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® _55°C to 125°C Operating Temperature
Range, QML Processing

® Processed to MIL-PRF-38535 (QML)

® Two 1K-Word x 32-Bit Single-Cycle
Dual-Access On-Chip RAM Blocks

® Validated Ada Compiler
® 64-Word x 32-BitInstruction Cache

® 32-BitInstruction and Data Words,
24-Bit Addresses

® 40/32-Bit Floating-Point/Integer Multiplier
and Arithmetic Logic Unit (ALU)

® Parallel ALU and Multiplier Execution in a
Single Cycle

® On-Chip Direct Memory Access (DMA)
Controller for Concurrentl /O and CPU
Operation

® Integer, Floating-Point, and Logical
Operations

SMJ320C30 Key Features

® Performance
- SMJ320C30-33 {60-ns Cycle)
33 MFLOPS
16.7 MIPS
— SMJ320C30-40 (50-ns Cycle)
40 MFLOPS
20 MIPS

® One 4K-Word x 32-Bit Single-Cycle
Dual-Access On-Chip ROM Block

® Two 32-Bit External Ports
(24- and 13-Bit Address)

® Two Serial Ports With Support for
8-/16-/24-/32-Bit Transfers
® Packaging
— 181-Pin Grid Array Ceramic Package
(GB Suffix)
- 196-Pin Ceramic Quad Flatpack With
Nonconductive Tie-Bar (HF G Suffix)
— 244-Pad JEDEC Standard TAB Frame

® SMD Approval for 33- and 40-MH z Versions

® Two Address Generators With Eight
Auxiliary Registers and Two Auxiliary
Register Arithmetic Units (ARAUs)

® Zero-Overhead Loops With Single-Cycle
Branches

@® Interlocked Instructions for
Multiprocessing Support

32-Bit Barrel Shifter

Eight Extended-Precision Registers
(Accumulators)

Two- and Three-Operand Instructions
Conditional Calls and Returns

Block Repeat Capability

Fabricated Using Enhanced Performance
Implanted CMOS (EPIC™) by Texas
Instruments (TI™)

® Two 32-Bit Timers

SMJ320C31 Key Features

® Performance

- SMJ320C31-33 (60-ns Cycle)
33.3 MFLOPS
16.7 MIPS

— SMJ320C31-40 (50-ns Cycle)
40 MFLOPS
20 MIPS

— SMJ320C31-50 (40-ns Cycle)
50 MFLOPS
25 MIPS

® Flexible Boot-Program Loader

® One Serial Port to Support
8-/16-/24-/32-Bit Transfers
® One 32-Bit Data Bus (24-Bit Address)
® Packaging
- 132-Pin Ceramic Quad Flatpack With
Nonconductive Tie-Bar (HF G Suffix)
— 141-Pin Staggered Grid Array Ceramic
Package (GFA Suffix)
— 244-Pad JEDEC-Standard TAB Frame

® SMD Approval for 33-, 40-, and 50-MHz
Versions

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

EPIC and Tl are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.
Producis conform io specifications per the ierme of Texas Insirumenis
slandard warraniy. Produclion pr ing does not ily include
tesling of all parameters.
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SMJ320C30 SMJ320C31
181-Pin GB Grid Array Package 141-Pin GFA Staggered Grid Array Package
(BOTTOM VIEW) (BOTTOM VIEW )
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SMJ320C30 TA PACKAGE SMJ320C31 TA PACKAGE
(TOP VIEW) (TOP VIEW)
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description

The SMJ320C3x’s internal busing and special digital signal processing (DSP) instruction set have the speed
and flexibility to execute up to 50 MFLOPS (million floating-point operations per second). The SMJ320C3x
devices optimize speed by implementing functions in hardware that other processors implement through
software or microcode. This hardware-intensive approach provides performance previously unavailable on a
single chip.

The emphasis ontotal system cost hasresulted in a less expensive processor that can be designed into systems
currently using costly bit-slice processors. Also, appropriate selection based on cost and performance is
enhanced by the different processors in the SMJ320C3x line:

® SMJ320C30-33: 60-ns single-cycle execution time, 10% supply

SMJ320C30-40: 50-ns single-cycle execution time, 5% supply

SMJ320C31-33: Low cost, reduced overall size, 60-ns single-cycle execution time, 10% supply
SMJ320C31-40: Low cost, reduced overall size, 50-ns single-cycle execution time, 5% supply
SMJ320C31-50: Low cost, reduced overall size, 40-ns single-cycle execution time, 5% supply

The SMJ320C30 and SMJ320C31 can perform parallel multiply and ALU operations oninteger or floating-point
dala in a single cycle. Each processor also possesses a general-purpose register file, a program cache,
dedicated ARAUs, internal dual-access memories, one DMA channel supporting concurrent I/O, and a short
machine-cycle time. High performance and ease of use are results of these features.

General-purpose applications are enhanced greatly by the large address space, multiprocessor interface,
internally and externally generated wait states, external interface ports (two on the SMJ320C30, one on the
SMJ320C31), two timers, serial ports (two on the SMJ320C30, one on the SMJ320C31), and multiple interrupt
structure. The SMU320C3x supports a wide variety of system applications from host processor to dedicated
Coprocessor.

High-level language supportis implemented easily through a register-based architecture, large address space,
powerful addressing modes, flexible instruction set, and well-supported floating-point arithmetic.
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functional block diagram for SMJ320C30
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DMA Controller
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functional block diagram for SMJ320C 31
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T Vpp includes AVDD, VDDL DVDD. CVDD. and PVRD.
T vggindudes DVgg, CVgg. Vggl . and IVgg.
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memory map

Figure 1 depicts the memory map for the SMJ320C30 and SMJ320C31. Refer to the TMS320C3x User’s Guide

{literature number SPRU0O31) for a detailed description of this memory mapping.

Oh Oh
Reset, Interrupt, Trap Vectors, Reset, Interrupt, TraP Vectors,
and Reserved Locations (64) and Reserved Locations (192)
(External STRB Active) ggg: —————————————
03Fh _ROM _
040h (Internal)
OFFFh
External 1000h
STRB Active —External
(38M Words - 64 Words) STREB Active
(8M Words - 84 Words)
7FFFFFh 7FFFFFh
800000h . 800000h .
Expansion-Bus Expansion-Bus
MSTRB Active MSTRB Active
801FEFh (8K Words) 801FFEh (8K Words)
802000h 802000h
Reserved Reserved
(8K Woards) (8K Words)
803FFFh 803FFFh
804000h Expansion-Bus 804000h Expansion-Bus
I0STRB Active I0STRB Active
(8K Words) (8K Words)
805FFFh 805FFFh
806000h 8068000h
Reserved Reserved
(8K Woards) (8K Words)
807FFFh 807FFFh
808000h 808000h
Peripheral-Bus Peripheral-Bus
Memory-Mapped Memory-Mapped
Registers Registers
(6K Words Internal) (6K Words Internal)
8097FFh 8097FFh
809800h RAM Block 0 809800h RAM Block 0
(1K Word Internal) (1K Word Internal)
809BFFh 809BFFh
809C00h RAM Block 1 809C00h RAM Block 1
(1K Word Internal) (1K Word Internal)
809FFFh 809FFFh
80A000h 80A000h
External External
STRB Active STRB Active
(8M Words — 40K Words) (8M Words - 40K Words)
OFFFFFFh OFFFFFFh

(a) Microprocessor Mode

(b) Microcomputer Mode

Figure 1. SMJ320C30 and SMJ320C31 Memory Map
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This section gives signal descriptions for the SMJ320C3x devices in the microprocessor mode. The following
tables list each signal, the number of pins, type of operating mode(s) {that is, input, output, or high-impedance
state as indicated by |, O, or Z, respectively), and a brief function description. All pins labeled NC have special
functions and should not be connected by the user. A line over a signal name (for example, RESET) indicates
that the signal is active low (true at logic-0 level). The signals are grouped according to functions.

SMJ320C30 Pin Functions

PIN CONDITIONS
TYPE?t DESCRIPTION WHEN
NAME aTy# SIGNAL IS 2 TYPES
PRIMARY BUS INTERFACE
D31-Do 32 1/O/Z | 32-bit data port of the primary bus interface s H
A23—-A0 24 Q/Z | 24-bit address port of the primary bus interface s H R
R/W 1 0/7 Read/wrltg fgr primary bus interface. R/W is high when areadis performed and low s H R
when a write is performed over the parallel interface.
STRB 1 Q/Z | External access strobe for the primary bus interface s H
oY 1 | Ready. RDY indicates that the external device is prepared for a primary bus interface
transaction to complete.
Hold for primary bus interface. When HOL D is a legic low, any ongoing transaction
oD 1 is completed. A23 —-A0, D31-D0, STRB, and R/W arein the high-impedance slate
and all transactions over the primary bus interface are held until HOLD becomes a
logic high or the NOHOLD bit of the primary bus confrol registeris set.
Hold acknowledge for primary bus interface. HOLDA is generaled in response lo a
logic low on HOLD. HOLDA indicates that A23—A0, D31—-D0, STRB, and R/W are
HOLDA 1 0/Z | inthe high-impedance state and thal all ransaclions over the bus are held. HOLDA s
is high in response to a logic high of HOLD or when the NOHOLD bit of the primary
bus control register is set.
EXPANSION BUS INTERFACE
XD31-XDo 32 1/O/Z | 32-bit data port of the expansion bus interface s R
XA12-XA0 13 Q/Z | 13-bit address port of the expansion bus interface s R
_— Read/write signal for expansion bus interface. When a read is performed, XR/Wis
XRIW 1 07z held high; when a write is performed, XR/W is low. S R
MSTRB 1 0/Z | External memory access strobe for the expansion bus interface s
IOSTRB 1 0Q/Z | External 1/0 access strobe for the expansion bus interface s
— Ready signal. XRDY indicates that the external device is prepared for an expansion
XRDY 1 I ; .
bus interface transaction to complete.
CONTROL SIGNALS
RESET 1 | Reset. When RESET is a logic low, the device is in the reset condition. When RESET
becomesalogic high, execution begins from the location specified by the reset vector.
INT3—INTQ 4 | Extemal interrupts
— Intermupt acknowledge. IACK s set to a logic high by the IACK instruction. IACK can
IACK 1 0/7 - - : . . s
be used to indicate the beginning or end of an interrupt-service routine.
MC /MP 1 | Microcomputer/microprocessor mode
XF1. XF0 2 1O/Z External flags. XF1 qnd XFQ are used as deneral-purpose |/Os or to support s R
interdocked processor instructions.

T1=input, © = cutput, Z = high-impedance state

tFor GB package

$s - SHZ active, H = HOLD active, R= RESET active

b TeExAS
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SMJ320C30 Pin Functions (Continued)

PIN CONDITIONS
TYPET DESCRIPTION WHEN
NAME QTY# SIGNAL IS Z TYPES
SERIAL PORT 0 SIGNALS
CLKX0 1 /0O/Z ﬁg:;lnﬁ?; 0 transmit clock. CLKXO0 is the serial-shift clock for the serial port 0 s R
DXo 1 1/0/Z£ | Data transmit output. Serial port 0 transmits serial data on DX0. S R
FSXO0 1 10/7 E:sg;:;;l:{c::rgl;(ig’.cltion pulse for transmit. The FSX0 pulse initiates the transmit-data 5 R
CLKRO 1 1/O/Z | Sexial portQreceive clock. GLKRQis the serial-shift clock for the sexial port 0 receiver. S R
DRO 1 1/0/Z | Data receive. Serial port 0 receives serial data on DRO. S R
FSRO 1 0/7 g:gct:;z:yg::;r:’rgggétion pulse for receive. The FSRO pulse initiates the receive-data S R
SERIAL PORT 1 SIGNALS
CLKX1 1 0/Z ig:;lnﬁ?;1 transmit clock. CLKX1 is the serial-shift clock for the serial port 1 q R
DX 1 170/ Z | Data transmit output. Serial port 1 transmits serial data on DX1. S R
FSX1 1 07 g:gc(;;:;&c::’rg;gétion pulse for transmit. The FSX1 pulse initiates the transmit-data s R
CLKR1 1 1/O/Z | Serial port 1 receive clock. CLKRT1 is the serial-shift clock for the serial port 1 receiver. S R
DRA1 1 1/O/Z | Data receive. Serial port 1 receives serial data on DR1. S R
FSR1 1 O/7 Errscl::::)g\l::;rggiétion pulse for receive. The FSR1 pulse initiates the receive-data g R
TIMER 0 SIGNALS
TIMER 1 SIGNALS
1oLk 1| 1077 [ atpu TOLKi cutputs pisos gonomted by fmer 1 R s i
SUPPLY AND OSCILLATOR SIGNALS (see Note 1)
Voo 4 | 5V supplyl
1ODVpD 2 | 5V supplyf
ADVDD 2 | 5V supply
PDVDD 1 | 5V supply |
DDVDD 2 [ 5V supply |
MDVDD 1 [ 5V supply |
Vgg 4 | Ground
DVgsg 4 I Ground
CVgg 2 | Ground

t1= input, O = output, Z = high-impedance state

¥ For GB package

§5_SHZ active, H = HOLD active, R = RESET active

Y Recommended decoupling capacitor is 0.1 pF.

NOTE 1. CVgg, Vgg, and IVgg are on the same plane.

{‘? TeExAs
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SMJ320C30 Pin Functions (Continued)

PIN CONDITIONS
TYPET DESCRIPTION WHEN
NAME aTY# SIGNAL IS 2 TYPES
SUPPLY AND OSCILLATOR SIGNALS (CONTINUED) (see Note 1)
IVgg 1 | Ground
VBBP 1 NG Vpp pump oscillator oulput
VglBps 1 | Substrate pin. Tie to ground
Output from the intemal oscillator for the crystal. If a erystal is not used, X1 should
X1 1 O
be left unconnected.
X2/CLKIN 1 | Input to the internal oscillater from the crystal or a clock
H1 1 0/Z | External H1 clock. H1 has a period equal to twice CLKIN. s
H3 1 0O/Z | External H3 clock. H3 has a period equal to twice CLKIN. s
RESERVEDT
EMU0O-EMUZ 3 | Reserved. Use pullup resistors to 5V
EMU3 1 0/Z | Reserved s
Shutdown high impedance. When active, EMU4 /SHZ shuts down the SMJ320C30
and places all pins in the high-impedance state. EMU4/ SHZ is used for board-level
EMU4/5HZ 1 testing to ensure that no dual drive conditions occur. CAUTION: A low on SHZ
comupts SMJ320C30 memory and register contents. Reset the device with SHZ
high to restore it to a known operating condition.
EMUS, EMUB 2 NG Reserved
RSV0—-RSV4 5 | Reserved. Tie pins directly to 5 V
RSV5-RSV10 6 /O | Reserved. Use pullups on each pinto 5V
Locator 1 NG Reserved

ti1= input, O = output, Z = high-impedance state, NC=No Connect

¥ For GB package

§5-SHZ active, H = HOLD active, R = RESET active
1 Follow the connections specified for the reserved pins. Use 18-k —22-kQ pullup resistors for best results. All 5V supply pins must be connected

to a common supply plane, and all ground pins must be connected to a common ground plane.
NOTE 1: CVgg, Vgg, IVgg are on the same plane.

10
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SMJ320C31 Pin Functions

PIN CONDITIONS
TYPET DESCRIPTION WHEN
NAME QTY# SIGNAL IS Z TYPES
PRIMARY BUS INTERFACE
D31-Do 32 1/Q/Z | 32-bit data port of the primary bus interface S H R
A23-A0 24 0O/Z | 24-bit address port of the primary bus interface S H R
RIW 1 0/7 Read /write. R/Wls highwhena read is performed and low when awrite is performed g H R
over the parallel interface.
STRB 1 0/Z | External access strobe of the primary bus interface S H
oY 1 | Ready. RDY indicates that the extermal device is prepared for a transaction
completion.
Hold. When HOLD is a logic low, any ongoing transaclion is completed. A23—A0,
oD 1 D31-D0, STRB, and R/W are in the hig h—imEedance state, and all transactions over
the primary bus interface are held until HOLD becomes a logic high or the NOHOLD
bit of the primary bus control register is set.
Hold acknowledge. HOLDA is generated in responsetoa logiclow on HOLD. HOLDA
TTOIOA 1 0/7 indicates that A23—A0, D31-D0, STRB, and R/W are in the high-impedance state S
and that all transactions over the bus are held. HOLDA is high in response to a logic
high of HOLD or the NOHOLD bit of the primary bus control vegister being set.
CONTROL SIGNALS
—_— Reset. When RESET is alogiclow, the device is in the reset condition. When RESET
RESET 1 | I : . ) o
becomes alogic high, execution begins from the location specified by the reset vector.
INT3—INTO 4 | External interrupts
TACR 1 0/7 Interrupt acknowledge. IACK s set to alogic high by the IACK instruction. IACK can g
be used to indicate the beginning or the end of an interrupt-service routine.
MCBL/MP 1 | Microcomputer boot loader/ microprocessor mode select
Shutdown high impedance. When active, SHZ shuts down the SMJ320C31 and
places all pins in the high-impedance state. SHZ is used for board-level testing to
SHZ 1 ensure that no dual drive conditions occur. CAUTION: A low on SHZ corupts
SMJ320C31 memory and register contents. Reset the device with SHZ high to
restore it to a known operating condition.
XF1, XFO > 1O/7 Extemal flags. XF1 gnd XFQ are used as general-purpose |/Os or to support S R
interlocked processor instruction.
SERIAL PORT 0 SIGNALS
GLKRO 1 1/0O/Z Serial por.t 0 receive clock. CLKRO is the seral-shift clock for the serial S R
port O receiver.
GLKXO 1 10/7 Serial port O transmit clock. CLKXO0 is the serial-shift clock for the serial 5 R
port O transmitter.
DRoO 1 1/O/Z | Data receive. Serial port 0 receives serial data on DRO. S R
DXo 1 1/0/Z | Data transmit output. Serial port 0 transmits serial data on DX0. S R
FSRO 1 0/7 Frame synchronization pulse for receive. The FSRO pulse initiates the receive-data S R
process cver DRO.
FSX0 1 O/7 Frame synchronization pulse for transmit. The FSX0 pulse initiates the transmit-data g R
process over DX0.

T1=input, © = output, Z = high-impedance state
1 For GFA package. F& pin is not connected.
§5-SHZ active, H = HOLD active, R = RESET aclive
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SMJ320C31 Pin Functions (Continued)

PIN CONDITIONS
TYpet DESCRIPTION WHEN
NAME aTY# SIGNAL IS 2 TYPES
TIMER SIGNALS
e D e o e e i I .
R S e e R
SUPPLY AND OSCILLATOR SIGNALS
H1 1 0O/Z | Extemal H1 clock. H1 has a period equal to twice GLKIN. s
H3 1 0O/Z | Extemal H3 clock. H3 has a period equal to twice CLKIN. s
VDDﬂ 20 | 5-V supply. All must be connected to a common supply plane #
vggll 32 | Ground. All grounds must be connected te a common ground plane.
VgLBRS 1 | Substrate pin. Tie to ground
X1 1 0/7 Qutput from the intemal crystal oscillator. If a crystal is not used, X1 should be left s
unconnected.
X2/CLKIN 1 | Internal oscillator input from a crystal or a clock
RESERVED3
EMU2—-EMUO 3 | Reserved. Use pullup resistors to 5V
EMU3 1 0O/Z |Reserved S

t1=input, O = oulput, Z = high-impedance state

tFor GFA package. F6 pin is not connected.

§5-SHZ active, H = HOLD active, R = RESET active

1vpp includes AV, VopL. DVYpD. CVpD. and PVpp.

# Recommended decoupling capacitor value is 0.1 uF.

I Vggincludes DVgg, CVgg, Vgg|, and IVgs.

*Follow the connections specified forthe reserved pins. Use 18-k —22-k pullup resistors for best results. All 5-V supply pins mustbe connected
to a common supply plane, and all ground pins must be connected to a common ground plane.
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{'? TeExas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

SMJ320C30 Pin Assignments

PIN PIN PIN PIN PIN
NUMBER NUMBER NUMBER NUMBER NUMBER

GB HFG NAME GB | HFG NAME GB |HFG NAME GB | HFG NAME GB | HFG NAME
PKG | PKG PKG | PKG PKG | PKG PKG | PKG PKG | PKG
Fi5 | 82 |AD Ch 139 | Db Pz 195 | DX1 L2 185 | RSV6 R8 29 | XD11
Giz2 | &1 Al D6 138 | D6 Fi14 | 83 | EMUO K4 186 | RSVY R9 30 | XDi2
G13 | 80 | A2 Ad 137 | D7 E15 | 84 |EMU1 M1 187 | R3V8 P9 31 XD13
Gi4 | 78 | A3 B5 136 | D8 F13 | 85 |EMU2 L3 188 | RSVI N9 32 | XD14
G15 | 78 |A4 C6 135 | D9 E14 | 86 |EMU3 M2 | 189 |RSV10 R10 | 33 [ XDi15
H15 | 77 | A5 A5 134 | D10 Fiz | 87 |EmU4/SAZ || D12 | 100 | ADVpp! M3 | 34 |[XDi16
H14 | 72 | A6 B6 133 | DN Ci1 1565 | EMU5S Hi1 | 64 |ADVpRT P10 | 35 | XD17
Ji15 | 71 A7 D7 132 | D12 M6 | 11 EMUB D4 114 | DDVppt R11 | 36 | XD18
J14 | 70 | A8 A6 131 | D13 B3 145 | H1 E8 147 | DDVpp! N10 | 37 | XD19
J13 | 69 |A9 Cc7 130 | D14 Al 146 | H3 L8 15 10DYppT P11 | 38 | XD20
Kis | 68 |A10 B7 129 | D15 c2 152 | X1 Mi12 | 16 I0DVppT Ri12 | 38 [ XD21
J12 | 67 |AN A7 128 | D16 B1 151 | X2/CLKIN 49 I0DVppt M10 | 40 | XD22
Ki4 | 66 |A12 A8 127 | D17 P4 9 TCLKO H5 162 | MDVpp! N1t | 41 XD23
L15 | 65 |A13 B8 122 | D18 N5 10 | TCLK1 163 | MDvpp! P12 | 42 | XD24
Ki3 | 63 |A14 A9 121 | D19 G2 169 | XFO M4 |1 PDVpp! R13 | 43 | XD25
L14 | 62 |A1S B9 120 | D20 G3 168 | XF1 B2 51 CVggt R14 | 44 | XD26
M15 | 61 Al6 Cc9 119 | D21 D3 154 | VpeP P14 | 52 |CvesE M11 | 45 | XD27
Kiz | 60 |A17 Al10 | 118 | D22 E4 153 | Vsues 25 |wvppt Ni2 | 46 | XD28
L13 | 59 |A18 D9 117 | D23 H4 123 | vppt 26 |vppt P13 | 47 | XD29
Mi14 | 58 | A19 B10 | 116 | D24 D3 73 |vppt 172 | vppt R15 | 48 | XD30
N15 | 57 | A20 A1l | 115 | D25 Mg | 74 | vppt 173 | vppt P15 | 53 [ XD31
Mi3 | 56 | A21 cio | 113 |D2s Hi2 | 124 |vppt c8 |28 |[vgst P DVpp
L12 | 55 |A22 B11 | 112 | D27 N8 27 | vggt H3 75 | vggd 101 | DVpp
N14 | 54 |A23 A12 | 111 | D28 A13 | 107 | XA0 Hi3 | 76 [vgs® C3 50 |Dvgg!
=t LOCATOR/NG || D10 | 110 | D29 Ald | 106 [ XA1 125 |vgsh Cc13 | 98 | Dvgg!
G1 170 |TACK Ci1 | 109 [ D30 D11 | 105 | XA2 126 | vggt N3 148 | Dvgg!
H2 171 |TNTO B12 | 108 | D31 C12 | 104 | XA3 149 | vgsd Ni3 | 196 | Dvgg!
H1 176 |TNTT F3 161 |HOLD B13 | 103 | XA4 150 | vggh Bl4 | 96 |Ivgst
J1 177 |TNTZ E2 160 |HOLDA || A15 | 102 | XAS 174 | vggt 97 | Ivggt
J2 178 |TNT3 D2 156 | XRDY B15 | 95 |XA6 175 | vged
D15 | 88 |MC/MP D1 159 | XR/W Ci14 | 84 | XAY 99 | Vsups
E3 157 | MSTRB P3 14 FSRO E12 | 93 | XA8 R4 12 | XDo
E1 164 |RDY R2 |7 FSX0 D13 | 92 | XA9 P5 13 | XD1
F1 167 |RESET N4 | 5 CLKRO Ci15 | 91 XA10 N6 14 | XD2
G4 166 |R/W M5 | 6 CLKX0 D14 | 90 | XA11 R5 17 | XD3
F2 165 |STRB R1 3 DRO E13 | 89 |XA12 P6 18 | XD4
F4 158 |TOSTRB R3 |8 DX0 J3 179 | RSVO M7 | 19 | XDb
C4 144 | DO M3 | 191 | FSR1 J4 180 | RSV1 R6 20 [ XDeé
D5 143 | D1 P1 194 | FSX1 K1 181 | RSV2 N7 21 XD7
A2 142 | D2 L4 192 | CLKR1 K2 182 | RSV3 P7 22 | XD8
A3 141 |D3 N2 193 | CLKX1 L1 183 | RSV4 R7 23 [ XDa
B4 140 | D4 N1 190 | DR1 K3 184 | RSVH P8 24 | XD10

T ADVpD. DDVRQ, 1ODVRD, MDYV, and PDV[ are on a common plane intemal to the device.

1Vvppis on a commen plane intemal to the device.

§vgg, CVgg, and IVgg are on a common plane intemal to the device.

1 DVgg is on a common plane intemal to the device.

*3
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

SMJ320C31 Pin Assignments

PIN PIN PIN PIN
NUMBER NUMBER NUMBER NUMBER

HFG GFA NAME HFG GFA NAME HFG GFA NAME HFG GFA NAME

PKG | PKG PG | Pke PG | Pke PKG | PK@

12 L1 AQ 47 wa | D10 86 E19  |INTT 18 P4 vgg t

11 K2 Al 46 ug D11 89 Fig  |INTZ 19 Tio | vegf

10 J1 A2 45 v8 D12 a0 G117 |INT3 20 K4 DVsg

9 J3 A3 43 w7 | D13 110 ¢t [mMcBL/MP 25 T4 IVgg!

8 G1 Ad M u7 D14 77 L1  |R/W 34 G3 DVgg

6 F2 A5 39 V6 D15 75 N17 |ADY 40 Kie | Cvsst

5 E1 A6 38 W5 | D16 78 K1g |RESET 44 T8 IVgg!

4 E3 A7 37 us D17 101 A7 |BHZ 52 Ti2 | DVgg

3 D2 | A8 36 V4 D18 76 Mig | STRB 53 Ri1 | vegf

1 C1 Ag 35 w3 | D19 103 B16 |TCLKO 54 J15 | vggt

131 ca  |at0 33 us3 D20 105 C15 [ ToLki 67 W13 | DVsg

129 B2 |an 31 V2 D21 121 G5 | Avppt 68 D10 | CVgg!

128 Al Al2 30 Wi D22 130 E7 Avppt 69 D16 |Ivest

127 cs  |ais 29 R3 D23 7 E5 AVppt 84 Ti6 | Dvsg

126 B4 |A14 28 T2 D24 15 N5 VppL 85 D12 [ vggt

125 A3 A15 27 U1 D25 16 R5 VobL 92 Fi6 | ovgst

124 c7 |aie 26 N3 D26 23 H4 | Dvppt 96 Hi6 | Ivgsh

123 B& A17 24 P2 D27 32 J5 DVppt 100 D14 | vgupst

122 ce |as 22 R1 D28 42 T4 | Dvppt 102 Uis | Dvss

120 B8 A19 21 L3 D29 48 R7 VpDL 111 c13 | cvgg!

17 A7 A20 17 M2 D30 49 R9 VopL 71 Tig | x1

116 A9 A1 14 N1 D31 57 R13 | Dvppt 70 U19 | X2/CLKIN

113 B10 [A22 a1 C19 | DRO 66 R15 | Dvppt 79 J1g | xFo

12 A1l | az3 a9 C17 | DXo 74 P16 | cvppt 81 G19 | xF1

94 E17 |CLKRo 107 B14 [EMUQ 80 N15 | cvppt F6 No Conneci

95 A19 | GLKXO 108 A13 | EMUT 87 G15 | vppL D4 DVgg

63 wig | Do 109 B1z |EMUZ 88 E15 | VopL N19 | Dvgg

62 vig | D1 106 A5 |EMU3 98 115 | Pvppt R17 | Dvgg

61 w17 | D2 a3 D18 [FsRo 104 E9 PVppt 17 | Dvsg

80 u13 | D3 97 B18 [Fsxo 114 E12 | vppL M6 |Dvgs

59 via | D4 73 Pig |AOID 115 E11 | vppL D6 DVgg

58 w15 | D5 72 R19 |AOIGA 118 L5 vgg t A5 DVsg

56 Ut | pe 64 vig | H1 119 H2 DVgg D8 DVgg

55 viz |D7 65 W7 [H3 132 M4 | Cvgg!

51 w11 | D8 82 H18 |[TACK 2 F4 DVgg

50 vio |Do 83 J17 | INTO 13 T6 CVgg!

T Cvgg, Vgg| . and IVgg are on the same plane.
iAVDD, DVpp, CVpp, and PVpp are on the same plane.
Vgpsg connects to die metallization. Tie this pin to clean ground.
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (see Note 2) e -03Vio7V
Input voltage range, V| ... ..o -03Vto7V
Oulput voltagE raNgE, VO oo e -03Vio7V
Continuous power dissipation {see Note 3) .. ... i i i e 3.15W

Operating free-air temperature range, Ta ... ... .. -55°C10125°C
Storage temperature range, Tgrg ... ... -65°C 10 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any cther conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 2. All voltage values are with respect to Vgg.

3. Actual operating power is less. This value was obtained under specially produced worst-case test conditions, which are not
sustained during normal device operation. These conditions consist of continuous parallel writes of a checkerboard pattern to both
primary and extension buses at the maximum rate possible. See normal (l;:) current specification in the electrical characteristics
table and also read Calculation of TMS320C30 Power Dissipation Application Report (literature number SPRA020).

recommended operating conditions (see Note 4)

MIN NoM¥ MAX UNIT

'320C30-40

'320C31-40 4.75 5 5.25
VDo Supply voltage (AVDD, etc.) '320C31-50 A

B 45 5 55
Vgg  Supply voltage (CVgg, etc) 0 v
VIH High-level input voltage 21 VoD + 0.38 A
VTH  High-level input voltage for GLKIN 3 VoD + 0.38 v
ViU Low-level input voltage -0.38 0.8 v
loH High-level output current —300 pA
oL Low-level output current 2 mA
TA Operaling free-air temperature —55 125 °G

1 All nominal values are at Vpp = 5V, Tp = 25°C.
§ These values are derived from characterization and not tested.
NOTE 4:  All input and output voltage levels ave TTL compatible.

{‘? TeExAs
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

electrical characteristics over recommended ranges of supply voltage (unless otherwise noted)

(see Note 4)

PARAMETER TEST CONDITIONST MIN TYPt MAX| uNIT
VoH High-level cutput voltage VDD = MIN, 1oH = MAX 24 3 \')
For XA12-XA0 | Vpp=MIN, IoL = MAX 0.6§ \')
VoL Low-level cutput voltage
All others Vpp = MIN, oL = MAX 0.3 06 \'
4 High-impedance current Vpp = MAX 1 20 pA
1] Input current Vi=VggtoVpp 1+ 10 wA
lp Input current Inputs with internal pullups (see Note 5) —400 20 pA
lic Input current { X2/ CLKIN) Vi=Vggte Vpp + 50 pA
'320G30-33 200 600
'320031-33 150 325
lcc Supply current :i?g)::mﬁ: g’;‘e:ﬁg:fé '320C30_ 40 200 600 | mA
'820C31-40 250 400
'320G31-50 350 500
DD Supply current, standby; IDLE2, clock shuteff | Vpp =5V, Tp =25"C 50 mA
Gj Input capacitance 157 pF
Co Output capacitance 201 pF
Gy X2/CLKIN capacitance 259 pF

1 For conditions shown as MIN/MAX, use the appropriate value specified in recommended operating conditions.

T All typical values are al Vpp = 5 V, T - 25°C.

§ These values are derived from characterization but not tested.

T These values are derived by design but not tested.

NOTES: 4. Allinput and output voltage levels are TTL compatible.
5. Pins with intemal pullup devices: INTO—INT3, MC/MP, RSV0—-RSV10. Although RSV0-RSV10 have internal pullup devices,

extemnal pullups should be used on each pin as identified in the Pin Functions tables.

6. Actual operating current is less than this maximum value. This value was cbtained under specially produced worst-case test
conditions, which are not sustained during normal device operation. These conditions consist of continuous parallel writes of a
checkerboard pattem to both primary and expansion buses at the maximum rate possible. See Calculation of TMS320C30 Power

Dissipation Application Report (literature number SPRA020).

{'? TeExas
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

PARAMETER MEASUREMENT INFORMATION

. Output
Tester Pin VLOAD Under
Electronics Test

Wheve: I =2 mA (all outputs)
loH =300 pA (all cutputs)
VI 0AD = Selecled to emulale 50 Q termination (typical value = 1.54 V).
CT = 80-pF typical load-circuit capacitance

Figure 2. Test Load Circuit

signal transition levels

TTL-level outputs are driven to a minimum logic-high level of 2.4 V and to a maximum logic-low level of 0.6 V.
OQutput transition times are specified as follows:

® For a high-to-low transition on a TTL-compatible output signal, the level at which the output is said to be
no longer high is 2 V and the level at which the output is said to be low is 1 V.

® [or a low-to-high transition, the level at which the output is said to be no longer low is 1 V and the level at
which the output is said to be highis 2 V.

Figure 3. TTL-Level Outputs

Transition times for TTL-compatible inputs are specified as follows:

® [or a high-to-low transition on an input signal, the level at which the input is said to be no longer high is
2.1 V and the level at which the input is said 1o be low is 0.8 V.

® [or a low-to-high transition on an input signal, the level at which the input is said to be no longer low is
0.8 V and the level at which the input is said to be highis 2.1 V.

———————————————— —_———10%
0.8V

Figure 4. TTL-Level Inputs
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

PARAMETER MEASUREMENT INFORMATION

SMJ320C30, SMJ320C31 timing parameter symbology

Timing parameter symbols used herein were created in accordance with JEDEC Standard 100-A. In order fo
shorten the symbols, some of the terminal names and other related terminology have been abbreviated as
follows, unless otherwise noted:

A A23-A0 IACK TACK
ASYNGCH Asynchronous reset signals, include XF0, XF1, -
CLKX0, DX0, FSX0, CLKRO, DRO, FSR0, CLKX1, INT INT3—INTO
DX1, FSX1, CLKR1, DR1, FSR1, TCLKO, and TCLK1
CH CLKX, includes GLKX0 and CLKX1 108 TOSTRB
cl CLKIN (M)S @' includes MSTRB and
CONTROL Control signals, include STRB, MSTRB, and IOSTRB  RDY RDY
D D31-D0 RESET RESET
DR Includes DRO, DR1 RW R/W
DX Includes DX0, DX1 s STRB
SCK CLKX/R, includes CLKX0, CLKX1
FS FSX/R, includes FSX0, FSX1, FSR0, and FSR1 CLKRO, ,and CLKRA ' ’
FSR Includas FSRO, FSR1 TCLK TCLKO, TCLK1
FSX Includes FSX0, FSX1 (X)A Includes A23—A0 and XA12-XA0
GPIO General-purpose input/output; peripheral pins include
CLKX0/1, CLKR0/, DX0/1, DRO/A, FSX0/1, FSRO/1,  (X)D Includes D31 -D0 and XD31-XD0
and TCLKOA
H Includes H1, H3 XF XFx, includes XF0 and XF1
H1 H1 XFO XFo
H3 H3 XF1 XF1
HOLD HOLD (X)RDY Includes RDY and XRDY
HOLDA HOLDA CORW (X)RW, includes RAW and XRAN

{'? TeExas
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

timing parameters for X2/CLKIN, H1, H3 (see Note 4, Figure 5, Figure 6, Figure 7 and Figure 8)

vo. e e e T
MIN  MAX | MIN MAX MIN  MAX

1 trch Fall time, CLKIN st 5T 5T ns
2 bw(CIL) Pulse duralion, CLKIN low, lg(c)) = MIN (see Nole 7) 10.5 9 7 ns
3 bw(CIH) Pulse duration, GLKIN high, i¢(G]) = MIN (see Note 7) 10.5 9 7 ns
4 (Gl Rise time, CLKIN st st st ns
5 te(Cl) Cycle time, CLKIN 30 303 25 303 20 303 ns
6 tf(H) Fall time, H1/H3 3 3 3 ns
7 b (HL) Pulse duration, H1/H3 low (see Note 8) P-86 P-5 P-5 ns
8 by (HH) Pulse duration, H1/H3 high (see Note 8) P-7 P-8 P-6 ns
9 tr(H) Rise time, H1/H3 4 3 3 ns
9.1 td(HL—HH) Eizlr:ay time, from H1 low to H3 high or from H3 low to H1 ot 5 ot 4 of 4 ns
10 [lgiHy Cycle time, H1/H3 60 606 50 606 40 606 ns

T These values are derived by design but not tested.
1 These values are derived from characterization but not tested.
NOTES: 4. Allinput and output voltage levels are TTL compatible.
7. Rise and fall times, assuming a 35 — 65% duty cycle, are incorporated within this specification (see NO TAG).

8. P:tC(CI)
S oo "
1—.\‘ L } } —3 —» |
X2/CLKIN } | | o |fff ‘ffus\n
| |
| |
2 —»

Figure 6. H1/H3 Timings
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

timing parameters for X2/CLKIN, H1, H3 (see Note 4, Figure 5, Figure 6, Figure 7 and Figure 8)
{(continued)

SMJ320C30
4.5V<Vpp <55V

CLKIN to H1/H3 —ns
wt -]
[ |
- s
wn
-

4]
3
2 _]
1 —
0
\
-55°C 25°C 125°C
Temperature
Figure 7. CLKIN to H1/H3 as a Function of Temperature
(Typical butnot Guaranteed)
SMJ320C31
10 45V<Vpp <55V
9 —
8
£
|77
o
T 6 a5V
==
o 5+
z 55V
g 47
|
o 3
- -
1—
0
\
-55°C 25°C 125°C
Temperature

Figure 8. CLKIN to H1/H3 as a Function of Temperature
(Typical butnot Guaranteed)
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

memory-read-cycle and memory-write-cycle timing [(M)STRB = 0] (see Figure 8 and Figure 10)

'320630-33 | , , \
NO. '320C31-33 320C30-40 320C31-40 320C31-50 UNIT
MIN  MAX MIN MAX MIN  MAX MIN MAX
11 td[H1 L-(M)SL] I?):iay fime, H1 low to (M)STRB of 10 of 10 ot 6 ot 4 ns
12 td[H1 L-(M)SH] Eiglr?y fime, H1 low to (M)STRB of 10 of 6 ot 6 ot 4 ns
131 | tg1H Rwi) Delay time, H1 high to R/W low of 10 of 9 of g of 7| ns
132 |ty 1 poRWL IDeIay time, H1 high to (X)R/W of 15 of 13 . . ns
ow
141 | tg(H1L-A) Delay time, H1 low to A valid of 14 of 14 of 10 of 10 ns
14.2 | lg[H1L-{(X)A] Delay time, H1 low to (X)A valid of 10 of 9 — — ns
Setup time, D valid before H1 low
151 | tsu(D-HIL)R (read) 16 14 14 10 ns
Setup time, (X)D before H1 low
15.2 | lsy[(X3DR-HILIR (read) 18 16 — — ns
16 | th[H1L-(X)DIR Heold time, (X)D after H1 low (read) of of of of ns
171 | lsu(RDY-H1H) Setup time, RDY before H1 high 8 8 8 6 ns
Setup time, (X)RDY before H1
17.2 | tsu[ORDY-H1H] highp ) 9 9 — — ns
18 | th[H1H-(X)RDY] Held time, (X)RDY after H1 high 0 0 0 0 ns
Delay time, H1 high to (X)R/W
19 td[H1 H-(X) RWH]W high (write) 10 9 9 7 ns
Valid time, (X)D after H1 low
20 BHILOODIW (write) 20 17 17 14 ns
Hold time, (X)D after H1 high
21 thiH1 H-(X) DWW (write) of of of af ns
Delay time, H1 high to A valid on
221 1 td(HIH-A) back-to-back wyite cycles (write) 18 15 15 14 ns
Delay time, H1 high to (X)A valid
22.2 | tg[H1 H-(X)A] on back-to-back write cycles 25 21 — — ns
(write)
26 | tg[A-(X)RDY] Delay time, (X)RDY from A valid at 7t 7t § ns
t These values are derived by design but not tested.
1 These values are derived from characterization but not tested.
§ This value is frequency-dependent and can be calculated by: (delay, H1 low to H1 high) — (parameter 14.x) — (parameter 17.x)
’.
‘U TEXAS
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

memory-read-cycle and memory-write-cycle timing [(M)STRB = 0] (see Figure 9 and Figure 10)
{(continued)

\
! | 13.1/13.2
o0n X X
15.1/15.2— 9 4

|—» & 16
¥ 4

X0 72 e —F
o 418

\
(X)RDY \' y

Figure 9. Memory-Read-Cycle Timing [(M)STRB = 0]

|
|
|
{(M)STRB I
|
|

|
|
| | ‘
|
T/
|
a} tk‘13-1“3-2 I —» e
X)R/W I \ | ! ! /
— 1417142 | |
™ I e I —pll iq—zzﬂzz.z
wa X X X
I
|
L —» 21
¢ — >
b e | |
17.1/17.2 —pl |F f 26 4‘

DY N/ \_/
Figure 10. Memory-Write-Cycle Timing [(M)STRB = 0]
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

memory-read-cycle timing (IOSTRB = 0, SMJ320C30 only) (see Figure 11)

NG. '320C30-33 '320C30-40 UNIT
MIN  MAX MIN  MAX

27 td(H1H-10S 1) Delay time, H1 high to TOSTRB low ot 10 ot 9 ns
28 | td(H1H-10SH) Delay time, H1 high to IOSTRB high of 10 of 9| ns
29 |ldiH1L-()RwH]  Delay lime, H1 low lo (X)R/W high of 10 of 9 ns
30 | td[H1L-(X)A] Delay time, H1 low to (X)A valid of 10 of 9 ns
31 tsu[(X)D-H1HIR Setup time, (X)D before H1 high 15 13 ns
32 JhH1H-(X)DIR Hold time, (X)D after H1 high ot ot ns
33 | lgu[(X)RDY-H1H] Selup lime, {X)RDY before H1 high 9 9 ns
34 | t[HIH-0ORDY] Hold time, (X)RDY after H1 high 0 0 ns

T These values are derived by design but not tested.
1 These values are derived from characterizalion but not Lested.

\

|

\

\
4} . 29
OOR /W /

—pl — 30
(X)A X X

(XD { \

| -
XRDY \ |/

Figure 11. SMJ320C30 Memory-Read-Cycle Timing {(IOSTRB = 0)
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 —

memory-write-cycle timing (IOSTRB = 0, SMJ320C30 only) (see Figure 12)

REVISED JUNE 1996

D '320C30-33 '320C30-40 UNIT
MIN MAX MIN MAX
27 td(H1H-1081) Delay time, H1 high to TOSTRB low ot 10 of 9 ns
28 | td(H1H-I0SH) Delay time, H1 high to IOSTRB high of 10 ot 9| ns
29 | ld[H1L-(X)RWH] Delay time, H1 low to (X)R;‘W high of 10 of 9 ns
30 | td[H1L-(X)A] Delay time, H1 low to (X)A valid of 10 of 9 ns
33 | tsu[(XIRDY-H1H] Setup time, (X)W betore H1 high 9 ns
34 | th[H1H-(X)RDY] Hold time, {X)RDY after H1 high 0 ns
35 | ld{H1L-XRWL) Delay fime, H1 low to XR/W low of 15 ot 13 ns
36 | byiH1HEODIW Valid time, (X)D after H1 high 30 25 ns
37 | th[H1L-(X)DIW Hold time, (X)D after H1 low 0 0 ns

T These values are derived by design but not tested.

H3

H1 |
\ |
| 27—y
[
IOSTRB } |
‘ |
lH— as
(XR /W !

.«

Y,

\

I I I

\

_ﬂ‘ h—zs
|
|

—
X

H— 30
T
—p

(X)D

N
*

3 _.ILJH_W 34

{XJRDY

[
—p e 37

F

\_/

Figure 12. SMJ320C30 Memory-Write-Cycle Timing (IOSTRB = 0)
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

timing for XF0 and XF1 when executing LDFI or LDII {(see Figure 13)

vo. S e R T
MIN MAX MIN  MAX MIN  MAX
38 | ld{HsH-xFoly Delay time, H3 high to XFO low 15 13 12 ns
39 |[lsu(xF1-H1l) Selup lime, XF1 valid before H1 low 12 9 8 ns
40 | th{H1L-XF1) Hold time, XF1 after H1 low 0 0 0 ns
Fetch
| LDFlerLDN | Decode | Read | Execute |

|
{(M)STRB I | \ /
| \
_ | \
(X)R /W | |
I \
|
|
0A | X X
|
| \
} |
(X)RDY I } f
I g F
XFO 39— 4 |

" T

Figure 13. Timing for XFO and XF1 When Executing LDFI or LDI
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 —

REVISED JUNE 1996

timing for XFO when executing a STFl or STIl (see Figure 14)

'320030-33 | ’320C30-40 | |
NO. '320631-33 | '320C31-4p | 20031-50 UNIT
MIN MAX MIN MAX MIN MAX
41 | tg(H3H-xFoHy Delay ime, H3 high to XFO high 18 13 12 ns
Fetch
| 8TFl or 8TIl | Decode Read Execute
“/ N\ \ / \__/
|
|
N S S S S
|
TS | \__/
(M)STRB |
|
(R |\ /-
|
0n TRX X_
[
|
(oD | — r—
- |
(X)RDY —.T | E f
|
XFo /
Figure 14. Timing for XFO When Executing a STFl or STII
‘U TEXAS
INSTRUMENTS
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

timing for XFO and XF1 when executing SIGI (see Figure 15)

'320C30-33 '320C30-40 ,
NO. '320631-33 | '320C31-4p | 320C31-50 UNIT
MIN MAX MIN  MAX MIN  MAX
4.1 | igH3H-xFol) Delay time, H3 high to XFO low 15 13 12 ns
42 | ld({H3H-XFoH) Delay time, H3 high lo XF0 high 18 13 12 ns
43 |lsu(XF1-H1L) Setup time, XF1 valid before H1 low 12 ns
44 | hiH1L-XF1) Hold time, XF1 after H1 low ns
Fetch
| slal | Decode ‘ Read | Execute
VANV VA NV
\ |
| |
W
H1
41.1
a3 1 {F > 1|F | a2
XFO | \|
I
—p— a4
|
XF1 \ Z
Figure 15. Timing for XF0 and XF1 When Executing SIGI
timing for loading XF register when configured as an output (see Figure 16)
'320C30-33 '320C30-40 1320031 -50
NO. '320€31-33 | '320031-40 ) UNIT
MIN MAX MIN  MAX MIN  MAX
45 | hy(H3H-XF)  Valid time, H3 high to XF valid 15 13 12 ns
Fetch Load
| Instruction | Decode | Read |

OUTXF Bit

Execute ‘

1or0

ﬂ—45

XFx

A

Figure 16. Timing for Loading XF Register When Configured as an Output
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

change of XFx from output to input mode (see Figure 17)

vo. 2000130 | ‘sgocaran | 2900s |
MIN MAX MIN  MAX MIN  MAX
46 | tdiH3H-xFx)  Delay time, XFx after H3 high 151 13t 12t ns
47 | lgu(XFx-H1l) Selup lime, XFx before H1 low 12 9 8 ns
48 | th{H1L-XFx) Hold time, XFx after H1 low 0 0 0 ns
t These values are derived from characterization but not tested.
Buffers Go Value on
| Execute | From Qutput ‘ Synchronizer ‘ Terminal |
Load of IOF | tolnput | Delay | SeeninIOF |

/OXFx Bit
(see Note A)

XFx Cutput

RS TXSNXLY NGO AN N
KXKAL KXXAKL UOAOK )
|

INXFx Bit (J W 4

(see Note A) Data
Sampled Data
Seen

NOTE A: T/OXFx represents either bit 1 orbit 5 of the |IOF register, and INXFx represents either bit 3 or bit 7 of the IOF register depending on
whether XF0 or XF1, respectively, is being affected.

Figure 17. Change of XFx From Qutput to Input Mode
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

change of XFx from input to output mode (see Figure 18)

'320C30-33 | '320C30-40 | |
NO. '320631-33 | '320C31-4p | 320C31-50 UNIT

MIN MAX MIN  MAX MIN  MAX

Delay time, H3 high to XF switching from input to

49 [tg(H3H-XFIO) output 20 17 15 ns
Execution of
‘ Load of IOF ‘ ‘
\ |
| |
| |
H1 | |
\
| I
/OXFx Bit I
(see Note A) |
—»

XFx
(see Note A)

NOTE A: T/OXFx represents either bit 1 or bit & of the |IOF register, and INXFx represents either bit 3 or bit 7 of the IOF register depending on
whether XFO or XF1, respectively, is being affected.

[T

Figure 18. Change of XFx From Input to Output Mode

{‘? TeExAs
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 29
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DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

reset timing

RESET is an asynchronous input that can be asserted at any time during a clock cycle. If the specified timings
are met, the exact sequence shown in Figure 19 occurs; otherwise, an additional delay of one clock cycle may
occur. R/W and XR/W are in the high-impedance state during reset and can be provided with a resistive pullup,
nominally 18 kQ to 22 kQ, fo prevent spurious writes from occurring. The asynchronous reset signals include
XF0/1, CLKX0/1, DX0/1, FSX0/1, CLKRO/1, DR0/1, FSR0/1,and TCLKO/1. HOLD is an asynchronous inputand
can be asserted during reset.

Resetting the device initializes the primary- and expansion-bus control registers 1o seven software wait states
and, therefore, results in slow external accesses until these registers are initialized.

reset timing [P = tc(CI)] (see Figure 19)

'320C30-33 '320C30-40 ,
NG. '320C31-33 | '320c31-40 | 320€31-50 UNIT
MIN MAX MIN  MAX MIN MAX
50 | tsu(RESET) Setup time, RESET before GLKIN low 10 Pt 10 Pt 10 Pt| ns
51 td(CLKINH-H1H) Delay time, GLKIN high to H1 high§ 2 14 2 14 2 10 ns
52 | Ld(CLKINH-H1LY Delay time, GLKIN high to H1 low$ 2 14 2 14 2 10 ns
Setup time, RESET high before H1 low
53 | lsu(RESETH-H1L) after ten H1 clock cycles 10 9 ! ns
54 | td{CLKINH-H3L) Delay time, CLKIN high to H3 low§ 2 14 2 14 2 10 ns
55 [ ld{CLKINH-H3H) Delay time, CLKIN high to H3 high$§ 2 14 2 14 2 10 ns
_ Disable time, H1 high to (X)D
96 | ldis(H1H-XD) high-impedance state 18t 151 12t ns
i Disable time, H3 high to (X)A
57| ldis(H3H-XA) high-impedance state 1ot ot st ns
58 [ ld{H3H-CONTROLH) Delay time, H3 high to control signals high 101 ot af ns
53 [ td{H1H-IACKH) Delay time, H1 high to IACK high 10T of af ns
i Disable time, RESET low to asynchronous
60 td'S(RESETL'ASYNCH) reset signals in the high-impedance state 25T all 177 ns

T These values are derived from characterization but not tested.
 These values are derived by design but not tested.
§ See Figure 7 and Figure 8 for temperature dependence for the 40-MHz SMJ320C30 and SMJ320C31.

30

{'? TeExas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443
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reset timing (continued)

| || —» lh_Lss
(X)D by |
(see Note A) T mi _J l¢— 57
\ 55— — | |
(X)A \
r
(see Note B) ; —a 58
|
Control Signals
(see Note C) i /
\
IACK
\
Asynchronous —» 1‘_ 80
-

Reset Signals 4 9
(see Note D)

NOTES: A. Inthis diagram X(D) includes D31-D0 and XD31 -XD0.
B. In this diagram, (X)A includes A23—-A0 and XA12—-XA0.
C. Control signals include STRB, MSTRB, and IOSTRB.
D. Asynchronous reset signals include XF1, XF0, CLKX0, DX0, FSX0, CLKRO, DRO, FSR0, CLKX1, DX1, FSX1, CLKR1, DR1, FSR1,
TCLKO, and TCLK1.
E. Inmicroprocessormode, the reset vectoris fefched twice, with seven software wait states each time. In micromputer mode, the reset
vectoris fetched twice, with no software wait states.

Figure 19. Reset Timing [P = t¢cy]
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INT3-INTO response timing [Q = tc(H)] (see Figure 20)

'320C30-33 '320C30-40

NO. '320631-33 | '320C31-4p | 20031-50 UNIT
MIN  MAX MIN  MAX MIN  MAX
61 | tgy(INT) Setup time, INT3—INTO before H1 low 15 13 1 ns

Pulse duration, INT3—INTO, to assure anly

one interrupt seen (see Notes 9 and 10) Q <2af Q <zaf Q <zaf ns

62 [ tw(INT)

t These values derived from characterization but not tested.
NOTES: 9. Interupt pulse duration must be at least 1Q wide to ensure it is seen. It mustbe less than 2Q wide to ensure it is responded to only
once.

10. TNT3-INTO are asynchronous inputs and can be asserted at any point during a clock cycle. The SMJ320C3x interrupts are
level-sensitive, not edge-sensitive. Interrupts are detected on the falling edge of H1. For the processor torecognize only one interrupt
on a given input, an interrupt pulse must be set up and held to a minimum of one H1 falling edge and no more than two H1 falling
edges. The SMJ320C3x can accept an interrupt from the same source every two H1 clock cycles. If the specified timings are met,
the exact sequence shown occurs; otherwise, an additional delay of one clock cycle may occur.

Resetor
Interrupt Fetch First
Vector Instruction of

| Read | | Service Routine |

iNT3-INTO '

| |
\
| | } |
" [ | | |
Pins | | ‘ |
o2 | } } First |
iNT3-INTO } | | Instruction \
Flag ‘ | | Address }
| |
Vector Address | } ‘ }
Addr
Data

Figure 20. INT3-INTO Response Timing [Q =t(H)]
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interrupt-acknowledge (IACK) timing (see Figure 21)

SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

'320C30-33 | '320C30-40 | |
NO. '320631-33 | '320C31-4p | 320C31-50 UNIT
MIN MAX MIN  MAX MIN  MAX
63 | ld{H1H-IACKLY Delay time, H1 high to IACK low 10 9 8 ns
64 [td{H1H-IACKH) Delay time, H1 high ta IACK high 10 9 8 ns
Fetch IACK IACK
‘ Instruction ‘ ‘ Data Read ‘ ‘
Ha _/_\_/_\_/_\_/_\_/_\_
|
63 —
r_ —» 4 64
IACK \ /
Address X X
Data \ /
Figure 21. Interrupt-Acknowledge {IACK) Timing
’5
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serial-port timing {(econtinued)

55 {|1 66 PI
0 ASANANANNANNANANANNANANNANAN
} ” r_ | | 57 | :
— 67
ckxim __/ | | N A
\ \ | | —» 4 8o |
| | | I 68— 4 | 7s
| P me ) |
DX | ‘ | { Bitn -1 X Bitn-2 " OBit0 )
=<7 ’
ELE L EE YO O E Y EOerEey EEREEREE T EEy R R R R A A A A
e I I Y, OAOASEAAARERAEY AR HASBEABRAEBARAKRAKREARLAERS

Bitn -2
OO N

FSR R RN

T A N

FSX (int) | / J‘ €75 \ .

T R I TR

FSX (ext) | RN ARBAROKRIEIOK KKK X RIAKXARXKAAKBAROKKAKIXKIKIK, LKL ERKKEBAKBARDKKAKIXKIKIXHLD
N —» &S

—» €76

NOTES: A. Timing diagrams show operations with the serial port global-control register bits CLKXP = CLKRP = FSXP = FSRP = 0.
B. Thesetimings are valid forall serial-portmodes, including handshake, except where otherwise indicated. Fora functional description
of sexial port operation, refer to the TMS320C3x User’s Guide (literature number SPRU031D).
C. Timing diagrams depend upon the length of the serial-port word, n, where n = 8, 16, 24, or 32 bits, respectively.

Figure 22. Serial-Port Timing, Fixed-Data-Rate Mode

it
by

FSX (int) |

—» & 76 o

|
| \
\ |
| |
\ \
FSX (ext) m i |
| 70 P 4
%77 »_| | e

F i - - - T -
DX L Bitn -1 x Bitn -2 X Bitn -3 n Bit0 )—
FSR R R S e R X
N L I N e
68— 4
DR OOOBMBGA) i OB KR RIS

K000 K XN
71

RO XX A S

< 20O00OOOOCNCOSOOOOOCO0O0NK
Bitn -3

—p 4 72

NOTES: A, Timing diagrams show operations with the sexial port global-control register bits CLKXP = CLKRP = FSXP = FSRP = 0.
B. These timings are valid for all serial-port modes, including handshake, except where otherwise indicated.
C. Timings not expressly specified for variable-data-rate mode are the same as those for fixed-data-rate mode.
D. Timing diagrams depend upon the length of the sevial-port word, n, where n = 8, 16, 24, or 32 bits, respectively.

Figure 23. Serial-Port Timing, Variable-Data-Rate Mode
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HOLD/HOLDA timing (see Note 11 and Figure 24)

vo. P I R
MIN MAX MIN MAX | MIN MAX
80 tsu(HOLD) Setup time, HOLD before H1 low 15 13 10 ns
81 tV(HQLDA) Valid time, HOLDA after H1 low of 10 ot 9 ot 7 ns
82 |[tw{HOLD) Pulse duration, HOLD low 2te(H) 2le(H) 2lo(H) ns
B3 | lw{HOLDA) Pulse duration, HOLDA low tc(H)—51: tc(H)—5i zot ns
84 [td(H1L-SH)H Delay time, H1low to STRB high for a HOLD of 10t ot of ot 7 ns
85 |lgis(H1l-g)  Disable time, H1low to STRB high impedance ot 10t ot ot [ of | ns
86 ten(H1 L-8) Enable time, H1 low to STRB active of 10% of gt of 7+ ns
B7 |[ldis(H1l-Rw) Disable lime, H1 low lo R/W high impedance of 10t of of of gt ns
88 |[ten(H1L-Rw) Enable fime, H1 low to R/W active of 10t of of of 7+ ns
89 tdis(H1 LAY ia;sF)a;tsz:nth;e, H1 low to address high ot 10t ot at ot st ns
90 ten(H1L-A) Enable time, H1 low to address valid ot 15+ of 13t of 10t ns
91 |ldig(H1H-D)  Disable ime, H1 high to data high impedance of 15+ of 124 of 10t ns

T These values are derived by design but not tested.

1 These values are derived from characterizalion but nol Lesled.

NOTE 11: HOLD is an asynchronous input and can be asserted at any point during a clock cycle. If the specified timings are met, the exact
sequence shown in Figure 24 occurs; otherwise, an additional delay of one clock cycle can occur. The NOHOLD bit of the
primary-bus-control register (refer to the TMS320C3x User's Guide, literature number SPRU031D) overrides the HOLD signal. When
this bitis set, the device comes out of hold and prevents future hold cycles from occurring.

N S\

\
—» e I | } | |
o\ I 4 :
‘ 1
I | ¥ e —h e
—_ | 1 ; \r 83 .‘l
HOLDA — |
(see Note A) 84 | | }
| \ —» _— 35 H 86
—_— 1 T N\ | 7
STRB / | | | \
} \hk 87 Kf 88
_ \ |
R/W ) ; |(
T oo P
| |
N\ 4
A / \
|
D Write Data )

NOTE A: HOLDA does low in response to HOLD going low and continues to remain low through one H1 cycle after HOLD retums to high.

Figure 24. HOLD/HOLDA Timing
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peripheral-pin general-purpose |/O timing (see Note 12 and Figure 25)

vo. sa0031.95 | ‘sacetoeo | 02003Ts0 |
MIN  MAX | MIN MAX| MIN MAX

92 | lgy(GPIOH1Ly Selup lime, general-purpose input before H1 low 12 10 9 ns

93 [thiGPIOH1L) Hold time, general-purpose input after H1 low 0 0 0 ns

94 | t4{GPIOH1H) Delay time, general-purpose autput after H1 high 15 13 10 ns

NOTE 12: Peripheral pins include CLKX0/1, CLKR0/1, DX0/1, DR0O/1, FS8X0/1, FSR0/1, and TCLK0/1. The modes of these pins are defined
by the contents of intermal contrel registers associated with each peripheral.

SN NSNS S S

Peripheral

Pin X

B e

|4— 94

|F94
|

rd
L8

.
g

C L —»
22— 4+ |
A

{
X
{
!

Figure 25. Peripheral-Pin General-Purpose 1/0 Timing
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

change of peripheral pin from general-purpose output to input mode (see Figure 26)

'320C30-33 '320C30-40 ,
NO. '320631-33 | '320C31-40 | 320C31-50 UNIT
MIN MAX MIN MAX MAX
95 | th{H1H) Hold time after H1 high 15 13 10 ns
96 |[lsu(GPIOH1L)  Seluplime, peripheral pin before H1 low 12 ns
97 | th(GPIOH1L) Hold time, peripheral pin after H1 low ns
Execute Store Value on
of Peripheral Buffers Go Terminal Seen in
Conr‘t’rol FromIOutputto Synchronizer Delay Peripheral
Register nput Control Register
w /N S S S S S
w N_/ /S S S S L
|
1/0 | 96 L ‘ J
Control Bit Jl—ﬂ +— 97
—» o o5 i }
P e ri p h er -a I v’v’v.v’v.v.v‘v‘v’v‘v.v’v.v."’v’v¢v‘v’v’v’v’v’v.v‘! '\v.v‘v’v’v¢v‘v’v’v’v.v.v.v.v.v.v.v.v‘v’v.v \v‘v’v’v’v.v.v.'.v, v‘v
Pin __ Output REELEKKREKEXEKKIKEIL.  JEREXEXEKRKKKIXE. R X
/J |
Data Bit RIS

Data Sampled

Data
Seen

Figure 26. Change of Peripheral Pin From General-Purpose Output to Input Mode
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

change of peripheral pin from general-purpose input to output mode (see Figure 27)

'320C30-33 | '320C30-40 |
NO. '320631-33 | '320¢31.40 | 220031-50 UNIT
MIN  MAX MIN MAX MIN  MAX
Delay time, H1 high to peripheral pin switching from
98 | (GPIOHTH)  jnout to output 15 13 bl
Execution of Store of
Peripheral Control
Register
" _/_\_/_\_/_\_/_\_
" _\_/_\_/_\_/_\_/_
| \
| |
| |
170 ‘
Control
Bit |
|
e T
Peripheral ‘/
Pin N\
Figure 27. Change of Peripheral Pin From General-Purpose Input to Output Mode
’5
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

timing parameters for timer pin (see Figure 28)

'320C30-33
NO. '320C31-33 UNIT
MIN MAX
99 | lsy(TCLK-Hily Seluplime, TCLK ext before H1 lowt TCLK ext 12 ns
100 | Ih(TCLK-H1L) Hold lime, TCLK ext after H1 lowT TCLK ext 0 ns
101 |tJ(TCLK-H1H) Delay time, H1 high to TCLK int valid TCLK int 12 ns
00 |t ] + TCLK ext to(H) % 26t ns
c(TCLK) Cycle time, TCLK ToLRIm o) % 2 ot * 35T -
. . TCLK ext te(H) + 12F ns
103 [ tw(TCLK) Pulse duration, TCLK high/low T -
TCLKint | [lgiToLKky/21-15  [ig(TeLK)/2]+5 ns
'320C30-40
NO. '320C31-40 UNIT
MIN MAX
99 |[fsu{TCLK-H1L) Setup lime, TCLK ext before H1 lowT TCLK ext 10 ns
100 | thiTCLK-H11y Hold time, TCLK ext after H1 lowt TCLK ext 0 ns
101 |tgrciKk-H1H)  Delay time, H1 high to TCLK int valid TCLK int g ns
102 |t Cvdle oLk TCLK ext le(H) % 26t ns
c(TCLK) ycle lime. TCLK int lo(H) % 2 to(H) x 282% ns
) ) TCLK ext te(H) + 12F ns
103 bw(TCLK) Pulse duration, TGLK high/lowT -
TCLK int [tC(TCLK)/2]75 [tC(TGLK)/2]+5 ns
'320C31-50
NO. UNIT
MIN MAX
99 |[lsu(TCLK-H1l) Selup lime, TCLK ext before H1 lowT TCLK ext 10 ns
100 |th(TCLK-H1L) Hold time, TCLK ext after H1 lowT TCLK ext 0 ns
101 | tg(TCLK-H1H) Delay time, H1 high to TCLK int valid TCLK int 8 ns
02 |t ) t TCLK ext to(H) % 26t ns
c(TCLK) Cycle ime, TCLK ToLK i o) * 2 ot % 32T -
) ) TCLK ext te(H) + 12f ns
103 [ tw(TCLK) Pulse duration, TCLK high/lowT -
TCLK int leiToLKky /215 [lg(TGLK)/2]+5 ns

T Timing parameters 99 and 100 ave applicable for a synchronous input clock. Timing parameters 102 and 103 are applicable for an asynchronous
input clock.
T Assured by design but not tested

/N S S S

&
o
N

v

NOTE A: Period and polarity of valid logic level are specified by contents of intemal control registers.

Figure 28. Timer-Pin Timing
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

timing parameters for SHZ [P = tc(CI)] (see Figure 29)

'320C30-33
'320C31-33 ,
NG 1320630 -40 320C31-50 UNIT
'320C31-40
MIN MAX | MIN MAX
104 | lgis(sHz) Disable lime, SHZ low o all O, 1/0 high impedancel of 3p+1st | of  2pt ns
105 |tenisHzy Enable time, SHZ high to all O, I/ O activel of  2pt of  2pt ns

T These values are derived from characterization but not tested.

SHZ \ /T
(see it
17

Note A) | I
I4—1044.| |
| ﬂ—.‘— 105
| |
s N [« 7
Alll/O ) § {

NOTE A: Enabling SHZ destroys SMJ320C3x register and memory contents. Assert SHZ and reset the SMJ320C3x to restore it to a known
condition.

Figure 29. Timing for SHZ
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SMJ320C30 part order information

SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

PREFIX
SMJ = MIL-8TD-38535 (QML)
SM = Standard Processing

DEVICE FAMILY
320 = SMJ320 Family

TECHNOLOGY
G = CMOS

DEVICE

30 = ’'320C30

SPEED RANGE
33 = 33 MHz

POWER | OPERATING PROCESSING
DEVICE TECHNOLOGY | ("ot | pEquENCY PACKAGE TYPE EVEL

SMJ320C30GBM33 | 0.8um CMOS | 5V 10% 33 MHz | Ceramic 181-pin PGA QML

SM320C30GBM33 0.8pm CMOS EVi10% 33 MHz Ceramic 181-pin PGA Standard

5962-9052603MXA 08pm CMOS | 5V 10% 33 MHz | Ceramic 181-pin PGA DESC SMD

SMJ320C30HFGM33 | 08um CMOS | 5V10% 33 MHz | eramic 196-pin quad flaipack with QML
nonconduclive tie bar

SM320C30HFGM33 | 0.8um CMOS | 5V 10% 33 MHz | ©eramic 196-pin quad flatpack with Standard
nonconduclive tie bar

5962°9052603MUA | 0.8um CMOS | 5V 10% 33 MHz | Ceramic 196-pin quad flatpack with DESC SMD
nonconduclive tie bar

SMJ320C30GBM40 | 0.8um CMOS | 5Vi5% 40 MHz Cevamic 181-pin PGA QML

SM320C30GBM40 0.8-pm CMOS 5V15h% 40 MHz Ceramic 181-pin PGA Standard

SMJ320C30TAM33 08um CMOS | 5V 10% gamHy | 20%Iead ILBTAB frame with polyimide QML
encapsulant

SM320C30TAM33 08um CMOS | 5V 10% samiy | 203 1ead ILBTAB frame with polyimide Standard
encapsulant

SMJ320C30TBM33 0.8-pm CMOS EVi10% 33 MHz 203-lead ILB TAB frame bare-die option QML

SM320C30TBM33 08um CMOS | 5V 10% 33 MHz ig?gﬁad ILB TAB frame with bare-die Standard

SMJ320C30HFGM40 | 08um CMOS | 5V 5% 40 M, | Ceramic 196-pin quad flatpack with QML
nonconductive tie bar

SM320C30HFGM40 | 0.84um CMOS | 5Vi5% 4o MHz | Ceramic 196pin quad flaipack with Standard
nonconductive tie bar

5962-9052604MUA | 0.8yum CMOS | 5Vi5% doMHz | Ceramic 196-pin quad flaipack with DESC SMD
nonconductive tie bar

5962-9052604MXA | 084um CMOS | 5Vi5% 40 MHz Ceramic 181-pin PGA DESC SMD

SMJ 320 C 30 GB M 33

40 = 40 MHz

TEMPERATURE RANGE
M = —85°C 10125°C
L = 0°C to 70°C

PACKAGE TYPE

GB = 181-Pin Grid Array (PGA) Ceramic
Package

HFG = 196-Pin Ceramic Quad Flatpack with a
nonconductive tie bar

TA = 203-lead ILB TAB frame with
polyimide encapsulant

B = 203-lead ILB TAB frame, bare-die
option

KGD = Known Good Die

Figure 30. SMJ320C30 Device Nomenclature
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

SMJ320C31 part order information

POWER OPERATING PROCESSING
DEVICE TECHNOLOGY SUPPLY FREQUENCY PACKAGE TYPE LEVEL

SMJ320C31GFAM33 | 0.72-um CMOS 5V+10% 33 MHz Ceramic 141-pin staggeved PGA QML

SM320C31GFAM33 0.72-um CMOS 5V+10% 33 MHz Ceramic 141-pin staggered PGA Std

SMJ320C31GFAM40 | 0.72-pm CMOS BV 5% 40 MHz Ceramic 141-pin staggered PGA QML

SM320C31GFAM40 0.72-pm CMOS 5Vt5% 40 MHz Ceramic 141-pin staggered PGA Std

SMJ320C31HFGM33 | 0.72um CMOS | 5V 10% 33 MHz | Ceramic 182-pin quad flatpack with a QML
nonconductive tie bar

SM3P0C3THFGM33 | 0.72um CMOS | 5V 10% 33 MHz | Ceramic 182-pin quad flatpack with a Std
noncenductive tie bar

SMJ320C3THFGM40 | 0.720m cMOS | 5V 5% 40 MHz | Geramic 132-pin quad flatpack with a QML
noncenduclive lie bar

SM320C3THFGM40 | 0.72um CMOS | 5V 5% 40 MHz | ©eramic 132-pin quad flatpack with a Sid
noncenduclive lie bar

SMJ320G31TAM33 | 0.72um CMOS | 5V 10% 33 MHz 132-lead ILB TAB frame wilh polyimide QML
encapsulant

SM320C31TAM33 0.724m CMOS | 5V 10% 33 MHz 132-lead ILB TAB frame with polyimide Standard
encapsulant

SMJ320C31TBM33 0.72-um CMOS 5V+10% 33 MHz 132-lead ILB TAB frame bare-die option QML

SM320C31TBM33 0.72um CMOS | 5V 10% 33 MHz lgﬁ;ﬁad ILB TAB frame with bare-die Standard

SMJ320C31GFAMS0 | 0.72-pm CMOS 5V5% 50 MHz Ceramic 141-pin staggered PGA QML

SM320C31GFAMS0 0.72-um CMOS 5V8% 50 MHz Ceramic 141-pin staggered PGA Standard

SMJ320C31HFGM50 | 0.720m CMOS | 5V 5% soMHz | Seramic 132-pin quad flatpack with QmL
nonconductive tie bar

SM320C31HFGM50 | 0.72um CMOS | 5V 5% oMM | eramic 132-pin quad flalpack wilh Standard
nonconductive tie bar

5962-9205802MXA 0.72-um CMOS 5V110% 33 MHz 141-pin CPGA DESC SMD

59362-9205802MYA 0.72-um CMOS 5V+10% 33 MHz 132-pin CQFP DESC SMD

5962-9205803MXA 0.72-um CMOS 5V+5% 40 MHz 141-pin CPGA DESC SMD

5962-9205803MYA 0.72-pm CMOS V5% 40 MHz 132-pin CQFP DESC SMD

5962-9205804MXA 0.72um CMOS 5V5% 50 MHz Ceramic 141-pin staggered PGA DESC SMD

5962-9205804MYA | 0.72um CMOS | 5V 5% 50 MHz | eramic 132-pin quad flatpack with DESC SMD
noncoenduclive tie bar.

{'? TeExas
INSTRUMENTS

44 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

SMJ320C31 part order information (eontinued)

SMJ

PREFIX
SMJ = MIL-PRF-38535 (QML)
SM = Standard Processing

320 [ 31 GFA M 33

SPEED RANGE

33 - 33 MHz
40 = 40 MHz
50 - 50MHz

DEVICE FAMILY
320 = SMJ320 Family

TEMPERATURE RANGE
M -55°C te125°C
L C to 70°C

TECHNOLOGY PACKAGE TYPE
C = CMOS GFA = 141-Pin Staggered Grid Aray
Ceramic Package
HFG = 132-Pin Cevamic Quad Flatpack with a
nonconductive tie bar
TA = 132-lead ILB TAB frame with
DEWCE, pelyimide encapsulant
31 = "320C31 TB = 132-lead ILB TAB frame, bare-die
option
KGD = Known Good Die

Figure 31. SMJ320C31 Device Nomenclature
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

S5MJ320C30 (Rev. 5) Inner Lead Bond (ILB) Information for TAB

203 Die Side Number 4 153
Pad Number One ————P 1 g RRRRRmRaRRERanEaReaeas E 152
g L | e Die Designator
5 O 2
0 :
B
Die Side Number1 [i Die Side Number 3
B
B
o g
2ero-Zero .L nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn J 103
(Origin)
51 Die Side Number 2 102

Figure 32. SMJ320C30 Die Numbering Format
(Refer to Table 1)

The inner lead bond (ILB) pitch for the TAB leadframe is the same as the die bond pad pitch. Table 1 provides
a reference for the following:

A
B.
C.

D.
E.

The TAB lead numbers. The TAB lead numbers are the same as the die bond pad numbers.
The 'C30 signal identities in relation to the pad numbers

Signal functions that fan out to mare than one test pad location. (There are 203 bond pad locations, 203
TAB leads, and 244 tesl pad localions.)

The 'C30 X-,Y-coordinates, where bond pad 51 serves as the origin, {0,0)
The ILB pitch for the TAB leadframe

In addition, the following notes are significant:

F.

G.
H.

A S S

46

X,Y coordinate data is in microns.

Coordinate origin is at (0,0) (center of bond pad 51).

Average pitch is 186 um (7.32 mils).

Smallest pitch value is 156,8 pm (6.17 mils).

The active silicon dimensions are 10224,00 pm x 11032,00 pm (402.52 mils x 434.33 mils).
The die size is approximately 10541,00 pm x 11353,8 pm (415.00 mils x 447.00 mils).
Distance from diced silicon to polyimide support ring is 1016,0 pm (40 mils).

Bond pad dimensions are 115,00 um x 115,00 pm {4.53 mils x 4.53 mils).

Center of bond pad o edge of die ranges from 180 pm—220pm (7.1 mils—8.6 mils). The range of 40 pm
(1.57 mils) exists since the dicing process will result in some tolerance. Due 1o the consistency and

precision of the bond pad locations in reference to each other, the center of bond pad 51 was chosen as
the origin.
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 1. SMJ320C30 Die Pad/TAB Lead Information : Rev. 5 (0,8 um)

DIE SIDE #1
30 DIE DIE/TAB TAB €30 COORDINATE OF | Y-COORDINATE OF PITCH OF LEAD (#, #)
BOND PAD | BONDPAD | TEsTRAD | O O D pAD REFERENCE WHICH DIE

LOCATIONS | IDENTITY | LOCATIONS BOND PADS
1 PDVDD 1,2 9563.00 195.20 (1,2)
2 PDVDD 3,4 9367.80 168.60 (2,3)
3 DRO 5 9199.20 192.00 (3,4)
4 FSRO 6 9007.20 184.00 (4,5)
5 CLKRO 7 8823.20 192.00 (5,6)
6 CLKXO0 8 8631.20 184.00 (6,7)
7 FSX0 9 8447.20 192.00 (7,8)
8 DX0 10 8255.20 184.00 (8,9)
9 TGLKO 11 8071.20 192.00 (3,10)
10 TCLK1 12 7879.20 184.00 (10,11)
11 EMUS 13 7695.20 192.00 (11,12)
12 XDO 14 7503.20 184.00 (12,13)
13 XD1 15 7319.20 192.00 (13,14)
14 XD2 16 7127.20 180.20 (14,15)
15 I0DVpp 17,18 6947.00 195.20 (15,16)
16 I0DVpp 19, 20 6751.80 168.60 (16,17)
17 XD3 21 6853.20 184.00 (17,18)
18 XD4 22 6399.20 192.00 (18,19)
19 XD5 23 6207.20 184.00 (19,20)
20 XD6 24 6023.20 192.00 (20,21)
21 XD7 25 5831.20 184.00 (21,22)
22 XD 26 5647.20 192.00 (22,23)
23 XD9 27 5455.20 184.00 (23,24)
24 XD10 28 5271.20 188.20 (24,25)
25 VDD 29, 30 —423.80 5083.00 195.20 (25,26)
26 VbD 31, 32 4887.80 156.80 (26,27)
27 Vsg 33,34, 35 4731.00 195.20 (27,28)
o8 Vs 36, 37 4535.80 168.60 (28,29)
29 XD11 38 4367.20 184.00 (29,30)
30 XD12 39 4183.20 192.00 (30,31)
31 XD13 40 3991.20 184.00 (31,32)
32 XD14 41 3807.20 192.00 (32,33)
33 XD15 42 3615.20 184.00 (33,34)
34 XD16 43 3431.20 192.00 (34,35)
35 XD17 44 3239.20 184.00 (35,36)
36 XD18 45 3055.20 192.00 (36,37)
37 XD19 46 2863.20 184.00 (37,38)
38 XD20 47 2679.20 192.00 (38,39)
39 XD21 48 2487.20 184.00 (39,40)
40 XD22 49 £303.20 192.00 (40,41)
41 XD23 50 2111.20 184.00 (41,42)
42 XD24 51 1927.20 192.00 (42,43)
43 XD25 52 1735.20 184.00 (43,44)
44 XD26 53 1551.20 192.00 (44,45)
45 XD27 54 1359.20 184.00 (45,46)
46 XD28 55 1175.20 192.00 (46,47)
47 XD29 56 983.20 184.00 (47,48)
48 XD30 57 799.20 180.20 (48,49)
49 I0DVpD 58, 59 619.00 195.20 (49,50)
50 I0DVpD 60, 61 42380

{‘? TEXAS
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SMJ320C30, SMJ320C31

DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 1. SMJ320C30 Die Pad/TAB Lead Information : Rev. 5§ (0,8 um) (Continued)

DIE SIDE #2
¢30 DIE DIE/TAB TAB C30 X-COORDINATE OF V-COORDINATE OF PITCH OF LEAD (#, #)
BONDPAD | BONDPAD | TESTPAD THE DIE BOND PAD | THE DIE BOND PAD REFERENCE WHICH DIE

LOCATIONS | IDENTITY | LOCATIONS BOND PADS
51 DVgg 62, 63 0.00 195.20 (51, 52)
52 DVgg 64 195.2 179.60 (52, 53)
53 CVgg 65, 66 374.80 195.20 (53, 54)
54 CVgg 67 570.00 176.60 (54, 55)
5% XD31 68 746.60 192.00 (55, 56)
56 AZ3 69 938.60 200.00 (56, 57)
57 AZ? 70 1138.60 200.00 (57, 58)
58 AZ1 71 1338.60 192.00 (58, 59)
59 A20 72 1530.60 200.00 (59, 60)
60 A19 73 1730.60 192.00 (60, 61)
61 A18 74 1922.60 200.00 (61, 62)
62 A17 75 2122.60 200.00 (62, 63)
63 Al6 76 2322.60 192.00 (63, 64)
64 Al5 77 2514.36 200.00 (64, 65)
65 Al4 78 2902.80 188.20 (65, 66)
66 ADVDD 79, 80 2714.60 195.20 (66, 67)
67 ADVpD 81 2902.80 176.60 (67, 68)
68 A13 82 3098.00 200.00 (68, 69)
69 Al 83 3274.60 192.00 (69, 70)
70 Al 84 3474.60 200.00 (70, 71)
71 A10 85 3666.60 200.00 (71, 72)
72 A9 86 3866.60 192.00 (72, 73)
73 A8 87 4258.60 200.00 (73, 74)
74 A7 88 4458.60 192.00 (74, 75)
75 AB 89 4650.60 196.20 (75, 76)
76 ) 90, 91 4846.80 0.00 195.20 (76, 77)
77 VoD 92, 93 5042.00 172.80 (77, 78)
78 Vgg 94, 95 5214.80 195.20 (78, 79)
79 Vgg 96, 97 2410.00 168.60 (79, 80)
80 A5 98 5578.60 200.00 (80, 81)
81 Ad 99 5778.60 192.00 (81, 82)
82 A3 100 5970.60 200.00 (82, 83)
83 A? 101 6170.60 200.00 (83, 84)
84 A1 102 6370.60 192.00 (84, 85)
85 A0 103 6562.60 212.20 (85, 86)
86 EMUO 104 6774.80 216.00 (86, 87)
87 EMU1 105 6990.80 208.00 (87, 88)
88 EMUZ 106 7198.80 203.80 (88, 89)
89 EMU3 107 7402.60 204.20 (89, 90)
90 EMU4/SHZ 108 7606.80 216.00 (90, 91)
a1 MCAMP 109 7822.80 203.80 (91, 92)
92 XA12 110 8026.60 192.00 (92, 95)
93 XA11 111 8218.60 200.00 (93, 94)
94 XA10 112 8418.60 192.00 (94, 95)
95 XA9 13 8610.60 200.00 (95, 96)
96 XA8 114 8810.60 200.00 (96, 97)
97 XA7 115 9010.60 192.00 (97, 98)
a8 XA6 116 9202.60 196.20 (98, 99)
99 IVgs 117,118 9398.80 195.20 (99, 100)
100 IVgg 119 9594.00 164.80 (100, 101)
101 DVgg 120, 121 9758.80 195.20 (101, 102)
102 DVgg 122 9954.00
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 1. SMJ320C30 Die Pad/TAB Lead Information : Rev. 5 (0,8 pum) (Continued)

DIE SIDE #3

€30 DIE DIE/TAB TAB €30 X -COORDINATE OF V-COORDINATE OF PITCH OF LEAD {#, #)

BOND PAD | BONDPAD | TESTPAD THE DIE BOND PAD THE DIE BOND PAD REFERENCE WHICH DIE
LOCATIONS | IDENTITY | LOCATIONS BOND PADS
103 ADVDD 123, 124 430.60 195.20 (103,104)
104 ADVpp 125, 126 625 .80 168.60 (104,105)
105 XA5 127 764 40 192.00 (105,106)
106 XA4 128 986.40 184.00 (106,107)
107 XA3 129 1170.40 192.00 (107,108)
108 XA2 130 1362.40 184.00 (108,109)
109 XA1 131 1546.40 192.00 (109,110)
110 XA0 132 1738.40 184.00 (110,111)
111 D31 133 1922.40 192.00 (111,112)
112 D30 134 2114.40 184.00 (112,113)
113 D29 135 2298 .40 192.00 (113,114)
114 D28 136 2490.40 184.00 (114,115)
115 D27 137 2674.40 192.00 (115,116)
116 D26 138 2866.40 180.20 (116,117)
17 DDV 139, 140 3046.60 195.20 (117,118)
118 DDVpD 141,142 3241.80 168.60 (118,119)
119 D25 143 3410.40 184.00 (119,120)
120 D24 144 3594.40 192.00 (120,121)
121 D23 145 3786.40 184.00 (121,122)
122 D22 146 3970.40 192.00 (122,123)
123 D21 147 4162.40 184.00 (123,124)
124 D20 148 4346.40 192.00 (124,125)
125 D19 149 10377.80 4538.40 184.00 (125,126)
126 D18 150 4722.40 188.20 (126,127)
127 VDD 151, 152 4910.60 195.20 (127,128)
128 VDD 1583, 154, 155 5105.80 156.80 (128,129)
129 Vgg 156, 157 5262.60 195.20 (129,130)
130 Vgg 158, 159 5457.80 168.60 (130,131)
131 D17 160 5626.40 184.00 (131,132)
132 D16 161 5810.40 192.00 (132,133)
133 D15 162 6002.40 184.00 (133,134)
134 D14 163 6186.40 192.00 (134,135)
135 D13 164 6378.40 184.00 (135,136)
136 D12 165 6562.40 192.00 (136,137)
137 D11 166 6754.40 184.00 (137,138)
138 D10 167 6938.40 192.00 (138,139)
139 D9 168 7130.40 184.00 (139,140)
140 D8 169 7314.40 192.00 (140,141)
141 D7 170 7506.40 184.00 (141,142)
142 D6 171 7690.40 192.00 (142,1483)
143 D5 172 7882.40 184.00 (143,144)
144 D4 173 8066.40 192.00 (144,145)
145 D3 174 8258.40 184.00 (145,146)
146 D2 175 844240 192.00 (146,147)
147 D1 176 8634.40 184.00 (147,148)
148 Do 177 8818.40 192.00 (148,149)
149 H1 178 9010.40 184.00 (149,150)
150 H3 179 9194.40 180.20 (150,151)
151 DDVpD 180, 181 9374.60 195.20 (151,152)
152 DDVpD 182,183 9569.80

{‘? TEXAS
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SMJ320C30, SMJ320C31

DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 1. SMJ320C30 Die Pad/TAB Lead Information : Rev. 5§ (0,8 um) (Continued)

DIE SIDE #4
€30 DIE DIE/TAB TAB €30 X-COORDINATE OF V-COORDINATE OF PITCH OF LEAD (#, #)
BONDPAD | BONDPAD | TESTPAD THE DIE BOND PAD | THE DIE BOND PAD REFERENCE WHICH DIE

LOCATIONS | IDENTITY | LOCATIONS BOND PADS
153 DVss 184 9947.20 195.20 (153,154)
154 DVgg 185, 186 9752.00 164.80 (154,155)
155 CVgg 187 9587.20 195.20 (155,156)
156 CVss 188, 189 9392.00 175.00 (156,157)
157 X2/CLKIN 190 9217.00 9986.80 173.20 (157,158)
158 X1 191 9043.80 9986.80 347.80 (158,159)
159 VgURS 192,193 8696.00 160.60 (159,160)
160 Vagp 194 8535.40 600.00 (160,161)
161 EMUS 195 7935.40 196.00 (161,162)
162 XRDY 196 7739.40 188.00 (162,163)
163 MS TRB 197 7551.40 192.00 (163,164)
164 IOSTRB 198 7359.40 184.00 (164,165)
165 XRAW 199 7175.40 184.00 (165,166)
166 HOLDA 200 6991.40 196.20 (166,167)
167 HOLD 201 6795.20 184.00 (167,168)
168 MDVDD 202 6611.20 195.20 (168,169)
169 MDVpD 203, 204 6416.00 172.80 (169,170)
170 RDY 205 6243.20 187.80 (170,171)
171 STRB 206 6055.40 192.00 (171,172)
172 RW 207 5863.40 196.20 (172,173)
173 RESET 208 5667.20 187.80 (173,174)
174 XF1 209 5479.40 184.00 (174,175)
175 XFO 210 5295.40 184.00 (175,1786)
176 TACK 211 5111.40 9993.60 196.20 (176,177)
177 INTO 212 4915.20 184.00 (177,178)
178 VDD 213, 214 4731.20 195.20 (178,179)
179 vpD 215, 216 4536.00 164.80 (179,180)
180 Vgg 217, 218 4371.20 195.20 (180,181)
181 Vgg 219, 220 4176.00 172.80 (181,182)
182 INT1 221 4003.20 200.00 (182,183)
183 NT2 202 3803.20 200.00 (183,184)
184 INT3 223 3603.20 200.00 (184,185)
185 RSVO 224 3403.20 200.00 (185,186)
186 RSV1 205 3203.20 200.00 (186,187)
187 RSV2 226 3003.20 208.00 (187,188)
188 RSV3 227 2795.20 200.00 (188,189)
189 RSV4 228 2595.20 187.80 (189,190)
190 RSV5 229 2407.40 184.00 (190,191)
191 RSV6 230 2223 40 184.00 (191,192)
192 RSV7 231 2039.40 184.00 (192,193)
193 RSV8 232 1855.40 184.00 (193,194)
194 RSV 233 1671.40 192.00 (194,195)
195 RSV10 234 1479.40 184.00 (195,1986)
196 DR1 235 1295.40 184.00 (196,197)
197 FSR1 236 1111.40 184.00 (197,198)
198 CLKR1 237 927.40 184.00 (198,199)
199 CLKX1 238 743.40 184.00 (199,200)
200 FSX1 239 559.40 184.00 (200,201)
201 DX1 240 875.40 180.20 (201,202)
202 DVsg 241, 242 195.20 195.20 (202,203)
203 DVgg 243, 244 0.00
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

MECHANICAL DATA

TA(350R 70 mm WITH PROTECTIVE FILM} SMJ320C30 244-PIN TAB FRAME (PG5) SOCKET,
203 OLB/ILB 0,25-mm OLB PITCH

Tab Leads Up

M~ & Ll B4
o~ o™
oo o o
- - -l
n 1]
< o
) =+
x x
@O | <t O =
o~ o~
oo oo

Die Face Up

0,26 12,77
225 ﬁi = X 51 =

s — e » 0,24 12,73
(4 Places) ’ ’

< 16,00
(2 Places) .[

4081546/A 11/95

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.
The OLB lead width is 0,1016 £ 0,02 mm.

The ILB lead width is 0,0832 + 0,015 mm.

The Tape width is 35 mm.

The TA is encapsulated die with polyimide overcoat.

{‘? TeExAs
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

MECHANICAL DATA

TB (35 OR 70 mm WITHOUT PROTECTIVE FILM) SMJ320C30 244-PIN TAB FRAME (PG5) SOCKET,
203 OLB/ILB 0,25-mm OLB PITCH

U g o o gt

R

-}5"3"—'13\\\\\"”\ m

=T A N iyt
%'-umuummum » |
muumu””‘ _ H U

4.’-'4
I

M~ [l B cd
e ol
ol ol ol o
-l - -~
u u
<O o
< <
x x
@ o=
ol o
oo oo

(a Plac,es) T

16,00
(2 Places)

4081547/A 11/95

NOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without ncotice.
C. The OLB lead width is 0,1016 £ 0,02 mm.

D. The ILB lead width is 0,0832 + 0,015 mm.

E. The Tape width is 35 mm.

F

. The TB is bare die.

b TeExas
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

5MJ320C31 (Rev. 2) Inner Lead Bond Information for TAB

Pad Number One 132 Die Side Number 4 100

(Origin)

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

—P1 99

XXXX 4 Die Designator

Die Side Number 1 Die Side Number 3

«
w

67

P =T=C=[e o= [e el eT= e [s e[ [s =T e[ = e[ = [e[e]==[=[=T=[= = =[] [l ¥
\_0C00C000noo0oooooDoonoooooooonoond gnooooonoooon

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

34 Die Side Number 2 66

Figure 33. SMJ320C31 Die Numbering Form at
(Refer to Table 2)

The inner lead bond (ILB) pitch for the TAB leadframe is the same as the die bond pad pitch. Table 2 provides
a reference for the following:

A
B.
C.

D.
E.

The TAB lead numbers. The TAB lead numbers are the same as the die bond pad numbers.
The 'C31 signal identities in relation 1o the pad numbers

Signal functions that fan outto more than one test pad location. (There are 132 bond pad locations, 132
TAB leads, and 244 test pad localions.)

The 'C31 X-,Y-coordinates, where bond pad 1 serves as the origin, (0,0)
The ILB pitch for the TAB leadframe

In addition, the following notes are significant:

F.
G.
H.

- X -

X-,Y-coordinate data is in microns.

Coordinate origin is at (0,0) (center of bond pad 1).

Average pitch is 233 um (9.17 mils).

Smallest pitch value is 179,6 pm (7.07 mils).

The active silicon dimensions are 10215,20 pm x 10324,00 um (402.17 mils x 406.46 mils).
The die size is approximately 10541 pm x 10642,60 pm (415.00 mils x 419.00 mils).
Distance from diced silicon to polyimide support ring is 635.00 pm (25 mils).

{‘? TeExAs
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SMJ320C30, SMJ320C31

DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 2. SMJ320C31 Die Pad /TAB Lead Information : Rev. 2 (0,8 um)

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443

DIE SIDE #1
C31 DIE DIE /TAB TAB C31 X-COORDINATE OF Y-COORDINATE OF PITCH OF LEAD {#, #)
BOND PAD BOND PAD TEST PAD THE CENTER OF THE CENTER OF REFERENCE WHICH DIE
LOCATIONS IDENTITY LOCATIONS BOND PAD BOND PAD BOND PADS
N/C 1,2,3
1 A9 4 0.00 300.00 (1,2)
2 DVSS 56,7 —300.00 269.20 (2,3)
3 A8 8 —569.20 27460 (3,4)
4 A7 g9 -843.80 293.20 (4,5)
5 AB 10 —1137.00 278.60 (5,6)
6 A5 11 -1415.60 295.20 (6,7)
7 AVDD 12,13, 14 -1710.80 263.20 (7.8)
8 Ad 15 -1974.00 277.40 (8,9)
g A3 16 —2251 .40 285.00 (9,1 0)
10 A2 17 —2536.40 273.40 (1 0,1 1)
11 Al 18 —2809.80 298.40 (11,12)
12 AD 19 —3108.20 297.80 (12,13)
13 CVgg 20,21, 22 —3406.00 256.80 (13,14)
14 D31 23 —3662.80 320.80 (14,15)
15 vVDDL 24, 25, 26 ~3983.60 180.40 (15,18)
16 VoL 27,28, 29 —4164.00 293.80 (16,17)
17 D30 30 0.00 —4457 80 363.60 (1?,18)
18 Vggl 31,32, 33 -4821.40 180.00 {18,19)
19 Vggl 34, 35, 36 -5001.40 315.40 (19,20)
20 DVgg 37,38, 39 -5316.80 278.00 (20,21)
21 D29 40 —5594 .80 278.40 (21,22)
22 D28 41 —5873.20 320.20 (22,23)
23 DVDD 42,43, 44 —6193.40 349.80 (23,24)
24 D27 45 —6543.20 253.20 (24,25)
25 Vgg 46, 47, 48 —6796.40 305.80 (25,26)
26 D26 49 —7102.20 27220 (26,27)
27 D25 50 —7374 .40 285.20 (27,28)
28 D24 51 —7659.60 287.80 (28,29)
29 D23 o4 —7947 40 290.40 (29,30)
30 D22 53 —8237.80 258.80 (30,31)
31 D21 54 —8496.60 291.60 (31,32)
32 DVDD 55, 56, 57 —8788.20 224 20 (32,33)
33 D20 58 -9012.40
N/G h9, 60, 61
’.
‘U Texas
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 2. SMJ320C31 Die Pad /TAB Lead Information : Rev. 2 (0,8 um) (Continued)

DIE SIDE #2
€31 DIE DIE / TAB TAB C31 X-COORDINATE OF Y-COORDINATE OF PITCH OF LEAD (4, #)
BOND PAD | BONDPAD | TESTPAD THE CENTER OF THE CENTER OF REFERENCE WHICH DIE

LOCATIONS | IDENTITY | LOCATIONS BOND PAD BOND PAD BOND PADS
N/C 62,63, 64
g; D[;ngs o 22' o Zg?gg 352.60 (34, 35)
36 D18 69 1142.00 280.80 (35, 36)
37 D17 70 1414.00 272.00 (36, 37)
38 D16 71 1682.80 gig-gg (g;, gg)
o e - S 375.60 Eas’ 40;
40 CVss 78,74,75 2301.60 ' ’
212.40 (40, 41)
i e o 2o14.00 314.00 (41, 42)
s oD 0 v 207.60 (42, 43)
" Vol o S 400.60 (43, 44)
44 Vgg 81,82, 83 3436.20 100,80 143, 4
45 D12 84 3650.80 a0 (45, 46)
o o1t o P 293.60 246, 47;
4 .~ o Pl 343.40 (47, 48)
48 VbDL 87,88, 89 4556.60 17950 (16, £6)
49 VbpL 90,91, 92 4736.20 31540 115, 50)
50 D9 93 5051.60 -9480.40 081 €0 (50’ o)
51 D8 94 5333.20 : :
52 DVgg 95, 96, 97 5618.40 gig-ﬁg Eg; 23
o3 VssL 98, 99, 100 5958.40 7600 (20 o4
54 VssL 101, 102, 103 6138.80 266,60 (o4 50)
2 o 105 er1450 26640 (55,5
' 297.80 (56, 57)
57 DVDD 106, 107, 108 7012.60 o 00 o7 6
o o e 727950 280.80 (58, 59)
59 D4 110 7560.40
60 D3 111 7842.80 282.40 (59, 60)
61 D2 112 8127.60 284.80 (60, 61)
62 D1 113 8403.60 276.00 (61, 62)
63 Do 114 8689.20 285.60 (62, 63)
' 290.40 (63, 64)
s s e S 274.40 (64, 65)
65 H3 116 9254.00 : ;
66 DVDD 117, 118, 119 9631.20 377.20 (65, 66)
N/C 120,121, 122
’5
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 2. SMJ320C31 Die Pad /TAB Lead Information : Rev. 2 (0,8 um) (Continued)

DIE SIDE #3
¢31 DIE DIE /TAB TAB €31 X-COORDINATE OF Y-COORDINATE OF PITCH OF LEAD (#, # )
BONDPAD | BONDPAD | TESTPAD THE CENTER OF THE CENTER OF REFERENCE WHICH DIE
LOCATIONS | IDENTITY | LOCATIONS BOND PAD BOND PAD BOND PADS
N/C 128, 124
67 DVss 125,126, 127 —9032.60 210.40 (67, 68)
68 CVss 128,129, 130 —8822.20 280.00 (68, 69)
69 Wgg 131,132, 133 —8542.20 301 80 (eg’ 70)
70 X2/CGLKIN 134 —8240.40 ' ;
186.20 (70, 71)
71 X1 135 —8054.20 311.40 (71, 72
72 HOLDA 136 —7742.80 232' 80 ((?2’ 73))
73 HOLD 137 ~7460.00 £93.00 (73! 74)
74 CVpD 138, 139, 140 —7167.00 431.00 (74, 75)
75 RDY 141 —6736.00 276 80 (75’ 76)
76 STRB 142 —6459 20 ' ;
i T e eto1.90 268.00 (76, 77)
78 RESET 144 -5896.00 ggg'ig (;;’ ;2)
79 XFo 145 ~5617.60 266.60 Em’ 80;
80 VDD 146,147,148 —5351.00 91.00 (80’ 81)
81 XF1 149 —5060.00 ' ’
275.20 (81, 82)
g2 TACK 150 —4784.80 280.80 (82, 83)
83 INTO 151 10074.00 —4504.00 224.80 (83, 84)
84 Dvgg | 152, 158, 154 ~4279.20 280.40 (84, 85)
85 Vasl 155, 156, 157 —3958.80 326,80 (85, 86)
86 INT1 158 -8672.00 341.40 (86, 87)
87 VDDL 159, 160, 161 —3330.60 180.40 (87, 88)
88 VoDL 162, 163, 164 —3150.20 ' ’
323.80 (88, 89)
89 INT? 165 —2826.40 £79.80 (89, 90)
90 INT3 166 —2546 60 26640 (0. 91
91 DRo 167 —2280.20 310.00 291’ 92;
92 CVgg 168, 169, 170 -1970.20 ' ;
270.80 (92, 93)
93 FSRO 171 -1699.40 275.60 (33, 94)
94 CLKRO 172 —1423.80 280,60 (94, 95)
95 CLKX0 173 ~1143.20 ' :
280.40 (95, 96)
96 IVgg 174,175,176 -862.80
261.40 (96, 97)
97 FSX0 177 —601.40 312.80 (97, 98)
98 PYDD 178,179, 180 —-288.60 294'20 (98’ 99)
99 DX0 181 560 ' ’
N/C 182, 183
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{'? TeExAS

INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443




SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

Table 2. SMJ320C31 Die Pad /TAB Lead Information : Rev. 2 (0,8 um) (Continued)

DIE SIDE #4
€31 DIE DIE /TAB TAB C31 X-COORDINATE OF Y-COORDINATE OF PITCH OF LEAD (#, #)
BOND PAD | BOND PAD TEST PAD THE CENTER OF THE CENTER OF REFERENCE WHICH DIE

LOCATIONS | IDENTITY | LOCATIONS BOND PAD BOND PAD BOND PADS
N/C 184, 185, 186
100 VSURBS 187, 188, 189 9649.40 314.20 (100, 101)
101 SHZ 190 9335.20 279.60 (101, 102)
102 DVgg 191,192, 193, 9055.60 278.80 (102, 1083)
103 TCLKO 194 8776.80 270.00 (108, 104)
104 PVDD 195, 196, 197 8506.80 283.60 (104, 105)
105 TCLK1 198 8223.20 372.20 (105, 106)
106 EMU3 199 7851.00 270.40 (106, 107)
107 EMUO 200 7580.60 308.20 (107, 108)
108 EMUL1 201 727740 300.80 (108, 109)
109 EMU2 202 6976.60 240.00 (109, 110)
110 MCBL/MP 203 6736.60 342.60 (110, 111)
111 CVss 204, 205, 206 6394.00 203.00 (111, 112)
112 A23 207 6191.00 295,60 (112, 113)
113 A22 208 5895.40 330.80 (113, 114)
114 vVDDL 209, 210, 211 5564.60 180.40 (114, 115)
115 vVDDL 212, 213, 214 5384.20 397.40 (115, 116)
116 A1 215 4986 .80 484 80 282.00 (116, 117)
17 A20 216 4704.80 338.00 (117, 118)
118 VggL 217, 218, 219 4366.80 180.40 (118, 119)
119 DVgsg 220, 221, 222 4186.40 322.60 (119, 120)
120 Alg 223 3863.80 277.40 (120, 121)
121 AVDD 204, 225, 226 3586.40 295.60 (121, 122)
122 Al8 227 3290.80 276.20 (122, 128)
123 A17 228 3014.60 290.20 (128, 124)
124 Al6 229 2724.40 267.00 (124, 125)
125 Al5 230 2457 .40 284.80 (125, 126)
126 Al4 231 2172.60 346.60 (126, 127)
127 Al3 232 1826.00 276.00 (127, 128)
128 A2 233 1550.00 278.20 (128, 129)
129 Al 234 1271.80 282,80 (129, 130)
130 AVDD 235, 236, 237, 989.00 273.80 (130, 131)
131 A10 238 715.20 274.20 (131, 132)
132 CVgg 239, 240, 241 441.00
N/G 24D, 243, PA4
e
TEXAS
INSTRUMENTS
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

MECHANICAL DATA

TA (35 OR 70 mm WITH PROTECTIVE FILM) SMJ320C31 244-PIN TAB FRAME (PG2) SOCKET,
132 OLB/ILB 0,30-mm PITCH

031 4, _ 9,62

0,29 " 9,58 I

[

—»
i
—W

LR o @
(D_I.ﬂ L2t ]
alo ! 4 o
[0} ? 1]
o A o
] L)
x Y x
—| @ —| &
53 5[
ola Sla
3
¢ } ¢
ik ¥ 1

13

T O T

0,31 9,62

2,25 _H ‘— 0529 x32= ﬁ —’
(4 Places) 4+———— 1400 — P
(2 Places)

4081548/A 11/95

NOTES: A. Alllinear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. The OLB lead width is 0,120 £ 0,03 mm.

D. The ILB lead width is 0,0832 £ 0,015 mm.

E. The tape width is 35 mm.

F

. The TA is encapsulated die with polyimide overcoat.

{'? TeExas
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TB (35 OR 70 mm WITHOUT PROTECTIVE FILM)

SMJ320C30, SMJ320C31

DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

MECHANICAL DATA

SMJ320C31 244-PIN TAB FRAME (PG2) SOCKET,

132 OLB/ILB 0,30-mm PITCH

0,31 9,62
§— = x32= = _ﬂ.
0,29 9,58

L]
B

—»

9,62
9,58

* X 32 =

0,31
0,29

‘7

—»

9,62
9,58

2 X 32 =

0,31
0,29

‘_

L

/
jF- - |

33
34
]
RS '- o '_“ Ny o - .’.- "
A > [ A Alr- [~ A A A L [ A

0,31 9,62
¢ = x32= = — In
2,25 g » 0,28 * 9,58
(4 Places) §— 14,00 B |
(2 Places)

4031549/A 11/95

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
The OLB lead width is 0,120 £ 0,03 mm.

The ILB lead width is 0,0832 £ 0,015 mm.

The tape width is 35 mm.

The TB is bare die.
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

MECHANICAL DATA

HFG (S-CQFP-F132) CERAMIC QUAD FLATPACK WITH TIE-B AR
0.960 (24,38)
b TYP $Q
0.945 (24,00)
"A" » 0.800 (20,32) TYP SQ
0.225 (5,72} _ .
23 ; —» 0.175 (8.45) Tie Bar Width
o q 0 o)
) | W ]
o} o
34 4 b 132
2.025 (51,44) MAX + 1.210 (30,73)
TYP
2.015 (51,18)
66 100 1.990 (50,55)
._.

67 99
lic)!

0.081(1,85) . o
0.059 (1,50)

0.013(0,33)
0.006 {0,15)

132 %
9

? # L ‘ 0.014 (0,36)
L 0.040 (1,02) h 0.002 (0,05)
1 0.010 (0,25
= > e pot0 029 JL
0.020 (0,51} MAX 0.116 (2,95) MAX

DETAIL “A” DETAIL “B” DETAIL “C”

4040231-8/F 04/96

NOTES: A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without ncotice.

C. Ceramic quad flatpack with flat leads brazed to non-conduclive tie bar carrier.
D. This package can be hermetically sealed with a metal lid.

E

. The terminals will be gold plated.
Thermal Resistance Characteristics
PARAMETER “CIW

RgJA 21
ReJc 443

The above dala applies to the SMJ320C31 132-pin QFP.

{'? TeExas
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

MECHANICAL DATA

HFG (5-CQFP-F196) CERAMIC QUAD FLATPACK WITH TIE BAR

1.365 (34,67)

Thermal Resistance Characteristics
1.325 (33,66)
» 1.200 (30,48) TYP PARAMETER °CIW
» 0.500 (15,20) TYP RaJa 1.3
0.225 (5,72) _ . RoJc 289
! 1 ﬂ 0.175 (4,45) Tie Bar Width
ERX ]
N o —
-2 198 2505 (63,63)
0 2.485 (63,12)
]
- 1.710 (43,43
! n | (43,43)
1.690 (42,93)
d
d
28 —— 148
A
) 147
licu
1.150(29,21) —W
8Places
0.061 (1,55) DIA 4 Pl
— aces
0.089 (1.50) 0.105 (2,67) MAX
0.010 (0,25)

0.006 (0,15)

T % [0018(045)MAX

igfi"

v

0.014 (0,36)
»‘ L 0.040 (1,02) | 0.002(0,05)
EE 0.030 (0,76) 0.008 (0,20)
0.004 (0,10)
0.020 (0,51) MAX L 5.130 (3,30) MAX
DETAIL “A” DETAIL “B” DETAIL “C”

4040231-6/F 04/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Ceramic quad flatpack with flat leads brazed to nenconductive tie-bar carrier
D. This package can be hemmetically sealed with a metal lid.

E. The terminals will be gold plated.

. Falls within JEDEC MO-113 AB
The above data applies to the SMJ320C30 196-pin QFF.

b TEXAS
INSTRUMENTS
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SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

GA-GB (5-CPGA-P15 X 15)

MECHANICAL DATA

CERAMIC PIN GRID ARRAY PACKAGE

— AorA18Q¢ ——p

B orB1 —

|  ~

0.050 (1,27) DIA
4 Places

0.022 (0,55)
0.016 (0,41)

DIA TYP

Tt
CorCi1

. 2

| 0.140(3,56)
0.120 (3,05)

——— 1.400 (35,56) TYP ——P|
R [-] k4] [+ [+] [+] 4] [+] [+ [+] [+] 4] [+] [+ [+] [+]
p 0@ o o o c o 0 b 0o 0 0o 0 (@0
N [+] o L+] [+] [+] [+] o L+] [+] [+] [+] o L+] [+] [+]
M o o [+] [+] 0 a [+] [+] [+] 0 a [+] [+] [+] 0
L o o [+] [+] [+] o o [+] [+] [+] o o [+] [+] [+]
K [-] k4] [+ [+] [+] 4] [+] [+ [+] [+] 4] [+] [+ [+] [+]
J [~] o L+ [+] [+] [+) [+] L+ [+] [+] [+) [+] L+ [+] [+]
H [+] o L+] [+] [+] [+] o L+] [+] [+] [+] o L+] [+] [+]
G o o [+] [+] 0 a [+] [+] [+] 0 a [+] [+] [+] 0
F o o [+] [+] [+] o o [+] [+] [+] o o [+] [+] [+]
E o o o [+] [+] -] o o [+] [+] -] o o [+] [+]
D [~] o L+ [+] [+] [+) [+] L+ [+] [+] [+) [+] L+ [+] [+]
c [+] o L+] [+] [+] [+] o L+] [+] [+] [+] o L+] [+] [+]
B oc{E ¢ o o 6 0 6 0o 0o o 0o 6 @0
A o o [+] [+] [+] o o [+] [+] [+] o o [+] [+] [+]
1234567889 101112131415
DIM MIN MAX Notes
Large
A 1.540 (39,12 1.590 (40,38 _
(39.12) (40.38) Outline
Small
A 1.480 (37,59 1.535 (38,99 !
( ) ( ) Qutline
B 0.110 (2,79) 0.205 (5,21) SS"”V
B1 0.095 (2,41) 0.205 (5,21) Cavity
Down
C 0.040 (1,02) 0.060 (1,52) Sg"”y
C1 0.025 (0,63) 0.060 (1,52) Cavity
Down
MAXIMUM PINS WITHIN MATRIX — 225

4040114-8/C 04/96

NOTES: A.

COw

©mm

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

Index mark may appear on top or bottom depending on package vendor.
Pins are located within 0.010 (0,25) diameter of true position relative to each other at maximum material condition and within

0.030 (0,76) diameter relative to the edges of the ceramic.
This package can be hermetically sealed with metal lids or with ceramic lids using glass frit.
The pins can be gold plated or solder dipped.

Falls within MIL-STD-1835 CMGA7-PN and CMGA19-PN and JEDEC MG-067AG and MO-066AG, respectively

Thermal Resistance Characteristics

PARAMETER “CIW
RoJa 1.1
Reuc 26.6

The above data applies to the SMJ320C30 181-pin PGA.

62

{'? TeExas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443




GFA (S-CPGA-P141)

SMJ320C30, SMJ320C31
DIGITAL SIGNAL PROCESSORS

5GUS0148 — FEBRUARY 1991 — REVISED JUNE 1996

MECHANICAL DATA
CERAMIC PIN GRID ARRAY PACKAGE

" :'zi: ::;::; sQ p 44— 0.900 (22,86) TYP ———————P
. , —n 0.100{2,54) TYP
#‘e’# 0.050 (1,27) TYP
’ 4 | Ny
0666606606
Y OO ONMNONONC
- N 01| ©,6,0,0.0.,0.6.6 6.
N O OO O OIONONONONO
N IONG © ©
W EONONG OMONO
| o e ©-®
RO, DUONO
J e e © ©®
A BONONC, O -0 ©
i o® ©-®
| 900, ©.0.©
06 60606 6 6 00 6
ol TR 000 600 6 0
. 3 o | ©,0,0,9,0,0,0.0 6 ©
| leece e e e o e e
1 2 3 * 5 ° 7 ’ 9 1|:|111213141516171819
0.026 (0,66) 0.145 (3,68) _
0.006 (0,15) 0.105 (2,67)

0.022 (0,56)
0.016 (0,41)

0.048 (1,22) DIATYP
4 Places

DIA TYP

?Wuuuujuuuuuuuuuuuﬁﬁuw

0.140 (3,56)

0.120 (3,05)

4040133/D 04/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MO-128

Thermal Resistance Characteristics
PARAMETER “CiW
RaJA 4.3
RaJc 39.0

The above data applies to the SMJ320C31 141-pin PGA.
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are
utilized 1o the extent Tl deems necessary o support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR CTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood 1o be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate TI officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associaled with the customer's applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright @ 1996, Texas Instruments Incorporated



