intei386™ DX MICROPROCESSOR

9. ELECTRICAL DATA

9.1 INTRODUCTION

The following sections describe recommended elec-
trical connections for the Intel386 DX, and its electri-
cal specifications.

9.2 POWER AND GROUNDING

9.2.1 Power Connections

The Intel386 DX is implemented in CHMOS |l and
CHMOS IV technology and has modest power re-
quirements. However, its high clock frequency and
72 output buffers (address, data, control, and HLLDA)
can cause power surges as multiple output buffers
drive new signal levels simultaneously. For clean on-
chip power distribution at high frequency, 20 V¢c
and 21 Vgg pins separately feed functional units of
the Intel386 DX.

Power and ground connections must be made to all
external Vo and GND pins of the Intei386 DX. On
the circuit board, all V¢ pins must be connected on
a Vg plane. All Vgg pins must be likewise connect-
ed on a GND plane.

9.2.2 Power Decoupling
Recommendations

Liberal decoupling capacitance should be placed
near the Intei386 DX. The intel386 DX driving its
32-bit parallel address and data buses at high fre-
quencies can cause transient power surges, particu-
larly when driving large capacitive loads.

Low inductance capacitors and interconnects are
recommended for bast high frequency electrical per-
formance. Inductance can be reduced by shortening
circuit board traces between the Intel386 DX and

intel.

decoupling capacitors as much as possible. Capaci-
tors specifically for PGA packages are also commer-
cially available, for the lowest possible inductancs.

9.2.3 Resistor Recommendations

The ERROR# and BUSY # inputs have resistor pull-
ups of approximately 20 KQ built-in to the Intel386
DX to keep these signals negated when no Intel387
DX coprocessor is present in the system (or tempo-
rarily removed from its socket). The BS16# input
also has an internal pullup resistor of approximately
20 K2, and the PEREQ input has an internal pull-
down resistor of approximately 20 K.

In typical designs, the external pullup resistors
shown in Table 9-1 are recommended. However, a
particular design may have reason to adjust the re-
sistor values recommended here, or alter the use of
pullup resistors in other ways.

9.2.4 Other Connection
Recommendations

For reliable operation, always connect unused in-
puts to an appropriate signal level. N.C. pins should
always remain unconnected.

Particularly when not using interrupts or bus hold,
(as when first prototyping, perhaps) prevent any
chance of spurious activity by connecting these as-
sociated inputs to GND:

Pin  Signal
B7 INTR
B8 NMI
D14 HOLD

If not using address pipelining, pullup D13 NA# to
Vee.

#f not using 16-bit bus size, pullup C14 BS16# to
Vee.

Pullups in the range of 20 K are recommended.

Table 9-1. Recommended Resistor Pullups to Vo

Pin and Signal Pullup Value

Purpose

E14 ADS# 20K £10%

Lightly Pull ADS # Negated
During Intel386 DX Hold
Acknowledge States

C10 LOCK# 20 KN £10%

Lightly Puli LOCK # Negated
During Intel386 DX Hold
Acknowledge States
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9.3 MAXIMUM RATINGS Table 9-2 is a stress rating only, and functional oper-
ation at the maximums is not guaranteed. Functional
Table 8-2. Maximum Ratings operating conditions are given in 9.4 D.C. Specifica-
tions and 9.5 A.C. Specifications.
Intel386™ DX
Parameter 20, 25, 33 MHz Extended exposure to the Maximum Ratings may af-
Maximum Rating tect device reliability. Furthermore, although the In-
Storage Temperature —65°C1o + 150°C tel386 DX contains prgtec_uve circuitry to resist dam-
Case Temperature Under Bias -65°Cto +110°C age ~1rom static ?'GCt.nc dlscharge, always take pre-
) cautions to avoid high static voltages or electric
Supply Voltage with Respect to Vgg| —0.5Vto +6.5V fields.
Voltage on Other Pins ~0.5VtoVge + 0.5V

9.4 D.C. SPECIFICATIONS
Functional Operating Range: Vcc = 5V +£5%; Tcage = 0°C to 85°C

Table 9-3. Intel386™ DX D.C. Characteristics

Intel386™ DX
20 MHz, 25 MHz, Test
Symbol Parameter 33 MHz Unit Conditions
Min Max
ViL Input Low Voltage -03 0.8 V [(Note 1) 3
ViH Input High Voltage 20 |Vec+03| V
ViLe CLK2 Input Low Voltage -0.3 0.8 V |(Note 1)
ViHe CLK2 Input High Voltage
20 MHz Voo — 0.8|Vge + 03[ v
25 MHz and 33 MHz 37 |Vgc +03| V
Vou Output Low Voltage
loL = 4 mA: A2-A31, DO-D31 045 | V
oL = 5 mA: BEO#~BE3#, W/R#, 0.45 v
D/C#, M/IO#, LOCK #, ADS #, HLDA
Vou Output High Voltage
loH = 1 mA: A2-A31, DO-D31 24 v
loH = 0.9 mA: BEO# —-BE3#, W/R #, 2.4 v
D/C#,M/IO#, LOCK#, ADS#, HLDA
Iy Input Leakage Current +15 pA |0V < VN € Voo
(For All Pins except BS16 #, PEREQ, BUSY #,
and ERROR #)
iH Input Leakage Current 200 | pA |ViH = 2.4V (Note 2)
(PEREQ Pin)
L Input Leakage Current —400 | pA |V)L = 0.45 (Note 3)
(BS16+#, BUSY #, and ERROR # Pins)
Lo Output Leakage Current +15 | pA |0.45V < Voyt < Voo
lcc Supply Current (Note 4)
CLK2 = 40 MHz: with 20 MHz Intel386™ DX 260 | mA |icc Typ. = 200 mA
CLK2 = 50 MHz: with 25 MHz Intel386™ DX 320 mA |lgc Typ. = 240 mA
CLK2 = 66 MHz: with 33 MHz intel386™ DX 390 | mA |lcc Typ. = 300 mA
CiN Input or I/0 Capacitance 10 pF |Fc = 1 MHz
Cour |Output Capacitance 12 | pF |Fg = 1 MHz
Cclk | CLK2 Capacitance 20 pF |Fc = 1 MHz

NOTES:

1. The min value, —0.3, is not 100% tested.

2. PEREQ input has an internal pulidown resistor.

3. BS16#, BUSY # and ERROR# inputs sach have an internal pullup resistor.

4. CHMOS 1V Technology (CHMOS IIl Max Icc at 20 MHz, 25 MHz = 500 mA, 550 mA).
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9.5 A.C. SPECIFICATIONS

9.5.1 A.C. Spec Definitions

The A.C. specifications, given in Tables 9-4, 9-5, and
9-6, consist of output delays, input setup require-
ments and input hold requirements. All A.C. specifi-
cations are relative to the CLK2 rising edge crossing
the 2.0V level.

A.C. spec measurement is defined by Figure 9-1. In-
puts must be driven to the voltage levels indicated
by Figure 9-1 when A.C. specifications are mea-
sured. Intel386 DX output delays are specified with
minimum and maximum limits, measured as shown.
The minimum Intel386 DX delay times are hold times

.

Il'ltel .
provided to external circuitry, intel388 DX input set-
up and hold times are specified as minimums, defin-
ing the smallest acceptable sampling window. Within

the sampling window, a synchronous input signal
must be stable for correct intel386 DX operation.

Outputs NA#, W/R#, D/C#, M/IO#, LOCK#,
BEO#-BE3#, A2-A31 and HLDA only change at
the beginning of phase one. D0O-D31 (write cycles)
only change at the beginning of phase two. The
READY #, HOLD, BUSY+#, ERROR#, PEREQ and
D0-D31 (read cycles) inputs are sampled at the be-
ginning of phase one. The NA#, BS16#, INTR and
NMI inputs are sampiled at the beginning of phase
two.

ez [

QUTPUTS

(A2~A31,D/C4, BEO#~BE3H, 1.5V

£ .

VALID OUTPUT ne1

ADS§, M/104, W/R§, LOCK#, HLDA)

OUTPUTS
(D0-D31)

VALID OUTPUT n 1.5V, 1.8V VALID OUTPUT ne1

INPUTS

(NA#,BS164, [ o

3.0v
1.5V VALID INPUT 1.5V,

INTR, NMI)

INPUTS
(READY#, HOLD, BUSY#,
ERROR#, PEREQ, DO~D31)

LEGEND:

NOTES:
1. Input waveforms have tr < 2.0 ns from 0.8V to 2.0V.

@ - MAXIMUM OUTPUT DELAY SPEC.
(@ - MINIMUM OUTPUT DELAY SPEC.
© - MINIMUM INPUT SETUP SPEC.
© - MINIMUM INPUT HOLD SPEC.

—

3.0v
ov

;SSSSSSSSﬂisv VALID INPUT ISV}QS:&Q;:&Q:
I

231630-37

2. See section 9.5.8 for typical output rise time versus load capacitance.

Figure 9-1. Drive Levels and Measurement Points for A.C. Specifications
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9.5.2 A.C. Specification Tables
Functional Operating Range: Vog = 5V +£5%; Toase = 0°C to +85°C

Intel386™ DX MICROPROCESSOR

Table 9-4. 33 MHz Intel386™ DX A.C. Characteristics

33 MKz Ref.

Symbol Parameter Intel386™ DX | Unit Fig. Notes
Min Max
Operating Frequency 8 33.3 |MHz Half of CLK2 Frequency

t CLK2 Period 16.0 62.5 ns | 9-3
t2a CLK2 High Time 6.25 ns | 9-3 |at2v
t2b CLK2 High Time 4.5 ns | 9-3 |at3.7V
t3a CLK2 Low Time 6.256 ns | 9-3 |atav
t3b CLK2 Low Time 45 ns | 8-3 | at0.8v
t4 CLK2 Fall Time ns | 8-3 | 3.7V t0 0.8V (Note 3)
15 CLK2 Rise Time ns | 8-3 | 0.8V t0 3.7V (Note 3)
t6 A2-A31 Valid Delay 4 15 | ns | 9-5 |C_ = S50 pF
t7 A2-A31 Float Delay 4 20 ns | 9-6 | (Note 1)
t8 BEO# -BE3#, LOCK # Valid Delay 4 15 ns | 9-6 |C = 50 pF
9 BEO# -BE3 #, LOCK # Float Delay 4 20 ns | 9-6 | (Note 1)
t10 W/R#, M/I0O#, D/C#, Valid Delay 4 15 ns | 9-5 | C_ = 50pF
t10a ADS # Valid Delay 4 145 | ns | 9-5 |C = 50pF
11 W/R#,M/IO#,D/C#,ADS# FloatDelay | 4 20 ns | 8-6 | (Note 1)
t12 D0O-D31 Write Data Valid Delay 7 24 ns | 9-5a| C_ = 50 pF, (Note 4)
t12a D0-D31 Write Data Hold Time 2 9-5b | C = 50 pF
113 D0-D31 Float Delay 4 17 ns | 9-6 | (Note 1)
t14 HLDA Valid Delay 4 20 ns | 9-6 | C_ = 50pF
t15 NA# Setup Time 5 ns | 9-4
t16 NA# Hold Time 2 ns | 8-4
117 BS16+# Setup Time 5 ns | 94
118 BS16+# Hold Time 2 ns | 9-4
t19 READY # Setup Time 7 ns | 9-4
t20 READY # Hold Time 4 ns | 9-4
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9.5.2 A.C. Specification Tables (Continued)
Functional Operating Range: Voc = 5V 1+5%; Tcase = 0°C to +85°C

Table 9-4. 33 MHz Intel386T™ DX A.C. Characteristics (Continued)

33 MHz Ref.
Symbol Parameter Intel386™ DX Unit Fig. Notes
Min Max
t21 D0-D31 Read Setup Time 5 ns 9-4
t22 D0-D31 Read Hold Time 3 ns 9-4
t23 HOLD Setup Time 1 ns 9-4
t24 HOLD Hold Time 2 ns 8-4
t2s RESET Setup Time 5 ns 9-7
t26 RESET Hold Time 2 ns 9-7
t27 NMI, INTR Setup Time 5 ns 9-4 (Note 2)
128 NMI, INTR Hold Time 5 ns 94 (Note 2)
t29 PEREQ, ERROR #, BUSY # Setup Time 5 ns 9-4 {Note 2)
t30 PEREQ, ERROR #, BUSY # Hold Time 4 ns 9-4 (Note 2)
NOTES:

1. Float condition occurs when maximum output current becomes less than I ¢ in magnitude. Float delay is not 100%

tested.

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes,
to assure recognition within a specific CLK2 period.
3. Rise and fall times are not tested.

4. Min. time not 100% tested.
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9.5.2 A.C. Specification Tables (Continued)
Functional Operating Range: Voc = 5V 15%; Tcase = 0°C to +85°C

Table 9-5. 25 MHz Intel386™ DX A.C. Characteristics

25 MHz Ref.

Symbol Parameter Intel386™ DX | Unit Fig. Notes
Min Max
Operating Frequency 4 25 |MHz Half of CLK2 Frequency

1 CLK2 Period 20 125 ns | 9-3
t2a CLK2 High Time 7 ns | 9-3 {at2Vv
t2b CLK2 High Time 4 ns | 9-3 |at3.7V
t3a CLK2 Low Time 7 ns | 9-3 |at2v
t3b CLK2 Low Time 5 ns | 9-3 | at0.8vV
t4 CLK2 Fall Time 7 ns | 8-3 | 3.7Vto 0.8V
15 CLK2 Rise Time 7 ns | 8-3 |0.8Vt03.7V
té A2-A31 Valid Delay 4 21 ns | 9-5 |C_ = 50 pF
t7 A2-A31 Float Delay 4 30 ns | 9-6 | (Note 1)
8 BEO# -BE3# Valid Delay 4 24 ns | 8-5 |CL = 50 pF
t8a LOCK # Valid Delay 4 21 ns | 9-5 |C_ = 50 pF
t9 BEO#-BE3#, LOCK# Float Delay 4 30 ns | 9-6 | (Note 1)
t10 W/R#,M/10#,D/C#, ADS# Valid Delay 4 21 ns | 9-5 |C_ = 50pF
t1 W/R#,M/IO#,D/C#, ADS # Float Delay 4 30 ns | 9-8 | (Note 1)
t12 D0-D31 Write Data Valid Delay 7 27 ns | 9-5a|Cy = 50 pF
t12a D0-D31 Write Data Hold Time 2 9-5b | C_ = 50 pF
t13 D0-D31 Float Delay 4 22 ns | 9-6 | (Note 1)
t14 HLDA Valid Delay 4 22 ns | 9-6 |C_ = 50 pF
t15 NA+# Setup Time 7 ns | 94
t16 NA# Hold Time 3 ns | 9-4
117 BS16+# Setup Time 7 ns | 94
t18 BS16+# Hold Time 3 ns | 9-4
t19 READY # Setup Time 9 ns | 9-4
120 READY # Hold Time 4 ns | 9-4

I 3-231



a
intel386™ DX MICROPROCESSOR an °

9.5.2 A.C. Specification Tables (Continued)
Functional Operating Range: Vgc = 5V £5%; Tcagg = 0°C to +85°C

Table 9-5. 25 MHz Intei386™ DX A.C. Characteristics (Continued)

25 MHz Ret.
Symbol Parameter intel386™ DX Unit Fig. Notes
Min Max
t21 D0-D31 Read Setup Time 7 ns 9-4
t22 D0-D31 Read Hold Time 5 ns 9-4
123 HOLD Setup Time 15 ns 9-4
t24 HOLD Hold Time 3 ns 9-4
t25 RESET Setup Time 10 ns 9-7
t26 RESET Hold Time 3 ns 9-7
127 NMI, INTR Setup Time 6 ns 9-4 (Note 2)
t28 NMI, INTR Hold Time 6 ns 94 (Note 2)
t29 PEREQ, ERROR #, BUSY # Setup Time 6 ns 9-4 (Note 2)
t30 PEREQ, ERROR #, BUSY # Hold Time 5 ns 9-4 (Notes 2, 3)
NOTES:

1. Float condition occurs when maximum output current becomes less than I g in magnitude. Float delay is not 100%
tested.
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes,
to assure recognition within a specific CLK2 period.
3. Symbol Parameter Min

Tc = 0C t30 PEREQ, ERROR#, BUSY # Hold Time 4

Tc = +85°C 30 PEREQ,ERROR#,BUSY# HoldTime 5
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9.5.2 A.C. Specification Tables (Continued)
Functiona! Operating Range: Voo = 5V 15%; Tgase = 0°C to +85°C

Table 9.6. 20 MHz Intel386™ DX A.C. Characteristics

Intel386™ DX MICROPROCESSOR

20 MHz Ret
Symbol Parameter Intei386™ DX Unit Flg.. Notes
Min Max
Operating Frequency 4 20 MHz Half of CLK2
Frequency

t4 CLK2 Period 25 125 ns 9-3

tog CLK2 High Time 8 ns 9-3 at2v

top CLK2 High Time 5 ns 9-3 at(Vcc — 0.8V)

t3a CLK2 Low Time 8 ns 9-3 atav

t3p CLK2 Low Time 6 ns 9-3 at0.8v

14 CLK2 Fall Time 8 ns 9-3 (Vcc — 0.8V) to 0.8V

ts CLK2 Rise Time 8 ns 9-3 0.8V to (Vo — 0.8V)

ts A2-A31 Valid Delay 4 30 ns 9-5 CL = 120 pF

tz A2-A31 Float Delay 4 32 ns 9-6 (Note 1)

tg BEO# -BE3#, LOCK# 4 30 ns 9-5 C_ = 75pF
Valid Delay

to BEO# -BE3#, LOCK# 4 32 ns 9-6 (Note 1)
Float Delay

ti0 W/R#, M/IO#,D/C#, 6 28 ns 9-5 CL = 75pF
ADS# Valid Delay

ty4 W/R#,M/IO#, D/C#, 6 30 ns 9-6 (Note 1)
ADS # Float Delay

t12 DO0-D31 Write Data 4 38 ns 9-5¢ CL = 120 pF
Valid Delay

t13 D0-D31 Float Delay 4 27 ns 9-6 (Note 1)

t14 HLDA Valid Delay 6 28 ns 9-6 CL =75pF

tis NA# Setup Time 9 ns 9-4

tig NA# Hold Time 14 ns 94

t17 BS16+# Setup Time 13 ns 9-4

t4g BS16+# Hold Time 21 ns 9-4

t19 READY # Setup Time 12 ns 9-4

too READY # Hold Time 4 ns 9-4

t24 D0-D31 Read 1 ns 9-4
Setup Time

too D0-D31 Read 6 ns 9-4
Hold Time

taa HOLD Setup Time 17 ns 9-4

124 HOLD Hold Time 5 ns 9-4

tos RESET Setup Time 12 ns 9-7
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9.5.2 A.C. Specification Tables (Continued)

Functional Operating Range: Vo = 5V £5%; Tcase = 0°C to +85°C

Table 9-6. 20 MHz Intei386™ DX A.C. Characteristics (Continued)

20 MHz Ret
Symbol Parameter Intel388™ DX Unit Fi g. Notes
Min Max

tog RESET Hold Time 4 ns 9-7

to7 NMI, INTR Setup Time 16 ns 9-4 {Note 2)

tog NMI, INTR Hold Time 16 ns 9-4 {Note 2)

t29 PEREQ, ERROR#, BUSY # 14 ns 9-4 (Note 2)
Setup Time

ta0 PEREQ, ERROR #, BUSY # 5 ns 9-4 (Note 2)
Hold Time

NOTES:

1. Float condition occurs when maximum output current becomes less than I o in magnitude. Float delay is not 100%

tested.

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes,
to assure recognition within a specific CLK2 period.
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9.5.3 A.C. Test Loads 9.5.4 A.C. Timing Waveforms
Intel388 DX CPU
OUTPUT °__|
; G
231630-38 -
C_ = 120 pF on A2-A31, DO-D31 -
C_ = 75 pF on BEO# -BE3#, W/R#, M/IO#, D/C#, ADS#,
LOCK #, HLDA
Cy includes all parasitic capacitances.
231630-39
Figure 9-2. A.C. Test Load Figure 9-3. CLK2 Timing
Tx Tx
#2 #
CcLK2 [ WL \ i,_\_)
(9 3
reovs [ OO N
4)
HOLD [ §
—@D)—r—@)—
DO-D31 I: ﬁ
{INPUT) \
@)
BUSYA, il
oy [ O
Q——@——
nar [ AN m
‘
BS164 |: m
AN G —
INTR,
NMI
231630-40

Figure 9-4. Input Setup and Hold Timing
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T

2 "

4

\

\ \

i

BEO#-BE3,
LOCK#
(9609
Wi I
A2=A31 |: VALID n ¥
HLDA I:

-
_YALD n RN VALID né1

%

231630-41

Figure 9-5. Output Valid Delay Timing

T
¢, ¢
wel A NF A\
ol

: min.| max.
DO-DSI[ - - -l - @VALID n+t

231630-79

T
¢, : L2
cLk2 [w
w/RE [ : min.
VALD n ' w

00-031[

231630-80

Figure 9-5a. Write Data Valid Delay Timing
(25 MHz, 33 MHz)

Flgure 9-5b. Write Data Hold Timing
(25 MHz, 33 MHz)

m,

'
‘| : ‘2

[ [

'

[

[

min., max.

DO-DSI[ VALID n !

VALID n+1

'

231630-81

Figure 9-5¢c. Write Data Valid Delay Timing (20 MHz)
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9.5.5 Typical Output Valid Delay Versus Load Capacitance

at Maximum Operating Temperature (C,. = 120 pF)

nom+6

nom+3 —

nom

nom=3

OUTPUT VALID DELAY (ns)

nom=6 [—

|

nom=9

50 75 100 125

C\ (picofarads)

NOTE:
This graph will not be linear outside of the C range shown.

231630-77

9.5.6 Typical Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (C, = 75 pF)

'
'
'
nom=3 [— :
'
)

nom+9 [— —]
é nom+6
>
3
a nom+3
e
3
[ nom
>
g
2
o

nom=6 |—

75 100 125
C, (picofarads)

NOTE:
This graph will not be linear outside of the C; range shown.

150

231830-82
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9.5.7 Typical Output Valid Delay Versus Load Capacitance
at Maximum Operating Temperature (C_ = 50 pF)

nom#9 |— —

nom +6

nom+3

OUTPUT VALID DELAY (ns)

hom

nom=3 [— | | | —
50 75 100 125 150

C (plcoforad
t (pleoforads) 231630-83
NOTE:
This graph will not be linear outside of the C; range shown.
9.5.8 Typical Output Rise Time Versus Load Capacitance
at Maximum Operating Temperature
]

3

~

1

2

[=]

z

i

w2 ]

]

3

8 | N |
50 75 100 125 150
C, {picofarads)
231630-76

NOTE:
This graph will not be linear outside of the C|_range shown.
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Th TTORTH
'yl " 2 # o2
CLK2 I: ;‘ \ 1! \ ;! \ ’! \
)
@ MIN qu@\V MIN MAX
BEO#-BE34, [ 11 _ _ _|_ I/ -
LOCK# (HIGH Z)
U MIN urx OOt MAX
W/R#.M/IO#.[ A R A S
D/C#, ADS# (HMIGH Z)
@ MIN MAX ® MIN MAX
A2-A31 L - -4+ = — =t — - 4 —
[ 1T (hichz)
@ MIN wax MIN MAX
DO=D31 R T e
I: (HIGH 2)
ALSO APPLIES TO DATA FLOAT WHEN WRITE
CYCLE IS FOLLOWED BY READ OR IDLE
[ 4 TN lwax Tt MAX 3
HLDA
231630-42

Figure 8-6. Qutput Float Delay and HL.DA Valld Delay Timing

+——RESET —+

INITIALIZATION SEQUENCE ———

#2 OR ¢1 02 OR ¢1 ‘ ‘ l

The second internal processor phase following RESET high-to-low transition (provided tz5 and tog are met) is $2.

Figure 9-7. RESET Setup and Hold Timing, and internal Phase

231630-43
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