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LQ 64K DYNAMIC MEMORY BOARD 

gENERAL INFORMATION 

The Nabu Memory Board ADM-1000, uses industry standard 4116 
dynamic random-access memories (RAM' s): which provide low cost 
and low power consumption. Reliability of the board is enhanced 
by the low support-IC count, and the use of a precision delay 
line for critical timing. 

Address lines and data lines are fully buftered by line 
drivers/receivers with hysteresis at the inputs to improve noise 
immunity. The memory board afters a full 64K bytes of read/write 
memory: however only 62K bytes are available to the user in the 
Nabu 1100 System, since 2K bytes are allocated to the disk 
bootstrap program in ROM. A signal called PHANTOM from the S-100 
bus, can be utilized to allow user ROM to overlay the RAM. 

In the Nabu 1100 System, the access time of the memory chips 
is 150 nanoseconds (ns), permitting operation at 4 MHz, witn no 
wait states added. The use of slower memory chips is not 
recommended. Memory refresh is done automatically by the Z-80A 
CPU after each instruction fetch. This mode of refresh is 
totally transparent to the programmer and does not slow down the 
CPU operation. 
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SPECIFIC EEATURES 

Memor~ 0rganizs;l.ti.911 

The 4116 RAM chip has a 16K x 1 organization, with eight 
chips connected in parallel to form a 16K byte memory bank. Four 
memory banks are implemented on the memory board. 

The jumper options on the left side of the board are used 
for selecting memory banks. Each bank can be enabled or disabled, 
by installing or removing each corresponding jumper. In this way, 
up to 64K bytes of memory space can be obtained. 

The jumpers are numbered as follows: 

Jumper Ilan.k .i MM ~ Needed Address Space 

JP-1: 1 RAM 1 - RAM 8, OOOOH - 3FFFH 

JP-2: 2 RAM 9 - RAM 16, 4UUOH - 7FFFH 

JP-3: 3 RAM 17 - RAM 24, 8000H - BFFFH 

JP-4: 4 RAM 25 - RAM 32, COOOH - FFFFH 

Each bank is enabled by installing the appropriate jumper. 

Memory Refresh 

As mentioned, the memory refresh is done automatically by 
the Z-BOA CPU through the S-100 bus. The CPU contains a 7-bit 
memory refresh counter, which is incremented automatically after 
each instruction fetch. The data in the counter is sent out on 
th& lower portion of the address bus along with two refresh 
control signals, RPSH (pin 66) and MREQ (pin 65): while the CPU 
is d~coding and executing the fetched instruction. This refresh 
oper'a!ion must be performed at least every two milliseconds in 
order to retain data. 

An interrupt request/acknowledge cycle in the system does 
not ffec ~he memory refresh operation, since only two wait 
state re added to this cycle for identitying the interrupting 



- I/O device. However, a bus request/acknowledge cycle used in 
Direct Memory Access (DMA), for instance, can cause a memory 
refresh problem if very long OMA cycles are used. Therefore, the 
OMA controller must perform the necessary refresh function. 

A user supplied S-100 bus compatible board which uses wait 
states can also be used in the Nabu 1100 System, providing the 
wait states added do not exceed the 2 ms limit. However, caution 
should be used in adding boards with wait states, unless the 
number and frequency of wait states is strictly controlled • 

.Im.t.a Buffers .fill.Q ~HANT.QM 

All data-in and data-out lines of the memory chips are 
buffered by U9 and Ul4. The data-in lines are always enabled and 
the data-out lines are controlled by US, whose four inputs are 
conditioned by PDBIN, SMEMR, MREQ, PHANTOM, and by two high 
address bits {Al5 and Al4). Reading of the RAM contents is not 
allowed when US is disabled; however writing into the RAM is 
still permissible. 

- PHANTOM is normally pulled high through a resistor. This 

-

line is primarily used for system bootstrapping by overlaying the 
RAM with ROM (not used in the Nabu 1100 System). This is done by 
pulling PHANTOM low at system start-up, copying the ROM contents 
into the RAM which occupies the same address, and executing the 
bootstrap program from the RAM after pulling PHANTOM high. In 
this way, a full 64K bytes of read/write memory is obtained. 
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liAlllI ADM-1000 MK DYNAMIC MEMQRY BOARD 
PARTS L.l.S:I 

Integrated Circuits; 

Ul 
U2 
U3, U4 
us 
U6 

07, ua 

09, 014 

Ul0-013 

015 
016 
017 
RAM1-RAM32 

Diodes: 

Dl 

Capacitors: 

Cl-C4, Cl3 
cs-c12, c14-C59 

Resistors: 

Rl 
RN1,RN2 
RN3 

ouantity 

36 
9 
2 
2 
2 
2 
1 

74LS75 
74LS42 
74LS00 
74LS20 
74LS132 

74S157 

74LS24l 

74LS14 

STTLDM-355 
7805 
7812 
4116 

1N4733A 

Description 

Quadruple latch 
4-line-to-10-line decoder 
Quadruple 2-input NAND 
Dual 4-input NAND 
Quadruple 2-input NAND witn Schmitt­
triggered inputs 
Quadruple 2-line-to-l-line Schottky 
multiplexer 
Octal buffer/line-driver witn 3-state 
outputs 
Hex inverter with Schmitt-triggered 
inputs 
TTL-compatible logic-delay module 
5 V positive voltage regulator 
12 V positive voltage regulator 
16384-bit dynamic RAM (150 ns) 

5.1 v, 1.0 w, 5 % zener diode 

10 JlF, 25 V tantalum electrolytic 
0 .1 JlF 

6801\., 0.5 w, 10% 
5-resistor pack of 33~ resistors 
5-resistor pack of 3.3 kJ\.resistors 
with common pin il 

16 pin IC socket 
14 pin IC socket 
20 pin IC socket 
6-32 x 3/8" machine screw 
:f6-32 nuts 
Delta 291-0.36-AB-H 
p.c. board 
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T 1 .... _Jc5-c12,c1,-c59 ....-li. Ls1s1 11 2--;:-- 1 82 A, 2 
- - l ~~ ~ 4 ),(;Ull -~ 85 A 1l 

~~-«:J--s 86A14 
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ANDICOM conronATION 
·2 All CAPAC I TOR VALUES ARE 

iN µf. 

·4 t; Vee' 5.v 
A VBB' -5., 

RN 1 , RN2 JJ 1 I T L E : 641{ D Y N A M i C 

·J EACH 1c's SUPPLY 
CONNECTIONS ARE NOT SHOWN, 

·5 JP IS A JUMPER WIRE. 

·6 SEE TABLE FOR RESISTORS 
AND CAPAC I TORS VALUES. 

RNJ 3,JK 
R, 6B ¢ 

Cl-C4,Cl3 IGI 

C 5 -C I 2 C 14 -C 5 5 ~- 1 

FIGURE 4: SCHEMA TIC DIAGRAM OF DYNAMIC MEMORY BOARD 

DRAWi NG N~ AC05¢ ¢ 

DRAWN BY: l(,TAM 
CHECKED BY: W.LEUNG 
JULY 1981 
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NEC Microcomputers, Inc. 
NEC 

µ.PD416 
µPD416-1 
µ. PD416-2 
µ. PD416-3 
µ. PD416-5 

16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

D ESC RI PT 10 N The NEC µPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for 
memory applications where very low cost and large bit storage are important design 

objectives. 

The µPD416 is fabricated using a double-poly-layer N channel silicon gate process 

which affords high storage cell density and high performance. The use of dynamic 

circuitry throughout, including the sense amplifiers, assures minimal power dissipation. 

Multiplexed address input, permit the µPD416 to be packaged in the standard 16 pin 

dual-in-line package. The 16 pin package provides the highest system bit densities and 

is available in either ceramic or plastic. Noncritical clock timing requirements allow 

use of the multiplexing techniaue while maintaining high performance. 

FEATURES • 16384Wordsx 1 Bit Organization 

• High Memory Density - 16 Pin Ceramic and Plastic Packages 
• Multiplexed Address Inputs 

• Standard Power Supplies +12V, -5V, +5V 

• Low Power Dissipation; 462 mW Active (MAX), 40 mW Standby (MAX) 

• Output Data Controlled by CA's and Unlatched at End of Cycle 

• Read-Modify Write, RAS-only Refresh, and Page Mode Capability 

• Ail Inputs TTL Compatible, and Low Capacitance 

• 128 Refresh Cycles 

• 5 Performance Ranges: 

ACCESS TIME R!W CYCLE RMW CYCLE 

µPO416 300 ns i 510m 575 ns 
I 

µPO416-1 250 ns i 410 ns 465 ns - - ; 
µPD416-2 200 ns i 375 ns 375 ns 

µPD416-3 150 ns 375 ns 375 ns 

µPD416-5 120 ns 320 ns 320 ns 

PIN CONF IG URATIOf~ 
Vgg Vss 

~ 

D1N CAS 
AQA6 Address Inputs 

CAS Column Address Strobe 

WFl!T E 0 ouT 

RAS t\fi 

~-~_IN 
Data In 

~_Do_u:r_ oat:i-o-;:;i---- -----
-- --- -----

RAS Row Address Strobe 

Ao A3 WRITE Read/Write 
~- -•-L•-•L 

A? A4 ~BB ___ Powe, (-SV) 
-----~---

Vee Power l+SVJ 

A1 A5 voo Power 1+12VI 
~ 

voo Vee vss Ground 
-

Rev/2 



JLPD416 

CIELL MA.'T'R11( 

BLOCK 
DIAGRAM 

--r~,·~~~-;;;:;;~,:C~•;:;--H 31-----~~---r---,......,. t· r- SfNSE""'"' 
1,.0 sw,rcH 

CtLLMA1Au: ,~.g.,i, 

:CJ'JMMl'CELL 

,,. 
COi UMhl • ECOOEfl 

., 

Operating Temperature ................................ 0°C to +70°C 
Storage Temperature ............................... -55°C to +150°C 
All Output Voltages G) . ............................. -0.5 to +20 Volts 
All Input Voltages CD ............................... -0.5 to +20 Volts 
Supply Voltages Voo, Vee, Vss G). . . . . . . . . . . . . . . . . . . . . -0.5 to +20 Volts 
Supply Voltages Voo, Vee (2) ........................ -1.0 to +15 Volts 
Short Circuit Output Current ................................. 50 mA 
Power Dissipation ......................................... 1 Watt 

Notes: (D Relative to VBB 
<%> Relative to Vss 

COMMENT: Stress above those listed under "Absolute Maximum A.itings" may caus11 permanent 
damage to the deVica. This ts a nress rating orily and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied Exposure to absolute maximum rating conditions for extended periods may affect device 
n,liability. 

•Ta= 2s0 c 

Ta= 0°c to 10°c, Voo = +12v ± 10%, Vas= -sv ± 10%, Vee= +sv ± 10%, 
Vss,,, OV 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

MIN TYP MAX CONDITIONS 

Input Capacitance 
C11 4 5 pF 

(Ao-As). DIN 
Input Capacitance 

CJ2 8 10 pF 
RAS, CAS, WRITE 

Output Capacitance Co 5 7 pF 
IDouT) 

·•• 
l--0 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE 



µ.PD416 

• .. n.a11 -41., 
'AIIAMETEII l~L MIN MAX MIN MAX 

Random rNd or wri1• 
•11c 610 410 

cycl•OfM 

RMd .. wrU:1 cycle ,:tma •11wc 575 465 
,__.., ... ,;.,. 1PC 330 275 

AcceNt;,rwtrom 
IRAC 30II 250 

iiAS 
Ac:cns tifflll from 

ICAC 200 155 ra 
Outpu1 buff1i1 

IOFF 0 80 0 80 
turn-off dtl•y 

Tr•n1~1i-on tiffll 
IT 3 50 3 50 

iriM •nd t• IU 

lr.i;I ptec:harga tiffll IRP 200 150 

Wpu1w .. id1h lRAS 300 10,000 250 10,000 

,irn.holdl;me 1RSH 200 HIS 

CAl'ou1•wid1h ICAS 200 10.000 165 10.000 

nT1c, ?JJ:'d•iay 
liffll 

1RCO 40 100 35 85 

m,oJIA! 
'CRP -20 -20 

,prtchara• time 

Row •ddrnl 
1ASR 0 0 

N'l:·IUP'hirnt 

Rowadd•tu 
IRAH 40 JS 

ho~d t~mti 

Column- addr"" 
'ASC -10 -10 

11'1-up ti..,._ 

Cal-1.11mn add,111 
1CAH 90 75 

tto•dttml 

Column lddr•a hotd 

ttm1 r•terencerd 10 1AR 190 180 
RAS 

Fl•d cornmaind 
1RCS 0 0 

Sll·'lil:lttl'PNI 

RNdc:omtnai~ 
hold liAM 

1RCH 0 0 

Wfi1eeomrnan,e1 

hold btTN •wcH 90 75 

Writ• c:ommat1d 
ho~d tillMI twcR 190 180 
r•f•ranced tc:i 'itil 
Writ• ,;omrnand 

IWP 90 1& .put• width 

Wri1:• command ta 
'FIWL 120 BS Rii••d1:tme 

Writ• comm1n1:1 to 
m1-,i ... 1CWL 120 85 

Dl'l:e•ifl Mll:•IIIIIP Uffll •os 0 0 

0.1a-in hold mne IOH 90 75 

Dlt1--in hold 11:fmt 
IDHR 190 160 ,.,..-.nwd 10W 

CA.S pr,achafge tirna 
lfo, p0gomodo ICP 120 100 
CYCie 01\IYI 

Refresh oe.-ioc:I 'REF 2 2 

WR~T.E command 
•t-up time •wcs -20 -20 

CAStoWRITE 
140 125 

dl-l•w •cwo 
RAS 10WFIITE 
d•l,v •11wo 240 200 

NotN.; (D AC -l'l'IIR1ur9m111"111 a1wm• 11:y ... 5 ns. 

LIMITI 
--~1•2 .... YIN 

MIN MAX MIN MAX 

375 320 

375 375 

225 110 

200 l!iO 

135 100 

0 50 0 40 

3 50 3 35 

120 100 

200 32,000 t!iO 32.000 

135 100 

135 10,000 100 1D.000 

25 55 20 !iO 

-20 -20 

0 0 

2& 20 

-10 -10 

55 45 

120 95 

0 0 

0 0 

55 45 

120 95 

55 45 

10 50 

70 50 

0 0 

ss 45 

120 9S 

80 60 

2 2 

. 20 -20 

95 10 

160 120 

.. ,o ....... 

•N MAX 

320 

320 

,so 

120 

80 

0 35 

3 35 

100 

120 10.000 

80 

80 10.000 

15 40 

0 

0 

I& 

-10 

40 

80 

0 

D 

40 

80 

40 

50 

50 

0 

40 

80 

60 

2 

0 

80 

120 

AC 
CHARACTERISTICS 

TUT 
UNIT CCINDITIONI 

... (I) 

"' @ 

•• 
... © @ 

•• @ (i) 

.. Q) 

"' @ 

•• 
•• 
"' 
"' 
•• @ 

•• 
•• 

•• .. 
•• 

•• 

•• 

•• 
•• 

•• 

... 
•• .. .. ® 
•• ® 

•• 

•• 
ms 

M @ 

.. @) 

•• @ 

® V1HC rminl or V1H fminJ and VIL tl'All:id are refe,ence leYl!ls fo( mea-su,tng urning ot ,nput signal!,. Also. tfant:itiion iimes •r• trNSwed blttween V1HC o, V1H and V1L 

® n,., spec::ific:ationt. lor tRc ~mtnl and :Awe fmin) are used orrlw 1:0 indicate eve.le time, at wtJiich pn)per opet.n:iorio O\ller the fuH 1empe,et1,1rl!' range CO"C "- T 1 ..: 70"C) 
isanurld, 

@ A:l.su~s rhat tACO < IRCO [mJi.111). U IRCO ·11 ,gtNtu than 1he, n'la;ii;imum ,ec::ommended 111alue shown i11 u,:ts tabl•. •RAC w.H ,nc,-Nte l:Jy the amoun1 1hat IRCD 
Hceeds th,e v,111,1" shown. 

@ Assumes Thal IRCD ~ tRCO 4rne:d. 
@ Measu,,trd wi.1t,, a load eQui111i~ent 10 2 iTL loaol and H)O pF. 

G) tQFF fma111J de-linet 1he hme at M'licti 1he ou1p1,1t ac:-hieYn the open t"frc-1.1h coPldilion and ts 1'01 refare"r,c~ to OUIP\ft vol~ ~1,. 

@ Oparetion 11111i1titn 1h1 •Rco ~m11.11:) ltm·•• ensor-es tha, 'tf:IAC fma.x.J can be mtt. 'RCD fm,111) is 11149eilied n a reference-point only. if •Aco is grHHr than the 11,pKif1ed 
tACD hruncJ limit, then 1«e11 'Eimt ii contr0Uedex,i::lurni1e•v bv "'CAC 

(!) Thete P1rarn11ers .,. rtlerenced to CAS IHding •die ,., Hfly wr,1e <:",c:les. and to wiifii' ,eldi~ ntge in delayed ~rite or read•modtfy-writ• cvclR. 

@ •WCS, •cwo ei,,,d tRWO are not rn.tric![iW opa,rating parerne1-1rs. Th1y art ir'lcluded in the dat• 1hH1 ,n eJecitricat eharec:,:eri'llic!i only~ jf twCS;:. IWCS lminl, the cycle 
11 an e• r•v wri,:e cyd111 and eh• data o-u-t pin w~PI tematn open drcuit Chigh tmP9d,llnce• ;:a, 'l:ffWD rmin). the cych: io1 • read•wr•te icyc:le end the da1• out w1U contain da11 
,ead from 1M altcttd call; if ,,eim.- of 1h11 abo11111 SHII of condilions 11 satisfied the conOition of the data out fa1 accill rtrn,~ tS indeterminate. 



DC CHARACTERISTICS 

µPD416 
Ta= o"c to +10°c(D, v 00 = +12v 1 10%, Vee= +sv • 10%, Vee: -sv , 10%, Vss = ov 

LIMITS TEST 

PARAMETER SYMBOL MIN TVP MAX UNIT CONDITIONS 

Supply Voltage voo 10.8 12.0 13.2 V @ 
Supply Vo It age Vee 4.5 5.0 5.5 V @@ 
Supply Voltage Vss 0 0 0 V @ 
Supply Voltage Vee - 4.5 -5.0 -5.5 V @ 
Input High (Logic 1) 
Voltage, AAS, CAS, VIHC 2.7 7.0 V (?) 
WAITE 

Input High I Logic 1) 
Voltage, all inputs 

V1H 2.4 7.0 V (?) 
except RAS, CAS 
WRITE 

Input Low I Logic O) 
Vil - 1.0 0.8 V @ 

Voltage, all inpua 

Operating Vo• Current iDOl 35 mA 
i"fAs, ~ cvcl, ng ; 

IRC = tRC Min.@ 

Standby Voo Current 1002 1.5 mA RAS" "IHC, DouT 
= H,gh Impedance 

Refre•h All Speeds 
25 mA RAS cychng,CAS = 

Voo except µP0416-5 IDDJ 
VJHC: IRC = 375 m@ 

Current µP0416-5 1003 27 mA 

Page Mode Voo 
RAS= VIL, CAS 

1D04 27 mA cycling. tpc = Cu(ren, 
225 ns © 

Operating Vee 
lcc1 µA 

RAS, CAS cycling. 
Current tRC = 375 ns@ 

RAS= V1HC, 
Standby V CC Current lcc2 -10 10 ,,_A Dour= H,gh 

lmptdance ~, ____ ..,__,-·--~ 
RAS cycling, 

RefrHh Vee Current 1ec3 -10 10 µA CAS - V1HC-

tRe • 375 ns 

Page Mode v cc 
RAS VIL, eAS 

icc4 ,,_A cvcl,ng. 'PC Cutrent 
225 ns@ 

Operating Vee 
IBB1 200 µA 

RAS,CAS cycling. 
Current 1RC 375 ns 

RAS - VIHC, Standby Vee 
1ee2 100 ,,_A Dour H,gh 

Current 
lmpeoance 

Refresh Vss 
RAS cycling, 

1eB3 200 ,,_A CAS • V1w: Current 
IRC = 375 r,s 

Page Mode v8 e RAS= VIL• CAS 
les4 200 ,,_A cycl,ng; 

Current 
tpc = 225 ns 

Vea= -5V, ov.; 
Input leai<age 

1tlll -10 10 µA VtN<.+7V, 
lanv input] all other pins not 

under IHI • ov 

Output Leakage IO(L) -10 10 µA DouT is disabled, 

ov '- VouT ,;; +5,5V 

Output High Voltage 
VoH 2.4 V iouT:-5mA@ (Logic 1) 

Output Low Voltage 
Vol 0.4 V IQUT: 4.2mA I l.ogic 0) 

NotH:(D Ta is specified here for operation at frequenCles to tRc ;ii tRC {min), Operation al hi.ghtr cvc:•e 111111 w•m flduc&'d 
ambient temp,eratufes and hi':I' PD'll\ler dissipation ts permissible. however. prov,ded AC DPlf'ating pa,,mec•n are met. 
See Figure 1 for derating curve. 

@ AH voh,aiges ,afetene:ed to Vss-
@ Output voltage THIii ,wing from. V55 to Vee whtn act,vamd with no currtn1 loading. For purpiosn of matntatning 

data in staf'ldbv mode, Vc;c mav be reduced to Vss without affectfng refresh opwadorn. or data retent•on. Ho!Nft"er, 
the VoH fmin) sPecHicauon is nor guarantei!d in thi, mode. 

© IDD1, IOOJ, and 1004 depend on cycle••••· See Figures 2, 3 and 4 fr, IDD limiu at other cycle ,ates. 
@ lcc1 and ICC4 depend upcr, output loading. During readout of high ltvel da1a Vee is connoctad through a low 

1mPedanee r135U typ) 1.0 data out. At all otfter Hmes •cc can1ists of leakaga currann on•v. 
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FIGURE 1 

Maximum ambient temperature versus cycle 
rate for extended frequency operation. Ta 
(max) for operation at cycling rates greater 
than 2.66 MHz hcvc < 375 nsl is deter• 
mini,d by Ta (maxi [°CJ = 70 - 9.0 x 
lcyc!e rate [MHz] -2.66). For µPO416-5, 
it is T 11 (max I I° Cl = 70 - 9.0 (cycle rate 
[MHz] -3.125). 
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FIGURE 3 

Maximum 1003 versus cycle rate for device 
Of)llration at extended frequencies. 
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µ-PD416' 
CYCLE TIME tRC (ns) 

320 
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50mA I • ' ' • 

µPD416-
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CYCLE RATE (MHz!= 103/tRC (ns) 

FIGURE 2 

Maximum 1001 versus cycle rate for device 
operation at extended frequencies. 
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µ. PD416 
READ CYCLE TIMING WAVEFORMS 

i....------------ 1AC------------

ADDRESSES 

WAITE 

-------1RAC lOFF 

-------------OPEN--------1.1 

WRITE CYCLE 

>-----------lRC--------------, 
VIH-C 

RAS 

V~HC-

CAS 

ADDR-IESSES 

----------------OPEr\1------------------

READ-WRITE/READ-MODI FY-WRITE CYCLE 

.--------------- R~\IC ---------------< 

\jlHC 

RAS 
v,L 

ADORESSES 



TIMING WAVEFORMS 
(CONT.) 

µ. PD416 

.. RAS-ONL V-- REFRESH CYCLE 

AOORESSES 

--------------OPEN----------------

Note CAS VIHC WRITE - Don·, C.,e 

FiAS v,Hc 
v,. 

VIHC 
CAS v,. 

v,, 
ADDRESSES VIL 

0ouT 
vo, 
vo, 

WRITE 
VIHC 

v,. 

SAS 
VIHC 

v,. 

CAS 
VIHC 

v,. 

v,, 
ADDRESSES v,. 

WRITE 
VIHC-

v,. 

,,, 
o,_ v,. 

PAGE MOOE READ CYCLE 

PAGE MODE WRITE CYCLE 



µPD416 

The 14 addreis bits required to decode 1 of 16,384 bit locations are multiplexed onto 
the 7 address pins and then latched on the chip with the use of the Row Address 
Strobe (RAS), and the Column Address Strobe (CASI. The 7 bit row address is first 
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit 
column address is applied and CAS is brought low. Since the column address is not 
needed internally until a time of tcRD MAX after the row address, this multiplexing 
operation imposes no penalty on access time as long as CAS is applied no later than 
tcRD MAX. If this time is exceeded, access time will be defined from CAS instead of 

RAS. 

For a write operation, the input data is latched on the chip by the negative going 
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this 
is an "early WRITE" cycle and data out will remain in the high impedance state 

throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the 
data output will contain the data in the selected cell after the access time. Data out 
will assume the high impedance state anytime that CAS goes high. 

ADDRESSING 

DATA 1/0 

The page mode feature allows the µPD416 to be read or written at multiple column PAGE MODE 
addresses for the same row address. This is accomplished by maintaining a low on RAS 
and strobing the new column addresses with CAS. This eliminates the setup and hold 
times for the row address resulting in faster operation. 

Refresh of the memory matrix is accomplished by performing a memory cycle at each REFRESH 
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched, 
"RAS only" cycles can be used for simple refreshing operation. 

Either RAS and/or CAS can be decoded for chip select function. Unselected chip CH IP SELECTION 
outputs will remain in the high impedance state. 

In order to assure longlerm reliability, v88 should be applied first during power 
up and removed last during power down. 

POWER SEQUENCING 



PACKAGE OUTLINE 
µPD416C 

µPD416D 

J-LPD416 

i_ 

"j~f,4----, --e~~ 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 19.4 MAX. 0.75 MAX. 

B 0.81 0.03 

C 2.54 o.1it 
-

D 0.5 0.02 

E 17.78 0.70 

F 1.3 0.051 

G 2.54 MIN. 0.lOMIN. 

H 0.5MIN. 0.02 MIN. 
t-------I----------

E 4.05 MAX. 0.16MAX. 

J 4.55 MAX. 0.18MAX. 

K 7.62 0.30 

L 6.4 0.25 

+O. 10 
M 0.25 0.01 

-0.05 

(Ceramic) 

ITEM MILLIMETERS INCHES 
A 20.5MAX. 0.81 MAX. 

B 1.36 0.05 

C 2.54 O.lO 

D 0.5 0.02 

E 17,78 0.70 
F 1,3 0.051 

G :UMIN. 0.14MIN. 
H 0.liMIN. 0.02 MIN. 
I 4.IIMAX. 0.18MA)(. 

J li.1 MAX. 0.20MAX. 

K 7.11 0.30 

L 7.3 0.211 

M 0.27 0.01 

416OS-12-80-CAT 




