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SGUS011B ~ APRIL 1991 - REVISED AUGUST 1995
description

The SMJ34020A graphics system processor (GSP) is the second generation of an advanced high-performance
CMOS 32-bit microprocessor optimized for graphics display systems. With abuilt-in instruction cache, the ability
to simultaneously access memory and registers, and an instruction set designed to expedite raster graphics
operations, the SMJ34020A provides user-programmable control of the CRT interface as well as the memory
interface (both standard DRAM and multiport video RAM). The 4-gigabit (512-megabyte) physical address
space is addressable on bit boundaries using variable width data fields (1 to 32 bits). Additional graphics
addressing modes support 1-, 2-, 4-, 8-, 16- and 32-bit wide pixels.

architecture

The SMJ34020A is a CMOS 32-bit processor with hardware support for graphics operations such as pixel block
transfers (PIXBLTS) during raster operations and curve-drawing algorithms. Also included is a complete set of
general-purpose instructions with addressing modes tuned to support high-level languages. In addition to its
ability to address a large external memory range, the SMJ34020A contains 30 general-purpose 32-bit registers,
a hardware stack pointer, and a 512-byte instruction cache. On-chip functions include 64 programmable /O
registers that control CRT timing, input/output control, and parameters required by some instructions. The
SMJ34020A directly interfaces to DRAMs and VRAMs and generates raster control signals. The SMJ34020A
can be configured to operate as a standalone processor, or it can be used as a graphics engine with a host
system. The host interface provides a generalized communication port for any standard host processor. The
SMJ34020A also accommodates a multiprocessing or direct memory access (DMA) environment through the
request/grant interface protocols. Virtual memory systems are supported through bus-fault detection and
instruction continuation.

The SMJ34020A provides single-cycle execution of general-purpose instructions and most common integer
arithmetic and Boolean operations from its instruction cache. Additionally, the SMJ34020A incorporates a
hardware barrel shifter that provides a single-state bidirectional shift-and-rotate function for 1 to 32 bits.

The local-memory controller is designed to optimize memory access operations. It also supports pipeline
memory write operations of variable-sized fields and allows memory access and instruction execution in
parallel.

The SMJ34020A graphics-processing hardware supports pixel and pixel-array processing capabilities for both
monochrome and color systems at a variety of pixel sizes. The hardware incorporates two-operand and
three-operand raster operations with Boolean and arithmetic operations, XY addressing, window clipping,
window-checking operations, 1 to n bits-per-pixel transforms, transparency, and plane masking. The
architecture further supports operations on single pixel transfer (PIXT) instructions or on two-dimensional
arrays of arbitrary size (PIXBLTS).

The SMJ34020A's flexible graphics-processing capabilities allow software-based graphics algorithms without
sacrificing performance. These algorithms include clipping to arbitrary window size, custom incremental-curve
drawing, two-operand raster operations, and masked two-operand raster operations.

The SMJ34020A provides for extensions to the basic architecture through the coprocessor interface. Special
instructions and cycle timings are included to enhance data flow to coprocessors without requiring the
coprocessor to decode the instruction stream, generate system addresses, or move data for the coprocessor
through the SMJ34020A.
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SMJ34020A
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E
Pin Assignments - 145-Pin Grid Array Package

PIN PIN PIN PIN
NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME
A1 Vss Co RCAS o EMUD N15 LAD17
A2 ~ ALTCH C10 RCA12 32 Gl P1 Voo
[ A3 CBLNK/VBLNK 1 LAD30 ) EMU1 P2 ~ HWRITE |
A4 HSYNC Cc12 Vss 13 LAD4 P3 HCS
A5 TR/QE C13 Vgs J14 veo P4 HA30
A6 RCA2 Cl4 Ve J15 LAD5S P5 HA27
A7 RCA3 C15 LAD26 K1 EMU2 P6 HA24
A8 Vee D1 RAS ke RESET P7 HA22
A9 RCA6 D2 CAS2 K3 LINT2 P8 HA18
A10 RCA7 D3 Vgsg K13 Vss P9 HA14
At1 RCA10 D4t NUt K14 LAD3 P10 HA13
A12 SCLK D13 LAD28 K15 LAD20 P11 HA10
A13 LAD15 D14 LAD11 L1 TINTT P12 HA7
Ala LAD29 D15 LAD10 L2 CAMD P13 HAS
A15 Vg E1 BT L3 LRDY P14 HBSO
B1 CAS3 E2 vee L13 LAD1 P15 LADO
B2 WE E3 CAS L14 LAD2 R1 HAREAD
B3 Vss E13 LAD27 L15 LAD19 R2 HA31
B4  CSYNG/HBLNK E14 LAD25 M1 BUSFLT R3 HA28
B5 VSYNC E15 LADS M2 PGMD R4 HA26
B6 RCAO Fi HRDY M3 VCLK RS HAZ3
B7 RCA1 F2 RO M13 Vs R6 HA20
B8 RCA5 F3 Vss Mi4 LAD16 R7 HA19
B9 RCA9 F13 LAD24 Mi5 LAD18 R8 HA17
B10 RCAT1 Fi4 LADS N1 SIZE16 R9 HA16
B11 LAD31 F15 Vss N2 Voo R10 HA15
B12 LAD14 G1 HINT N3 CLKIN R11 HA11
B13 vee G2 HOE N4 VSs R12 HAQ
B14 LAD13 G3 HDST N5 HA29 R13 HAB
B15 LAD12 G13 LAD? NG HA25 R14 HBS3
C1 TASO G4 Vss N7 HA21 R15 Vss
C2 vVee G15 LAD23 N8 vss
c3 ~ DDOUT Hi LCLKA N9 Vss
ca DDIN H2 EMU3 N10 HA12
c5 Vss H3 LCLK2 N11 HAG
c6 SF H13 LAD22 N12 HBS2
c7 RCA4 H14 LAD21 N13 HBS1
cs Vss H15 LAD6 N14 vVee

t This pin is provided for device orientation purpose only. Make no external connection.
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Pin Assignments - 132-Pin Ceramic Quad Flatpack Package

PIN PIN PIN PIN
NUMBER NAME NUMBER NAME NUMBER NAME NUMBER NAME
1 CAS3 34 HCS 67 LADO 100 LAD29
2 CAS2 35 HA31 68 LAD16 101 LAD14
3 CAS? | 36 HA30 69 LAD1 102 LAD30
4 CASO0 37 HA29 70 LAD17 103 LAD15
5 Voo 38 HA28 7 LAD2 104 LAD31
6 RAS 39 HA27 72 LAD18 105 SCLK
7 vVss 40 HA26 73 Vgs 106 RCA12
8 RO 41 HA25 74 LAD3 107 RCAT11
9 A 42 HA24 75 LAD19 108 RCA10
10 HOE 43 HA23 76 7 109 RCA9
w HDST 44 HA22 77 LAD4 110 RCA8
12 HRDY 45 HA21 78 LAD20 1 RCA7
13 HINT 46 HA20 79 LAD5 112 RCA6
14 EMU3 47 HA19 80 LAD21 113 RCAS
15 LCLK1 48 HA18 81 LADG 114 Voo
16 LCLK2 49 HA17 82 LAD22 115 Vss
17 EMU1 50 Vss 83 LAD? 116 RCA4
18 EMUO 51 HA16 84 LAD23 17 RCA3
19 EMU2 52 HA15 85 Vss 118 RCA2
20 Gl 53 HA14 86 Vss 119 RCA1
21 RESET 54 HA13 87 LADS 120 RCAO
22 TINT2 55 HA12 88 LAD24 121 SF
23 LINT1 56 HATT 89 LAD9 122 TR/QE
24 CAMD 57 HA10 90 LAD25 123 VSYNC
25 BUSFLT 58 HA9 91 LAD10 124 HSYNC
26 SIZE16 59 HA8 92 LAD26 125 CBLNK /VBLNK |
27 PGMD 60 HA? 93 LAD11 126 CSYNC/HBLNK |
28 LRDY 61 HAG 94 LAD27 127 Vss
29 vee 62 HAS5 95 veo 128 Vgs
30 VCLK ) HBS3 96 LAD12 129 ALTCH
31 CLKIN 64 HBS2 97 LAD28 130 DDIN
32 HWRITE 65 HBS1 98 Vss 131 DDOUT
33 HREAD 66 HBSO 99 LAD13 132 WE
3 7
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Pin Functions

PIN

NAME

| vot

DESCRIPTION

LOCAL MEMORY INTERFACE

ALTCH

—
Address latch. The high-to-low transitions of ALTCH can be used 1o capture the address and status available on LAD.
A transparent latch (such as a 54ALS373) maintains the current address and status as long as ALTCH remains low.

BUSFLT

Bus fault. External logic asserts BUSFLT high to the SMJ34020A to indicate that an error or fault has occurred on the
current bus cycle. BUSFLT is also used with LRDY to generate externally requested bus cycle refries so that the entire
memory address is presented again on LAD.

In the emulation mode, BUSFLT is used for write protecting mapped memory (by disabling CAS outputs for the current
cycle).

DDIN

Data bus direction in enable. DDIN is used to drive the active-high output enables on bidirectional transceivers (such
as the 54ALS623). The transceivers bufter data input and output on LADO - LAD31 when the SMJ34020A is interfaced
1o several memories.

DDOUT

Data bus direction output enable. DDOUT drives the active-low output enables on bidirectional transceivers (such as
the 54ALS623). The transceivers buffer data input and output on LADO -LAD31.

LADO-LAD31

o

32-hit multiplexed local address/data bus. At the beginning of a memory cycle, the word address is output on
LAD4-LAD31 and the cycle status is output on LADO~LAD3. After the address is presented, LADO-LAD31 are used
for transferring data within the SMJ34020A system. LADO is the LSB and LAD31 is the MSB.

LRDY

Local ready. External circuitry drives LRDY low to inhibit the SMJ34020A from completing a local-memory cycle it has
initiated. While LRDY remains low, the SMJ34020A waits unless the SMJ34020A loses bus priority or is given an
external RETRY request (through BUSFLT). Wait states are generated in increments of one full LCLK1 ¢cycle. LRDY can
be driven low to extend local memory-read and memory-write cycles, VRAM serial-data-register-transfer cycles, and
DRAM-refresh cycles. During internal cycles, the SMJ34020A ignores LRDY.

PGMD

Page mode. The memory-decode logic asserts PGMD low if the currently addressed memory supports burst (page
mode) accesses. Burst accesses occur as a series of CAS cycles for a single RAS cycle to memory. LRDY is used with
BUSFLT to describe the cycle termination status for a memory cycle.

PGMD is also used in emulation mode for mapping memory.

Bus size. The memory-decode logic can pull SIZE 16 low if the currently addressed memory or port supports only 16-bit
transfers. SIZE16 can also be used 1o determine which 16 bits of the data bus are used for a data transfer.

In the emulation mode, SIZE16 is used to select the size of mapped memory.

DRAM AND VRAM CONTROL

CAMD

Column-address mode. CAMD dynamically shitts the column address on the RCAQ-RCA12 bus to allow the mixing
of DRAM and VRAM address matrices using the same multiplexed address RCAQ - RCA12 signals.

CAS0-CAS3

—— —— e S
Four column-address strobes. CAS outputs drive the CAS inputs of DRAMs and VRAMs. CAS0 - CAS3 strobe the
column address on RCA0 -RCA12 to the memory. The four CAS strobes provide byte write-access 1o the memory.

RAS

C— — e ——
Row-address strobe. RAS output drives the RAS inputs of DRAMs and VRAMSs. RAS strobes the row address on
RCAQ -RCA12 to memory.

RCA0-RCA12

Thirteen multiplexed row-address/column-address signals. At the beginning of a memory-access cycle, the row address
for DRAMs is present on RCAD-RCA12. The row address contains the most significant address bits for the memory.
As the cycle progresses, the memory column address is placed on RCAO - RCA12. The addresses that are actually
output during row and column times depend on the memory configuration (set by RCM0 and RCM1 in the CONFIG
register) and the state of CAMD during the access. RCAQ is the LSB, and RCA12 is the MSB.

SF

Special function pin. SF is the special-function signal to 1M VRAMs that allows the use of block write, load write mask,
load color mask, and write using write mask. SF is also used to differentiate instructions and addresses for the
coprocessar as part of the coprocessor interface.

TR/QE

0

Transfer/output-enable. TR/QE drivesthe TR/QE input of VRAMs. During a local memory-read cycle, TR/ QE functions
as an active-low output enable to gate from memory to LADO - LAD31. During special VRAM function cycles, TR/QE
controls the type of ¢ycle that is performed.

t1 = input, O = output
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Pin Functions (Continued)

PIN

NAME

| vot

DESCRIPTION

DRAM AND VRAM CONTROL (CONTINUED)

0

Write enable. The active low vV_E drives the WE inputs of DRAMs and VRAMSs. I\7Vﬁan also be used as the active
low write enable to static_ memories and other devices connected 1o the SMJ34020A local interface. During a
local-memory read cycle, WE remains inactive high while CAS is strobed active low. During a local-memory write
cycle, WE is strobed ed active iow before CAS. During VRAM serial-data-register transfer cycles, the state of WE at
the falling edge of RAS controls the direction of the transfer.

HOST INTERFACE

HA5-HA31

Twenty-seven host address input signals. A host can access a long word by placing the address on these lines.
HA5-HA31 corespond to LADS -LAD31 that output the address to the local memory.

HBS0-HBS3

Four host byte selects. HBS0 - HBS:a identify which bytes within the long word are being selected.

HCS

Host chip select. A host drives HCS low to latch the current host address present on HA5-HA31 and the host byte
selects on HBS0-HBS3. HCS also enables host access cycles to the SMJ34020A /O registers or local memory.
During the low-to-high transition of RESET, the level on HCS determines whether the SMJ34020A is halted (HCS
is high for host-present mode) or whether it begins executing its reset service routine (HCS is low for self-bootstrap
mode).

HDST

Host data-latch strobe. The rising edge of HDST latches data from the SMJ34020A local address space to the
external host data latch on host read accesses. HDST can be used in conjunction with HRDY 1o indicate that data
is valid in the external data latch.

HINT

L
Host Interrupt. HINT allows the SMJ34020A 1o interrupt a host by setting the INTOUT bitinthe HSTCTLL I/O register.
HINT can also be used to interrupt the host if a BUSFLT or RETRY occurs due to a host access cycle.

T
HOE

Host data latch output enable. HOE enables data from host data latches to the SMJ34020A local address space on
host write cycles. HOE can be used in conjunction with HRDY to indicate data has been written to memory from the
external data latch.

HRDY

Host ready. HRDY is normally low and goes high to indicate that the SMJ34020A is ready to complete a host-initiated
read or write cycle. If the SMJ34020A is ready to accept the access request, HRDY i Y is driven high and the host can
proceed with the access. A host can use HRDY logically combined with HDST and HOE to determine when the local
bus access cycles have completed.

T

e
HREAD

Host read strobe. HREAD is driven low during a read request from a host processor. This notifies the SMU34020A
that the host is requesting access to the I/QO registers or to local memory. HREAD shoukd not be asserted at the same
time that HWRITE is asserted.

HWRITE

" —
Host write strobe. HWRITE is driven low to indicate a write request by a host processor. This notifies the SMJ34020A
thal a write request is pending. The rising edge of HWRITE is used to indicate that the host has latched data to be
written in the external data transceivers. HWRITE should not be asserted at the same time HREAD is asserted.

SYSTEM CONTROL

CLKIN

Clock input. CLKIN generates LCLK1 and LCLK2, to which all processor functions in the SMJ34020A are
synchronous. A separate asynchronous input clock (VCLK) controls the video timing and video registers.

LCLK1, LCLK2

Local output clocks. LCLKt and LCLK2 are 90 degrees out of phase with each other. They provide convenient
synchronous control of external circuitry to the internal timing. All signals output from the SMJ34020A (except the
CRT timing signals) are synchronous to LCLK1 and LCLK2.

LINT1, LINT2

Local interrupt requests. Interrupts from external devices are transmitted to the SMJ34020A on LINTT and LINT2.
Each localinterrupt signal activates the request for one of two interrupt request levels. An external device generates
an interrupt request by driving the appropriate 2 interrupt request pin to its active-low state. LINT1, LINT2 should
remain low until the SMJ34020A recognizes it. LINT1, LINT2 can be applied asynchronously to the SMJ34020A as
they are synchronized internally before use.

RESET

System reset. During normal operation, RESET is driven low to reset the SMJ34020A. When RESET is asserted
low, the SMJ34020A's internal registers are set o an initial known state and all output and bidirectional pins are driven
either to inactive levels or to the high-impedance state. The SMJ34020A's behavior fallowing reset depends on the
level of the HCS input just before the low- -to-hightransition of RESET. If HCSiis low, the SMJ34020A begins executing
the instructions pointed 10 by the reset vector. If HCS is high, the SMJ34020A is halted until a host processor writes
a 0 to the HLT bit in the HSTCTLL register.

11 = input, O = output
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SMJ34020A
GRAPHICS SYSTEM PROCESSOR
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Pin Functions (Continued)

NAMEPIN I m; DESCRIPTION
POWER
Vcc* | Nominal 5-V power supply inputs. Five pins on QFP; Nine pins on PGA.
vgst I | Elecirical ground inputs. Nine pins on QFP; 17 pins on PGA.
EMULATION CONTROL
EMUO-EMU2 | Emulation pins 0-2
EMU3 (0] Emulation pin 3
MULTIPROCESSOR INTERFACE

-Efl I Bus grant input. External bus arbitration logic drives é low to enable the SMJ34020A 1o gain access to the

local-memory bus. The SMJ34020A must release the bus if Gl is high so that another device can access the bus.
[ a—

R1, RO 0] Bus request and control. R1 and RO indicate a request for use of the bus in a multiprocessor system; they are

decoded as shown below:

R1 RO  Bus Request Type

L L High-priority bus request

L H Bus-cycle termination

H L Low-priority bus request

H H No bus request pending
A high-priority bus request provides for VRAM serial-data-register transfer cycles (midline or blanked), DRAM
refresh (when 12 or more retresh cycles are pending), or a host-initiated access. The external arbitration logic
should grant the request as soon as possible by asserting Gl low.
A low-priority bus request is used to provide for CPU-requested access and DRAM refresh (when less than
12 refresh cycles are pending).
Bus-cycle termination status is provided so that the arbitration logic can determine that the device currently
accessing the bus is completing an access, and other devices can compete for the next bus cycle. A
no-bus-request-pending status is output when the currently active device does not require the bus on subsequent
cycles.

VIDEO INTERFACE
3
CBLNK/ VBLNK (6] Composite blanking/vertical blanking. CBLNK / VBLNK can be programmed 10 select one of two blanking

functions:

Composite blanking for blanking the display during both horizontal and vertical retrace periods in

composite-sync-video mode

Vertical blanking for blanking the display during vertical retrace in separate-sync-video mode.
Immediately following reset, CBLNK / VBLNK is configured as a CBLNK output.

CSYNC/HBLNK | 1O | Composite sync/horizontal blanking. CSYNC / HBLNK can be programmed to select one of two functions:
Composite sync (either input or output as set by a control bit in the DPYCTL register) in
composite-sync-video mode:

As an input, extracts HSYNC and VSYNC from externally generated horizontal sync pulses

As an output, CSYNC_/HBLNK generates active-low composite-sync pulses from either externally

generated HSYNC and VSYNC signals or signals generated by the SMJ34020A’s on-chip video timers

Horizontalblank (output only) for blanking the display during horizontal retrace in separate-sync-video mode.
Immediately following reset, CSYNC / HBLNK is configured as a CSYNC input.

[ — — e ——
HSYNC VO | Horizontal sync. HSYNC is the horizontal sync signal that controls external video circuitry. HSYNG can be
programmed 1o be either an input or an output by modifying a control bit in the DPYCTL register.
As an output, HSYNC is the active-low horizontal-sync signal generated by the SMJ34020A’s on-chip video
timers.
As an input, HSYNG synchronizes the SMJ34020A video-control registers to externally generated
horizontal-sync pulses. The actual synchronization can be programmed to begin at any VCLK cycle; this
allows for any external pipelining of signals.
Immediately following reset, HSYNCG is configured as an input.

t1 = input, O = output
% For proper SMJ34020A operation, alt Vo and Vgg pins must be connected externally.
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Pin Functions (Continued)

PIN
DESCRIPTION
NAME | vot
VIDEO INTERFACE (CONTINUED)

SCLK | Serial data clock. SCLK is the same as the signalthat drives VRAM serial dataregisters. SCLK allows the SMJ34020A
to track the VRAM serial-data-register count, providing serial-register transfer and midline-reload cycles. (SCLK can
be asynchronous to VCLK; however, it typically has a frequency that is a multiple of the VCLK frequency).

VCLK I Video clock. VCLK is derived from a multiple of the video system’s dot clock and is used internally to drive the video
timing logic.

et — e — ——
VSYNC ¥O | Vertical sync. VSYNC is the vertical sync signal that controls external video circuitry. VSYNC can be programmed to

be either an input or an output by modifying a conlrol bit in the DPYCTL register.
As an output, VSYNC is the active-low vertical-sync signal generated by the SMJ34020A’s on-chip videotimers.
As aninput, VSYNC synchronizes the SMJ34020A video-controlregisters to externally generated vertical-sync
pulses. The actual synchronization ¢can be programmed to begin at any horizontal line; this allows for any
external pipelining of signals.

Immediately following reset, VSYNC is configured as an input.

1= input, O = output

functional block diagram

P Buﬂerold
HAS-HA31 [27 .. : Register LADO-LAD31
HBS0-HBS3 RCAO-RCA12
T N DDIN
HREAD —» DDOUT
HWRITE —» RAS
HINT < CASO
HADY <€ CAS0-CAS3
HDST ¢ WE
HOE «¢ LS
E TR/QE
[ > ALTCH
RO ¢ " SF
R1 -4
PGMD
EMUD N = SiZE16
EMU1 ———p1 ] Emulation LRDY
EMU2 o] Interface BUSFLT
EMU3 ¢ CAMD
CLKIN P croco VNG
LoLk1 «— Mi ntrol ROM HSYNC
LOLK? -¢ CSYNC/HBLNK
CBLNK/VBLNK
Reset and Interrupts VCLK
SCLK
RESET, LINT1,
LiNT2 |
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—
architecture (continued)

register files

Boolean, arithmetic, pixel-processing, byte, and field-move instructions operate on data within the
general-purpose register files. The SMJ34020A contains two register files of fifteen 32-bit registers and a
system stack pointer (SP). The SP is addressed in both register file A and register file B as a sixteenth register.
Transfers between registers and memory are facilitated using a complete set of field move instructions with
selectable field sizes.

The 15 general-purpose registers in register file A are used for high-level language support and
assembly-language programming. The 15 registers in register file B are dedicated to special functions during
PIXBLTS and other pixel operations but can be used as general-purpose registers at other times.

stack pointer (SP)

The stack pointer is a dedicated 32-bit internal register that points to the top of the system stack.

program counter (PC)

The SMJ34020A's 32-bit program counter register points to the next instruction-stream word to be fetched.
Since instruction words are aligned to 16-bit boundaries, the four LSBs of the PC are always zero.

instruction cache

An on-chip cache contains 512 bytes of RAM and provides unimpeded access to instructions. The cache
operates automatically and is transparent to software. The cache is divided into four 128-byte segments.
Associated with each segment is a 22-bit segment start address register (SSA) to identify the addresses in
memory corresponding to the current contents of the cache segment. Each cache segment is further partitioned
into eight subsegments of four long words (32 bits) each. Each subsegment has an associated present (P)flag
to indicate whether or not the subsegment contains valid data.

The cache is loaded only when an instruction requested by the execution section of the SMJ34020A is not
already contained within the cache. A least-recently-used (LRU) algorithm determines which of the four
segments of the cache is overwritten with new data. For this purpose, an internal four-by-two LRU stack keeps
track of cache usage. Although the cache is loaded so as to always fill a subsegment completely, not all eight
subsegments within a segment are necessarily filled (this is dependent upon the instruction stream).

status register

The statusregister (ST) is a special purpose 32-bit register dedicated to status codes set by the results of implicit
and explicit compare operations and parameters used to specify the length and behavior of fields 0 and 1. During
an interrupt, when the IX bit in the ST is placed on the stack, it indicates that execution of an interruptable
instruction (PIXBLT, FILL or LINE) was halted to service the interrupt. The single-step bit causes a trap to the
single-step vector (located at address FFFF FBEOh) after the execution of one instruction when the bit is set
high. Normal program execution occurs when the bit is set low.

fields, bytes, words, long words, pixels and pixel arrays

The SMJ34020A outputs a 28-bit address on LAD4-LAD31 that is valid at the falling edge of ALTCH. The most
significant 27 bits (LAD5-LAD31) define a 32-bit-long word of physical memory; logically, however, the
SMJ34020A views memory data as fields addressable at the bit level. The least significant bit of the 28-bit
address (LAD4) is used to select the odd or even word when accessing 16-bit memories (indicated by SIZE16
asserted low). Primitive data types supported by the SMJ34020A include bytes, words, long words, pixels, two
independent fields of from 1 to 32 bits, and user-defined pixel arrays.

Words and long words, respectively, refer to 16- and 32-bit values that are aligned on 32-bit boundaries.
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fields, bytes, words, long words, pixels and pixel arrays (continued)

The twoindependentfields are referenced as field 0 and field 1. The attributes of these fields (field size and sign
extension within a register) are defined in the status register as FS0, FEQ, FS1, and FE1. Fields 0 and 1 are
specified independently to be signed or unsigned and from 1 to 32 bits in length. Bytes are special 8-bit cases
of the field data type, while pixels are 1, 2, 4, 8, 16, or 32 bits in length. In general, fields (including bytes) can
start and terminate on arbitrary bit boundaries; however, pixels must pack evenly into 32-bit-long words.

pixel operations

Pixel arrays are two-dimensional data types of user-defined width, length, pixel depth (number of bits per pixel),
and pitch (distance between rows). A pixel or pixel array can be accessed by means of either its memory address
or its XY coordinates. Transfers of individual pixels or pixel blocks are influenced by the pixel processing,
transparency, window checking, plane masking, pixel masking, or corner adjustment operations selected. For
further information, see the TMS32020 User’s Guide, literature number SPVUO019.

transparency

Transparency is a mechanism that allows the surrounding pixels in an array to be specified as invisible. This
is useful for ensuring that only the object and not the rectangle surrounding it are written to the display. The
SMJ34020A provides four transparency modes:

® No transparency

® Transparency on result equal zero

® Transparency on source equal COLORO

® Transparency on destination equal COLORO

® Refer to the TMS34020 User’s Guide for more information.

/O registers

The SMJ34020A contains an on-chip block of sixty-four 16-bit locations (mapped into the SMJ34020A’s
memory address space) that are used for /0 control registers. Eightof these are used by the host interface logic
and are not available to the user. Forty-seven /O registers control parameters necessary to configure the
operation and report status of the following interfaces:

Host interface
Local memory
Video timing
Screen refresh
External interrupts
® Internal interrupts

host interface registers

The host interface registers (HSTDATA, HSTADRL, HSTADRH, HSTCTLL, and HSTCTLH) are provided to
facilitate communications between the SMJ34020A and a host processor and maintain compatibility with the
SMJ34010. The registers are mapped into five of the /O locations accessible to the SMJ34020A.

Two of these registers (HSTCTLL and HSTCTLH) are used to provide control by the host. This control consists
of the passing of interrupt requests, flushing the instruction cache, halting the SMJ34020A, transmitting a
non-maskable interrupt request to the SMJ34020A, enabling emulation interrupts, and setting host access
modes and configurations.

The other three registers are simple read/write registers to allow the SMJ34020A software to leave addresses
for the host at a known location and allow compatibility with some SMJ34010 software.

10
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memory interface control registers

Some of the I/O registers are used to control various local memory interface functions, including:

® Frequency of DRAM refresh cycles

Masking (read/write protection) of individual color planes
DRAM row/column addressing configuration

Accessing mode (big endian/little endian)

Bus fault and retry recovery

video timing and screen refresh

Twenty-eight I/O registers are dedicated to video timing and screen refresh functions. The SMJ34020A can be
configured to drive composite sync or separate sync displays.

In composite sync mode, the SMJ34020A can be set to extract VSYNC and HSYNC from an external CSYNG
or it can be used to generate CSYNC from separate VSYNC and HSYNC inputs. Intemally, the SMJ34020A
can be set to preset the horizontal and vertical counts on receipt of an external sync signal. This allows
compensation for any combination of internal and external delays that occur in the video synchronization
process. The HCOUNT register is loaded from SETHCNT by an extemal HSYNC, VCOUNT is loaded from
SETVCNT on an external VSYNC, and an external CSYNC loads both HCOUNT and VCOUNT from SETHCNT
and SETVCNT, respectively.

The SMJ34020A directly supports VRAMs by generating the serial-data-register transfer cycles necessary to
refresh the display. The memory locations from which the display information is taken, as well as the number
of horizontal scan lines displayed between serial-data-register transfer cycles, are programmable.

The SMJ34020A supports various display resolutions and either interlaced or noninterlaced video. The
SMJ34020A can optionally be programmed to synchronize to extemally generated sync signals so that images
created by the SMJ34020A can be superimposed upon images created externally. The external sync mode can
also be used to synchronize the video signals generated by two or more SMJ34020As in a multiple-SMJ34020A
graphics system.

CPU control registers

Five of the /O registers (CONVDP, CONVMP, CONVSP, CONTROL, and PSIZE) provide CPU control to
configure the SMJ34020A for operation with specific characteristics. These characteristics include pitches for
pixel transters, window checking mode, Boolean or arithmetic pixel processing operation, transparency mode,
PIXBLT direction control, and pixel size.

interrupt interface registers

Two dedicated /O registers (INTENB and INTPEND) monitor and mask interrupt requests to the SMJ34020A,
including two externally generated interrupts and three intemally generated interrupts. An internal interrupt
request can be generated on one of the following conditions.

® Window violation: an attempt has been made to write a pixel to a location inside or outside a specified
window boundary.

Host interrupt: the host processor has set the interrupt request bit in the host control register.

Display interrupt: a specified horizontal line in the frame has been displayed on the screen.

Bus fault

® Single-step emulator

A nonmaskable interrupt occurs when the host processor sets a control bit in the host interface register (NMI
in HSTCTLH). The host-initiated interrupt is associated with a mode bit (NMIM in HSTCTLH) that enables and
disables saving of the processor state on the stack when the interrupt occurs. This is useful if the host wishes
to use the host interrupt before releasing the SMJ34020A to execute instructions (that is, before the stack
pointer is initialized). A dedicated terminal controls the SMJ34020A reset function.
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memory controller/iocal-memory interface

The memory controlier manages the SMJ34020A's interface to the local memory and automatically performs
the bit alignment and masking necessary to access data located at arbitrary bit boundaries within memory. The
memory controller operates autonomously with respect to the CPU. It has a write queue one field (1 to 32 hits)
deep that permits it to complete those memory cycles necessary to insert a field into memory without delaying
the execution of subsequent instructions. Only when a second memory operation is required before completion
of the first operation is the SMJ34020A forced to defer execution of the subsequent instruction.

The SMJ34020A directly interfaces to standard DRAMSs and in particular, to standard video RAMs (VRAMSs)
such as the SMJ44C25x multiport VRAMs. The SMJ34020A memory interface consists of the local
address/data bus (LAD), the DRAM row/column address (RCA) bus, and associated control signals. The
currently selected word address (28 bits) and status (4 bits) are multiplexed with data on LAD. The RCA bus
allows direct connection to address/address muitiplexed DRAMs from 64K to 16M. Refresh for DRAMs is
supported by CAS-before-RAS (CBR) refresh cycles.

BIT 232 1
ADDRESS (Last Bit in Memory)
FFFFFFFOh 66 Word Interrupt Vectors and
s Extended Trap Vectors
FFFFFBCOh
FFFFFBBOh 444 Words Reserved for Interrupt Vectors
and Extended Trap Vectors
FFFFEOQOh
FFFFDFFOh
65024 Words General Use and
Extended Trap Vectors
FFFF0000h
FFEFFFFOh 226 _66560 Word
- ords
General Use
(67 042 304 Words)
C0004000h
CO0003FFOh
512 Words Reserved for System 'O
C0002000h
CO0001FFOh
448 Words Reserved for I/O Registers
C0000400h
C00003FOh
64 Words VO Registers
C0000000h
BFFFFFFOh (3 x 226) - 64K
(201 261 056 Words) General Use
00100000h
FFFFOh
000FFFFO 64K Words General Use and Extended
Trap Vectors
00000000h
< 16 —p BRO

(First Bit In Memory)

Figure 1. Memory Map
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reset

Reset puts the SMJ34020A into a known initial state. This state is entered when the input signal at RESET is
asserted low. While RESET remains asserted, all outputs are in a known state, no DRAM refresh cycles take
place, and no screen refresh cycles are performed.

The state of the HCS input on the CLKIN cycle before the low-to-high transition of RESET determines whether
the SMJ34020A is halted or begins executing instructions. The SMJ34020A can be in one of two modes,
host-present or self-bootstrap mode.

Host-present mode: if HCS is high at the end of reset, SMJ34020A instruction execution halts and remains
haited untilthe host clears the HLT (halt) bitin HSTCTLH (host control register). Following reset, the RAS cycles
required toinitialize the dynamic RAMSs are performed automatically by the GSP memory control logic. The host
can request a memory access after the eight RAS initialization cycles have completed. The SMJ34020A
automatically performs DRAM refresh cycles at regular intervals although the SMJ34020A remains halted until
the host clears the HLT bit. Only then does SMJ34020A fetch the level-0 vector address from location
FFFFFFEOh and begin executing the reset service routine.

Self-bootstrap mode: if HCS is low at the end of reset, the SMJ34020A first performs eight refresh cycles to
initialize the DRAMs. Immediately following the eight refresh cycles, the GSP fetches the level-0 vector address
from location FFFF FFEOh and begins executing the reset service routine.

At the time the SMJ34020A fetches the level-0 vector address (the reset vector), the least significant four bits
(bit address part) are used to load configuration data that establishes the initial condition of the
big-endian/little-endian mode and the current RCA bus configuration bits in the CONFIG register as described
in the 1/0 register section.

Unlike other interrupts and software traps, reset does not save the previous ST or PC values (this can also occur
on hostinitiated nonmaskable interrupts if the NMIM bit in HSTCTLH is set to a 1) because the value of the stack
pointer just before a reset is generally not valid. Saving these values on the stack could contaminate valid
memory locations. A TRAP 0 instruction, which uses the same vector address as reset, similarly does not save
the ST or PC values.

asserting reset

Aresetisinitiated by asserting RESET to its active-low level. To resetthe SMJ34020A at powerup, RESET must
remain active low for a minimum of 40 local clock periods (LCLK1 and LCLK2) after power levels have become
stable. Attimes other than powerup, the SMJ34020A can be reset by holding RESET low for a minimum of four
local clock periods; the GSP enters an internal reset state for 34 local clock cycles. While in the internal reset
state and RESET is high, memory-refresh cycles occur.

reset and multiprocessor synchronization

The synchronization of multiple SMJ34020As sharing a local memory is done using the RESET input. In
systems where the multiprocessor interface is used to control the access to a common memory, the processors
must be synchronized. Synchronization is achieved by taking RESET high within a specific interval relative to
CLKIN. This can be done by using CLKIN o clock the RESET as received by the SMJ34020As. All SMJ34020As
to be synchronized should use the same CLKIN and RESET inputs. All of the local memory and bus control
signals should be connected in parallel (without buffers) between the processors. After powerup, the
processors are not necessarily synchronized with respect to the particular quarter cycle in progress. The rising
edge of RESET is used to set the SMJ34020A to a particular quarter cycle by adding Q1 cycles. All SMJ34020As
in amultiprocessor environment operate on the same quarter cycle within 10 quarter cycles after the rising edge
of RESET.
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reset and DRAM/VRAM initialization

The SMJ34020A drives its RAS signal inactive high as long as RESET remains low. The specifications for
certain DRAM and VRAMdevices require that RAS be driven inactive-high for 1 millisecond after power is stable
to provide the proper conditions for the DRAMs. Typically, eight RAS cycles are also required to initialize the
DRAMs for proper operation. In general, holding RESET low for tmicroseconds ensures that RAS remains high
initially for #~(70f) microseconds, tq being the quarter-cycle time as defined by the input clock period, to(CHI)-
The SMJ34020A memory controller automatically inserts the required eight RAS cycles after all resets %after
powerup or after the internal reset state) by issuing CAS-before-RAS refresh cycles before it allows the CPU
access to memory. A host must delay requests to memory until the initialization cycles have had sufficient time
to complete. Inmediately following reset, the SMJ34020A is set to perform a refresh sequence every eight
cycles.

At times other than powerup, to maintain the memory in DRAMs and do a reset, the RESET pulse must not
exceed the maximum refresh interval of the DRAMs minus the time for the SMJ34020A to refresh the memories.
Onreset, the SMJ34020A is set to do a refresh cycle every eight local clock periods. A 30-MHz (CLKIN) system
with one (refresh) bank of D/VRAM would be completely refreshed in one sixteenth of the total memory refresh
interval. The reset pulse then should not exceed about fifteen-sixteenths of the total refresh interval required
by the DRAMSs to maintain memory integrity.

If RESET remains low longer than the maximum refresh interval specified for the memory, the previous contents
of the local memory can not be valid after the reset.

initial state following reset

While RESET is asserted low (or while in the internal reset state), the SMJ34020A’s output and bidirectional
pins are forced to the states below.

INITIAL STATE OF PINS FOLLOWING A RESET (WITH a Low)t
BIDIRECTIONALS DRIVEN TO

OUTPUTS DRIVEN HIGH

OUTPUTS DRIVEN LOW

HIGH MPEDANCE

HRDY
GBLNK/VBLNK
DDIN

VSYNC
HSYNC
CSYNC/HBLNK
LADO-LAD31

HDST

EMU3
RCA0-RCA12
SF

T11Gl is high, then all Gi-controlled pins are high-impedance. Gl-controlled pins are RAS, CAS0 - CAS3, WE, TR/QE, DDOUT, DDIN, ALTCH,
HOE, HDST, RCA0 -RCA12, LADO-LAD31, and SF.

Immediately following reset, all /O registers are cleared (set to 0000) with the exception of the HLT bit in the
HSTCTLH register. The HLT bit is set to 1 if HCS is high just prior to the low-to-high transition of RESET
otherwiss, it is set to 0.
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reset and DRAM/VRAM initialization (continued)

Just prior to the execution of the first instruction in the reset routine, the SMJ34020A's internal registers are in
the following states:

® General-purpose register files A and B are uninitialized.

® The ST is set to 0000 0010h.

® The PC contains the most-significant 28 bits of the vector fetched from memory address FFFF FFEQh (the
least significant four bits of the PC are set to zero).

® The BEN bit in the I/O register CONFIG is set to the least significant bit read from the vector fetched from
memory address FFFF FFEOh.

® The CBP, RCMO, and RCMT1 bits in the I/O register CONFIG are set to the corresponding bits read from
the vector fetched from memory address FFFF FFEOh. The configuration byte protect bit (CBP) can be set
high to prevent further modification of the lower eight bits of the I/O register CONFIG.

The state of the instruction cache at this time is as follows:

® The SSA (segment start address) registers are uninitialized.

® The LRU (least recently used) stack is set to the initial sequence 0, 1, 2, 3, where 0 occupies the most
recently used position and 3 occupies the least recently used position.

® All P (present) flags are cleared to 0s.

local memory and DRAM/VRAM interface

The SMJ34020A local memory interface consists of an address/data multiplexed bus on which addresses and
data are transmitted. The associated control signals support memory widths of 16 or 32 bits, burst (page-mode)
accesses, local memory-wait states, and optional external data bus buffers. The SMJ34020A DRAM/VRAM
interface consists of an address/address multiplexed bus and the control signals to interface directly to both
DRAMs and VRAMs. The local memory interface and the DRAM/VRAM interface are interrelated and,
therefore, considered together for this description. At the beginning of a typical memory cycle, the address and
status of the current cycle are output on LAD while the ROW address is output on the row/column address (RCA)
bus. ALTCH and RAS are used to latch the address/status and ROW address, respectively, on these two buses.
LAD is then used to transfer data to or from the memory while the RCA bus is set to the column address for the
memory. (NOTE: LAD31 is the most significant bit of the address or data).

LAD During the Address Cycle
31 5 4 3 0

< Address | W | 4—STS —»

Address — Memory address (select for 128M 32-bit long-words)

W=0 — Access tolower 16-bit word (even-addressed word or 32-bit boundary)
W=1 — Access toupper 16-bit word (odd-addressed word)
STS — Bus cycle status code
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local memory and DRAM/VRAM interface (continued)

The address output on the row/column address (RCA) lines is determined by the row/column mode bits (RCMO
and RCM1 in the I/O registers CONFIG) and the state of column-address mode (CAMD) during each memory
cycle. The CAMD is sampled on the internal Q4 clock phase, which allows CAMD to be generated by static logic

wired to the local address/data (LAD) bus.

BASIC MEMORY ROW/COLUMN ACCESS MODES

RCM1 RCM VR ADDRS* | BANKSS CAMD SUPPORT MATRICES1
MODE
0 0 64K x N 8 16 64K x 16, 64K x 32, 256K x 16, 256K x 32, TM x 16, 1M x 32
0 1 256K x N 8 2564K x 16, 256K x 32, 1M x 16, 1M x 32, 4M x 32
1 0 TMxN 10 4 1M x 16, 1M x 32, 4M x 16, 4M x 32
1 1 4M x N 11 2 4M x 16, 4M x 32, 16M x 32

T VRAM mode = basic size of VRAM addressing supported with CAMD = 0

% Addrs = number of RCA signals required to provide row/column addressing

§ Banks = number of possible interleaved 32-bit wide memory spaces

1camp support = possible sizes and configurations of DRAMSs that can be supporled within the basic VRAM mode

The following figure illustrates the actual logical address bits output on each of the RCA lines during row and

column intervals for each of the four VRAM modes and states of CAMD:

In the 64K mode with CAMD=0, any eight adjacent RCAO- RCA12 pins output 16 contiguous logical address
bits. The eight most significant addresses are output during row-address time while the least significant
addresses are output during column-address time. Logical addresses 12 through 16 are output twice during a
memory cycle (during both RAS and CAS falling edges) but at different pins. This allows a variety of VRAM
memory organizations and decoding schemes to be used. When CAMD = 1, the addresses output during
column-addresstime are changed such that a new logical address mapping occurs, allowing connection of RCA

ROW TIME COLUMN TIME
CAMD =0 CAMD =1
RCABIT | 64K 256K 1M am 64K 256K 1M am
12 24 25 26 27 16 23 26 15 28
11 23 24 25 26 15 22 14 14 14
10 22 23 24 25 14 13 13 13 13
9 21 22 23 24 13 12 12 12 12
8 20 21 22 23 12 11 11 1 1
7 19 20 21 22 1 10 10 10 10
6 18 19 20 21 10 9 9 9 9
5 17 18 19 20 9 8 8 8 8
4 16 17 18 19 8 7 7 7 7
3 15 16 17 18 7 6 6 8 8
2 14 15 16 17 6 5 5 5 5
1 13 14 15 16 5 4 4 4 4
0 12 13 14 15 4 4 4 4 16

directly to 256K or 1M DRAMSs.

16
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local memory and DRAM/VRAM interface (continued)

Similarly, for each of the other VRAM modes, direct connection is provided for other DRAM modes requiring
larger matrices than the configuration mode. The following table gives examples of the connections using this

feature.
CONNECTIONS TO RCA FOR CAMD = 1
RCA 64kt 256Kt Mt aMm

12 1M x32 4M x 32 4M x 32 16M x 32
11 MMx16 1M x 32 4M x 32 4M x NN 16M x 32
10 256K x 32 1M % 32 1M x NN 4M x 32 4M x NN 16M x 32
9 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16M x 32
8 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16M x 32
7 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16M x 32
6 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16M x 32
5 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16M x 32
4 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16Mx 32
3 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16Mx 32
2 256K x NN 1M x NN 1M x NN 4M x 32 4M x NN 16M x 32
1 256K x 16 1Mx16 tMx16 4M x 16

0 16M x 32

T NN is used for either 16-bit (x 16) or 32-bit (x 32) memory conneclions.

status codes

Status codes are output on LADO-LADS3 at the time of the falling edge of ALTCH and can be used to determine

the type of cycle that is being initiated. The following table lists the codes and their respective meanings.

CODE STATUS TYPE
0000 Coprocessor code

0001 Emulator operation OTHER
0010 Host cycle (00XX)
oo DRAM refresh

0100 Video-generated DRAM serial register transfer

0101 CPU-generated VRAM serial register transfer VRAM
0110 Write mask load (01XX)
0111 Color latch load

1000 Data access

1001 Cache fill

1010 Instruction fetch

1011 Interrupt vector fetch CPU
1100 Bus locked operation (IXXX)
1101 Pixel operation

1110 Block write

1111 ~ RESERVED -
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dynamic bus sizing

The SMJ34020A supports dynamic bus sizing between 16 and 32 bits on any local memory access. Any
port/memory that is only 16 bits wide must assert SIZE16 low during Q1 (1o be valid at the start of Q2) of the
bus cycle accessing the even memory word (LAD4 = 0) corresponding to its address. The SMJ34020A then
performs another memory access to the next 16-bit (odd) word in memory. The SMJ34020A samples SIZE16
at the start of Q2 in the second cycle (access to odd word address) to determine to which half of LAD the port
or memory is aligned. If the portis on LADO-LAD15, SIZE16 should be low during the second cycle access (odd
word); otherwise, if the port is on LAD16-LAD31, SIZE16 must be high at this time. The SMJ34020A always
performs two memory cycles to access the 16-bit wide memories, even when attempting only a 16-bit transfer.

The SMJ34020A outputs the four CAS strobes and LAD bus initially aligned for a 32-bit bus. If the memory is
16 bits wide, the two most significant CAS strobes are swapped with the two least significant strobes when it
accesses the second word and the halves of LAD are also swapped; therefore, 16-bitmemories need to respond
only to the two CAS strobes corresponding to the upper or lower 16 bits of LAD to which they are connected.

Note that devices connected to LADO-LAD15 transfer the least significant word during the first cycle and the
most significant word during the second cycle. Data accesses on LAD16-LAD31 transfer the most significant
word first, then the least significant word.

The second memory cycle forced by SIZE16 is performed as a page mode access if PGMD was low during the
first access. A read-write cycle to the 16-bit page-mode memory requires five bus cycles that occur as address,
read0, read1, write0, write1. If a 16-bit transfer is interrupted due to a bus fault, the restart causes the entire
access to be restarted.

For memory that supports page-mode accesses (PGMD low), SIZE16 is sampled during each access to
memory. If SIZE16 is high on the even word access, then a 32-bit transfer occurs over LADO- LAD31. If SIZE16
is low on the even word access (16-bit wide memory), then it is sampled again on the odd word access to
determine to which half of LAD the memory is connected (low for connection to LADO-LAD15 or high for
connection to LAD16-LAD31).

special 1-M VRAM cycles

The SMJ34020A provides control for special function VRAM cycles that are available in the 1-Mdevices. These
cycles are obtained by the appropriate timing control of SF, CAS, TR/QE, and WE of the VRAMs at the falling
edge of RAS. The cycles include:

® | oad write mask

Load color mask

Block write (no mask)
Block write (current mask)
Write using mask

® Alternate write transfer

In addition, other special modes can be implemented by using external logic.

multiprocessor arbitration

The multiprocessor interface allows multiple processors to operate in a system sharing the same local memory.
The use of the bus grant in Gl and the priority request signals R0 and RT allows a flexible method of passing
control from one processor to another. The control scheme allows local memory cycles to occur back-to-back,
even when passing control from one SMJ34020A to another. Synchronization of multiple SMJ34020As in a
system occurs at reset with the rising edge of RESET meeting the setup and hold requirements to CLKIN, so
all SMJ34020As are certain to respond to RESET during the same quarter cycle. RESET is not required to be
synchronous to CLKIN except to allow synchronization of multiple SMJ34020As in a system.

18
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multiprocessor arbitration (continued)

The Gl priority for multiprocessing environments is determined by arbitration logic external to the SMJ34020A.
If GI goes inactive-high, the SMJ34020A releases the bus on the next available cycle boundary. If the cycle in
progress has not successfully completed, the SMJ34020A restarts the cycle upon regaining control of the bus.
Normally, if the SMJ34020A asserts both R0 and RT low, it should be given the control of the bus by the arbitrator.

host interface

The SMJ34020A host interface allows the local memory to be mapped into the host address space. The
SMJ34020A acts as a DRAM controller for the host. The address for the host access is latched within the
SMJ34020A; however, the data for the access is transferred using external transceivers. The host selects the
address of a 32-bit long word for an access using the 27 host address lines, HA5-HA31. lf the host desires byte
addressability, it can select the active bytes for the access by using HBS0-HBS3. The SMJ34020A always
reads 32 bits from memory; however, on host writes, it uses the host byte selects to enable CASO-CAS3 to
memory. The address and byte selects are latched at the falling edge of HCS within the SMJ34020A. The host
indicates a read or write by asserting HREAD or HWRITE (as appropriate) either before or after HCS. (Note
that HREAD and HWRITE must never be asserted at the same time.)

The SMJ34020A responds to a host read request by latching the requested data in the external latches and
providing HRDY to the host, indicating that the read cycle is completing. The rising edge of HDST with HRDY
high indicates data is latched in the extemal transceivers.

The host indicates that a write to a particular location is required by providing the address and asserting
HWRITE. The host must maintain both HCS and HWRITE asserted until valid data is in the transceivers. (The
rising edge of HOE with HRDY high indicates that the data previously stored in the extemal transceivers has
been written to memory.) Typically, the rising edge of HWRITE is used to strobe the data into the latches and
signal the SMJ34020A that the write access can start. The SMJ34020A uses its byte-write capability to write
only to the selected bytes.

The SMJ34020A always accesses the required location as latched atthe falling edge of HCS; however, in order
to increase the data rate, a look ahead mechanismis implemented. The host increment enable (HINC) and host
prefetch after write enable (HPFW) bits in the host control register (HSTCTLH) must be appropriately set to
make optimum use of this feature. These bits provide four modes of operation as indicated in the following table:

HINC | HPFW | HOST ACCESS MODE DESCRIPTION
0 0 Random/Same No increment, no prefetch
0 1 Random/Same No increment, no prefetch
1 0 Block Increment after read or write, prefetch after read
1 1 Read-Modify-Write Increment after write, prefetch after write

When the SMJ34020A is programmed for block mode or read-modify-write accesses, the host can still do
random accesses because the SMJ34020A always uses the address provided at the falling edge of HCS;
however, there is a prefetch fo the next sequential address. The prefetch occurs after reads in block mode and
after writes in read-modify-write mode. The SMJ34020A compares the address latched by HCS on host reads
to see if it is the same as that of the last prefetched data. If the addresses match, data is not re-accessed but
HRDY is set high to indicate that the data is presently available.

dynamic bus sizing on host accesses

i the host makes aread access to a 16-bit wide memory, the SMJ34020A automatically does the second cycle
required to read the rest of the 32-bit word (even if the host did not require a 32-bit cycle). The external logic
must comprehend the sense of SIZE16 or the CAS strobes during the accesses in order to route the data into
the proper external host data transceivers. The SMJ34020A uses the host byte selects HBS0-HBS3 to enable
the CAS strobes when doing a host write.
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coprocessor interface

Support for coprocessors is provided through special instructions and bus cydles that allow communication with
the coprocessor. A coprocessor can be register based, depending on the SMJ34020A to do all address
calculations, or it can operate as its own bus controller, using the multiprocessor arbitration scheme. Five basic
cycles are provided for direct communication and control of coprocessors:

SMJ34020A to coprocessor
Coprocessor to SMJ34020A
Move memory to coprocessor
Move coprocessor to memory
Coprocessor intemal command

The first four of these cycles provide for command of the coprocessor in addition to the movement of parameters
to and from the coprocessor. In this manner, parameters can be sent to the coprocessor and operated upon
without an explicit coprocessor command cycle.

instruction set

The SMJ34020A instruction set can be divided into five categories:

Graphics instructions

Coprocessor instructions

Move instructions

General-purpose instructions

® Program control and context switching

Specialized graphics instructions manipulate pixel data that is accessed using memory addresses or
XY coordinates. These instructions include graphics operations, such as array and raster operations, pixel
processing, windowing, plane masking, pixel masking, and transparency. Coprocessor instructions allow for the
control and data flow to and from coprocessors that reside in the system. Move instructions comprehend the
bit-addressing and field operations, which manipulate fields of data using linear addressing for transfer to and
from memory and the register file. General-purpose instructions provide a complete set of arithmetic and
Boolean operations on the register file as well as general program control and data processing. Program control
and context switching instructions allow the user to control flow and to save and restore information using
instructions with both register-direct and absolute operands.

clock stretch

The SMJ34020A supports a clock stretching mechanism, that is described below.

With advances in semiconductor manufacturing, newer versions of the SMJ34020A can be made, each
supporting a higher CLKIN frequency. The increase in CLKIN frequency means that the SMJ34020A machine
cycles execute more quickly, with a consequent increase in code execution speed. However, there comes a
pointwhen, as the machine cycle time becomes shorter, the local-memory control signals begin to violate DRAM
and VRAM timing parameters for certain types of memory access.

The clock-stretch mechanism allows the SMJ34020A to slow down and execute those critical local-memory
cycles while still benefiting from the accelerated processing allowed by higher CLKIN frequencies during
noncritical memory access cycles.

Exact timing issues vary from system to system, reflecting differences in bus buffering, etc., but, broadly
speaking, the clock-stretch mechanism allows the system designer to interface to slower memory devices than
the designer could use if no stretch mechanism was available.

A normal, unstretched machine cycle consists of four quarter cycles, Q1, Q2, Q3, and Q4. A stretched cycle
consists of five quarter cycles, Q1, Q2, Q3, Q4a, and Q4b.
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clock stretch (continued)

When clock-stretch mode is enabled, the fourth machine quarter cycle can be stretched to twice its original
length. This stretching takes place only when the SMJ34020A attempts certain types of memory cydles.

o1 | Q2 | Q3| Q4| Q1| G2 ]| Q3 | Q4

[¢&—— Normal Cycle ——ps¢—— Normal Cycle ——ii
o Q2 Q3 | Qda| Qab| O Q2 Q3 Q4
Stretched Cycle ——.11-— Normal Cycle _'l

Normal Sequence

Possible New Sequence

The stretch is achieved by holding the intemal SMJ34020A clocks in the Q4 state for an extra quarter cycle so
all of the device outputs remain unchanged during Q4a and Q4b. The SMJ34020A stretches only certain
machine cycles so that the execution of code is not slowed unnecessarily.

enabling clock stretch

Clock-stretch mode is enabled and disabled using a bit in the CONFIG register memory mapped to location
C00001AOh, see Figure 1.

31 7 6 5 43 210

C
S
E

Loaded at Reset from Reset Vector |1—;|
le—— protected Byte —p)|

CONFIG reglister

CSE= 0: Disable stretch mode (normal operation)
CSE= 1: Enable stretch mode

Bit 4 of the CONFIG register is the clock-stretch-enable mode bit. A zero in this bit disables stretch mode and
aonein this bit enables stretch mode. The bit is cleared during reset; that is, stretch mode is disabled by default.

When stretch mode is enabled, the following machine cycles are stretched:

® All address cycles of all memory-access sequences
® Read data cycles in read-modify-write sequences

Notes:

a) The hostdetault cycle showninthe TMS34020 User’s Guideis not stretched becauseitis not atrue
address cycle; that is, RAS, etc., do not go low.

b) The CPU default cycle, which is similar to the host default cycle in that BAS, etc., do not go low, is
also not stretched.

c) Clock-stretch mode disregards the page-mode input so that read data cycles in nonpage-mode
read-modify-write sequences are stretched even though there are no timing constraints that require
a stretch.

d) All other memory subcycles are not stretched, even if the SMJ34020A is running with the CSE bit
setto1.

The advantage of this implementation of clock-stretch mode is that the SMJ34020A can execute code at
maximum speed, slowing down only during certain parts of memory access sequences.

It is important to remember that a stretched cycle is 25% longer than a normal cycle and that the SMJ34020A
(with the exception of the video logic, which is clocked independently by VCLK) effectively slows down during
such a stretched cycle.
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enabling clock stretch (continued)

The following are examples of stretch-mode memory operations.
two 32-bit nonpage-mode reads

ADDR READ ADDR READ Stretch Mode Disabled
112|341 2|3|a|l1]|2]3[al1]2]|3]a
ADDR READ ADDR READ
Stretch Mode Enabled
1|l]2)3|alal1]|2]|3]aj1]2]3|alal1]2]|3]|a
t Stretch t Stretch
one 32-bit page-mode read-modify-write
ADDR READ WRITE Stretch Mode Disabled
tl2|3(a4aj112]|3]al1]2]|3]a
ADDR READ WRITE
Stretch Mode Enabled
1] 2]|3|a|la|l1]|2]|3|]a|lalt}2|al]a
t Stretch t Stretch
three 32-bit page-mode reads
ADDR READ READ READ Siretch Mode Disabled
1 | 2| 3|al1|2]3 l al1|2|3]lal1]2]3]a
ADDR READ READ READ
Stretch Mode Enabled
1|234|412|341|2|3|41234

t Stretch

The stretched cycles are designed to accommodate worst-case 32-bit page-mode accesses, so during some
nonpage-mode memory accesses stretches that are not essential can be generated. For example:

one 32-bit nonpage-mode read-write

ADDR READ ADDR WRITE Stretch Mode Disabled
1 2 3 4 1 2 3 [} 1 2 3 4 1 2 3 4
ADDR READ ADDR WRITE
Stretch Mode Enabled
1 2 3 q 4 1 2 3 4 4 1 2 3 4 4 1 2 3 4

t Stretch t Stretch t Stretch

Stretches are inserted in read-modify-write accesses to help ease bus turn-around timings. In the above
example, the second stretch is not needed to help these timings because the read/write turn-around has the
whole of the address cycle to evaluate.
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a clock-stretch timing example, SMJ34020A-32 and 150-ns DRAMs

This example analyzes a memory interface timing parameter. It shows that the clock-stretch mechanism can
be used to allow the SMJ34020A-32 to avoid a timing violation when interfaced to 100-ns VRAMSs.

Consider a system with:

® A SMJ34020A-32, which has a 32-MHz clock input frequency and hence a 125-ns cyde time, so
tq = 31 ns. Timing parameters are taken from this data sheet.

® A SMJ44C251-10 1 megabit x 1 bit DRAM. Timing parameters are taken from the corresponding
Texas Instruments data sheet.

row address hold data after RAS low, th(ADV-REL)

Without clock stretch
SMJ4C1024  thRa) Hold time, row address valid after RAS low Min = 20 ns
SMJ34020A Parameter 88 Hold time, row address valid after RAS low Min=tq-5ns=26ns

if RAS is passed through a PAL™ with a delay of 7 ns, then th(RA) seen by the DRAMis 26 ns - 7 ns = 19 ns.
This violates the 20 ns minimum.

With clock stretch

SMJ34020A Parameter 88 Hold time, row address valid after RAS low Min=2tg -5ns=57ns
th(ADV-REL)

With the same 7-ns PAL delay, the DRAM sees th(RA) @s 57 ns - 7ns = 50 ns, which does not violate the
20 ns minimum.

cycle timing examples

The following figures show examples of many of the basic cycles that the SMJ34020A uses for memory access,
VRAM control, multiprocessor bus control, and coprocessor communication. These figures should not be used
to determine specific signal timings, but can be used to see signal relationships for the various cycles. The
Q4 phases that could be stretched are marked with an * on the diagrams. The conditions required for the stretch
are:

® The design uses a SMJ34020A.
® The CONFIG register’s CSE bit is set to 1.
® The SMJ34020A is doing either:

a) Any address cycle, or
b) Aread data cycle in a read-modify-write sequence

The following remarks apply to memory timing in general. A row address is output on RCAO- RCA12 at the start
of a cycle along with the full address and status on LADO-LAD31. These remain valid until after the fall of ALTCH
and RAS. The column address is then output on RCA0- RCA12, and LADO-LAD31 are setto read or write data
for the memory access. During a write, the data and WE are set valid prior to the falling edge of CAS; the data
remains valid until after WE and CAS have returned high.

Large memory configurations can require external buffering of the address and data lines. DDIN and DDOUT
coordinate these external buffers with LAD.

During the address output to LAD by the SMJ34020A (Figure 2), the least significant four bits (LADO-LAD3)
contain a bus-status code. PGMD low at the start of Q2 after RAS low indicates that this memory supports
page-mode operation. LRDY high at the start of Q2 after RAS low indicates that the cycle can continue without
inserting wait states. DDOUT returns high after the initial address output on LAD (during Q4), indicating that
a memory read cycle is about to take place.

PAL is a trademark of Advanced Micro Devices, Inc.
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cycle timing examples (continued)

|{¢—————— Standard Memory Read Cycle ——————Ppi¢— Page-Mode Read —

I | Data Transfer I Data Transfer I
|  AddressSuboycle | Subcycle | Subcycle |

P R I I

}mlm Q2 oslodlm ozlm:m:mlmlmlmim
Lokt m
LoLKa | | I--I LN !
a A | X v ]

Gl OO OO0
[ | I ! t 1
LAD (SMJ34020A) =+ Address YA b e e e e
(s00 Note A) | | | | | | I
LAD (Memory) 4= = = o emfom e e — e
(seoNote A) | |
caMD  IOXXXXXXXXXXXXXOOK X XXXXXX XXX XXX
{
RCA { — Row X 1st Column X 2nd Column —
| | [ ] | I [ | | | [ Pl |
acocAn |/ | : TI\ | | | I | | | | |/ | 'I
1| 1T 1 1T T 1 1 1
RAS /| I T N\ | I I | | | |/ | I'
1 | I | 1 ]
A | / /_I—I| |
| .
we I/ | I | }
| | | | | I | | I |
TR/QGE ,Y [ | I N__ /- N\ / I'
I I | I | I I N
SF >——II-\ | | | | I/— I
| I | I | !
poIN N\ | | L/ N_L__ 1/ | | L_.,l
I | L1 I
DDOUT ¥ | /| I | [ | —
LRDY
{soe Note B)
PGMD
{see Note B)
SIZET6
{see Note B)
BUSFLT
(see Note B)
R e U L D L [t
L N N S S M S S S A
R e }
AT I / | I [ | I I | | |
I i [ 1 I | I I I I | I

t See clock stretch, page 20.
NOTES: A. LAD (SMJ34020A): Output to LAD by the SMJ34020A
LAD (memory): Output to LAD by the memory.
B. LRDY, PGMD, SIZE16, and BUSFLT are not sampled on subsequent page-mode cycle accesses to
32-bit-wide memory space.

Figure 2. Local-Memory Read-Cycle Timing (with page mode)
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cycle timing examples (continued)

LRDY low at the start of the first Q2 after RAS low (Figure 3) indicates that the memory requires the addition
of wait states. LRDY high at the next Q2 indicates the cycle can continue without inserting more wait states.
PGMD high at the start of Q2 where LRDY is sampled high indicates that this memory does not support
page-mode operation.

| Address Subcycle | Walt State ] Read Transter |
Imimlozlos:m‘r}m' Imlm{ |02|03:04Io1|
|
LoLek1 I I | | l | |

[ [ oo I

LeLek2 | I I I

Gi .l(010101010'010'0'01010'0‘o ) SN D ST &
L | [ |
LAD (SMJ340204) | -L( Addross )--l —1 JI : L _.|._J.__l
{soe Note A) | [ |
LAD (Memory) g——-i-— + -+ +... —————— [ e o ._.I.-_ __l
(soe Note A) T ﬂ l— I_ T 7
CAMD | | ST QD e Ao'uu"u‘n0‘0"mo\nuuupn’u
] [ ] ] ] ] | | i 1 | ]
RCA y— -L-( Row X Column Y=
T I T T 1T T 1T T T 1T T
ALTCH ]I/ T ! N | | | | | | | | | /_T_:
N e e e
L { 1 L
RAS "/ =t ! | | I | | | |/_1_—:
Ll T T rtT |
cAs il/ —t—t—ttn ! I | | | | /—I'—J|
I l | | | [ T ! { ¥ ! | | |
1 | | | N : i 5 ; ]' | : | 11 I
WE | 1 ( A v | |
K I : ! I .
—— ' } + " | [
TRGE |/ | | | i Tl\ ! # ! 4 ] ! :/_:_{
_|>_ I T T A S RN R S
SF | . ; ; } } | L | v |
} + . $ 4 } }
{ [ T T N TR NN AN B N I
oML VT N
N S A R NN NN N S N B S A
i —
DDOUT i/ | N1/ | ' | | | : | | | '
: I |
LRDY |
I T |

PGMD
(see Note B)

XOQOQOOCCOOONOOOOOOOCNX) ROV

SIZE16
(soe Note B) ' I

BUSFLT

- =

i 7
t See clock stretch, page 20.
NOTES: A. LAD (SMJ34020A): Output to LAD by the SMJ34020A
LAD (memory): Output to LAD by the memory
B. Although they are not internally sampled, PGMD and SIZE 16 must be held at a valid level at the
start of each Q2 until LRDY is sampled high.

|
f
|
|

Figure 3. Local-Memory Read-Cycle Timing (without page mode, with one wait state)
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cycle timing examples (continued)

During the address output to LAD by the SMJ34020A (Figure 4), the least significant four bits (LADO-LAD3)
contain a bus-status code. PGMD low at the start of Q2 after RAS low indicates that this memory supports
page-mode operation. LRDY high at the start of Q2 after RAS low indicates that the cycle can continue without
inserting wait states.

DDOUT remains low after the initial address output on LAD (during Q4 after RAS goes low), indicating that a
memory write cycle is about to take place.

26
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cycle timing examples (continued)

{¢&—— Standard Memory Write Cycle —pi¢- Page-Mode Write »

I |  DataTransfer |  DataTransfer |
| Address Subcycle | Subcycle | Subcycle |

| 1 | | I | | |
|o4||01|oz|03|o41|o1|oz|oa|04:o1|oz|oa|o4{o1'
LCLCK1 T | L | o ! |
l | | |

CAMD DOOOCOOOOOCQOOOCOO00OL ) LLOOOOOCCOOOOOOXOCOOCOOODDEDD

RCA '; l —! Row 18t Columln | 2nd Column —-:
AN SR R
—_— 4 | i 1
A I T W N Vo
R S S S N— !\_l_:/—J—l\_J_V—'_J
AR A P
— |
WE|/ : R = : : | : L/ |
— L (I I I | ]
TR/QE ! I | | [ [ | [ I [ i
AR | |
sr'_‘)-_kl N e pp—
r =TT T T t— T T T T
0N N I N N I O O O N B R
[ T i T T T T T T 1 i 1 | M 1
DDOUTII/ ; T\ ! ! ! ! I !/ ||\ ! ! I/-'Lr.ll

) LR% X NOOOOOOOOOCEOO0OSOOOOO0
see Note
(see N':'G:'IS LOOQOOQUOOOX QOQUXXXXXXX

(see Note A)
BUSFLT RN
(see Note A)

1 7
1 See clock stretch, page 20.

NOTE A: LRDY, PGMD, SIZE16, and BUSFLT are not sampled on subsequent page-mode cycle
accesses to 32-bit-wide memory space.

Figure 4. Local-Memory Write-Cycle Timing (With Page Mode)
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cycle timing examples (continued)

The local memory read-modify-write cycle (Figure 5) is used when inserting a field into memory that crosses
byte boundaries. This cycle is actually performed as a read access followed by a page-mode write cyde.

{¢——— Standard Memory Write Cycle ——piq¢— Page-Mode Write —»

| | DataTranster |  DataTransfer |

Address Subcycle | Subcycle | Subcycle |
104101'oz'm{m}m'oz'oslmflm'oz'os!oalml
LCLCK1 | ! | I [ ! |
| : I | | I I I |

LAD(SMJ34020A)i )—— Addms _l__L_.._{__J.( : ~Data Ot -

CAMD | o'nouuu'nunoo; ) 0'000000u00000{0}0}0{0{0}0}0}0{0Zo{o{oxo}oxo}o{o}o{o{o{o}o

] | | | | | ] | | |

N | {
oA | I)-_lL( T |
! |
ALTcui/i ; i\' A N I S S S Y Il l
| I | 1 1 1 1 i T I
e e N A I I O Ve
!/ L : Lo L } L
sl T T T |\_m_[/_!_i|
[ N O N A A } } | L
we | i | 1 1
O N— ]
— | 5 I ! : | I | | | | ! | | i
AN eadBREEE
[ |

N e S [ N T U N N N A N A
=1 T T T

DDIN!\! ' I | | VAR N I | ! '

t } 1 I T : | | : ] ] i |

| ' T ' |
| |

—_——

T4 WAAAAN \/
SIZE16 [XXXXXXXXX

AANAAAAAAAAN/ \/ \AAAAS
BUSFLT o O OO Y Y

L
RO |
L

—_—— 4 —

R
1 See clock stretch, page 20.

Figure 5. Local-Memory Read-Modify-Write-Cycle Timing
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cycle timing examples (continued)

The refresh pseudo-address output to RCAQ-RCA12 and LADO-LAD31 comes from the 16-bit refresh
address register (I/O register CO00 01F0h) that is incremented after each refresh cycle (Figure 6). The 16 bits
of address are placed on LAD16-LAD31; all other LAD bus lines are zero. The logical addresses on
RCAD0-RCA12 corresponding to LAD16-LAD31 also output the address from the refresh-address register.

Although PGMD and SIZE16 are ignored during a refresh cycle, they should be held at valid levels. LRDY and
BUSFLT are not sampled until the start of the first Q2 cycle after RAS has gone low.

If a refresh cycle is aborted due to a high-priority bus request (assuming LRDY is low at Q2 after RAS low), a
bus fault, or an external retry, then the count of refreshes pending is not decremented and the same
pseudo-address is reissued when the refresh is restarted.

| RefreshStatus | CBR | Refresh End |

|Q4:Q1|oz|03:04flo1|92'03{m;01|02|03}a4{m|
I

I
LoLCK2 | I I Lo

L |
Gi LOOOCOGOOOOOOOOOOOONKX -
| | ! | | | i | | { | |
LAD [ )—+( Refresh Pseudo-Address ) m—
I | | | T T T 1 | I | !
' | | | | | ] | | | | | ] | '
CAMD
| | | i ] | { { | | I | |
L | | | | | { | | | { | |
RCA | )—-{-( Refresh Psuedo-Address ) o |
! | | | | | I | | | | [ |
l N
ALTCH (7| o\ S O O O O I/—I—‘|
l [ I [ { f ! f f T { ! I |
I 1 1 1 1
m T T T T T T T I | /_1'—-‘
Vi I~ ———
b L L /_I_I
ST U 1 N/
S AN T AN N A A S A N N N S
WE y N [ I [ b o
— N R R O O e A I I I e
TR/QE ;/ | [ f ! [ | | [ | [ [ I ! !
L e [ A I (R H AR
se Pl L 1 1 0 00 i
uEREEEEEEEEERE
DDIN [ | | | |
f‘\ ¥ : t i t i t } t f } i f l
} } | | I I | | | ,-—-I-c-l
poouT /' N | | [ | | | ! | [
I | } ; } + } . { + } | =

R KRR XIRIIRT |~ R KRR

PGMD  DOOOOOOXX XXX XXXIOOOOXXIOORN— MOXOCONNA

SIZE16
T ! I | T T ] I JI }
BUSFLT  OOOOCOCOO0O0OOOOOO0000OOCOOO0OOOOOOOOCN I L0000
T
—_— L 1 ] ] | ] ] ] | | | ] .
RO ' \ 7 T 1
— I I I ] 1 I | I ] | | I
Ri X N ] |
t See clock stretch, page 20.
Figure 6. Refresh-Cycle Timing
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cycle timing examples (continued)

When SIZE16 is selected low (Figure 7), the SMJ34020A performs a second cycle to read (or write) the
remaining 16 bits of the word. Reads always access all 32 bits (all CAS strobes are active). Internally, the
SMJ34020A latches both the high and the low words obtained on the first read cycle. The sense of SIZE16 on
the second (odd-word) access is used to determine which half of the bus is to be sampled to replace the data
word latched during the first cycle.
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cycle timing examples (continued)

Data Transfer Data Transfer
' Address Subcycle ! Subcycle : Subcycle :
Imlo1‘oz|03:mf|o1|02|03||o4|o1'ozlosimIm'
I | I I
LCLCK1 I I [ |
| | I P
LCLCK2
Gi
LADO-LAD15
LAD16-LAD31
CAMD
1 1 1 | | 1 | | | | { |
RCA | >— Row X Column (S=0) X Column (S=1) )---J
(seeNoteA) 1 | =T 11— 11 1 71 _71 |
ALTCH :/ : i {\ | f I [ I I | | | | I
[ | [ | ! | | { |
307 s S e N B O O N N B Vo
I ! I ! | | ; I l | I | I |
L 1 1 1
{ I N 1 ! T I I
A | L
: : ' } } } | | I | |
cast /| | [ .
[ | ! L [ | I | |
casz /' | I | 1 b |
L | | | | [ | | | I | |
cass |/ | 1 1T I\___/I !\—I_I /1
T N N R R L ]
WE |/ | ! I I | | I | [ 1 | |
| ! I I I | I I I I | I [ I
weE T T N I !/_'\| || I/_ﬁl |
| | j | 1 [
< I I I I | | | I I | |
SF ) ot = N S N B 1 L —d
—T1 : 1 ! i T 1 : i i { T TI |
| I | I
oow N | . o
} ' I I } } | | | — S —
DDOUT y P I\ v I I N A
LRDY |
| 1) | 1 ] i !
| | | | ! | |
PGMD
| | | {
SIZE16
BUSFLT  OQUOOOXXXOOQORN, | X000OOOKXOEDDOCODRN
| ] ] ] | |
% | N N A N N N N Vo s
[ ] ] L) L} L] T L} T T I
1 { ] i l ] | [ ] | | ] 1 |
AT | AR\ A |

t See clock stretch, page 20.
NOTE A: RCAO can be used to determine accesses to odd or even words because it outputs the least significant bit
of the word address during the column-address time (except in 4-M mode with CAMD = 1).

Figure 7. Dynamic Bus Sizing, Read-Cycle Timing
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cycle timing examples (continued)

Write accesses to 16-bit memory are performed by swapping the data on upper and lower words of LAD and
exchanging data on CAS0 and CAST for data on CAS2 and CASS, respectively (Figure 8). During the first cycle,
data is placed on LADO-LAD31 as in a normal write. The sampling of SIZE16 low during the first access
indicates that this is 16-bit-wide memory, so the SMJ34020A swaps data on the upper and lower halves of LAD.
Notice that during the first cycle, CASO is inactive (because this byte was not selected), and during the second
cycle, CAS2 is inactive due to the exchange of CASD for CAS2 and CAST for CAS3.
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cycle timing examples (continued)

Data Transfer Data Transfer
I Address Subcycle | Subcycle : Subcycle

:o4|o1'oz|aslo4f| a1l a! Q3=Q4| ol a2l a3l aaj ot

LCLCK1
LCLCK2
5
LADO-LAD15 '__J)— ow ress Data Low IX I Datla nglI1 I)——I
A R A N N A N (O A O O
LAD16-LAD31 ™) igh Address Data Hlgh X Data low Yy~
I lr | l T T T 1 T T T T T |
CAMD |
RCA ! |)-—ll-( —iow Ix_%olurlnn 5=0) o ('§.l=1) l)--I‘
1 I I e e
ALTCH ]l/ T 1 I I T O L/ 1
| | | | | | [ | | [
RAS IV | N | b | /T 1
| | | | | { | ] i I !
CASO | | | l | ] | | N\ ]
{ | | | | | : : ] | l| [
casi [/ T | I N_'__(_I—I\_ /]
I/ || | I | b | |
casz 711 T T 1 T 1
I/ I Y I ’ | [ I
CAS3 y 1T | 1 ™ /T L /]
- I N I O R [ |
A S
] | |
weE [ 1T | T | 1 T T
[ I [ | [ P [ I
~— 1 1 | [ Jp—
Foor T T I [
DDIN | L | | | i | ]
__ [ | I N
DDOUT Nl | VN |/ =
| | I | | |

[71]
m
"\/T‘L

| |
LRDY w
I I N R A
PGMD
I : I 1 i 1 ] 1 ]
SIZE16 MWT RN
| I i |

BUSFLT | R R RIRAROCLRLLLN
T T T [ |
L \

1 I ¥ I | |
ﬁ l 1 ! I |

t See clock sfretch, page 20.

Figure 8. Dynamic Bus Sizing, Write-Cycle Timing
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cycle timing examples (continued)

Clock stretch is a special 1-megabit VRAM control cycle that is executed when VEN in the CONFIG I/O register
is set and PMASKL and/or PMASKH are written (Figure 9). This cycle is indicated by CAS, WE, TR/QE, and
SF high at the falling edge of RAS and SF low at the falling edge of CAS. As the plane mask is copied to the
PMASK register(s), it is also output on LAD to be written to a special register on the VRAM that is used in
subsequent cycles requiring a write mask. During the address portion of the cycle, the status on LADO-LAD3
indicates a write-mask load is being performed (status code = 0110). Although CAMD, PGMD, and SIZE16 are
ignored on this cycle, they should be held at valid levels as shown.

j[€&—— Write o the PMASK /O Register it Load-Wrlte-Mask Cycle —
|

Q3 |Q41’|Q1|02 |03|

Q3 Q1 a1

it | o1

Gl A0
| | | | | l | ! I | I [ | | ! I |
LAD —K_PMASK Address PMASK Data____ )——1<__Zero Address Not PMASK Data__ )-—-
! J | ] ] I | l | !
CAMD ' IOOOO?ZX : QLRXXXXKXOQUOOOXHIX IR LDV
[ ! | | | | | | | I | | [ | ' | I
RCA | )——<|L( PMASK Row X PMASK Column )'_I'\ , All-Zero Address N L/~
T 1 1T T T 1 T
ALTCH ’/ ; | i\ ! : ! ' !/ ,' I I\ ! ! ! : VA I'
| | ' |
; | I | | | | | | . | | | | | |
s /o Nl VT T N T
o A e L
cAS | | | | w
I N O A s S NS B R e e AL
we 7t ] 1 2 i |
L | Lo | ro
r——
TRIGE [/ ] | R L Lo o
I—I} | I I_,_I_'__J\ P
SF | o } ! I ! | I L =0 ! L1 I/-—4I
I | I I | I | | | | |
| | | |
pon N\ | I ! | | | | | | | [ L | | !
! ! ! ! | | | ] ' I ] | | T | ] | I !
sorr 7N L AR ) e
o V' | NdeeAe——— | N+
LRDY
PGMD  XXXXXXXXXXXXXXXXXXXOXK_ XXX IS ERARKAIXAIIR
SIZETE RN I RX AR XK ARXRRRRLRRN LRI
|
BUSFLT  [XXXRACKRXRXRRXKIKIXIXIN, | |
— } . L ’ I | | I ! } } } | | I | /—I-——I—-I
LCJN A S S S S 7 T T T | O S S S 7 B
S A T T T (N T A T B
RT | / 1 IN_ L | L/ 1 1 I\ L

t See clock stretch, page 20.

Figure 9. Load-Write-Mask-Cycle Timing
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The clock stretch is generated by the VLCOL instruction and is indicated by CAS, WE, TR/QE, and SF high
at the falling edge of RAS and SF high at the falling edge of CAS (Figure 10). The data in the COLOR1 register
is output on LAD to be written to a special register on the VRAM that is used in subsequent cycles requiring a
color latch. During the address portion of the cycle, the status on LADO-LAD3 indicates a color-mask load is
being performed (status code = 0111). Although CAMD, PGMD, and SIZE16 are ignored on this cycle, they
should be held at valid levels as shown.

los la1 o2 o3 'aat! a1 a2 ' a3 | @a | a1 |
GI DO\ | LRORROVOOQON__ IO MO0k
L | | | | | | | I

LAD | )-——}-( Zero Address JX Color Register Data )|
T l T ] I | T T [

CAMD
| | | | |
RCA | }-—{-\ ! All-Zero Address ! {/——1
L1 T rTr i,___L__|' !
ALTCH}V i [ N ! l ! I | I
| | | ! I I ] |
_l; ' n 1 l | l I
AR e A
L X | | |
eas |/ T T 1 T T N i/
AEEEEE
W T N T
L : | | | I | |
TR/QE ! [ I ! [ | | [
AUEEEEEEES
=
L { |
DDIN | | | [ | I | ' | I
/o N A R O
DDOUT]I/ { |r\ ! I ! l | Y, ,C-j
T ] Ll i |

LRDY  DOOOOOOOOOOOOO \ RLOOOOOOOKNA

PGMD XX

SIZE16

BUSFLT }0:0{0:o:o{o}o}o:o:0}o:o:o:o{o{o}o}o:o:o{o{o}o}‘ ,;0{0:0{0}0{0}0}0}0}0}0{0{0{0}0‘
ety
L A A S 2 R
I | | | I I | | |
R / | | | N 1 |

t See clock stretch, page 20.
Figure 10. Load-Color-Latch-Cycle Timing
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cycle timing examples (continued)

The clock stretch is also performed when a VBLT or VFILL instruction is executed and PMASKL and PMASKH
are set to zero (Figure 11). It is indicated by CAS, WE, TR/QE high and SF low at the falling edge of RAS and
by SF high at the falling edge of CAS. The data on LAD is used as an address mask, and the data stored in the
color latch is written to the VRAM. The address selects chosen by the two least significant bits of the column
addresses within the VRAM are replaced with the four DQ bits latched on the falling edge of CAS. A logic 1 on
each bit enables that nibble to be written, while a logic 0 disables the write from occurring. This cycle allows up
to 16 bits to be written into each VRAM (four adjacent nibbles, each set to the value in the color latch) for a total
of 128 bits. During the address portion of the cycle, the status on LADO- LAD3 indicates a block write is being
performed (status code = 1110). SIZE16 can be used with this cycle, but external multiplex logic is required to
map the data correctly to appropriate memories.

L I ] ! ] ! ! I ! | ] |
LAD - Address X Data Out 1 X Data Out 2 =
::b -

I | 1 | | 1 { | 1 |

CAMD XXX R R R RIAKRR RN

| | l | 1 1 1 | ] | I 1
RCA ‘:_- Row X 1st Column X 2nd Column }—J
I T T 1T 7T 17T 7T 71771 |
AR 1 Nl ot
S N T sy R S S s S
ML N
—L | ]
CASL/: I I : | I I I — (. T
I . | |
m————T | A
maaf P L]
TR/QE i T T I -
AN o L
SF - I I I | N I BN R E— | NP
-\ | /| <
T e e A Y A S B A
pon\ | L L, R e
R
ol N B 7 N Ve

1 ! | I ] 1 1

[ |
—_— [ |
PGMD [ LOOOOODOOOOOOOOOOOOOOOOOOO0
I

] | |

I

\
L1 1
A1 | /

t See clock stretch, page 20.
Figure 11. Block-Write-Cycle Timing (Without Mask)
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cycle timing examples (continued)

The clock stretch is also performed when a VBLT or VFILL instruction is executed and PMASKL and PMASKH
are set to nonzero values (Figure 12). Itis indicated by CAS, TR/QE, and SF high and WE low at the falling edge
of RAS and by SF high at the falling edge of CAS. The data on LAD is used as an address mask, and the data
stored in the color latch is written to the VRAM, just as in the block-write cycle without mask, except that the
datain the write maskis used to enable the bits from the color latch that are written to memory. This cycle allows
up to 16 bits to be written into each VRAM (four adjacent nibbles, each set to the value in the color latch as
enabled by the write mask) for a total of 128 bits. During the address portion of the cycle, the status on
LADO- LADS indicates a block write is being performed (status code = 1110). SIZE16 can be used with this
cycle, but external multiplex logic is required to map the data correctly to appropriate memories.

04:01'oz'os'cu'r}m'oz'os'm'm'oz‘os'm'm|

| ] | I 1 | L |
DataOut1 X Data Out 2 )._..I
I | T 1 I |

CAMD °?
1 | { ] i ] | ] 1 | 1 I

RCA | - Row X 1stColumn X 2nd Column Y=o

L 1 T 7r-T71 1 -T1TT1T 1 |
ATeH [/ T T N !t ot b

| I I I ! ! 1 | 1 | | — | I
T N L
—_— ! ; } | I I I I
CASI/I I I } : : I I | : I I I |

L

WE /T T N1 | | |/—I\_I_I_.I/_I__I
A e e e A e e A
TR/QE |

/] P I N S A N |
SF — I | | l | — T | T N

—P_} I T T A R B :
ol I S O
— | | —h | —h—1
°°°”TI71 I\I I I | I T4 I I

LRDY

PGMD |

SIZE16 Io:o:o{o:ox0{0}0{0{0}0}0}0{0}0}0}0{0{0}0}0}0:0' I NLOPOOOHXXXXXIBBODOODAXKRY,
BUSFLT X XO000OXXX X000 I RO IEKXIXK
| - | 1 |
| | | I S
RO N\ A R N N NV |
. i | | I | | | | | | | |
AT | /7 1 T T T 1 T 1\ |

T See clock stretch, page 20.
Figure 12. Block-Write-Cycle Timing (With Mask)
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cycle timing examples (continued)

As a special 1-megabit VRAM control cycle, the clock strechiis also performed when the PMASKL and PMASKH
registers are set to nonzero values, CST in DPYCTL is cleared, VEN in CONFIG is set, and the byte-aligned
pixel-write instruction is executed (Figure 13). This cycle is indicated by CAS, TR/QE, and SF high and WE low
at the falling edge of RAS and by SF low at the falling edge of CAS. The data on LAD is written to memory just
as a normal DRAM write except that data in the write mask is used to enable DQs that are written to memory.
During the address portion of the cycle, the status on LADO-LAD3 indicates that a pixel operation is being

performed (status code = 1101).

| | 1 L 1 ‘

L |
Data Out 1 X Data Out 2 )=
| I | I | I T

ROXXXXRXORXXXXXIOCK_ XXX

| ] | 1 ] | | 1 1 | | |
RCA )--Jl-( Row X 1st Column X 2nd Column )-—Jl
| l [ | f | [ | { | I I
ATTCR [7™ | ; {\' b /_:—_T
1 | I . ! i ! ' ! ! ' !
L7/ S s N S (N S S O Vs
| | | | | | | | | | \ |
A l N /i |
_ ; | | l I
w7 TN Y
—_— 3 I | L I . | |
TR/GE ! | | | | | | } i |
1| Ly | I ]
| N__| | . -
[ | | t ! I [
L . |
1 — -
|
T L

)

1

XXX

] | \S
BUSFLT DOOOOOOOOOOOOOOOOOOOON ' L0,
——— o ———
| N S (S S S S S A N
e I l | | | | | | | | | | |
R1 | /J T I

INCL |
t See clock stretch, page 20.

Figure 13. Write-Cycle Timing Using Mask
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cycle timing examples (continued)

The VRAM cycle shown in Figure 14 is issued in any of three ways:

® Pixel operation instruction with CST in DPYCTL set
® Horizontal blank reload cycle requested by the video-control logic with VCE in DPYCTL cleared
® Video timeout due to SCOUNT match with the value in MLRNXT and VCE and SSV in DPYCTL cleared

This cycle is indicated by TR/QE and SF low and CAS and WE high at the time RAS goes low. The timing of
the low-to-high transition of TR/QE is dependent upon the timing of SCLK when doing a midline reload cycle.
During the address portion of the cycle, the status on LADO-LAD3 indicates either a video-initiated VRAM
memory-to-register transfer (status code = 0100), or a CPU-initiated VRAM memory-to-register transfer
(status code = 0101).
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cycle timing examples (continued)

L : Address ple Walt pig Cycle ’ |
| Subcycle State Completion

CAMD (X XXXXXXXXXXXXXXXXIXK_ I XXXXHXXIXHRXXHIRXHKOAUXIOOOORXHR
I

1 | I 1 L 1 1 | 1 1

| | |
RCA | )-_IL( Row X Tap Polint >
| I T 1 1 T 1 1 ] 1 |

l N L

rve o iy e ma e N N N N T T OV e
Vool N
S U S —— e | ——
RAS |/ | | | N\l | | i | | ] | |
N S SO R A A R /__I_I
CAS ;/ | | | | I IN__ | l | | | I |
S I N I (R AN P EOC N O e O
WE | ] ' ! l T I T T ! ' | T |
I/ | I | | I | I | I | I I | |
mET—— | ! A———
WeELY o N Vo
| e R T T e R (R R R
sF ——i~__| I |1 I I | I I l Vo
l | I | | | | | | I | I I l |
pon ™\ 01 b |
T I T I I | [ I | I | I ! ! [
—
BOUT L/ | N/ 1 L T
LrDY [ROOODSOEEDKY | NEXRXXHXHIXHN

3
L/

| | o
RT | [ ! |

t See clock stretch, page 20.
Figure 14. Memory-to-Serial-Data-Register-Cycle Timing (VRAM Read Transfer)
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cycle timing examples (continued)

This VRAM cycle shown in Figure 15 is performed when a video timeout occurs due to a match of the MLRNXT
register, VCE in DPYCTL is cleared, and SSV in DPYCTL is set. This cycle is indicated | by TR/QE low and CAS,

SF, and WE high at the time RAS goes low. The timing of the low-to-high transition of TR/QE is not dependent
upon the timing of SCLK because there is not as great a timing constraint to position the cycle as in midline
reload. During the address portion of the cycle, the status on LADO-LAD3 indicates a video-initiated VRAM
memory-to-register transfer (status code = 0100). Although PGMD and SIZE16 are ignored on this cycle, they
should be held at valid levels as shown.

losa |at |02 a3 loat! a1 | a2 ! a3 | aa | a1 |
GI DO [ £000000O00ON YO00000000O0CN YR

e I

D
CAMD \AAAANAAAAAAAANN/

XX XK

RCA [ =+ Row J)L Tap Point ——
ALTCHilL/ i I\ I i i i TI/_ I__t
s 7 — TN 1 T
o | I I I 1 ! ! I |
w7 TN
I
g S o
SF | R A
MusaiBENREREN
DDOUT |/ | ELI_E/ | : : | :\_-I
LRDY | | I
PGMD
SIZET6
BUSFLT I
m AN I S 72 e
S N N N T A A O
R L

T See clock stretch, page 20.
Figure 15. Memory-to-Split-Serial-Data-Register-Cycle Timing (VRAM Split-Register Read Transfer)
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cycle timing examples (continued)

Figure 16 shows the VRAM cycle performed when a horizontal blank reload is requested by the video-control
logic and VCE and SRE in DPYCTL are both set. This cycle is indicated by TR/QE, WE and SF low and CAS
high at the time RAS goes low. The SOE pin of the VRAMs is used to select between write transfer and
pseudo-write transfer cycles (SOE must be generated by logic external to the SMJ34020A). During the address
portion of the cycle, the status on LADO-LAD3 indicates that a video-initiated VRAM register-to-memory
transfer (status code = 0100) is being performed. Although PGMD and SIZE16 are ignored on this cycle, they
should be held at valid levels as shown.

| | | |
AR
=71 TN —
s 7| | i L.IL_I/—‘_I
— | | I
A —
ﬁl(_!_E-;/| } I¥ l/
SFI_1>——|L\ |
I |

—_—————_——,

E

.
DDIN L\ !
I
|
DDOUT I/ i

LRDY OO

\a'a"s

PGMD  )OOOOOOXOOOOOOON_ XOVOOOOOOLOOXX

| L | ] I |
SIZE16 ROQQOOOQUOONXXA
1 I T T

BUSFLT |
Ro ! : ' ' | I ! I | I 1
Rol \ N l j

' T T T ! | | I I I |
__l { | Fl I ' | ' |
| \

. | 1 | | ] I '

. T T T
t See clock stretch, page 20.

Figure 16. Serial-Data-Register-to-Memory-Cycle Timing (VRAM-Write Transfer, Pseudo-Write Transfer)
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cycle timing examples (continued)

This VRAM cycle (Figure 17) is performed when a pixel-write instruction is executed with the CST bitin DPYCTL
set. This cycle is indicated by TR/QE and WE low and SF and CAS high at the time RAS goes low. This cycle
does not require the use of SOE of the VRAM and does not affect the status of the serial I/0 pins. During the
address portion of the cycle, the status on LADO-LAD3 indicates that a CPU-initiated VRAM
register-to-memory transfer (status code = 0101) is being performed. Although PGMD and SIZE16 are ignored
on this cycle, they should be held at valid levels as shown.

BRI KRR IR X,

camp  OCOOOOOOOOOOOOON)

. I
Rea | »——H Fow X Tap Point )——f
| I I | ! | [ T
7o s N L L B /e

I I
L I | I | I |
mas |/ ; : :\ L l/—r_'| |
I | I | I I ! I
f } . I
wmy T }\_I_'I/—I_II
| ] ] I I I
ﬁ{/ | I N_ | I | L/ |
[ N A e R S
waEZ T N /T ]
I | | I | I I |
' - | I
| = ' l | I [
T T
DDIN \ I ! | | | I | | | !
T T S N
' RS

DDOUT W
[y,

LRDY |

BGMD  POOOLLROOOEDOOR)

SIZET6  XXXXXXXXXXXIRXXXKXIXXHD RLAXXXXUXRUIHXX

BUSFLT |

1L ]
RO | N\ | ; |/| | |
I | | | 1 [ ! 1 |

| | L | | I | I
Il AN I N S N R
| | [ | I [ i !

. | |
t See clock stretch, page 20.

Figure 17. Serial-Data-Register-to-Memory Cycle Timing (VRAM-Alternate-Write Transfer)
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cycle timing examples (continued)

In Figure 18, transition points are shown for RO and RT to indicate where they occur relative to the other signals.

This example indicates that the SMJ34020A has control of the bus, yields control, and then regains control. The
SMJ34020A regains bus mastership as soon as Gl is driven active (low). RO and R1 could be outputting any
of the codes with the exception of the access-termination code. The bus arbitration logic must control the timing
of Gl to all of the processors requiring the bus.

It is recommended that SMJ34020A clock stretch not be used in multiprocessor systems.
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cycle timing examples (continued)

Host-Default Beginning
Cycle of Cycle
|Q4|Q1i92|03|04|Q1iQ2|Q3iG4|Q1|Q2IQ3]Q4|Q1|Q2|Q3|Q4|
—_— | |
LCLK1 | | N\ l I L L L
L o | Lo |
i e I e AN L
o o s
[AD - e L HIZ e
— em— B

G !
— | { Il | f | x x 1
RO | | | ' N\
| | | | | | | T T T T T T T T T
- ] I | ! ] 1 ] ] ] ] I L i ! lx ]
R1 T 1 '\ x
| T T T | I | I T T T T T T T T T
cAMD [X 10101010101010}01010}o}o}o}ox0}0}0}0{0{0{0}0}0{0:0{0:0{0:0}0{0{o}o{o{o{o{ox0}0{0{0}0{0{0{0}o:o:0:o{o{o}o}o{o}oZo:o}o}0}0{0}0}0{0}0{0}0}0{0{0
L ] ! ] ! | | l
RCA )._= _.1|__.I.._.I._.J|. HI-Z __IL_.j__Jl_ Row
T T oo b b |
L | | ] | | ] ] |
T T —
] . . | | I
. | H | [ I I
RAS IV ; | 1 i ; lr\._ll__'_—l- HI-Z ._lL_|_._I./— | | |
I ! | 4 ] _J l | I ' I I f
LA e e e e e e e M R
—_ L ] ] I l I I | | | l | I L |
WE ]l/ i i l i i\._l__I_._r HI-Z ._r__I_._I./ T i 1
. ] | | | | | | | | l | I | l | I l
TR/QE lT/ | i | | | T\_I__i__r H|.T ....,_._ll__r.l i | I II
[ I I | I I I
poin P\ ! ' ! - 1/-—|——1——|- HI-2 ‘_|——L—|'L .
T g
Bo0UT |/ | N\ I/ [ 12 =N
I | | I f
LRDY O XXX OO XX, | RRX

BUSFLT

L ; I H . — ! L ; T
HOE I f S A N e~ T
dEREEESEENENEEEE
A T N B B e s B e s (O N

Figure 18. Multiprocessor-Interface-Cycle Timing (High-Impedance Signals)
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cycle timing examples (continued)

Two SMJ34020As use the multiprocessor interface to pass control of local memory from one to the other
(Figure 19). GSP1 completes a read cycle to the local memory and, although desiring another read, loses the
bus to GSP2, which does a single write cycle (perhaps a host-write access). GSP1 then regains control and
completes the read cycle (shown with a single wait state). Since no further memory-access requests are
present, GSP1 maintains control of the bus and holds all of the local-memory control signals at their inactive
levels. LRDY is a common input to both GSP1 and GSP2.

The host cycle timing diagrams shown in this data sheet are only a sample. For more information, see the

TMS534020 User’s Guide.
GSP1 Read GSP2 Write GSP1 Read Wih Walt Bus kile
1/2|3]|af1]2|3|a|1]2|3|a]|1|2|3|a|1]2]|3]a|1|2]|3]a|1]2]3]a|1]2]|3]|a]1
Gi ___/ \ N
RO /- \ /
Gl \ / N/

I DY g W s\ /
EE'__\_/_\ ________ <\ /

WE = of > GSP1
e T 0 N\__/ - < N\ /
DDIN S\~ - - / —/\
BBOUT —\__ /N A~/
AttcH TN\ /T ™~ N\ /
LRDY o N

COOOO0O0GN0

Py

|1l2]3lal1]2]3|al1]2])3]al1]2]|3la|1]2]|3al1]2]3la]l1]2|3/a]1]2]|3la]1

ATCH ————————— TN - - —
Gi \ /
RO \ /
A1 \ /
RAS == o o o e e e < N\ /S e - - —_—
EAE mee y 2N g S _ _ [ GsP2
WE c——— e ST —_— —_——
TR/IQE = — e e e e e < - - —_— - —-—
DDIN -— - P — -
DDOUT = == o o e e e e e <\ ) N ———————— e )

Figure 19. Multiprocessor-Interface Cycle Timing (Passing Control)
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cycle timing examples (continued)

In Figure 20, the host-access request is synchronized to the SMJ34020A at the beginning of Q4 so that the
local-memory cycle can begin in Q1. If the external host-access request occurs after the setup time requirement
before Q4, the request is not considered until the next Q4 cycle. In order to provide back-to-back accesses as
indicated in this example, the host must remove HCS on receipt of HRDY and reassert it before Q4 (it can also

remove and reassert HREAD with HCS).
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cycle timing examples (continued)

HA/HBS 5K __ _MXXXXOCOCOOOOXXOOTOCO

HCS — \ /-
HREAD =\ /—
HWRITE
oo MR d
D(OAIS Previous Read X Valld_

<+ Il.ocall-Menrory I-llosl llaead |Cycle’ —»

i
| Q4 :m ez |Q3 |qat| a1 102 Q3 | Q4 !m

HOE

T I O I

HDST

Gi

CAMD

RCA

SF

ALACH

RAS

CAS

WE

TR/QE

DDIN

w7 Y

|

_'

LRDY 2 X7 ]
|

XA

&

Jd

1

—_——t —]

e L
SIZE16 LOOOXNX

PGMD QXAXIXXXX

BUSERR TR | LR
i
RO \ | | /T T 1
_ I L
R1 N oL
1 See clock stretch, page 20.

NOTE A: HRDY goes high at the stant of Q2; however, data is not strobed into
the external latches until the start of Q4 when HDST goes high.

Figure 20. Host-Read-Cycle Timing (Random/Same Accesses, not From SMJ34020A 1/0 Registers)
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cycle timing examples (continued)

The host-access request is synchronized to the SMJ34020A at the beginning of Q4 so that the local memory
cycle can begin in Q1.

In block mode (prefetch after read), the SMJ34020A automatically initiates sequential read accesses as soon
as the host deasserts the current read request. In this example, the host reads a location and must wait for the
first access to complete. When the host removes HREAD (Figure 21), indicating the end of the first read, the
SMJ34020A starts to prefetch the next sequential location. When the host makes the next request, the
SMJ34020A has prefetched the data so that the host reads with no delay. While in block mode, the SMJ34020A
continues to prefetch data for the host read each time the host removes sither HREAD or HCS. If the address
present and latched at the falling edge of HCS matches the previously prefetched address, HRDY is asserted
high so that the host can read with no delay.

In read-modify-write mode (prefetch after write), the SMJ34020A initiates the read access as soon as the current
write request is deasserted.
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cycle timing examples (continued)

COOOCOOOROOOOOOOOVOCOOCOOOOCOOCOOCOOTEONDT0

HREAD

HWRITE

HRDY

/~ \

DATA
(out)

Previous Read

131 Read Valid

<

| —————— Local-Memory Hot Read Cyche

@ |

o

|
"
[
I

HDST

|
{
|
I
|

LAD

CAMD

\—L—c—il/

|
|
|
S ===
l
|

RCA

SF

ALTCH

QORORCOOCOOOOOOOOON

GRRRUXHXIUXXXXN)

.
| I

T See clock stretch, page 20.

Figure 21. Back-to-Back Host-Read Cycles With implicit Addressing; HREAD as Strobe
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cycle timing examples (continued)

The host read of the SMJ34020A 1/O registers (Figure 22) suppresses the generation of TR/QE and CAS so
that data is read from the SMJ34020A rather than from memory. DDOUT is enabled so that data can flow
through external buffers on LAD to the host data latches. The SMJ34020A I/0 registers can be accessed in any
of the host access modes (random/same, block, or read-modify-write).
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cycle timing examples (continued)

KR RO X IOOROXXXXX

%‘I‘s Provious Read X Vaild
N— Local-Memory Host Read /O Cycle

I |
| @2| @3 | aat] a1| @2 | a3 | o4 |
I
| I
|
I

Q1

HOE

HDST i_/

I
I
1
[ I O

g
T
S

| |
Row X Column r——

}£

SF

ALTCH

|

RAS

7

-
Y NUNYN

I
I
I
I
I
I
I
|
I
[
I
I
I
I
|
I

|
TR/GE [
I N P
DDIN | | | i | ]
__ | | | '
DDOUT | N__| | I
|
LRDY RN
—_ i |
SIZE16 [
L] I i |
PGMD RTRRRRRK
I S S OO
BUSERR ! |
RO ' | | I/ 1
LI T
Rt | | | | | | I

t See clock stretch, page 20.
Figure 22, Host-Read Cycle Timing From SMJ34020A I/0 Registers
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cycle timing examples (continued)

In Figure 23, SMJ34020A provides HRDY as soon as it recognizes the host write cycle (if no other host write
cycle is in progress), allowing the host to latch the data in the external data latches. The host then attempts a
second write but does not get an immediate HRDY because the SMJ34020A is still writing the first data to
memory. As soon as the memory write completes, HRDY goes high so that the host can latch the new data. The
SMJ34020A then writes the second data while the host continues other processing. The host access request
is synchronized to the SMJ34020A at the beginning of Q4 so that the local memory cycle can begin in Q1. If
the external host access request occurs after the setup time requirement before Q4, the request is not
considered until the next Q4 cycle. During a host write cycle DDIN is active so that if the write is to the
SMJ34020A I/O registers, the data can be required within the GSP.
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cycle timing examples (continued)

R R Ry,

................ SN ASANNANNAAA

o oo P X
) h— Local-Memory Host Write Cycle + Local-Memory Host Prefeich
| oa |t !02 !m !041!01 l a2 | aa |Q4!Q1 !02 !m !mf!m !mlm!m !m!
HOE M v | l 1 | T T 1 I 1 ] T 1
I o o o A R O A AR R U O
HlBT T I T T ! " l l I L] T I\ I
LAD 15t Address -L—l——l—— — 2nd Address -l— l——
]
CAMD XOOXX
] 1 ]
RCA Row Column )—-{-( ﬁ;_ow ) & Column —1
] 1 1 1 1 1 T T 71 |
SF Jl‘ I } ] | ] IF+\ ! ] } ] | | 11—-1
ALTCH 7 | il\ | | | | |rh—:\ | | | l !/—1—|
_ | | | I | | T I ] I 1 |
" Vi L | N T ] '
N ] ]
Sl A N I o A A I e e A
WE 4 ' T | ™N T ' 1 ] ) ] 1 T T 1
I B I | | Clor T
TR/GE annuE 1 | |Lt__|_v_l_}
DDIN N ! | | | I/ : I\ l ! ! | l | l |
A B P I s ey e T ||
DDOUT | | ] | | N\ | | I ] [N
1L‘ e — - | D 1
LRDY I l YOSOOO0, |
SiIZETe w
PGMD mm MO
BUSERR OO0K OO R YOOOOOOOO00
_ . I | ' l |
RO

Yy
N\

. ]
! B — P (.
m I—J—J—l\ U T S N B T I
t See clock stretch, page 20.
NOTE A: HRDY goes high at the start of Q2; however, the memory cycle writing data to memory is not completed

untii the start of Q4 when ALTCH, CAS, and HOE return high. The host must not strobe new data into
the external latch until just after the stant of Q4.

Figure 23. Host-Write Cycle Back-to-Back With Prefetch of Next Word and Implicit Addressing; HREAD
and HWRITE Used as Strobes
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cycle timing examples (continued)

Although RESET is not normally required to be synchronous to CLKIN, in order to facilitate synchronization of
multiple SMJ34020As in a system, the rising edge of RESET must meet the setup and hold requirements to
CLKIN so that all GSPs are certain to respond to the RESET on the same quarter cycle (Figure 24). The four
possible conditions for the state of the SMJ34020A atthe time RESET goes high are shown below. Quarter cycle
1 is extended accordingly to provide synchronization of the GSPs. All SMJ34020As to be synchronized must
share a common CLKIN and RESET. Within 10 CLKIN cycles after RESET goes high, all GSPs are
synchronized to the same quarter cycle through the extension of Q1 cycles.

It is recommended that SMJ34020A stretch mode not be used in multiprocessor systems.

v N/ N/ NN NN A DA N

| | I I I | I | I | [
: | I | | | I | I | | |
reser /' I ' I | I [ I [ I I |
J A N A A A S S B R
l Qat | a2 | Q3 | Q4 | Qt ! Q2 { Q3 ] Q4 | (¢ | a1 I Q2 I
Case1 | | I | | l | | | |
4 +
LCLK1 I | | [ | I 1
I i I | | I | [ I
LCLk2 | / I N\ | / I N\ | | V4 |
| [ l | | | } | : | I I
| @2 I Q3 | Q4 } a1 | Q2 : @ | a4 I a | o : | Q2 :
LCLK1 | | | | | | { -
| I I I | I PR -
LCLK2 I | I | | | | | I
e
| @3 | a4 | ! Q2 | a3 | a4 | o I a | ! a1 | Q2 I
Case 3 R AR N T N el
T ! T T
LCLK1 ;\—1—:/._:_:\_'._:/ | : | : 1
I I | —
LCLK2 | I | | I | I | | |
I T e e U O R A
| I I I | |
Case 4 : Q4 | Q1 | Q2 | Q3 : Q4 I Qt ! a1 l a1 ! Q1 I (8] ! Q2 |
| I T T . ! - ‘
LCLKT | / } l\ I / I I : I : }k
| | [ | e
LCLK2 | | | ! | | | | | |
NOTE A: No timing dependencies of LCLK1 and LCLK2 relative to CLKIN or RESET are fo be implied from this figure.
Figure 24. Synchronization of Multiple SMJ34020As
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cycle timing examples (continued)

The timing example in Figure 25 is like a memory write cycle except that RAS and SF are high.

Ih_ Command _"1*— Data Transfer—'J‘— Data Transfer _JI

Gi

L ! L L ] | |
LAD (TMS34020A) I——I>__ I'(—L l | '
(see Note A) | - l°°mm7ndﬁx Ope'rand 1 jX Operand 2 )_...I

CAMD DOXOXOXOOOOOOOOD <
] I NN A S SN R R L
A Y l)-_I-L 7 l 1 )——I
I | ! I I | I
A B
- f | I l | | I | | | i
MRV N L T
S S T N U S SN A S S S
A N A N :
R A S N E N A R B : {
CAS | | | I |
[/ || | A B
WE [/ I | { I i\ Lo /_I\I [ /—I"_'I
. — 1 T ! |
— | } I | I ] | ! I ] } | ] | |
e 2 e R A N
SF | -~ 1, T M=
T I o
YV AN A N N T NN NN N N N R N N
T T T I 1 I I )
boout /| |\ I I/_IM Y, A
T ! T | r—— | 1 I | |
LRDY |
| | | | I | I
I | | | | 1
PGMD 4

| | ! | | I ! | | | ] |

SIZET6 XXX DXL

BUSFLT OO0 ! ‘4’1’1’x’xOIOKOI’I’I’I’Z’X01010I’x‘!01‘1‘1‘:’1‘1’1‘:’1’:’
| } | l l ' I
i 1 N ! (st
| | | | f f | | | f ! | | ! |
| ] | | { H | | ! | | | | |
t— [ T v ¥ T T L] Al
L ——— A T T T N S
NOTE A: LAD (SMJ34020A): Qutput to LAD by the SMJ34020A
Command: Coprocessor ID, instruction and status code present on LAD
Operand n: Data to or from the coprocessor

Figure 25. Transfer SMJ34020A Register(s) to Coprocessor (One or Two 32-Bit Values)

“.’P TEXAS
INSTRUMENTS

56 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443
B 4951722 0097493 T70 M



SMJ34020A
GRAPHICS SYSTEM PROCESSOR

SGUSO011B - APRIL 1991 - REVISED AUGUST 1995

cycle timing examples (continued)

The timing example in Figure 26 is like a memory write cycle except that RAS and SF are high.

(€ Command —P@—— Data Transfer —®»4—  Data Transfer
@4 [ @1 | G2 |03 Q4 | G1 02 |03 [O¢ [o1 | Q2| 3| ¢ a1 |

I
LCLK1 I | | | | I I I ! |

| p= | |
I I
Lokz | I | I I | | | ' I
o Xk y A
| | | | I
LAD (TMS34020A) - [ ' I
(see Note A) 'I:i)_ J'.( lComand T)— I 1 T —} JI_ i -+ {_ _{
LAD (Coprocessor) I I | I I
(-’::M*e;) I-_-I_—I_—-I—_I_—-I———T-——F'—"I
CAMD
I ! l l | ] . L ] ] | | | |
B ?_-I_( 1 1 1 T T 1 T)-_I
ALTCH / i : ; l! ; ; I! ﬁl! "—I'! . Il|
e N
cas I/ ! | | | | |
— L I |
vV
a
|

f
S I

DDIN |I\ I
l L}
DDOUT V—I_—I\_I_/
|

(]
|

——r-t+ -+ -4+ ——

LRDY

BUSFLT ' | AR R, XK

I ! I ] !
| | / }
| lr l
| | |
I

Pz

l l 1 ! 1
| I I I I ]
| | } | I I
| | | | | |
I I I I I I

|
|
— ]
R1 VAN I
NOTE A: LAD (SMJ34020A):  Output to LAD by the SMJ34020A
LAD (coprocessor):  Output to LAD by the coprocessor
Command: Coprocessor ID, instruction and status code present on LAD
Operand n: Data to or from the coprocessor

Figure 26. Transter-Coprocessor Register to SMJ34020A (One or Two 32-Bit Values)
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cycle timing examples (continued)

Data transfer from memory to a coprocessor requires an initialization cycle to inform the coprocessor what is
to be transterred and then amemory cycle to perform the actual transfer (Figure 27). The coprocessor can place
status information on LAD during the initialization cycle for the SMJ34020A. Two types of
memory-to-coprocessor instructions are supported: one provides a count (from 1 to 32) of data to be moved
in the instruction; the other specifies a register in the SMJ34020A to be used for the count. Both instructions
specify a register to be used as an index into memory. The index can be postincremented or predecremented

on each transfer cycle.

"— Command Cycle * Address —*— Data Tansfor* Data Transfer
| @a| a1l ql QSI ol atl a2l osI o ot el 03|o4‘r| a1l a2l QSI o) a1l a2l os: 4| at|
Lok |
a Ry | T,
rmssaozom || A RN | o
('“N“f,@ |L—T_ Command |r l I | { Address —I—I -4——+—-T--r—-{.—+—-i-—-'
ey == - .
CAMD DR HRX R KRR AR AR
RCA K X K Row X istColumn X 2nd Column__ )=
[ 1 1 T T 1 | 1 1 1 1 1 1T 1T T _'}
acH |/ I N\ | | [ |/ I \ i | | | i | | I/ |
) T R | | |
M b N N Ve
—_— : : M 1 | | 1 I : 1 IR | | I l
CAS | p— | f t
Sl M~ N N
AEEEEREEEEEEEES L]
—_— e} N . | 1 l |
TR/QE i/ } i I | [ i I [ ; | I I\ : | : ] : L/ | |
 —— ] | ] (R B
SF—=T 0 D TN —— "]
pon N [ L Lo b b b N
f i t I — ™1 = ' | I |
f ! T <
pooutr ./ |\__|/ i } }\ | 1 | -
[ | [ I N N
LRDY :
T 1 | (B L1 1 1
PGMD { XQOOQQOQOOOOOOOOOOCNN
| ] | | |
SIZE16 RQORQQOOOCOOAOON
(see Note B) [ | | ] 1 ] | 1 [
BUSFLT ! T 1 T ] l | S N !
L
o \ ! S E B
. | ] |
Rl | / i N_] | ] l/ | ) N Y |

1T See clock stretch, page 20.
NOTES: A. LAD (SMJ34020A):
LAD {memory):
Command:
Address:
Data n:

Output to LAD by the SMJ34020A

Output to LAD by the memory

Coprocessor ID, instruction and status code present on LAD

Memory address for the data transfer with coprocessor status code

Data to or from the coprocessor (number of values transferred depends on a value in a register or count in
the instruction)

B. All coprocessor cycles are implemented as 32-bit operations; therefore SIZE16 should be high during these cycles.
Figure 27. Transfer Memory to Coprocessor Register(s)
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cycle timing examples (continued)

(soe Note A) 1
(CoprooaaLAog I__'-'L_‘i"_l__f—
(see Note A) | |

(200 Note B)

Data transfer from a coprocessor to memory requires an initialization cycle to inform the coprocessor what is
to be transferred and then a memory cycle to perform the actual transfer (Figure 28). The coprocessor can place
status information on LAD during the initialization cycle for the SMJ34020A. The memory cycle includes a dead
cycle to enable the SMJ34020A to take LAD drivers to the high-impedance state before the coprocessor
activates its LAD bus drivers to the memory. Two types of memory-to-coprocessor instructions are supported.
Both provide a count (from 1 to 32) of data to be moved in the instruction. Both also specify aregister to be used
as an index into memory. One uses this index register with a postincrement and the other uses it with a
predecrement after each transfer cycle.

Command Cycle Address Spacer Data Transfer —-ﬂ‘— Data Transfer —H

|Q4|Q1|Q2|03=Q4IQ1|Q2103:Q4[Q1|02|03:041'[Q1|02|QSIQ4|Q1IQ2|03=Q4|Q1]Q2IQSIQ4|

LAD [ |
(TMS34020A) r-—}— Command

] |
RCA | _[)-‘K X -
ALTCH'}/

CAMD

RAS |

E

)

WE [7

]
I
I
e
Cas [7 |
|
|
— — |
TR/GE | i

SF | +
DDIN ’\ ]

! |
DDOUT F7__ N\ I/

LRDY } X Y NOORX X X OOOED

—_—

—— ] ——— -1 —

)

PGMD DOOOOOOCOOOCOOOOOOOOOO )

SIZE16 OO0 QOOOOXOOOONL ~ YODBDEOOECOND OGO XQOQOOQOOOO0ONX XXX

|
|
BUSFLT 0000500 |

R SRR

R T T ) N I — 4 ! ) N
t See clock stretch, page 20.

NOTES: A. LAD (SMJ34020A): Output to LAD by the SMJ34020A

LAD (coprocessor):  OQutput to LAD by the coprocessor

Command: Coprocessor ID, instruction and status code present on LAD

Address: Memory address for the data transfer, with coprocessor status code

Data n: Data from the coprocessor (number of values transferred depends on a count in the instruction)
Status: Optional coprocessor status register output to LAD bus

B. All coprocessor cycles are implemented as 32-bit operations; therefore, SIZE16 should be high during these cycles.
Figure 28. Transfer-Coprocessor Register(s) to Memory (ALTCH High During Data Transfer)
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cycle timing examples (continued)

The timing example in Figure 29 is like a memory write cycle except that RAS and SF are high.

A coprocessor intemal command assumes no transfer of operands or results but causes the coprocessor to

execute some intemal function. The coprocessor can place status information on LAD during the cycle for the
SMJ34020A.
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L T e R e
cycle timing examples (continued)
) [&——— Command Cycle
| o] 1| 02! a3l aal o1l @2l a3l o4| o1l
LCLK1 | I L I I | I

LCLK2 | | | |

GI ) SIS QD 0 G
I

LAD L—f L L | | |
(TMS34020A) L. I)---Ir( Command )'—I—""I'—'I'—'I'—'I
(see Note A) ! ! i |
CAMD KXXXXOXK__ RN

] | | | ] | 1 |
RCA j)—-:-( X Yl

ALTCH
(see Note B)

wy

I

)

—_——

| | |
[
[ B |
1 [ { 1 ¢ | |
' v L) T T 1 T
Y A (R I B |
N | | | | | !\—L_/__J__'
casy |
RN SN TR IR NN N N AN NS N
L7 A N N N N N N N
I I A N T P I S e
™mQE/ | T 1 | | I I [ 1
oyttt
SF I —l./ | | | | I i ]LJ
— : Lo I | }
DDIN I\ I I [ I I I I | I |
| I T ' ] T 1 T y T 1
4 } | | | | ; | l ] |
DDOUT / | |'\ I/ | I | : I“}
I
LRDY I |
— ; | I
PGMD ! ]
(see Note B) I | T I
byt ] { {
et

BUSFLT XXXO00CCOOOOOOOOOOON, | LO0OCCCOO0000KK,

I

Rt ! |
D N——— | |
ey T ST S S W B B
R1'[ T T I/ I I I I\_I'_.—I

NOTES: A. LAD (SMJ34020A): Output to LAD by the SMJ34020A

LAD command: Coprocessor ID, instruction and status
code present on LAD

B. Although the coprocessor internal command never requires the
use of page mode cycles, PGMD should be held at a valid level
during the start of Q2 after ALTCH has gone low.

C. All coprocessor cycles are implemented as 32-bit operations;
therefore, SIZE 16 should be high during these cycles.

Figure 29. Coprocessor-internal Operation Command Cycle
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absolute maximum ratings over operating free-air temperature ranget

Maximum supply voltage, Voo (see NOte 1) . ... 7V
Inputvoltagerange ........ ... -03Vto7V
Off-state output voltage range .......... ... ... i -2Vto7V
Operating termperature range, TA - .........ooiuiieee e - 55°C to 125°C
Storage temperature range, Tty « oo -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These are siress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: All voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX| UNIT
Voo Supply vohage '34020A-32 45 5 55 Y
'34020A-40 4.75 5 525
Vss  Supply voltage (see Note 2) 0 A
IOH High-level output current 400 A
loL Low-level output current 21 mA
Tc Operating case temperature 125 °C
Ta Operating temperature -55 125 °C

NOTE 2: Ensure that a minimum inductance path between the Vgg pins and system ground is provided to minimize noise on Vgs.
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DC electrical characteristics over recommended range of supply voltage (see Note 3)

PARAMETER TESTCONDITIONS | MIN TYPt  MAX UNIT
BUSFLT, LRDY, VCLK, GB PKG 22 Vce+03
PGMD, SIZE16, CSYNC,
VSYNC, HSYNG HT PKG 23 Ve +0.3
S GB PKG 2 Vee+0.3
Vi :i;?t:;vel input HWRITE, HREAD HT PKG 23 Ve +0.3 v
HA5-HA31, HCS, GB PKG 2 Vce+03
HBS0 -HBS3 HT PKG 23 Voo +0.3
CLKIN only 3 Voo +0.3
All other inputs 2 Voo+03
VIL Low-level input voltage, HT only: HCS V|_= - 0.3 min, 0.7 V max -03 08 v
VoH  High-level output voltage :g;HC:h:A A’;I( 26 \
GB PKG 0.60
DDIN, HINT, HRDY, R0, R1
VoL Low-level output EMU3 VCC_= MAX, 0.8 y
vohage HYSNC, VSYNG HT PKG ‘oL =MIN 0.8
All other outputs 06
GB PKG Vog = MAX, 20
o Output current, leakage (high impedance) HT PKG Yo=28V 20 pA
GB PKG Voe = MAX, -20
HT PKG Vo=06V -20
! :Hgtét :Drrs\r’nv RS?':! ér;;;uts except EMUOQ - EMU2, V} = Vgg o Vo +20 WA
Iicc  Supply current 2:3:222§ ::/r%g Z :/ln:XX :22 mA
(o7 Input capacitance 10 18 pF
Co Output capacitance 18 25 pF

1 All typical values are at Vo = 5 V, Ta = 25° C.

3 EMUO - EMU2 are not ot connected in a typical configuration. Nominal pullup current for EMUO - EMU2 and HREAD, HWRITE is 600 HA.

NOTE 3: HDST and HOE (output terminals) have internal pullup resistors that allow high logic levels to be maintained when the SMJ34020A is
not actually driving these pins.

signal transition levels

2V
{see Note A)

NOTE A: 22V for BUSFLT, VCLK, LRDY, PGMD, SIZE16. 3V for CLKIN.
Figure 30. TTL-Level Inputs

For high-to-low and low-to-high transitions, the level at which the input timing is measured is 1.5 V.
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signal transition levels (continued)

Figure 31. TTL-Level Outputs

TTL-level outputs are driven to a minimum logic-high level of 2.6 V and to a maximum logic-low level of 0.6 V.
For a high-to-low transition on a TTL-compatible output signal, the level at which the output is said to be no
longer highis 2 V, and the level at which the output is said to be low is 1 V. For a low-to-high transition, the level
at which the output is said to be no longer low is 1V, and the level at which the output is said to be highis 2 V.
A Vg trip level of 1.5 V is used for timing requirements for testing at - 55°C.

test measurement

The test load circuit shown in Figure 32 represents the programmable load of the tester pin electronics that is
used to verify timing parameters of SMJ34020A output signals.

Test
o Point
From Output p
Under Test ViLoAD

Where: QL =2 mA (all outputs)
IoH = 400 pA (all outputs)
VLoAD =15V
CLOAD = 80 pF typical load circuit capacitance
NOTE: The load applied may be set higher than the values
indicated for o) and loH during timing tests in order to
reduce signal bounce induced by the tester hardware.
However the timing performance is assured at the stated
load values.

Figure 32. Test Load Circuit
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Timing parameter symbols used herein were created in accordance with JEDEC Standard 100. In order to
shorten the symbols, some of the pin names and other related terminology have been abbreviated as follows:

A HA5-HA31 and HBS0-HBS3 LINT LINT1, LINT2
AD LADO-LAD31 and RCAO-RCA12 OE HOE
AL ALTCH RC RCA0-RCA12
BC Any of the bus control input signals RD HREAD
(LRDY, PGMD, SIZE16, or BUSFLT)
CE CAS0-CAS3 RE RAS
CK LCLK1 and LCLK2 RQ RO or RT
CK1 LCLK1 RS RESET
CK2 LCLK2 RY HRDY
CKl CLKIN S HSYNC, VSYNC, or CSYNC
CM CAMD SC EMU3
CS HCS SCK SCLK
CT Any of the bus control output signals SF SF
(ALTCH, CAS0-CAS3, RAS, WE,
TR/QE, HOE, or HDST)
DI DDIN SG Any output signal
DO DDOUT SGV Signal valid
EM EMUO, EMU1, EMU2 ST HDST
HI HINT TR TR/QE
HS HSYNC, VSYNC, CSYNC/HBLNK, or VCK VCLK
CBLNK/VBLNK
Gl Gl WR HWRITE
LA LADO-LAD31
Lowercase subscripts and their meaning are:
a  accesstime
¢ cycle time (period)
d delaytime
h  hold time
su setup time
t transition time
w  pulse duration (width)
The following letters and symbols and their meaning are:
H  Highievel
L Lowlevel
V  Valid level
X Unknown, changing or don’t care level
Z High-impedance state of 3-state output
i
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general notes on timing parameters

The period of the local clocks (LCLK1 and LCLK2) is four times the period of the input clock (CLKIN).

The quarter cycle time (ig) that appears in the following tables is one quarter of a local output clock period or
equal to the input clock period, t(cK).-

All output signals from the SMJ34020A are derived from an internal clock such that all output transitions for a
given quarter cycle occur with a minimum of skewing relative to each other. In the timing diagrams, the
transitions of all output signals are shown with respect to the local clocks (LCLK1 and LCLK2). The local clock
edge used as a reference occurs one internal clock cycle before the transition specified.

The signal combinations shown in the timing parameters are for timing reference only; they do not necessarily
represent actual cycles. For actual cycle descriptions, please refer to the cycle timings section of this
specification.
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CLKIN and RESET timing requirements (see Figure 33)

SMJ34020A-32 '34020A-40
NO. UNIT
MIN MAX MIN MAX
1 e(CKI Cycle time, period of CLKIN (4tg) 31.25 50 25 50 ns
2 tw(CKIH) Pulse duration, CLKIN high 10 8 ns
3 tw(CKIL) Pulse duration, CLKIN low 10 8 ns
4  ItyCKi Transition time, CLKIN ot st 2t st ns
t{CKI)
5 th(CK!-RSL) Hold time, RESET low after GLKIN high 15t 124 ns
Setup time, RESET high to CLKIN no longer
6 |tsuRSH-CK) 1o ¢ ¢ 10% 6¥ ns
" Pulse duration, | Initial reset during powerup 160tq - 408 160tq ~ 408
= ns
w(RSL) RESET low Reset during active operation | 16tq - 408 16tQ - 408
Setup time, HCS low to RESET high to
8  |'su(CSL-RSH)  configure self-bootstrap mode 8ig+55 8iQ+55 ns
Delay time, HCS no longer low to RESET high
9 |'(CSH-RSH) 1o configure self-bootstrap mode 41q - 501 41q - 501 ns
Pulse duration, HCS low to configure GSP in
10 w(CsL) self-bootstrap mode 41Q+55 41Q+55 ns

t These values are based on computer simulation and are not tested.

1 These timings are required only to synchronize the SMJ34020A to a particular quarter cycle.

§ The initial reset pulse on powerup must remain valid until all internal states have been initialized. Resets applied after the SMJ34020A has been
initialized need to be present only long enough to be recognized by the internal logic; the internal logic maintains an internal reset until all internal
states have been initialized (34 LCLK1 cycles). -

1 Parameter 9 is the maximum amount by which the RESET low-to-high transition can be delayed after the start of the HCS low-to-high transition
and still assure that the SMJ34020A is configured to run in the self-bootstrap mode (HLT bit = 0) following the end of reset.

i« 1 » .
fn R S T
RESET I -6
N
N

DR =
fics — _—’f/

Figure 33. CLKIN and RESET Timing Requirements
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local-bus timing: output clocks (see Note 4 and Figure 34)

SMJ34020A-32 *34020A-40
NO. UNIT
MIN MAX MIN MAX

11 te(LCK) Cycle time, period of local clocks LCLK1, LCLK2 | 4tgckpt+ s Mo+ st ns
12 tw(LCKH) Pulse duration, local clock high 2Q-15 21Q-13.5 ns

12a tw(ECKH) Pulse duration, LCLK1 high (see Note 5) 2!5 -10 JZIQ -7 ns
13 tw(LCKL) Pulse duration, local clock low 2Q-15+ s 2t -13.5+s ns

13a tw(LCK:) Pulse duration, LCLK1 low (see Note 5) 21-Q—1D+ ] -ElQ -7+s ns
14 |haci Transition fime, LCLK1 or LCLK2 B 15 135| ns
15 th(CK1 H-CKaL) Hold time, LCLK2 low after LCLK1 high tg-—15 to-13.5 ns
16 th(CK2H-CK1H) Hold time, LCLK1 high after LCLK2 high to-15 tg-13.5 ns
17 |thiCkiL.CkeH) Hoid time, LCLK high after LOLK1 low iq-15 lQ-135 ns
18 th(CK2L-CK1L) Hold time, LCLK1 low after LCLK2 low tQ—TS-I- s 1Q—1- 3.5+s ns
19 |th(CK1H-CK2H) Hold time, LCLK2 high afier LCLK1 high -?»tQ -15 3HQ-13.5 ns
20 |tnCKan.ckiL) _Hold time, LCLK1 low after LCLK2 high 315+ 5 Q- 135+ s ns
21 Ih(CK1L-Ck2L) Hold time, LCLK2 low after LCLK1 low 3tQ-15+s 3MQ-13.5+s ns
22 th(CK2L-CK1H) Hold time, LCLK1 high after LCLK2 low 3tQ-15+s 3tQ-~13.5+s ns

T This is a functional minimum and is not tested. This parameter can also be specified as 41Q.
NOTES: 4. s=1q if using the clock stretch;
s = 0 otherwise
5. Parameters 12a and 13a are specified with 1.5 V timing levels (parameters 12 and 13 are specified with standard timing voltage
levels).

‘ a1 l Q2 I Q3 | Qa ' Qi | Q2 | Q3 l Q4 | Q1 l Q2

LCLK1 [ | I
| |
ey e ;
I « :!20! .: :ﬂ_“"_ﬂ
15-—-—H-—J| ]Li 21 | d |
= | | |
SR " ’
| Ve |
T e D |
[ ] 14 —p  j¢— | - |
: | | U

NOTE A: Aithough LCLK1 and LCLK2 are derived from CLKIN, no timing refationship between CLKIN and the local clocks is to be assumed,
except the period of the local clocks is four times the period of CLKIN.

Figure 34. Local-Bus Timing: Output Clocks
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output signal characteristicst#

The following general parameters are common to all output signals from the SMJ34020A unless otherwise
stated. They are intended as an aid in estimating the timing requirements. Please refer to the specific numbered
parameters for actual times. In the minimum and maximum values shown, “n” is an integral number of quarter
cycles.

SMJ34020A-32
PARAMETER UNIT
MIN MAX

th(CK-SGNV) Hold time, LCLKXx to output signal not valid tg-15 ns

Ll —ard
Fast: RAS, CAS, ALTCH,

. " , TR/QE, DDOUT, DDIN,
Delay time, LCLKx start of transition to output signal EMU3. HOE. RO. BT tg+15] ns

1d(CK-SGV) valid HDST, WE

Slow: LAD, RCA, SF ig+22]| ns

T S —
Fast: RAS, CAS, ALTCH,

, . . TR/QE, DDOUT, DDIN,
Delay time, output signal started transition to output EMU3, FHOE, RO, RT, mQ+15] ns

Id(SGNV-SGV) signal valid HDST, WE
Slow: LAD, RCA, SF nmg+22| ns

Fast: RAS, CAS, ALTCH,
TR/QE, DDOUT, DDIN, mo-15
t4(SGV-5G) Delay time, output signal valid to output signal not valid | EMU3, HOE, R0, R1, mQ-168

1

Slow: LAD, RCA, SF mg-22 ns
Fast: RAS, CAS, ALTCH,
TR/QE, DDOUT, DDIN,

(SG) Output signal transition time Egg$x_gE RO, Rt,

Slow: LAD, RCA, SF 22 ns

Fast: RAS, CAS, ALTCH,
TR/QE, DDOUT, DDIN,
w(SGH) Pulse duration, output signal high Egg?v"&_gff RO, R1,
Slow: LAD, RCA, SF nQ-22 ns
Fast. RAS, CAS, ALTCH,
TR/QE, DDOUT, D_DlN,

Ww(SGL) Pulse duration, output signal low Egg?v*'\ll_CE)E RO, R1,

Slow: LAD, RCA, SF nQ-22 ns

15 ns

mQ-15 ns

mQ-15 ns

T Also refer to Figure 34 on following page.

% For parameters on this page specifying minimum or maximum times between two output signals, the word fast or slow in column 2 refers to the
signal with a subscript of 1, regardless of the other signal. For example, it you are using the spec th(SG2NV-SG1V). use the slow value ifthe signal
becoming valid (8G1) is RCA, LAD, or SF; use the fast value otherwise. The pin referred to as SGo does not determine fast or slow signal time.

§ See parameter 73 in “local-bus timing: bus control inputs” table.

{'f TexAs
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443 69

- MW 3951722 0097506 459 mm



SMJ34020A
GRAPHICS SYSTEM PROCESSOR

SGUSO011B - APRIL 1991 - REVISED AUGUST 1935

| Ow | ox | Qy | oz |
See Note A

o XX XXX

' o+
4, 4(CK-SGV) ] 'a(Ck-SGY)

| th(CK-SG)
-t
SIGNALa /T I\
| || |
th(cK-SG) —j¢—¥ | sG) e
|| . »— ta(sG-sGv)
| - & ysg)
td(5G-SGV) —¢——¥
14(SGV-SG) I I
td(SGV-SG)
:c——tw(sel.) —b: I
SIGNALD A\ yf T\h
I |
| 4—————— tysavsq) ] I
i ld(SG-SGV) »
NOTE A: Any of these quarter phases could be 2t if they are stretched (see clock stretch,
page 20).

Figure 35. Output Signal Characteristics

example of how to use the general output signal characteristics

Assume a system is using a SMJ34020A-32. Determine the maximum time from the start of the falling edge
of ALTCH to the time when data must be valid on LAD for a local-memory write cycle.

From the local-memory read-modify-write-cycle timing diagram on page 28, the time from the falling edge of
ALTCH to valid data on LAD is roughly Q3 + Q4; i.e., 2tq. A more precise value can be obtained by using the
table of output signal characteristics.

The parameter of interestis ty SG-SGV)- Note that in Figure 35, there are two representations of td(sG-sGv) that
relate SIGNALa and SIGNALD (the third representation of this parameter relates SIGNALD to itself and is not
useful in this example). Let SIGNALa represent ALTCH because ALTCH is making a transition first. Let
SIGNALD represent LAD. By definition, the signal becoming valid (SGV) determines whether the fast value or
the slow value from the table is used.

Inthis case, for parametertqsg.sGv), SGVisLAD. LADisintheslowgroup, sothemaximum valuefortysg-sgv)
is mq + 22. The value for nis 2 from the analysis of the diagram on page 28. Thus, the maximum time from the
start of the falling edge of ALTCH to the time when data must be valid on LAD for a local-memory write cycle
is 2iq + 22 ns.
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host-interface-cycle timing requirements (see Note 6 and Figure 36)

"34020-32 ,
'34020A-32 34020A-40
NO MIN  MAX| MIN MAX]UNIT
o
23 tsu(AV-CSH Setup time, address prior to HCS no longer high 12 10 ns
e
24 th(CSL-AV) Hold time, address after HCS low 12 10 ns
e
25 tw(CSH) Pulse duration, HCS high 28 25 ns
——
26 tw(RDH) Pulse duration, HREAD high 28 25 ns
_—
27 tw(WRH) Pulse duration, HWRITE high 28 25 ns
S e e L
28 tsu(RDH-WRL) Setup time, HREAD high to HWRITE no longer high 28 25 ns
29 ‘su(WRH-RQQ Setup time, HWRITE high to HREAD no longer high 28 25 ns
-
30 tw(RDL) Pulse duration, HREAD low 18 15 ns
— 3
31 tw(WRL) Pulse duration, HWRITE low 18 15 ns
" —"
32 su(CSL-WRH) Setup time, HCS low to HWRITE no longer low 18 15 ns
— — ——
33 isu(RDL-CK2L) Setup time, HCS low or HREAD low to LCLK2 no longer high 3ot 2st ns
34 tsu(WRH-CKaL) ﬁ;l::p time, HWRITE high or HCS high to LCLK2 no longer aot ost ns
TE—
35 th(CK2L-RDH) Hold time, HREAD high after LCLK2 no longer high ot ot ns
"I
36 th(CK2L-WRL) Hold time, HWRITE low after LCLK2 no longer high ot ot ns
L
Setup time, HREAD high to LCLK2 no longer high, prefetch
37 tsu(RDH-CK2L) read mode 30t§ 251§ ns
——— S E—
38 tsu(CSL-RDH) Setup time, HCS low to HREAD no longer low 18 15 ns

T Setup time to ensure recognition of input on this clock edge.
1 Hold time required to assure response on next clock edge. These values are based on computer simulation and are not tested.
§ When the SMJ34020A is set for block reads, use the deassertion of HREAD to request a local memory cycle at the next sequential address

location.

NOTE 6: Although HCS, HREAD, and HWRITE can be totally asynchronous to the SMJ34020A, cycle responses to the signals are determined
by local memory cycles.

"-" TeEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443

- IR 89bl722 0097508 221 WA

71



SMJ34020A
GRAPHICS SYSTEM PROCESSOR

SGUS011B - APRIL 1991 - REVISED AUGUST 1995

HA0-HA27 X X OO0 OOOXKX
mes-tines RN, XK
23—+ |
25—¢— | |
| —¥ e—24

S

-t
]
+

HREAD

|

N
88
E"
t

:
:

HWRITE

LCLK2

Figure 36. Host-Interface-Cycle Timing Requirements
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host-interface-cycle timing responses (random read cycle) (see Note 4 and Figure 37)

"34020A-30 ’34020A-40
NO. UNIT
MIN MAX MIN MAX
e
26 tw(RDH) Puise duration, HREAD high 28 25 ns
N Setup time, HCS low or HREAD low to LCLK2 no
3 | suRDL-CK2L)  jonger high 3ot 25t ns
Delay time, LCLK1 going high to HRDY high (end ot
39 | W(CKIH-RYH)  read cycle) 1g+20 ig+18| ns
g R
40 ld(RDH-RYL) Delay time, HREAD or HCS high to HRDY low 20 181 ns
41 ld(CKoL-STL)  Delay time, LCLK2 no longer high to HDST low s+ 1Q+15 tQ+13.5+s| ns
42 ld(CKi1L-STH)  Delay time, LCLK1 no longer high to HDST high tQ+15 IQ-135}] ns
143 fsu(STL-RYH)  Setup time, HDST low to HRDY no longer low 1Q-15 210+13.5] ns
44 Ig(RYH-STH)  Delay time, HRDY no longer low to HDST high 210+15 20+135] ns

1 Setup time to ensure recognition of input on this clock edge.
NOTE 4: s =1q if using the clock siretch;
s = 0 otherwise

|Q4|o1|02|03|94#|01|oz|03|o4|

LCLK1 / \ / | \

|1—39—N [
_’:lf_” | 26T'1-|—.[: _d|l'_ »
mesmERs \! J AR
Lol

HRDY

HDST \"‘*‘ 43 _‘/

1 See clock stretch, page 20.

o
S

Figure 37. Host-Interface-Cycle Timing Responses (Random Read Cycle)
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host-interface-cycle timing (block-read cycle) (see Notes 4 and 6 and Figure 38)

'34020A-32 '34020A-40
NO. UNIT
MIN MAX MIN MAX
o
26 iw(RI_)H) Pulse duration, HREAD high 28 25 ns
30 IWLRRI:) Pulse duration, HREAD low 18 15 ns
Setup time, HREAD high to LCLK2 no longer high,
37 Isu(RDH-CKaL) prefetch read mode 3ot 25t ns
39 1d(CK1H-RYH)  Delay time, LCLK1 no longer low to HRDY high t9+20 th+ 18] ns
40 {d(RDH-RYL) Delay time, HREAD or HCS high to HRDY low 20 18| ns
41 ld(CK_ZESTL) Delay time, LCLK2 no longer high to HDST low tg+15+s tQ+13.5+s| ns
42 td(CK1 L-STH) Delay time, LCLK1 no longer high to HDST high tg+ 15 tQ+13.5 ns
43 tsu(STL-RYH)  Setuptlime, HDST low to HRDY no longer low 19—15 t(_)— 135 ns
44 lg(RYH-STH) Delay time, HRDY no longer low to HDST high 2tQ+15 2:Q+13.5 ns
Delay time, HREAD or HCS low to HRDY high after
45 |tOEDLAYH)  reterch 9 25 20| ns
50 |th(sTH-CTV) Hold time, CAS, TR/QE, DDIN valid after HDST high -2 2| ns

1 Setup time to ensure recognition of input on this clock edge. When the SMJ34020A is set for block reads, the deassertion of HREAD is used
to request a local memory cycle at the next sequential address location.
NOTES: 4. s=1q if using the clock stretch;

s = 0 otherwise

6. Although HCS, HREAD, and HWRITE can be totally asynchronous to the SMJ34020A, cycle responses to the signals are
determined by local memory cycles.

| Q4 | Q1 | Q2 | Q3 | Q4% Q1 [ Q2 [ Q3 | Q4 | Q1 | Q2 Q3 | Q4 |

T e Y e\ e Ve
R _\_/w
! | 37
- e N
r—zs—n | [ =
| L 26-4—
s N2l L\ 2 N
> s I I i I l‘_ﬂ' 40
HRDY / \ ! I |
| aied pe—da
I 41 ‘I j— a1 —
- N vy
CAS \ /:
TR/QE \ /:
DDIN / \

¥ See dlock stretch, page 20.

Figure 38. Host-Interface-Cycle Timing (Block-Read Cycle)
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S

host interface timing responses (write cycle) (see Note 4 and Figure 39)

'34020-32
, *34020A-30
NO. PARAMETER 34020A-32 UNIT
MIN MAX MIN MAX
—
27 1tw(WRH) Pulse duration, HWRITE high 28 ns
T ——
31 tw(WRL) Puise duration, HWRITE low 18 ns
~ Setup time, HWRITE high or HCS high to LCLK2 no
34 |1su(WRH-CK2L)  jonger high 3ot est ns
39 Jtd(CK1L-RYH) Delay time from LCLK1T to HRDY high tqQ+20 tQ+18 | ns
Delay time from later of HCS or HWRITE low to HRDY
46 [WWRL-RYH)  pigh (TMS34020 ready) 25 204 ns
ey
Delay time from earlier of HCS or HWRITE high to
47 'W(WRH-RYL)  HRDY low (end of write) 2 201 ns
48 |td(CKaL-OEL) Delay time from LCLK2! to HOE low 1Q+15+s 1Q+135+s| ns
49  |td(CK1H-OEH)  Delay time from LCLK1{ to HOE high tQ+15 tQ+135] ns
51 | t4(RYH-OEH) Delay time from HRDYT to HOE high 2AQ+15 2t0+135] ns

1 Setup time to ensure recognition of input on this clock edge.
NOTE 4: s =1q if using the clock stretch;
s = 0 otherwise

|04 | @1 |02 |3 |G| Q1 [ G2 |03 [Q4 [ Q1 |02 [ Q3 [Q4 | 1 | G2 | G3 | 04

|
— 34
|

/!

l— a7

-

1 See clock stretch, page 20.

Figure 39. Host-Interface-Cycle Timing Responses (Write-Cycle)
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local-bus timing: bus control inputs (see Note 4 and Figure 40)

'34020A-32 ’34020A-40
NO. UNIT
MIN MAX MIN MAX
52 ‘agCMV-LAV)T Access time, CAMD valid after address valid on LAD Stg -45 3!9—37 ns
Hold time, CAMD valid after address no longer valid
53 | thea-cmvt on LAD 0 0 ns
T
Access time, conirol valid (LRDY, PGMD, SIZE16,
54 ta(BCV-ALL)T BUSFLT) after ALTCH low 3to-35+s 3M0-27+s ns
T s ——
Hold time, control (LRDY, PGMD, SIZE16, BUSFLT)
55 | thereH-BCVT  \aiig atter LOLK2 high 0 0 ns
Setup time, SIZE16 valid before LCLK2 no longer
56 'su(BCV-CKZH)T low P ¢ 20 15 ns

t CAMD, LRDY, PGMD, SIZE16, and BUSFLT are synchronous inputs. The specified setup, access and hold times must be met for proper device
operation.
NOTE 4: s =1q it using the clock siretch;
s = 0 otherwise

l01 |Q2 |03 |Q4 |Q1 |Q2 103 |Q4*|Q1 |02 |Q3 |Q4 |G1|

w I~ XT X —

CAMD X' Vald
\

ALTCH

&

B E
T

N

LRDY

56
2

X=X

55

SIZE16

BUSFLT

1 See clock strelch, page 20.

Figure 40. Local-Bus Timing: Bus Control Inputs
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local-bus timing: bus control inputs (see Note 4 and Figure 41)

*34020A-32 '34020A-40
NO. UNIT
MIN MAX MIN MAX
Delay time, ALTCH low after LCLK2 no
57 td(CK2H-ALL) longer low ’ tQ+15 tg+135] ns
Delay ti ALTCH high after LCLK1
elay time, igh after no
58 4(CK1L-ALH) longer high tQ+15 Q+13.5 ns
Delay time, LADO-LAD31 address valid
59 | W(CKIH-LAY)  atter LCLKT no longer low Q+22 Q+20 | ns
Hold time, LADO - LAD31 address valid after
60 th(LAV-CK2L) LCLK? low tQ-15+s to-12+s ns
Delay time, LADO-LAD31 driven after
61 | t4CT-LAD)  earlier of DDIN no longer high or CAS no | tg-5+st tg-5+st ns
longer low or TR/QE no longer low
Hold time, LADO-LAD31 read data valid
62 th(LAv-CTV) after earlier of DDIN low or RAS, CAS, or 35 3.5 ns
TR/QE low
Delay time, LADO-LAD31 data valid after
ld(CK2L-LAV) LCLK2 no longer high (write) lQ+22+s 1Q+20+s ns
Hold time, LADO-LAD31 data valid after
84 | h(CK2L-LAY) | C1K2 low (write) Q=15 1Q-135 ns
Delay time, RCA0-RCA12 row address
ld(CK1H-RCV) valid after LCLK1 no longer low iQ+22 iQ+22 ns
Delay time, LADO -LAD31 column address
'd(CK2L-RCY)  yaiiq after LCLK2 nio longer high Q+22+ s Q+20+s | ns
Hold time, RCAQ-RCA12 address valid after
67 th(RCv-CK2L) LCLK? low tiQ-15 to-13.5 ns
Delay time, DDIN high after LCLK1 no longer
68 d(CK1H-DIH) low y o 9 1IQ+15 1Q+13.5 ns
Delay time, DDIN low after LCLK1 no longer
69 td(CK1L-DIL) highy g tQ+15 1Q+135] ns
Delay ti DDOUT low after LCLK1
elay time, w after no
70 I4(CK1H-DOL) Iongeyr low tQ+15 tQ+13.5 ns
Delay time, DDOUT high after LCLK1 no
7 d(CKI1L-DOH) longer high tQ+15 tQ+13.5 ns
Delay time, DDOUT low after LCLK2 no
72 td(CK2L-DOL) Ionggr high 1Q+15+s 1Q+135+s ns
Setup time, LADO - LAD31 data valid before
73 tsu(LAV-ALL) E(;LH no longer high fq-16 tg-13.5 ns
Enable time, data valid after DDIN high
74 ten(DAV-DIH) (see Note 7) 9 2tq-20 Aq-17 ns
. Disable time, data in the high-impedance
75 ldis(DAV-DIL)  gyate after DDIN low (see Note 7) to-12+st tQ-10+sT | ns

t These values are derived from characterization data and are not tested.

NOTES: 4. s=tq if using the clock stretch;
s = 0 otherwise

7.

DDIN is used to control LAD bus buffers between the SMJ34020A and local memory. Parameter 74 references the time for these

data buffers to go from the high-impedance state to an active level. Parameter 75 references the time for the buffers to go from an
active levei to the high-impedance state.
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Figure 41. Local-Bus Timing: Bus Control Inputs (Continued)

{'f TEXAS
INSTRUMENTS

78 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443
" B 89L1l722 0097515 4kl WE



SMJ34020A
GRAPHICS SYSTEM PROCESSOR

SGUS011B - APRIL 1991 - REVISED AUGUST 1995

—
local-bus timing: RAS, CAS0-CAS3, WE, TR/QE, and SF (see Notes 4 and 8 and Figure 42)

'34020A-32 ’34020A-40
NO. UNIT
MIN MAX MIN MAX
Hold time, LADQ - LAD31 read data valid
62 th(LAV-CTV) after earlier of DDIN, low after RAS, 35 35 ns
CAS, or TR/QE hlgh
Delay time, HAS low after LCLK1 no
76 1d(CK1L-REL) bnggr high 1Q+12+s iQ+10+s] ns
E——
Delay time, RAS high after LCLK1 no
77 1d(CK1L-REH) .onglr high ° tQ+12 IQ+10| ns
Delay time, CAS low after LCLK1 no
78 | td(CKIH-CEL) Ionggr o 1Q+12 ig+10]| ns
Delay time, CAS high after LCLK1 no
79 4(CK1L-CEH) longer high ig+12 1Q+10 ns
Delay time, VV—E low after LCLK2 no
80 td(CK2L-WEL) Ionggr high 1Q+15+s 1Q+13.5+s ns
Delay time, WE high after LCLK1 no
81 1d(CK1L-WEH) ,ong;', high 9 1Q+15 1Q+15| ns
Delay time, TR/QE low after LCLK2
elay time, ow after no
82 td(CK2L-TRL) Iong(:r high tQ+15+s tQ+135+s ns
Delay time, TR/QE high after LCLK1 no
8 W(CKIL-TRH)  jonger high ¢ 1Q+15 tQ+135| ns
Delay time, SF valid after LCLK1 no
84 W(CKTH-SFV)  jonger low ig+22 iQ+20] ns
Delay time, SF valid after LCLK2 no
ld(CK2L-SFV) ,ongz, high 1Q+22+s 1Q+20+s] ns
Delay time, SF in the high-impedance
ld(CKaL-SF2) state after LGLK2 no longer high tg+221 tg+20 ns
Setup time, row address valid before
87 su(apv-REL) m’;o longer high 2Q-22 2Q-20 ns
88 ‘h(ADV—REL)t g:’ld time, row address valid after RAS tQ-5+s Q-5+ ns
Setup time, column address valid before
89 Isu(RCV-CEL)  GAS no longer high lQ-22 lg-20 ns
Hold time, column address valid after
90 fh(RCV—CEH) CAS high tiQ-15 1g-13.5 ns
Setup time, write data valid before CAS
91 IsuCAV-CEL) g Io?\ger high lQ-22 'Q-20 s
Hold time, write data valid after CAS no
92 th(CAV-CEH) longer low tQ-15 {g-13.5 ns
A time, data-in valid after RAS |
ccess time, data-in valid after ow
< la(LAV-REL) (assuming maximum transition time) 4Q-8+s 4Q-8+s| ns
Access time, data-in valid after CASL no
94 ta(LAV-CEL) longer high 20-8+s 210 -8+s ns
- Access time, data-in valid after column
95 ta(LAV-RCV) address valid 3tQ-20+s 3o -12 ns
T These values are derived from characterization data and are not tested.
¥ Parameters 87 and 88 also apply to WE, TR/QE, and SF relative to RAS.
NOTES: 4. s=tgqif using the clock stretch;
s = 0 otherwise
8. Parameter 96 has been eliminated.
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—
local-bus timing: RAS, CAS0-CAS3, WE, TR/QE, and SF (see Notes 4 and 8 and Figure 42)

(continued)
'34020A-32 '34020A-40
NO. UNIT
MIN MAX MIN MAX
Setup time, write low before CAS no

S 'SU(WEL-CEL)  gnger high (on write cycles) Q=15 Q-135 ns

98 tw(REH) Pulse duration, RAS high 4#Q-12+s 4Q-10+s ns

99 tw(REL) Pulse duration, RAS low ang-12+s ang-4+s ns

100 tw(CEH) Pulse duration, CAS high 2g-12 2ig - 10 ns

e — —e
101 tw(CEL) Pulse duration, CAS low 2iQ-12 2g-8 ns
— —— m—

102 4(REL-GEH) may time, RAS low to CAS no longer #g-12+5 #Q - 445 ns

NOTES: 4. s=tqif using the clock stretch;
s = 0 otherwise
8. Parameter 96 has been eliminated.
3 15
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|Q1|Q2 |03|Q41‘|G1 |Q2 |03 |Q4|Q1 |02 |QG|Q4 |Q1|

et
| I | | |
Address/StatusX 1st Data Out x

1 T s e o | 1

LAD (WRITE)

I

: [ ] |
| | |

LAD (READ) :::>—-< Address/Status }

: | 5 o

|

|

|

]

I

|

|

|

|

|

|

l
E * —1:fzi b:h—mo—ﬂ:r——T
—\ e —
" N [ e
Ny U=
TR/GE h—s4—i{ { ' :
| =8 le— 86—

}_
Ao \ /

t See clock stretch, page 20.

Figure 42. Local-Bus Timing: RAS, CAS0-CAS3, WE, TR/QE, and SF
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The refresh pseudo-address present on LADO-LAD31 is the output from the 16-bit refresh address
register([10] register located at C000 01FOh) on LAD16-LAD31. LADO-LAD3 have the refresh status code
(status code = 0011), and LAD4-LAD15 are held low.

CBR refresh: RAS and CAS0-CAS3 (see Note 4 and Figure 42)

NO. ’34020A-32 '34020A-40 UNIT
— MIN MAX MIN MAX
76 4(CK1L-REL) E”e;glgrt:igeﬁ RAS low after LCLK1 no 1Q+12+s 1g+10+ s s
7 |rackiLnren Eﬁﬁlfﬁfﬁ RAS high after LCLK1 no g+12 or10] ns
78 6(CK1H-GEL) E;re‘:grtli(r)nv:, CAS low after LCLK1 no 1Q+12 1g+10 ns
79 |iackiL-ceny :I();l;grt:\rir; CAS high after LCLK1 no 1ge12 os10 | s
102 {14(REL-CEN) :Zc)'welay time, RAS low to CAS no longer 4#q-12+5 dto-4+s ns
103 |td(CEL-REL) gigl;\y time, CAS low to RAS no longer 21g-15 21q - 135 ns
104 |t4(REH-CEL) Ei:l:y time, RAS high to f:?@ no longer 2g-15+s 2t -135+s ns

NOTE 4: s =tq if using the clock stretch;

s = 0 otherwise

82
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|Q1|02 |G3 |G¢T|Q1|Q2|QS|Q4|Q1 |Q2]Q3 ]Qd |Q1|

—»
[

| "|
T \ ¢ 102 :1/‘
ALTCH \ /

{see Note A)
(see No:;AAI; :>‘—< Refresh Pseudo-Address >_
(see No:ac AA) D_‘< Refresh Pseudo-Address >_
DDOUT \ /

(see Note A)

t See clock siretch, page 20.
NOTE A: ALTCH, LAD, RCA, and DDOUT are shown for reference only.

Figure 43. CBR Refresh: RAS and CAS0-CAS3
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multiprocessor-interface timing: GI, ALTCH, RAS, R0 and RT (see Figure 44)

'34020A-32 '34020A-40
NO. UNIT
MIN MAX MIN MAX
L — —

Access time, Gl valid after RO and R1 valid

105 HaGIv-RQV) (see Note 9) 2tg-40 219-30| ns
—

Setup time, Gl valid before LCLK1 no longer low
105.1 | tsy(GIV-CK1H) (see Note 9) 40 35 ns
106 th(CK1H-GIV) Hold lime,#cﬁ valid after LCLK1 no longer low 0 0 ns
107 td(CK2H-RQV) Delay time, LCLK2 no longer low to RO or R1 valid t(_2+15 lg +13.5 ns
108 [tg(CkeH-RQNY) _ Delay time, LCLK2 high to RO or R1 no longer valid tQ-15 tQ-13.5 ns

NOTE 9: These timings must be met to ensure that Glis recognized on this clock cycle.

For a SMJ34020A to gain control of the local bus during agiven cycle, Gl must be low at the start of Q1 (indicating
that the bus arbitration logic is granting the bus to this processor).

|o4| Q1|02|O3|041'| m|02|03|04| o1|02|o3|04| 01|

LCLK1 —/__\—/_\N

—9 4 105.1
LCLK2 I |
I @ 107 ) !
L | | le—»— 108
RO-R1 X X Valid X
1 | I lt-b{—— 106

QLLLLLLLLKY

(RRIXXIITR
LXK .

AVA

.V’V V’V \/\/\/ V.V’ ’V’V
o D%

A
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e
multiprocessor-interface timing: high-impedance signals (see Note 4 and Figure 45)

"34020A-32 '34020A-40
NO. UNIT
MIN MAX ! MIN MAX
84 td(CK1H-SFv) Delay time, SF valid atter LCLK1 no longer low iQ+22 tQ+20 ns
Delay time, SF in the high-impedance state after
86 | 'd(CK2L-SF2) |1k no longer high tg+22+st to+20+st| ns
Delay time, LAD and RCA in the high-impedance
109 ld(CK2L-ADZ) state after LCLK2 no longer high Q+22+s t 1Q+20 + st ns
Delay time, LAD and RCA valid after LCLK nolonger
10 | (CKIH-ADY) (o0 g 1Q+22 ig+20| ns
e e S —
Delay time, ALTCH, RAS, CAS, WE, TR/QE, HOE,
11 1d(CK1H-CTZ) and HDST in the high-impedance state after LGLK1 tos15t to+1351 | ns
no longer low
e
Delay time, ALTCH, RAS, CAS, WE, TR/QE, HOE,
112 td(CKaL-CTH) and HDST in the high-impedance state after LCLK2 tQ+15+s tQ+135+s ns
no longer high
Delay time, DDIN in the high-impedance state after
113 W(CKIH-DIZ) | o\ K1 o longer low tg+15t to+1351] ns
114 1d(CKoL-DIL)  Delay time, DDIN low after LCLK2 no longer high tQ+15+s 1Q+13.5+ s ns
Delay time, DDOUT in the high-impedance state after
115 | 19(CK2L-DO2) | GLK2 no longer high tQ+15 + st tQ+135+st] ns
116 td(Ck2L-DOH) Delay time, DDOUT high after LCLK2 no longer high tQ+15+s 19+13.5+s ns
1 These values are derived from characterization data and are not tested.
NOTE 4: s =t if using the clock stretch;
5 = 0 otherwise
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t See clock stretch, page 20.

Figure 45. Multiprocessor-Interface Timing: High-impedance Signals
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video-shift-clock timing: SCLK (see Figure 46)

’34020A-32 *34020A-40
NO. UNIT
MIN MAX| MIN MAX
117 Jte(scKy Cycle time, period of video serial clock SCLK 35 50 25 50 ns
118 | tw(SCKH) Pulse duration, SCLK high 12 10 ns
119 w(SCKL) Pulse duration, SCLK low 12 10 ns
120 |tyscky Transition time, (rise and fall) of SCLK 2t st 2t 5t| ns

1 This value is determined through computer simulation and is not tested.

Ii 17 »
} 18—y | —b 120

— 119 —pi !

Figure 46. Video-Shift-Clock Timing: SCLK

4
1

video-interface timing: VCLK and video outputs (see Figure 47)

'33020A-32 | '34020A-40
NO. UNIT
MIN MAX| MIN MAX
123 te(VCK) Cycle time, period of video input clock VCLK 62.5 100 625 100 ns
124 tw(VCKH) Pulse duration, VCLK high 28 28 ns
125 ‘w(VCKJg Pulse duration, VCLK low 28 28 ns
126 | yveK) Transition time, (rise and fall) of VCLK 2t 5t a2t 5t] ns
—
Delay time, VCLK low to HSYNC, VSYNC, CSYNG/VBLNK or
127 J'd(VCKL-HSL)  GBINK/VBLNK low 40 401 ns
—
Delay time, VCLK low to HSYNG, VSYNC, CSYNG/HBLNK, or
128 |1d(VCKL-HSH) TBINK/VBLNK high 40 a0 ns
e
Hoid time, VCLK no longer high to HSYNC, VSYNC,
129 |™(VCKL-HSL)  CSYNC/HBLNK, or CBLNK/VBLNK no longer high of of ns
Hold time, VCLK no longer high to HSYNG, VSYNC,
130 In(VCKL-HSH) ESYNC/HBLNK, or GBLNK/VBLNK no longer low of of ns

1 This value is determined through computer simulation and is not tested.

e 123 »
| u-_l 124 —ul | —N| i 126
I

| | ,
| —»

|
_ | | | |
HSYNC 129
VSYNC m I |p—130—q '
CSYNC/HBLNK \ y“
CBLNK/VBLNK
(outputs)

Figure 47. Video-Interface Timing: VCLK and Video Outputs
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video-interface timing: external sync inputs (see Note 10 and Figure 48)

"34020A-32 '34020A-40
NO. UNIT
MIN MAX MIN MAX
— e
131 lsu(SL-VCKH)  Setup time, HSYNC, VSYNC, CSYNC low to VCLK no longer low 20 20 ns
— e S o o —
132 1su(SH-VCKH)  Setup time, HSYNC, VSYNC, CSYNG high to VCLK no longer fow 20 20 ns
.
133 |th(vCKH-SVv)  Hold time, HSYNC, VSYNC, CSYNC valid after VCLK high 20 20 ns
NOTE 10: Setup and hold times on asynchronous inputs are required only o assure recognition at indicated clock edges.
A B Cc D
e w__/_
|

|
H—133—q |

|
| — 131 —pl

]
]
[
l ]' 1% |' — 132 —pl

HSYNC
e \ /

1
(Inputs) See Note A See Note B

NOTES: A. Ifthetallingedge of the sync signal occurs more than th(VCKH-Sv) after VCLK edge A and atleast tsu(SL-VCKH) before
edge B, the transition is detected at edge B instead of edge A.

B. Iftherising edge of the sync signal occurs more than th(VCKH-Sv) after VCLK edge C and atleast tsu(SH-VCKH) belore
edge D, the transition is detected at edge D instead of edge C.

Figure 48. Video-Interface Timing: External Sync Inputs

interrupt timing: LINT1 and LINT2 (see Figure 49)

"34020A-32 *34020A-40
NO. UNIT
MIN  MAX MIN MAX
Setup time, LINT1 or LINT2 low before LCLK2 no longer
134 [1sy(LINTL-CK2H) ,OWUp 9 1g+45t 1q+40 t ns
I~
135 | tw(LINTL Pulse duration, LINTT or LINT2 low sigf sigt ns

T Although LINT1 and LINT2 can be asynchronous to the SMJ34020A, this setup ensures recognition of the interrupt on this clock edge.
% This pulse duration minimum ensures that the interrupt is recognized by internal logic; however, the level must be maintained until it has been
acknowledged by the interrupt service routine.

LoLKt / \ / \
\
/_

TN/

" 134 —

LINT1 l
LINT2

l‘ 135

) A

Figure 49. Interrupt Timing: LINT1 and LINT2
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host-interrupt timing: HINT (see Figure 50)

"34020A-32 '34020A-40
NO. UNIT

——
136 td(CK1H-HINTV) Delay time, LCLK1 no longer low to HINT valid 30 25 ns

o/ \ —\
/ \ L

Figure 50. Host-Interrupt Timing:

/
le—p— 135

/

LCLK2

emulator-interface timing (see Figure 51)

'34020A-32 '34020A-40
NO. UNIT
MIN MAX MIN MAX
137 tsu(EMV-CK1H)  Setup time, EMUO - EMU2 valid to LCLK1 no longer low 30 25 ns
138 th(EMV-CK1H) Hold time, EMUO - EMU2 valid after LCLK1 no longer low 0 0 ns
139 1d{CK1L-SCV) Delay time, EMU3 valid after LCLK1 low 25 20 ns
140 th(CK2H-SCNv)  Hold time, LCLK2 high before EMU3 not valid 1Q-15 19-13.5 ns

TN\

oz XX X X

EMU3 x
| |
—— 140 —p|
Figure 51. Emulator-Interface Timing
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MECHANICAL DATA
GA-GB (S-CPGA-P15 X 15) CERAMIC PIN GRID ARRAY PACKAGE
¢——————— AOrA1SQ —— ) e——— 1.400(35,56) TYP ——»
R ] o 90 O 9 0 0 0 ¢ 0 © 0 0 0 o
P 0@ o 00 6 060000 0 0 @ o
N <a o Q o Q e 9O 9 9 ¢ 0 O o o o°o
M Q 0O 0 90 0 Q o 9 Q Q 0 o0 o o
L Q Q Q < o (-] Qo Q Q Q Q Q Qo Q Q
K Q Q9 o 9 o -] o o -] Q o 0 9O o
J Q g @ 0 0 Q 9 9 Q 0 o 0 0 o o
H Q a ¢ ¢ O [+] o 0 9 [+ e 90 O ¢ o
G Q 0 0 o O Q o Q0 o Q e 9 90 o 9O
F Q g QO Q o -] e 0o o 0 9 9 O 0 o
E Q Q < o o Q -] o o o -] -] -] (-] -
D o Q 0 Q ¢ 0 0 0 0 0 0 © 0©0 a Qo
c o o 0 o o o0 & 0 0 0 o o o Q Q
Bl ° ©® o 00 00000 0a 0@ o
A Q -] Q -] < -] Q Q o o L] Q Q a o
123456789 101112131415
DIM MIN MAX Notes
Large
o A 1.540 (39,12) 1500 (4038) | o€
Smalil
| ] A1 1.480 (37,59) 1.535(3899) | Sral
v B 0.110 (2,79) 0.205 (5,21) 8:"“!’
Cavity
“ﬁ“ “ “ “ “ “ “ “ “ ' | 4 t CorC1 B1 0.095 (2,41) 0.205 (5,21) Gavity
0.140 (3,56) c 0.040 (1,02) 0.060 (1,52) | Cavity
0.050 (1,27) DIA ~ 0120(3.05 Up
4 Places 0.100 2,59) Ci 0.025 (0,63) 0.060 (1,52) Cavity
0.022(058) . = : ’ Down
0.016 (0,a1) MAXIMUM PINS WITHIN MATRIX - 225
4040113-8/B 1094

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

This drawing is subject to change without notice.

cow

Pins are located within 0.005 (0,13) radius of true position relative to
0.015 (0,38) radius relative to the center of the ceramic.

This package can be hermetically sealed with metal lids or with ceramic
The pins can be gold piated or solder dipped.

Omm

Index mark may appear on top or bottom depending on package vendor.

each other at maximum material condition and within

lids using glass frit.

Falls within MIL-STD-1835 CMGA7-PN and CMGA18-PN and JEDEC MO-067AG and MO-066AG, respectively
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MECHANICAL DATA
HT (S-CQFP-F132) CERAMIC QUAD FLATPACK

1.525 (38,74)

1.480 (37,59) sa

0.960 (24,38)

0.935 (23,75) sa >

67 33
0.800 (20,32) TYP
99 |
1 A )
100 132 |‘_"‘—‘"' 0.105 (2,67) MAX
"“‘_ 132 0.013 (0,330)
* 0.006 (0,152)
—» | 0.025 (0,64)
0.018 (0,46) MAX
| /"
" 40
:':;2 (0’36) At Braze Pads
0.008(020) _ 002 0,05)
0.004 (0,10)
0.130 (3,30) MAX
4040169-3/B 10/94
NOTES: A. Alllinear dimensions are in inches (millimeters).

A
B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a metal lid.
D. The terminals are gold plated.

E. Falls within JEDEC MO-090 AB
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