






































































































































80960JA/JF/JD/JT 3.3 V Microprocessor I ntel e

Table 23. 80960Jx AC Characteristics (Sheet 3 of 3)

Symbol ‘ Parameter Min Max Unit Notes
Tasist Input Setup to TCK — TDI, TMS 4 ns
TgsiHi | Input Hold from TCK — TDI, TMS 6 ns
Tgsovi | TDO Valid Delay 3 30 ns (1,10)
Tesort1 | TDO Float Delay . 3 30 ns (1,10)
Tesovz | All Outputs (Non-Test) Valid Delay 3 30 ns (1,10)
Tesorz | All Outputs (Non-Test) Float Detay 3 30 ns (1,10)
Input Setup to TCK — All Inputs
Tesis2 (NFzm-Test)p P 4 ns
Input Hold from TCK — All Inputs
Tesinz (NF:)n‘Test) P 6 ns

NOTE:
See Table 24 on page 47 for note definitions for this table.
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Table 24. Note Definitions for Table 23, 80960Jx AC Characteristics (pg. 44)

NOTES:
1. Not tested.

2. To ensure a 1:1 relationship between the amplitude of the input jitter and the internal clock, the jitter
frequency spectrum should not have any power peaking between 500 KHz and 1/3 of the CLKIN
frequency.

3. Inactive ALE/ALE refers to the falling edge of ALE and the rising edge of ALE. For inactive ALE/ALE
timings, refer to Relative Output Timings in this table.

4. A float condition occurs when the output current becomes less than Io, . Float delay is not tested, but is
designed to be no longer than the valid delay.

5. AD31:0 are synchronous inputs. Setup and hold times must be met for proper processor operation. NMI
and XINT7:0 may be synchronous or asynchronous. Meeting setup and hold time guarantees recognition
at a particular clock edge. For asynchronous operation, NMI and XINT7:0 must be asserted for a
minimum of two CLKIN periods to guarantee recognition.

6. RDYRCV and HOLD are synchronous inputs. Setup and hold times must be met for proper processor
operation.

7. RESET may be synchronous or asynchronous. Meeting setup and hold time guarantees recognition at a
particular clock edge.

8. ONCE and STEST must be stable at the rising edge of RESET for proper operation.
9. Guaranteed by design. May not be 100% tested.
10.Relative to falling edge of TCK.

11.Worst-case Ty condition occurs on /O pins when pins transition from a floating high input to driving a
low output state. The Address/Data Bus pins encounter this condition between the last access of a read,
and the address cycle of a following write. 5 V signals take 3 ns longer to discharge than 3.3 V signals at
50 pF loads.

4.7.1 AC Test Conditions and Derating Curves

The AC Specifications in Section 4.7, “AC Specifications” are tested with the 50 pF load indicated
in Figure 10. Figure 11 shows how timings and output rise and fall times vary with load
capacitance.

Figure 10.  AC Test Load

Output Pin
c Cy_ = 50 pF for all signals

| S —

J,
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Figure 11.  Output Delay or Hold vs. Load Capacitance
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Figure 12. T x vs. AD Bus Load Capacitance
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Note: The T| x Derating curve applies only when an imbalance in the capacitive load occurs between the
AD bus and ALE. The Ty x derating is based on a 50 pF load on ALE. The derating applies to ALE

and ALE.

48

Advance Information Datasheet



intel.

Figure 13.

Figure 14.

80960JA/JF/JD/JT 3.3 V Microprocessor

80960JA/JF Icc Active (Power Supply) vs. Frequency

lcc Active (Power Supply) vs Frequency
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80960JA/JF Ioc Active (Thermal) vs. Frequency
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Figure 15.

Figure 16.

50

809604D Icc Active (Power Supply) vs. Frequency

Icc Active (Power Supply) vs. Frequency
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80960JD I Active (Thermal) vs. Frequency
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Figure 17.  80960JT Icc Active (Power Supply) vs. Frequency
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Figure 18.  80960JT I Active (Thermal) vs. Frequency
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4.7.2

Figure 19.

Figure 20.
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CLKIN Waveform

AC Timing Waveforms
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Figure 21.  Tog Output Float Waveform
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Figure 22.  T,sy and T\, Input Setup and Hold Waveform
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Figure 23.  Tg; and Ty, Input Setup and Hold Waveform
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Figure 24.  T,g3 and T3 Input Setup and Hold Waveform

Figure 25.  Tg4 and Ty, Input Setup and Hold Waveform
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Figure 26. Ty, T x. and T x5 Relative Timings Waveform
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Figure 27. DT/R and DEN Timings Waveform
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Figure 28.

Figure 29.

Figure 30.
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TCK Waveform
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Figure 31.  Tggov2 and Tggorz Output Delay and Output Float Waveform
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5.0

Bus Functional Waveforms

Figure 33.

58

Figure 33 through Figure 38 illustrate typical 80960Jx bus transactions. Figure 39 depicts the bus
arbitration sequence. Figure 40 illustrates the processor reset sequence from the time power is
applied to the device. Figure 41 illustrates the processor reset sequence when the processor is in
operation. Figure 42 illustrates the processor ONCE sequence from the time power is applied to the
device. Figure 44 and Figure 45 also show accesses on 32-bit buses. Table 27 through Table 29
summarize all possible combinations of bus accesses across 8-, 16-, and 32-bit buses according to
data alignment.

Non-Burst Read and Write Transactions Without Wait States, 32-Bit Bus

TagTd TriTiiTiiTa§TdiTr§Ti.Tlx
AD31:0 Invalid XADDRX DATA Out
T H H T T T
§ ] ; ¢ !
ALE i : / \ ] : i
i H § i § H
ADS i H \ H / § i H
{ i T i i H
A3:2 X
BE3:0 \ / i
WIDTH1:0 10
D/C
WR
BLAST
DTR
DEN
RDYRCV
F_JFO30A
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Figure 34. Burst Read and Write Transactions Without Wait States, 32-Bit Bus
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Figure 35. Burst Write Transactions With 2,1,1,1 Wait States, 32-Bit Bus

Ta Tw Tw To Tw To Tw Tp Tw Tp Tr

CLKIN

AD31:0

H
L—
ALE : ’
f
H
H
t

A3:2

o

o
\

e
e

P
\

WIDTH1:0

D/C

W/R

RDYRCV

{ F_JF0O32A

60 Advance Information Datasheet



| ]
I nu ® 80960JA/JF/JD/JT 3.3 V Microprocessor

Figure 36.  Burst Read and Write Transactions Without Wait States, 8-Bit Bus
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Figure 37. Burst Read and Write Transactions With 1, 0 Wait States and Extra Tr State on
Read, 16-Bit Bus
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Figure 38.

80960JA/JF/JD/JT 3.3 V Microprocessor

Double Word Read Bus Request, Misaligned One Byte From

Quad Word Boundary, 32-Bit Bus, Little Endian
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Figure 39.

64

HOLD/HOLDA Waveform For Bus Arbitration

CLKIN [
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AD31:0,
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Tyor TR TH TH T| or Ta

N
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HOLD

HOLDA Note) / \

NOTE: HOLD is sampled on the rising edge of CLKIN. The processor asserts HOLDA to grant the bus on the
same edge in which it recognizes HOLD if the last state was T; or the last T, of a bus transaction. Similarly,
the processor deasserts HOLDA on the same edge in which it recognizes the deassertion of HOLD.
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for 80960JA/JF.

"0 anbig

WJOJaARA\ 18S3Y PI0D

10559201dOIdIN A £°€ LI/Ar/4r/vVrogeos



80960JA/JF/JD/JT 3.3 V Microprocessor

Figure 41.
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Warm Reset Waveform
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5.1

Figure 43.

68
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Basic Bus States

The bus has five basic bus states: idle (Ti), address (Ta), wait/data (Tw/Td), recovery (Tr), and hold
(Th). During system operation, the processor continuously enters and exits different bus states.

The bus occupies the idle (Ti) state when no address/data transactions are in progress and when RESET is
asserted. When the processor needs to initiate a bus access, it enters the Ta state to transmit the address.

Following a Ta state, the bus enters the Tw/Td state to transmit or receive data on the address/data
lines. Assertion of the RDYRCV input signal indicates completion of each transfer. When data is
not ready, the processor can wait as long as necessary for the memory or I/O device to respond.

After the data transfer, the bus exits the Tw/Td state and enters the recovery (Tr) state. In the case of a
burst transaction, the bus exits the Td state and re-enters the Td/Tw state to transfer the next data word.
The processor asserts the BLAST signal during the last Tw/Td states of an access. Once all data words
transfer in a burst access (up to four), the bus enters the Tr state to allow devices on the bus to recover.

The processor remains in the Tr state untit RDYRCV is deasserted. When the recovery state
completes, the bus enters the Ti state if no new accesses are required. If an access is pending, the
bus enters the Ta state to transmit the new address.

Bus States with Arbitration

(READY AND BURST)
OR NOT READY

-/

RECOVERED AND
EQUEST READY AND NO BURST
PENDING AND (NO
HOLD OR LOCKED)
REQUEST PENDING NOT
AND (NO HOLD OR RECOVERED
LOCKED)
REQUEST RECOVERED AND
PENDING AND NO REQUEST AND
NO REQUEST NO HOLD (NO HOLD OR
AND (NO HOLD LOCKED)

OR LOCKED)

ONCE & RESET
DEASSERTION

RECOVERED AND
HOLD AND NOT
LOCKED

AND NO HOLD

HOLD AND
NOT LOCKED

READY — RDYRCV ASSERTED
NOT READY — RDYRCV NOT ASSERTED
BURST — BLAST NOT ASSERTED
NO BURST — BLAST ASSERTED
RECOVERED — RDYRCV NOT ASSERTED
NOT RECOVERED — RDYRCV ASSERTED

Ti — IDLE STATE

Ta— ADDRESS STATE

Tw / Td — WAIT/DATA STATE
Tr— RECOVERY STATE

Th —HOLD STATE

To — ONCE STATE

ONCE

REQUEST PENDING — NEW TRANSACTION
NOREQUEST — NO NEW TRANSACTION
HOLD — HOLD REQUEST ASSERTED
NOHOLD — HOLD REQUEST NOT ASSERTED
LOCKED — ATOMIC EXECUTION (ATADD, ATMOD) IN PROGRESS
NOT LOCKED — NO ATOMIC EXECUTION IN PROGRESS
RESET — RESET ASSERTED

— ONCE ASSERTED

Advance Information Datasheet



]
I nU ® 80960JA/JF/JD/JT 3.3 V Microprocessor

5.2 Boundary-Scan Register

The Boundary-Scan register contains a cell for each pin as well as cells for control of I/O and HIGHZ pins.
Table 25 shows the bit order of the 80960Jx processor Boundary-Scan register. All table cells that

contain “CTL” select the direction of bidirectional pins or HIGHZ output pins. If a “1” is loaded
into the control cell, the associated pin(s) are HIGHZ or selected as input.

Table 25. Boundary-Scan Register Bit Order

Bit Signal c',':l':::"t Bit Signal é‘:ﬁ:ﬂt Bit | Signal c',’:}:;:j/t
0 | RDYRGV (TDI) | 24 DEN ) 48 | AD17 e
1 HOLD | 25 HOLDA 0 49 | AD16 10
2 XINTO | 26 ALE 0 50 | AD15 V0
3 XINTT | 27 L_O_CESNCE Enablecell’ | 51 | AD14 Vo
4 XINTZ | 28 | LOCK/ONCE /0 52 | ADI3 Vo
5 XINT3 | 29 BSTAT ) 53 | AD12 e
6 XINTZ | 30 BEO o 54 | ADcells | Enable
7 XINTS | 31 BET 0 55 | AD11 e
8 XINTG | 32 BEZ 0 56 | AD10 1o
9 XINT7 | 33 BE3 0 57 | AD9 10
10 NV | 34 AD31 Vo 58 | ADS8 0
1 FAL | 35 AD30 Vo 59 | AD7 0
12 ALE ) 36 AD29 Vo 60 | AD6 Vo
13 | WIDTH/HLTDA 0 37 AD28 Vo 61 | AD5 /0
14 | WIDTH/HLTDO 0 38 AD27 Vo 62 | AD4 Vo
15 A2 ) 39 AD26 Vo 63 | AD3 Vo
16 A3 0 40 AD25 Vo 64 | AD2 /o
17 | CONTROL{ | Enablecelll | 41 AD24 o 65 | AD1 Vo
18 | CONTROL2 | Enablecelll | 42 AD23 0 66 | ADO Vo
19 BLAST 0 43 AD22 0 67 | CLKIN |

20 DIC ) 44 AD21 e 68 | RESET i

21 ADS 0 45 AD20 o 69 S(IS(S))T |

22 WR ) 46 AD19 V0

23 DTR ) 47 AD18 /0

NOTE:

1. Enable cells are active low.
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Table 26.

Table 27.

Table 28.

70

Natural Boundaries for Load and Store Accesses

intgl.

Data Width Natural Boundary (Bytes)
Byte 1
Short Word 2
Word 4
Double Word 8
Triple Word 16
Quad Word 16

Summary of Byte Load and Store Accesses

Address Offset from
Natural Boundary
(in Bytes)

Accesses on 8-Bit Bus
(WIDTH1:0=00)

Accesses on 16 Bit
Bus (WIDTH1:0=01)

Accesses on 32 Bit
Bus (WIDTH1:0=10)

+0 (aligned)

= byte access

* byte access

* byte access

Summary of Short Word Load and Store Accesses

Address Offset from
Natural Boundary
(in Bytes)

Accesses on 8-Bit Bus
(WIDTH1:0=00)

Accesses on 16 Bit
Bus (WIDTH1:0=01)

Accesses on 32 Bit
Bus (WIDTH1:0=10)

+0 (aligned)

* burst of 2 bytes

« short-word access

« short-word access

+1

* 2 byte accesses

» 2byte accesses

* 2byte accesses
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Table 29.

80960JA/JF/JD/JT 3.3 V Microprocessor

Summary of n-Word Load and Store Accesses (n=1, 2, 3, 4)

Address Offset
from Natural

Boundary in Bytes

Accesses on 8-Bit Bus
(WIDTH1:0=00)

Accesses on 16 Bit Bus
(WIDTH1:0=01)

Accesses on 32 Bit
Bus (WIDTH1:0=10)

case n=1:

burst of 2 short words

case n=2:

0 (alioned burst of 4 short words

+0 (aligned) - nburst(s) of 4 bytes case =3 - burst of n word(s)
(n=1,2,3, 4)

burst of 4 short words

burst of 2 short words

case n=4:

2 bursts of 4 short words
+1(n=1,2,3,4) - byte access byte access « byte access
+5(n=2,3,4) | - burstof2bytes ot [ shortword access

n-1 burst(s) of 2 short * n-1 wor
+9 (n=23,4) n-1 burst(s) of 4 bytes words access(es)
+13(n=3,4) * byte access byte access « byte access

2(n=1,2,3,4 ~ . -

+6 En ) ) - burst of 2 bytes sh1oLt) wor(d)acfc:ss:1 sh1ort wzrd access
+ =2,3, n-1 burst(s) of 2 short * n-1wor
410 (n=3, 4) n-1 burst(s) of 4 bytes words access(es)
+14 (n=3,4) " burstof 2 bytes short-word access » short-word access
+3(n=1,2,3,4) « byte access by;tz acczas)s f2sh - by1te aczess

n-1 burst(s) of 2 short * n-1wor
+7(n=2,3,4) « n-1 burst(s) of 4 bytes words access(es)
+11(n=3,4) * burstof 2 bytes short-word access « short-word access
+15(n=3,4) * byte access byte access - byte access
+4 (n=2,3, 4)
+8(n=23,4) « nburst(s) of 4 bytes nburst(s) of 2 short words * nword access(es)
+12(n=3,4)
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Figure 44. Summary of Aligned and Unaligned Accesses (32-Bit Bus)
Byte Offset 0 4 8 12 16 20 24
T T T T 7 T L 1 1
Word Offset 0 1 2 3 4 5 6
Short Access (Aligned) |
Byte, Byte Accesses 3
Short-Word §
Load/Store Short Access (Aligned) |
Byte, Byte Accesses |
Word Accesé (Aligned) )
Byte, Short, Byte, Accesses
Word H
Load/Store ; ¢
Short, Short Accesses
{
Byte, Short, Byte Accesses
One Double-Word Burst (Aligned) !
Byte, Short, Word, Byte Accesses
i
Short, Word, Short Accesses
Double-Word ) )
Load/Store Byte, Word, Short, Byte Accesses
‘ Word, Word Accesses
One Double-Word
Burst (Aligned)
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80960JA/JF/JD/JT 3.3 V Microprocessor

Figure 45. Summary of Aligned and Unaligned Accesses (32-Bit Bus) (Continued)

0
Byte Offset T

0
Word Offset

Triple-Word
Load/Store i

Quad-Word ,
Load/Store !

One Three-Word
Burst (Aligned)

Byte, Short, Word,
Word, Byte Accesses |

Short, Word, Word,
Short Accesses

Byte, Word, Word,
Short, Byte Acc_esses

Word, Word,
Word Accesses

Word, Word,
| Word Accesses

Word,

Word,

Word
Accesses

One Four-Word
Burst (Aligned)

Byte, Short, Word, Word,
| Word, Byte Accesses

Short, Word, Word, Word,
Short Accesses

Byte, Word, Word, Word,
| Short, Byte Accesses

Word, Word, Word,
Word Accesses

Word,
Word,
Word,
Word,
Accesses
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6.0 Device Identification

80960Jx processors may be identified electrically, according to device type and stepping (see
Figure 46, and Table 31 through Table 36). Table 30 identifies the device type and stepping for all
5V, 80960Jx processors. Figure 46, and Table 31 through Table 36 identify all 3.3V-5V-tolerant
80960Jx processors. The device ID was enhanced to differentiate between 3.3V and 5V supply
voltages, and between non-clock-doubled and clock-doubled cores when stepping from the A2
stepping to the CO stepping. The 32-bit identifier is accessible in three ways:

* Upon reset, the identifier is placed into the g0 register.

* The identifier may be accessed from supervisor mode at any time by reading the DEVICEID
register at address FFO08710H.

* The IEEE Standard 1149.1 Test Access Port may select the DEVICE ID register through the
IDCODE instruction.

* The device and stepping letter is also printed on the top side of the product package.

Table 30. 80960Jx Device Type and Stepping Reference

Device and Version Complete ID
Stepping Number Part Number Manufacturer X (Hex)

80960JT A0, At 0000 0000 1000 0010 1011 0000 0001 001 1 0082B013

80960JD CO 0011 0000 1000 0011 0000 0000 0001 001 1 30830013

80960JF CO 0011 0000 1000 0010 0000 0000 0001 001 1 30820013

80960JA CO 0011 0000 1000 0010 0001 0000 0001 001 1 30821013
Figure 46. 80960JT Device Identification Register
Part Number

l Product |
Version Vg Type Gen Model Manufacturer ID 1

| | l I I
I 1 - | |

ojojolojt1|o]ojogo]o]1|oytjoft]ltjo|o]jo]olololo]1]olo]1 |1

28 24 20 16 12 8 4 0
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80960JA/JF/JD/JT 3.3 V Microprocessor

Table 31. Fields of 80960JT Device ID
Field Value Definition
Version See Tabie 32 Indicates major stepping changes.
Vee 0 =3.3 V device Indicates that a device is 3.3 V.
Product Type 000 100 Designates type of product.
(Indicates 1960 CPU)
Generation Type | 0001 = J-series Indicates the generation (or series) the product belongs
to.
Model D DPCC Indicates member within a series and specific model
D = Clock Multiplier information.
(01) Clock-Tripled
(P) Product Derivative
(0) Jx
C = Cache Size
(11) 16K I-cache, 4K D-cache
Manufacturer ID | 000 0000 1001 Manufacturer ID assigned by IEEE.
(Indicates Intel)
Table 32. 80960JT Device ID Model Types
Device Version | Vgc | Product Gen. Model Manufacturer ID 1’
80960JT A0, A1 0000 0 000100 0001 01011 00000001001 1
Figure 47.  80960JD Device ldentification Register
Part Number
| Product l
Version Veg Type Gen Model Manufacturer ID 1
oflojofof1|o]ofojo|o]1]1]ofofofr ofofolofot]olo]1 {1
28 24 20 16 12 8 4 0
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Table 33. Fields of 80960JD Device ID
Field Value Definition
Version See Table 30 Indicates major stepping changes.
0= 3.3 V device
Voo 1 = 5V device Indicates that a device is 3.3 V.
000100 .
Product Type (Indicates i960 CPU) Designates type of product.
Generation Type | 0001 = J-series Indicates the generation (or series) the product belongs to.
DoooC
D = Clock Doubled
(0) Not Clock-Doubled
(1) Clock Doubled
Model C = Cache Size Indicates member within a series and specific model information.
(0) 4K I-cache, 2K
D-cache
(1) 2K I-cache, 1K
D-cache
000 0000 1001 .
Manufacturer 1D (Indicates Intel) Manufacturer ID assigned by IEEE.
Table 34. 80960JD Device ID Model Types
Device Version | Voc | Product Gen, Model Manufacturer ID ‘1’
80960JD CO 0011 0 000100 0001 10000 00000001001 1
Figure 48. 80960JA/JF Device Identification Register
Part Number
l Product |
Version Vgg Type Gen Model Manufacturer 1D 1
ojofojo]t]ojofojojo]t ofoJojofjofofo]t1]ofof1 {1
28 24 20 16 12 8 4 0
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Table 35.

Table 36.

7.0

Fields of 80960JA/JF Device ID

80960JA/JF/JD/JT 3.3 V Microprocessor

Field Value Definition
Version See Table 36 Indicates major stepping changes.
Vee 0 = 3.3 V device Indicates that a device is 3.3 V.

1 = 5V device

Product Type 00 0100
(Indicates i960 CPU)

Designates type of product.

Generation Type | 0001 = J-series

Indicates the generation (or series) to which the
product belongs.

Model 0000C
C = Cache Size

0 = 4K |-cache, 2K D-cache
1 = 2K I-cache, 1K D-cache

Indicates member within a series and specific
model information.

Manufacturer ID | 000 0000 1001
(Indicates Intel)

Manufacturer ID assigned by IEEE.

80960JA/JF Device ID Model Types

Device Version | Ve Product Gen. Model Manufacturer ID ‘1
80960JA CO 0011 0 000100 0001 00001 00000001001 1
80960JF CO 0011 0 000100 0001 00000 00000001001 1

Revision History

Table 37.

This data sheet supersedes revisions 273109-001, 272971-002, and 276146-001. Table 37 indicates
significant changes since the previous revisions.

Data Sheet Revision History

Figure 1 “80960Jx Microprocessor Package
Options” on page 7

Added MPBGA package diagram

Section 3.1.4, “80960Jx 196-Ball MPBGA
Pinout” on page 29

Added new Figures 6 and 7, Tables 10, 11 and 13

Figure 12 “T| x vs. AD Bus Load Capacitance” on
page 48

Added with following note

Throughout document

Merged 80960JA/JF/JD/JT 3.3 volt Processor data sheets
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