice Park '20515 SH 249 

tlntel Corp. Noroross 30092 
Surte 401 

410 North 44th Street Tel. (800) 628·8686 ~800) 628·8688 Houston 77070 
SuRe 470 .510-253·7391 ~l~b.~~'\".~~~ Phoenix 85008 

FAX. (404) 448·0875 FAX: (716) 223·2561 

~~f~gg~f~t~S:6 IDAHO ·jlotel Corp 
FAX: (713) 376·2891 

~~~~ Cr?'r.v,ew Ave, SuRe C 
2960 Expreee Dr. South UTAH 

CALIFORNIA SUite 130 jlntel Corp 
Intel Corp. 

Bol.e83704 Islandia 11722 

~~(~ggLf~~7~~~ • ~~grb.%~.:: 
428 East 6400 South 

3550 Watt Avenue SuRe 135 
SuRe 140 ~~~(l~:~~.8688 Sacramento 95321 ILLINOIS 

FAX: (516) 348-7939 

Tel: (800) 628-9686 ·jlntel Corp. OHIO FAX' (801) 268-1457 
FAX' (916) 488·1473 Woodfield Corp Center '" ;:~,~r'J'br , Sune 205 

Intel Corp. 
jlntel Corp. 300 N. Martingale Road 2581 E Cobbleslone Way 

g:~I~~~H~~r D"ve Surte 400 Hudson 44236 ~:D1Xo\f9::.~~~ 
Schaumburg 60173 Tel: (800) 628·8686 

SanD~92123 FAX' (216) 528·1026 FAX: (801) 942·8815 
Tel' (8 628·8688 Tell (800) 628·8688 
FAX (61 ) 467-2460 FAX' (708) 605·9762 ·jlntel Corp WASHINGTON 

Intel Corp INDIANA 
3401 Park Center Drive jlntel Corp 
SUite 220 

1781 Fox Drive ¥:r~~g~~:.8686 
2800 156th Avenue SE 

San Jose 95131 jlntel Corp. SUite 105 

Tel. (800) 628·9688 8041 Knue Road Bellevue 98007 

FAX (408) 441·9540 Indianapolis 46250 TWX 810-450·2528 Tel (800) 628·8888 

~~~~~g~m~~~ 
FAX' (513) 890·8658 FAX' (208) 746-4495 

·jlntel Corp, OKLAHOMA 
1551 N Tustin Avenue WISCONSIN 
SUite 800 MARYLANO ~~g\ <;:'~'roadWay ~rggl ~"r?x.cutlve Dr Santa Ana 92701 ·jlntel Corp 

+WJ~2~b.~t~~~ 
Surte115 131 National Busln ... Parkway Oklahoma Crty 73162 

SUlle 401 
Surte 200 Brooldleld 53005 

FAX' (714) 541·9157 Annapell. Junction 20701 
Tel. (800) 628·8686 Tel: (800) 628·8688 

jlnlel Corp. Tel. (800) 628·8686 
FAX (405) 840·9819 FAX' (414) 789·2746 

15260 Venlura Boulevard FAX: (301) 206·3678 OREGON 
SUII.360 , MASSACHUSETTS CANADA Sherman oaks 91403 jlntel Corp. 
Tel' (800) 628·8686 

l::~~°3'cirp. Center 

15254 NW Greenbrier Pkwy 
FAX' (818) 995·6624 BUilding B BRtnSH COLUMBIA 

Intel Corp 5 Carlisle Road 
eeaverton 97008 Intel Semiconductor of 

120 Blnnlngham 2nd Floor ~l~b.~~~.~~~ Canada, Lid 
Surtell1H14 Westtord 01888 FAX (503) 645·8181 999 Canada Place 
Cardiff, CA 92007 l{l{l~~b.~~.~~~ Surt. 404, 'II 
Tel: (619) 942·8939 PENNSYLVANIA Vancouver V6C 3E2 
FAX. (619) 942·~849 FAX' (5D8) 692·7867 

·jlnlel Corp 
Tel. (800) 628-6686 

Intel Corp MICHIGAN 925 Harves! Drive 
FAX (604) 844·2813 

300 N Conllnental Blvd jlntel Corp 
Surte 200 ONTARIO 

SUllel00 Blue Bell 19422 

f~FeRI!8~~~~~~ 
7071 Orohard Lake Road Tel. (800) 628·8686 tlntel SemIConductor of 
Surtel00 Canada, Ltd 

FltJ (310) 64()"7133 Weet Bloomfield 48322 
FAX (215) 541-0785 2650 Queensvtew Drive 

Tel, (800) 628·8686 SOUTH CAROLINA Surte 250 

COLORADO FAX (313) 851-8770 
Intel Corp. 

onawa K2B 8H6 

·jlntel Corp Intel Corp 
Tel' (800) 628-8686 

7403 Parkiane Rd , Surte 4 FAX (613) 620·5936 
600 S. Cherry St 32255 N Westem HWV. Columbia 29223 
Surte 700 Surte 212, T" Alrla Tel (BOO) 628·8686 jlntel SamlConductor of 
Denver 80222 Fanmngton Hills 48334 FAX (803) 788-7999 Canada, Ltd 

~~g~6.~~~'.~~: 1:"ll~~3~~~~~~0 190 Attwetl Dnve 
Intel Corp. Su"e 500 

FAX. (303) 322-8670 MINNESOTA 
100 Executrve Center Dnve Rexdale MaW 6H8 
Surtel09, BI83 Tel (800) 628-8686 

CONNECT1CUT jlntel Corp 
GrasnVllle 29615 FAX' (416) 675·2439 

jlntel Corp 3500 W. BOth SI Tel. (800) 628·8668 

40 Old Rldgebury Road Surte 360 
FAX (803) 297-3401 QUEBEC 

Sune 311 Bloomington 55431 TEXAS tlntal SemIConductor of 
Danbury 06811 ~J~g~~~t~~ jlnlel Corp 

Canada, Lid 
Tel. (BOO) 628·8686 1 Rue Holiday, Tour Wast 
FAX: (203) 778·2168 FAX: (612) 831·6497 8911 N Caprtal ofT .... Hwy SUite 320 

Surte 4230 Pt. Claire H9R 5N3 
FLORIDA NEW JERSEY Austin 78759 . ~~(~o:>J.~:::: 
jlntel Corp InlelCorp 

Tel (800) 628-8688 

800 Fairway Drive 2001 Route 46, SuRe 310 FAX. (512) 338·9335 

Surte160 ~:F(Gggr~~l.~rMl315 Deerfield Beach 33441 

~~(~mf~~;~:~ 
FAX. (201) 402-4893 

jSal .. and Service OWlce 
·Reld ApplICation Location 



NORTH AMERICAN SERVICE OFFICES 

ALABAMA 

Blrmmgham 
Huntsville 

ALASKA 

Anchorage 

ARIZONA 

Phoenix· 
Tucson 

ARKANSAS 

Little Rock 

CALIFORNIA 

Bakersfield 
Brea 
Carson· 
Fresno 
Livermore 
Mar Del Rey 
Ontano· 
Orange 
Sacramento' 
San Diego· 
San FranCISco· 
Santa Clara-
Ventura 
Sunnyvale 
Walnut Creek-
Woodland Hills· 

COLORADO 

Colorado Spnngs 
Denver 
Englewood" 

CONNECTICUT 

Glastonbury· 

DELAWARE 

New Castle 

FLORIDA 

Ft Lauderdale 
Heathrow 
JacksonVille 
Melbourne 
Pensacola 
Tampa 
West Palm Beach 

ARIZONA 

ComputervlslOn Customer 
Education 

PrimeService 
Intel Corporation's North American Preferred Service Provider 

Central Dispatch: 1-800-876-SERV (1-800-876-7378) 

GEORGIA MICHIGAN NORTH DAKOTA UTAH 

Atlanta'" Ann Harbor Bismark Sail Lake Clly' 
Savannah Benton Harbor 
West Aobbl!1s Flint OHIO VIRGINIA 

Grand Rapids· CinCinnati· Charlottesville HAWAII leslie Columbus Glen Allen livonia'" Honolulu SI Joseph Dayton Maclean· 

~~~:~d~~~i;· Nortolk 
ILLINOIS Troy· Virginia Beach 

Buffalo· MINNESOTA ToledO· 
WASHINGTON 

Calumet City Bloomington· OREGON 
Chicago 

Dululh 
Bellevue· 

Lansing Beaverton· OlympJa 
Oak Brook MISSOURI Renton 

PENNSYLVANIA Richland 
INDIANA Springfield 8ala Cynwyd'" Spokane 

St. Louis' NEVADA Verdale Carmel· CampH,U' 
Ft Wayne Minden East Ene WASHINGTON D.C.' 

KANSAS Las Vegas Pittsburgh· 
Reno Wayne· SI. John WEST VIRGINIA 

Overland Park· 
NEW HAMPSHIRE SOUTH CAROLINA SI Albans 

Wichita 

KENTUCKY Manchester" Charleston WISCONSIN 
Charry Point 

LeXington NEW JERSEY Columbia Brookfield" 

LOUISVille Edison· Fountain Inn SOUTH Green Bay 

MadisonVille DAKOTA Madison 
Hamton Town" Wausau 

LOUISIANA Parsippany· SIOUX Falls 
CANADA 

Baton Rouge NEW MEXICO TENNESSEE 
Metane Albuquerque Bartlett 

Calgary" 
Edmonton 

MAINE NEW YORK 
Chattanooga Halifax 
KnOXVille London" 

Brunswick Albany' Nashville Montrea'" 

MARYLAND Amherst· TEXAS 
Ottawa 

Oewltt'* Toronto" 
Frederick Fairport· Austin Vancouver, BC" 
linthicum· Farmingdale· Bay Clly Winnipeg 
Rockville· New York City· Beaumont Regina 

MASSACHUSETTS NORTH CAROLINA 
Canyon 
College Station 
Houston· Boston· Brevard 

Natick· Charlotte Irving· 
Norton· Greensboro San AntOniO 
Springfield Haveluch Tyler 

Raleigh 
Wilmington 

NORTH AMERICAN 
CUSTOMER TRAINING CENTERS 

ILLINOIS 

Computervlslon Customer 
Education 

MASSACHUSETTS 

Computervlslon Customer 
Education 

2401 W Behrend Or , SUite 17 
PhoeniX 85027 

1 Oakbrook Terrace 
SUite 600 

11 Oak Park Drive 
Bedford 01730 

Tal 1·800-234-8806 

MINNESOTA 

3500 W 801h Sireet 
SUite 360 , 
Bloomington 55431 
Tel (612) 835·6722 

·Carry-In locations 

Oakbrook 60181 Tel 1-800-234·8806 
Tel 1-800·234-8806 

SYSTEMS ENGINEERING OFFICES 
NEW YORK 

2950 Expressway Dr , South 
Islandia 11722 
Tal (506) 231·3300 




