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262144 BY 16-BIT
MULTIPORT VIDEO RAM

SGMS057C ~ APRIL. 1895 - REVISED JUNE 1997

® Organization: ¢ Enhanced Page-Mode Operation for Faster
— DRAM: 262144 Words x 16 Bits Access
— SAM: 256 Words x 16 Bits e CAS-Before-RAS (CBR) and
® Dual-Port Accessibility — Simultaneous and Hidden-Refresh Modes
Asynchronous Access From the DRAM and ® Long Refresh Period
SAM Ports Every 8 ms (Max)
® Data-Transfer Function From the DRAM to ® Up to 45-MHz Uninterrupted Serial-Data
the Serial-Data Register Streams
® (4 x 4) x 4 Block-Write Feature for Fast ® 256 Selectable Serial-Register Starting
Area-Fill Operations; as Many as Four Locations
Memory-Address Locations Written Per ® SE-Controlled Re
- gister-Status QSF
gy"'i: t';: om the 16-Bit On-Chip Color ® Split-Register-Transfer Read for Simplified
® w?'?te-Per Bit Feature for Selective Write to Real-Time Reglster L.oad
Each RAM /O; Two Write-Per-Bit Modes to ® Programmable Split-Register Stop Point
Simplity System Design ¢ 3-State Serial Outputs Allow Easy
U, Muitiplexing of Video-Data Streams
® Byte-Write Control (WEL, WEU) Provides
Flexibility L] ?;Il_lngutslogfuts and Clocks
-Compatible
@ Extended Data Output (EDO) for Faster
System Cycle Time : gon?pati:!te wth :54[:;(‘; hStandards
® Pertormance Ranges: esigned to ¥yor e
or g Texas Instruments Graphics Family
ACCESSTIME ACCESS TIME DRAM DRAM SERIAL OPERATING CURRENT OPERATING CURRENT
ROW ENABLE SERIAL DATA CYCLETIME PAGE MODE CYCLE TIME SERIALPORT STAND- SERIALPORT AC-
ta(R) ta(5Q) tow) te(p) t(sc) BY feet TIVE lccia
(MAX) {MAX) (MIN) {MIN) (MIN) {MAX) {MAX)
SMJ55166-75 75 ns 23ns 140 ns 48 ns 24 ns 165 mA 210 mA
SMJ55166-80 80ns 25 ns 150 ns 50 ns 30ns 160 mA 185 mA
description

The SMJ55166 multiport video RAM is a high-speed, dual-ported memory device. it consists of a dynamic
random-access memory (DRAM) module organized as 262 144 words of 16 bits each that are interfaced to a
serial-data register (serial-access memory [SAM]) organized as 256 words of 16 bits each. The SMJ55166
supports three basic types of operation: random access to and from the DRAM, serial access from the serial
register, and transfer of data from any row in the DRAM to the serial register. Except during transfer operations,

the SMJ55166 can be accessed simuitaneously

and asynchranously from the DRAM and SAM ports.

The SMJ55166 is equipped with several features designed to provide higher system-level bandwidth and to
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates are
achieved by the (4 x 4) x 4 block-write feature of the device. The block-write mode allows 16 bits of data (present
in an on-chip color-data register) to be written to any combination of four adjacent column-address locations.
As many as 64 bits of data can be written to memory during each CAS cycle time. Aiso on the DRAM port, a
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write

cycle. The persistent write-per-bit feature uses a

mask register that, once loaded, can be used on subsequent

write cycles without reloading. The SMJ55166 also offers byte control, which can be applied in write cycles,
block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The SMJ55166 also ofters
extended-data-output (EDQO) mode, which is effective in both the page-mode and standard DRAM cycles.
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HKC PACKAGE
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TERMINAL NOMENCLATURE
AQ~-A8 Address Inputs
CA3 Column-Address Strobe
DQO-DQ15  DRAM-Data 10, Write-Mask Data
DSF Special-Function Select
NC/Nss No Connect/ Ground (important: Not

connected intemally to Vgg)

QSF Special-Function Output
RAS Row-Address Strobe
sC Serial Clock
SE Serial Enable
SQ0-5Q15 Serial-Data Output
TRG Output Enable, Transter Select
Voo 5-V Supply (TYP)
Vss Ground

WEL, WEU DRAM Byte-Write-Enable Selects
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GB Package Terminal Assignments — By Location

PiN PIN - PIN PIN PIN PIN PIN PiN PIN

NO. NAME INO. NAME [NO. NAME |NO. NAME [NO. NAME |[NO. NAME |NO. NAME [NO. NAME |NO. NAME
N DAl |[J2 SQ3 |J3 DO3 |J4 D4 |J5 DO5 |J6 DQO6 |J7  SQ7 |J8  WEL |J9 A8
H1 DQO |H2 SQ2 |[H3 DQ2 |H4 SQ4 |H5 S05 |He S06 |H7 Dar |H8 WEU |[Ho A7
Gi__sQ0 |G2_ s |G3 Voo G4 Vssp @6 Vccp |G7 Vssz |G8  RAS |aGo  Ae
Fi__TRG | F2 Vss: | F3 Voo F7 Veor | F8 Voot | Fe A5
Et SC |E2 Vot E8 Vgg1 |ES A4
DI__SE |b2_Vssy | D3 Voo D7 Vggy |DB A3 D8 A2
C1 SOi5 [C2 vggy | €3 Veoez [C4 Vgsp C6 Voep [C7 vgsp |C8  TAS Jce At
BI DQI5 |B2 DOQ14 |B3 DQf3 |Ba DQi2 |Bs DQi1 | B8 DQio |B7 Sas | B8 DSF | B8 Ao

Al SO1a | A2 S013 | A3 sQi2 JA4 S011 |A5 SO0 |A6 SQ9 [A7 Do9 JAas pDos |As  QSF

GB Package Terminal Assignments — By Signals
PIN PIN PIN PIN PN PIN
NAME NO. NAME NO. NAME NO. NAME NO. NAME NO. NAME NO.
AD B9 0Q2 H3 DQ13 B3 sQ3 J2 sSQ14 At Veee C6
At c9 Do3 Ja DQ14 B2 SQ4 H4 s5Q15 c1 Vgsy F2
A2 Dg DQ4 d4 DQ15 B1 sSQs H5 TAG Fi Vgs1 D2
A3 D8 DQs J5 DSF B8 SQ6 H6 Voo B2 Vgsi Cz
A4 E9 DQE J6 QsF A9 sQ7 J7 Vool F3 Vss1 D7
A5 F9 DQ7 H7 RAS ] sQ8 87 Vces D3 Vssi £8
A6 G9 pQs AB SC Et SQ9 A8 Vet F7 Vggo G4
A7 ] DQS A7 SE D1 $Q10 AS veet F8 Vgga C4
AB Jo DQ10 B8 300 Gt sQ11 A4 Vece G3 Vgsg2 G7
CAS c8 DG11 BS sQ1 G2 5Q12 A3 Veoz c3 Vss2 c7
Do H1 DQ12 B4 sQ2 Hz2 sQ13 A2 Veez G6 WEL Ja
Da1 5 WEU H8
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description (continued)

The SMJ55166 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port) that
enables real-time register-load implementation for truly continuous serial-data streams without critical timing
requirements. The register is divided into a high half and a low half. While one half is being read out of the SAM
port, the other half can be loaded from the memory array. For applications not requiring real-time register load
{for example, loads done during CRT-retrace periods), the full-register mode of operation is retained to simplify
system design.

The SAM portis designed for maximum performance, enabling data to be accessed from the SAM at serial rates
up to 45 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit
position is accessed from the active half of the register and immediately transfers control to the opposite half.
A separate output, QSF, is inclided to indicate which haif of the serial register is active.

Altinputs, outputs, and clock signals on the SMJ55166 are compatible with Series 54 TTL. All address lines and
data-in lines are latched on-chip to simplify system design. All data-out lines are unlatched to allow greater
system flexibility.

The SMJ55166 is offered in a 68+pin ceramic pin-grid-array package (GB suffix) and a 64-pin ceramic flatpack
(HKC suffix).

The SMJ55166 and other Ti muitiport video RAMSs are supported by a broad line of fgraphics processors and
control devices from TI. Table 1 is a combination of Table 3 and Table 4, showing the BRAM and SAM functions
with the terminal signal levels. Table 2 shows the relationship between terminal desériptions and operational
modes.
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functional block diagram
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functional biock diagram (continued)
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operation
Tabile 1. DRAM and SAM Function Table
CAS
RAS FALL FALL ADDRESS pQo-Dai1st
FUNCTION WEL | cooe
CAS | TRG |WEx¥ | DSF | DSF | RAS CASS | AAS WEU
) CAS
Reserved (do not use) L L L L X X X X X —_
CBR refresh (no reset) and stop-point Stop
set (CBRS) 1 L X L Hol X | poimt* | X X X CBRS
CBR refresh {option reset)li X H L X X X X X CBR
CBR refresh (no reset)* X H H X X X X X CBRN
it Row Tap
Fuli-register-transfer read H L H L X Address | Point X X RT
- N Row Tap
Split-register-transfer read H L H H X Address | Point X X SRT
DRAM write Row Column | Write Valid
(nonpersistent write-per-bit) H H L - L Address | Address | Mask Data AWM
Block .
DRAM block write Row Write | Column
(nonpersistent wrile-per-bit) H H L L H Address P/gd.reAs; Mask Mask BWM
DRAM write Row Column Valid
(persistent write-per-bit) H H L L - Address | Address X Data RWM
) Block
DRAM block write Row : Column
(persistent write-per-bit) H H L L H Address Address X Mask BWM
A2-A8
i Row Column Valid
DRAM write {(nonmasked) H H H L L Address | Address X Data RW
Block
DRAM block write (nonmasked) H H H L H RoWw | pddress | x| CON™ | gw
Address . Mask
A2-A8
. Refrash Write
Load write-mask register 0 H H H H L Address X X Mask LMR
; Refresh Color
Load color registsr H H H H H Address X X Data LCR
Legend:
ColMask = H: Write to address/column enabled
Write Mask = H: Write to I/O enabled
X = Don't care

t DQO-DQ15 are latched on sither the first falling edge of WEX or the falling edge of CAS, whichever accurs later,
¥ Logic L is selected when either or both WEL and WEU are low.
§ The column address and block address are laiched on the first falling edge of CAS.
T CBRS cycle should be performed immediately after the power-up initialization cycle.
# A0-A3, AB: don't care; Ad4—A7.: stop-point code
11 CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode.
#CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode.
Ol.oad write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset)

cycle.
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operation (continued)
Table 2. Terminal Description Versus Operational Mode
PIN DRAM TRANSFER SAM
AD-A8 Row, column address Row address, tap point
CAS Column-address strobe, DQ output enable Tap-address strobe
DQ DRAM data I/O, write mask
DSF Block-write enable Split-register-transfer enable
Write-mask-register load enable
Color-register load enabie
CBR (option reset)
RAS Row-address strobe Row-address strobe
SE SQ output enable,
QSF output enable
sC Serial clock
sQ Serial-data output
TRG DQ output enable Transfer enable
WEL Write enable, write-per-bit enable
WEU
QSF Serial-register status
NC/Vgs Either make no external connection or tie to system Vgg
voet 5-V supply —_
vgst Ground

1 For proper device operation, all Ve pins must be connected to a 5-V supply and all Vgg pins must be tied to ground.

terminal definitions
address (A0-A8)

Eighteen address bits are required to decode each of the 262144 storage cell locations. Nine row-address bits
are set up on pins AO—A8 and latched onto the chip on the falling edge of RAS. Nine column-address bits are
set up on pins A0-A8 and latched onto the chip on the falling edge of CAS. All addresses must be stable on
or before the falling edge of RAS and the falling edge of CAS.

During the full-register-transfer read operation, the states of AO—A8 are latched on the falling edge of RAS to
select one of the 512 rows where the transfer occurs. At the falling edge of CAS, the column-address bits A0~ A8
are latched. The most significant column-address bit (A8) selects which half of the row is transferred to the SAM.
The appropriate 8-bit column address (A0—A7) selects one of 256 tap points (starting positions) for the
serial-data output.

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CAS. An internal
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of
the SAM is loaded with the low half of the DRAM haif row and vice versa. Column address (A8) selects the DRAM
half row. The remaining seven address bits (A0—-A6) are used to select each of the 127 possible starting
locations within the SAM. Locations 127 and 255 are not valid tap points.

row-address strobe (HAS)

RAS is similar to a chip enable so that all DRAM cycles and transfer cycles are initiated by the falling edge of
RAS. RAS is a control input that latches the states of the row address, WEL, WEU, TRG, CAS, and DSF onto
the chip to invoke DRAM and transfer functions of the SMJ55166.

TEXAS
INSTRUMENTS

5-288 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443



SMJ55166

262144 BY 16-BIT
MULTIPORT VIDEO RAM
— SGMSO0E7C — APRIL 1895 - REVISED JUNE 1997
column-address strobe (CAS)

CAS is a control input that latches the states of the column address and DSF to control DRAM and transfer
functions of the SMJ55166. CAS also acts as output enable for the DRAM output pins DQO-DQ15. During
transfer operations, address bits AO— A8 are latched at the falling edge of CAS as the start position (tap) for the
serial-data oufput (SQ0 -SQ15).

output enableftransfer select (TRG)

TRG selects either DRAM or transfer operation as RAS falls. For DRAM operation, TRG must be held high as
RAS falls. During DRAM operation, TRG functions as an output enable for the DRAM output pins DQO-DQ15.
For transfer operation, TRG must be brought low before RAS falls.

write-mask select, write enable (WEL, WEU)

in DRAM operation, WEL enables data to be written to the lower byte (DQ0—DQ7) and WEU enables data to
be written to the upper byte (DQ8-DQ15) of the DRAM. Both WEL and WEU have to be held high together to
select the read mode. Bringing either or both WEL and WEU low selects the write mode. WEL and WEU are
also used to select the DRAM write-per-bit mode. Holding either or both WEL and WEU low on the falling edge
of RAS invokes the write-per-bit operation. The SMJ55166 supports both the nonpersistent write-per-bit mode
and the persistent write-per-bit mode.

special-function select (DSF)

The DSF input is latched on the falling edge of RAS or the first falling edge of CAS, similar to an address. DSF
determines which of the following functions is invoked on a particular cycle:

CBR refresh with reset (CBR)

CBR refresh with no reset (CBRN)

CBR refresh with no reset and stop-point set (CBRS)

Block write (BW)

Load write-mask register (LMR) loading for the persistent write-per-bit mode
Load color register (LCR) for the block-write mode

Split-register-transfer (SRT) read

DRAM-data VO, write-mask data (DQ0-DQ15)

DRAM data is written or read through the common /O DQ pins. The 3-state DQ-output buffers provide direct
TTL compatibility {no pullup resistors) with a fanout of one Series 54 TTL load. Data out is the same polarity
as data in. The outputs are in the high-impedance (fioating) state as long as either TRG or CAS is held high.
Data does not appear at the outputs until after both CAS and TRG have been brought low. The write mask is
latched into the device through the random DQ pins by the falling edge of BAS and is used on all write-per-bit
cycles. In a transfer operation, the DQ outputs remain in the high-impedance state for the entire cycle.

serial-data outputs (SQ0-5Q15)

Serial data is read from SQ. SQ output buffers provide direct TTL compatibility (no pullup resistors) with a fanout
of one Series 54 TTL load. The sefial outputs are in the high-impedance (floating) state while the serial-enable
pin, SE, is high. The serial outputs are enabled when SE is brought low.

serial clock (SC)

Serial data is accessed out of the data register from the rising edge of SC. The SMJ55166 is designed to work
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the
data registers that comprise the SAM are static. There is also no minimum SC clock operating frequency.

INSTRUMENTS
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serial enable (SE)

Durin%gerial-access operations, SE enables/disables the SQ outputs. SE low.enables the serial-data output
while SE high disables the serial-data cutput. SE is also used as an enable/disable for output pin QSF.

NOTE:While SE is held high, the serial ciock is not disabled. External SC pulses increment the
internal serial-address counter, regardiess of the state of SE. This ungated serial-clock scheme
minimizes access time of serial output from SE low because the serial-clock input buffer and the
sarial-address counter are not disabled by SE.

special-function output (QSF)

QSF is an output pin that indicates which half of the SAMis being accessed. When QSF is low, the seriai-address
pointer accesses the lower (least significant) 128 bits of the SAM. When QSF is high, the pointer accesses the
higher (most significant) 128 bits of the SAM. QSF changes state upon crossing a boundary betwesn the two
SAM halves.

During full-register-transfer operations, QSF can change state upon completing the cycle. This state is
determined by the tap point loaded during the transfer cycle. QSF output is enabled by SE. if 5E is high, the
QSF output is in the high-impedance state.

no connect/ground (NC/Vgg)
NC/Vgg must be tied to system ground or left floating for proper device operation.

INSTRUMENTS
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A ————————— e

functional operation description

Table 3. DRAM Function Table

RAS FALL ,g,ﬁ ADDRESS pao-aist
FUNCTION WEL | cooe
CAS | TRG |WExt | DSk | DSF. | RAS | CASS | RAS | WED
CAS
Reserved (do not use) L L L L X X X X X —
CBR refresh (no reset) and stop-point Stop
set (CBRS)T L X L H X | pom# X X X CBRS
CBR refresh (option raset)” L X H L X X X X X CBR
CBR refresh (no reset)* L X H H X X X X X CBRN
DRAM write Row = | Column | Write Valid
(nonpersistent write-per-bit) H H L L L Address | Address | Mask Data AWM
. Biock
DRAM block write Row N Write | Column
(nonpersistent write-per-bit) H H L L | M | Address ‘;‘gﬁ Mask | Mask | BWM
DRAM write Row Column Valid
(persistent write-per-bit) H H L L L Address | Address X Data AWM
Block
DRAM block write Row Column
(persistent write-per-bit) H H L L | H | Address ;‘?_"’3 X Mask | EWM
" Row Column Valid
DRAM write (nonmasked) H H H L L Address | Address X Data Rw
Block
DRAM block write (nonmasked) H H H L H ROW | address | x| COMm | gy
Address Mask
A2-A8
. ; Refresh Write
Load write-mask register O H H H H L Address X X Mask LMR
. Refrash . Calor
Load color register H H H H H Address X X Data LCR
Legend:
Col Mask H: Write to address/column enabled

Write Mask
X

an s

H: Write 10 1/O enabled
Don't care

T DQO--DQ15 are latched on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later.
% Logic L is selected when gither or both WEL and WEU are low.

§ The column address and block address are latched on the first falling edge of CAS.
1 CBRS cycle should be performed immediately after the power-up initialization cycle.
# AD— A3, A8: don't care; Ad~AT : stop-point code

I CBR refresh {option reset) mode ends persistent write-per-bit mode and stop-point mode.
*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode.
OLoad-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset)

cycle.

TEXAS
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enhanced page mode

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting
random column addresses. This mode eliminates the time required for row-address setup, row-address hold,
and address multipiex. The maximum RAS low time and CAS-page-cycle time used determine the number of
columns that can be accessed.

Unilike conventional page-mode operations, the enhanced page mode allows the SMJ55166 to operate at a
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS
transitions low. A valid column address can be presented immediately after the row-address hoid time has been
satisfied, usually well in advance of the falling edge of CAS. Inthis case, data is obtained after ta(c)ymax (access
time from CAS low) if ta(ca) max (access time from column address) has been satisfied.

refresh
CAS-before-RAS (CBR) refresh

CBR refreshes are accomplished by bringing CAS low earlier than BAS. The external row address is ignored
and the refresh row address is generated internally. Three types of CBR refresh cycles are available: the CBR
refrash (option reset) which ends the persistent write-per-bit mode and the stop-point mode and the CBRN
refresh and CBRS refresh (no resst), which do not end the persistent write-per-bit mode or the stop-point mode.
The 512 rows of the DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh
is completed within the required time period, trma). The output buffers remain in the high-impedance state
during the CBR refresh cycles regardiess of the state of TRG.

hidden refresh

A hidden refresh is accomplished by holding CAS low in the DRAM read cycle and cycling RAS. The output data
of the DRAM read cycle remains valid while the refresh is carried out. Like the CBR refresh, the refreshed row
addresses are generated internally during the hidden refresh.

RAS-only refresh

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CAS and TRG are low, the
output buffers remain in the high-impedance state to conserve power. Externally generated addresses must be
supplied during RAS-only refresh. Strobing each of the 512 row addresses with RAS causes all bits in each row
to be refreshed.

extended data output

The SMJ55166 features extended-data output during DRAM accesses. While RAS and TRG are low, the DRAM
output remains valid. The output remains valid even when CAS returns high (until WEX is low), TRG is high,
orboth TAS and RAS are high (see Figure 1 and Figure 2). The extended-data-output mode functions in ali read
cycles including DRAM read, page-mode read, and read-modify-write cycles {see Figure 3).

|
|

|
e N\ /]
e tdis(RH)
]
DQO -DQ15 { Valid Output
AN
[P tdis(G)

TRG \ f

Figure 1, DRAM Read Cycle With RAS-Controlied Output

TEXAS
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extended data output (continued)

=\ /
o \ /
DGO -DQ15 ( Valid Output }—
e \ /

Figure 2. DRAM Read Cycle With CAS-Controlied Output

- N e
| |
}
AO-A8 @( nw)m Column
1
[

(RTINS R RR
NOSEEENIA NSEEEEELLLLRIKK

I 1 ol
e 1 — 1a(CP)
'Q(C) I H—"}_— tI(CA)
cA) —la———»d e ’ ta(C)
a(ch) | thicLa) ————»| |
7
0Q0-DQ15 { Valid Output x Valid Output )—

Figure 3. DRAM Page-Read Cycle With Extended Output
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byte-write operation

Byte-write operations can be applied in DRAM-write cycles, block-write cycles, load-write-mask-register cycles,
and load-color-register cycles. Holding either or both %EL and WELU low selects the write mode. In normal write
cycles, WEL enables data to be written to the lower byte (DQ0-DQ7) and WEU enables data to be written to
the upper byte (DQ8~DQ15). For early-write %Lclges, one WEX is brought low before CAS talls. The other WEx
can be brought low before CAS falls or after CAS falls. The data is strobed in with data setup and hold times
for DQO-DQ15 referenced to CAS (see Figure 4).

e \
oxs N\

|
!
|
I
l

3
/
4

—
L
L
—

||
weu \\\\\\,\[\\\\\\\
[ »
tsu(DCL) N » :
, | [———>—— tn(cLD)
DQ0-DA1S5 (XXXXKXXKEOKKIRKLY Vaiid inpit QLRI

1 Either WEU or WEL can be brought low prior to CAS to initiate an early-write cycle.

Figure 4. Example of an Early-Write Cycle
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byte-write operation (continued)

For late-write or read-modify-write cycles, WEL and WEU are both held high before TAS falls. After TAS falls,
either or both WEL and WEU are brought low to select the corresponding byte or bytes to be written. Data is
strobed in by seither or both WEL and WEU with data setup and hold times for DQ0—-DQ15 referenced to
whichever WEXx falls earlier (see Figure 5).

RAS \

\
- N\

I
_1’7
|
|
|
l

O
2

|

|

3
m
c

W

tsu(DWL)

f——————>»—— th(wLD)
XXX KX OOOOOCK XD L COOKXX I XXX X XK K>

DpOo-Da15 OO XD 0‘0 00000000009 Valid Input 0‘0.2’0.0’0‘0’00‘0.0.0.!’&2.2‘2.

A A’A‘A‘A‘A" A.A’A.A.A’A”A‘A‘A‘A‘ L) TAVAVAVAVAVAVAVAVAL

Figure 5. Example of a Late-Write Cycle

TeEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 5285



SMJ55166
262144 BY 16-BIT
MULTIPORT VIDEO RAM

SGMS057C - APRIL 1995~ REVISED JUNE 1997
e

write-per-bit

The write-per-bit feature allows masking any combination of the 16 DQs on any writ%gte. The write-per-bit
operation is invoked when either WEL or WEU is held low on the falling edge of . Assertion of sither
individual WEx allows entry of the entire 16-bit mask on DQO-DQ15. Byte control of the mask input is not
allowed. If both WEL and WEU are held high on the falling edge of RAS, the write aperationis performed without
any masking. The SMJ55166 offers two write-per-bit modes: nonpersistent write-per-bit and persistent
write-per-bit.

nonpersistent write-per-bit

When either or both WEL and WEU are low on the falling edge of RAS, the write mask is reloaded. A 16-bitbinary
code (the write-per-bit mask) is input to the device through the random DQ pins and latched on the falling edge
of RAS. The write-per-bit mask selects which of the 16 random I/Os are to be written and which are not. After
RAS has latched the on-chip write-per-bit mask, input data is driven onto the DQ pins and is latched on either
the first falling edge of WEXx or the falling edge of CEwhichever occurs later. WEL enables the lower byte
(DQO-—-DQ7) to be written through the mask and WEU enables the upper byte (DQ8-DQ15) to be written
through the mask. If a data low (write mask = 0) is strobed into a particular 1O pin on the falling edge of RAS,
data is not written to that I/O. If a data high (write mask = 1) is strobed into a particular /O pin on the falling edge
of RAS, data is written to that VO (see Figure 6).

N\ a
TN/ , s

I |

| |
|
|
tsu(DQR) ——%4——»& | Pl
l le——>l— t(roq) N
{ : tau(DWL) —Jl*——H |
| |

CAS

|

=
m

|

z
c

| ie——>— th(wLD)
bao-Dats QXKL Wremask XXX LRRLLLRLLLRKL

Figure 6. Example of a Nonpersistent Write-Per-Bit (Late-Write) Operation

5-206

TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443



SMJ55166
262144 BY 16-BIT
MULTIPORT VIDEO RAM

SGMS0STC ~ APRIL 1805 - REVISED JUNE 1887
]

persistent write-per-bit
The persistent write-per-bit mode is initiated by performing a load-write-mask-register (LMR) cycle. in the
persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary
number of write cycles until another LMR cycle is performed or power is removed.

The LMR cycle is performed usig_g_[)HAM write-cycle timing with DSF held high on the falling edge of RAS and
held low on the faliing edge of CAS. A binary code is input to the write-mask register via the random /O pins
and latched on either the first WEX falling edge or the falling edge of CAS, whichever occurs iater. Byte write
control can be applied to the write mask during the LMR cycle. The persistent write-per-bit mode can then be
used in exactly the same way as the nonpersistent write-per-bit mode except that the input data on the failing
edge of RAS is ignored. When the device is set to the persistent write-per-bit mode, it remains in this mode and
is reset only by a CBR refresh (option reset) cycle (see Figure 7).

! Load Write-Mask Register ! Persistent Write-Per-Bit

TXRRARR R R N R R S R
R R I XX

| Write-Mask | Valid |
Data input

Mask Data =i 1 : Write to /0 enabled
= 0 : Write to /O disabled

Figure 7. Example of a Persistent Write-Per-Bit Operation
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The block-write feature aliows up to 64 bits of data to be written simultangously to one row of the memory array.
This function is implemented as 4 columns x 4 DQs and repeated in four quadrants. In this manner, each of the
four 1M-bit quadrants can have up to four consecutive columns written at a time with up to four DQs per column
(see Figure 8).

DQ1s

DQ14

4th Quadrant

3rd Quadrant

One Row of 0~511

2nd Quadrant

/

1st Quadrant

T

4 Consecutive Columns of 0-511

Figure 8. Block-Write Operation

Each 1M-bit quadrant has a 4-bit column mask to mask off and prevent any or all of the four columns from being
written with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the
block-write operation to provide write-masking options. The DQ data is provided by four bits from the on-chip
color register. Bits 0~ 3 from the 16-bit write-mask register, bits 0~3 from the 16-bit column-mask register, and
bits 0 -3 from the 16-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8 - 11,
and 12 -15 of the corresponding registers control the other quadrants in a similar fashion (see Figure 9).
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block write (continued)
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Figure 9. Block Write With Masks
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block write (continued)

Every four columns make a block, which results in 128 blocks along one row. Block 0 comprises columns 0 -3,
block 1 comprises columns 4 -7, block 2 comprises columns 811, and so forth, as shown in Figure 10.

Block 0 Blockt ...................... Biock 127
A A
/ \ N
One Row of 0511
0 1 2 3 4 5 L 511
\ /
A\
Columns

Figure 10. Block Columns Organization

During block-write cycles, only the seven most significant column addresses (A2 —A8) are iatched on the falling
edge of CAS to decode one of the 128 blocks. Address bits A0 —A1 are ignored. Each 1M-bit quadrant has the
same block selected.

A block-write ccy_c_lg is entered in a manner similar o a DRAM-write cycle except DSF is held high on the first
falling edge of CAS. Asin a DRAM-write operation, WEL enables writing of the lower DRAM DQ byte while WEH
enables the upper byte. The column-mask data is input via the DQs and is latched on either the first falling edge
of WEx or the falling edge of CAS, whichever occurs later. The 16-bit color-data register must be loaded prior
to performing a block write as described below. Refer to the write-per-bit section for details on use of the
write-mask capability, allowing additional performance options.

Example of block write:
biock-write column address = 110000000 (AQ —A8 from left to right)

bit 0 bit 15
color-data register = 1011 1011 1100 0111
write-mask register = 1110 1111 111 1011
column-mask register = 1111 0000 o111 1010
1st 2nd 3rd 4th
Quad Quad Quad Quad

Column-address bits A0 and A1 are ignored. Block 0 {colurmnns 0-3) is selected for each 1M-bit quadrant. The
first quadrant has DQO —~DQ2 written with bits 0 — 2 from the color-data register (101) to all four columns of block
0. DQ3 is not written and retains its previous data due to write-mask-register-bit 3 being a 0.

The second quadrant (DQ4-DQ7) has all four columns masked off due to the column-mask bits 4 -7 being 0,
so that no data is written.

The third quadrant (DQ8-DQ11) has its four DQs written with bits 8 - 11 from the color-data register (1100) to
columns 1-3 of its block 0. Column 0 is not written and retains its previous data on all four DQs due to
column-mask-register-bit 8 being 0.

The fourth quadrant (DQ12-DQ15) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the
color-data register to column O and column 2 of its block 0. DQ13 retains its previous data on all columns due
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. if the previous
data for the quadrant was all 0s, the fourth quadrant would contain the data pattern shown in Figure 11 after
the block-write operation shown in the previous example.
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block write (continued)
pais
paisjofo .
paiz2jo|ojolo

T

Figure 11. Example of Fourth Quadrant After Biock-Write Operation

load color register

The load-color-register cycle is performed using normal DRAM-write-cycle timing except that DSF is held high
on the falling edges of RAS and CAS. The color register is loaded from pins DQO-DQ15, which are latched
on either the first falling edge of WEX or the falling edge of CAS, whichever occurs later. If only one WEXx is iow,
only the corresponding byte of the color register is loaded. When the color register is loaded, it retains data until
power is lost or until another load-color-register cycle is performed (see Figurs 12 and Figure 13).

| Load-Color-Register Cycle | Block-Write Cycle ’ Block-Write Cycle |
| (no write mask) | (load and use write mask) |

"."""' LA K AR K A OO KRR A X R ICCX XD AAAR K XX X R X 3 X R X R KX X
ettt ittt RAOESBRNARAREKEHMAAAX X KX RRRKLEAEARS

1. Refresh address

2. Row address

3. Bilock address (A2~A8) is latched on the falling edge of CAS.

4. Color-register data o

5. Write-mask data: DQO-DQ15 are latched on the falling edge of RAS. o o

6. Column-mask data: DQi—DQi + 3 (i = 0, 4, 8, 12) are latched on either the first falling edge of WEX or the falling edge of CAS, whichever

ocours iater.

Figure 12. Example of Block Writes
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load color register (continued)

] Load-Mask-Register Cycle

Load-Color-Register Cycle

Persistent Block-Write Cycle
(use loaded write mask)

Refresh address
How address

Block address (A2 A8) is latched on the falling edge of CAS.

Write-mask data: DQO ~DQ15 are latched on the falfing edge of CAS.

1
2
3.
4. Color-register data -
5
6.

Column-mask data: DQI-DQi + 3 (i = 0, 4, 8, 12) are latched on sither the first WEx falling edge or the talling edge of CAS, whichever

occurs later.
o = don't care

Figure 13. Example of a Persistent Block Write

DRAM-to-SAM transfer operation

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM array is selected

to be transferred to the 256-bit serial-data register. The transfer operation is invoked by bringing TRG low and

hoiding WEX high on the falling edge of RAS, The state of DSF, which is latched.on the falling edge of RAS,
determines whether the full-register-transfer read operation or the split-register-transfer read operation is

performed.
Table 4. SAM Function Table
AAS FALL a2 | aoonress DQO-DG15
FUNCTION : — — »"“'4513 ckgqoi
CAS | TRG |WExt | psF | DSF | RAS | CAS | RaS WEr
Full-register-transfer read H L H L X ig;’: ;;f“ X X RT
Split-register-transfer read H L H H X ng_ J:& X X SRT
1 Logic L is selected when sither or both WEL and WEU are low.
X = dont care
INSTRUMENTS
5-302 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443




SMJ55166
262144 BY 16-BIT
MULTIPORT VIDEO RAM

SGMS057C ~APRIL 1885~ REVISED JUNE 1867
S —

full-register-transfer read

Afull-register-transter read operation loads data from a selected half of a rowin the DRAM intothe serial-access
memory register (SAM).. TRG is brought low and latched at the falling edge of RAS. Nine row-address bits
(A0 —AB8) are aiso latched at the falling edge of RAS to selectone of the 512 rows available for the transfer. The
nine column-addrass bits (A0 ~A8) are latched at the falling edge of CAS, where address bit A8 salects which
half of the row is transferred. Address bits A0 ~A7 select each of the 256 available tap points (of the SAM
register) from which the serial data is read (see Figure 14).

A8 =0 A8=1
0 255 256 511

512 x 512
Memory Array

256-Bit
Data Register
0 255

Figure 14. Full-Register-Transfer Read

A full-register-transter read can be performed in three ways: early load, real-time load (or midline load), or late
load. Each of these offers the flexibility of controlling the TRG trailing edge inthe full-register-transfer read cycle
(see Figure 15). ‘

| Early Load | Real-Time Load | Late Load

LR AR R NITH S XXX X IXXRKA KN LRI

OO : BB BOOONCANOLDOGANN

COUCOANGIOOAC N ) QR ICO0OOCE Y

| l l

|

sc| d Tap l old /oid Tap ' oid ~/oiud ™~ Tap |

| Data Bit | Data Data Bt l Data Data Bit |
Figure 15. Example of Full-Register-Transfer Read Operations
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split-register-transfer read

in the split-register-transter read operation, the serial-data register is split into halves (see Figure 16). The low
half contains bits 0 ~127, and the high half contains bits 128 — 255. While one half is being read out of the SAM
port, the other half can be loaded from the memory array.

AB=0 AB=1
0 255 256 511

|
I
f
!

|

} 512 x 512

} Memory Array
]

256-Bit
Data Register
Q 255

Figure 16. Spiit-Register-Transfer Read

To invoke a split-regi%er—transfer read cycle, DSF is brought high, TRG is brought low, and both are latched at
the falling edge of RAS. Nine row-address bits (A0 —A8) are also latched at the falling edge of RAS to select
one of the 512 rows available for the transfer. Eight of the nine column-address bits (A0 —A6 and A8) are latched
at the falling edge of TAS. Column-address bit A8 selects which half of the row is to be transferred.
Column-address bits A0~ A6 select each of the 127 tap pointsin the specified half of the SAM. Column-address
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half
(see Figure 17).

RAS Full XPFER Spiit XFER Spilt XFER Split XFER
A8=0 AB=1 AB=1 A8=0
0 511 0 A7 =0t 511 [} A7=11 511 o A7aot S11
Als aAlslc Alslcqo AlBjC]|D
I )i ! E
DRAM s vt
4
I N
0 255 0 255 0 255 0 255
sam  |als| c]8] c]o] [E]D]
sQ —» sq sQ sQ

T A7 shown as internally controlied.
Figure 17. Example of a Spiit-Register-Transfer Read Operation
A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After

the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any
minimum SC clock reguirement.
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split-register-transfer read (continued)

QSF indicates which half of the register is being accessed during serial-access operation. When QSF is low,
the serial-address pointer is accessing the lower (least significant) 128 bits of the SAM. When QSF is high, the
pointer is accessing the higher (most significant) 128 bits of the SAM. QSF changes state upon completing a
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of
QSF. QSF alsc changes state when a boundary between two register halves is reached (see Figure 18 and
Figure 19).

Full-Reglster-Transfer Read Split-Register-
With Tap Point N Transier Read

N e NI

! |
| )
DSF ‘L i /T O\
!
| I
sc | [ 'ap
14(CLQSF) ———+——» Point N
‘*————ﬂ‘ tGHASF) ‘
QSF X
Figure 18. Example of a Split-Register-Transfer Read After a Full-Register-Transfer Read
Split-Register-
Transfer Read Spiit-Register-
With Tap Point N Transfer Read

/\

fd(RHMS)—k—H; “ *— tamsAL)

%W

or 255 Point N
|

"1——»}—»— t4(SCQSF)
QSF X

Figure 19. Example of Successive Split-Register-Transter Read Operations
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serial-read operation

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant
bit {bit 255), and then wrapping arcund to the least significant bit (bit 0), as shown in Figure 20,

P [w e [w )

Figure 20. Serial-Pointer Direction for Serlal Read

For split-register-transfer read operation, serial data can be read out from the active haif of the SAM by clocking
SC starting atthe tap point loaded by the preceding split-register-transfer cycle. The serial pointer then proceeds
sequentially to the most significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to
the inactive half during this period, the serial pointer points next to the tap point location loaded by that
split-register-transfer (see Figure 21).

L y
[ 0 jess[Tap] ooees [126]127] [128[cee] Tap| ooens | 264 [ 256 |

Figure 21. Serial Pointer for Split-Register-Transfer Read -- Case |

If there is no split-register-transfer read to the inactive half during this period, the serial painter points next to
bit 128 or bit 0, respectively (see Figure 22).

r% Teee] Top] vocve ]mpmm.[nﬂ..... }zuBLSJ

Figure 22. Serial Pointer for Split-Register-Transfer Read — Case Il

split-register programmable stop point

The SMJ55166 offers programmable stop-point mode for split-register-transfer read operation. This mode can
be used to improve two-dimensional drawing performance in a nonscanline data format.

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output
stops coming from one half of the SAM and switches to the opposite haif of the SAM. While in stop-point mode,
the SAM is divided into partitions whose lengths are programmed via row addresses A4-A7 in a CBR set
(CBRS) cycle. The last serial-address location of each partition is the stop point (see Figure 23).

Py 127 128 255

~ee] r T

A F Y F 3 J 3 ﬂl F 3

Partition
Length

Points

Figure 23. Example of the SAM With Partitions
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split-register programmable stop point {continued)

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is enabled by holding CAS
and WEXx low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses
A4-A7, which are used to define the SAM partition length. The other row-address inputs are don't cares.
Stop-point mode should be initiated after the initialization cycles are performed (see Table 5).

Table 5. Programming Code for Stop-Point Mode

MAXIMUM ADDRESS AT HAS IN CBRS CYCLE NUMBER OF
PARTITION s STOP-POINT LOCATIONS
LENGTH A8 | A7 | Ae | A5 | A4 |A0-A3
15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175,
16 X L L L L X 16 191, 207, 223, 239, 256
32 X L C Lt | n X 8 31, 63, 95, 127, 159, 191, 223, 255
64 X L L H H X 4 63, 127, 191, 255
128
(default) X L H H H X 2 127, 255

In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines the SAM
partition in which the serial output begins, and also determines at which stop point the serial output stops coming
from one half of the SAM and switches to the opposite half of the SAM (see Figure 24).

Full Spiit Split Split
RAS Read XFE Read XFER Read XFE! Read XFER

Tap = H1 Tap = L1 Tap = H2 Tap = L2
H1 191 L1 63 M2 255 L2
sc /\/\-o-lm..-m.onucom

SAM Low Half SAM High Halt

0 Lt 63 L2 127 128 H1 194 H2 255
| - I .
Lo Ll »

4 < <+ &
d -y —lll .
—& 4 < <

Figure 24. Example of Split-Register Operation With Programmable Stop Points
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256-/512-bit compatibility of split-register programmable stop point

The stop-point mode is designed to be compatible with both 256-bit SAM and 512-bit SAM devices. After the
CBRS cycle is initiated, the stop-point mode becomes active. in the stop-point mode, column-address bits AY7
and AY8 are internally swapped to assure compatibility (see Figure 25). This address-bit swap applies to the
column address and i$ effective for all DRAM and transfer cycles. For example, during the split-register-transfer
cycle with stop point, column-address bit AY8 is a don’t care and AY7 decodes the DRAM row half for the
split-register-transfer. During stop-point mode, a CBR (option reset) cycle is not recommended because this
ends the stop-point mode and restores address bits AY7 and AY8 to their normal functions. Consistent use of
CBR cycles ensures that the SMJ55166 remains in normat mode.

NONSTOP POINT MODE
AY8=0 AY8 =1

AY7 =0 AY7 =1 AY7 =0 AY7 =1

! ]
| !
! |
! |

E——

512x 512
Memory Array

0 255

256-Bit
Data Register

STOP-POINT MODE
AY8=0 AY8 =1
AY7 =0 AY7=1 AY7T=0 AY7 =1

i 1 i

| ! | 512 x 512

| i | Memory Array
| i 1

y
1 256-Bit
E.__L_I Data Register
0 255

Figure 25. DRAM-to-SAM Mapping, Nonstop Point Versus Stop Point

IMPORTANT: For proper device operation, a stop-point-mode (CBRS) cycle should be initiated immediately
after the power-up initialization cycles are performed.

power up

To achieve proper device operation, an initial pause of 200 us is required after power up followed by a minimum
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two
SC cycles are required to initialize the SAM port.

After initialization, the internal state of the SMJ55166 is as follows:

STATE AFTER INITIALIZATION

QSF Defined by the transfer cycle during initialization
Write mode Nonpersistent mode
Write-mask register Undefined
Color register Undefined
Serial-register tap point Defined by the transfer cycle during initialization
SAM port Output mode
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t

Supply voltage range, Vo (see Note 1) ... i e -1Vto7V
Voltage range on @ny Pin .. ... ot it e e -1Vto7V
Short-cirCUlt OUPUL CUITENt . .. et e e 50 mA
POWer AiSS DatON ... .. e e e 11w
Operating free-air temperature range, TA ...t e - 55°C to 125°C
Storage temperature range, Tgrg -« .-« iiii -65°C to 150°C

1 Stresses beyond those fisted under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any 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: Al voltage values are with respect to Vgg.

recommended operating conditions

MIN NOM MAX | UNIT
Voc  Supply voitage 45 5 5.5 v
Vgs  Supplyvoltage o vV
Vid High-level input voltage 24 8.5 v
ViL Low-level input voltage {see Note 2) ~1 0.8 "
TA Operating free-air temperature ~ 65 125 °C

NQTE 2: The algebraic convention, where the more negative (less positive) fimit is designated as minimum, is used for logic-voitage levels only.

electrical characteristics over recommended ranges of supply volitage and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS$ SAM 2ot 35196 % UNIT
PORT | MIN MAX] MIN MAX
VOH High-level output voltage loH=~1mA 24 24 v
VoL Low-level output voltage loL=2mA 0.4 04 \4
Vec=55YV,
Iy Input current (leakage) Vi=0Vto58YV, +10 +10 wA
Alt other pins at 0 Vto Voo
o Output current (leakage) {see Note 3) Voo =55V, Vo=0VtoVge 10 10| pA
Ilccy  Operating current$ See Note 4 Standby 165 60| ma
IcciA  Operating current$ to(sC) = MIN Active 210 195] ma
loc2 Standby current All clocks = Voo Standby 12 12| mA
iccea  Standby current o(s0) = MIN Active 70 661 mA
lcca FAS-only refresh current See Note 4 Standby 165 160 mA
iccan  RAS-only refresh current to(SC) = MIN, (See Note ) | Active 215 195] mA
icc4  Page-mode current$ te(p)=MIN,  (Ses Note 5) | Standby 100 95| ma
IcC4A  Page-mode current§ 1e(SC) = MIN,  (See Note 5) | Active 145 130] mA
lccs CBR current Ses Note 4 Standby 165 60| mA
lccsa  CBRcurrent e(sC) = MIN,  (See Nole 4) | Active 210 195 mA
IcCe Data-transfer current See Note 4 Standby 180 170 mA
m Data-transfer current te(scy = MIN Active 225 200] mA
1 For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
§ Measured with outputs open

NOTES: 3. SEis disabled for SQ output lsakage tests.
4. Measured with one address change while RAS = Vy_ and te(rg), te(w), te( TRD) = MIN
5. Measured with one address change while CASx = V4
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capacitance over recommended ranges of supply voltage and operating free-air temperature,
f = 1 MHz (see Note 6)

PARAMETER MIN TYP  MAX | uNIT
Cia) input capacitance, A0—-A8 5 10 pF
Ci(rc)  Input capacitance, TAS and RAS 8 10| pF
Citw) Input capacitance, WEL and WEU 7 10| pF
Ci(sC) Input capacitance, SC 6 10 pF
Ci(sEy . Input capacitance, SE 7 10|  pF
CynsF)  Input capacitance, QSF 7 10 pF
Ci(TRG) * Input capacitance, TRG 7 10| pF
Co(0} Qutput capacitance, SQ and DQ 12 15 pfF
CotasF)  Output capacitance, QSF 10 12) pF

NOTE 6: Vgoe =5V +0.5 V, and the bias on pins under testis 0 V.

switching characteristics over recommended ranges of supply voitage and operating free-air
temperature (s¢e Note 7)

PARAMETER conDimonst | symBoL 35.;“:; :.:“‘xx uNIT
ta(C) Access time from CAS t(RLCL) = MAX icac 20 20 ns
ta(CA)  Access time from column address taRLCL) = MAX tAA 38 40 ns
ta(cP)  Access time from CAS high tyRLCL) =MAX | topa 43 451 s

ta(R) Access time from RAS WYRLCL) = MAX | tRAG 75 80| ns
ta(@) Access time of DQ from TRG low tOEA 201 20| ns
23
18

Cp =30 pF 1SCA
Cy =30 pF 1SEA

ta(sQy  Access time of SQ from SC high 25 ns
ta(SE)  Access time of 5Q from SE low 20] ns
Disable time, random output from CAS high

dis(CH) (see Note 8) CL =50 pF tOFF 0 20 0 20 ns
tdis(RH) gtzzbhl‘z:;n\;, random output from RAS high CL=50pF o 20 o 20| ns
tais(G) (E;i::!:\l; tt;n;, random output from TRG high CL =50 pF oz 0 20 0 20| ns
taisWL) (E:s:t::) ttierrg, random output from WE low CL =50 pF tWEZ 0 25 0 25| ns
lgis(SE)  Disable time, serial output from SE high (see Note 8) |  Ci =30pF tSEZ o 18 0 . 2| ns

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

NOTES: 7. Switching times for RAM-port output are measured with a load equivalent to 1 TTL load and 50 pF. Data-out reference level:
VoM / VoL = 2 V/0.8 V. Switching times for SAM-port output are measured with a {oad equivalent to 1 TTL ioad and 30 pF.
Serial-data-out reference level: Vo / VoL =2 V0.8 V.

8. 14is(CH), tdis(RH): Idis(G)- Idis(WL), 8nd tdis(SE) are specified when the output is no longer driven.
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timing requirements over recommended ranges
temperature

of supply voltage and operating free-air

ALT. ’56166-75 '55166-80
syMBOL [ Twin  mAx| MIN _ wmax| "
te(rd) Cycle time, read tRC 140 150 ns
o(W) Cycle time, write WC 140 180 ns
{c(rdw) Cycle time, read-modify-write HMW 188 200 ns
te(p)  Cycle time, page-mode read, write tPC 48 50 ns
te(RDWP) Cycle time, page-mode read-modify-write tPRMW 88 90 ns
te(TRD) Cycle time, transfer read tp;(-: 140 150 ns
te(SC) Cycle time, SC (see Note 9) tsce 24 30 ns
tw(CH) Pulse duration, CAS high CPN 10 10 ns
tw(CL) Puise duration, CAS low (see Note 10) tcAS 20 10000 20 10000 ns
tw{RH) Puise duration, RAS high tap 55 80 ns
tw(RL) Putse duration, RAS low (see Note 11} 1RAS 75 10000 80 10000 ns
tw(WL) Pulse duration, WEX iow twp 13 15 ns
tw(TRG)  Pulse duration, TRG low 20 20 ns
tw(SCH) Pulse duration, SC high iSC 9 10 ns
tw(SCL) Pulse duration, SC low tscp 9 10 ns
tw(GH) Pulse duration, TRG high TP 20 20 ns
tw(RL)P  Pulse duration, RAS low (page mods) tRASE 75 100000 80 100000| ns
tsu(CA) Setup time, column address before CAS low tASC Y] 0 ns
I_SJ(SFC) Setup time, DSF before CAS low trsc 0 0 ns
tsu(RA) Setup time, row address betore RAS low tASR 0 0 ns
tsu(WMR)  Setup time, WEX before RAS low WSR 0 0 s
tsu(DQR) _ Setup time, DQ before RAS low MS 0 0 ns
tsu(TRG)  Setup time, TAG high before RAS low tTHS 0 0 ns
tsu(SFR)  Setup time, DSF low before RAS low tFSR ¢ 0 ns
tsu(DCL)  Setup time, data valid before CAS low psc o 0 ns
tsu(DWL)  Setup time, data valid before WEX low nsw 0 Q ns
tsu(rd) Setup time, read command, WEx high before CAS low 1RCS 9 0 ns
tsu(WCL)  Setup time, early write command, WEX low before CAS low WCS [} 0 ns
tsu(WCH)  Setup time, WEX low before CAS high, write towL 18 20 ns
tsu(WRH)  Setup time, WEx Jow before RAS high, write TAWL 20 20 ns
thCLCA)  Hold time, column address after CAS low 1CAH 13 15 ns
th(FC)  Hold time, DSF after TAS low. 1CFH 15 15 ns

T Timing measurements are referenced to Vi MAX and Vi MIN.
NOTES: 9. Cycle time assumes ty=3 ns.

10. In a read-modify-write cycle, lg(CLWL) and tsy(WCH) must be observed. Depending on the user's transition times, this can require

additional CAS low time fty(cL)l

1. In a read-modify-write cycle, tg(RLWL) and tsy(WRH) must be observed. Depending on the user’s transition times, this can require

additional RAS fow time [tw(RL)]-
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (continued)t

ALT. '55168-75 '55166-80
SYMBOL | MIN MAX| MIN MAX UNIT
h(RA) Hold time, row address after RAS low tRAH 10 10 ns
thRG)  Hold time, TRG after RAS low tTHH 15 15 ns
thiawM)  Hold time, write mask after RAS low tAWH 15 15 ns
h(RDQ) _ Hoid time, DQ after RAS low (write-mask operation) M 15 15 ns
th(SFR)  Hold time, DSF after RAS low tp;;H 10 10 ns
th{RLCA)  Hold time, eolumn address valid after RAS low (see Note 12) tAR 33 35 ns
th(cLD)  Hold time, data valid after CAS low tDH 15 15 ns
th(RLD)  Hold time, data valid after RAS low (see Note 12) tOHR 35 35 ns
th(wlLD) ~ Hold time, data valid atter Win fow DK 15 15 ns
th(CHrd)  Hold time, read, WEX high after CAS high (see Note 13) RCH ] 0 ns
Wn(RHrd) _ Hold time, read, WEx high after RAS high (ses Note 13) po— 0 0 ne
thiCLW) __ Hold time, write, WEX low after CAS low WCH 16 15 ns
In(RLW) _Hold time, write, WEX low after BAG ow (see Note 12) WCR 35 35 e
thWiG)  Hold time, TRG high after WEX low (see Note 14) tOEH 10 10 ns
h(sHsq) Hold time, SQ after SE high tSOM 2 2 ns
th(RSF) _ Hold time, DSF after RAS low FHR 35 35 ns
thiCLQ)  Hold time, Output after CAS low tDHC 0 0 ns
o . C8H 75 80
t4(RLCH)  Delay time, RAS low to CAS high (Soe Note 15) oHR oy P ns
tg(cHAL)  Delay time, CAS high to RAS low oRP 0 0 ns
t4(CLRH)  Delay time, CAS low to RAS high tRSH 20 20 ns
ta(CLwL) Delay time, CAS low to WEX low (see Notes 16 and 17) town 48 50 ns
t4(RLCL) _Delay time, RAS low to CAS low (see Note 18) tRCD 20 50 20 60| nms
td(CARH) Dslay time, column address valid to RAS high tRAL 38 40 ns
t4{CACH) Delay time, column address valid to CAS high tCAL 38 40 ns
ta(RLWL) Delay time, RAS low to WEX low (see Note 16) 'RWD 95 100 ns
tg(cawL) Delay time, column address valid to W:“Ex low (see Note 16) tawD 63 65 ns
ta(cLRLy  Delay time, CAS low to RAS low (see Note 15) tCSR o s
W4(RHCL) Delay time, RAS high 1o CAS low (see Note 15) RPC 0 o ns
tg(cLGH) Delay time, CAS low to TRG high for DRAM read cycies 20 20 ns
tdiGHp)  Delay time, ﬁhigh before data applied at DQ 10ED 15 18 ns -

1 Tirning measurements are referanced to Vi MAX and Vi MIN.
NOTES: 12. The minimum value is measured when ig(RLCL) is set to tyrLcL) MIN as a reference.
13 Either th(RHrd) Of In(CHrd) Must be satisfied for a read cycle.
14. Output-enable-controfied write; the output remains in the high-impedance state for the entire cycle.
15. CBR refresh operation only
16. Read-modify-write operation only
17. TRG must disable the output butfers prior to applying data to the DQ pins.
18. The maximum value is specified only to assure RAS access time.
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature (continued)t
ALT. '§5166-75 '55166-80 UNIT
SYMBOL | mMIN MAX| MIN MAX
tg(ALTH)  Delay time, HAS low to TRG high (see Note 19) ARTH 58 60 ns
ta(RLSH)  Delay time, RAS low to first SC high after TRG high (see Note 20) RSD 75 80 ns
(RLCA)  Delay time, FAS low to column address valid tRAD 15 35| 15 40| ns
4(GLRH)  Delay time, TRG low to AAS high {ROH 20 20 ns
td(CLSH) Delay time, CAS low to first SC high after TRG high (see Note 20) tCSh 23 25 ns
t4(scTR)  Delay time, SC high to THG high (see Notes 19 and 20) 8L 5 5 ns
4(THRH)  Delay time, TRAG high to HAS high (see Note 19) TRD ~10 -10 ns
1(THRL) Delay time, TRG high to RAS low (see Note 21) TRP 55 60 ns
tg(THSC)  Delay time, TRG high to SC high (see Note 18) 78D 18 20 ns
Delay time, RAS high to last (most significant) rising edge of SC before
'G(RHMS) boundary switch during split-register-transfer read cycles 20 2 ns
tacLTH)  Delay time, CAS low to TRG high in real-time-transfer read cycles CTH 15 15 ns
ta(casH)  Delay time, column addressto first SC in early-load-transferread cycles | tagp 28 30 ns
Delay time, column address to TRG high in real-time-transfer read
td(CAGH) cyc,e‘; g tATH 20 20 ns
tdDCL) Delay time, data to EI§ fow tpze 0 0 ns
t9(DGL) Delay time, data to TRG low tpzo 0 0 ns
Delay time, last (most significant) rising edge of SC to RAS low before
WMSRL)  poyndary switch during split-transfer read cycles 20 20 s
Delay time, last (127 or 255) rising edge of SC to QSF switching at the
'4(SCASF)  poundary during spiit-register-transfer read cycles (see Note 22) tsap 28 30| ns
Delay time, CAS low to QSF switching in transfer read cycles
Id(CLASF)  (seg Note 22) tcap a3 381 ns
Delay time, TRG high to QSF switching in transfer read cycies
4(GHASF) (sq Note 22) QD 28 30| ns
Detay time, RAS low to QSF switching in transfer read cycles
H{RLQSF) (see Note 22) [(=Te's) 73 75 ns
tH{MA) Hefresh time interval, memory \REF 8 8! ms
4 Transition time tr 3 50 3 50 ns
T Timing measurements are refarenced to V)L MAX and Vi MIN.
NOTES: 19, Real-time-load transfer read or late-load-transfer read cycle only
20. Early-load-transfer read cycle only
21. Full-register-(read) transfer cycles only
22, Switching times for QSF output are measured with a load equivalant to 1 TTL load and 30 pF, and the output reference level is

VoH/ VoL =2V/0.8V.
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PARAMETER MEASUREMENT INFORMATION
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Figure 26. Read-Cycle Timing With CAS-Controlied Output
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PARAMETER MEASUREMENT INFORMATION
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Figure 27. Read-Cycle Timing With RAS-Controlled Output
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PARAMETER MEASUREMENT INFORMATION
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Figure 28. Early-Write-Cycle Timing

Table 6. Early-Write-Cycle State Table

CYCLE STATE
1 2 3
White operation (nonmasked) H Don't care Valid data
Write operation with nonpersistent write-pes-bit L Write mask Valid data
Write operation with persistent write-per-bit L Don't care Valid data
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Figure 29. Late-Write-Cycie Timing (Output-Enable-Controlled Write)

Table 7. Late-Write-Cycle State Tabile

STATE
CYCLE
1 2 3
Write operation (nonmasked) H Don't care Valid data
Wirite operation with nonpersistent write-per-bit L Writa mask Valid data
Write operation with persistent write-per-bit L Don't care Valid data
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t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode.
Figure 30. Load-Write-Mask-Register-Cycle Timing (Early-Write Load)
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t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode.
Figure 31. Load-Write-Mask-Register-Cycle Timing (Late-Write Load)

TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 5319



SMJ55166

262144 BY 16-BIT
MULTIPORT VIDEO RAM
SGMSOSIC — APRIL 1995 - REVISED JUNE 1897
PARAMETER MEASUREMENT INFORMATION
- e >
| ¢ tw(AL) j} |
s ‘&C_ td(RLCH) g ﬁ \{
—»| R NI e— — } e th)
; :"-"*d(RLCL) e :\::z:w | td(CHRL)
o T e N g |
| tsu(cm—b{ |1
teu(RA) —M (&7 | I je——1 twcH) -+ &—»!
Il le— thaLcay —+— moLCA) W !
P ' -ty CACH) —bi |
|| & tapicay | | | |

t3{CARH)

P aYa A A A e A e

QRIS

O

Ao-h8 o200 020 00000 20ttt 2ot e et ot ottt ot e dote
[ th(Rsp) —,—‘——H
— ‘ﬂ’rtgu(SFR) ‘ | l4—»— tysFe) H
th(s|=m—4l—r—ﬂ—»lI —N[ ﬂ'{—'t—'au(SFC)
o BN 1L N 1 R T
I et 1
u{rd) tsu(WCH)
‘ }1—— th(TRG) ¥ ke teqwrr) —»
! | —H— tgcawr) ——»1 |
| IRETI e a1 N
— - T T R XXX
TRG b RN /! tnowia) ] XEEGEEREKES
HE =|H§l th(RLW) Ly >
1 | |
—»l HwIHsu(Tna) b § }*r————*i——— thcLw) T——_"'{ |
—»i {('ll"uu(WMR) ; N "4—““"‘:"“"')_’? : '
| »—H-ta(pct) !
th(RWM) —] {L ,I‘ ', ] H—T~——>}———td(cl.au) } ! J

HEl)
ae XX T e o] = twwi) B FITTTIINIIIYS
KK e | AR
H— tomLwe ———Nl !

| hl-h(n)'—q-ﬂ 1€~ th(WLD) Pt
_,% i tsu(ooR) IH-—»—HM(DGL) I<—>l——t—'<;|(<;|-m) i

|
j

le—» rDQ) HT% ta(c)i ‘l’g - taupwL)
- 2 D v R e

I !
ta@) ol e H-P‘—!dis(e)

Figure 32. Read-Write-/Read-Modity-Write-Cycle Timing

Table 8. Read-Write-/Read-Modify-Write-Cycle State Table

AXXLXAXX)

STATE
CYCLE 7 s 3
Write operation (nonmasked) H Don't care Valid data
Write operation with nonpersistent write-per-bit L Write mask Valid data
Write operation with persistent write-per-bit L Don't care Valid data
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1 Access time is ta(CP) OF ta(CA) dependent.

1 DQ outputs can go from the high-impedance state to an invalid-data state prior to the specified access time.

NOTE A: A write cycie or a read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CAS to select the desired
write mode (normal, block write, etc.).

Figure 33. Enhanced-Page-Mode Read-Cycle Timing
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t Referenced to the first falling edge of WEx or the fafling edge of CAS, whichever occurs latar

NOTE A: A read cycle or a read-modify-write cycle can_be intermixed with write cycles, observing read -and read-modify-write timing
specifications. To ensure page-mode cycle time, TRG must remain high throughout the entire page-mode operation if the late-write
feature is used. if the early-writa-cycle timing is used, the state of TRG is a don't care after the minimum period th(TRG) from the falling

adge of RAS.
Figure 34. Enhanced-Page-Mode Write-Cycle Timing
Tabile 9. Enhanced-Page-Mode Write-Cycle State Table
STATE
CYCLE
1 2 3 4 5

Wirite operation {(nonmasked) L L H Don't care Valid: data
Write operation with nonpersistent write-per-bit L L L Write mask Valid data
Write operation with persistent write-per-bit L L L Don't care Valid data
Load-write-mask register on either the first falling edge of . .

WEX or the falling edge ot CAS, whichever occurs later 3 H L H Don't care Write mask

¥ Load-write-mask-register cycle puts the device in the persistent write-per-bit mode. Column address at the falling edge of CAS Is a don't care

during this cycle.
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T Output can go from the high-impedance state to an invalid-data state prior to the specified access time.

NOTE A: Aread orawrite cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated.

Figure 35. Enhanced-Page-Mode Read-Modify-Write-Cycie Timing
Table 10. Enhanced-Page-Mode Read-Modify-Write-Cycle State Table

STATE
CYCLE
1 2 3 4 5

Write operation (nonmasked) L L H Don't care Valid data
Write operation with nonpersistent write-per-bit L L L Write mask Valid data
Write operation with persistent write-per-bit L L L Dor't care Valid data
Lond-write-mask register on sither the first falling edge of , .

WEx or the falling edge of CAS, whichever occurs later.t H L H Don't care Write mask

¥ Load-write-mask-register cycle sets the device to the parsistant writs-per-bit mode. Column address at the falling edge of CAS is a don't care

during this cycle.
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1 Access time is ta(CP) Of ta(CA) dependent.

$ Output can go from the high-impedance state to an invalid-data state prior to the specified access time.

NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycies as long as the write and read-modify-write timing
specifications are not violated arid the proper polarity of DSF is sslected on the falling edge of RAS and CAS to select the desired write
mode (normal, block write, etc.).

Figure 36. Enhanced-Page-Mode Read-/Write-Cycle Timing
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Figure 37. Load-Color-Register-Cycle Timing (Early-Write Load)
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Figure 38. Load-Color-Register-Cycle Timing (Late-Write Load)
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Figure 39. Block-Write-Cycle Timing (Early

Write)

Table 11. Block-Write-Cycle State Table

STATE
CYCLE 7 2 3
Block-write operation (nonmasked) H Don't care Column mask
Block-write operation with nonpersistent write-per-bit L Write mask Column mask
Block-write-operation with persistent write-per-bit L Don't care Column rmask
Write-mask data (0 1/O write disabie Exampla:

1: YO write snable
Column-mask data DQi - DQi + 3
(i=0,4,8,12)

0: column write disable
1: column write enable

DQO — column O (address Al = 0, AQ = 0)
DQ1 — column 1 (address At =0, A = 1)
DQ2 — column 2 (address A1 =1, AQ = 0)
DQ3 — column 3 (address A1 = 1, AD = 1}
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Figure 40. Block-Write-Cycle Timing (Late Write)

DQO~DQ15

X

Table 12. Block-Write-Cycle State Table
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STATE

2

3

Block-write operation (nonmasked)

Don’t care

Column mask

Biock-write operation with nonpersistent write-per-bit

Write mask

Column magk

lrlz]-

Block-write operation with persistent write-per-bit

Don’t care

Column mask

Write-mask data  0: /O write disable Examnple:

1: O write enable
Column-mask data DQi - DQi + 3
(i=0,4,8,12)

0: column write disable
1: column write enable

DQO — column O (address A1 =0, A0 =0)
DQ1 —column 1 (address A1 =0,A0=1)
DQ2 — column 2 {address A1 =1, A0 = 0)
DQ3 — column 3 (address At =1, AQ = 1}
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1 Referenced to the first falling edge of WEX or the falling edge of CAS, whichever occurs later
NOTE A: Toassure page-mode cycle time, TRG must remain high throughout the entire page-mode operation if the late-write feature is used.
Itthe early write-cycle timing is used, the state of TRG is a don't care after the minimum period th(TR() from the falling edge of RAS.

Figure 41. Enhanced-Page-Mode Block-Write-Cycle Timing

Table 13. Enhanced-Page-Mode Block-Write-Cycle State Table

STA
CYCLE TE
1 2 3
Block-write operation (nonmasked) H Don't care Column mask
Block-write operation with nonpersistent write-per-bit L Write mask Column mask
Block-write operation with persistent write-per-bit L Don't care Column mask
Write-mask data  0: /O write disable Example:
1: KO write enable DQO ~- column 0 (address A1 =0, A0 = 0)
Column-mask data DQi - DQi +3  0: column write disable DQ1 ~ column 1 (address A1 =0, A0 = 1)
(i=0,4,8 12) 1:column write enable DQ2 ~ column 2 (address A1 =1, AD = 0)

DQ3 — column 3 (address A1 = 1, AG = 1}
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Figure 42. RAS-Only Refresh-Cycle Timing
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Figure 43. CBR-Refresh-Cycle Timing

Table 14. CBR-Cycle State Table

STATE
CYCLE
1 2 3
CBR refresh with option reset Dor't care L H
CBR refresh with no reset Dan't care H H
CBR refresh with stop-point set and no reset Stop address sl L
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Figure 44. Hidden-Refresh-Cycle Timing

Table 15. Hidden-Refresh-Cycle State Table

STATE
CYCLE
1 2 3
CBR refresh with option reset Don't care L H
CBR refresh with no reset Don't care H H
CBR refresh with stop-point set and no option reset Stop address H L
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NOTES: A. DQoutputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register
transfer cycle is used to load the data registers in paralie! from the memory array. The 256 locations in'each data tegister are written
into from the 256 corresponding columns of the selected row.

B. Once data is transferred into the data registers, the SAM is in the serial-read mode (i.e., the SQ is enabled), allowing data to be
shifted out of the registers. Also, the first bit to read from the data register after THG has gone high must be activated by a positive
transition of SC.

C. AD-A7: register tap point; A8: identifies the DRAM row half

D. Early-load operation is defined as th(TRG) Min < th(TRG) < td(RLTH) Min.

Figure 45. Full-Register-Transfer Read Timing, Early-Load Operations
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NOTES: A.. DQoutputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register
transfer cycie is used to load the data registers in paraifel from the memory array. The 256 locations in each data register are written
into from the 256 corresponding columns of the selected row.

B. Once data is transferred into the data registers, the SAM is in the serial-read mode (i.e., the SQ is enabled), aliowing data to be
shifted out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive
transition of SC.

C. A0-A7: register tap point; A8: identifies the DRAM row half

D. Late load operation is defined as ig(THRH) < 0 ns.

Figure 46. Full-Register-Transfer Read Timing, Real-Time Load Operation/Late-L.oad Operation
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NOTE A: A0-AB8: tap point of the given haif; A7: don't care; A8: identifies the DRAM row haif

Figure 47. Split-Register-Transfer Read Timing
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NOTES: A. While reading data through the serial-data register, THG is a don't care, but TRG must be held high when FAS goes low. This
is to avoid the initiation of a register-data-transfer operation.
B. The serial-data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be put
into the read mode by performing a transfer-read cycle.

Figure 48. Serial-Read-Cycle Timing (5E = V)_)
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NOTES: A. While reading data through the serial-data register, THG is a don't care, but TRG must be held high when RAS goes low. This

is to avoid the initiation of a register-data-transfer operation.

B. The serial-data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be
put into the read mode by performing a transfer-read cycle.

Figure 49, Serial-Read Timing (SE-Controlied Read)
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NOTES: A. To achieve proper split-register operation, a full-register-transfer read shouid be performed before the first spiit-register-transfer

cycle. This is necessary to initialize the data register and the starting tap iocation. First serial access can begin after the
full-register-transfer read cycle (CASE ), during the first split-register-transfer cycle (CASE 1l), or even after the first
split-register-transfer cycle (CASE Hi). There is no minimum requirement of SC clock between the full-register-transfer read cycle
and the first split-register cycle.

. Asplit-register transfer into the inactive half is not aliowed untit tg/MSRL) is met. ty "? is the minimum delay time between the
rising edge of the serial clock of the last bit (bit 127 or 255) and the falling edge of RAS of the split-register-transfer cycle into the
inactive half. After the tggusRL) is met, the split-register transfer into the inactive half must also satisfy the minimum tyRHMS)
requirement. tg(RHMS) is the minimum delay time between the rising edge of RAS of the spiit-register-transfer cycle into the inective
half and the rising edge of the serial clock of the last bit (bit 127 or 255).

Figure 50. Split-Register Operating Sequence
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