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® 262,144 x 4 Organization N PACKAGE .
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® Single 5-V Supply (10% Tolerance) é’
Performance Ranges: Vss é
ACCESS ACCESS ACCESS READ DQ3

TIME TIME  TIME oR RAS TAS
ta{R) t(C)  taicA) WRITE
ttaac)  ltcag)  (tcaa) CYCLE
(MAX)  (MAX)  (MAX)  (MWN)
TMS44C25_-10 100ns 25ns 45ns 190 ns
TMS44C26_-12 120ns  30ns 65ns 220 ns
TMS44C25_-15 150ns 40ns  70ns 260 ns

® TMS44C266 — Enhanced Page Mode
Operation with CAS-Before-RAS Refresh

H Dynamic

. DJ PACKAGE?
® TMS44C257 — Static Column Decode TOP VIEW)
Mode Operation with CAS-Before-RAS
Refrash pai1fjoe 26[]vss
D 2 26
® Long Refresh Period . Q—ZE jnas
12-Cycle Refresh In 8 ms (Ma> s 2Hoas
512-Cycle Refresh in 8 ms (Max) RAS[]a  23[]CTAS
@ 3-State Unlatched Output TF[Js 221G
¢ Lower Power Dissipation
® Texas Instruments EPIC™ CMOS Process q
AO[le 18]]As
® All Inputs and Clocks Are TTL Compatible Atfo 17 % A7
@ High-Reliability Plastic 20-Pin 300-Mil-Wide . A2[11 18[]A8
DIP or 20/26-Lead Surface Mount (SQJ) . A3[h2 1s5{JAs
Package Veeia 14{]A4
@ Operation of TI’'s Megabit CMOS DRAMs 1
y . The packages shown heve are for pinout reference only.
Can Be Controlled by Ti's SN74ALS6301 The DJ package Is actually 75% of the | i
and SN74ALS6302 Dynamic RAM petiage, oo o accualy 76% o the length of the N
Controllers
@ Operating Free-Air Temperature . . Y
0°C to 70°C PIN NOMENCLATURE
P AO-A8 Address Inputs
description TAS Column-Address Strobe
The TMS44C256 and TMS44C257 series are DQ1-Dad Data In/Data Out
high-speed, 1,048,576-bit Dynamic Random- G Data-Output Enable
Access Memories organized as 262,144 words RAS Row-Address Strobe
of four bits each. They employ state-of-the-art TF Test Function
EPIC™ (Enhanced Process Implanted CMOS) w Write Enable
technology for high performance, reliability, and Vee 5-V Supply
low power at a low cost. Vss Ground
operation

enhanced page mode (TMS44C256)

Page-mode operation allows faster memory access by keeping the same row address while selecting random

column addresses. The time for row-address setup and hold and address multiplex is thus eliminated. The

maximum number of columns that may be accessed is determined by the maximum RAS low time and
EPIC is a trademark of Texas Instruments Incorporated,
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the CAS page-mode cycle time used. With minimum CAS page cycle time, all 512 columns speclfied by
column addresses AQ through A8 can be accessed without intervening RAS cycles.

Unlike conventiona! page-mode DRAMSs, the column-address buffers in this device are activated on the
falling edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling
edge of TAS latches the column addresses. This feature allows the TMS44C266 to operate at a higher
data bandwidth than conventional page-mode parts, since data retrieval begins as soon as column address
is valid rather than when CAS transitions low. This performance improvement is referred to as ‘‘enhanced
page mode.” Valid column address may be presented immediately after th(RA) (row address hold time)
has been satisfied, usually well in advance of the falling edge of CAS. In this case, data is obtained after
ta(C) max (access time from CAS low), if ta(CA) max (access time from column address) has been satisfied.
In the event that column addresses for the next page cycle are valid at the time CAS goes high; access time
for the next cycle is determined by the later occurrence of ta(C} or ta(CP) {access time from rising edge
of CAS).

static column decode mode (TMS44C2567)

The static column decode made of operation allows high-speed read, write, or read-modify-wfite by reducing
the number of required signal setup, hold, and transition timings. This is s achieved by first addressing the
row and column in the normal manner, but after the first access maintain CAS low. Subsequently changing
the column address produces valid data at the ta(CA). The first bit is accessed in the normal manner with
read data coming out at ta(C) time. Similarly, write or read-modify-write cycle times can be achieved with
appropriate toggling of W. The addresses are latched during the write operation, but at the completion
of the internal write operation the addresses are unlatched.

address (AO through A8)

Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine
column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address
strobe {CAS). All addresses must be stable on or before the falling edges of RAS and'CAS. RAS is similar
to a chip enable in that it activates the sense amplifiers as well as the row decoder. The TMS44C256
CAS is used as a chip select activating the output buffer, as well as latching the address bits into the
column-address buffers. The TMS44C257 column addresses are latched only on write cycles with the
later of the CAS or W falling edge.

write enable (W)

The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When
W goes low prior to CAS (early write), data out will remain in the high-impedance state for the entire cycle
permitting a write operation with G grounded, The TMS44C257 latches the column addresses on write
cycles with the later of CAS or W falling edge.

data in (DQ1-DQ4)

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling
edge of CAS or W strobes data into the on-chip data fatch. In an early write cycle, W is brought low prior
to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal, In a delayed
write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup
and hold times referenced to this signal. In a delayed or read-modify-write cycle, G must be high to bring
the output buffers to high impedance prior to impressing data on the I/O lines.

4-120
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data out (DQ1-DQ4) TEXAS INSTR (ASIC/MEMORY) @25E D

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fanout
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance
(floating) state until CAS and G are brought low. In a read cycle the output becomes valid after the access
time interval ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(CA) are satisfied.
The output becomes valid after the access time has elapsed and remains valid while CAS and G are low.
CASorG going high returns it to a high-impedance state. This is accomplished by bringing G high prior
to applying data, thus satisfying td(GHD)-

output enable (G)

G controls the impedance of the output buffers, When G is high, the buffers will remain in the high-impedance
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low-
impedance state, It is necessary for both RAS and CAS to be brought low for the output buffers to go
into the low-impedance state. Once in the low-impedance state, they wiil remain in the low-impedance
state until either G or CAS is brought high.

refresh

A refresh operation must be performed at least once every eight milliseconds to retain data. This can be
achieved by strobing each of the 512 raws (A0-A8). A normal read or write cycle will refresh all bits in
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level,
thus conserving power as the output buffer remains in the high-impedance state. Externally generated
addresses must be used for a RAS-only refresh. Hidden refresh may be performed while maintaining valid
data at the output pin. This is accomplished by holding CAS at V(L after a read operation and cycling RAS
after a specified precharge period, similar to a RAS-only refresh cycle,

" CAS-before-RAS refresh .
CAS-before-RAS refresh Is utilized by bringing CAS low earlier than RAS [see parameter t4(CLRL)R] and

H Dynamic RAMs

holding it low after RAS falls [see parameter td(RLCH)R]. For successive CAS-before-RAS refresh cycles, |

CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated
internally. The external address is also ignored during the hidden refresh option.

power up

To achieve proper device operation, an initial pausé of 200 us followed by a minimum of eight initialization
cycles is required after power up to the full Ve level.

test function pin

During normal device operation, the TF pin must be either disconnected or biased at a voitage less than
or equal to Vcg. : ’

Texas {i’
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TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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functional block diagram

AO
Al

A2
A3
A4
AS
A6
A7
AB

b | TIMING AND CONTROL |

1

I Dynamic RAMs

vv';'_i*vru

|

1)

ROW
ADDRESS
BUFFERS
19)
256K | ROW | 256K
ARRAY | DECODE | ARRAY N/
SENSE AMPLIFIERS 1
i o] DATA 4
- IN A
—*1 REG.
COLUMN i 1o
ADDRESS BUFFERS
BUFFERS :> COLUMN DECODE < sors {
9 - =
SELECTION oara|
o =1 out | o *
- 1 REG. 4
SENSE AMPLIFIERS o +
256K | row | 256K
ARRAY | DECODE |ARRAY ]
pat - ba4

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

Voltage range on any pin (see Note 1)...... P T ~1Vto7V
Voltage range on VGC .« v v v v vt nvinvn v e e et e ..O0Vto?7V
Short circuit output current. ... ..o oo v i iin . et eeteceieiaesa e ressrss.. BOMA
Power dissipation. ............ e e e et et e e et 1w
Operating free-air temperature raNge . o« c v v vv v vt e ee e it eennnneenns e 0°C to 70°C
Storage temperaturerange. ... .......... Ceetiri st s.. —B656°C to 150°C

tStresses beyond those listed under ‘‘Absolute Maximum Ratings'’ may cause permanent damage to the device. This is a stress rating
only and functional aperation of the device at these or any other conditions beyond those indi d in the "R wded Operating
Conditions'’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affact

device reliability.

NOTE 1: All voltage values in this data shest are with respect to Vgg.

{IP
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recommended operating conditions

TEXAS INSTR (ASIC/MEMORY)

T-46-23-17

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 \
Vss Supply voltage (4] Vv
VIH High-level input voltage 2.4 6.6 v
ViL Low-level input voltage {see Note 2) -1 0.8 v
TA Operating free-air temperature [] ] 70 oc

NOTE 2: The algebraic convention, where the more negative {less positive) limit is designated as minimum, is used in this data sheet for

logic volitage levels only.

electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted)

TEST TMS44C25_-10 | TMS44C26_-12 TMS44CZE_V-15
PARAMETER CONDITIONS MIN  MAX MIN  MAX MIN  MAX UNIT
VoH High-level output voltage loH = -6 mA 24 2.4 2.4 \
VoL Low-level output voitage loL= 4.2 mA 0.4 0.4 0.4 \
Vi=0Vto58YV,
vee =5V,
I 1
I} Input current {leakage} ANl other pins £10 +10 +10 rA
= 0VtoVee
Vo = 0V toVce.
lo Output current ({leakage) Vee =66V, +10 . *10 +10 #A
TAS high
Read/write te(rdw) = minimum,
I
cc1 cycle current Ve =565V 70 6o 55 r_nA
After 1 memory cycle,
Icc2 Standby current RAS and TAS high, 3 3 3| mA
VIH = 24 V
to{rdw} = minimum,
Vee = 65V,
6 55
lcca Average refresh current HAS cycling, 5 50 mA
) CAS high
te(p) = minimum,
A = 8.5V,
lcca Average page current C_Q:A l:\: v 45 35 30 mA
CAS cycling
to(rdW} = minimum,
Average static column Ve = 6.5V,
'cce decode current RAS low, 48 38 30 mA .
TAS cycling !
i
24 TEXAS ‘b
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capacitance over recommended supply voltage range and operating free-air temberature range,
f = 1 MHz (see Note 3)

PARAMETER MIN - MAX | UNIT
CitA) Input capacitance, address Inputs ] 6 pF
Cimc) Input capacitance, strobe inputs 7 pF
Citw)  Input capacitance, write-enable input 7 pF
Co QOutput capacitance 7 pF

NOTE 3: Vg equal to 5,0 V = 0.5 V and the bias on pins under test is 0.0 V.

switching characteristics over recommended supply voltage range and operating free-air temperature
range (see Figure 1)

ALT. TMS44C26_-10 | TMS44C25_-12 | TMS44C25_-15

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNIT X
ta(C) Access time from CAS low tCAC 26 30 40 ns
ta({CA) Access time from column address tCAA 45 55 70 ns
ta(R) Access time from RAS low tRAC 100 i 120 160 ns
1a(G) Access time from G low tGAC 25 30| 40| ns
Access time from column precharge

'alCP)  (1MS44C266 only) tcap 50 60 78 ms
Access time from W high,

tajwHQ)  Static column decode mode TWRA 30| - 35 40 ns

(see Note 4) (TMS44C257 only)
Access time from W low,
tafwLQ) Static column decode mode tALW - 95 115 120 ns
(see Note 4) (TMS44C257 only)
Output disable time after CAS

tdis{CH) high {sea Note 5] tOFF ] 25 (] 30 0 35 ns
Output disable time after G )
tdisiG) high {see Note b) 'GOFF 0 28 0 30 0 35 ne
NOTES: 4. Read-madify-write operation only. \

B. tdis(CH) and tdis(G) are specified when the output is no longer driven.

l Dynamic RAMs

EXAS *9 _ 4-126
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timing requirements over recommended supply voltage range and operating free-air temperature range

E ALT. TMS44C266-10 | TMS44C266-12 | TMS44C256-16 UNIT
g SYMBOL MIN MAX MIN MAX MIN MAX
3 terd) Read cycle time (see Note 7) tRC 190 220 260 ns
e o (W) Write cycle time twe 190 220 260 ns
Read-write/read-modify-write i
; to(rdW) . eycle time tRWC 220 255 305 ns
g Page-mode read or write ]
5 8
(] tolP) cycle time (see Note 8) 'PC 55 & 0 ne
Page-mode read-madify-write -
“ te(PM) eycle time tPCM 86 100 126 ns
twiCH) Pulse duration, CAS high tcp 10 16 25 ns
twiCL) Pulse duration, CAS low (see Note 9) tCAS 25 10,000 30 10,000 40 10,000 ns
twiRH) Pulse duration RAS high (precharge) tRP 80 920 100 ns
Non-page-made pulse duration,
twi{RL) BAS low (see Note 10) tRAS 100 10,000 120 10,000 160 10,000 ns
Page-mode pulse duration, |
tw(RLIP AT low (see Note 10) tRASP 100 100,000 ‘ 120 100,000 150 100,000 ns
twiwl) Wirite pulse duration twp 16 ) 20 25 1 ns
Column-address setup time
tsulCA)  petore TAS low tASC 0 0 0 ne
Row-address setup time
tsu(RA) before RAS low tASR 0 0 ° ne
Data setup time before )
0 0
fsu(D) W low (see Note 11) 'DS ° ns
Read setup time before )
tsu(rd) CAS low tacs 0 0 o ] ns
W-low setup time before : )
tsuiWCL CAS low (see Note 12) twes 0 0 0 ns
W-low setup time before
tsuWCH)  ag high tCWL 25 30 40 ns
W-low setup time before i
tsulWRH) RS high ) tRWL 25 30 40 ns
Column-address hold time
thiCA) after CAS low (see Note 11) {CAH 2 2 ) % ) ne
Row-address hold time )
thiRA} after TAS low tRAH 15 18 20 as

Continued next page.
NOTES: 6. Timing measurements are referenced to V) max and V{4 min.
7. All cycle times assume t¢ = 6 ns.
8. tg(P) > twi(CH) Min + ty(CL) Min + 2ty
9. In a read-modify-write cycle, td(CLWL) 8nd tsy(WCH) Mmust be observed. Depending on the user's transition times, this may
require additional CAS low time [ty (CL))-
10. In a read-modify-write cycle, tdiRLWL). @nd tsu(WRH) must be observed. Depending on the user’s transition times, this may
require additional RAS low time [tw(RL)l- :
11. Later of CAS or W in write operations.
12. Early write operation only.

{i}
EXAS
INSTRUMENTS
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timing requirements over recommended supply voita

25k

T-46-23-17
TMS44C256

D

ge range and operating free-air temperature range

{continued)
ALT, TMS44C266-10 TMSMCZSBJZ TM$44C266-15 UNIT
SYMBOL MIN MAX MIN  MAX MIN MAX -
Column-address hold time
*h(RLCA) after RAS low (ses Note 13) *AR ,70 80 100 ) ne
Data hold time after
thiD) TAS low (see Note 11) fOH 20 2 80 . ns
Data hold time after
thiRLD) RAS low (see Note 13) 'DHR 70 85 110 ns
Read hold time after
‘h(qud, TAS high (see Note 15) *RCH 0 0 0 ne
Read hold time after i
"R pgs high (see Note 15} 'RAH 10 10 10 ns
Wirite hold time after
*hiCLW) CAS low (see Note 12) WCH 20 . 26 30 ns
Write hold time after ] . ;
hiRLW) RAS low (see Note 13] WCR 70 8s 100 ns
Delay time, RAS low to ’
td(RLCH} TAS high tCSH 100 120 150 ns
' Delay time, CAS high to«
WCHRL)  mrw 10w ¢ tCRP 0 o o ns
Delay time, CAS low to .
WICLRHI  gzs high tRSH 25 30 40 ns
Delay time, CAS low to
tdicLwL) W low {see Note 4] fCWD 80 60 70 s
) Delay time, RAS low to
tdi{RLCL) TAS low (see Note 14) tRCD 25 75 25 80 30 110 ns
Delay time, RAS low to )
td{RLCA) column address (see Note 14) tRAD 20 86 20 66 2 80 ns
) Delay time, column address
YICARH) . RAS high tRAL 45 55 70 ns
Delay time, column address ] )
ICACH) 4 72T high tcAL 48 65 70 ns
Delay time, RAS low to
td{RLWL) W low Isee Note 4) tRWD 100 120 150 ns
Delay time, c¢olumn address )
ICAWL ) F tow (see Note 4} tAWD 48 58 70 ns
Delay time, G high before
HdIGHD)  4.1a a1 DO tGop 25 30 40 ns
Delay time, G low -
'IGLRH) o 7AS high tGsR 20 25 35 ns
Contlnued next page.
NOTES: 4, Read-modify-write operation only.
11. Later of CAS or W in write operations.
12, Early write operation only,
13. The minimum value is medsured when td{RLCL) is set to tgirL.CLy Min as ‘a reference.
14, Maximum value specified only to guarantee access time.
16. Either th(RHrd) O th(CHrd) Must be satisfied for a read cycle. f
i
EXAS u 4127
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timing requirements over recommended supply voitage range and operating free-air temperature range

T-46-23-17

{concluded)
ALT. TMS44C2566-10 | TMS44C266-12 | TMS44C266-16 uNIT
. SYMBOL MIN MAX MIN MAX MIN MAX
Delay time, RAS low to
'(RLCHIR AT high (see Note 18) {CHR 26 % %0 ne
Delay time, CAS low to
'd(CLALIR  FRS jow (see Note 16) 'CSR 10 10 15 ne
Delay time, RAS high to
o]
AHCLIR 72T tow (see Note 16) ‘RPC 0 ° " )
tf Refresh time interval tREF 8 8 8 ms
te Transition time tT 3 50 3 50 3 50 ns
NOTE 16: TAS-befora-RAS refresh only.
*IP
EXAS
INSTRUMENTS
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262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY
TEXAS INSTR (ASIC/MEMORY) 25E D
timing requirements over recommended supply voltage range and operating free-air temperature range
ALT, TMS44C257-10 | TMS44C267-12 | TMS44C267-16 UNIT
) SYMBOL MIN  MAX MIN  MAX MIN  MAX
telrd) Read cycle time (see Note 7) tRC 180 220 260 ns
te{W) Write cycle time twe 190 220 260 ns
Read-write/read-modify-write -
to(rdW) cycle time tRwC 220 265 305 ns
Static column decode niode
telrdiSC read-only cycle time tSCR 50 80 80 ns
Static column decode mode
telwisc write-only cycle time tcsw 50 60 80 ns
Statlc column decode mode
te(rdWisc . . . tSCRDW 100 120 150 ns
read-modify-write cycle time
twicH)  Pulse duration, TAS high tcp 10 15 25 ns
tw(cl)  Pulse duration, TAS low (see Note 9) tCAS 20 10,000 25 10,000 36 10,000 | ns
tw(RH)  Pulse duration, FAS high (precharge} tRP 80 90 100 ns
Non-static column décode mode
1 X 10, 1 ,
twiRL) pulse duration, AT low (see Note 10)|  FAS 00 10000 120 ) 0.000 80 10,000 na
Static column decode mode -
2 12 ,000 100,
twiRLIP pulse durstion, FAS low (see Note 10| 'PASP 100 100,000 0 100,000 180 100,000 ns
twiwl)  Write pulse duraticn tWP 16 20 26 ns
Static column decode mode
twicA) column address pulse duration tADP 45 86 70 ns
Static column decode mode
5
wiwH high pulse duration Wi 10 1 28 ne
4 Column-address setup times ¢ 0 0 0 ns
SUlCA)  yotore TAS low or W low (see Note 11)  ASC
Row address setup time
UIRA)  otore HAS low tASR 0 0 0 ns
Data setup time hefore
'uld) W jow (see Nota 11) ‘DS 0 ) 0, 0 ns
Read setup time before
tsuld)  7AT jow tRCS o 0 Y ns
W-low setup time befare
'SUWCL] 25 low (see Note 12) V‘WCS Y o o ns
W-low setup time before
SuWCH) 7z high 1CWL 25 30 40 ns
W-high sstup time before
'sUWHCH) 25 high (see Note 12) WHCH 0 0 0 ne

Continued next page.
NOTES: 6. Timing measurements are referenced to V| max and Vi min.
7. All cycle times assume ty = 5 ns.
9. In a read-modify-write cycle, t4icLWL) and tay(WCH) must be observad. Depending on the user's transition times, this may
tequire additional TAS low time [tw(cL)l
10. In a read-modify-write cyale, td4(RLWL) and tau(WRH) Must be observed. Depending on the user’s transition times, this may
require additional RAS low time [tw(RL)).

11. Later of CAS or W in write oparations.

12, Early write operation only.
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timing requirements over recommended supply voitage range and operating free-air temperature range

S {continued) 7

3 ’ ALT. | TMS44C267-10 | TMS44C267-12 | TMSA4C267-15 |

3 _ : SYMBOL | MIN MAX | MIN MAX | MIN __ MAX

5. — %ti gs:mp time before tRWL 25 a0 40 ns

g tsu(RLrd) :x:%nal:isetup time tWRP o [s] (4] ns

@ tsu(CAR) E::::r%ﬂzzshsetup time tCAR 50 60 76 ns
thirA) :‘:t:";-’;:f:v:m'd time tRAH 16 18 20 ns
LCA) s S los (00 Note 171 R | 100 120 150 ns
thiD) Z.D%t; :::Ld(::;eNa:::r1 1) 'DH 20 25 30 ns
th{RLD] g;-‘; ::id(:::eufz‘:: 2 tOHR 70 85 110 ns
th(CHrd) g%gg rll\.old time after tRCH o o o ns
. igh {see Note 15}
WA RS igh ses Nt 16 o I e
thicLw) \g/;\_i;el:::ld time after twCH 20 25 30 ns
WAL RE low (e Note 17 won | 0 o 100 s
thiRHCA) :;:"%gd:;::’ hold time tAl 10 16 16 ns
thiCAQ) g:;f::shf,::;:e after tOH ] 5 5 ns
td(RLCH) g%yh:::e' RAS fow to s 100 120 160 ns
t4(CHAL) ;—;‘;ﬁ? o TAS high to tCRP o 0 0 ns
td{CLRH) %;yh:::e' CAS low to t|-'V(s;-| 2 30 a0 ns
ta{CLWL) DWs 'litvﬁ::; ﬁﬁi |4°)w h tCWD 25 30 40 ns

Continued next page.

NOTES: 4. Read-modify-write operation only.
11. Later of CAS or W in write operations.
16. Either th{RHrd) ©F th(CHrd) Must be satisfied for a read cycle.
17. The minimum value is measured when tg(RLCA) is 96t to tq(rLCA) Min as a reference,
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T-46-23-17

M 4961725 0077009 1 M

TMS446257

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

e TEXAS INSTR (ASIC/MEMORY) 25E D

timing requirements over recommended supply voltage range and operating free-air temperature range

{concluded) g
ALT, TMS44C267-10 | TMS§44C267-12 | TMS44C257-15 uNIT é
SYMBOL MIN MAX MIN  MAX MIN MAX .
Delay time, AAS low to 0o
td(RLCL) TAS low (see Note 14] tRCD 25 75 25 ' 90 30 110 ns E
Delay time, RAS low to g
'd(RLCA) column address {see Note 14} ‘RAD 20 55 20 65 26 80 ns 5.
Delay time, column address
'ICARH) 1 RAS high tRAL 45 55 70 ns _
Delay time, column address
AIGACH) 1o TAS high oA * ® ° i _
Delay tirﬁa, RAS low to .
‘dIRLWL) W low (see Note 4) ‘RWD 100 . 120 180 ns
Delay time, column address ) I
{HCAWL) 1)  ow {sae Note 4) fAwD 48 % o 0 ne
Delay time, G high before
'GHD)  yie ot ba tGDD 25 i 30 40 ns
Delay time, G low
td{GLRH) to FAS high tGSR 20 25 356 ns
Delay time, W high to output )
tdiwaQ) transition from high impedance tow 0 o - 0 ns
to active
Delay time, RAS low to
'd(RLCHIR CAS high (see Note 16} 'CHR 26 i 25 80 ne
Delay time, CAS low to
MICLRLIR 72 jow (see Note 16) ‘cSR 10 10 | " ns
Delay time RAS high to
'ARHCLIR 27 |ow {see Note 18) 'RPC 0 0 0 ns
trf Refresh time interval tREF ] 8 8 8 ms
tt Transition time iT 3 50 3 ___ 60 _3 50 ns
NOTES: 4, Read-modify-write operation only. .
14, Maximum value specified only to guarantes access time.
16, CAS-before-RAS refresh only.
PARAMETER MEASUREMENT INFORMATION
1.31v Vee =5V
RL = 2180 Ry = 8280
OUTPUT . QUTPUT
UNDER UNDER
TEST TEST
Tc._=1oom= CL = 100 pF Rz = 296 0
(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT
FIGURE 1. LOAD CIRCUITS FOR TIMING PARAMETERS
TExAs b’
l - 4-131
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TMS44G256

B 29L1725 0077010 &

T-46-23-17

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

read cycle timing

TEXAS INSTR (ASIC/MEMORY) 25E D

9
<
2 e tetrd) —~
§, - twiAL) ! VIH
.o RAS N 1/ N v
([
; tgonl fe— = td{CLRH} —— "“_'W(RH)_“
la——td(RLCL) ——wi , ]
4 td(RLCH) = tdiCHARL—{
) P_—‘W(CL) - - VIH
: CAS | ‘|'\
X | ViL
td(RLCA) twiCH) =7 !
t5u({CA)
thiRA) —ed  fm— td(CACH)
—=i b= tsutRA) td(CARH) —
[ T th{RLCA) —f ViH
XXY Y -
A0-AB ROW COLUMN WDON'T CAREW
. AA AR viL
I 1 4 R
Pt | oot tnica) =T~ th{RHd)
F su{rd) 1 | thiCHrd) ) Vi
D s 2 e 45 A0S | M B S 304 00 O AANA TYXXRXR
. RE
RV % AN
| F——"ta(C) " tdis(CHI———1
Lo taicA)————" | Vou
Da?- HI-Z L Nove 7° vaLID }-———
pa4 - 18X Vo
talR) -l i
p——taiG)—=] i
| {‘__"'"dis(G)
[ td{GLRH)—"1 ' Vi
i J i
( \_
ViL

NOTE_18: Output may go from high impedance to an invalid data state prior to the specified access time.

.
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M 49b1725 0077011 T WA

tead cycle timing

T-46-23-17

TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

TEXAS INSTR (ASIC/MEMORY) 25E D _

to(rd) ﬁ‘i
tw(RL) i Vit
RS \ N
- ViL.
e t (L L) ——] ™t (CLRH)——] [ty () —d
P td(RLCH) td{CHRL) =
| r—-'w(cu—' . ViH
1 CAS tﬂ?Lc '\-;- - ' . (cm——Lv"_
| tsu{RA) * 'suiCA) t(CACH) m———tnf | 4] batotpirir
th(RA) - tIGARH] th{RHCA}
I i th{RLCA) Vin
AQ-AB w m : COLUMN
ViL
- == b=t R
£ toutra == = thiCHrd)
; ViH
w X OO0 X OO
W X°§°E'Z°:“ R R SATR RN
——ta(C) —— i viL
pt————taicA) = -——'dls(cm—'—'=
NOTE™ VoH
pai. - /_NOTE A
Q4 HI-Z — VALID |>—_
¢ it f VoL
a(R) | .
ft—— ta(G) = = jetyisg)
3 \:—td(emm——w / Viy

Vi

NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time.

Dynamic RAMs
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M 49k1725 0077012 1 M

!

TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY
TEXAS INSTR (ASIC/MEMORY) 25E D e
early write cycle timing
toiw)
L twiRL) Vi
. \ /E tw(RH) -1 \ Vi
et  pa—=t
‘—t- td(RLCL) — ‘::(::;RH’ td(CHRL) ———
td(RLCH) Vi
s == F=tsulrA} \ / tw(CH) 4_:&__ viL

[e)

H SNVYH onueuiq

AQ-A8 W ROW

T-46-23-17

td{CACH) —————=i
td{CARH)
t3u{CA
hiRA) ?u(c )
th{RLCA)1—f v
H
COLUMN DON'T CARE
1 e viL
t4IRLCA thicA)
. tsu{WCH) ———————tmf
b tsu{WRH)——
ll"\l-w)

w gggnowr CARE
LYAVAVAV) AVAYS

——

tsu(WeL)

VALID DATA

ool

TRKCKIXLD
QORI

OB

AVA)

DON'T CARE

V.V.V’V.V."V".V."V.V’V’"V VvVY VVVVV V.'.V’V’V'V’V.V’V.V"’V’V.V’V.V'V’V.V’V.V ’V V’V.V".
e SN AR

thicLw) - - ’V.V.v.V.v’v.v’v.v’v vavav. ’ T v.v’v.v’v.v.v.v’v.v’v ViH
R R AT XKL
tw(WL)——={ - I
, . be thip) =
p——th{RLD) —_—

ot t,u(m o |

Q1-
pa4 .

ViH

ViL

o ViH

7

vViL
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W 89L1725 0077013 3 M

TEXAS INSTR (ASIC/MEMORY) asE D

early write cycle timing

T-46-23-17

TMS44C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

]
=
te(W) é
twiRL) - ViH o
Ras /L—-twmm——\_ viL g
= td(CLAH) o : c
[ td{RLCL} — twiCL) td{CHAL) 5.
td(RLCH} ViH
e Y /- twiCH) N viL _:
td{CACH) ————————sn
td(CARH)
1,
th{RA) - ?U(CA)
th{RLCA)—t 1 Vi
AO0-A8 @( ROW >@< COLUMN DON'T CARE
Vi
L . L
t d(RLCl\) th(CA} fe-eer— tau(WHCH)
{ tsu{WCH)
- - T' tsu{WRH} T N
" R L T L ] T TSR RRIXIXT
M \I\I"\’I AVAYA SUlWCL) ..A.A A’A’A’A’A‘A A‘A’A AVAVAVAVAVAVAVAVA' A’A’A’A’A’A’A‘A’A’A VIL
= twiwL) - : .
) = th{D} =
fee————————1h(RLD]
fo—— ¢
o R R KRR
noa A QOOXXXXXXXKXXKARNARARRROCOXUKRK
e ViH
— V’V.V.V’V’V"’V.V.V.'.V.V.V".V’V’V.'.V.V’V.'.V VVY VVVV V.'.V’V’V’V’V.V’V".V’V.V’V"."V '.V.V’V.V’V.V’V.V’V’V
S A RS SRRRCEEERRRRL
{l’ -
I EXAS 4-135
NSTRUMENTS
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W 4961725 0077014 5 WM

TMS44C256, TMS44C257

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES

write cycle timing

TEXAS INSTR (ASIC/MEMORY)

T-46-23-17

g H . t Y
- c(W) -t
5 [ twiRL) ﬁ |
-— PR | t ’
| o RAS ! i
—-J t - E— l
g ot bo—— td(CLRH) f—tw(RHI—"
= | — tdmLol) ——= et td{ CHRL )~
F | p————————tdiRLCH}—————= |
; p—tw(CL) *
cas l *{XL j'F *{\
! .
| tau{CA) —ra——mnf re— twiCH——{
th{RA}-Te—en] td(CARH)
! J
-'-'l Fttsu(RA) t4{CACH)
1 H——|——‘hI(RLCA)—-——!
XYXXXYX
D M
h :
taiALCA) de————wf  SHCALH T e —d

w Wnowr CARE?S%E%E%
A ODADE

th(RLW) '-'—'—‘W(wﬂ'_l_';l

tsu{D)-ei re— *hiD}
th{ALD)

VALID DATA O 0’0 0’0’0’0

OOGXXXXD

|
b td(GHD) ——=}

7

NOTE 11: Later of TAS or W In write operation,

C5E D mom—m——

VIH

viL

ViH

ViH

- ViL

ViH
ViL

VIHIVOH

ViLiVou

ViH

ViL

Texas ‘Q’}
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001
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B 39L1725 00770L5 7 WM

TMS44C256
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

TEXAS INSTR (ASIC/MEMORY) ¢SE D T—46—723-:17

read-write/read-modify-write cycle timing

w EEDON'T CARE 89

‘su(vd)-!-—

re—T tCAWL) = L tg H) ——

o te{rdw) ~=
l# tw(RL) i |
AS | | ! f
""I (TR
t twict) -t R twitH—=
F*—d{ALCL) ——= l f=—TtdicHRL———=
N %
[ td(RLCA) = } (
t
th{RA) —=e—es tsu(CA) ‘l by twiCH)——={
kel tsuiRAl ! I
i 1 th{RLCA)+——wf |
I
A0-A8 @{ Row COLUMN
’ ™1
th(CA) o] bt WOH) =i

|
] }—w:cn.wu-l r—tw(wu—-{
!
|
!

]
‘d(ﬂLWll-y [ i
| e tsu{D) ——=l
YVYYYY ; q
MPON'T CARE VALID OUT
{ ™ 0 et
r=taica)-~] +(@)

talR)

e
& \.l

L

|
[=—tdicHol

Dynamic RAMs

).
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SINVYH onrueuiqg

B 4961725 007701k 9 M T-46-23-17
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

TMS44C256

TEXAS INSTR (ASIC/MEMORY) 25 D e

enhanced page-mode read cycle timing

twiRH)—+=—"|

ViK
AS v twiRLIP — /'_':\_
. } ViL
i taIRLCL) et be— t4(CHRL) —*]
[ t4{RLCH) el
twict) = twicH=] b tacLhr ——= .
X 2 7‘_"'Q o H
CAS |
| viL
th(RLCA) ‘} === t4{CACH}™{
P tura) faulCA) L_ td(CARH)
] = thiRa) =4 = [ thica) v
}m: I
A0-A8 m ROW l)(! COLUMN DON'T CARE X| COLUMN W
i ) viL
= t4(ALCA) —* ]
o] e t{CHrd)—1
0 tsu(rd) th{RHrd) _
i | T g
W -
f~-ta(CAI~~ vy
ta(C} NOTE 20 |
ta(CA) - fe—— talCP} —= F_"'l tdis{CH)
t NOTE 20 | ]
alR} V.
pai- NOTE 18 NOTE 19 OH
B
e J ! VoL
™ ta(@) - }-—-!- tdis(G)
\I J ViH
G |
ViL

NOTES: 18. Output may go from high impedance to an invalid data state prior to the specified access time.
19, A write cycle or 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.
20, Access time is ta(CP) of ta(CA) dependent.
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B 289L1725 0077017 0O M
» 262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

T-46-23-17
TMS44C256

TEXAS INSTR (ASIC/MEMORY) 25E D
enhanced page-mode write cycle timing
. = twiRH
i— twiRLIP - ! { Vin
- -——.k ! ﬂ_ .
= ViL
td(RLCH) r'—td(cmm—"l { '
twiCL) s t t [ td, e |
m —+ (CHAL)
td{ALCL) it | !
| ViH
CAS I i
tauiCAI~] e i
th{RLCA) !‘—‘d(CAcH)-—‘
M th{rA) ™1 | th(CA) [ td(CARH)
""'! - tsuiRA) ! = I l 1 . v
4
AO-A8 X ROW Xt COLUMN M ‘COLUMN DON'T CARE
P H T — T viL
e ‘d(RLCA)_’l '-J,- tau(WCH) —=! tsuiweh)—! b !
bty =i : }-— ——
thRLW) ""{ i . . Vi4
w m::::ou: f’:T:ECiAS :n: %3888& DON'T CARE ‘ DON'T CARE
ViL
thiD)
thiD) NOTE 22
NOTE 22
th(RLD)
f—————tgu{D) ————o]
NOTE 22
tau(D)
NOTE 22 Vi
Py VALID DATA IN .
| L
—'-: == td(GHD},
ViH
g f
viL

NOTES: 21. A read cycle or a read-modify-write cycle can be intermixed with the write cycles as long as the read and read-madify-write
timing specifications are not violated.
22, Referenced to CAS or W, whichever occurs last.

s
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SVY diweuiq

M 89b1725 0077018 2 M

T-46-23-17

TMS44C256 ,
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY
TEXAS INSTR (ASIC/MEMORY) @25E D
enhanced page-mode read-modify-write cycle timing ’
twiRH) —=
I B
el twiRLIP - ViH
&S \L :
- { ViL
y b to(Pm if td{CLRH) }
{RLCH -t
= td{RLCL) - { l“_"‘"w(cm td{CHRL) ""l ——e=f
! t"“w(CL)"} ] ] [
CAS 1\! | '(l ; \‘
thiRLOA) ——=] = 7 Vi
s r——
thiRA) == | be——tthca) '
tsulRA)—1 I-| | pesf= tsy(CA) i
tdIRLCA) HI] | !
r : YYVYVYYY ViH
rose Nrow KXW cowmy cowm___ )XQRRRR o caneXXXX
Vin
td(CAWL) = ’
r*— td{CLWL) tou(WCH) ~=1 b
i
tsufrd) _— — “’"‘“’”{ l tau(WRH)
RLWL |
L | { Vi
- ViL
tsu(D)—={ jei— -
) | ft———i=th(D)
NOTE 18 h'— tajcp)| ———==I NOTE 18 Vi
iy | VALID OUT 1 VALID IN ! i .
——f b tac) | i L
tica) { tis(G) —l-—-ll
al
talR) p———=+ td(GHD) | v
8 b ta1g) —™ \—/ H
_ viL

NOTES: 18. Output may go from high-impedance to an Invalid data state pricr to the specified access time.
23, A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications
are not violated.
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T-46-23-17
TMS44C257

M 49bl725 0077019 4 WA

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY _

TEXAS INSTR (ASIC/MEMORY)

25t D

static column decode mode read timing with CAS cycling

SINVY d1weuAq

*aum ssaooe payioads syl 01 Joud alels elep peAul ue 01 aouepadwt yBiy wosy 0B Aew Inding gL JLON

d(HImy '“

h +oa
HOp 310N 1od
h 1 TLE!IJ
“ 1 ._.Ill.<n=e~||'_ ]
Ta — L0 ik 0} TIIIIE.«@E-..I.I:L
g N A omi »
A p ¥ VT8I, | ==
=7 (PHIIY, L
- et (paHHI, . rl.ﬁmm..._.ﬂ_ﬁ
>4‘4 \/\/\/\/\/ '\ \/\/\/
(XXX (RRXXXD " )
s, LXK XY QXK oo w0t sv-ov
po—e- (VOHUIY 1 ' T (vay
L] e a8(p119; — -l (pruiosy = | I~
I ' _|IE<O_=J ] 1 (paynsy 1y |
i i I
“ _ d Tsu_;i ! vns el e SVD
Y ]
A ol (HIP | L (HOI e | ] == -y
TII_I_:SQE _:o,_ss - ~ “
]
i | N svy
1 _l"l.:u._m.uull'“
1
r
Hulmy

4141
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TMS44C256, TMS44C257

B 489L1725 0077020 0O

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES T-46-23-17
TEXAS INSTR (ASIC/MEMORY) 25 D memmmm—
| o static column decode mode read cycle timing
< U twin) feeed
= ¢ | {
0 — twiRLIP - i
1
3 Y, l———typLCA) } ViH
o N ' N\
; ——f ety Vi
g r=—1d{RLCL)—} : v
I
| 7] CAS / - th{RHCA)
—— - v
“ i thiRA) telrdlSC i
—o bk tg iR - - = tsu(CARI ™ v
v Y, H
A0-A8 ROW XIF' COLUMN [’CARE COLUMN 0:00:0 COLUMN m
_ A £ VIL
sl tRLCA) —tw(CA) It |
- hiRHrd) =
hea———m}-tau(RLrd} (RHr) =
- T " ViH
W Kea EW taich talCA) v
I
, ta(R) th(CAQ) .
pa1- 7 WOTE A vauo \DonTO\  VALD pon VALID Vo
D04 (\_ 18 __ § our ’0%0’ outr__ | CARE our | VoL
| f
"_ (G} _-| 'dl;(G)’}"’l

NOTE 18: Output may go from high impedance to an invalid data state prior to the specified access time.

viL
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B 89L1725 0077021 ¢ M

TMS44C257

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY
. TEXAS INSTR (ASIC/MEMORY) @25E D - 1-46-23-17
static column decode mode early write cycle timing
tw(RH) g
| twiRLIP é
‘ o 1d{RLCH) —m——en] - Viy o
RAS \ IE
viL
ol fea— td(cmHH-—-| «
———'h(RLCA, [] [] H
td(RLCL) = twich—=7 | FdCHRLT g
| CAS Nf-twict—=] /' toulCA)——r] I i Q
| =] et-tsupna) 3 I ViL i
| [ hiRA) < - e tey(CARNf! - _
| { thiCA) — clWIsC i | el fetnirHcal
A0-A8 ROW Xi COLUMN COLUMN D@{ COLUMN
1 T T - T viL
| | —lptdinLcar tauiCA) = e e t3u{WCH) ,
it tsuihu (D} ! A j—=j [T su(WRH) vix
FIN /NSNS
: : ) - v,
ol - touiD) Lty iwis . *
th{RLD— (———thi(D) v
pQ1. VALID X /  VALD VALID _VH
pa4 < WY N N }' < N > ""z_v
| : . — L
f—-td{GHD}
- ViH
(6]
ViL
\
i
Texas X5 4143
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TMS44C257

262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

B 4961725 0077022 4 W

TEXAS INSTR (ASIC/MEMORY)

ﬂ SINVY ogweyl«q

static column decode mode write cycle timing

T & £ o4 X 4 E 2 X a2 X o
s > 5 5 5 > 3 5 5 5 3> 35
— 4
‘* o
X
E [
E & z
K] LSy §
4 ;
— -

[ tsutcan
I
Y cowmn X COLUMN

|
thiCA)—{

; .

tw(RL)P

i-n—tciwxsc
X COLUMN
ey
e

su(cA)=l

—

COLUMN

\

td(RLCA)

—s t
——ll-'l-tsumud)

|

I

|

|

-

|

%

r—*~1d(GHD)

1

5 B 3 = @
2 aa

T-46-23-17

25E D

4-144
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B 891725 0077023 b WA TMSA4C257
262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY

TEXAS INSTR (ASIC/MEMORY) 25E D . T-46-23-17

static column decode mode read-modify-write cycle timing with CAS cycling

 a
2 2
r @ E =2 T = T g 3 Tz
s> 5 > 5 s S > 3 5 > >
g T
a
-2
3z -
£ ’ > | g
= . &
g =.
5 E }.{-L
3 g g e, ___
3 3 23 |
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RAS-only refresh timing
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Designing and Manufacturing

Surface Mount Assemblies

T-90-20

Elizabeth Gunther, Charles Hutchins, and Paul Peterson

The competitive nature of the semiconductor industry has
driven vendors to minimize the size of electronic components,
so that more functions can be achieved in a given volume.
In addition, improved electrical performance, decreased mass,
and the potential for lower system cost are all by-products
of compacted packaging and circuitry which hold interest to
component manufacturers and users alike, -

Surface Mount Technology (SMT) offers an excellent
method of reducing component size. A typical memory ar-
ray can be reduced to 50 percent of its original PWB size
with single-sided mounting, and 25 to 30 percent with double-
sided mounting. Logic designs cannot achieve the same
dramatic reduction, but decreases up to 40 to 60 percent can
be achieved for single-sided and dduble-sided assemblies
respectively.

The key design and manufacturing process issues must
be understood in order to fully reap the benefits of Surface
Mount Technology. This article gives a general overview of
the key aspects of design, process, and manufacturing of sur-
face mounted assemblies, and offers surface mount as an op-
portunity to lower a system's cost without sacrificing
reliability.

Components

- Most surface mount components are at least one-third
the size of the comparable through-hole mounted device (Fig-
ure 1). The 68-pin chip carrier is approxmiately one square
inch, while the 64-pin DIP is approximately three square in-
ches, The 20-pin chip carrier is slightly larger than 0.1 square
inch, while the 20-pin DIP i3 0.3 square inch. Similarly, other
IC packages are reduced to approximately one-third the size
of comparable lead count packages. The passive components

Figure 1. Component Site Reduction

: Powered by ICminer.com Electronic-Library Service CopyRight 2003

occupy approximately one-tenth the board area, and this is

why they have been used in most small consumer products *

built in the last couple of years.

There were many references in the recent past to prob-
lems with component availability, cost, and standardization.
This area of SMT has probably received more attention than
any other. Several recent magazine articles now state that
significantly more components (particularly actives) are now
available and that cost parity has been achieved on most of
them. The effort by various industry committces on stan-
dardization has also been effective. '

Thus, although more needs to be accomplished in these
areas, a designer can begin a project with confidence that
there will be no insurmountable barriers in this area. There
are several consultants and subcontract assembly companies
to assist in this effort. It is strongly recommended that all
new designs utilize some form of SMT, particularly when
space is an important consideration.

Process -

The process to manufacture a surface mount assembly
(SMA) is very simple. It consists of four basic steps, as shown
in Figure 2, First, the solder paste is screened on the PWB.
Then the component is placed on the board, with due care
to get it positioned correctly. Typical geometries require
placement accuracy of less than plus/minus 4 mils. Next the
solder is reflowed with either a vapor phase or infrared
system. Finally, the assembly is cleaned and is now ready
for test. This process, although simple in concept, relies ont
board and component planarity and solderability, These are
easily achievable with the chip carriers and memory modules
we will discuss later.

Texas Instruments has installed a Surface Mount
Technology Center at its plant in Houston, Texas, At this cen-
ter, we have a complete and flexible engineering line to assist .
our customers in converting to Surface Mount Technology.

The engineering line is equipped with a screen print-
er, pick and place system, vapor phase reflow, and clean-up
station that will easily handle PWBs up to 9" X 10*. Larger
boards up to 147 X 16" can be processed with some addi-
tional care. TI uses this engineering line to produce its pro-
totype and demo boards. It is also available to any of TI's
customers, free of charge, for use in building test or prototype
boards

characterized by the number of unacceptable solder joints
formed during the process, Unacceptable joints are defined
by their electrical and mechanical (strength and reliability)
characteristics. The major problem is open solder joints,
followed by bridging and misregistration.

9-3
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1, Applying solder paste evenly and in the
proper amount is extremely important.

Paste
Application

3. Reflow the entire assembly with tight
temperature control to evenly solder the
PWB and components together.

. 4, The final step I8 cleaning the assembly.

n Open circuits are detected at electrical test and are the

first defects detected after soldering. At Texas Instruments,
10 PPM or less is the desirable defect level. Several factors
that contribute to open solder joints were identified during
production start-up. Lead tip planarity of the J-leaded plastic
chip carriers is the most important factor in obtaining ac-
ceptable process yields. Lead position, lead finish, solder
paste composition, and PWB solderability affect process yield
as well,

Experiments in which lead tip planarity was s confined
to specific limits between 1 to 7 mils indicate that a 2 mil
planarity requirement prodiices acceptable results with the
process currently in use. Little gain in yield was noted at a
1 mil planarity requirement.

Another interesting result showed that silver in the proc-
ess, either as a lead finish or in the solder paste, improves
yields significantly, One explanation may have to do with the
dynamics of the solder during the reflow process as they are
affected by the different surface forces actmg in the silver
and non-silver process,

9-4
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2. Components should | diately be plac-
ed on the PWB after the solder printing
process. Accuracy is Important.

-

Design

The design of the PWB, in addition to providing the
component interconnections, will provide the proper amount
and correct placement of solder paste for a strong fillet for-
mation, The wave soldering process, by comparison, provides
a semi-infinite amount of solder, whereas the SMT process
will provide only a predetermined amount. Thus, the com-
ponent connection pad must be correctly placed and be of
the proper size.

Further, consideration must be given for inspection,
testing, and rework. The density achievable can lead to severe
problems at these points if understanding and due care are
not exercised in the design. The project team should include
members from manufacturing, testing, QA, and purchasing,
in addition to the design engineers, from the start. The design
and processing of test boards is strongly recommended to pro-
vide experience and direction for the major project.
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A very practical set of design guidelines is given in Fig-
ure 3, These have been used on a number of SMT designs
and have given good results. With proper manufacturing
techniques as described later, a high yield can be achieved.
Component spacings should be approximately equal to the
height of the tallest component. This allows an angle of 45
degrees for visual inspection of test probes.

Figure 4 shows the standard footprint for all Small
Outline (SO) packages. The larger and more important fillet
of an SO package is on the inside of the gull-wing lead, The
solder pad, or land, should therefore be designed to extend

T-90-20

slightly under the body of the package in order to optimize
this fillet. From Table 1 we can see all packages have 50 mil
centers with 25 mil spacings between lands. This allows the
designer enough space to put traces between pads, and also
reduces the occurrence of solder bridging of adjacent lands,
Table 1 also summiarizes the suggested land lengths and
placement, depending on the terminal count of the SO. While
not an absolute solution, these land sizes offer a conservative
design solution that will meet most vendors’ specifications
and provide a mechanically and electrically sound solder
joint,

@ Geometries
* Trace Wiith/Space 8/8 MIL Min., 10/10 MIL Typ.
¢ IC Lead Solder Pad Size 26 £ GMIL x 70 £ 10 MiL
¢ Via Hols Size 20 ML DIA
¢ Via Pad Size - 40 ML DIA
¢ Cap/Roslistor Pad Size W = MAX Dimensions of Component
L = 20 MiL Beyond Metallzation
’ 10 MIL inside Metallization
* Solder Mask 5 MIL Larger than IC/Component Pad
Round or Square Ends (Opt.)
* 0.0058 NOM - 0.005 NOM
N —d ] l—
I L N
+ |+ 0.070" | } ™ r_
Y | w | i
L_J Lt
0.025*
—ei  p=—0.0265" .I= L =|.
0.060" e X —] 0.020 MIN—=]  |=—
IC Lead Pad Passive Component Pad
Figure 3. PWB Design Guidelines
: A
-1 '
? 1— T
i .
L— E —l ’
' TEXAS INSTR (ASIC/MEMORY) 25E D

Figure 4. Standard SOIC Footprint .
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Tuble 1. SOIC Footprint Dimensions

No. of A B z D E
Terminais
8 176 260 050 026 050
14 326 260 050 .026 .060
16 376 250 .060 026 .060
20 476  .430 070 026 .050
24 576 430 070 .026 .050
INSTR (ASIC/MEMORY) 25E
Test 4164A PLCC 4164 DiP Units
Life Test, 125°C 42 64  Fits®—60% UCL
86°C/85% RH 0.17 0.37  %/1000 Hours
Autoclave 0.17 0.96  %/240 Hours
TIC—86/150 0.52 1.44  %/1000 Cycles
TIC 01125 0.0 0.0  %/2000 Cycies

*Derated to 55°C A

g 0.6EV Activation Energy

Figure 5 Failure Rate Comparison
4164A PLCC VS DIP

" Manufacturing -

TbeSMTmanu&cmmgareamusthavethefollomng
basic equipment:

® Solder Paste Printer

¢ Component Pick and Place Machine

® Solder Paste Reflow Machine

o"Clean-up System

® Inspection/Process Control Aids

¢ Electrical Test

The criteria for choosing the above is determined main-
ly by the size(s) and quantity of PWBs per month, the gross
number of components per PWB, and the number of different
components per PWB.

The size of the largest PWB is an important criterion
in the choice of all of the major items, The printer, pick and
place, reflow, and clean-up must all be able to handle it with
no difficulty or process nonuniformity, The number and size
of the various PWBs that may be produced will secondarily
be considered for ease of set up and changeover in the print-
er and pick and place. The pick and place machine(s) will

9-8
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probably be the most expensive item in the list above and
therefore, should get the most attention. .

‘The gross number of components and PWBs will pro-
vide data for choosing the pick and place. Component per
hour placement speed should be checked in actual operation,
as the interrelationship may affect ultimate speed. The number
of different components per board will determine how many
feeders and what types of feeders will be required, This is
a very key issue, as well as the accuracy of placement.

" Reflow

The solder reflow is easily achieved with any of the
commercially available equipment, Subtle differences be-
tween vapor phase, either batch or in-line, and infrared are
overshadowed by the choice of solder paste and the
solderability/planarity issue. A batch vapor phase is extremely
flexible for different sizes of boards with different compo-
nent counts. The in-line vapor phase is a good choice for a
more automated processing line with standard or similar sized
boards, The infrared has the advantage of being less expen-
sive o operate, but requires more alteration to set up the time-
temperature profile for a different size PWB. This would be
a minimal problem onamanufactunnghnebuﬂdmg high

“volumes of the same board.

Clean-up

Themoapopularﬂuxforsmlsthemﬂdlyactlvated
rosin flux (RMA). This was developed in the days of vacuum
tube assembly when clean-up was next to impossible. It is
noncorrosive but provides sufficient fluxing action for good
quality components and PWBs. Thus it is the preferred choice
for SMAs with small spacings under most passives and.
SOICs, where complete cleaning is difficult. A mild solvent,
such as Freon TMS, is generally sufficient to achieve a good
visual cleanup, and there are several systems available that
provide hot vapor, spray, or ultrasonic de-fluxing,

Reliability

With the smaller surface mount packages, there is some
concern about component reliability, Texas Instruments ad-
dressed the overall DRAM reliability issue several years ago.
Through an extensive task force effort, the major problems
of the life test, humidity performance, and temperature cy-
cle were identified, The best solutions to these problems re-
quired several changes in the design and process of the silicon
chip. In doing so, the reliability of the DRAM chip became
independent of the package used, Thus, the 64K DRAM in
the plastic chip carrier package performs equivalently to the
same chip in a DIP as shown in Figure 5. Similar data is
available on most semiconductor ICs. .

An additional reliability concern originates in the sur~
face mount solder reflow process, which submits components
to higher reflow temperatures more suddenly than the wave-
soldering methods of DIP components, with oftentimes
repeated reflow cycles for rework and repair. -

The best method for resolving this issue involves com-
paring the temperature-time differential of the vapor phase
or infrared solder reflow process to the standard temperature
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cycling reliability tests to which surface mount components
are routinely submitted. Figures 6 and 7 show temperature
profiles of the vapor phase and infrared solder reflow pro-
cesses, In the vapor phase process, the maximum temperature
change with time is:
215°C — 25°C ~ 190°C

45 sec 45 sec

equaling approximately 4°C/sec. The infrared solder reflow
method submits the ICs to a similar, yet less severe
temperature over time change of 3°C/second. Comparing
these temperature profile ramp-ups to that which a surface
mount component undergoes in a temperature cycling
reliability test proves that there should be no concern aver
damage to the component during reflow. In the temp cycling
test, the surface mount components were submitted to 1000
cycles of sudden cycling from 150°C to —65°C within three
seconds. This represents a temperature-time differential of:

150°C—(—65°C) — 215°C - 70°C
3 3 sec sec

with less than 0.5 percent failures.

Time {seconds)
Figure 6. Typical Temperature Profile
for In-Line Vapor Phase Reflow

]
0

°C

r*/

) 1 1
0 [ ] 90

1 |
120 180

| H 1
180 210 240
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Figure 7. Typical IR Reflow System Proflle
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Since the surface mounted components were able to
withstand a 70°C/second temperature change of 1000 cycles,
they should be able to withstand the less severe conditions
of a 4°C/second damage during reflow without reliability
degradation, T

Another concern in the solder reflow processing of sur-
face mount components is the dwell time in reflow
temperatures of 215°C or above, The dwell time for a small
PWB populated with surface mount devices is about 20
seconds. For a larger board of about 10" X12” up to 50
seconds is needed for reflow. A generalized component
degradation curve, relating accumulated time and
temperature, can be assumed to exist. The shape of the curve
for this discussion is assumed to be a decaying parabolic for
simplicity-and conservatism. There are two generally known
points of this curve. The flame retardant mold compound
(FRMC) of a plastic package starts to break down at 300°C
in two to three seconds. Also, the molding and curing of a
surface mount device is performed over several hours at
175°C. These two points are shown on the generalized curve
shown in Figure 8, with the “safe” region being the area under
the curve. Two points that fall within this region are the in-
dustry standard practice of solder dipping leads of several
types of ICs, and of the soldering plastic devices on the bot- -
tom with Type III surface mount assembly, each submerges
the component for three to four seconds in a solder wave.

g
Applications Information

Temperature
(*C)
N
-—h
™
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80 100 120 140 160 180
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Surface mount assembly techniques provide a signifi-
cant advantage in cost, volume, and reliability over the cur-
rent “thru-hole” technology. These are well documented, and
the manufacturing equipment and related products are becom-
ing readily available to support new production lines. Also,
as experience grows, improved products and ideas are devel-
oped from the cooperative efforts of vendors and users in stan-
dardization organizations and in problem-solving sessions.
The broad selection of package types and product technologies
available now are sufficient to begin conversion of existing
electronic system products for size reduction or feature -
enhancement. Definitely, new products should be designed
with surface mount technology.

100 |
o 20

| I
40 60
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