® Organization:
— DRAM: 262 144 Words x 16 Bits
— SAM: 256 Words x 16 Bits
® Dual-Port Accessibility — Simultaneous and
Asynchronous Access From the DRAM and
SAM Ports
® Data-Transfer Function From the DRAM to
the Serial-Data Register
(4 x 4) x 4 Block-Write Feature for Fast
Area-Flll Operatlions; as Many as Four
Memory-Address Locations Written Per
Cycle From the 16-Bit On-Chip Color
Register
Write-Per-Bit Feature for Selective Write to
Each RAM 1/O; Two Write-Per-Bit Modes to
Simplify System Design
Byte Write Control (CASL, CASU) Provides
Flexibility
Extended Data Output for Faster System
Cycle Time
Enhanced Page-Mode Operation for Faster
Access
CAS-Before-RAS (CBR) and
Hidden-Refresh Modes
Long Refresh Perlod
Every 8 ms (Max)
Up to 45-MHz Uninterrupted Serlal-Data
Streams
256 Selectable Serlal-Register Starting
Locations
SE-Controlled Register-Status QSF

Split-Register-Transter Read for Simplified
Real-Time Register Load

Programmable Split-Reglster Stop Point

3-State Serial Outputs Allow Easy
Multiplexing of Video-Data Streams
All Inputs/Outputs and Clocks TTL
Compatible

Compatible With JEDEC Standards

SMJ55161

262144 BY 16-BIT
SGMS056A — MAY 1895 —~ REVISED JUNE 1985
I
HKC PACKAGE
(TOP VIEW)
vee10o VYV spsc
TRa [ 2 o [ 5E
ves O 2 82 P vss
soo [ o 81 [ sa1s
poo [ s s [J pots
sat [ e 50 [ sq1s
oai 7 58 3 oa14
vec [ & 57 [0 vee
saz [ e 58 [ sQ13
paz [ 10 85 [J pa1a
sas O n 54 [J sa12
pos [ 12 53 [ poi2
vgs O 12 62 ] vgg
sa4 O 14 st O san
oa4 (] 18 so [J pat
sos (] 16 49 [J sato
oos (] 17 48 J pQio
vee O 18 a7 P vee
sae [ 19 48 D sae
pee [ 20 45 a DQe
sar [ =1 44 [ sos
oar [ 22 « [ oas
vss (] 23 [H E vss
Cast [ 24 41 [ osF
Wwe [} 25 40 [J NC/GND
RAS E 26 39 [0 CAsU
as [ 27 38 [] asF
ar zs arD a0
A 20 38 [0 a
as [ 30 35 [ a2
M [ as
vee 22 33 [J vgs
PIN NOMENCLATURE
AQ-A8 Address Inputs
CASL, CASU  Column-Address Strobe/Byte Selects
DQo -DQ15 DRAM Data /O, Write Mask Data
DSF Special-Function Select
NC/GND No Connect/Ground (Impaortant: Not
connected internally to Vgg)
QSF Special-Function Output
RAS Row-Address Strobe
SC Serial Clock
SE Serial Enable
8Q0-SQ15 Serial-Data Qutput
TRG Output Enable, Transter Select
Vee 5-V Supply (TYP)
\is_s Ground
WE DRAM Wirite-Enable Select
® Texas Instruments EPIC™ Process
® Designed to Work With the Texas

® Performance Ranges: Instruments Graphics Family
ACCESS TIME  ACCESS TIME DRAM DRAM SERIAL OPERATING CURRENT  OPERATING CURRENT
ROW ENABLE SERIALDATA CYCLETIME PAGEMODE CYCLETIME SERIAL PORT STANDBY  S8ERIAL PORT ACTIVE
ta(m) ta(sQ) te(w) tep) (SC) icct lcc1A
(MAX) {MAX) (MIN) (MIN) (MIN) {MAX) {MAX)
SMJ55161-70 70 ns 20 ns 130 ns 45ns 22ns 165 mA 210 mA
SMJ55161-80 80 ns 25 ns 150 ns 50 ns 30 ns 160 mA 195 mA
EPIC is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA Information ls current ss of publication date. Copyright © 1995, Texas Instruments incorporated
onduel: conform to |p:cu|mlom por m“h:nzogl o hILUIIJr::"': %
‘werranty, P p ] Incly
s o s perto TEXAS
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GB PACKAGE
(BOTTOM VIEW)
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GB Package Pin Assignments — By Location

PIN PIN PIN PIN PIN PIN PIN PIN PIN
NO. NAME [NO. NAME |NO. NAME |NO. NAME |NO. NAME |NO. NAME |NO. NAME |[NO. NAME |NO. NAME
Ji DOt |J2 sa3 |J3 DQ3 |[J4 Do4 |J5 DOs |Je Daos |J7 sar |J8 CASL |J9 A8
H1 DQ0 |H2 SQ2 |H3 DQz |H4 SQ4 |H5 SQ5 |He SQ6 |H7 DQ7 |H8 WE |Hs A7
Gt SQ0 |G2 SsQ1 |G3 Vpp2 |G4 Vss2 G6 Vpp2 |G7 Vsse [G8 RAS |G As
Fi TRG |F2 Vsst |F? Vopi F7 Vppi |F8 Vpp1 |F8  As
3] sC E2 VpD1 E8 Vgg1 | E9 A4
D1 SE |D2 Vvggy [D3  Vppy D7 Vgsy |D8 A3 |De A2
C1 8Q15 [C2 Vggy |C3 Vppz |[C4 Vsse C6 Vpp2 |C7 vssp |C8 CASU |Ca A1
Bt DQ15 |[B2 DQi4 |[B3 DQ13 |B4 DQ12 |[B5 DQi1t [B6 DQI0O |B7 SQ8 |B8 DSF [B9 AD
Al SQ14 |A2 sSQi3 |A3 SQ12 | A4 sQ1t A5 SQ10 |Ae  SQ9 [A7 D9 |AB  DQ8 [As QSF
GB Package Pin Assignments - By Signal
PIN PIN PIN PIN PIN PiN
NAME NO. NAME NO. NAME NO. NAME NO. NAME NO. NAME NO.
A0 B9 a1 N DQ12 B4 sQ2 H2 sQ13 A2 VoD2 G6
Al co DQ2 H3 DQ13 B3 5Q3 J2 sQ14 Al VpD2 cs
A2 D9 DQ3 J3 DQ14 B2 504 H4 sQis (o} Vssi F2
A3 D8 DQ4 J4 DQ15 B1 sQs HS TRG F1 Vss1 D2
Ad E9 Das J5 DSF B8 sQe He VD1 E2 Vssy c2
AS Fo Dos J6 QsF A9 sQ7 J7 VoD1 F3 Vssi D7
A8 (¢]:] paQz H7 RAS G8 SQ8 B7 Vb1 D3 Vss1 E8
A7 Ho DQ8 A8 sSC Ef sQ9 A6 VDD1 F7 Vss2 G4
A8 J9 DQs A7 SE D1 sQi0 . A5 VoD1 F8 Vss2 c4
CASL Js DQ10 B6 $Qo G1 san A4 vVop2 G3 Vgs2 a7
ASU cs pan BS sai G2 sQi2 A3 VoD2 c3 Vss2 c7
DQO H1 WE H8
“9 TeEXAS
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description

The SMJ55161 multiport video RAM Is a high-speed, dual-port memory device. It consists of a dynamic
random-access memory (DRAM) organized as 262 144 words of 16 bits each interfaced to a serial-data register
(serial-access memory (SAM)) organized as 256 words of 16 bits each. The SMJ55161 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 SMJ55161 can
be accessed simultaneously and asynchronously from the DRAM and SAM ports.

The SMJ55161 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 device's (4 x 4) x 4 block-write feature. 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. Alsc 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 SMJ55161 also offers byte control. Byte control can be applied in read
cycles, write cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The
SMJ55161 also offers extended-data output mode. The extended-data output mode is effective in both the
page-mode and standard DRAM cycles.

The SMJ55161 offers a split-register-transfer read (DRAM-to-SAM) feature for the serial register (SAM port).
This feature enables real-time register load implementation for 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 port is designed for maximum performance. Data can 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 included to indicate which half of the serial register is active.

Allinputs, outputs, and clock signals on the SMJ55161 are compatible with Series 74 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 SMJ55161 employs state-of-the-art Texas Instruments (TI) enhanced performance implanted CMOS
(EPIC™) scaled-CMOS, double-level polysilicon/polycide gate technology combining very high performance
with improved reliability.

The SMJ55161 is offered in a 68-pin ceramic pin-grid-array package (GB suffix) and a 64-pin ceramic flatpack
(HKC suffix).

The SMJ55161 and other Tl multiport video RAMs are supported by a broad line of graphic processors and
control devices from TI. Refer to Tables 1 and 2 for additional function and description information.

8-200

“!f TeEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443



SMJ55161
262144 BY 16-BIT
MULTIPORT VIDEO RAM

SGMS056A — MAY 1995 — REVISED JUNE 1895

functional block diagram
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functional block dlagram (continued)
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Function Table

RAS FALL CASx|  noomess Dao-Datst
FUNCTION CASL | Mbe
CASx* | TRG | WE | DSF | DSF | RAS |CASx% | RAS | CASU
WE
Reserved (do not use) L L L L X X X X X -—
CBR refresh (no reset) and stop-point Stop
sot! L X L H X Point¥ X X X CBRS
CBR refresh (option reset)" L X H L X X X X X CBR
CBR refresh (no reset)* L X H H X X X X X CBRN
. N Row Tap
Fuli-register-transfer read H L H L X Addr Paint X X RT
P Row Tap
Split-register-transfer read H L H H X Addr Point X X SRT
DRAM write Row Col Write Valid
(nonpersistent write-per-bit) H H L L L Addr Addr Mask Data RWM
. Block
DRAM block write Row Write Col
{nonpersistent write-per-bit) H H L L H Addr AQ{ dArB Mask Mask BWM
DRAM write Row Col Valid
(persistent write-per-bit) H H L L L Addr Addr X Data AWM
. Block
DRAM block write Row Col
(persistent write-per-bit} H H L L H Addr Addr X Mask BWM
A2-AB
; Aow Col Valid
DRAM write (nonmasked) H H H L L Addr Addr X Data RwW
Block
DRAM block write (nonmasked) H H H L Ho| Bow [ agar X Col BW
Addr Mask
A2-A8
. . Refresh Write
Load write-mask registerQ H H H H L Addr X X Mask LMR
Rafresh Color
Load color register H H H H H Addr X X Data LCR
Legend:
ColMask = H: Write to address/column enabled

Write Mask = H: Write to /O enabled
= Don't care

X

t DQO-DQ1S are latched on either the first falling edge of TASx or the falling edge of WE, whichever occurs later.
% Logic L is selacted when sither or both TASL and CASU are low.
§ The column address and block address are latched on the first falling edge of CASx.
1CBRS cycle should be performed immediately after the powerup initialization cycle.
¥ AD-A3, AB: don't care; A4—A7: stop-point code
Il CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mods.
*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 resat)

cycle.
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Table 1. Pin Description Versus Operational Mode

PIN DRAM TRANSFER SAM
A0-A8 Row, column address Row address, tap point
g% 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-reglster load enable
CBR (option reset)
RAS Row-address strobe Row-address strobe
& QSF ouput saable
sC Serlal clock
o] Serial-data output
TRG DQ output enable Transfer enable
WE Wirite enable, write-per-bit enable
QSF Serial-reglster status
NC/GND | Either make no external connection or tie to system GND (Vgg)
veet 5-V supply
vgst Ground

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

pin definitions
address (A0-AB8)

Eighteen address bits are required to decode one of 262 144 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 AO—AB8 and latched onto the chip on the first falling edge of C CASx. All addresses must be stable on
or before the falling edge of RAS and the first falling edge of CASx.

During the full-register-transfer read operation, the states of AO—A8 are fatched on the falling edge of RAS to
select one of the 512 rows where the transfer occurs. At the first falling edge of CASXx, the column-address bits
A0-AB 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 atthe falling sdge of CASx. Aninternal
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 halfrow and vice versa. Column address (A8) selects the DRAM
half row. The remaining seven address bits (AO—A6) are used to select one of 127 possible starting locations
within the SAM., Locations 127 and 255 are not valid tap points.

row-address strobe (RAS)

RAS is similar to a chip enable so that all DRAM cycles and transfer cycles are

RAS RAS is a control input that latches the states of the row address, WE, TR G CASL,

the chip to invoke DRAM and transfer-read functions of the SMJ55161.

o initiated by the falling edge of
ASU, and DSF onto

8-204
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column-address strobe (CASL, CASU)

CASL and CASU are control inputs that latch the states of the column address and DSF to control DRAM and
transfer functions of the SMJ55161. CASx also act as output enables for the DRAM output pins DQ0O-DQ15.
In DRAM operation, CASL enables data to be written to or read from the lower byte (DQ0~-DQ7), and CASU
enables data to be written to or from the upper byte (DQ8~DQ15). In transfer operations, address bits AO-—-A8
are latched at the first falling edge of CASx as the start position (tap) for the serial-data output (SQ0-SQ15).

output enable/transfer select (TRG)

TRG selects either DRAM or transfer or operation as RAS falls. For DRAM operation, TRG must be held high as
RAS falls. During DRAM o 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 (WE)

in DRAM operation, WE enables data to be written to the DRAM. WE is also used to select the DRAM
write-per-bit mode. Holding WE low on the falling edge of RAS invokes the write-per-bit operation. The
SMJ55161 supports both the nonpersistent write-per-bit mode and the persistent write-per-bit mode.

special-function select (DSF)

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

CBR refresh with reset (CBR)

CBR refresh with no resst (CBRN)

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

Block write

Loading write-mask register for the persistent write-per-bit mode (LMR)
Loading color register for the block-write mode

Split-register-transfer read

DRAM data 1/0, write mask data (DQ0O-DQ15)

DRAM data is written or read through the common 1/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. During a normal access cycle, the outputs remain in the high-impedance state until TRGis brought
low. Data appears at the outputs until TRG returns high, CASx returns high following RAS returning high, or RAS
returns high following CASx returning high. The write mask is latched into the device via the random DQ pins
by the falling edge of RAS 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.

serlal-data outputs (SQ0-SQ15)

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

serlal clock (SC)

Serial data is accessed out of the data register from the rising edge of SC. The SMJ55161 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.
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serlal enable (SE)

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

IMPORTANT: While 3E Is held high, the serial clock 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
ot serial output from SE low because the serial-clock input buffer and the serial-address counter are not disabled
by SE.

speclal-function output (QSF)

QSF is an output pin that indicates which half ofthe SAM is being accessed. When QSF is low, the serial-address
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When QSF is high, the
pointer is accessing the higher (most significant) 128 bits of the SAM.

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 is enabled by SE. If SE is high, the QSF output
is in the high-impedance state.

no connect/ground (NC/GND)

NC/GND should be tied to system ground or left floating for proper device operation.
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functional operation description

random access operation

DRAM Function Table

CASx

RAS FALL FALL ADDRESS pqo-paist
FUNCTION CASL &%EE
CASx} | TRG | WE | psF | psF | RAS | CASxS | RAS | CASU
WE
Reserved (do not use) L L L L X X X X X —
CBR refresh (no reset) and stop-point Stop
satl L X L H X Point¥ X X X CBRS
CBR rafresh (option reset)| 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 Col Write Valid
(nonpersistent write-per-bit) H H L L L Addr Addr Mask Data AWM
Block
DRAM block write Row Write Col
(nonpersistent write-per-bit) H H L L H Addr Agd_ % Mask Mask BWM
DRAM wtite Row Col Valid
(persistent write-per-bit) H H . L L L Addr Addr X Data RWM
Block
DRAM block write Row Col
(persistent write-per-bit) H H L L H Addr Ag‘i dﬁ':a X Mask BwM
DRAM write (nonmasked) H H H L Lo | Row | o X Yaiid RW
Block
DRAM block write (nonmasked) H H H L H 23; Addr X Mi?s.k BW
A2-AB
Load write-mask reglster O H H H H L |Rgesh | x X e 1 war
Refresh Color
Load color register H H H H H Addr X X Data LCR
Legend:

ColMask = H:Write to address/column enabled

Write Mask = H: Write to /O enabled
= Don't care

X
1 DQD-DQ15 are latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later.
% Logic L ia selected when either or both CASL and CASU are low.
§ The column address and block address are latched on the first falling edge of CASX.
1CBRS cycie should be performed immediately after the power-up initialization cycle.
# A0~ A3, AS: don't care; A4—A7: stop-point code
Il 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.
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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 multiplex. The maximum RAS low time and CAS page cycle time used determines the number of
columns that can be accessed.

Unlike conventional page-mode operations, the enhanced page mode allows the SMJ55161 to operate at a
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CASx
transitions low. A valid column address can be presented immediately after the row-address hold time has been
satisfied, usually well in advance of the falling edge of CASx. In this case, data is obtained after ty(c) max
(access time from CASX low) if taica) max (access time from column address) has been satisfied.

refresh
CAS-before-RAS (CBR) refresh

CBR refreshes are accomplished by bringing either or both CASL and CASU low earlier than RAS. The external
row address is ignored, and the refresh row address is generated internally. Three types of CBR refresh cycles
are available. The CBR refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode.
The CBRN and CBRS refreshes (no reset) 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, ttpua). The output buffers remain in the high-impedance state
during the CBR refresh cycles regardless of the state of TRG.

hidden refresh

A hidden refresh is accomplished by holding both CASL and CASU 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

ARAS-only refresh is accomplished by cycling RAS at every row address. Unless CASx 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.
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extended data output
The SMJ55161 features extended data output during DRAM accesses. While RASand T RG are low, the DRAM
output remains valid. The output remains valid even when TASXx returns high until WE is low, TRG is high, or
both CASx and RAS are high (see Figures 1 and 2). The extended-data-output mode functions in all read cycles
including DRAM read, page-mode read, and read-modify-write cycles (see Figure 3).

3
LN

= N /

}1———’%— tdis(RH)

|
DQo-Da1s < Valld Output 1‘}
e tais(e)

i

]

o \ /

Figure 1. DRAM Read Cycle With RAS-Controlled Output
AAS \ /

CASx \ ﬂ

!ﬂ—ﬂ— tdis(CH)
|
DQo-Dats < Vaild Qutput :’l}
lh— tdis(G) — W
|
|
- \ /

Figure 2. DRAM Read Cycle With CASx-Controlled Output
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extended-data output (continued)

ms o\ /S

CASx

AO-A8

DQO-DQ15

—|
X
(2]

LAXRKAXAXX XX XX AAX XXX

TN/
| |
AN KA

I
]
@( Row )@(c?‘m" fedotolelotolelole! Podeteledeloleletoledololedetodedetolel
: | ﬁ——’-—[—ﬂ— ta(CP)

{ Valld Output X Valid Output }-

— —

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

Byte operation can be applied in DRAM-read cycles, write cycles, block-write cycles, load-write-mask-register
cycles, and load-color-register cycles. In byte operation, the column address (AO—~AB) is latched at the first
falling edge of CASXx. In read cycies, CASL enables the lower byte (DQ0-DQ7) and CASU enables the upper
byte (DQB-DQ15) (see Figure 4).

RAS

CASL

CASU

A0-A8

Dao-DQ7

DQ8-DQ15

|

-
X
[~

N\

AR

'0;0;0;0'0'0'0'0'0'0'0'0;0;0'0'0'0'0'0'

SRRLLLRLLLRLLLRLLLLLLAILLL

{ Lower Byte Output >——-

i
W(©c) —t¢—

] Upper Byte
i Output

= ta(@)
\ /

Figure 4. Example of a Byte-Read Cycle
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byte operation (continued)

In byte-write operation, CASL enables data to be written to the lower byte (DQ0-DQ7), and CASU enables data
to be written to the upper byte (DQ8—DQ15). In an early write cycle, WE is brought low prior to both TASx
signals, and data setup and hold times for DQO-DQ15 are referenced to the first falling edge of CA3x
(see Figure 5).

m o\ /

—
—
—

‘.' ""v""" \/ """"""""""' \/\/ v"" \/
Ao-Ag QLLLLLHLLLLLLRLLLLS,

LKL

tgupcL) —t¢— |
: t————b}— th(CLD)
DG0-DA1S {XXKXXKXXKLK vatid input XXX KXLLILLLLLLRLLRLKL

Figure 5. Example of an Early-Write Cycle
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byte operation (continued)

For late-write or read-modify-write cycles, WE is brought low after either or both CASL and CASU fall. The data
is strobed in with data setup and hold times for DQO-DQ15 referenced to WE {see Figure 6).

——
o AN /S
- NN

tsuOWL) —fe—»f |
! ———>— thwL)

I
’ ’v’v‘v’v’v.v’v.v’v V.

T RTTRRETTIIT

DG0-DA1E (X KXLLLRILKILLLLLLLLLLL LA, Valld input oottt e

Figure 6. Example of a Late-Write Cycle
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write-per-bit

The write-per-bit feature allows masking any combination of the 16 DQs on any write cycle. The write-per-bit
operation Is invoked when WE is held low on the falling edge of RAS. If WE is held high on the falling edge of
RAS, the write operation is performed without any masking. The SMJ55161 offers two write-per-bit modes:
nonpersistent write-per-bit and persistent write-per-bit.

nonpersistent write-per-bit

When WE is low on the talling edge of RAS, the write mask is reloaded. A 16-bit binary code (the write-per-bit
mask) is input to the device via the DQ pins and latched on the falling edge of RAS. The write-per-bit mask
selects which of the 16 1/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 ASx or the falling
edge of WE, whichever occurs later. CASL enables the lower byte (DQ0-DQ7) to be written through the mask
and TASU enables the upper byte (DQ8-DQ15) to be written through the mask. it a data low (write mask = 0)
is strobed into a particular 1/O pin on the falling edge of RAS, data is not written to that I/0. If a data high
(write mask = 1) is strobed into a particular 1/O pin on the falling edge of RAS, data is written to that 1/0
(see Figure 7).

RAS | /
L
Il
1
CASL : E \ /
| |
T
CASU ‘| : \ /
'
|
!
| VAVAVAVAVAVAVAVAVAVAVAY.
- | (XXX
WE l ! ALK
| I
tsu(pQr) —¢—H | || ——» thOWLD)
e—>— throg) | ‘

: }‘—-b*— l-u(DWLI_)
LKRIXHILKARIXKLKS

GEBX e X

DQo-Da1S CRILLLLLILILLS

Figure 7. Example of a Nonpersistent Write-Per-Bit (Late-Write) Operation
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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 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 using DRAM write-cycle timing with DSF held high on the falling edge of RAS and
held low on the first falling edge of CASx. A binary code is input to the write-mask register via the random 1/O
pins and latched on sither the first falling edge of CASx or the falling edge of WE, whichever occurs later. 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 falling
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 8).

! Load-Write-Mask Register | Perslatent Write-Per-Bit
RAS |

CBR Refresh (option reset) |

Refresh
| Address |

X COUXOUR XY 0000089000
AAAAA 2020} BRAKOBEREN

1 Write-Mask i Valid

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

Figure 8. Example ot a Persistent Write-Per-Bit Operation
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block write

The block-write feature allows up to 64 bits of data to be written simuitaneously 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 1-megabit quadrants can have up to four consecutive columns written at a time with up to 4 DQs per column
(see Figure 9).

DQ1s

DQ14

4th Quadrant

3rd Quadrant

One Row of 0-511

DQ7

2nd Quadrant

1st Quadrant

4 Consecutive Columns of 0-511

Figure 9. Block-Write Operation

Each 1-megabit quadrant has a 4-bit column mask to mask off 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 4 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 1215
of the corresponding registers control the other quadrants in a similar fashion (see Figure 14).
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block write (continued)

DQ1s
DQ14
pQ13
r—=—n
2 P
A | | I
--A I -
3| I
i
One Row of 0-511 -i
- A
DQv "k"L—j | ’
| |
Das s [ P
9~-A‘ [ Jl"
10 -
bl )
r——n
8
LH— {
L]
1
\ | q
8l
Tl
-
]
]
[
£
3
8 N e 8
E 9 1
1
£
= 4 5 6 7 8 9 10 11 12 13 14 15

V
Color Register

Figure 10. Block Write With Masks

‘@‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 8-217




SMJ55161
262144 BY 16-BIT
MULTIPORT VIDEO RAM

SGMS056A — MAY 1985 — REVISED JUNE 1995

block write (continued)

A set of four columns makes a block, resulting in 128 blocks along one row. Block 0 comprises columns 0 -3,
block 1 comprises columns 4 -7, block 2 comprises columns 811, etc., as shown in Figure 11.

Block 0 Block1 ........... ... . Block 127
A A
4 —V Y
One Row of 0—511
[+] 1 2 3 4 5 8 2 511

\ /
—V
Columns

Figure 11. Block Columns Organlzation

During block-write cycles, only the seven most significant column addresses (A2—-A8) are latched on the first
falling edge of CASx to decode one of the 128 blocks. Address bits AO—A1 are ignored. Each 1-megabit
quadrant has the same block selected.

A block-write cycle is entered in a manner similar to a DRAM write cycle except DSF is hsld high on the first
talling edge of CASx. As in a DRAM write operation, CASL and CASU enable the corresponding lower and upper
DRAM DQ bytes to be written. The column-mask data is input via the DQs and is latched on either the first falling
edge of CASx or the falling edge of WE, 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:
block-write column address = 110000000 (AO-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 0111 1010
1st 2nd 3rd 4th
Quad Quad Quad Quad

Column-address bits A0 and A1 are ignored. Block 0 (columns 0-3) is selected for sach 1-megabit 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 0.

The second quadrant (DQ4-DQ7) has all four columns masked off due to 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.
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block write (continued)

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 Os, the fourth quadrant would contain the data pattern shown in Figure 12 after
the block-write operation shown in the previous example.

paisj1|o0]1

DQuaj1jof1]o0

4th Quadrant

DQ13

[-]
o
[~}

DQ12

T

Figure 12. Exampie of Fourth Quadrant After a Block-Wrlte Operation

Columns

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, CASL, and CASU. The color register is loaded from pins DQO~DQ15, which are
latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. If only one CASx
is low, 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 Figures 13 and 14).

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

000 VL
DSF (XXX Wl KRS

DA0-DA15 RKIXERED CRERRRRXIAX)
Legend:
1. Refresh address
Row address —
Block address (A2-A8) is latched on the first falling edge of CASx.
Color-register data
Write-mask data: DQO—-DQ15 are latched on the falling edge of RAS.
Column-mask data: DQI-DQi+3 (I = 0, 4, 8, 12) are latched on either the first falling edge of CASx or the falling edge of WE, whichever
occurs later.

e aswn

X = don't care

Figure 13. Example of Block Writes
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load color reglster (continued)

Load-Write-Mask-Register Cycle | Load-Color-Reglster Cycle | Persistent Biock-Write Cycle |
| | (use loaded write mask) |

Legend:
. Refresh address

Row address

Block address (A2- A8} is latched on the first falling edge of CASx.

Color-register data

Write-mask data: DQO —DQ15 are latched on the faliing edge of CASx.

Column-mask data: DQi—DQI+3 (i = 0, 4, 8, 12) are latched on either the first falling edge of CASx or the falling edge of WE, whichever
occurs later.

Bmawp -

D = don't care

Figure 14. 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 TRG being brought low
and WE being held 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 2. SAM Function Table
RAS FALL g:f: ADDRESS DQo-DQ15
FUNCTION MNE
o —1 N CABX CODE
CASxt | TR WE DSF | DSF RAS [ CASx | RAS We
Full-ragister-transfer read H L H L x | Row | Tae |y X RT
uli-register-transter real Addr Point
. Row Tap
Split-register-transfer read H L H H X Addr Point X X SRT

t Logic L is selected when either CASL or CASU are low.
X = don'tcare
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full-register-transfer read

Aftull-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM, TRG
is brought low and latched at the falling edge of RAS. Nine row-address bits (AO—AB) are also latched at the
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits
(AO—AB) are latched at the first falling edge of CASx, where address bit A8 selects which half of the row is

transferred. Address bits AO—A7 select one of the SAM's 256 available tap points from which the serial data
is read out (see Figure 15).

A8=0 A8 =1
0 255 258 511

512 x 512
Memory Array

258-Bit
Data Register
0 255

Figure 15. Full-Register-Transfer Read

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline foad), or late
load. Each of these offers the flexibility of controlling the TRG trailing edgs in the full-register-transfer read cycle
(see Figure 16).

Earty Load Real-Time Load Late Load

R TR YX ORI EOINOESs
A BBOERNABIRKEY o RSN

R R O, R T Ty 040 0001
N NEEASEOAY

Old Tap Old Oid Tap | Old Old Tap

| Data Bit I Data Data Bit | Data Data BIt |

Flgure 16. Example of Full-Register-Transfer Read Operations
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split-reglister-transfer read

In the split-register-transfer-read operation, the serial-data register Is split into halves. The low half contains bits
0-127, and the high haif 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 A8 =1
0 255 258 511
| 1
I | 512 x 612
| | Memory Array
| ]
256-Blt
Data Reglster
0 255

Figure 17. Split-Register-Transfer Read

To invoke a split-register-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 (AO—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 (AO—A6 and A8) are latched
at the first falling edge of CASx. Column-address bit A8 selects which half of the row is to be transferred.
Column-address bits AO—A6 selects one of the 127 tap points in 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.

RAS Full XFER Split XFER Split XFER Split XFER
AB=0 AB=1 A8=1 A8=0
0 511 0 A7 = 0t 511 0 A7 =1t 511 0 A7=o0t 51
AlB Als|c AlB|c|D NEEE
A 7 7 £
DRAM A { I
Y
L i
(] 255 0 255 0 255 0 255
SAM Al cls] [cfp] [E]D]
sQ sQ saQ sQ

t A7 shown Is internally controlied.

Flgure 18. Example of a Split-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 requirement.
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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 also changes state when a boundary between two register halves is reached.

Full-Register-Transfer Read Split-Reglister-
With Tap Point N Transafer Read

T\ / NI e
|

| |
OSF : } / \
o
sc | ] Tap
le— tdcLasm — PointN
4(GHQSF)
QsF X

Figure 19. Example of a Split-Register-Transfer Read After a Full-Reglster-Transfer Read

Split-Register-
Transfer Read Split-Reglister-
With Tap Point N Transfer Read

B

AS:

J
__

n_/

3
Pl
[~

/L

t4(RHMS) ——>! r—'l— ‘dMSRL)
|

DSF _/_\

sC

127 Ta
or 255 Point N
l
h—-:— t4(SCQSF)
asF X

Figure 20. Example of Successive Split-Reglster-Transfer Read Operations
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sorlal-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 sequentiaily to the most significant
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 21,

PO [ [ )
|

Figure 21. Serlal-Pointer Direction for Serial Read

For split-register-transfer read operation, serial data can be read out from the active half 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 haif, 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 22).

[
| o Jewo|[Tap| ooeee [ 128]127] [ 128[cee| Tap| eooee [ 254 255§
Figure 22. Serial Pointer for Split-Register Read —- Case |

I there Is no split-register-transfer read to the inactive half during this period, the serial pointer points next to
bit 128 or bit 0, respectively (see Figure 23).

!
Co ol e 7]

Figure 23. Serlal Pointer for Split-Register Read — Case |l

I128|-.-' Tnpl csses ,254]255]

split-register programmable stop point

The SMJ55161 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 half of the SAM. While in stop-point mode,
the SAM is divided into partitions whose length is 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 24).

(]

127 128

-

255

Tn

A

Partition
Length

Stop
Polnts

Flgure 24. Example of the SAM With Partitions
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split-register programmable stop polint (continued)

Stop-point mode is not active until the CBRS cycle is initiated. The CBRS operation is performed by holding
CASx and WE low and DSF high on the falling edge of BAS. The falling edge of RAS also latches row addresses
A4-A7 which are used to define the SAM'’s 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 3).

Table 3. Programming Code for Stop-Point Mode

MAXIMUM ADDRESS AT AAS IN CBRS CYCLE NUMBER OF
PARTITION ANTITIONS STOP-POINT LOCATIONS
LENGTH A8 A7 A8 A5 A4 | AO-A3
15, 31, 47, 83, 79, 85, 111, 127, 143, 158, 175,
16 X L L L L X 16 194, 207, 223, 239, 255
32 X L L H X 8 31, 63, 95, 127, 159, 181, 223, 255
64 X L L H H X 4 83, 127, 181, 255
128
(dofaut) X L H H H X 2 127, 256

in stop-point mode, the tap point ioaded during the split-register-transfer read cycle determines the SAM
partition in which the serial output begins and 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 25).

Full Split Split Split
RAS Read XFER Read XFER Read XFER Read XFER

Tap = Hi Tap = L1 Tap = H2 Tap = L2
H1i 191 L1 63 H2 255 L2
sC /\/-\_ooo_f\/\M_--.N\/-\_......M
SAM Low Half SAM High Haif

L1 83 127 128 H1 191 H2 255

[ L2
[ .

a

A AY
A A Y

& Py
l S

Figure 25. 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, and only in the stop-point
mode, the column-address bits AY7 and AY8 are internally swapped to assure compatibility (see Figure 26).
This address-bit swap applies to the column address, and it is 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 SMJ55161 remains in normal mode.

NONSTOP-POINT MODE STOP-POINT MODE
AY8=0 AY8 =1 AY8B = 0 AYS = 1
AY7=0 AY7 =1 AY7 =20 AY7 =1 AY7 =0 AY7 =1 AY7 =0 AY7 =1
| | | T T L
| | | 512 x 512 | | [ 512 x 812
| ! | Memory Array | ] | Memory Array
] | ] ] [ ]
4 A 4
256-Bit l T I 258-Bit
Data Register Data Reglster
0 255 0 255

Figure 26. 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.

powsr up

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

After initialization, the internal state of the SMJ55161 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 Qutput mode
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absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t

Supply voltage range, Vo (see Note 1) ... i -1Vto7V
Voltage range On @ny Pil . ..o.uie ittt e e e e -1Vto7V
Short-circuit OUtPUL CUITENt . ... o e e e et e e 50 mA
Power dissipation ... ... .. e e e e 11 W
Operating free-air temperature range, Ta ... ovviii i i eeans —55°C to 125°C
Storage temperature range, Tgtg - ... vvveerii —65°C to 150°C

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

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

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.5 5 5.5 v
Vgs  Supply voltage 0 v
VIH High-level input voltage 24 8.5 \)
ViL Low-level Input voltage (see Note 2) -1 0.8 v
TA Operating free-air temperature ~55 125 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, ls used for logic-voltage levels only.

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

ARA| ER TEST CONDITIONS ¥ SAM So16170 S8181:89 UNIT
PARAMET m PORT | MIN MAX| MIN MAX
VOH High-level output voltage loH=-1mA 24 24 v
VoL Low-level output voltage loL=2mA 0.4 0.4 \
Voo =565V,
] Input current {leakage) Vi=0V1to58V, +10 =10 A
All other pins at 0 Vto Voo
lo Output current (leakage) (see Note 3) Vee =55V, Vo=0VtoVee =10 =10 nA
lcct  Operating current § See Note 4 Standby 165 160 | mA
Icc1A  Operating current§ fe(sc) = MIN Active 210 195| mA
lcc2 Standby current All clocks = Vo Standby 12 12] mA
lcc2a  Standby current te(sC) = MIN Active 70 65| mA
lcca RAS-only refresh current See Note 4 Standby 165 160 mA
lccaa  RAS-only refresh current fc(sC) = MIN,  See Note 4 Active 215 185 mA
lcc4  Page-mode current to(p) = MIN,  See Note 5 Standby 100 95| ma
IccaA  Page-mode current$ to(sc) = MIN,  See Note 5 Active 145 130 mA
lees CBR current See Note 4 Standby 165 160 mA
lccsa  CBRcurrent te(sc) =MIN, See Note 4 Active 210 185 mA
lccs Data-transfer current See Note 4 Standby 180 170 mA
lccea  Data-transfer current te(sc) = MIN Active 225 200 mA
% For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements.
§ Measured with outputs open
NOTES: 3. SE is disabled for SQ output leakage tests.
4. Measured with one address change while E/E_ VILi te(rd)s to(w). tc(TRD) = MIN
5. Measured with one address change while CASx = V|4
‘b TEXAS
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capacitance over recommended ranges of supply voltage and operating free-alr temperature,
f = 1 MHz (see Note 6)

PARAMETER MIN  TYP MAX| UNIT
Cia) Input capacitance, address inputs 5 10 pF
Ci(RC) Input capacitance, address-strobe inputs 8 10 pF
Ciow) Input capacitance, write-enable input 7 10 pF
Ci(sc) Input capacitance, serial clock [} 10 pF
Ci(SE) Input capacitance, serlal enable 7 10 pF
CiipsF}  Input capacitance, special function 7 10 pF
CiTRG)  Input capacitance, transfer-register input 7 10 pF
Co(0) Output capacitance, SQ and DQ 12 15 pF
Co(QSF) Output capacitance, QSF 10 12 pF

NOTE 6: Vg =5V 2 0.5V, and the bias on pins under testis O V.

switching characteristics over recommended ranges of supply voltage and operating free-alr
temperature (see Note 7)

PARAMETER TEST ALT. 5516170 | '6516180 |y
CONDITIONSt | SYMBOL | MIN MAX | MIN MaX
ta(C) Access time from CASx ta(RLCL) = MAX tCAC 20 20 ns
ta(CA) Access time from column address td(RLCL) = MAX tAA 35 40 ng
ta(cp)  Access time from CASx high td(RLCL) = MAX tCPA 40 45 ns
ta(r) Access time from RAS tyRLCL) = MAX {RAC 70 80 ns
ta(G) Access time of DQ from TRG low tOEA 20 20 ns
ta(sq)  Access time of SQ from SC high CL=30pF tsca 20 25 ns
ta(sg)  Access time of SQ from SE low CL=30pF tSEA 15 20| ns
Disable time, random output from CASx high
WiSCH) (a0 Noto &) P o CL =50 pF tOFF o 20 o 20| ns
Disabie time, random output from RAS high
Uis(RH) (00 Note 8) P ¢ CL=50pF 0 20 ° 0] ns
Disable time, random output from TRG high
tdis(G) (see Note 8) P ¢ C| =50 pF tOEZ 0 20 0 20 ns
Disable time, random output from WE low
isWL) (00 Note &) P CL =50 pF WEZ 0o 20 o 20| ns
Disable time, serial output from SE high
tdis(SE) (e Nots 8) P g C =30pF tsez Q 15 0 20 ns

t For conditlons 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:
VOH/ VoL = 2V/0.8 V. Switching times for SAM-port output are measured with a load equivalentto 1 TTL load and 30 pF. Serial-data
out reference level: Vo / VoL = 2 V/0.8 V.
8. 14is(CH), tdis(RH). dis(G). 'dis(WL). 8nd tdig(SE) are specified when the output is no longer driven.
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timing requirements over recommended ranges of supply voltage and operating free-alr

temperaturet
ALT. '55161-70 '66161-80 ONIT
SYMBOL| MIN MAX| MIN  MAX

te(rd) Cycle time, read tRC 130 150 ng
to(W) Cycle time, write twe 130 150 ns
te(raw) Cycle time, read-mod!fy-write tRMW 175 200 ns
te(P) Cycle time, page-mode read, write tpC 45 50 ng
tc(RDWP)  Cycle ime, page-mode read-modify-write tPRMW 85 80 ns
tc(TRD) Cycle time, transfer read =T} 130 150 ns
te(SC) Cycle time, serial clock (see Note 9) 1sCC 22 30 ns
tw(CH) Pulse duration, CASx high tCPN 10 10 ns
tw(CL) Pulse duration, CASx low {see Note 10) tcas 20 10000 20 10000| ns
tw(RH) Pulse duration, RAS high tap 50 60 ns
tw(RL) Pulse duration, AIAS low (see Note 11) tRAS 70 10000 80 10000 ns
tw(WL) Pulse duration, WE low twp 10 15 ns
tw(TRG)  Pulse duration, TRG low 20 20 ns
w({SCH) Pulse duration, SC high tsc 8 10 ns
tw(SCL) Putse duration, SC low tscP 8 10 ns
tw(GH) Pulse duration, TRG high trp 20 20 ns
tw(RL)P Pulse duration, RAS low {(page mode) 1RASP 70 100000 80 100000 ns
tsu(CA) Setup time, column address before CASx low tasC 0 0 ns
1su(SFC)  Setup time, DSF before CASX low tFSC 0 0 ns
tsu(RA) Setup time, row address before RAS low tASR 0 0 ns
tsu(WMR) Setup time, WE before RAS low tWSR 0 0 ns
tsu(DQR)  Setup time, DQ before RAS low tms 0 0 ns
tsu(TRG)  Setup time, TRG high before RAS low tTHS 0 0 ns
tsu(SFR)  Setup time, DSF low before RAS low tFSR 0 0 ns
tsu(DCL)  Setup time, data valid before CASx low ipsc 0 0 ns
tsu(DwL)  Setup time, data valid before WE low tpsw 0 0 ns
tsu(rd) Setup time, read command, WE high before CASx low trcs 0 0 ns
tsuwcl)  Setup time, early-write command, WE low before CASx low twes 0 0 ns
tauWCH)  Setup time, WE low before CASx high, write 1oWL 15 20 ns
tsu(WRH)  Setup time, WE low before FAS high, write tRWL 20 20 ns
th(cLca}  Hold time, column address after CASx low {CAH 10 15 ns
th(SFC) Hold time, DSF after CASx low tcFH 15 15 ns
th(RA) Hold time, row address after RAS low {RAH 10 10 ns

1 Timing measurements are referenced to V)| max and V| min.

NOTES: 9. Cycle time assumes t; = 3 ns.

10. Inaread-modify-write cycle, tq(CLWL) @nd tsu(WCH) must be observed. Depending on the user's transition times, this can require

1,

additional CASx low time [tw(cL))-

in a read-modify-write cycle, ig(RLwL) and tsy (WRH) must be observed. Depending on the user’s transition times, this can require

additional RAS low time [ty (RL)}.
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timing requirements ov?r recommended ranges of supply voltage and operating free-air
temperature (continued)

ALT. '55161-70 es16180 |
SYMBOL | MIN MAX| MIN MAX
th(TRG)  Hold time, TRQ after RAS low tYHH 15 15 ns
th(Rwm)  Hold time, write mask after RAS low tRWH 15 15 ns
th(RDQ)  Hold time, DQ after RAS low (write-mask operation) tMH 15 16 ns
thisFR)  Hold time, DSF after RAS low tRFH 10 10 ns
th(RLCA) Hold time, column address valid after RAS low (see Note 12) AR 30 35 ns
th(cLD)  Hold time, data valid atter CASx low tpH 15 15 ns
th{RLD) Hold time, data valid after RAS low (see Note 12) tDHR 35 35 ns
thwtD) Hold time, data valid after WE low toH 15 15 ns
th(CHrd)  Hold time, read, WE high after CASx high (see Note 13) tRCH 0 0 ns
th(RHrd)  Hold time, read, WE high after RAS high (ses Note 13) tRRH 0 o] ns
th(CLw)  Hold time, write, WE low after CASx low WCH 15 15 ns
th(RLW)  Hold time, write, WE low after RAS low (see Note 12) tWCR 35 35 ns
th(WLG)  Hold time, TRG high after WE low (see Note 14) tOEH 10 10 ns
th(sSHSQ) Hold time, SQ valid after SC high 1SOH 2 2 ns
th(RSF)  Hold time, DSF atter RAS low tFHR 35 35 ns
thcLg)  Hold time, output valid after CASx low tDHC 0 0 ns
W(RLCH) Delay time, RAS low to TASx high Ses Notlo 15 :(C::: :g ?2 ns
td(CHRL Delay time, CASx high to RAS low tcRP 0 0 ns
t4(CLRH) Delay time, CASx low to RAS high tRSH 20 20 ns
tacLwL) Delay ime, TASx low to WE low (see Notes 16 and 17) tcwn 45 50 ns
t4(RLCL)  Delay time, RAS low to CASx low (see Note 18) tRCD 20 50 20 60| ns
ta(CARH) Delay time, column address valid to RAS high 1RAL 35 40 ns
t4(CACH) Delay time, column address valid to CASx high tcAL 35 40 ns
ty(ALWL)  Delay time, RAS low to WE low (see Note 16) tRWD 95 105 ns
tg(CcAwL) Delay time, column address valid to WE low (see Note 16) tAwD 60 65 ns
t4(cLRL) Delay time, CASx low to RAS low (see Note 15) 1CSR 0 0 ns
t4(RHCL) Delay time, RAS high 1o CASx low (see Note 15) tRPC 0 ns
td(CLGH) Delay time, CASx low to TRG high for DRAM read cycles 20 20 ns
td(GHD)  Delay time, TRG high before data applied at DQ 10ED 15 15 ns

1 Timing measurements are referenced to V||_ max and Vi min.
NOTES: 12. The minimum value is measured when tdgp“_(;L) is set to t4(RLCL) Min as a reference.
13. Either th(RHrd) of td(CHrd) Must be satisfied for a read cycle.
14, Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle.
15. CBR refresh operation only
18. Read-modify-write operation only
17. TRG must disable the output buffers 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-alr
temperature (continued)t

ALT. '55161-70 '65161-80 UNIT
SYMBOL | MIN MAX| MIN MAX

t4(RLTH)  Delay time, RAS low to TRG high (see Note 19) tRTH 55 80 ns

td(RLSH) Delay time, RAS low to first SC high after TRG high (see Note 20) tRsD 70 80 ns

td(RLCA) Delay time, RAS low to column address valid tRAD 15 35 15 40 ns

td(GLRH)  Delay time, TRG low to RAS high tROH 20 20 ns

14(CLSH) Delay time, CASx low to first SC high after TRG high (see Note 20) tcsD 20 25 ns

t4(sCTR)  Delay time, SC high to TRG high {see Notes 19 and 20) trsL 5 5 ns

td(THRH)  Delay tims, TRG high to RAS high (see 19) tYRD -10 -10 ns

td(THRL) Delay time, TRG high to RAS low (see Note 21) tTRP 50 80 ns

tdTHSCy  Delay time, TRG high to SC high (see Note 19) rsD 15 20 ns
Delay time, RAS high to last (most significant) rising edge of SC before

l4(RHMS) boundary switch during split-register-transfer read cycles 20 20 na

td(CLTH) Delay time, CASx low to TRG high in real-time-transfer read cycles CTH 15 15 ns

td(CASH) Delay time, column address to first SC in early-load-transfer read cycles tASD 25 30 ns
Delay time, column address to TRG high in real-time-transfer read

4(CAGH) cycle‘; ¢ 1ATH 20 20 ns

td(DCL) Delay time, data to CASx low tpzc 0 0 ns

td(DGL) Delay time, data to TRG low tpzo 0 0 ns
Delay time, last {(most significant) rising edge of SC to RAS low before

'4(MSRL) boundary switch during split-register-transfer read cycles 20 20 ne
Delay time, last (127 or 255) rising edge of SC to QSF switching at the

'd(SCQSF) boundary during split-register-transtfer read cycles (see Note 22) tsap 25 30 ns
Delay time, CASx low to QSF switching In transfer-read cycles

t4(CLOSF) (06 Note 22) tcaD < 38| ns
Delay time, TRG high to QSF switching in transfer-read cycles

'4(GHASF) (506 Note 22) Tap 2 30f ns
Delay time, RAS low to QSF switching in transfer-read cycles

ld(RLQSF) (see Note 22) ‘RQD 70 & ns

tef(MA) Refresh time intarval, memory ‘REF 8 8 ms

% Transition time tr 3 50 3 50 ns

1 Timing measurements are referenced to V|| max and V)4 min.
NOTES: 18. 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 equivalent to 1 TTL load and 30 pF, and output reference level s
VoK /VoL=2V/08V.
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PARAMETER MEASUREMENT INFORMATION
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Figure 27. Read-Cycle Timing With CASx-Controlled Output
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PARAMETER MEASUREMENT INFORMATION
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Figure 28. Read-Cycle Timing With RAS-Controlled Output
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Flgure 29. Early-Write-Cycle Timing

Q

Table 4. Early-Write-Cycle State Table

IR
Voot

XX

TR
’00

RXXIXIIRR
IR

XX

STATE
CYCLE
1 2 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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PARAMETER MEASUREMENT INFORMATION
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Figure 30. Late-Write-Cycle Timing (Output-Enable-Controlled Write)

Table 5. Late-Write-Cycle State Table
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SLRLLLEELK

STATE
CYCLE
1 2 3
Write operation {(nonmasked) H Don't care Valid data
Wirite operation with nonparsistent 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 Load-write-mask-register cycle puts the device into the persistent write-per-bit mode.

Figure 31. 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 32. Load-Write-Mask-Reglster-Cycle Timing (Late-Write Load)
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Figure 33. Read-Write-/Read-Modify-Write-Cycle Timing
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Table 6. Read-Write-/Read-Modify-Write-Cycle State Table

8-238 PO!
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CYCLE STATE
1 2 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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Access time is ta(CP) O ta(CA) dependent.
Output can go from the high-impedance state to an invalid-data state prior to the specified access time.
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 CASx to select the desired
write mode (normal, block write, etc.).

NOTES:

om»

Figure 34. Enhanced-Page-Mode Read-Cycle Timing
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NOTES: A. Referenced to the first falling edge of CASx or the falling edge of WE, whichever occurs later
B. A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing
specifications. To assure page-mode cycle time, TRG must remain high throughout the entire page-mode operation If the late write
feature is used. lf the early write-cycle timing is used, the state of TRG is adon'tcare after the minimum period th(TRG) from the falling
edge of RAS.

tsu(DQR)

Figure 35. Enhanced-Page-Mode Write-Cycle Timing
Table 7. Enhanced-Page-Mode Write-Cycle State Table

STATE
CYCLE
1 2 K} 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 Don't care Valid data
Load-write mask on either the first talling edge of CASx or the . .
talling edge of WE, whichever occurs later. 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 CASx is a don't care

during this cycle.
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NOTES: A. Output can go from the high-impedance state 1o an invalid-data state prior 10 the specified access time.
B. Aread or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are
not violated.

Figure 36. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing
Table 8. Enhanced-Page-Mode Read-Modify-Wrlte-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 Don't care Valid data
Load write-mask register on_either the first falling edge of \ ;

CASx or the falling edge of WE, whichever occurs later.t H L H Dont care Wite mask

T Load-write-mask-register cycle puts the device in the persistent write-per-bit mode. Column address at the falling edge of CASx is a don't care
during this cycle.
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NOTES: A. OQutput can go from the high-impedance state to an Invalid-data state prior to the specified access time.
B. 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 and the proper polarity of DSF Is selected on the falling edge of RAS and CASx to select the desired
write mode (normal, block write, etc.).

Figure 37. Enhanced-Page-Mode Read-/Write-Cycle Timing
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Figure 38. Load-Color-Register-Cycle Timing (Early-Write Load)
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Figure 39. Load-Color-Register-Cycle Timing (Late-Write Load)
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Figure 40. Block-Write-Cycle Timing (Early Write)
Table 9. Block-Write-Cycle State Table

R IR,
e e

STATE
CYCLE
1 2 3
Block-write operation (nonmasked) H Don't care Column mask
Block-write operation with nonpersistent write-per-bit L Wilte mask Column mask
Block-write operation with paersistent write-per-bit L Don't care Column mask
Write-mask data  0: 1/O write disable Example:

1: /O write enable DQ0 — column O (address A1 = 0, AD = 0)

Column-mask data DQi - DQi + 3  0: column-write disable DQ1 — column 1 (address Al = 0, AD = 1)

(i=0,4,8 12) {:column-write enable DQ2 — column 2 (address A1 = 1, AD = 0)

DQ3 — column 3 (address Al = 1, A0 = 1)
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Figure 41. Block-Write-Cycle Timing (Late Write)

Table 10. Block-Write-Cycle State Table

STATE
CYCLE
1 2 3
Block-write operation (nonmasked) H Don't care Column mask
Block-write operation with nonpersistant 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: I/O write disable Example:

1: 1/O write enable
Column-mask data DQi-DQi +3  0: column-write disable
(i=0,4,812) 1:column-write enable

DQO — column O (address Al = 0, A0 = 0)
DQ1 — column 1 (address A1 =0, A0 = 1}
DQ2 — column 2 (address A1 =1, AD = 0)
DQ3 — column 3 (address A1 = 1, A0 = 1)
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NOTES: A. Referenced 1o the first falling edge of CASx or the falling edge of WE, whlchever occurs Iater

B. Toassure page-mode cycle time, TRG must remain high throughout the entire page-made operation If the late-write feature Is used.
Ifthe early-write cycle timing is used, the state of TRG is a don't care after the minimum period ty (TRG) from the falling edge of RAS.

’00'0; O
ERRLLLRILR

Figure 42. Enhanced-Page-Mode Block-Write-Cycle Timing
Table 11. Enhanced-Page-Mode Block-Write-Cycle State Table

STATE
CYCLE
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: I/O write disable Example:
1: /O 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, AD = 1)
(i=0,4,8,12) 1:column-write enable DQ2 — column 2 (address A1 = 1, A0 = 0)

DQ3 — column 3 (address A1 =1, AG = 1)
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Figure 43. RAS-Only Refresh-Cycle Timing
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Figure 44. CBR-Refresh-Cycle Timing
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Table 12. CBR-Cycle State Table

STATE
1 2
CBR refresh with option reset Don't care

CYCLE

CBR refresh with no reset Don't care

I|x|r
[l = ol = B )

CBR refresh with stop-point set and no reset Stop address
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Figure 45. Hidden-Refresh-Cycle Timing

Table 13. Hidden-Refresh-Cycle State Table

STATE
CYCLE

1 2 3
CBR refresh with option reset Don't care L H
CBR refrash 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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L

PARAMETER MEASUREMENT INFORMATION
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__N RN, ewson N\ /7
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Old Data X Old Data f New Data
: |1 ]H—— t4(GHaSF) —
X Tap Point Bit A7
' —— tyicLasp ———
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NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register transter cycle. The memory-to-data-register
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written
into from the 256 corresponding columns of the selected row.

. Once datais transferred into the data registers, the SAM is in the serial-read mode (1.e., the SQ is enabied), allowing data to be shifted

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

Figure 46. Full-Register Transfer-Read Timing, Early-Load Operations
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PARAMETER MEASUREMENT INFORMATION
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NOTES: A. DQ outputs 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 parallel from the memory array. The 256 locations in each data register are written

C.
D.

into from the 256 corresponding columns of the selected row.
Once datais transferred into the data registers, the SAMis inthe

sarial-read mode (i.e., the SQ s enabled), allowing datato be shifted

out of the registars. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive transition

of SC.
AD-A7: register tap point; A8: identifies the DRAM row half
Late load operation is defined as t4(THRH) < 0 ns.

Figure 47. Full-Register Transfer Read-TIming, Real-Time Load Operation/Late-Load Operation
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NOTE A: AO-A6: tap point of the given half; A7: don't care; AB: identifies the DRAM row half
Flgure 48, Split-Register-Transter-Read Timing
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NOTES: A. Whilethe data s being read through the serial-data register, TRG is a don't care; however TRG must be held high when RAS goes
low. This is to avold 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. Serlal-Read-Cycle Timing (SE = V).)
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NOTES: A. Whiiethe data s being read through the serial-data register, TRG is a don't care; however TRG must be held high when RAS goes
low. This is to avold 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.

Fligure 50. Serlal-Read Timing (SE-Controlied Read)
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ADDR XXX XX X OO ——
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I | |
sC /\/\/\/\/\‘ (,_|_/L/\./\.g‘,/\—
Tapi Bt | Tap1 Bit Tap2 Bit
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CASE Il | | {
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i Tapt Bit| Tap1 | Bt Tap2 Bit
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CASE Il } } :
sc ' AV VAVANRIVA WAV VW
1 {--p}"G Bit| Tapt Bit  Tap2 Bit
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asF N\ ! N T\ T
T ] 12
| Split Reglster to the |  Split Reglstertothe | Split Registsr to the
Full-Reglster-Transfer Read | High Half of the | Low Half of the | High Half of the
| Data Register i Data Reglster [ Data Register

NOTES: A. To achieve proper split-register operation, a full-register-transfer read must be performed before the firet split-register-transfer
cycle. This is necessary to initialize the data register and the starting tap location. First serial access can begin either after the
full-register-transfer read cycle (CASE I), during the first split-register-transfer cycle (CASE ), or even after the first
split-register-transfer cycle (CASE i11). There is no minimum requirement of SC clock between the full-register transfer-read cycle
and the first split-register cycle.

B. Asplit-register transfer into the inactive half is not aliowed until tg(MSRL) Is met. tym RL) 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 tg(MSRL) requirement is met, the split-register transfer into the inactive half must also satisfy the minimum
L4(RHMS) requirement. tg(RHMS) Is the minimum delay time between the rising edge of RAS of the split-register-transfer cycle into
the inactive half and the rising edge of the serial clock of the last bit (bit 127 or 255).

Figure 51. Split-Register Operating Sequence
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device symbolization
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