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NEC P22100C

4 x 4 CROSSPOINT SWITCH WITH CONTROL MEMORY
CMOS

The pPD22100C consists of 16 crosspoint switches organized in 4 rows and 4 columns. Any of the 16 Switches
can be selected by applying its address to the device and pulse to the strobe input. The selected crosspoint will
turn on if during strobe, Data In was a one and will turn off if during strobe, Data In was a zero. Other switches are
unaffected. On internal power-on reset turns off all-switches as power is applied.

Truth Table
INPUTS SELECTED CHANNELS

S D C B A D|YX0O YX1 YX2 YX3 YX0O YX1 YX2 YX3 YX0O YX1 YX2 YX3 YXO YX1 YX2 ¥X3
L x x x x x|NC
H L L L L L|OFF NC >
H L L L L H/ON NC
H L L L HL|NC OFF NC
H L L L HH|NC ON NC
H L L HL L|NC———OFF NC >
H L L HL H|NC ON NC
H L L HHL|NC- OFF NC
H L L HH H|NC ON NC
HHHHHL|NC OFF

H HHH H{NC ON

L : Low Level, H : High Level, NC : No Change, x : L or H

Package Dimensions (Unit : mm) Connection Diagram (Top View)
19,4 MAX. R A

||6'15'u |3|2n109| - EBiAd c X‘-E %VDO
JEDEC : MO - 001 Al DATA IN(2 15] Yo
A1 g[ IEC  : (PA-19 Type C) ¢ 1
Z128345678 % 7,62 D[4 [13) X3
E z Ale] 1] Y3

=

i 34 STROBE [7] 0] Y2
05+0.1 254 0.05:94 0~15° vss 3] 5] Xo
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wPD22100C NE C

Block Diagramm

g 8

L i B
Ac{ H ==

:'3_ (4] IJQ'“ @— °Y1 S : Strobe
B o §E % === § D : Data in

e |z BH BH i i1
CoicHeF T | ova

¥ —| ’, » ,@'— Es}" [n] : Analog Switch
DO_L=L__——, i !

Xo X1 X2 X3
Timing Chart

STROBE l

ADDRESS DON'T CARE| ADDRESS 1| DONT'T CARE ADDRESS 2 DON'T CARE

ON

SWITCH 1
OFF

ON
SWITCH 2 H__l_l__l
OFF
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NE C uPD22100C

Absolute Maximum Ratings (Ta=25 °C)

ltem Symbol Absolute Maximum Ratings Unit
DC Supply Voltage VDD -0.5~+20 v
Input Voltage Vi -0.5~Vpp+0.5 \Y
Input Current 1] 10 mA
7Power Dissipation PD 200 mwW
Operating Temp. Topt -40~+85 °C
Storage Temp. Tstg -65~+125 °C

Recommended Operating Conditions (Ta=-40/+ 85°C)

Item Symbol Conditions Min. Typ. Max. Unit
Operating Voltage VDD 3 18 V_~v
Input Voltage VIH 0.7VDD VDD v
Input Voltage ViL 0 0.3Vpp \)
Analog Input Volt VIA Vss VDD \J

Electrical Characteristics

Ta=-40°C Ta=25°C Ta=+85°C
Item Conditions - - - Unit
o - VDD(V) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
5 1000 225 | 1250 1440
10 - 145 85 | 180 200
On-State Resistance RON VIS=VDD Vss Q
12 2 110 75 | 135 165
15 75 65 95 110
5 35
On-State Resistance
Difference Between ARON 10 vig=V/DD-VSS 20 Q
Any Two Switches 12 1I8=="5 18
15 15
Input Leakage All + 4
Current IL 18 Switches OFF +100 +1 |+100 +10000 nA
Input Voltage ° Switch  ON 22 38 32
(ngic) 9 v | 10 7 7 7 v
15 |RON<RON Max. /"y 1 1
5 . 1.5 15 1.5
Switch  OFF
'(t‘;;: c‘)’°“age v | 10 3 3 3 v
11.<0.2 pA
15 4 4 4
Input Current ] 18 Vi=VsS: VDD +0.1 +1073] +1 +1 pA
5 5 0.04 5 150
Quiescent 10 10 0.04| 10 300
IDD || VI=VSS§:V
Current 15 SS- 7DD 20 0.04| 20 s0 | "
i 20 - 100 0.08 | 100 3000
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NEC

wPD22100C
Switching Characteristics (Ta=25 °C)
Characteristics Symbol Conditions Min. | Typ. | Max Unit
VDD(V)
) 5 | signal INPUT ~ Signal OUTPUT 30| 60
PLH 10 RL=10 kQ, CL =50 pF 15! 30 ns
PHL |7 45 | tr=ti=20Ns 10 20
5 | Sstrobe INPUT 300 | 600
tPZH 10 - OUTPUT 125 | 250 ns
15 80 | 160
5 | DpataINPUT 110 | 220
tPZH 10 - OUTPUT 40| 80 ns
15 25 50
5 | Address INPUT 350 | 700
Propagation tPzH 10 - OUTPUT 135 | 270 ns
15 90 | 180
Ri=1kQ
5 | strobe INPUT 165 | 330
tPHz | 10 - OUTPUT CL=50pF 85 | 170 ns
15 Lrti=20ns 70 | 140
5 | DataINPUT 210 | 420
tPLZ 10 - OUTPUT 110 | 220 ns
15 100 | 200
5 | Address INPUT 435 | 870
tPHZ 10 - OUTPUT 210 | 420 ns
i 15 160 | 320
5 Data INPUT 95 | 150
Set Up Time tset up 10 _, Strobe 25 50 ns
15 Address 15 30
5 Data INPUT 180 | 360
Hold Time thold 10 _, Strobe INPUT 110 | 220 ns
15 Address INPUT 35 70
5 06 | 1.2
Frequency Igmax 10 RL=1 kQ, CL=50 pF 16 | 3.2 MHz
15 s b 00 e 25 5
- S — lrlll'—‘\l ns
Strobe Pulse 5 300 | 600
Width tw
(STROBE)| 1 94 B 120 | 240 ns
. 15 90 | 150
Crosstalk 10 RL=10 kQ 75 mV
Voltage tr=tf=20 ns Rectronglar (peak)
Data, Strobe, Address INPUT 5|75 pF
INPUT Capacitance CIN Signal Xn 30
INPUT [, ol | ®
Feedthrough n
Capacitance CIN/OUT 04 pF
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NEC wPD22100C

Switching Time Characteristics (Ta = 25°C)

Characteristics Symbol Min. | Typ. | Max. Unit
Vop(V)
Frequency RL=1kQ, VIS=5V(P-p)
Response - 10 vos 40 MHz
(Switch on) 20 log —*=—3dB
Vis
Feedthrough

RL1kQ, f=16kHz, VIS=5V (P-P)

Attenuation - 10 h -80 dB
(Switch Off) Sine Wave Input
Sipe nge _ 10 R1=1kQ,VIS=5V (P-P) 05 %
Distortion! f=1kHz
motka |20 log 0B _ 4008 15 MHz
Crosstalk Between L= Vi (A
Any Two Switches - 10 gw :/B\; = 82", Vo (B)
- 20 log ———=-110dB 0.1 kHZ
Vi (A)
TEST CIRCUITS
[0 PROPAGATION DELAY TIMES
(1) SIGNAL INPUT — SIGNAL OUTPUT
ON
vig 0— SW VoS
RL ;[CL tPHL

(2) STROBE INPUT —~ OUTPUT

VDD

DATA IN STROBE
0
VDD

DATA IN
ViIso— sw Vpp 0 ———/

! l tPZH
RLS =g, /oD 90% _—L
vos N\ / [\
-4 0/
7]7 l o 10%

tPHZ

] 50%
tset up\____/

‘_
/ thold

5

STROBE T

~ A

1.7






WPD9513D/9514D
PCM COMBO
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N E C wPD9513D/AD / 9514D/AD

uPD951X Familiy Lineup
Clock
oring | Signaling | ASUNG/ | Fixed Data |Veriable Data| Input Test
Type palrgllng Signaling 0;:) e}g‘{ign Rats Mode. | Rate Mode AMP Capability Package
@® analog loop
WPD9514D syncs | 1836or | 64Kto |inverting| o okt 24 pin

Aorpu Sign. 1,544 or | 2,048 Mbps or

ASYC 12048 Mbps | Non-Sign. | Non-inv.|  Snooder . | Cer DIP

Filter

@ Xmit

1,536 or Inverting .
. ! 64K to encoder 20 pin
uPD9513D Aorpu Non-Sign. | Sync only 1,544 or or .

2,048 Mbps 2,048 Mbps Non-Inv [ ) ?"ct\; r& Xmit | Cer DIP
. 2,048 Mbps 64Kto |Inverting 16 pin
wPD9516D m Non-Sign. | Sync only only 2,048 Mbps | only None Cer DIP
. 2,048 Mbps 64K to Inverting 16 pin
uPD9517D A Non-Sign. | Sync only only 2,048 Mbps | only None Cer DIP

23






N E C pPD9513D/AD / 9514D/AD

The uPD9513 D and pPDY514D are single-chip PCM CODEC (COMBO) LSIs with transmit/receive filters. The pPD9514D trans-
mit/receive channel is capable of asynchronous operation, so its application is ideal to D3/D4 type channel banks and sub-
scriber carrier systems. The pPD9513D does not work asynchronously, and the number of pins it has is reduced to 20. There-
fore, suitable applications for itare in PBX’s and central office switching systems where synchronous operation and high-den-
sity mounting are required.

These CODEC LSis have wide dynamic ranges. Therefore, in addition to use in communication systems, they can be used in
various applications such as digital processing of voice signals.

Features

® These are complete single-chip PCM CODECs (COMBO) LSis with the following circuits internally provided:
@® Transmit channel input operational amplifier
@ Transmit channel RC-active LPF and switched capacitor HPF/LPF
® p-law/A-law compatible coder and decoder
@ Autozero circuit
® Receive channel switched-capacitor LPF
@ Receive channel balanced output power amplifier
@ High-accuracy reference voltage circuit
@ Serial I/0 interface circuit
@ p-law/A-law mode setting by pin connection
@ Two types of data transmission modes
Fixed data rate (1.536/1.544/2.048MHz selectable)
Variable data - te (64Kbps to 2.048 Mbps)
@ Balanced/unbalanced output power amplifier capable of directly driving a 600Q load is internally supported as a receive
output amplifier
@ Low power consumption
80 mW TYP. in normal operation
8 mW TYP. in power-down mode
@ Capable of asynchronous operation of transmit/receive channel*
@ Internally provided signaling function*
@ Internally provided analog loopback test function*
® Single-chip CMOS monolithic LS!
@® 24-pin ceramic DIP*
@ 20-pin ceramic DIP**
@ 9513AD/9514AD same specification as 9513D/9514D but latch up free

* Provided in uPD9514D only
** Provided in WPD9513D only

Note: Parameters exceeding the values specified in the following tables, should be filled-in by each customer in the
specially reserved columns (Customer specification) and returned to NEC.
Additional information needed:

Date

Customer Name :

Potential Quantity :

Project Timing

25



pPD9513D/AD / 9514D/AD

E

Package Dimensions (Unit: mm)

wPD9513D wPD9514D
pin ceramic DIP (300 mil) pin ceramic DIP (600 mil)
! O
19 18 17 16 15 14 13 [ TEEEI Y
wos AABRAKAHR AAAABEELEELE
_ RO
lil LS e g -
7 34567890
.40 MAX. T3 15 ¢T3 5 R 7
33.02 MAX.
z i)
B 085 MIN. 7.6 MAX. .,é
= = “TT
] . s
: i :
2 T =
Z [ 7 z
£ |2 z 090 MIN. -
= 255 MIN 4 050" D0 2EHY @25 wax. o253t 0-15°
h 050} SIS B2 MK 02580 0~15'
20DH-100-300 24DH-100-600
Block Diagrams
wPD9513D
TRANSMIT SECTION
AUTO ZERO Dy
OUTPUT
SAMPLE/HOLD T~sx/DCLKx
BAND PAsS | [P O L barator |l SAR REGISTER|
FILTER
D/A
A/D FSy
CONTROL
VOLTAGE LOGIC CLK
REFERENCE BUFFER ?
CLKSEL
CONTROL A
SEL
s, (4 GAIN SET LOGIC
PDN
PWRO+ (2 l
CRLTER N ™ weutr >
DA LOGIC
PWRO -~ é REGISTER
POWER AMPLIFIER DCLKg
RECEIVE SECTION FSa
(1) {20} (1o} 1)
0 D, <© ®
Vss Von DGND AGND

2.6



NEC

wPD9513D/AD / 9514D/AD

Dy

TS/ DCLKy

SIGy“ASEL

FSy

CLKy

CLKSEL

PDN
LOOP

Dy

DCLKq

SIG,

FSg

CLKq

| ] SIGy/ASEL
] TSx/DCLKy

wPD9514D
TRANSMIT SECTION
l 1‘ AUTO ZERO l l I
OUTPUT
Ao . SAMPLE/HOLD
" BANDPASS L] i | COMPARATOR |=|  SAR REGISTER
A e DA |
GSy A/D
CONTROL
VOLTAGE LOGIC
REFERENCE BUFFER 1
I-_] CONTROL
GSy (4 IGA]N SET] LOGIC
PWRO +
SAMPLE HOLD D/A
LOW PASS 3
- nd }+— CONTROL je—j
FILTER GA LOGIC INPUT
PWRO - REGISTER
POWER AMPLIFIER
RECEIVE SECTION
) o ) -
0 @) ® -®
Vi Vo DGND AGND
Pin Connections
WPD9513D uPDI514D
U/
Vss {: 1 24 Voo
v, []1 20 [ Vin, PWRO+ [ 2 23[ ] Gsx
PWRO+[] 2 19] ] GSy PWRO- [] 3 22 ] A
PWRO-[] 3 18] A Gsy [ 4 21 [] A,
GSe [ 4 17 ] A, PDN [] 5 20 [ ] AGND
poN[] 5 16 [ ] AGND CLKSEL [] 6 19 [ ] NC
CLKSEL[] 6 15[ ] ASEL Loop [] 7 18
pCLK, [] 7 14 ] ¥S,/DCLK, sIG, [] 8 17
D[] 8 13[ ] by DCLK, [] 9 16 [ ] by
Fs [ o 12[ ] Fsy Dy [ 10 15 [] FS,
DGND []10 1 [jerx ks, 1 14 [ ] CLKy
DGND 12 13 [ ] CLK,

27




wPD9513D/AD / 9514D/AD

NEC

Pin No.

uPD9513D | WPD9514D

Symbol

Input/
Output

Function

1

1

Vss

Negativ supply: input voltage is - 5V & 0.25V.

2

2

PWRO+

Output

Non-inverting output of receive power amplifier. Can directly drive
600Q load (in a differential configuration)

PWRO-

Output

inverting output of receive power amplifier. Functionally identical
and complementary to PWRO+.

GSgr

Input

Input to the gain setting network of the output power ampilifier.

PDN

Input

Power-down select (active low).

CLKSEL

Trivalue
input

Input which must be pinstrapped to reflect the master clock
frequency at CLKy, CLKg.

foclk =2.048 MHz . . . to Vss

fok = 1.544 MHz . . . to DGND

fck =1.536 MHz . . . to Vpp

LOOP

Input

Analog loopback control input (active high). When this pin is active,
PWRO+ is internally connected to AIN+ pin, GSg is internally
connected to PWRO-, and AIN- is internally connected ot GSx.

A 0 dBm0 digital signal input at Dg is returned as a +3dBmO digital
signal output at Dy.

SIGR

Output

Signaling bit output, receive channel. SIGr outputs the logical state
of the eighth bit of the PCM word in the most recent signaling frame
to which two data clock widths of FSg are added.

DCLKr

Input

Selects fixed or variable data rate mode.

@® When DCLKg is connected to Vsg, fixed data rate mode is
selected.

@ When DCLKgis not connected to Vsg, variable mode is in effect.

In this mode, DCLKRr becomes the receive data clock which

operates at 64Kbps to 2.048 Mbps.

10

Dr

Input

Receive PCM input. 8-bit PCM data are clocked in on this lead for
eight consecutive falling edges of the receive data clock: CLKg for
fixed data rate mode, and DCLKg for variable data rate mode.

11

FSgr

Input

8kHz frame synchronization clock input, receive channel.

® In fixed data rate mode, distinguishes between signaling and
nonsignaling frames by means of a double- or single-wide pulse,
respectively (uPD9514D).

@ In variable data rate mode, this signal must remain high for the
entire length of the timeslot.

Receive channel enters the standby state whenever this pin is held

low for 300ms.

10

DGND

Digital ground. Not internally tied to analog ground.

CLKg

Input

Receive master clock pin. Receive master and data clock for the
fixed data rate mode (in variable data rate mode, receive master
clock only).

1

CLK/CLKx

Input

Transmit master clock pin. Transmit master and data clock for the
fixed data rate mode (in variable data rate mode, transmit master
clock only)

15

FSx

Input

8kHz frame synchronization clock input, transmit channel.

@ In fixed data rate mode, distinguishes between signaling and
nonsignaling frames by single- and double-wide pulses,
respectively (uWPD9514D).

@ In variable data mode, this signal must remain high for the entire
length of the timeslot.

Transmit channel enters the standby state whenever this pin is held

low for 300 ms.

28
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wPD9513D/AD / 9514D/AD

Pin

No.

Input/

LPDO513D WPpYst4p|  Symbol Output Function
Transmit PCM output. 8-bit PCM data are clocked out on this lead
for eight consecutive rising edges of the transmit data clock:
13 16 Dx Input CLKx in fixed data rate mode, and DCLKy in variable data rate
mode.
Transmit channel timeslot strobe output or data clock input for the
. - transmit channel.
14 17 TSx/ Output/ | @ In fixed data rate mode, this pin is an open drain output, and
DCLKx Input the transmit channel strobe signal is output.
@ In variable data rate mode, this pin becomes the transmit data
clock input pin which operates at 64bps to 2.048Mbps.
Dual-purpose pin which selects transmit signaling input or A-law.
1 18 SIG/ Input @® When connected to Vgs, A-law operation is selected.
5 x npu @ When not connected to Vss, p-law operation is selected, and this
ASEL ; K
pin becomes the transmit signaling input pin. This input is trans-
mitted at the eighth bit of the signaling frame.
-— 19 NC - No connect
16 20 AGND -- Analog ground pin. Not internally connected to digital ground.
17 21 AIN+ Input Transmit non-inverting analog input pin.
18 22 AIN- Input Transmit inverting analog input pin.
19 23 GS o Transmit operational amplifier output pin. Internally connected to
X the filter of the next stage.
20 24 Voo -- Positive power supply: + 5 + 0.25V.

29



WPD9513D/AD / 9514D/AD N E C

Absolute Maximum Ratings (Ta = 25°C) Ctg.ptzrger
ltem Symbol Parameter/Conditions Rating Unit Rating
Vop -0.3t0+7.0
Supply Voltage \"
Vss -7.0to +0.3
Analog Input Voitage Vain AIN+, AIN-, GSg, GSx Vss -0.3 to Vpp +0.3 \"

For pins other than

VO | KSEL, DCLKg, SIGx/ASEL| ~0-3t0 Voo +0.3

Digital Input Voltage v
CLKSEL, DCLKRg,
Vbing SIGx/ASEL pins Vss -0.3 to Vpp +0.3

Voltage Applied to Digital For all digital

Output Pin Voour output pins -0.3to Vop +0.3 v
Power Dissipation Pr 500 mwW
Operating Temperature Topt 0to +70 °C
Storage Temperature Tstg -65 to +150 °C
Soldering Temperature Tsold Less than 10 seconds +260 °C

Note: All voltages are based on the condition that Vpg = Vag = 0, unless otherwise specified.
It should be connected to Analog ground with shorting at the just under position of IC between AGND and DGND

pins.
Recommended Operating Conditions Vpp = +5 £ 0.25V, Vgs = -5 + 0.25V, Vpg = Vag = 0,
0 = Ta = 70°C, unless otherwise specified
(1) D.C. Conditions Customer spec.
Item Symbol Parameter/Conditions Min. TYP. Max. Unit | Min. | Typ | Max.
Supply Vop +4.75 +5.25 v
Voltage Vss -5.25 -4.75
Load Resistance RLax Transmit 10 kQ
Load Capacitance|  Clax amplifier 50 pF
Unbalanced| 300
Load AL Receive |output Q
Resistance AR amplifier | Balanced 600
output
Load PWRO+,
Capacitance CLaR PWRO- pins 100 pPF
Input Low Voltage Vi Digital input pins 0 0.8
other than CLKSEL Pin \"
Input High Voltage VIH (See Note) 20 Voo
Input Low fok
Voltage Vio 2048MHz | Vss Vss+0.5
Input Intermediate CLKSEL |fok=
Voltage Vio pin 1544MHz | Voa-05 Voa+05 |V
I High Voltage Vi fok = Vpp-0.5 V
nput High Voltag \HO 1 536MHz DD DD

Note: When DCLKgpin is connected to Vss pin, the fixed data rate mode is selected.
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N E C wPD9513D/AD / 9514D/AD

(2) Clock Customer Spec.
ltem Symbol | Parameter/Conditions Min. TYP. Max. Unit Min. | Typ | Max.
| When CLKSEL is
connected to Vpp 1.536
Master Clock foLk When CLKSEL is
Frequency (1/tcy) connected to DGND 1.544 MHz
When CLKSEL is 2048
connected to Vss ’
Master Clock Duty Cycle tcoc 45 50 55 %
Data Clock focLk
Frequency (1/tocy) 64 2048 | kHz
Master Clock
Pulse Width fowk 220 ns
Frame sync
Frequency frs 7.9996 | 8.0000 | 8.004 kHz
Dr Setup
Time losk 10 e
Dg Hold
Time torR 60
Frame Sync
Delay Time trsp 100 toy -100)  ns
Clock Rise
Time & 30 e
Clock Fall
Time t 30
(3) Timing In Fixed Data Rate Mode Customer Spec.
Item Symbol | Parameter/Conditions | Min. TYP. Max. Unit Min. | Typ | Max.
SIG x Set
Time ¥ tss 0
D9514D ns
SIG x Hold il 0
Time tsH
(4) Timing In Variable Data Rate Mode Customer Spec,
Item Symbol | Parameter/Conditions | Min. TYP. Max. Unit | Min. | Typ | Max.
Timeslot Referenced to
Delay Time 'rsD | DGLKy, DCLKR 140 tocy-140]  ns
Frame Sync -
Delay Time tesD 100 tcy-100| ns
Data Clock
Pulse Width toow 220 ns
Hotd Tme tron 0 ns
Note: tocy = V/focik, toy = 1ok
64 KB Operation, Variable Data Rate Mode Customer Spec.
Item Symbol | Parameter/Conditions | Min. Typ Max. Unit | Min. | Typ | Max.
Transmit Frame Sync. FSx is TTL high for
Minimum Downtime ¥SLX | remainder of frame 488 ns
Receive Frame Sync FSgis TTL high for
Minimum Downtime | ¥SLR | remainder of frame 1952 ns
Data Clock
Pulse Width toow 10 us
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wPD9513D/AD / 9514D/AD

NEC

D.C. Electrical Characteristics

(1) Power Dissipation

0= T,=70°C, Vpp = +5 + 0.25V, Vsg = —5 + 0.25V,

Vbag = Vag = 0, fDCLXg = fDCLKx = 2.048MHz

All outputs unloaded unless otherwise specified
Typical values are for T, = 25°C, Vpp = +5V, and Vsgs = -5V

Customer Spec.

ltem Symbol Parameter/Conditions Min. TYP. Max. Unit Typ Max.
Operating Ioo ! 80 130
In normal operation
Current Ilss! P 8.0 130
Power-Down ) PDN pin is set to 08 13 mA
Current lisspp! low after 10us 0.8 1.0
Standby Iopst FSx and FSg are set 038 1.3
Current lsssT! to low after 300 ms 08 1.0
Operating _
Power Pp In normal operation 80 136.5
Dissipation
Power-Down PDN pin is set to
Dissipation Popo low after 10ps 8 121 mw
Standby
FSx and FSg are set
Power Post to low after 300 ms 8 121
Dissipation
(2) Digital Interface Customer Spec.
Item Symbol Parameter/Conditions Min. TYP. Max. Unit Min. | Typ | Max.
= =
Digital Ipl O = Vpin= Vop 10
Input CLKSEL and DCLKg WA
Current Ip2 SIGx/ASEL pins 10
Vss= Voin = Vbp
Output Low Dx, TSy, and SIGg pins
Voltage Vou loL = 3.2mA 04 v
Output High v Dx pin (lon = 9.6mA) 24
Voltage | YOM SIGg pin (lon = 1.2mA) ’
Digital
Output Coo 5
Capacitance
F
Digital 10 P
Input Cip
Capacitance
(3) Transmit Amplifier Customer Spec.
Item Symbol Parameter/Conditions Min. TYP. Max. Unit Min. Max.
Input ~ <
Leakage Is 2 1+7 SVan =217V, 100 nA
AIN", AIN-
Current )
Input
Resistance RIN 10000 kQ
Input Offset
Voltage Vio -25 25 mV
Common Mode|  cmrr -217 S VAIN'S 217V 55 dB
Rejection
Voltage Gain Av 5000
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pPD9513D/AD / 9514D/AD

(4) Receive Power Amplifier

Customer Spec.

Iltem Symbol Parameter/Conditions Min. TYP. Max. Unit Min. | Typ | Max.

Output Unbalanced output o

Offset Vos connection, -150 -75 150 mV

Voltage PWRO+ and PWRO- pins

Output

Reisistance Rorr PWRO+, PWRO- 1 Q

A.C. Electrical Characteristics

0=Ta=70°C, Vpp =5+ 0.25V, Vgg = —5 + 0.25V
Vo =Vac =0,

(1) Timing Parameters in Fixed Data Rate Mode Customer Spec.
ltem Symbol Parameter/Conditions Min. TYP. Max. Unit Min. Max.
Data Enable
Delay tozx CL < 100pF 0 145 ns
Data Delay toox CL <100pF 0 145 ns
Data Hold
Time thzx CL=0 60 220 ns
TSx E I
Deﬁ'ay nable tson CL <100pF 0 145 ns

Disabl
Doty | tsorr cL=0 50 210 | ns
SIGgr Update
Timg ’ tsiar 0 2 us

(2) Timing Parameters in Variable Data Rate Mode Customer Spec.
ltem Symbol Parameter/Conditions Min. TYP. Max. Unit Min. Max.
Dy Active N
Dol ay toon CL < 100pF 0 65 ns
Dx Inacti
oaa ;’C ve tooFF CL <100 pF 0 90 ns
Data Delay torsx 0 140 ns
Data Delay topx CL < 100pF 0 100 ns
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pPD9513D/AD / 9514D/AD N E C

Transmission Characteristics

Ta = 25°C, Vpp = 5:10.25V, Vgg = 540.25V, Vag =Vpg =0,
analog input signal level Vin = 0 dBmO (f = 1020Hz),
analog input operational amplifier gain = 1 (non-inverting),
digital input signal level 0 dBmO (f = 1020Hz),

receive output power amplifier gain = 1,

unbalanced output (PWRO+), unless otherwise specified.

(1) Gain Characteristics Customer Spec.
Item Symbol Parameter/Conditions Min. TYP. Max. Unit Min. Max.
Encoder
Milliwatt
Response Voo=5V
(Transmit EmW Vss = -5V -0.15 +0.15 dBmO
gain
tolerance)

EmW

Variation 0=Ta=70C

with Temp. EmWys | Vpp=5+0.25V -0.12 +0.12 dB
and Power Vss = -5140.25V

Supply

Digital Measure relative to

Milliwatt OTLPg. Signal input per

Response CCITT recommendation

(Receive OmW | G 711. Output signal 015 +015 | dBmO
Gain of 1000Hz.

Tolerance) Vop =5V, Vgs = -5V

DmW Varia- 0<Ta<70C

tion with =

: DmWrs | Vpp = 510.25V -0.08 +0.08 dB
Temp. and Ves = -5+0.25V

Power Supply| §§ = "0

Zero Transmission Level Points Customer Spec.
Item Symbol Parameter/Conditions Value Unit
Zero
Transmission Referenced to 600Q +2.76
Level Point
Transmit OTLP1x dBm
Channel Referenced to 900Q +1.00
(u-law)

Zero

Transmission Referenced to 600Q +2.79

Level Point

Transmit OTLP2x dBm
Channel Referenced to 900Q +1.03

(A-law)

Zero

Transmission Referenced to 600Q +5.76

Level Point

Receive OTLP1g dBm
Channel Referenced to 900Q +4.00

(u-law)

Zero .

Transmission Referenced to 600Q +5.79

Level Point

Receive OTLP2g dBm
Channel Referenced to 900Q +4.03

(A-law)
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(2) Gain Tracking (Variation of gain with input level)
(Reference level = 10dBm0, unless otherwise specified)

Customer Spec.
Item Symbol Parameter/Conditions Min. TYP. Max. Unit Min. | Typ | Max.
Transmit p-law |+ 3t0o-40dBmO| -0.25 +0.25
Gain CCITT
Tracking GTix G. 712 |~40t0-50dBm0 -0.5 +0.5 dB
Error 1 Method 2| -50t0-55dBm0|  -1.2 +1.2
Transmit A-law |+ 3t0-40dBm0| -0.25 +0.25
Gain cCcItT
Tracking GT2x G. 712 -40to -50dBm0 -0.5 +0.5 dB
Error 2 Method 2| -50t0-55dBm0| -1.2 +1.2
A-law
Transmit white | -10to-55dBmO -0.1
Gain noise
Tracking GT3x input a8
Error 3 CCIT | -55t0-60dBmO -0.3
G.712
p-law - N
Receive corr + 3t0-40dBmO| -0.25 +0.25
Gain G. 712
Tracking GTig Method 2| ~40t0-50dBm0 -0.5 +0.5 dB
Error 1 R.=300Q
o BNRO+ | -50t0-550Bm0|  -12 +12
A-law - _
Receive cerr |t 3t0-40dBm0| -0.25 +0.25
Gain G. 712
Tracking GT2r Method 2 -40to0 -50dBm0 -05 +0.5 dB
Error 2 RL=300Q
i PWRO+ -50to0-55dBm0 -1.2 +1.2
A-law
Receive white |-10to-55dBm0O +0.1
Gain noise
Tracking GT3r input ds
Error 3 CCITT | -55t0-60dBm0 +0.3
G.712
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(3) Frequency Response
Analog input operational amplifier gan =1 (Non-inverting),
Receive output power amplifier gain = 1 Unbalanced
Output (PWRO++), unless otherwise specified.
Customer Spec.
ltem Symbol Parameter/Conditions Min. | TYP Max. Unit Min. “ Max. B
Gpx 1 16.67Hz -30
GRrx 2 50Hz -25
Ggx 3 60Hz -23
. Grx 4 | Gain 200Hz -1.8 -0.125
gﬁnsml': relative 03to ]
anne Grx5 | to gain 3.0kHz -0.125 +0.125 dB
Frequency at1.02kHz : 1
Response Grx 6 | o dEmO ' 3.3kHz -0.35 +0.03
Gpx 7 3.4kHz -0.7 -0.1
Gpx 8 4.0kHz -14
4.6kHz
Grx 9 and above -32
Geg 1 e +0.125
GpRr 2 200Hz -0.5 +0.125
) Gain 0.3 to
gﬁ‘;ﬁ‘;& Ggr 3 relative 3.0kHz -0.125 +0.125
Frequency Grr 4 z ?g'gmz 3.3kHz -0.35 +0.03 dB
Response Gmr5 |0dBmO | 3.4kHz 07 0.1
Grr 6 4.0kHZ 214
4.6kHz -30
Grp 7 and above
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(4) Noise

Customer Spec.

Symbol

Parameter/Conditions

Min.

Max.

Unit

} Max.

Nxc1

AIN+ is grounded to
AGND. Input amplifier
gain = 1, C-Message
filter is used.

dBrnc0

Transmit
Noise

Nxc2

AIN+ is grounded to AGN.
Input amplifier gain = 1,
C-Message filter is used.
Signaling data is added to
the sixth frame.

18

dBrncO

AIN+ is grounded to
AGND. Input amplifier
gain =1,
Psophometric filter is
used.

dBmOp

Nprc1

C-Message filter is used.
Dgr = 11111111, measure at
PWRO+

11

dBrncO

Receive

Noise NRc2

C-Message filter is used.
Input to Dr is zero code
with sign bit toggled at
1kHz rate

12

dBrncO

Psophometric filter is
used. Dg = lowest
positive decode level

dBmOp

Single
Frequency
Noise

Nsr

End-to-End
measurement
CCITT G. 71242

dBmO

Crosstalk,
Transmit to
Receive

CTwr

Dg = lowest positive
decode level

AIN+ = 0 dBmO,
1.02kHz analog signal
measure at PWRO+

dB

Crosstalk
Receive to
Transmit

CTgrr

AIN+ is grounded to
AGND, DR = 0 dBm0,
1.02kHz digital signal

dB

PSRRry 1

+200mV P-P signal
on Vpp, 0 to 50 kHz

40

dB

PSRRy 2

Power Supply

+200mV P-P signal
on Vss, 0 to 50kHz

40

dB

Rejection PSRRR 1

+200mV P-P signal
on Vpp, 0to 50kHz, PWRO+

30

PSRRRg 2

+200mV P-P signal
onVss, 0to 50kHz, PWRO+

30

dB

dB
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(5) Distortion Customer Spec.
tem Symbol Parameter/Conditions Min. TYP. Max. Unit Min. | Typ | Max.
0 to -30dBm0 36
p-law
SD1x (CEC_I,:; -40dBm0O 30 | dB
Method2  4sqBmo| 25
0 to -30dBm0 36
. A-law
Transmit CCITT
Signal to SD2x G. 712 -40dBmO 30 dB
Distortion .
Method2  4saBmo| 25
-6 to -27 dBm0 38
ppiad 34dBmo 36
CCITT - m
SD3x 6. 712 ~40dBmO 31 a8
Method 1
-55dBm0 16
0 to -30dBmO 36
p-law
sota (SO0 -40dBmo0 | 30 @B
Method2l  4sdBmo| 25
0 to -30dBm0 36
. . A-law
Receive ceiT
Signal to SD2R |5 712 -40dBmO 30 dB
Distortion ’
Method2l  ssaBmo| 25
-6 to -27 dBmO 38
hoaw 34dBm0 36
cciT B m
SD3r e 712 -40dBmO 31 @
Method 1
-55dBm0 16
Transmit
Single- :
AT&T Advisory No. 64 (3.8)
Frequency DPx . N -46
Distortion 0 dBmO input signal
Products dBmo
Receive
Single- AT&T Adviso
ry No. 64 (3.8)
Frequency DPR ; 4 N -46
Distortion 0 dBmO input signal
Products
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(5) Distortion cont'd.

Customer Spec.
ltem Symbol Parameter/Conditions Min. Typ. Max. Unit Typ Max.
End-to-End measurement
Inter- o MD1 | cenr G 712 (7.1) -35 e
Distortion MD, | Eoa-to-End e v -49 | dBmO
Spurious End-to-End measurement
Out-ot-band | SOS | oG 712 (6.1) -25
Signals dBmO
Spurious
End-to-End measurement
in-band SIS Icema. 712 (9) -40
ignals
* Transmit )
Fixed Data Rate
Absolute Dax _ 245 us
Delay fokx = 2.048MHz
Transmit 500to 600Hz 170
?if'fefen' b Realtive 600 to 1000 Hz 95
ia
Envelope % |toDax {1000 to 2600 Hz 45 ue
Delay 2600 to 2800 Hz 105
Receive .
Fixed Data Rate
Absolute Dar _ 190 us
Delay fcLkr = 2.048MHz
Receive 500 to 600Hz 45
Differen- Relative | 600 to 1000 Hz| 35
tial Dor to D,
Envelope AR 11000 to 2600Hz 85 b
Delay 2600 to 2800 Hz 110
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Waveforms
Fixed Data Rate Timing

TRANSMIT TIMING

| S — 4 TIMESLOT

o]
wonsast 1 -
—1 trao

FSx
SIGNALING —j
FRAMES

TIMESLOT
cux A4 2 3 4 s /e 7 s 1
] < toxx r-laox -—tzx

Ox ]—J svt X a2 x (1 F] X BiT4 X TS X BiTe X arr X ::: ——

808N —-! ~—1s0FF
8x

|..—-1 — _..II.~|,,.
s10x DON'T CARE X VALID x 2e

NOTE: ALL TIMING PARAMETERS REFERENCED TO Wiy AND Wi EXCEPT
tD2ZX. 1SOFF AND tZX WHICH REFERENCE A HIGH IMPEDANCE STATE

RECEIVE TIMING
f—ter ' TIMESLOT
ok
ClKp 1 2 3 . B s 7 []
_ ""’q rao—= Y "
FSa
FRAMES
FSa
SIGNALING J

FRAMES

TIMESLOT

O
STABLE
siGn VALID

NOTE: ALL TIMING PARAMETERS REFERENCED TO Vi AND V).
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Variable Data Rate Timing

TRANSMIT TIMING

i \

l<— — <—tppx
|=— torsx

D.—Q BIT1 X BIT 2 X 8IT3 X BITliX BITS X lﬂ’“x BIT? X B8ITs }—

RECEIVE TIMING

NOTE: ALL TIMING PARAMETERS REFERENCED TO Vu¢ AND V, EXCEPT
toon AND tosr WHICH REFERENCE A HIGH IMPEDANCE STAYE

A.C. Testing Input, Output Waveform

INPUT/OUTPUT

e

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" and 0. CSV FOR A
LOGIC “0". TIMING MEASUREMENTS ARE MADE AT 2.0V FORA LOGIC 1
0.8V FOR A LOGIC 0",
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General Operation

1. Functions Immediately After Power-Up
The uPD9513D and 9514D have internal resets on power-up to protect other devices on the PCM highway during the power-
up sequence. Therefore, certain delays for the start of functioning are provided on each digital output pin. Digital outputs
Dx and TSy are held in a high impedance state for four frames (500us) after power is applied, and SIGr is held low for four
frames. The SIGg pin will remain low uniess a new setting by a signaling frame is made.
Analog circuits such as filters, sample holds, and D/A converters require 60ms to begin functioning due to the autozero cir-
cuit.

2. Power-Down and Standby Modes
*Power-Down Mode
Power-down mode can be achieved by setting the PDN pin to low after which digital outputs Dx and TSx will go to high within
10ps and the SIGg pin will be set to low. In this mode, only the internal power-down controller, data clock, and frame sync
buffers are enabled. Other circuits are disabled.
Returning to power-up mode can be done by setting the PDN pin to high. The function begins after the same delay as in the
power-up sequence.
* Standby Mode
The standby mode can be achieved by setting FSx and/or FSg to low level-
The standby mode leaves the user an option of powering down either channel separately or powering down the entire
device by selectively removing FSx and/or FSg.

N Typical
Device Poberoown Power Digital Output Status
Consumption
N SRR _ TSx and Dy are placed in a high impedance state
Pow&(rxl’):wn PDN=TTL low 8 mw and SIGR is placed in a low level within 10us after
a low level signal is applied to PDN.
Standby | FSyand S 8mw 2nd Sl 1 placad in & tow fovel it 00 me
Mode are TTL lowel after FSX and FSg are set to low.
Only transmit FSy is TTL low 40 mW TSx and Dy are placed in a high impedance state
is on standby within 300ms after FSx is set to low.
Only receive FSgis TTL low 40 mW SIGg is placed in a low impedance state
is on standby within 300ms after FXg is set low.

3. Fixed Data Rate Mode
Fixed data rate mode is selected by connecting the DCLKR pin to the Vgs pin. In this mode, master clocks required to drive
circuits, such as internal transmit/receive switched capacitor filters and D/A converters, are produced internally based on
the data clocks supplied to CLKx and CLKRg.
Available data clock frequencies are 2.048, 1.544, or 1.536 MHz, and are selected by the CLKSEL pin. A singlewide frame-
synchronization pulse designates a non-signaling frame, while a double-wide sync pulse enables the signaling function.
In transmit section, if FSy is high at the falling edge of the data clock applied to the CLKx pin, the nextrising edge of the data
clock sets the Dx pin (tri-state output) to active, and a sign bit data (BIT 1) is output. In the same manner, each data for seven
consecutive bits is clocked out at each of seven consecutive rising edges. Then the eighth falling edge of the data clock
sets the Dx pin to a floating state.
The TSx remains at low level during the time the Dx pin is active.
Similarly, on the receive side, if FSg is high at the falling edge of the data clock applied to the CLKg pin, data are latched by
consecutive falling edges of the data clock and consecutively clocked in.

4. Variable Data Rate Mode
Variable data rate mode is selected by inputting the receive data clock of TTL level (0 to Vpp) to the DCLKR pin rather than
connecting the DCLKg pin to the Vss pin.
This functional mode requires master clocks to drive such circuits as internal transmit/receive switched capacitor filters
and D/A converters, data clock for data transfer, and frame synchronization clocks. Master clocks are applied to the CLKr
and CLK pins at frequencies of 2.048, 1.544, or 1.536 MHz, which can be selected by the CLKSEL pin.
The data clocks are applied to the DCLKg and DCLKY, at frequencies that can be varied from 64 kHz to 2.048 MHz. In this
mode, the frame sync signal to FSx and FSg must be held high for one timesiot interval.
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5. Signaling
TheuPD9514D has a function that places/obtains signaling information to/from the PCM data stream. This function is avail-
able only in the fixed data rate mode. Signaling frames on the transntit and receive sides are independent of one another
and are selected by a double-wide frame sync pulse. On the transmit side, when signaling is specified, the signal present
on SIGx is substituted for the eighth bit (LSB) data of the PCM data to be transmitted, then output.

6. Bit steal
When signaling is specified on the receive side, the voice signal needs to be composed of bits because the LSB of the 8-bit
PCM data is used for signaling. Even in this case, for the purpose of minimizing deterioration in SD and GT caracteristics,
the composing side of the D/A converter is modified to tompensate for the lostLSB data, assuming that half the overall data
are lost.

7. Analog Loopback Test )
The uPD9514D also has an internal analog loopback test function as a feature. When LOOP is set to high, PWRO+ is int-
ernally connected to AIN+, GSgis internally connected to PWRO—, and AIN— is internally connected to GSx. A 0dBmO
code sent into Drwill emerge™rom Dy as a + edBmO digital signal. Thus, the maximum signal input level which can

" be tested using analog loopback is 0dBmO.

Equivalent circuit in

GSx I .
X leop analog loopback configuration

Transmit input operational amplifier

Receive output operational amplifier
PWRO+ OO : <
PWRO- O .

8. Gain Setting of Transmit Analog Input Operational Amplifier
On the transmit side, an analog input operational applifier is provided with inverting input, non-inverting input and output
pins (AIN*, AIN-, and GSx respectively), enabling various applications. For normal use as a non-inverting amplifier, gain
settings of 0 to 20dB, load resistance (including gain setting resistance) of greater than 10 KQ, and a load capacitan-
ce of less than 50pF should be used.

) R2
A = AL
Analog input 1N Gain Av =1+ 5
N
A To filter  Load resistance R|_= R{ + R2
R
G5,
R,
2R,
71 #PDY513D) '9514D

Analog ground
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9. Gain Setting of Receive Analog Output Power Ampilifier
The receive analog output power amplifier is capable of balanced or unbalanced output. In balanced output, a 600Q Ioad
can be directly driven. In unbalanced output, a 300Qload can be directly driven. Two resistors are used to set the gain within
the range of 0 to-12dB.

1 [ |pwro
Vo

A

Ry 3

Wy

Output voltage Vo= (Vo) - (Vo-); total differential response

. _1+®/Ry)
Gain  A=ZTRR)
where,

025 <Av<1,

10KQ < Ry +R2 <100KQ

To set Ay= 1, connect the GSR pin to the PWRO— pin.
To set Ay=0.25, connect the GSg pin to the PWRO+ pin.
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MOS Digital Intergrated Circuit
NEC uPD9516D/9517D

The pPD9516D and pPDI517D are single-chip PCM CODEC (COMBO) LSis with transmit/receive filters. The WPD9516D
is p-law compatible, and the uPD9517D is A-law compatible. The data transmission mode, either fixed data rate or vari-
able data rate, can be selected by pin connection.

In the variable data rate mode, data transfer can vary from 64kbps to 2.048Mbps. Therefore, this mode is especially
suitable in digital telephone systems requiring low data transfer rates. The fixed data rate mode is suitable in standard
32-channel switching systems utilizing a 2.048MHz master clock.

These CODEC LSls have wide dynamic ranges. Therefore, they can be used in various applications such as digital pro-
cessing of voice signals, in addition to applications in communication systems.

Features

@ These are complete singie-chip PCM CODECs (COMBO), with the following circuits internally provided:

O Transmit channel input operational amplifier

O Transmit channel RC active LPF and switched capacitor HPF/LPF

O p-law/A-law compatible coder and decoder

O Autozero circuit

O Receive channel switched-capacitor LPF )

O Receive channel balanced output power amplifier

O High accuracy reference voltage circuit

O Serial I/0 interface circuit
® p-law compatible (uPD9516D)

A-law compatible (uPD9517D)
® Two types of data transmission modes:

Fixed data rate (2.048 Mbps)
Variable data rate (64kbps to 2.048Mbps)

@ Balanced/unbalanced output power amplifier capable of directly driving a 600Q load is internally supported as a receive
output amplifier

80mW TYP. (normal operation)

8mW TYP. (power-down mode)
Single-chip CMOS monolithic LSI
6-pin ceramic DIP

JOEATAD anreo amanificotioe oo OF
9516AD/9517AD same SpPeCiiCauoin as vo

Note: Parameters exceeding the values specified in the following tables, should be filled-in by each customer in the
specially reserved columns (Customer specification) and returned to NEC.
Additional information needed:

Date

Customer Name

Potential Quantity :

Project Timing
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Block Diagram

pPD9516D/uPD9517D

TRANSMIT SECTION

e e ,._.w.{ 0 ZERO }‘ ey
{

‘ { OUTPUT
1] ]
SAMPLE/HOLD |*
BAND PASS |} ™ L cOMPARATOR || SAR REGISTER
FILTER o (12) TS;/DCLKy
A/D FS
CONTROL Q0 Fsx
VOLTAGE LOGIC (o) cLk
REFERENCE | BUFFER T
CONTROL
() PON
LOGIC
PWRO+ (2 1
SAMPLE/HOLD D/A D
s w |~ CONTROL =~ |\pur *
D/A LOGIC
pwao—@ REGISTER
POWER AMPLIFIER e DCLKg
FS
RECEIVE SECTION O
(1) (16) (&) —13) I
U & & &
Ves Voo DGND AGND

Pin Connections

PWRO +
PWRO -

PDN
DCLKy

[ﬂ 1 16
2 15
[Os 14
O 13
s 12
s 11
O 10
s 9

F] Voo

] Gs«
] A
] AGND

;] TSy/DCLKy
ul

] Fsy

[ JcLk

Package Dimensions (Unit : mm)

16 pin ceramic DIP (300mil)

16 15 14 13 12 11
o O o o o O o B

10

9

R 065
L R
L8 [ S50 D R S oy gy
1 2 3 4 5 6 1 8
20.32 MAX.
E 7]
E" L 085 MIN, 7.36 MAX.
1 1 an
- | —

095 MIN.

i Bl2sH]

[P

7 MAX.

0-15
16DH 100 300

34



NEC

wPD9516D/AD / 9517D/AD

Pin Descriptions

Pin No.

uPD9516D/9517D

Symbol

input/
Qutput

Function

vss

PWRO+

DR

FSR

Output

Output

Negativ

Non-inverting output of receive power ampiifier. Can
directly drive 600Q load (in a differenti@} Eonﬁguration).

Inverting output of receive power amplifier. Functionally
identical and complementary to PWRO+.

'l’lp}ll

Power-down select (active low).

Input

Input

Receive PCM input.

Selects fixed or variable data rate mode.

® When DCLKR is connected to VSS, fixed data rate mode
is selected.

® When DCLKR is not connected to VSS, variable mode is
in effect. In this mode, DCLKR becomes the receive data
clock which operates at 64Kbps to 2.048Mbps.

8-bit PCM data are clocked in on this lead for eight
consecutive falling edges of the receive data clock:
CLKR for fixed data rate mode, and DCLKR for variable
data rate mode.

Input

8kHz frame synchronization clock input, receive channel.

@ In fixed data rate mode, distinguishes between signaling
and nonsignaling frames by means of a double- or
single-wide pulse, respectively.

@ In variable data rate mode, this signal must remain high
for the entire length of the timeslot.

Receive channel enters the standby state whenever this

pin is held low for 300ms.

Digital ground.
Not internally tied to analog ground.

10

FSx

i mode (in variable data rate mode, transmit master clock

Transmit master clock pin. (2.048 MHz)
Transmit master and data clock for the fixed data rate

only).

Input

| Transmit channel enters the standby state whenever this

8kHz frame synchronization clock input, transmit channel.

@ In fixed data rate mode, distinguishes between signaling
and nonsignaling frames by single- and double-wide
pulses, respectively.

@ In variable data mode, this signal must remain high for
the entire length of the timesiot.

pip is held low for 300ms.

11

Dx

Output

Transmit PCM output.

8-bit PCM data are clocked out on this lead for eight
consecutive rising edges of the transmit data clock:
CLK in fixed data rate mode, and DCLKX in variable
data rate mode.
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Pin No. Input/ .
1PD9516D/9517D Symbol | 5tput Function
Transmit channel timeslot strobe output or data clock input
for the transmit channel.
, @ In fixed data rate mode, this pin is an open drain output,
2 i D-égL)Ié/ i Outpuy/ and the transmit channel strobe signal is output.
| X ! Input . @ In variable data rate mode, this pin becomes the transmit
data clock input pin which operates at 64kbps to
2.048Mbps.
Analog ground pin.
13 AGND T Not internally connected to digital ground.
14 AIN— Input Transmit inverting analog input pin.
15 Gs o Transmit operational amplifier output pin.
X Internally connected to the filter of the next stage.
Positive power supply:
16 VoD - +5 % 0.25V.
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Absolute Maximum Ratings (Tg = 25°C)

Customer
Spec.
item Symbol Parameter/ Rating Unit Rating
Conditions
Supply Voltage | VDD - —-03to +7.0 \
mw\lvsiskum —~70to +0.3
| Analog Input Voltage VAIN AIN—, GSx VSS ~03 to VDD +0.3 v |
VDINt el ~03 10 VDD +0.3
Digital Input Voltage VDIN2 DCLKR pins VsS —0.3 to VpD +0.3 A
e dgPiedtoDotal | ooy | FrmooE | osowpres | v
I Power Dissipation PT 500 mW T
Operatlns; Er?\pera\ure Topt Oto +70 °C
_Storage Temperature Tstg —65 to +150 °C
Soldering Temperature Tsold Iggizr:zzn 10 +260 °C

Note: All voltages are based on the condition that VDG = VAG = 0, unless otherwise specified.
It should be connected to Analog ground with shorting at the just under position of IC between AGND and DGND

pins.

Recommended Operating Conditions
VDD = +5 *£ 0.25V, V§§ = -5 £ 0.25V, VDG = VAG = 0,
0 = Ta = 70°C, unless otherwise specified

(1) D.C. Conditions

Customer Spec.

Item Symbol Parameter/Conditions Min. | TYP Max. Unit.| Min. | Typ | Max.
Supply VbD +4.75 +5.0 +5.25 \%
Voltage vss -525 | —50 | —475
Load Resistance RLAX Transmit 10 kQ
Load Capacitance | CLAX amplifier 50 pF
Unbalanced 300
Load Receive output o B .
Resistance RLAR amplifier Balanced 600 Q
output
| Load PWRO+, -
Capacitance CLAR PWRO— pins N 100 pF
Input Low Voltage VIL 0 0.8
- . (See Note.) Vo _—
Input High Voltage VIH 20 VDD

Note: When DCLKR pin is connected to VSS pin, the fixed data rate mode is selected.
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NEC

(2) Clock Customer Spec.
Item Symbol Parameter/Conditions Min. TYP. Max. Unit | Min. | Typ Max.r
2122‘55,33"" (2%3(/) 2048 | MMz |
gjg‘eéy%:?k tcDC a5 50 55 % | B
" (AhoLK 64 2048 | KHz

Moo | o s

E;:;"fe‘:’é';‘c FS 79996 | 80000 | 8.0004 | kHz

op e 2

Detay Time. tFSD 100 toy-100 | ns

%Irtr);k Rise | tr “ ?0 1

?ilrc;](;k Fall i " 30

Timing In Variable Data Rate Mode Customer Spec.
ltem ] Symbole Parameter/Cpnditions Min. TYP. Max. Unit Min. Max.
s w0 | feeeente o140, s

okl L IR RN B 3
HoaTme | 'S ° J

Note: tbCY = 1/fDCLK, tcY= 1/fCLK

64KB Operation, Variable Data Rate Mode Customer Spec.
ltem ‘Symbole: Parameter/Condltlons Mm TYP. Max. Unit Min. Max.
oo Downtme. | FSX | fomander of tame.__ | %2 L " o
Mirmom Downime | "4 | erandaropama | 1% i

DoaCest  oon o [
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D.C. Electrical Characteristics

0=Ta=70°C, VDD = +5 + 0.25V, V§g = —5 = 0.25V,

VDG = VAG = 0, fDCLKR = fDCLKX = 2.048 MHz

All outputs unioaded unless otherwise specified

Typical values are for TA = 25°C, VDD = +5V, and VSg = -5V

(1) Power Dissipation [ -Cu- -sto“m- e-_r S—pecA
ltem Symbol | Parameter/Conditions Min. TYP. Max Unit Typ | Max
Operating IDD In normal operation ) - L ]
Current Iss! I
Power-Down IDDPD | PND pin is set to N
Current ISSPD! low after 10ps :

_ — -
Standby IDDST | FSx and FSR are set ) ] B

| Curent | lisssti | 'olowafer300ms L N
Operating | i :

Power PD In normal operation | 80 1365 | |

| Dissipation _ . L I . R
Power-Down PDN pin is set to low \ |
Dissipation POPD | sfter 10ps i 8 121 mw | |
Standby | Fs | i

| X and FSR are set i
Ppw_er . PDST | to low after 300 ms | 8 121
Dissipation |

{2) Digital Interface r Customer Spec. |
Item Symbol | Parameter/Conditions Min. TYP. Max. Unit | Min. ‘ Tvp ?Max.
Digital D1 0 = VDIN = VDD ; 10
input no | DCLKRPINS i ) PA

D2 R |
Curent | ™" | vss=VvON=VOD I N TR S
Output Low i Vi Dx, TSx, PINS 04 | 1
Voltage [VOL ol =32mA | ‘ }
Output High VoM | DX pin (IOH = 96mA) 24 | YT
Voltage x e = ) ! l
Digital | ‘ i ‘ !
Output Cop | ! | 5 3 i
Capacitance I ‘ | Lo |
Digital ; ‘ | Pr
Input CiD | 10 |
Capacitance | ;

(3) Transmit Amplifier Customer Spec.
Item Symbol | Parameter/Conditions | Min | TYP Max. | Unit | Min. | Max
ot § . - b Bt
Leakage B | =27 = VAN = 217V, 100 nA
Carent | T S _ ISR SR S S
Input | 10000 L kQ
esistance | - S S | ~
Input ! | .

Offset i —25 25 mV
Votage . SN S S S S o
Voltage Gain I Ay 5000
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(4) Receive r Amplifier Customer Spec.
ltem Symbol | Parameter/Conditions Min. TYP. Max. Unit Min. | Typ | Max.
Output Unbalanced output
Offset VoS connection, PWRO+ —150 -75 150 mV
Voltage and PWRO— pins )

Output 1
Resistance RORR | PWRO+ PWRO- Q
A.C. Electrical Characteristics
0=Ta=70°C,VpD=5=*025V,V§§=-5+025V
VDG =VAG =0,

(1) Timing Parameters in Fixed Data Rate Mode Customer Spec.
tem Symbol | Parameter/Conditions Min. TYP. Max. Unit Min. Max.
Data Enable
Delay tbzx CL < 100pF .?, B 145 ns
Data Deiay tbpx | CL < 100pF 0 145 ns
Data Hold =
Time tHZX CL=0 60 220 ns
TSX Enabie
Delay tSON | CL < 100pF 0 145 ns
TSx Disable _ |
Delay tsOoFF | CL=0 50 210 ns |

(2) Timing Parameters in Variable Data Rate Mode Customer Spec.
ltem Symbol | Parameter/Conditions Min. TYP. Max. Unit Min. Max.
DX Active B '

Delay tDON | CL < 100pF 0 65 ns - B |
Dx Inactive

Delay tDOFF | CL < 100pF 0 90 ns

Data Delay tDFSX 0 140 ns

Data Delay tDDX CL < 100pF 0 100 ns
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Transmission Characteristics Ta = 25°C, VDD = 5 £ 0.25V, V§S = —5 + 0.25V, VAG = VOG = 0
analog input signal level Vin = OdBmO (f = 1020Hz),
analog input operational amplifier gain = 1 (inverting),
digital input signal level 0dBmO (f = 1020Hz),
unbalanced output (PWRO+), unless otherwise specified.

(1) Gain Characteristics Customer Spec.

ltem Symbol | Parameter/Conditions Min. TYP. Max. Unit Mig. Max.
Encoder
Milliwatt
Response - —
(Transmit EmW VpD =5V, VSs 5V -0.15 +0.15 dBmO
gain
tolerance) |
EmwW
Variation 0=Ta=70°C
with Temp. EmWTS | VDD =5+ 0.25V -0.12 +0.12 dB
and Power Vss =-5+0.25V
Supply
Digital Measure relative to
Milliwatt OTLPR. Signal input
Response per CCITT
(Receive Dmw recommendation G.711. —0.15 +0.15 dBmo
Gain Output signal of 1000Hz.
Tolerance) VDD = 5V, V§g = -5V .
DmW Varia- 0=Ta=70C
tion with DMWTS | VDD =5 +0.25V -0.08 +0.08 dB
Temp. and =5+
Vss 5+ 0.25V
Power Supply
Zero Transmission Level Points Customer Spec.
ltem Symbol | Parameter/Conditions Value Unit Value
Zero
Transmission Referenced to 600Q +2.76
Level Point
Transmit OTLPiX dBm
Channel Referenced to 900Q +1.00
(1PD9516D)
Zero
Transmission Referenced to 600Q +2.79
Level Point TLP2X |-
Transmit OTLP2x - dBm
Channel Referenced to 900Q +1.03
(uWPD9517D)
Zero
Transmission Referenced to 600Q +5.76
Level Point | Ve
Receive OTLPIR | - dBm
Channel Referenced to 900Q +4.00
(wPD9516D)
Zero
Transmission Referenced to 600Q +5.79
Level Point e o o
Receive OTLP2R |- dBm
Channel Referenced to 900Q +4.03
(uPD9517D)
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(2) Gain Tracking (Variation of gain with input level)
(Reference level = -10dBm0, unless otherwise specified)

(2)-1 uPD9516D

Customer Spec.

tem Symbol Parameter/Condtt:ons Min. TYP Max. Unit | Min. | Max
Transmit : ComT +3 to —40dBm0 | -025 +0.25 |
Gain | i ;
GT1 I G712 - - — i
Tracking X Method 2 401t0-50dBm0| -05 05 @B B
Error1 -50 to -55dBm0 -1.2 +1 2
Receive ‘ ((5307!?2 +310-40dBm0 | -0.25 +0.25
Gain GTIR | Method2 | -40t0-50dBmO| 05 +05 d8
Tracking HL 3000 | e 0« 2 — ]
-50 t -1. +1.
Error 1 | RWRO+ 50 to -55dBm 2
(2)-2 uPD9S17D Customer Spec.
ltem Symbol Parameter/Conditions Min. TYP. Max Unit Min. | Typ | Max.
Transrmt conT ' +3 to 40 BmO -0.25 +0.25
Gain PO R h Y B
Tracking GT2x M(Z-"ng —40 to —SOdBmO -05 - +0.5 dB
Error2 -50 to -55dBm0 | -1.2 +1.2
Transmit | white | _10-to -55dBm0 -0.1
Gain E noise
Tracking | GT3x input B S— — — - dB
Trackin ‘ conT
Error3 : G 712 -55 to ~60dBm0 -0.3
- | — R .
Receive | ot +3 to —40dBm0 -0.25 +. 0 25
Gain GT2R | G.712 I - N |
Tracking f | Method 2 -40 to 50dBm0 -0.5 +05 dB
Error 2 | |RL=2300Q N R -
j l RWRO+ —50 to —55dBm0 -1.2 +1.2
Receive % i yhie 10 to -55dBm0 +0.1 k
Gain | noise - 1010 —oodEm B oA - ]
Tracking | GT3A ! input | dB
Error3 | CCITT | _55 to ~60dBmMO +0.3
| G.712
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(3) Frequency Response

Analog input operational ampilifier gain = 1 (inveriting)
Unbalanced output (PWRO+)
unless otherwise specified.

Customer Spec.
ltem Symbol Parameter/Conditions Min. TYP. Max. Unit Min. Max.
GRX 1 16.67Hz -30
GRX 2 50Hz -25
GRX 3 60Hz -23
i H; -1. -0.
Transmit GRx 4 e iog toz 18 0126
ghanne' GRX5 | 1o gain 30kHz | 0125 +0.125 )
requency at 1.02kHz,
Response GRX6 | 0gBmo 3.3kHz -0.35 +0.03
GRX 7 3.4kHz -0.7 -0.1
GRX 8 4.0kHz -14
4.6kHz
GRX 9 and above -32
Below
GRR 1 200Hz +0.125 |
GRR 2 200Hz -05 +0.125
Receive GrR3 | Gain ol | 125 +0.125
Channel . -
Fr GRr4 | togain 33kHz | -035 +0.03 aB
Reshioncy at 1.02kHz,
esponse GRR5 | 0dBmO 3.4kHz -0.7 -0.1
GRR 6 4.0kHZ -14
4.6kHz -30
GRR7 and above
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(4) Noise

(4)-1 uPDI516D, LPDISI7D

Customer Spec.

ltem Symbol | Parameter/Conditions Min. TYP. Max. Unit Typ Max.
Single End-to-End
Frequency NSF measurement -50 dBm0O
Noise CCITTG.7124.2
DR = lowest positive
Crosstalk, decode level
Transmit to CTTR VAIN = 0 dBm0 -71 dB
Receive 1.02 KHz analog signal,
measure at PWRO+
Crosstalk VAIN is grounded to
Receive to CTRT | AGND, DR =0dBm0 -7 dB
Transmit 1.02kHz digital signal
+200mV P-P signal
PSRRT on Vpp, 0 to 50kHz 40 d8
+200mV P-P signal
Power PSRRT2 on VSS, 0 to 50kHz 40 a8
Supply +200mV P-P signal
i ot PSRRR1 | on VDD, 0 to 50kHz 30 dB
Rejection
PWRO+
+200mV P-P signal
PSRRR2 | on VSS, 0 to 50kHz, 30 dB
PWRO+
(4y-2 uPDI516D Customer Spec.
ltem Symbol | Parameter/Conditions Min. TYP. Max. Unit Max.
VAIN is grounded to
Transmit AGND. Input amplifier
Noise Nxc 1 gain = 1, C-Message 15 dBrnco
filter is used.
C-Message filter is used.
NRC1 | DR=11111111, 11 dBrncO
Receive measure at PWRO+
Noise C-Message filter is used.
Input to DR is zero code
NRC 2 with sign bit toggled at 12 erncO
1kHz rate
(4)-3 uPD9517D
Customer Spec.
Item Symbol | Parameter/Conditions Min. TYP. Max. Unit Max.
VAIN is grounded to
Transmit to AGND. Input amplifier _
Noise Nxp gain = 1, Psophometric 75, dBmop
filter is used.
Psophometric filter is
Receive used. _
Noise NRP DR = lowest positive 9 dBmOp
decode level
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(5) Distortion

(5)-1 uPD9516D, LPDI517D Customer Speo.
ltem Symbol | Parameter/Conditions [ Min. TYP. Max. Unit Typ Max.
Transmit
Single- AT&T Advisory No. 64 (3.8)

Frequency DPx | 0 dBmO input signal -46
Distortion (4PD9516D)
Products
Receive dBmo
Single- AT&T Advisory No. 64 (3.8)
Frequency DPR | 0 dBmO input signal -46
Disortion (nPD9516D)
Products
End-to-End measurement
It et || CCITT G. 712 (7.1) =35 dB
i i End-to-End measurement
Distortion MD2 | cenr 6. 712 (7.2) -49 | dBmoO
(S)ﬂlt{%(f’isand sos | End-to-End measurement 25
Signals CCIMT G. 712 (6.1)
- dBmO
Suprious
In-band sis | End-to-End measurement -40
Signals CCITTG. 712 (9)
Transmit
Fixed Data Rate
Absolute DAX o 245 us
Delay FCLK = 2.048MHz
. 500to 600Hz 170
Differential DDX Reg\tive 600 to 1000Hz 95 s
Envelol to —t
Delay © AX 1000 to 2600Hz 45 ]
2600 to 2800Hz 105
Receive Fixed Data Rate
Absolute DAR | fCLK = 2.048MHz 190 us
Delay PWRO+
Receive 500 to 600Hz 45
Differential Relative | 600 to 1000Hz 35
Envelope DDR | 4o DAR us
Delay 1000 to 2600Hz 85
2600 to 2800HZ 110
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(5)-2 uPDI516D Customer Spec.
ltem Symbol Parameter/Conditions Min. TYP. Max. Unit Min.
Transmit cerr  |0t0-30dBmoO 36
Signal to SDi1x |G.712 | -40dBm0 30 dB
Distortion Method 2 —45dBm0 | 25 ] 1
Receive corr  [0f0-30dBmoO 36
Signal to SDIR |G.712 -40dBm0 30 dB
Distortion Method 2 —45dBmo 25

(5)-3 yPDISITD Customer Spec.
Item Symbol Parameter/Conditions Min. TYP. Max. Unit Min. Typ
CceIT 0 to -30dBm0 36
SD2x | G.712 -40dBm0 30 d8
. Method 2 [—
Transmit -45dBm0 25
Signal to _
Distortion cenT -6 to ~27dBm0 38
G.712 -34dBm0 36
SD3x dB
Method 1 ~40dBm0 31
-55dBm0 16
cerr |0 to -30dBmo 36
SD2R | G.712 —~40dBm0 30 a8
Receive | Method 2
Signal to ’ -45dBm0 25
Distortion — -
cenT 6 to -27dBmO 38 ]
G.712 -34dBm0 36
| SD3R |Method1 |- ; 1 dB
; -40dBmO 31
| -55dBmO 16
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WAVEFORMS

Fixed Data Rate Timing

TRANSMIT TIMING

+ 2 i TIMESLOT.

I TIMESLOT

CLkx 1 2 3 ] 5 . 14 s 1

= tomx topx -—tuzx

ox s X ar2 X ama X era X s X sre X ey

_thou —=| |=—tsorr
5

NOTE: ALL TIMING PARAMETERS REFERENCED TO Vyy AND Vy, EXCEPT tpzy, tsorr AND tyzx WHICH
REFERENCE A HIGH IMPEDANCE STATE

RECEIVE TIMING

} {’ 4 TIMESLOT {

e TIMESLOT -~

ClKa 1 2 3 4 s 1 7 [ 1

tosa tonn

on //1-/////////’/////-//////-’///%.////////.”//////.’///1/-”////4

STABLE

NOTE: ALL TIMING PARAMETERS REFERENCED TO Vi AND V,;.
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VARIABLE DATA RATE TIMING

TRANSMIT TIMING

—C 1|

|._

o o

n.—-CX-rnszXm: l-rrcanannXm"erl')——

RECEIVE TIMING

NOTE: ALL TWING PARANETENS REFERENCED TO Vo, AND ¥
toon AND torr WHICH REFERENCE A MIGH IMPEDANCE AL ATATE

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT
24

OETX

A.C. TESTING: INPUTS ARE DRIVEN AT 24VFORALOGIC"1" MOMV FOR A
0GIC nusun 'S ARE MADE AT 2.0VFORALOGIC“Y
08V FOR ALOGIC 0"
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General Operation

1. Functions Immediately After Power-Up
The uPD9516D and 9517D have internal resets on power-up to protect other devices on the PCM highway during the
power-up sequence. Therefore, certain delays for the start of functioning are provided on each digital output pin. Digital
outputs DX and TSX are held in a high impedance state for four frames (500ps) after power is applied.
Analog circuits such as filters, sample holds, and D/A converters require 60ms to begin functioning due to the autozero
circuit.

2. Power-Down and Standby Modes
* Power-Down Mode —_ —
Power-down mode can be achieved by setting the PDN pin to low after which digital outputs DX and TSx will go to high
within 10ps impedance, In this mode, only the internal power-down controller, data clock, and frame sync buffers are en-

abled. Other circuits are disabled. I

Returning to power-up mode can be done by setting the PDN pinto high. The function begins after the same delay asinthe
power-up sequence.

* Standby Mode

The standby mode can be achieved by setting FSx and/or FSr to low level.

The standby made leaves the user an option of powering down either channel separately or powering down the entire

device by selectively removing FSx and/or FSg.

Devi Power-Down Typical Power -
evice Method Consumption Digital Output Status

Power-Down | PDN = low TSx and Dx are placed in a high impedance

Mode level 8 mwW state within 10ps after a low leve! signal is
applied to PDN.

Stahdby FSx and FSR TSX and D are placed in a high impedance

Mode are low level 8mw state within 300ms after FSx and FSR are set
to low

Only transmit | Fgy is low 40 mW TSx and Dx are placed in a high impedance

is on standby X m state within 300ms after FSX is set to low.

Only receive | fgn s | 40 m

is on standby SRis low W
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3. Fixed Data Rate Mode
Fixed data rate mode is selected by connecting the DCLKg pin to the VSS pin. In this mode, master clocks required to drive
circuits, such as internal transmit/receive switched capacitor filters and D/A converters, are produced internally based on
the data clocks supplied to CLKX and CLK.
The data clock frequency is 2.048MHz. In transmit section, if FSX is high at the falling edge of the data clock
applied tothe CLK pin, the nextrising edge of the data clock sets the Dx pin (tri-state output) to active, and a sign bit data
(BIT 1) is output. In the same manner, each data for seven consecutive bits is clocked out at each of seven consecutive
rising edges. Then the eighth falling edge of the data clock sets the DX pin to a floating state.
The TSX remains at low level during the time the DX pin is active.
Similarly, on the receive side, if FSR is high at the falling edge of the data clock applied tothe CLK  pin, data are latched by
consecutive falling edges of the data clock and consecutively clocked in.

4. Variable Data Rate Mode
Variable data rate mode is selected by inputting the receive data clock of TTL level (0 to VDD) to the DCLKR pin rather than
connecting the DCLKR pin to the VSS pin.
This functional mode requires master clocks to drive such circuits as internal transmit/receive switched capacitor filters
and D/A converters, data clock for data transfer, and frame synchronization clocks. Master clocks are applied to the CLK
pins at a frequency of 2.048MHz.
The data clocks are applied to the DCLKR and DCLKY, at frequencies that can be varied from 64kHz to 2.048Mhz. In this
mode, the frame sync signal to FSX and FSR must be held high for one timesiot interval.

5. Gain Setting of Transmit Analog Input Operational Amplifier
On the transmit side, an analog input operational ampilifier is provided with inverting input and output pins (AIN~ and GSx
respectively), enabling various applications. Gain settings of 0 to 20dB, load resistance (including gain setting resistance)
of greater than 10Q and a load capacitance of less than 50pF should be used.

R2
p—— .
R, A To fi Gain Av= --=%
Analog input O_AM_-.__L o filter R
GS Load resistance Rl = R2
X
Y WL W
R,

#PD9516D/9517D
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wPD951X Latch-up considerations

1. Latch-UP Protection for input/output pins.
The characteristic of latch-up:
For all input pins - over +/-20 mA at applied voltage +/-5V.
For I/0 and output pins ~ over +/-50 mA at +/-0.5V.

In spite of protection circuitry, combo’s have still latch-up problems in power-up sequence. It is a destiny for CMOS
devices.

2. Latch-up Protection for Power Up Sequence
The pPD951X family are LS| in CMOS technology which have four power supply pins, I.E. VDD, VSS, AGND and DGND.
Therefore, latch-up will occur based on the power-up sequence.
In case of yPDI51X, the sequences are the following four. Please note thatin the followings no additional shottky diodes are
required.
1. VDD - VSS - A+DGND
2.VSS - VDD - A+DGND
3.A+DGND - Vss - VDD
4.VSS - A+DGND - Vpp
Note: AGND pin and DGND pin should be connected to each other very closely to the device, then to the external analog
GND/line on PCB.

When the customer keeps the above sequences, we guarantee that the latch-up problem will not occur within the absolute
max. ratings.

3. Recommendations

® Only a small change from a existing NMOS COMBO line card (PCB) are required to avoid CMOS COMBO Latch-up
at power-up sequence.
i.e. - Connecting A GND and D GND close to 951x package on PCB.
- Four power sequences are available.
@ By using CMOS COMBO’s instead of NMOS ones, following advantages are offered:
- Better Reliability
- Lower Power Dissipation
- Lower Power-Down Current
- Better PSRR
- Better Transmission Characteristics

4. APPENDIX 1
Latch-up mechanism
A) Latch-up mechanism by power-up sequence
- in case of 1) A+ DGND to VDD to VSS and 2) VDD to A+ DGND to VSs

FIG. 1

VDD GND Vss

N+ N+ P+

P-WELL

N-SUB

When a potential of the GND and Vpp are clamped, the P-Well which has VSS potential will go to the VDD potential due to
coupling capacitance between P-Well and N-Sub.

However N+ which is already clampled to GND potential, is existing. Therefore a diode which consists of the P-Well and
the N+ will be biased as forward direction.

As aresult, many electrons will be injected to the N-Sub from the N+ connected to the GND. Those electrons will cause a
latch-up.
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B) The reason why AGND and DGND should be connected to each other very closely to the outside device.
In actual application, by-pass capacitors should be connected between VDD pin and GND pins respectively between
VSS pin and GND pin as follows:

FIG. 2 V] DGND
DD Co3
1t
AGND Vss
Cot Co2
|} 11
1T 1T l
N+ P+ P+ LP+ ‘ N+ P+
P-WELL P-WELL P-WELL
N-SUB -
Cs1 Cs2 Cs3

If AGND and DGND are not connected to each other, latch-up will occur, even if the power-up sequence is V§S-DGND-
AGND-VDD. The reason is as follows:
When VSs and DGND are connected to power supply, potential of VDp and AGND are floating. Therefore potential of
VDD will be charged up to a certain voltage which is specified by by-pass capacitors'Co1, C02 and Co3. (f Co1 =Cp2=
C0g, its voltage is around 1/3VSS.)
A diode which consists of DGND’s P-Well and floating N-Sub (VDD), will be applied around 1/3 VSS as forward direc-
tion. Then many holes will be injected to the N-Sub from DGND’s P+. As a result, latch-up may occur.

C) In case of power-up after connection of AGND and DGND
In this case, when VSS, AGND and DGND are connected to power supply, a potential of AGND is low impedance, and a

AAAAAAAAAA bohanon Voo and Une ie anl T TR

bdpﬂ\;)lﬂllbc wewweTH v allu vpu is Ullly bUUpllllg Capaunarive \/bd

Therefore a potential of VDD that s floating will be almost same as that of GND which will be divided by C=C(1//Co3 and
Cg2. Thus AGND and DGND’s P-Well and N-Sub have almost same potential as GND, so that no hole will be injected. As
a result no latch-up will occur.

Conclusion:

The AGND and DGND should be shorted and connected to an external analog GND potential.

APPENDIX 2

Protection Circuit for life-test and burn-in testing.

So far the BT circuit is concerned, we recommend to use following circuit. Protection diodes and capacitors are con-
nected to avoid latch-up during burn-in testing.

O Vss

O CLK

Vss  AGND FSX CLK SZS 7
uPD9513

VDD FSR DGND

-O GND

b
-0 FS

s %\%‘—91—92&/ z Ci=22yF Co=01yF
1T O VoD Z ;Zenner (12V) S Schottkey
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We deliberately have to exclude th probability of latch-up with this BT circuit, because Burn-in Testing is measuring the

reliability performance of the device itself. So, we have to guard devices against unexpecting noise on power rail and
clock input caused by furnaces.

uPD9513/4/6/7D

APPENDIX 3
Recommended protection circuit for a line card
VDD« { ]
i VDD
C1
]V I_._d AGND
AGND wPD951X
I L_oanp
C2 =~
vVss

VSS

Note that no diode is required for protection.

Following tapering PCB are also recommended for appropriate power-up sequence.

VDD
GND

Vss

PCB:for line card
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MOS Digital Integrated Circuit
NEC PD9601D/9602D

The pPD9601D and uwPD9602D are single-chip PCM CODEC (COMBO) LSls with transmit/receive filters. These CODEC
LSls have PLL circuits for transmit and receive channels, that can generate a clock for internal circuit by the frame
synchronization clock. The yPD9601D is A-law compatible, and the uPD9602D is u-law compatible.

FEATURES:
® There are complete single-chip PCM CODECs (COMBO), with the following circuits internally provided:
O Transmit channel input operational ampilifier
O Transmit channel RC active LPF and switched-capacitor HPF/LPF
O p-law/A-law compatible coder and decoder
O Auto-zero circuit
O Receive channel switched-capacitor LPF
O Receive channel unbalanced output power amplifier (600 Q load resistance)
O High accuracy reference voltage circuit
O Serial I/0 interface circuit
O PLL circuits to generate transmit and receive internal clock
® A-law compatible (WPD9601D)
@ p-law compatible (WPD9602D)
@ Capable of synchronous or asynchronous operation
@ Data rate (64 Kbps to 2,048 Kbps)
@ Low power dissipation
50 mW TYP. {normal operation)
5 mW TYP. (power-down mode or standby mode)
@ Single-ctip CMOS monolithic LSI
@ 16-pin ceramic DIP

Note: Parameters exceeding the values specified in the following tables, should be filled-in by each customer in the

specially reserved columns (Customer specification) and returned to NEC.
Additional information needed:

Date

Customer Name

Potential Quantity :

Project Timing
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Block Diagram

WPD9601D/9602D

D
TRANSMIT SECTION o }‘ x
ZERO
Anx > OUTPUT
" BAND PASS A/D REGISTER ;37
. < oJ| FILTER ["| CONVERTER (1) cL
At + X
N 1
GS
* VoD :
: X PLL @ FSy
]
!
|
S LOOP BACK : VOLTAGE
LO"PCG CONTROL [~~~ “‘3 REFERENCE Q PDN/Bs
'
]
i I_ R PLL () s
,‘ .
b ]
Aov CSB———-
oo LOW PASS D/A . (8)on
FILTER [ | CONVERTER INPUT
REGISTER
o CLKg
RECEIVE SECTION
@) o o) I
{8 U B )
Ves Vi DGND AGND
Pin Connection (Top View)
At E u Ev.ss
el o
GSy E 14| PDN/BS
AGND E 13| DGND
A E 2| s
ouT X
LooP E ﬂ FSy
Vo E 10| CLKy
Dy E o] cL,
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uwPD9601D/9602D
PIN DESCRIPTIONS
Pin No. Symbol 110 Function
1 AIN+ Input Transmit operational amplifier noninverting analog input
2 AIN- Input Transmit operational ampilifier inverting analog input
3 GSx Output Transmit operational amplifier output
4 AGND - - Analog ground, not internally connected to digital ground
5 AOUT Output Receive power amplifier output
. TRAS Input Input for analog loop back test control. This pin is left open or
6 LOOP (TTL level) | connected to VSs (—5V) to prevent analog loop back test.
7 VDD - Positive power supply +5+0,25V
Input . .
8 DR (TTL level) Receive PCM input
Receive channel data clock input. Clock frequency can be
9 CLKR Input used from 64 KHz to 2,048 KHz. For CLKX, either synchro-
(TTL level) | nous or asynchronous operation can be used, however for
FSR, only synchronous operation can be used.
Transmit channel data clock input. Clock frequency can be
10 CLKx Input used from 64 KHz to 2,048 KHz. For CLKR, either synchro-
(TTL level) | nous or asynchronous can be used, however for FSx, only
synchronous operation can be used.
N Input ) .
11 FSR (TTL level) Receive cannel frame synchronous clock input
12" FSx Input Transmit channel frame synchronous clock input
(TTL level)
Digital ground pin, not internally connected to analog
13 DGND -- ground
Power-down/bit steal control input
- in case of yPD9601:
Both transmit/receive channel come to power-down
Input mode by law level.
14 PDN/BS (TTL level) | ~ in case of YPD9602:
Both transmit/receive channel come to power-down
mode, when low level is kept over 7 frames (125us x 7 =
875 us). When Hto L or L to H is done within 6 frames,
bit steal will be achieved.
Qutput .
15 Dx open drain Transmit PCM data output
16 Vss - - Negative power supply -5610.25V

*Note: internally pulled up
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Absolute Maximum Ratings (Ta = 25°) Customer
Spec.
Item Symbol Condition Rating Unit Rating
V] -0.310 +7.
Supply Voltage DD 0310 +7.0 v
vss -7.0to +0.3
Analog Input
Voltag% Py VAIN AIN+, AIN-, GSX | Vss-0.3 to Vpp+0.3 Y
Digital Input
Voltage VDIN -0.3 to VpD+0.3 Vv
Voltage applied .
to Digital-output pin VDOUT Dx pins -0.3 to Vpp+0.3 Y,
Power
Dissipation PT 500 mw
Operating Temp. Topt 0to +70 °C
Storage Temp. Tstg -65 to +150 °C
Soldering Temp. Tsold <10 sec. 260 °C

Note: All voltages are based on the condition that VDG =VAG =0, unless otherwise specified.
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Recommended Operating Conditions

VDD = +510.25V, V§s = -5+0.25V, VDG = VAG =0
0=Ta=70C, unless otherwise specified.

(1) D.C. Conditions Customer Spec.
Item Symbol Conditions Min. Typ Max. Unit Min. | Typ | Max.
Supply VDD 4.75 5.00 525
Voltage vss 525 | -500 | -4.75 v
Input Analog .

Voltage VAX AIN+ pin| -3.0 30 \
ot Seting GRAX | transmit 0 15 dB
amp.
Load GSX, AIN-
Resistance RLAX (note 2) 10 KQ
Load
Capacitance CLAX 100 PF
Load
Resistance RLAR receive 600 Q
amp.
Load
Capacitance CLAR 100 pPF
Input Low
Voltage ViL 0 0.8 \
Input High
Voltage VIH 20 VDD v
(2) A.C. Conditions
VDD = 5+0.26V, VS§ = -540.25V, VDG = VAG = 0, (note 1)
0 = Ta = 70°C, unless, otherwise specified.
Customer Spec.
Item Symbol Conditions Min. Typ Max. Unit Min. | Typ | Max.
Data Clock -
Frequency fCLK (=1/tCy) 64 2048 kHz
Data Clock width tCLK 200 ns
(cont'd)
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(2) A.C. Conditions (cont'd)
Customer Spec.

Item Symbol Condition Min. Typ Max. | Unit | Min. | Typ | Max.
Frame Synchronous

Clock Frequency s S T T il N
High-Level Frame Synchronous

Clock width 7 WFS 200 ns
Low-Levél Frame Synchronous
" Clock width WLFS 8 us

Cloek Risetime tr 50 ns

Clock Falltime t 50 ns
Synchronous timing

margin 1 tcsD1 100 | ns
Synchronous timing

margin 2 tcsp2 40 ns

Frame Synchronous

Clock and Data

Clock High-Level WHSC 100 ns
Overlapping Width

DR Setup Time tDSR note 3 65 ns

DR Hold Time tDHR note 3 120 ns

BS Setup Time tBSR note 3 200 ’ ns

BS Hold Time tBHR note 3 200 ns

Note 1.: AGND pin and DGND pin should be connected each other close to the device’s analog ground pin.
Note 2.: GSX pin and A|N- pin should be connected each other, when an input gain is zero dB.
Note 3.: A rise/fall time of digital input signal and clock signal which are used at timing test, is around 5 ns.
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D.C. Electrical Characteristics

0°=Tg =70°C, VDD = 5 = 0.25V, V§S = —5 + 0.25V,
VDG = VAG =0, fCLKR = fCLKX = 2048 kHz
All outputs unloaded unless otherwise specified.

(1) Power Dissipations Customer Spec.
ltem Symbol Condition Min. Typ Max. Unit Min. Max.
Operating DD | In normal 5 100 |

LCurrent |lsg| | operation 5 10.0
Power-Down | 'DDPD1 | BDN pin is set to low 1.0
Current lisspp1 | after 100 ms 0.2 mA
Standby IDDPD2 | Fsy and FSR are set to 10
Current |IsspD2]| low after 100 ms 0.2

(2) Digital Interface Customer Spec.
ltem Symbol Condition Min. Typ Max. Unit Min. Max.
Digital Input 0=VDIN=VDD
Current D | PON/BS, DR, CLKx, CLKR pins | —10 10
Pulled up VDIN=0V
Current | FSX, FSR, LOOP pins 4 100 A
Digital Output I Dx pin ~10 10
Leak Current L 0=VDIN=VDD
Output Low Dx pin, RL = 500Q
Voltage voL oL =0.8mA 04

TEsE v
Output High DX pin,

Voltage VOH | oL = 150pA VDD 0.3
Digital Output _
Capacitance Cop | f=1MHz 15
pF
Digital Input _
Capacitance Cip f=1MHz 10

(3) Transmit Amplifier Customer Spec.
Item, Symbol Condition Min. Typ Max. Unit Min. Max.
Input Leakage ~3.0=VAIN =3.0V _

Current '8 AIN+, AIN- pins 10 10 wA
Input _

Resistance RIN =1MHz 50 kQ
Input Offset . _

Voltage Vio AIN+ pin 500 500 mV
Output Offset . _ N

Voltage VOG | GSx pin, RL =10 kQ 50 50 mV
Max. Output . _ _

Voltage VOM | GSx pin, RL =10 kQ 3.0 3.0 Vv

Input Capacitance| C, AIN 10 pF
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(4) Receive Power Amplifier Customer Spec.
ltem Symbol Condition Min. Typ Max. Unit Min.- Max.
\?;ttg;LOﬂest VoA | AoyT pin, DR = +0 code -50 50 mV
Max. O t !

V;,’;geumu VoM | RL = 600Q | 25 |25 v
Output
Resistance RORR 1
. L 0=Ta=70°C, VDD =5 £ 0.25V, V§§ = —5 + 0.25V, VDG = VAG = 0V,
A.C. Electrical Characteristics fCLKR = fCLKX = 2048 kHz, RL = 500 Q, C|_ = 165 pF,
1oL = 0.8 mA, IOH = 150 pA, unless otherwise specified.

Customer Spec.
ltem Symbol Condition Min. Typ Max. Unit Min. Max.
Data Enable | ynzx; | DX pin (from FSx to DY) 170 ns
%fn“"‘e Enable | tpzxp | Dxpin (from CLKX to DY) 120 ns
‘ErJi?ntae Delay tobx | DX pin 180 ns

I .
. %?nt: Hold tHzx | DX pin 50 ns
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Transmission Characteristics

1. uPD960ID

(1) Zero Transmission Level Point

Ta=25°C,VDD =5 +0.25 V, V§s = —5 + 0.25V,
analog input signal level Vin = 0 dBmO (f = 820 Hz),
analog input gain = 0 dB, VDG = VAG = 0V,

digital input signal level = 0 dBmO (f = 820 Hz)
unless otherwise specified.

Customer Spec.

ltem Symbol Condition Min. Typ Max Unit Min. | Typ | Max.
Zero

Transmission

Level Point OPLX | VDD=5V 4.02 dBm

(Transmit)

Zero

Transmission =

Level Point OTPLR | V§S= -5V 4.02 dBm

(Receive)

(2) Gain Characteristics Customer Spec.
Item Symbol Condition Min. Typ Max. Unit Min. | Typ | Max.
Transmit
Gain Gx | prerenced | vpp=5v | -01 0.1 dB
Tolerance
Receive
Gain GR '8'{';;“" VSS=—5V | —0.1 0.1 dB
Tolerance
GX variation
with Temp. & . 2
power supply AGX —02 0 dB

— 0sTa=70C
GR variation
with Temp. & AGR -0.2 0.2 dB
power supply ’

(3) Gain Tracking (Variation of gain with input level) Customer Spec,
Item Symbol Condition Min. Typ Max. Unit Min. | Typ | Max.

coT +3 to —40dBm0 -0.2 +0.2 :
1 it G714 -50 —-04 +0.4 dB
ransmi
Gain Method2 55 —08 +08
Tracking Nl —10 to —40dBm0 00
Error CCITT -
G714 -50 0.0 dB
Method 1 55 00
conT +3 to —40dBm0 -0.2 +0.2
Recei G714 -50 -04 +0.4 dB
eceive
Gain Method 2 ~55 —08 +08
Tracking °TR —10 to —40dBmO 00
Error ccnT -
G714 -50 0.0 dB
Method 1 55 00
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(3) Frequency Response Customer Spec.
ltem Symbol Condition Min. Typ Max. Unit Min. Max.
GRX1 60 Hz —24
GRx2 200 Hz —25 +0.15
Jansmit GRX3 0.3 10 3 kHz 02 +0.15
y dB
Frequency GRX4 3.2 kHz —0.65 +0.15
Response 3.4 kH. -0.8 0.15
(Gain) GRX5 . z . +0.1
GRX6 3.78 kHz —6.5
GRR1 0 to 3.0 kHz -0.2 +0.156
Receive
Channel GRR2 3.2 kHz —0.65 +0.15 B
Frequency GRR3 3.4 kHz -08 +0.156
Response
(Gain) GRR4 3.78 kHz —6.5
(4) Noise Customer Spec.
Item Symbol Condition Typ Max. Unit Min. Max.
Transmit AIN+ is grounded to Min.
Noise Nxp | AGND. input gain=0dB, -72
use Psophometric filter
Use Psophometri dBmop
. . se Psophometric
Receive Noise NRP filter, DR = +0 code -78
Single .
End-to-end testing
Frequency NSF -50 dBm0
Noise CCITT G.7124.2
Crosstalk DR = lowest positive
Transmit to CTTR | decode level, —65
Receive AN+ = 0 dBmO, 820Hz
B
Crosstalk AIN+ is grounded to d
Receive to CTRT | AGND. DR = 0 dBm0O, —65
Transmit 820Hz digital input
=+ 100mVop signal on
PSRR1 VDD or VSS, f= 1kHz. 30 dB
Power Supply + 100mVop signal on
Rejection PSRR2 | vpp or Vss, =3 kiz 20 a8
+1 00mVop signal on
PSRR3 | vpp or Vss, f=3.4kHz 2 a8
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(5) Distortion

Customer Spec.
ltem Symbol Condition Min. Typ Max. Unit Min. | Typ | Max.
corT 0 to —30 dBmO 36
G.714 —40 31 dB
Transmit Method 2 —45 26
Signal to SDx
Distortion corrT —6 to —-27 37
G.714 -34 35 B
Method 1 —40 30
—55 15
corT 0 to —30 dBmO 36
G.714 —40 31 dB
Method 2
Receive SDR —45 26
Signal to . _
Distortion cenT 6to—27 87
G.714 —-34 35 .
Method 1 —40 30
-55 15
End-to-end measurement
Inter- IMD1 | cenT G.712(7.1) —38 | d8
modulation End-to-end :
Distortion nd-to-end measuremen _
MD2 | cenT G.712(7.2) 52 | dBmO
Absolute
Delay DA AIN to AQUT 540 us
500 Hz 1.50
600 Hz 0.75
g;?:}f’ DO ANt AOUT | 1000 Hz 025 | ms
2600 Hz 0.25
2800 Hz 1.50
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Transmission Characteristics

2. uPD9602D

(1) Gain Characteristics

Ta=25°C,VpD=5=*0.25V,Vss =—5 + 0.25V,
analog input signal level Vin = 0 dBmO (F = 1020 Hz),
analog input gain = 0 dB, VDG = VAG = 0V,

digital input signal level = 0 dBmO (F = 1020 Hz)
unless otherwise specified.

Customer Spec.

ltem

Symbol

Condition

Min.

Typ

Max.

Unit

Min. | Typ | Max.

Zero
Transmission
Level Point
(Transmit)

OTLPX

VDD =5V

3.99

dBm

Zero
Transmission
Level Point
(Receive)

OTLPR

Transmit
Gain
Tolerance

Gx

referenced
OTLPX

Receive
Gain
Tolerance

referenced
OTLPR

Vss§ =—-5V

3.99

dBm

0.1

dB

0.1

dB

G variation
with Temp. &
power supply

(<8
(0]
>

GR variation
with Temp. &
power supply

0=Ta=70C

[+X
w@

(2) Gain Tracking (Variation of gain with input level)

Customer Spec.

ltem

Condition

Min.

Typ

Unit

Min. Max.

Transmit
Gain
Tracking
Error

GTx

+3 to —40 dBmO

-0.2

+0.2

=50

-0.4

+0.4

dB

—-55

-0.8

+0.8

Receive
Gain
Tracking
Error

GTR

+3to —40 dBm0

—0.2

+0.2

-50

—04

+0.4

dB

—55

-0.8

+0.8

Zero Transmission Level Point

Customer Spec.

ltem

Symbol

Condition

Min.

Tvp

Max.

Unit

Min. Max.

Zero
Transmission
Level Point
(Transmit)

OTLPx

Zero
Transmission
Level Point
(Receive)

OTLPR

VpD=5V

Vss=-5V

3.99

dBm

3.99

dBm
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(3) Frequency Response Customer Spec.
ltem Symbol Condition Min. Typ Max. Unit Min. Max.
GRX1 60 Hz —24
GRX2 200 Hz -2.5 +0.15
Transmit
Channel GRX3 0.3 10 3 kHz —02 015 |
Frequency GRX4 32 kHz —0.65 +0.15
Response
(Gain) GRX5 3.4 kHz -0.38 +0.15
GRX6 3.78 kHz —6.5
GRR1 0to 3.0 kHz -0.2 +0.15
Receive
Channel GRR2 3.2 kHz —0.65 +0.15 5
Frequency GRR3 3.4 kHz -0.8 +0.156 d
Response
(Gain) GRR4 3.78 kHz —65
(4) Noise Customer Spec.
Item Symbol Condition Min. Typ Max. Unit Min. Max.
Transmit AN+ is grounded to
Noise NXC AGND. Input gain = 1, 17
use C message filter dBrncO
Receive Noise | NRC Hf;%g‘ :si%ggo de 12
Single "
End-to-end testing
Frequency NSF —50 dBm0
Noise CCITT G.712 4.2
Crosstalk DR = lowest positive
Transmit to CTTR | decode level, —65
Receive AN+ = 0 dBmO, 1020Hz
B
Crosstalk AIN+ is grounded to d
Receive to CTRT | AGND. DR =0 dBm0, —65
Transmit 1020Hz digital input
+ 100mVOP signal on
PSRR1 | vpp or Vss, 1= 1kHz %0 @8
Power Supply + 100mVOP signal on
Rejection PSRR2 VDD or VSS, f=3kHz 20 dB
+ 100mVOP signal on
PSRR3 | vpp or VSs, f=3.4kHz 2 a8
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(5) Distortion Customer Spec.
Item Symbol Condition Min. Typ Max. Unit Min. Max.
Transmit CcCciT 00 ~30 dBm0 36
Signal to Shx | G714 —40 31 dB
Distortion Methode 2 —45 26
Receive coT 0 to —30 dBmO 36
Signal to SDR | G714 -40 31 dB
Distortion Method 2 45 26
End-to-end measurement
Inter- MD1 | conT G.712(7.1) —38 | dB
modulation End-to-end "
Distortion nd-to-end measurement _
- IMD2 | CemT G712 7.2) 52 dBmO
Absolute
Delay DA AIN to AouT 540 us
500 kHz 1.50
600 kHz - 0.75

Grou|
Dela;’ DO AINto AQUT | 1000 kHz 025 ms

2600 kHz 025

2800 kHz 1.50
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Timing Charts

Transmit Timing (1)

tr tWHS t

twiLs .
FSx a 3&
L (. I (4
tWHSC ” R
tcsbz tcy
tr |tCLK,
CLKX 1 Z 2 8
tCLK |
t
| tozxz N tDDX HZX

)
Dx \ MSB 2nd 7th >< LSB /

Transmit Timing (2)

el
.
>
S
L
—

FSx /
{C ALC
R )t
tcsD1 tWHSC
A
CLKX 1 2 8
tDZX1
(@
A
Dx MSB 2nd 7th LSB
N «

”
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Receive Timing (1)

tr tWHS tf
o <

»l
'l twiLs o

/A |

FSR \
e § §
HSC
tcy
t
tcspz < oy 1o et
a 3 .
CLKR I / 2 8 / 9
- ]
t ICLK tr, tf tr, i
DSR e r
“DHF
" r —
, ’ 't .
DR don't care )| MsB %‘;’r‘; 2nd 7th>< gg?e>< 8th >< don't care
. R_ 7 h R‘ K”L
BSR o
BS don't care
Receive Timing (2)
4—

tcspl tWHSC
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General Operation

1. Functions Immediately After Power-Up
The uPD9601D and 9602D have internal power on reset circuits to protect other devices on the PCM highway during the
power-up sequence.
Therefore, certain delays for the start of functioning are provided on both digital output pin and analog output pin. Digital
output DX is held in a high impedance state for around 5 ms after power is applied.
Analog circuits such as filters, sample helds, and D/A convertors requires 15ms to begin funtioning due to the settling time
of analog circuits.

N

Power-Down and Standby Mode

@ Power down mode:
Power down mode can be achieved by setting the PDN/BS pinto TTL low level after which digital output DX will go to high
impedance state. In this mode, only the PLL circuits the internal power-down controller, data clock, and frame sync
buffers are enabled. Other circuits are disabled.
Returning to power-up mode can be done by setting the PDN/BS pin to TTL high level high. The function begins after
the same delay as in the power-up sequence (without the lock-in time of PLLS).

® Standby Mode
The stanby mode can be achieved by setting FSx and/or FSR to TTL low level or open. The standby mode leaves
the user an option of power down either channel separately or powering down the entire device by selectively
removing FSX and/or FSR.

3. PCM Data Transmission
In transmit section, if FSX is high at the falling edge of the data clock applied to the CLKX pin, the next rising edge of
the data clock sets the DX pin to active, and a sign bit data (MSB) is output.
In the same manner, each data for seven consecutive bits is clocked out at each of seven consecutive rising edges.
Then the ninth rising edge of the data clock sets the Dx pin to a high impedance state.
Similarly, on the receive side, if the FSR is high at the falling edge of the data clock applied to the CLKR pin, data are
latched by consecutive falling edges of the data clock and consecutive clocked in.

4. Bit Steal

The pPD9602D has a decorder function of signaling frame including signaling information. When signaling is specified
on the receive side, the voice signal needs to be composed of bits because the LSB of the 8-bit PCM data is used for
signaling. Even in this case, for the purpose of minimizing deterioration in SD and GT characteristics, the composing
side of the D/A converter is modified to compensate for the lost LSB data, assuming that half the overall data are lost.
Also pPD9602D will be output 7-bit decoded signal by inputting alternated per each signaling frame to the PDN/BS
pin. In this case, the LSB datas are ignored. However when over 7 frame of lowlevel is input to the PDN/BS pin, the
device goes to a power-down mode.

5. Analog Loopback Test
The WPD9601D and 9602D also have an analog loopback test function on chip as a feature. When LOOP bar pin is set
to TTL low level, the LPF output of receive channel is internally connected to the BPF input of transmit channei. A 0 dBmO
digital tone signal sent to DR will emerge from Dx as a 0 dBm0 signal.
When not using this test function, the LOOP bar pin should be left open or connected to the VSS. The LOOP bar is
pulled up.
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6. Gain Setting of Transmit Analog Input Operational Amplifier
On the transmit side, an analog input operational ampilifier is provided with inverting input, non-inverting input and output
pins (AIN+, AIN-, and GSX respectively), enabling various applications.
For normal use as a non-inverting ampilifier, gain settings of 0 to 15 dB, load resistance (including gain setting resistance)
more than 10kQ, and a load capacitance of less than 100pF should be used.

A
Analog input Q——————'L\—‘—lr——Jr

r—— Gain Ay=1 +—:%
AL ] To filter
Load
resistance RL_=R1+R2
i, G5x N
Wi )
R,
Ry
#PD9601D,9602D

Analog ground

7. Operating Recommendations

a. Layout of AGND and DGND
It should be connected to Analog ground with shorting at the just under position of IC between AGND and DGND pins.

b. Power-up sequence
The uPD9601 D and uPD9602D two powering pins and two ground pins. The recommended power-up sequence is:
I VSS—AGND-—DGND-VpD
I Vpp—Vss—A, DGND
Il Vss—VDD—A, DGND
IV VssA, DGND—-VpD
V Vss—A, DGND-VpD
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wPD9601/9602D
HITACH type COMBO’s Lineup
VERSION B
NEC HITACHI
Comp. A wPD9601D HD44231 HD44233 HD44235 HD44237
Law uPD9602D HD44232 HD44234 HD44236 HD44238
5 Aout Aout Aout Aout Aout
6 Loop Vref Vref Vref Vref
Pin 8 DR n.c. DR n.c. DR
No. 9 CIkR DR CIkR DR CIkR
10 ClkX Clk ClkX Clk CIkX
11 FSR FS FSR FS FSR
12 FSX nc. FSX n.c. FSX
c';; PLL COUNTER on chip PLL on chip
PCM variable fixed data clock .
Clock Clk. 64 - 1536/1544/2048 "a’;b‘goi’;‘akﬁ'“k
rate 2048kHz kHz - z
SYNC/
ASYNC BOTH SYNC only BOTH SYNC only BOTH
Type SINGLE ENDED
Output A
Min. 600
AMP Lol:d ohm 1.2 Kohm 1,2 Kohm
Loop back
Others test
Compatibility - No [ Yes No Yes

Note: If external reference voltage is not used, the Vref pin should be connected to VSS pin or left open.
The same applies to LOOP pin of pPD9601D/9602D(external reference voltage cannot be used).
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pPD9601D/D9602D/D9604D/D9605D

Hitachi based CMOS COMBOs Lineup

Version B
Hitachi NEC
44233 44234 44237 44238 D9601 D9602 D9604  DI60S

Encodini
Law 9 A n A p A n n A
Interbal L
Clock Divider PLL PLL
PCM 1536Mbps | Variable Variable
Data Rate Fixed 1.544Mbps .

2.048 Mbps 64k~ 2.048Mbps 64k~ 2.048Mbps
Analog

- Capable
!,__oopback No Gapability [OOP pin = TTL low level
est
Voltage Internal: VREF pin = Open or VSS (—5V) Internal only
Reference External: VREF pin = 2~ 3V [OOP pin = Open or VSS (—5V)
Input Operational Amplifier with 2nd Order Uncommitted Operational
Amplifier RC filter Amplifier
Output Load Reisitance Load Resistance
Amplifier 3 Kohm | 1.2 Kohm 600 ohm
Digital No Capable
Gain Set No Capability - 0~15.5dB
Capability 0.5dB step

Power
Consumption 60mW(typ) 50mW (typ) 50mW (typ)
Absolute
Delay 540psec (max) 540usec (max)
Gain - :
Variation 10.15dB (Temp. and power supply) +0.2dB (Initial and Temp. and power supply)
Bit Steal
Control No Yes Yes Yes
Note on Hitachi NEC
Compatibility Compatible Original
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uwPD9601AD/9602AD .
HITACHI type COMBO’s Lineup
VERSION C
NEC HITACHI
Comp. A wPD9601AD HD44231 HD44233 HD44235 HD44237 HD44247
Law uwPD9602AD | HD44232 HD44234 HD44236 HD44238 HD44248
5 Aout Aout Aout Aout Aout Aout+
6 Loop Vref Vref Vret Vref Aout—
Pin 8 DR nc. DR n.c. DR DR
No. 9 CIkR DR CIkR DR CIkR CIkR
10 ClkX Clk ClkX Clk ClkX ClkX
11 FSR FS FSR FS FSR FSR
12 FSX n.c. FSX nc. FSX FSX
o PLL COUNTER on chip PLL on chip
PCM variable fixed data clock .
Clock Clk. 64 - 1536/1544/2048 variaple Jata clock
rate 2048kHz kHz : z
SYNC/ ’
ASYNC BOTH SYNC only BOTH SYNC only BOTH BOTH
Type SINGLE ENDED PUSH-PULL
Output K
Min. 600
AMP Load ohm 600 ohim 600 ohm
Loop back
Others test
Compatibility - No L Yes No Yes No

Note: If external reference voltage is not used, the Vref pin should be connected to VSS pin or left open.

The same applies to LOOP pin of WPD9601D/9602D (external reference voltage cannot be used).
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PACKAGE PIN CONFIGURATIONS

HD44233/234 HPD9601/9602 uPD9604/9605
HD44237/238
ANT]1  16[] vss AN+ ] 1 16 [] Vss vss [] 1 16 [] bx
GA1[] 2 15 ;] PCMOUT AN-[] 2 15 [] Dx LO0P [ 2 15 [] CLKx
GA2[] 3 14[] PD GSX |j 3 14 [] PDN/BS AN 3 14 [] Fsx
AGND [] 4 13 b DGND AGND [] 4 13 [] DGND AGND [] 4 13 [] DGND
AOUT [] 6 12[] TX.SYNC  AouT [] 5 12 [] Fsx AouT [ 5 12 [] PND/BS
VREF [] 6 11 [] RCV.SYNC [OOP [] 6 11 [] FSR DGSX [] 6 11 [] FSR
VDD d 7 10 [] TX. CLOCK vop [] 7 10-[] CLKX DGSR [] 7 10 [] CLKR
PCMIN [] 8 9] ROV.CLOCK DR []8 9 [] CLKR vop [] 8 9[] DR
PIN NAMES SUMMARY TABLE
No Hitachi NEC No Hitachi NEC
1 AIN AN+ 9 RCV. CLOCK CLKR
2 GA1 AIN— 10 | TX.CLOCK CLKX
3 GA2 GSX 11 | RCV.SYNC FSR
4 AGND AGND 12 | TX.SYNC FSX
5 AOUT AouT 13 | DGND DGND
6 VREF LOOP 14 | PD PND/BS
7 VDD VDD 15 PCMOUT DX
8 PCMIN DR 16 | Vss VSs

Note:
DGSx: Transmit Gain Setting Data input pin
DGSR: Receive Gain Setting Data input pin
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i) WPD9601D/,PDIE02D

Block Diagram

AlN—
AN+

asy

LOOP

Aout C"’

TRANSMIT SECTION

2

LOOP BACK] _ _
CONTROL

RECEIVE SECTION

Vss

-

Ox
AUTO
ZERO I
QuTPUT
BAND PASS || AD REGISTER
FILTER CONVERTER
CLKx
! |
XPLL FSx
VOLTAGE _
REFERENCE PDN/BS
RPLL FSR
f i
LOWPASS | ] /A DR
FILTER CONVERTER INPUT
REGISTER
CLKR
(D)—
A
DGND AGND
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WPD9601D/9602D NEC

i) HD44233B/HD44234B

Block Diagram VoD (5V)
5000
15
AN
. Ball PCMOUT
cR cos
CIRCUIT ACTEr | LPF HPF. CODER H
600Q ‘ ‘ L r
Gaz | 3 3 J y
— PD
GAt | 2
o .
- Q
CLOCK TX CLOCK
GENERATOR | <@ ;5
TX SYNC
6 ' R
(VREF) ! CLOCK RCV CLOCK
(TRIMMING) —
GEN.ERATOR "4 Revsvne
VREF 1 .
DECODER - d peMIN
Aout
12KQ
mm

Note: Pins no. 6, 11 and 12 are pulled up (NEC and Hitachi).
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wPD9601D/9602D

iii) uPD9604D/PDY605D

Block Diagram

TRANSMIT SECTION
DGSY
DGS LATCH BE&:K

DGSR

AUTO

ZERO

BAND ouTPUT
AN XGS PASS AD REGISTER
CP FILTER CONVERTER

L !

O

]
i
LOOP VOLTAGE
LooP BACK -
(P_-ICONTROL-I“?‘ ? REFERENCE
'
Low D/A
Aout RGS PASS
( FILTER [CONVERTER gq;g]Ts TER
RECEIVE SECTION
——&
Vss VoD DGND AGND

Note: pins no. 2, 6, 7, 11 and 14 are pulled up.
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WPD9601D/9602D N E C

wPD9601D/9602D/9604D/9605D

uWPD960X Latch-up considerations

1. Power-up sequence
Our acceptable power-up sequence is as follows:
1.VSS - AGND — DGND - VDD (same as Hitachi's way)
2. VDD - VSS - AGND+DGND  (same as yPD951x’s way)
3.Vss ~ VDD -~AGND+DGND  (ditto)
4. AGND+DGND - Vss - VDD  (ditto)
5.VSS ~AGND+DGND - VDD  (ditto)
2. Latch-up for I/O pins ‘
1. For input pins, over +/—20 mA can be applied as applied voltage is +/—50V.
2. For I/0 and output pins, over +/—50mA can be applied.
3. Latch-up mechanism

Same as that of WPD951x.
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NEC

Method to measure latch-up at CMOS COMBOS
This applies to uPD951X as well as to pPDI60X.

-~ Method . . .. D.C. applied

- Limit 1, (For power supply pins)

At Tq = 25°C, latch-up should not occur within absolute maximum ratings of power supply voltage.
(Cont'd)

WPD9601D/9602D

LIMIT 2, (FOR I/O PINS) *
At Ta = 25°C, latch-up should not occur at input-current is = 50 mA.

However, if latch-up will occur at less than 50 mA input-current, the following limits should be satisfied:
~ For single power supply system.

Latch-up should not occur at —VDD = input voltage = 2 x VpD.
- For three power supplies system.
—2 x VSS = input voltage = 2 x VDD

The evaluation circuits are as follows:

(A) For Power Pins

O—— IN

O—t—

[ Y
Gt pa
-2 —o
A voo B T
& o—N but o
#;- O-—IN Vvss 5
—
(C) For Output Pins
0
| et
o VDD ouT L_a o -
P | IN puT ‘

GND

vss

L £ #

(A}

DUT: Device Under Test
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uPD951xD / uPD960xD
PCM COMBO Famiilies
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NEC

RELIABILITY REPORT

uwPDI60XD Series
MIL-STD-8858 Observed Failures/
= - - Test Samples
Test ltem Symbol Method Cond. Remarks p
168h | 500h | 1000h | 2000h
.. | High Temp. Ta =150°C Vpp = 5.5V 0 0 | o 0
8| operating HTOL | 1005 AD Vss = —5.5V 737 | 137 | 137 | 20
Q "
= | High Temp. _ 0 0 0
- Storage HT 1008 D Ta=200C 30 30 30
Soldering Heat 2031* 260°C, 10 sec, Once without flux

[

0n

o . ~-65°C ~ 150°C

(.‘5 Temp. Cycling a2 1010C (30 min) (30 min) ’ 10cycles 0

s 20

£ 0°C ~ 100°C
. .“2 Thermal Shock 1011 A (5 min) (5 min) , 15¢cycles
A=
Tg Hermeticity 1014 B,C 1x 1078 atm : co/sec
(]
£ - -
c Mechanical 1500G, 0.5msec, 3times
~§ g | Shock 20028 3 directions
& | &/ vibration 2007 A 100~2000~100Hz, 20G, 4times

_g var. frg. A3 3 directions 0

‘c | Constant 2001 D 20,000G, 1min, Once 20

g Accelaration 3 directions

D

= Hermeticity 1014 B,C 1x1078 atm : cc/sec

Terminal Strength 0

(Lead Fatigue) A4 2004 B2 2504, 3 leads, 3bends 3

Solderability AS 2003 230°C, 5 sec, Once with flux g

*MIL-STD-750A
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RELIABILITY REPORT N E C

pPD951XD Series
MIL.STD-8838 Observed Failures/
- - . Test Samples
Test ltem Symbol Method Cond. Remarks p
168h | 500h | 1000h | 2000h
.. | High Temp. Ta = 150°C Vpp = 5.5V 0 | o 0 0
&/ operating HTOL | 1005 AD VSS = —55V 710 | 90 | 28 | 20
D
=1 High Temp. _ o [ 0 | 0
-~ Storage HT 1008 D Ta = 200°C 20 20 20
Soldering Heat 2031* 260°C, 10 sec, Once without flux
(2]
173
o ~65°C ~
& | Temp. Cycling 1010C (3605r§n) (13500;?“) 10cycles .
K] A2 oA
E 0°C ~ 100°C 20
5l 2 Thermal Shock 1011 A (5 min) (5min) 15 cycles
2=
g Hermeticity 1014 B,C 1x 10‘8 atm : cc/sec
@
€ . X
c Mechanical 1500G, 0.5msec, 3times
£| 2| Shock 20028 3 directions
el g
W & | Vibration 2007 A 100~2000~100Hz, 20G, 4times
= | var. frg. A3 3 directions 0
L 3a
& | Constant 2001 D 20,000G, 1min, Once 20
5 | Accelaration 3 directions
@
=
Hermeticity 1014BC 1x 1078 atm : co/sec
Terminal Strength 0
(Lead Fatigue) A4 2004 B2 25049, 3 leads, 3bends 5
Solderability A5 2003 230°C, 5 sec, Once with flux g

*MIL-STD-750A
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WPD6302CA
WPD6302G

MSK MODEM
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N E C APPLICATION NOTE

METHOD OF USING PD6302CA/G
MSK MODEM

1. Outline of WPD6302CA

The pPD6302CA/G is a one-chip CMOS IC used to modulate/demodulate the Minimum Shift Keying (MSK) signal to/from
Non Return Zero (NRZ) code (high level - 1.2 kHz, low level - 1.8 kHz).

The modulator section has a transmitted clock output terminal and a transmitted data input terminal, and the built-in
modulation select switch switches between the audio signal and modulation signal.

The demodulator section has a band pass filter and a low pass filter composed of switched-capacitor filters (SCFs) as

detection filters, regenerated clock terminal to output the signal from the bit synchronization circuit, and reproduced data out-
put terminal.

BLOCK DIAGRAM

{23 3 6 ) aum—
X1
3686 4 MHz .

) mMOD
DIVIDER e ——

DELAY
BPF DETECTOR
LPF

TIMING
REGENERATION
CIRCUIT
1/2 Vpp
Vss
CKE CKD REF  TEST T
5 v
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APPLICATION NOTE N E C

TERMINAL
1...X1 OSC IN 13...REF  REFERENCE OUT
2...X2 OSC out 14 ...RCDI CLOCK DEMODULATER IN (RECEIVING)
3...SME MODULATION ENABLE (SENDING) 15...RLFO LOWPASS FILTER OUT (RECEIVING)
4...SMS MODULATION SELECT (SENDING) 16 ... RDDO DELAY DETECTOR OUT  (RECEIVING)
5...8CO CLOCK OUT (SENDING) 17 ...RDD! DELAY DETECTOR IN (RECEIVING)
6...SDI  DATAIN (SENDING) 18 ... RBFO BAND PASS FILTER OUT (RECEIVING)
7 ...CKD SERIAL CLOCK DISENABLE IN 19 ... RAl RECEIVED AUDIO IN
8...SCK SERIAL CLOCK OUT 20...Vss GND
9...CKE SERIAL CLOCK ENABLE OUT 21...80 SENDING OUT

10...RCK CLOCK OUT (RECEIVING) 22 ...SAl SENT AUDIO IN

11...DO DATA OUT  (RECEIVING) 23...CKO CLOCK ouTt

12...VDD +5V 24 ... TEST TEST

2. MINIMUM SHIFT KEYING (MSK)
The MSK is one of the frequency modulation (FM). With this method, the high level (logic level) and low level of the NRZ
code are modulated to 1.2kHz and 1.8kHz respectively.

High

. . .

! i H 1 !
|

] 1l '

' L H L H L H ! H L
!

r 1

] ' H N ]

i ~ 1] Al 1 .

~ on -~ S -~ - - -,

) kY I ’ r I Y r T\ N ™ Y 1

|:'\ (\ A [ A [AY AN /N FAY HYAA '

I A 2NV S W Y ;o\ A A '

A I

| AR S T SN L W A S

H ; 1 ' \ I A 4 w Y i

\ \ \ ) Nt L B U A\ i} N \ o N

L A AN AV WA N HAT AR \

! \ \
H W . Y N\ e A A N \J S
: ' ' ' n 1 1
! ! H H ) !
" o o
Fig.1E ple of mc by MSK
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N E C APPLICATION NOTE

3. FUNCTIONS OF uPD6302CA

3.1 Modulator section

The NRZ data code generated by the micro computer is read into yPD6302CA/G from the SDI terminal according to the ris-
ing edge of the clock (SCO) from the yPD6302CA/G when the SME terminal is setto high level. Then, the high level of the NRZ
code is modulated to a1.2 kHz sine wave, and the low levelis modulated to a 1.8 kHz sine wave. The modulated signal is output
from the SO terminal. Normally, an audio signal from the SAl terminal is output from the SO terminal. Therefore, when datais to
be transmitted, the output from the SO terminal must be switched from the audio signal to the modulated signal by the input of
a control signal to the SMS terminal.

3.2 Demodulator section

When a received signal is input from the RAl terminal, the out-of-band noise is removed from it by the band pass filter. Then,
the signal is output from RBFO terminal and input to the RDDI terminal.

The signal input to the RDDI terminal passes through the 48-bit shift delay detection circuitand the low pass filter to remove
the pulse wave generated by delay detection; then, it is output from the RLFO terminal.

This signal is then input from the RCDI terminal, into the logic level by the comparator, synchronized with the internal clock
by the clock regenerate circuit, and output from the DO terminal.

3.3 Frame synchronization detector section

The frame synchronization signal detection circuit, which is a part of the demodulation circuit, detects a 15-bit frame
(frame pattern:111011001010000:disprogrammable) synchronization signal (all match) from the demodulated NRZ
signal, raises the signal from CKE to a high level to inditate the detection, and outputs a 1.2 KHz serial clock signal from the
SCK terminal. The signals output from CKE and SCK are reset when the signal input to the CKD terminal is set to a high level.

With this circuit, the frame synchronization signal need not be detected by the software. (See Figure 11 and Flowchart 3 for
details).
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APPLICATION NOTE N E C

4. RECEIVE DEMODULATOR SECTION

4.1 Band pass filter (BPF)

The band width is from 800 Hz to 2.2 KHz (typ.). The attenuation slope is 24 dB/oct (typ.), and the in band attenuation is 10
dB (typ.). The band pass filter removes the out-of-band noise.
(Fig.2)

4.2 Low pass filter (LPF)
The cut off frequency is 700 Hz (typ.), and the attenuation slope is 18 dB (oct (typ.), and the inband attenuationis 7 dB (typ.).

The low pass filter removes the pulse wave generated by a shift detection.
(Fig. 3)

0dB

24 dB/oct

18 dB/oct.

800 Hz 2.2 kHz 700 Hz

Fig.2 BPF , Fig.3 LPF

4.3 Bit synchronization circuit

The bit synchronization circuit regenerates clock synchronized with the received data. At least 24 received data transiti-
onal points are necessary to regenerate received clock. (The lock-in range is from 1.160 baud to 1.250 baud TYP).
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N E C APPLICATION NOTE

4.4 Frame code detection
The frame code detection detects the 15-bit frame code (1110110010 1000 : fixed code).

This circuit outputs a high level signal from CKE as the detection signal and a serial clock signal from SCK. The detection
condition is the matching of all 15 bits.
(Fig. 4)

DO

T T i - ; 1
|
1{1]0 1f1folof1]ol1folototof1]o
I ] !

Frame patter

RCK
(1.2 kHz)

CKE

SCK ll'lll

Fig. 4 Frame detector

* Note:itis possible to modify the frame pattern of synchro detection circuit by optional aluminium mask. In this case development
costs and a minimum quantity are necessary.
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APPLICATION NOTE N E C

5. Modulator Section

5.1 Data input

The data from the microcomputer is input to SDI and is latched in uPD6302CA/G by the rising edge of the transmitted clock
(SCO) output).

If the microcomputer holds the data for at least 10 ps before &nd after the rising of the transmitted clock, the data is read into
the IC. (Fig. 6)

Data setup Time: 10 ps (min.)
Data hold time: 10 ps (min.)

5.2 Modulated data output
Modulation is started when the signal input to the SME terminal is set to a high level.

This signal is latched in the IC by the rising edge of the SCO signal, and the data transmission mode is started.

Note: The transmitted clock (SCO output) is reset for about 2 ps typ unconditionally after the SME signal rises.
Fig. 5 shows the timing chart, and Fig. 6 shows the truth table for SME and SMS.
For reference, Fig. 7 shows the input/output terminal interface.

RESET

ﬂnﬂﬂﬂﬂmﬂﬂﬂﬂﬂ

sco
- L_JL_J - L_} [ [ N O [ N G
i « |
T ; : o 1
1 ' ]
SME | i ' |
' | i :
) | I « ! Voice signal
t Y
MODEM : ! AW
internal SME ' ! S
' : ! I
\ ' 1 R
SMs | ' '
TsiTH !
b
i
1
1
]
i

Modulated Signal

Tg : Set-up time MIN. 10 us

Ty @ Hold time MIN. 10 us

Fig. 5 SME, SMS Timing Diagram

7.8
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SME | sMs || swq | sw2 oftgut
sal O 0O SO L | L | oN|oOE| sal

L H OFF | OFF || 1/2 VDD

A
oice signal

SW2 H | L |[oOFF| ON| D/A

modulation signal
H H OFF | ON D/A
(@] Note: SME and SMS can be controlled in the same port.

Fig. 6 SME and SMS truth table

BPF (SCF)

LPF (SCF)

1/2 Vo
output inpedance Fig. 7 Terminal interface
RBFO ................ 3.5 (kQ)
RLFO ......... .. 5.0 (kQ)
REF ........... .. 4.0 (kQ)
SO (D/A) .. 700 (Q)
SO (SAl) 300 (Q)
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6. PROGRAM (MICROCOMPUTER)

6.1 Transmit program .

The send data is latched in uPD6302CA/G by the rising of the transmitted clock (SCO output) and is modulated. For this
purpose, the program must instruct the microcomputer to hold the data for 10us before and after the rising edge of the SCO
clock. .

Note that SCO output control terminal SMS and transmit control terminal SME can be controlled by one port.

6.2 Receive program
The received data is transformed by the falling edge of the RCK (regeneration clock), since the transformed data is held for
1 clock cycle read it by the interruption at the rising edge of the RCK clock. (See Flowchart 1, Fig. 8).

When frame pattern detection circuitis used, a high level signal is output from the CKE terminal and a serial clock signal is
output from the SCK terminal to indicate detection of a frame pattern.

These signals are output immediately after a frame pattern is detected.

Thus, frame pattern detection need not be performed by software. That is, the micro computer reads the data the rising
edge of the serial clock when the detection signal (used as interruption signal) is output from the CKE terminal. (See flowchart
2, Fig. 9)

This processing can be further simplified by using a serial interface in a device such as pPD7508.

With this serial interface (Fig. 10), interruptions (CKE output) need not be monitored by software because the interruption
signal is generated from a 3-bit counter by hardware. That is, immediately after a frame pattern is detected, data is latched in
an 8-bit shift register by the serial clock output from the SCK terminal, and the 3-bit counter starts counting. When 8-bitdata s
set in the 8-bit shift register, the 3-bit counter issues an interruption signal.

On receiving this signal, the CPU of the microcomputer reads the 8-bit data from the 8-bit shift register via the internal bus
(See Flowchart 3).

Since the microcomputer reads the demodulated data by the repetition of this operation, no special processing (frame

pattern detection) for data code detection is required and the received data is read not at every SCK (SCO) clock but atevery
8 SCK clocks.
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30 pF  3.686 4 MH: U

CKD RBFO |18

1
F=—"{] = TesT (2]
=
h I .'_‘ 2| x, CKO E]
777 30 pF
0.01 uF
SME SAl 22 l'-——{
© port1 Transmitting Audio in
+q—-
¢ . SMS so |z
I po 10 4F  Transmitting out
i sco A/ 20 }j
Z)I?r:guter port3 B
sDI rar [19}—roA ——o0
port4 0.01 uF . -
uPD75XXX wPD6302 <01 4% Received Audio in
1}

0.01 uF

: 1
SCR RDDI l7l———_,
CKE RDDO E——

ral: ElE [ FF FE

4
RCK RLFO 15}-—
port5 Tk
DO RCDI E—-—
port6
-
| Voo REF 13
| Voo (+5 V) 4.7 uF

Fig. 8 Interface with microcomputer
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NEC

Flowchart 1

Interrupt by rising edge
of RCK CLOCK (port 5)

]
START

Bit count N

}.—

register A, B
clear

l

Read reproduced data (1 bit)
from DO terminal via port 6

Read
data -sregister A

l

Interrupt by rising edge
of RCK CLOCK (port 5)

frame code
C(N)-B register
NO
A=B?
YES
— Imerrubi by rising edge
N=N+1 of RCK CLOCK (port 5)

YES

Start reading code data
from port 6 -

(CLOCK 1.2 kHz)

Note: C (1) to C (15) are used to contain the 15-bit frame synchronization signal, 1 bit each, starting from the first bit.
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] 30 pF  3.686 4 MH:z
-
=
: ! ! E_
777 30 pF
.y
=~ port 1 —
apy
port 2 L
)
—
Mirco 15
computer port 3
a
port 4 T
pPD75XXX . E
1]
e
(]
—
10
port 5 L0
m
port 6
! 12
] Vpo(+5 V)

X, TEST
X, CKO
SME SAl
SMs s0
sco Vss
SDI RAI
uPD6302

CKD RBFO
3CR RDDI
CKE RDDO
RCK RLFO
DO RCDI
Voo REF

0.01 uF

Transmitting Audio in

S8
+

10 #F  Transmitting out
20

19

A

——o

0.01 uF | peceived Audio in
&
0.01 «F

)

|

s
Sz

4.7 uF

Fig. 9 Interfacewith microcomputer

Interrupt by rising edge
of RCK CLOCK (port 7)

L

'
START

Read CKE o[nput

signal from port 6

Interrupt by rising edge
of RCK CLOCK (port 7)

port 6 = High?
level

NO

Start reading code data
from port 87

(CLOCK 1.2 kHz)

Flowchart 2
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NEC

! F—fi %
=
——7ix,
h ot I
+ 3| SME
port 1 [
4|sums
port 2
5| sco
port 3

INTS 3BIT

Internal Bus

SDI

CKD

CKE

PCK

DO

uPD6302

TEST
Cx0
Sal

so

RAI
RBFO
RDDI
RDDO
RLFO
RCDI

REF

E|

0.01 uF

z—

21

I

“Transmitting Audio in

10 uF Transmitting out
20

B —

0.01 »F Received Audio in

J

2.01 uF

uPD7508 (4 bit CPUY | Vool+5 V)

Fig. 10 Interface with microcomputer

In this case, an interruption is generated by the hardware when a frame code is detected, and no special program is

necessary for detecting the frame code.

Interrupt from serial interface (INTS)

START -

Read code data from 8-nit
shift register

Flowchart 3
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MSK MODEM _PD6302CA/G FUNCTION

Transmitted Data
(NRZ Signal)

MODULATOR ———————)p  Transmitted Carrier
(MSK Signal)

Transmitted Clock

Received Data

(NRZ Data)
< DEMODULATOR [@——————— Received Carrier
(MSK Signal)
Regenerated
Clock
Figure 1
(Reference Data)
vce
9 0 1 @1 0211 @1 1 1
514 58 K N7 maskrRom
r YV Y Y
Coincidence Circuit > CKE
Received
Data SCK
15 bit Shift Register
Regenerated CKD
Clock RCK
DO

Figure 2 Frame Detector
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L ?wu
2V,
1 ) rer
—®
T

Vss
6)SDI
RAI 3)SME
RBFO I3 5)SCo
2 8
@ 2 3
RODI(17)y£ 2 3 2)sms
i=}
RDDO )

DO RCK  CKE SCK CKD SAl

Fig. 5 Block diagram of uPD6302CA. (details)

Fig. 6 Switched capacitor integrator.
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performance of the SCF (Switched Capacitor Filters)
Two SCF, one LPF and one BPF, are integrated with following parameters:

R

Fig. 7 LCR circuit equivalent to the SCF (BPF).

o

S

Frequency response (dB)

8

ot

T H
Frequency (kHz)

BPF: 4th order Tschebycheff, 9dB loss, bandwidth 850Hz to 2,5 kHz and 36,5 dB/oct roll-off.
Its role is to pass the 1,2 kHz and 1,8 kHz signal and eliminate the out-of-band noise.
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Fig. 9 LCR circuit equivalent to the SCF (LPF).

—

=

Frequency response (dB)
3

w
S

ot

05 i 15
Frequency (kHz)

Fig. 10 Frequency characteristics of LPF.

LPF: 3rd order Tschebycheff, 8 dB loss,bandwidth DC to 750 Hz and 17,4 dB/oct roll-off.

Its role is to eliminate, spurious wich is created in the signal after the 48 bit Delay Detector Block of the uPD6302
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3x10
Condition
10 PNinput
| Pattern 0,2 Vpp

2 \
< i
[
§ 0 \
]

10

P R Y G S
I B RS AR U ]
S N(dB)

Fig. 11 Error rate characteristics of uPD6302CA.
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pPD6302CA, PD6302G N E C

DESCRIPTION
uPDB302CA, uPD6302G a single-chip CMOS LSI, consists of a modulator and a demodulator with a frame code detection

circuit included.
It is ideal as MODEM for MSK (Minimum Shift Keying) system personai radio, MCA and codeless teiephone.

FEATURES
e Incorporates SCF receiving filter circuit
e Incorporates frame code detecter, which reduces the software load of the controller
e Regenerated data can be transferred by serial interface of microconputer
e Incorporates 307 kHz clock output for CPU
e Incorporates switching circuit to exchange voice signal for modulated data signal
e 5V single power supply
e Low power consumption achieved by CMOS process
e Compact 24-pin shrink DIP (Dual Inline Package) or 24-pin miniflat Package

BLOCK DIAGRAM

X1
3686 4 MHz ()
L L
=] < DIVIDER R
x2  S—
L DELAY
BPF DETECTOR
LPF
TIMING
REGENERATION
CIRCUIT

1/2 Vpp
50— bas
CKE CcKD REF  TEST
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pPD6302CA, .PD6302G

PACKAGE DIMENSIONS (Unit: mm)

uPD6302CA uPD6302G
24 PIN SHRINK DIP (300 mil) 24 PIN MINIFLAT
“%,’%AA%,’-‘,MA.—’%A” unzzﬁzoﬁﬁnwlsun
SEn -
S+l
oo oOOOo
WTPRITIZ 39567 8§00 R by
! 11 MAK
SE Hggaggggémnu
57 1.3 MAX. 16,2 MAX
E] 10.35°
3 7.25 0.0 sax.
] .
I 'm_f#
8178 MAX. o T-s =407 MmN,
e - won
2Gms0-m8

CONNECTION DIAGRAM (Top view)

x1[T] ( l [2a] TesT

x2 [Z] 23] cxo
sMe [3] [22] sAl
sms [4] [21] so
sco [5] [20] vss
soi [6] [19] RAt
cko [7] [18] RBFO
sck [&] [17] Roo!
cke [9] [1€] rRooo
Rek [10] [5] RLFo

oo [I7] [12] Reoi
voo [12] [13] ReF

1..x1
2..%2
3..SME
4. sMs
5..5CO
6..5DI
7...CKD
8..8CK
9...CKE
10... RCK
11..00
12..Vpp
13.. REF
14..RCDI
15... RLFO
16 ... RDDO
17..RDDI
18 ... RBFO
19 .. RAI
20..Vgg
21..50
22 ... SAI
23..CKO
24 TEST
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OSC IN |

0OSC ouUT

MODULATION ENABLE (SENDING)
MODULATION SELECT (SENDING}
CLOCK OUT (SENDING)

DATA IN (SENDING)

SERIAL CLOCK DISENABLE IN
SERIAL CLOCK OUT

SERIAL CLOCK ENABLE OUT
CLOCK OUT (RECEIVING)

DATA OUT (RECEIVING)

+5V

REFERENCE OUT

CLOCK DEMODULATER IN (RECEIVING)

LOWPASS FILTER OUT (RECEIVING)
DELAY DETECTOR OUT (RECEIVING)
DELAY DETECTOR IN (RECEIVING)
BAND PASS FILTER OUT  (RECEIVING)
RECEIVED AUDIO IN

GND

SENDING OUT

SENT AUDIO IN

CLOCK OUT

TEST
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ABSOLUTE MAXIMUM RATINGS (T, = 25°C)

Supply voltage VDD - VSS 7.0 Y
Input voltage ViN— VSS -0.3to VDD +0.3 v
Power consumption PD 350 mw
Operating temperature TOPT -40 to +85 “c
Storage temperature Tstg ~55 to +125 C

RECOMMENDED OPERATING CONDITION (T4 = 25°)

CHARACTERISTIC i SYMBOL l MIN. TYP. MAX. UNIT

Supply voltage ; VDD 4.5 5.0 5.5 v

Oscillation frequency J‘ fosc ‘ 3.686 4 MHz

Received signal input level | V,y (RAI)| 0.2 0.3 1.0 Vp>p
|

Voice signal input level i VIN (SAIl): 1 15 Vp»p

ELECTRICAL CHARACTERISTICS (T, = 25°C, Vpp =5V}

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITION
Current consumption lDD 25 4.2 5.5 mA
High level input voltage Vi 1] 0.3 Vop v (SME, SDI, TEST, CKD, SMS)
Low level input voltage V”_ 0.7 VDD VDD \" (SME, SDI, TEST, CKD, SMS)
Input pull-down resistance Rin 100 200 350 kQ | (SME, SDI, TEST, CKD, SMS)
Input leak current 'IH +2 MA VIN =5V (RCDI})
input leak current L -2 HA Vin=0V (RCDY)
Input impedance RN 100 200 350 kS (RDDI, SAl, RAI)
High level output voltage VOH VDD -1 VDD \ loy =0.5mA
’ oL = 05mA
Low level output voltage VoL 0 1 \ (g'éK DO, CKE, SEK, RDDO, CKO)
Sending output impedance RSO o 5 (393
Voice input amplifier gain AAF -1.0 -0.3 +0.5 dB
_S"ending output amplitude VSO 0.8 1.0 1.2 VD'P
Oscillation feedback
resistance Rix 500 1000 | 2000 kQ
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EXPLANATION OF INPUT AND OUTPUT TERMINALS

X1, X2 These terminals are for connection to a 3.686 4 MHz crystal.

Controls whether or not the modulated data S|gna| wtll be output to the sending output terminal (SO).

(S'\"V'E 1 The modulated data signal is output at “H’’ level, and 1/2 VDD DC Voltage is output at 'L’ level, in synch
ote 1) with the SCO clock (when the SMS terminal is “"H"’).
SMS Controls whether the voice signal or modulated data signal is output to the sending output terminal (SO). The
(Note 1) | voice signal from SAl is output at “’L" level, and the internal modulated signal is output at “"H" level.
| Clock output for transmitting demodulated data signal is applied from SDI in synch with this clock.
SCO
(Frequency: 1.2 kHz)
SDl Sendmg data inputs in synch wcth \he SCO clock
cKD Serial mterface control terminal stops senal clock output lSCK) when CKD is “H", and puts back the CKE
termmal to "L” level
SCK Clock for senal |nterface outpu( Th:s received clock output is controlled by the frame detection circuit; the
clock outp tis started detec\mn of frame pattem match, and stopped by an ex(ernal CKD mpm 5|gnal
CKE Senal nnterlace control output. This output is set to “H” level when frame pattern match is detected by the
{Note 2) frame detection circuit. This output is reset by CKD input.
RCK Outputs the regenerated clock ll 2 kHzl in synch with the received data sngnal
DO Ou(puts the recelved data slgnal in synch wuh the regenerated clock lRCK)
VDD +5V supplY ] )
REF Outputs 1/2 VDD' the mid-point voltage of power supply.
RCDI Bit synchronous circuit input. Normally, it directly inputs the RLFO output.
RLFO | Outputs low-pass SCF after delay detecnon
RDDO Controi terminai of deiay detector output ievei.
Normally, it connects with REF terminal through a resistor (27 KQ).
RDDI Delay detector input. Normally, RBFO output is applied this terminal through 0.47 uF capacitor.
RBFO Output of Band pass fnlter
RAI Band pass ﬂller mpul It lnputs recelved signal.
Ves (.?l_(::und oV ]
so Sending signal output. It outputs the internal modulation signal (staircase/sine wave output, 1.2 or 1.8 kHz)
or the voice signal input from SAI terminal.
SAl Voice signal mput termma: for outpumng voice signal to the send output terminal (SO).
CKO Outputs clock to the external CPU. (Frequency: 307.2 kHzl
TEST When this terminal is ‘“H"’, each IC function can be tested. Normally, this terminal is open or connected to
Vgg (Ground).
(Note 1)
SME and SMS truth table SAl SwWi1
FSME SMs SW1 | SW2 S0
L L ON | OFF
L H OFF | OFF
H L OFF | ON DA
bl o
H H OFF | ON sw2
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SME, SMS Timing Diagram (Note 1)

RESET

TUSL UL

sC

&
o

SME N ¢ v

MODEM
internal SME

SMS

SAl
Voice signal

Modulated Signal

Tg Set-up time MIN. 10 us

Ty : Hold time MIN. 10 us

CKE Timing Diagram (Note 2)

NAANNANNAAAAANNNA N AN
RAl —/\\\V/\\VAVA\I[\\//\VAV V[JUV VAVAVA'ATATAVAVAVAAVAY)

\\\

A A
|
|

' 1 [ )
|
l11{1[o 1:1o:o|101|o‘0|o!oxlo
Do P |

l._* Frame patter:
0

RCK ’
(1.2 kH2)

SCK | l |
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FUNCTION EXPLANATION
#PD6302CA, uPD6302G can be functionally divided into modulator, demodulator, and frame detector.

DEMODULATOR

The MSK modulated wave input to RAI is passed through the internal BPF, where out-band noise is removed, and it is
output to RBFO.

The signal from RBFO is input into RDDI and then passed through the 48-bit shift detector and LPF to be transformed to
the logic level.

The transformed signal is output as the demodulated NRZ signal and regenerated clock by the bit synchronous circuit in
synch with the internal clock.

MODULATOR

The NRZ signal input from SDI is transformed to 1.2 kHz sine wave at “H"’ level, and 1.8 kHz sine wave at “’L" level by the
modulator.
[ [ (L —— D¥V_7 or —
SDI input

The modulated signal is output from SO, which is controlled by the SME and SMS terminal inputs. (Note 1)

FRAME DETECTOR

Frame pattern is detected from the NRZ signal demodulated by the demodulator. When the frame pattern is detected, the

CKE terminal outputs “H’’ level signal, and the SCK terminal outputs 1.2 kHz serial clock signal, until an “’H’’ level signal is
input into the CKD terminal. (Note 2)
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APPLICATION CIRCUIT

1. Interface with uPD7508

20 pF
xir— -
) [ o _2__4] TEST
| 3686 4 MHz 3 o Ko
F“izo }pF T X2 23 —04; .
1
I SME_E ESM —-{ p————0 Transmitting Audio in
10 uF
L - SMS 7 @§0—7~“——‘£——-0 Transmitting out
v
SCQ{E Py AL A—
5 so1 ] Ral 001 «F
H S E__| |—————0 Received Audio in
CKD 1 RBFO
© I
2 |RA E__-L 0.47 uF
8 SCK I3 E_T RDDI
o |
CKEE :IIG RDDO
RLFO
rek [10] 15 27 kQ
= DOE E RCDI
—_— \7 -
S ) R
4.7 uf 47

Note : SME and SMS can be controlled in the same port.

2. Serial interface of received data (frame detector circuit)

Clock DATA

Frame Pattern
detector(15 bit)

Internal Bus B

8

SHIFT MODE REG
L J

SM3

CcKD |

I
|
@
1
!

0
|
(PD7508. 1 F=———«PD6302CA , /PD06302G——=
(4 bit CPU) | |
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DIGITAL SIGNAL PROCESSOR

Mask-ROM

wPD7720AC (NMOS plastic)
wPD7720AD (NMOS ceramic)
nPD7720AL (NMOS PLCC)

WPD77C20AC (CMOS plastic)
WPD77C20AD (CMOS ceramic)
WPD77C20AL (CMOS PLCC)

UV-EPROM
WPD77P20D (NMOS cerdip)
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Description

The uPD7720A and uPD77P20, two signal processing
interface (SP!) chips that are functionally the same, are
advanced architecture microcomputers optimized for
signal processing algorithms. Their speed and flexibi-
lity allow these SPis to efficiently implement signal
processing functions in a wide range of environments
and applications.

The uPD7720A, a revision of the uPD7720, the original
mask ROM chip, uses a third less power than the
uPD7720. The uPD77P20 is an ultraviolet erasable and
electrically programmable (EPROM) version of the
uPD7720A. Program and data ROM, masked for the
uPD7720A, are implemented in EPROM for the
uPD77P20. The uPD77P20 is useful in prototype appli-
cations or in systems where product quantities are
insufficient for masked ROM development. Since the
inception of uPD7720 and its companion EPROM
version, uPD77P20, there have been several mask
revisions to improve either/both manufacturability
and/or function. A uPD77P20 must always be used to
verify function of a user's system before submitting
ROM code for uPD7720A, but certain early versions of
uPD77P20 must not be used for final verification.
Please refer to the section on uPD77P20 for details.

Features
O Fast instruction execution—250 ns
O 16-bit data word
0O Multi-operation instructions for optimizing program
execution
0O Large memory capabilities:
— Program ROM (512 x 23 bits)
— Data ROM (510 x 13 bits)
— Data RAM (128 x 16 bits)
O Fast (250 ns) 16-bit multiplier (31 bits)
0O Dual accumulators
O Four-level subroutine stack for program efficiency
O Multiple 1/0 capabilities:
— Serial
— Parallel
— DMA
O Compatible with most microprocessors, including:
— pPD8080
— puPD8085
— nuPD8086
— uPD780 (Z80®)
O Power supply +5V
[0 NMOS technology
O Extended temperature versions available.

® 780 is a registered trademark of Zilog Corporation.

Pin Configuration

NC/Vpp [1]
DACK
ORQ

uPD7720A/77P20
77C20A

[1] No connection. .PD7720A/77C20A
Must be connected for EPROM version; consult 4P D77P20 specifications.

H Vee
J A,
26{]1 TS
2501 AD
0 wR
23[] SORQ
22[] so
210 s
20[] SOEN
197 SIEN
[ sck
0 INT
0 RST
D cuk

19-000905A

Applications

[0 Digital filtering

O High-speed data modems
O Fast Fourier transforms (FFT)

O Speech synthesis and analysis

O Dual-tone multi-frequency (DTMF)

0O Equalizers
O Adaptive ¢
O Numerical

ontrol
processing

O Second order digital filter (biquad): 2.25 us
00 /A law to linear conversion: 0.50 us
O FFT, 32-point complex: 0.7 ms

64-point complex: 1.6 ms

Ordering Information

Normal

Max Frequency Temperature

Part Number Package Type of Operation Range

uPD7720AD 28-Pin ceramic DIP  8.33 MHz -10°C to 70°C
uPD7720AC 28-Pin plastic IO 8.33 MHz  —10°C to 70°C
WPD7720AL  44-Pin PLCC 833MHz  —10°C to 70°C
WPD77C20AD  28-Pin ceramic 833 MHz  -40°C to 85°C
WPD77C20AC  28-Pin plastic 833 MHz  —40°C to 85°C
(LPD77C20AL  44-Pin PLCC 833MHz  —40°C to 85°C
,PD77P20D 28-Pin cerdip- 8196 MHz  —10°C to 70°C
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Pin Identification
No. Symbol Function
1 NC/Vpp No connection (uPD7720A, 77C20A)/
Programming voltage (uPD77P20)
2 DACK DMA request acknowledge input
3 DRQ DMA request output
75 Po. Py General purpose output control lines
6-13 Do-07 Three-state 1/0 data bus
14 GND Ground
15 CLK Single phase master clock input
16 RST Reset input
17 INT Interrupt input
18 SCK Serial data |/0 clock input
19 SIEN Serial input enable input
20 SOEN Serial output enable input
21 Sl Serial data input
22 SO Three-state serial data output
23 SORQ Serial data output request
24 WR Write control signal input
25 RD Read control signal input
26 [ Chip select input
27 Ag Status/data register select input
28 Vee +5 V power supply

Pin Functions
NC/Vpp

This pin is not internally connected in the yPD7720. In
the uPD77P20, this pin inputs the programming voltage
(Vpp) when the part is being programmed.

This pin must be connected for proper uPD77P20
operation. Consult the section on the uPD77P20 for
details.

DACK [DMA Request Acknowledge]

This input indicates to the yPD7720 that the data bus is
ready for a DMA transfer (DACK = CS AND Ag = 0)

DRQ [DMA Request]

This output signals that the uPD7720 is requesting a data
transfer on the data bus.

Po, P1

These pins are general purpose output control lines.

8.6
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This three-state 1/0 data bus transfers data between
the data register or status register and the external data
bus.

GND

This is the connection to ground.

CLK
This is the single-phase master clock input.

RST [Reset]

This input initializes the uPD7720 internal logic and
sets the PC to 0.

INT [Interrupt]

A low to high transition on this pin executes a call
instruction to location 100H, if interrupts were previously
enabled.

SCK [Serial Data I/0 Clock]

When this input is high, a serial data bit is transferred.

SIEN [Serial Input Enable]

This input enables the shift clock to the serial input
register.

SOEN [Serial Output Enable]

This input enables the shift clock to the serial output
register.

S| [Serial Data Input]

This pin inputs 8- or 16-bit serial data words from an
external device such as an A/D converter.

SO [Serial Data Output]

This three-state port outputs 8- or 16-bit data words to
an external device such as a D/A converter.

SORAQ [Serial Data Output Request]

This output specifies to an external device that the
serial data register has been loaded and is ready for
output. SORQ is reset when the entire 8- or 16-bit word
has been transferred.

WR [Write Control Signal]

This input writes data from the data port into the data
register.
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RD [Read Control Signal)

This input latches data from the data or status register
to the data port where it is read by an external device.

CS [Chip Select]

This input enables data transfer through the data port
with RD or WR.

Ag [Status Data Register Select]

This input selects data register for read/write (low) or
status register for read (high).

Vcc [Power Supply]

This pin is the-+5 V power supply.

Functional Description

The primary bus (which is unshaded in the block
diagram) makes a data path between all of the registers
(including 1/0), memory, and processing sections.
This bus is referred to as the IDB (internal data bus).
The multiplier input registers K and L can be loaded not
only from the IDB but alternatively (via buses which are

Block Diagram

darkened in the block diagram) directly from RAM to
the K register and directly from data ROM to the L
register. Output from the multiplier in the M and N
registers is typically added (via buses that are shaded
in the block diagram) to either accumulator A or B as
part of a multi-operation instruction.

Fabricated in high speed NMOS, the uPD7720A SPlisa
complete 16-bit microcomputer on a single chip. ROM
space provides program and coefficient storage; the
on-chip RAM may be used for temporary data, coeffi-
cients, and results. A 16-bitarithmetic/logic unit (ALU)
and a separate 16 x 16-bit fully parallel muitiplier
provide computational power. This combination al-
lows the implementation of a “sum of products” opera-
tion in a single 250 ns instruction cycle. In addition,
each arithmetic instruction allows a number of data
movement operations to further increase through-
put. Two serial 1/0 ports interface to codecs and other
serially-oriented devices, while a parallel port provides
both data and status information to conventional
microprocessors. Handshaking signals, including DMA
controls, allow the SPl to act as a sophisticated
programmable periphéral as well as a stand-alone
microcomputer.

DACK -+ DMA

|
Interface y sora
N ’—‘:’1> so
oRa o]  L09 RAM !
truct! 128x16 Muttiplier 1 j
— s12x23 ] ! ial
[ { Low | High h—_# so sce/ga
p” | 1 3 P’L sck
. |
1 J ] [ f ("ﬁ:] sl
| e [ o ] k] <~ SiEl
{ ] ET “-™
k] — L
* si
e Jdi b 10 >
Stack |- - — -~ - e = H ]

F==3== Ld l__ﬁ H on | Read write
- RO (k&) | Control Logic
| osen | ™ MUX L _I_. _d |

I
s|s|c|z 3 e |
o : 3 B Hyle w K ou
1]0 |
ROM  [= —) <ﬁ>
R |
N HHABHE T si0x13 !
CLK —= 1]0 sl® ‘ ol
i lo acen ] |
=N |
Vee —
GNO —= Interrupt

49-0009068
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Memory

Memory is divided into three types: instruction ROM,
data ROM, and data RAM. The 512 x 23-bit words of
instruction ROM are addressed by a 9-bit program
counter which can be modified by an external reset,
interrupt, cali, jump, or return instruction.

The data ROM is organized in 510 x 13-bit words which
are addressed through a 9-bit ROM pointer (RP regis-
ter). The RP may be modified simultaneously with
arithmetic instructions so that the next value is avail-
able for the next instruction. The data ROM is ideal for
storing the necessary coefficients, conversion tables,
and other constants for your processing needs. Do not
use data ROM locations 0 and 1 in the uPD7720A,
where these locations are reserved for storage of test
pattern data. (When submitting code for uPD7720A,
these locations should be set to 0). Note that uPD77P20
allows use of these locations, but using them is not
advised.

The data RAM is 128 x 16-bit words and is addressed
through a 7-bit data pointer (DP register). The DP has
extensive addressing features that operate simulta-
neously with arithmetic instructions, eliminating addi-
tional time for addressing or address modification.

Arithmetic Capabilities

1o fo

One oft unigt a
niqueiea
S

Oneoftheu tu

ures of the SPI's architecture is

q of the SF ecture
its arithmetic facilities. With a separate multiplier, ALU,
and multiple internal data paths, the SPI is capable of
carrying out a multiply, an add or other arithmetic
operation, and a data move between internal registers
in a single instruction cycle.

ALU

The ALU is a 16-bit two's complement unit capable of
executing 16 distinct operations on virtually any of the
SPI's internal registers, thus giving the SPI both speed
and versatility for efficient data management.

Accumulators [ACCA/ACCB]

Associated with the ALU are two 16-bit accumulators,
each with its own set of flags, which are updated at the

8.8

end of each arithmetic instruction (except NOP). Table
1shows the ACC A/B flag registers. in addition to zero
result, sign, carry, and overflow flags, the SPI incor-
porates auxiliary overflow and sign flags (SA1, SB1,
OVA1, OVB1). These flags enabie the detection of an
overflow condition and maintain the correct sign after
as many as three successive additions or subtractions.

Table 1. ACC A/B Flag Registers
Flag A SA1  SA0  CA ZA OVA1 OVAQ
Flag B SB1 SB0O CB B OVB1  OVBO

Sign Register [SGN]

When OVAT1 is set, the SA1 bit will hold the corrected
sign of the overflow. The SGN register will use SA1 to
automatically generate saturation constants 7FFFH(+)
or 8000H(—) to permit efficient limiting of a calculated
value. The SGN register is not affected by arithmetic
operations on accumulator B, but flags SB1, SBO, CB,
ZB, OVB1 and OVBO are affected by accumulator B
arithmetic operations.

Multiplier

Thirty-one bit results are developed by a 16 x 16-bit
two’s complement multiplier in 250 ns. The result is
automatically latched to two 16-bit register M&N (sign
and 15 higher bits in M, 15 lower bits in N; LSBin N is
zero) at the end of each instruction cycle. A new
product is available for use after every instruction
cycle, providing significant advantages in maximizing
processing speed for real-time signal processing.

Stack

The SPI contains a 4-level program stack for efficient
program usage and interrupt handling.

Interrupt

The SPI supports a single-level interrupt. Upon sens-
ing a high level onthe INT terminal, a subroutine call to
location 100H is executed. The El bit of the status
register automatically resets to 0, disabling the inter-
rupt facility until it is reenabled under program control.
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Input/Output

General

The NEC SPI has three communication ports, as
shown infigure 1: two serial and one 8-bit parallel, each
with its own control lines for interface handshaking.
Parallel port operation is software-configurable to be
in either polled mode or DMA mode. A general purpose
2-line output port rounds out a full complement of
interface capability.

Serial 1/0

The two shift registers (SI, SO) are software-configur-
able to single or double byte transfers. The shift
registers are externally clocked (SCK) to provide a
simple interface between the SP1 and serial peripherals
such as A/D and D/A converters, codecs, or other SPIs.
Figure 2 shows serial /0 timing

Figure 2. Serial 1/0 Timing

uPD7720A/uPD7720 Communication Ports

Figure 1.
D“ o
Parallel 11O j—
interface - ,—‘D
to External > WR
Data Bus —>{cs
—i Ay
OMA ~———-{ DACK
Intertace <«—{0RG
tnterrupt ——— INT
Reset ——»{RST
Clock —{CLK

S0
SORQ
SOEN
SCK
wPD7720

SIEN

- Serial 1’0
interface
p——

S—

-

Generat
Purpose
= Output Port

49.000907A

A

M J ™ e

|

LT

L0 o N s S s Y e A e O s W o O

SORQ /

>
¢

SOEN \ )\ AN
— €
i N
i — —High

Output _L( o X 1 Xz X :‘ X 1305 X 1eors X 15017 )%_—_%_Z—_—-—
2
2 (3]
Sl— e— e e
2’_ SO ACK l I r (Next Data Set) _1
£
H -
E | [soLoad I I ~ 1

(2]
Input Data x x ) X 1 X 2 x ; x 1305 X 14016 X 150r7 X X
SiEN \ /
Sl Load 1
Si ACK [ ]

Notes: [1iData clocked out on failing edge of SCK.
12| Data clocked in on rising edge of SCK
13]Broken line denotes consecutive sending of next data

490009088
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Parallel 1/O

The 8-bit paralle! I/O port may be used for transferring
data or reading the SPI's status, as shown in table 2.
Data transfer is handled through a 16-bit data register
(DR) that is software-configurabie for double or single
byte data transfers. The port is ideally suited for
operating with 8080, 8085, and 8086 processor buses
and may be used with other processors and computer
systems.

Table 2. Parallel R/W Operation

TS A WA (1] Operation

1 X X X} No effect on iqtemgl operation.

X X 1 1 Do-D7 are at high impedance levels.
0 0 0 1 Data from Do-Dy is latched to DR (Note 1)
0 0 1 0 Contents of DR are output to Dg-D7 (Note 1)
0 1 0 litlegal (SR is read only)

0 1 1 0 Eight MSBs of SR are output to Dg-D7
0 X 0 0 lllegal (May not read and write

simultaneously)

Note:

(1) Eight MSBs or 8 LSBs of data register (DR) are used, depending
on DR status bit (DRS). The condition of DACK = 0 is equivalent
to Ag=CS=0.

DMA Mode Option

Parallel data transfers may be controlled (optionaliy)
via DMA control lines DRQ and DACK. DMA mode
allows high speed transfers and reduced processor
overhead. When in DMA mode, DACK input resets
DRQ output when data transfer is completed. DACK
does not affect any status register bit or flag bit.

Status Register

The status register, shown in figure 3, is a 16-bit
register in which the eight most significant bits may be
read by the system’s microprocessor for the latest
parallel data I/O status. The RQM and DRS bits can
only be affected by parallel data moves. The other bits
can be written to (or read) by the SPI's load immediate
(LDI) or move (MOV) instructions. The El bitis automa-
tically reset when an.interrupt is serviced.

Figure 3. Status Register (SR)

msB Ls8
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ram]usF]usFoforsfomaforclsocsicei ToTo Jo T o Jo [Pi1]ro]
490009098

Table 3. Status Register Flags

Flag Description

RQM (Request for A read or write from DR to IDB sets ROM = 1
Master) An external read (write) resets RQM = 0.

USF1 and USFG
(User Flags 1
and 0)

ORS (OR Status)

General purpose flags which may be read
by an external processor for user-defined
signaling

For 16-bit DR transfers (DRC = 0j. DRS = 1
after first 8 bits have been transterred.
DRS = 0 after all 16 bits have been transferred.

DMA = 0 (Non-DMA transfer mode)
DMA = 1 (DMA transfer mode)
DRC = 0 (16-bit mode)

DRC = 1 (8-bit mode)

SOC = 0 (16-bit mode)

SOC = 1 (8-bit mode)

SIC = 0 (16-bit mode)

SIC == 1 (8-bit mode)

DMA (DMA Enable)

DRC (DR control)

S0C (SO Control)

SIC (S! Control)

El (Enable El =0 (interrupts disabled)
Interrupt) El = 1 (interrupts enabled)
P1, PO PO and P1 directly control the

(Ports 0 and 1) state of output pins Pp and Py

Instructions

The SPI has three types of instructions. Each of the
three types take the form of a 23-bit word, and each
executes in 250 ns.

Instruction Timing

To control the execution of instructions, the external 8
MHz clock is divided into four phases for internal
execution. The various elements of the 23-bit instruc-
tion word are executed in a set order. Multiplication
automatically begins first. Also, data moves from
source to destination before other elements of the
instruction. Data being moved on the internal data bus
(IDB) is available for use in ALU operations (if P-select
field of the instruction specifies IDB). However, if the
accumulator specified in the ASL field is also specified
as the destination of the data move, the ALU operation
becomes a NOP, as the data move supersedes the ALU
operation.

Pointer modifications occur at the end of the instruc-
tion cycle — after their values have been used for data
moves. The result of multiplication is available at the
end of the instruction cycle for possible use in the next
instruction. If a return is specified as part of an OP
instruction, it is executed last.
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An assembly language ‘OP’ instruction may consist of
what looks like one to six lines of assembly code, but all
of these lines are assembled together into one 23-bit
instruction word. Therefore, the order of the six lines
makes no difference in the order of execution des-
cribed above. However, for understanding the SPI's
operation and to eliminate confusion, write assembly
code in the order described; that is: data move, ALU
operations, data pointer modifications, then return.

OP/RT Instruction Field Specification

Figure 4 illustrates the OP/RT instruction field specifi-
cation. There are two instructions of this type, both of
which are capable of executing all ALU functions listed
in table 5. The ALU functions operate on the value
specified by the P-select field (see table 4).

Besides the arithmetic functions, these instructions
can also (1) modify the RAM data pointer DP; (2)
modify the data ROM pointer RP, and (3) move data
along the on-chip data bus from a source register to a
destination register (the possible source and destina-
tion registers are listed in tables 10 and 11, respective-
ly). The difference in the two instructions of this type is
that RT executes a subroutine or interrupt return at the
end of the instruction cycle, but the OP does not.
Tables 6, 7, 8, and 9 show the ASL, DPL, DPH and
RPDCR fields, respectively.

Table 5. ALU Field

uPD7720
Figure 4. OP/RT Instruction Field
22 21120 191817 1615|114 (13 12|11 10 9| 8 |76 S 4|3 2 1 0
A ;
op oo |B| aw S|oe | opm D sc osT
RT o1 Same as OP instruction
49-000910A
Table 4. P-Select Field
Mnemonic B2 Dyg ALU Input
RAM 0 0 RAM
DB 0 1 Internal Data Bus (Note 1)
M 1 0 M Register
N 1 1 N Register
Note:

(1) Any value on the on-chip data bus. Value may be selected from
any of the registers listed in table 6 source register selections’

SA1 sao CA ZA OVAl OVAD
Mnemonic  Dyg Dy7 Dyg Dys ALU Function 881 SBO CB B ovat (1] ]
NOP 0 0 0 0 No operation — — — — — —
OR 0 0 0 1 OR X A 0 A 0 0
AND 0 0 1 0 AND b3 A 0 A 0 0
XOR 0 0 1 1 Exclusive OR X & 0 A 0 0
Sus 0 1 0 0 Subtract A A A A A A
ADD 0 1 0 1 ADD A a A Py a A
SBB 0 1 1 0 Subtract with borrow A a A A a a
ADC 0 1 1 1 Add with carry a a A A a A
DEC 1 0 0 0 Decrement ACC a Ao A A a a
INC 1 0 0 1 Increment ACC a a A a IN a
CmP 1 0 1 0 Compl ACC (one's p ) X A 0 a 0 0
SHR1 1 0 1 1 1-Bit right shift X a a a 0 0
SHL1 1 1 0 0 1-Bit left shift X a a a 0 0
SHL2 1 1 0 1 2-Bit left shift X a 0 N 0 0
SHL4 1 1 1 0 4-Bit left shift X a 0 I 0 0
XCHG 1 1 1 1 8-Bit exchange X Iy 0 & 0 0
Note:

A May be affected, depending on the resuits
— Previous status can be held

0 Reset

x Indefinite
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Table 6. ASL Field

Table 10. SRC Field (cont)

Mnemonic Dyg ACC Selection Mnemonic Dy Dg D B,  Source Register
ACCA 0 ACCA DR 1 0 0 0 DR data register
ACCB 1 ACCB DRNF 1 0 0 1 DR no flag (Note 1)
SR 1 0 1 0 SR status register
Table 7. DPL Field SiM 1 0 1 1 Slserial in MSB (Note 2)
Mnemonic D3 D2 Low DP Modify (DP3-DPg)  SiL 1 1 0 0 Siserial in LSB (Note 3)
DPNOP 0 0 No operation K 1 1 0 K register
DPINC o T Ty Increment DPL L 1 1 1 0 Lregister
DPDEC 1 0 Decrement DPL MEM 1 1 1 1 RAM
DPCLR 1 1 Clear DPL Note:
(1) DR to IDB, RQM not set. In DMA, DRQ not set.
Table 8. DPH Field (2) First bit in goes to MSB, last bit to LSB.
Mnemonic Dy, Dy Dy High DP Modify (3) First bit goes to LSB, last bit to MSB (bit reversed).
oo oo Table 11._DST Fioa
M1 0 0 1 (Dyy-Dg) of the DPH field Mnemonic B; D, D, Dy Destination Register
M o 1 ¢ @NON 0 0 0 0 Noregister
M3 o @A 0 0 0 1 ACCA(Accumulator A)
M4 L @8 0 0 1 0 ACCB(Accumulator B)
M5 1 0 ! @TR 0 0 1 1 TR temporary register
M6 i ! 0 @0P 0 1 0 0  DPdata pointer
M o @RP 0 1 0 1 RPROM pointer
@DR 0 1 1 0 DR data register
Table 9. RPDCR Field @SR 0 1 1 1 SRstatus register
Mnemonic Dg RP Operation @SOL 1 0 0 0 SO serial out LSB (Note 1)
RPNOP 0 No operation @S0M 10 0 1 S0 serial out MSB (Note 2)
RPDEC 1 Decrement RP @K 1 0 1 0 K (Mult)
N @KLR 1 0 1 1 1DB — K, ROM — L (Note 3)
Table 10. SRC Field @KLM 110 0  HiRAM—K,IDB—L (Note4)
Mnemonic 0, Dg Dg D, Source oL ] 1 0 ] )
N70N 0 0 0 0 Noregister @NON 1 1 1 0 No register
A 0 E,_ 0 1 ACCA (Accumulator A) OMEM ] 1 y 1 RAM
B 0 0 1 0  ACCB (A | B)
TR 0 0 1 1 TR tempérary register Note:
- - (1) LSB is first bit out.
DP 0 1 0 0  DP data pointer (2) MSB is first bit out.
E‘P 0 ! 0 1 RP ROM pointer (3) Internal data bus to K, and ROM to L register.
RO 0 ! ! 0 RO ROM output data (4) Contents of RAM address specified by DPg = 1, is placed in K
SGN 0 1 1 1 SGN sign register register, IDB is placed in L (that is, 1, DP5, DP4 DP3-DPy).

8.12



N E C uPD7720

Jump/Call/Branch Table 13. BRCH/CND Fields

Figure 5 shows the JP instruction field specification. Conditions
Mnemonic Dyg Dyg Dyg Dy; Dyg Dy5 Dyg D;3 (Noted)

Three types of program counter modifications are ac- P 1 0 0 0 0 0 0 0 Nocondition

commodated by the processor and are listed in table

12. All the instructions, if unconditional or if the speci- ALt 1 0 1 0 0 0.0 0 Nocondition
fied condition is true, take their next program execution ~ JNCA 01 0 0 0 0 0 0 CA=0
address from the next address field (NA); otherwise PC JCA 0 1 0 0 0 0 0 1 CA=1
=PC+1. INCB 0 1 0 0 0 0 1 0 oB=1
Table 12. BRCH Field 8 0 1 000 0 1+ 1 CB=1
Dy Dyg Dyg Branch Instruction INZA g1 000 1 0 0 A=0
1 0 0 Unconditional jump ~ JZA 0 1 0°0-0 1T 0 1 281
1 0 1 Subroutine call INz8 0t 00 o 1 1 9 7B=0
0 i 0 Conditional jump kd 0 r 000 v1 v 8=t
JNOVAD o 1 0 0 t 0 0 O OVA0 =0
For the conditional jump instruction, the condition JovAo 0 1 o 0 1 0 0 1 OvAO=1
field specifies the jump condition. Table 13 lists allthe ~ JNOVBO 0 1t 0 0 t 0 1 0 0VBO=0
instruction mnemonics of the jump/call/branch codes. JOVBO O 1 0 0 1 0 1 1 OVBO=1
0o 1t 0 0 1 1 0 © OVA1=0
Load Data [LDI] NOVAY
. . . . L JOVA1 0o 1 0 0 1 1 0 1 OVA1 =1
Figure 6 shows the LD instruction field specification. INOVB1 0 1 0 0 1 1 1 0 ovei-o
The load data instruction will take the 16-bit value  joyp1 0 1+ 0 0 1 1 1 1 O0OVB1=1
contained in the immediate data field (ID) and place it
A . . . ) " JNSAQ 0t 0 1 0 0 0 O SA0 =0
in the location specified by the destination field (DST)
(see table 11). JSAO ot 0 t 0 0 0 1 SAQ =1
JNSBO 61t 0 1t 0 0 1t 0 SBO =0
Figure 5. JP Instruction Field Specitication JSBO 9 1 0 1 0 0 1 1 SBO=1
. JINSA1 001 0 1 0 1 0 0 SAI=0
2221 | 201918 [1716151413[121110987654] 3210 | —
O T T - ——]| A 0 1 0 1 0 1 0 1 SAI=1
49.000011A JNSB1 o+ 0 1 0 1 1 0 SB1=0
JSB1 o 1t 0 1 0 1 1 1 SB1=1
Figure 6. LD Instruction Field Specification JOPLO 0 1t 0 1t 1t 0 0 0 DPL=0
JOPLF ot 0 1 1 0 0 1 DPL =FH
222120 19 18 17 16 15 14 13 12 11 109876 5 4 3210
b"" " I ") I/[ DST J JNSIAK ot 0o 1 t 0 1 0 SIACK =0
woooza]  ISIAK 01 0 1 1 0 1 1 SIACK=1
JNSOAK 0o 1t 0 t 1 1 0 0 SO ACK =0
JSOAK ot 0 1 1 10 1 SO ACK =1
JNROM o 1t 0 1 1 1 1 0 ROM =0
JROM o 1t 0o 1t 1 1t 1 1 ROM =1
Note:

(1) BRCH or CND values not in this table are prohibited.
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uPD7720A, uPD77P20
Absolute Maximum Ratings Capacitance
Supply voltage, Vg (7720A) —05t0+7.0V ’ Limits Test
Supply voltage, V¢c (77P20) —03to+7.0V Parameter Symbol Min Max Unit  Conditions
Programming voltage, Vpp (77P20 only) —03to+22V CLK, SCK Co 20 pF fc=1MHz
Input voltage. v, (7720A) 0510 +7.0V capacitance
input voltage, V; (77P20) 0310470V Input pin capacitance _ Ciy 0 of
Output voltage, Vg (7720A) 0510 47.0V Output pin capacitance Coyr 2 eF
Output voltage, Vg (77P20) -03Vto+70V L
- e AC Characteristics
Operating temperature, Topy —10°C to 4+70°C Ta = —10°C to +70°C, Vg = +5 V 5%
Storage temperature, Tgg —65°C to +150°C Limits
—_— Test
Comment: Exposing the device to stresses above those listed in Parameter Symbol Min Typ Max Unit Conditions
Absolute Maximum Ratings could cause permanent d ge. The -
device is not meant to be operated under conditions outside the  CLK cycle time ocy 120 2000 ns (Note 1)
limits described in the operational sections of this specification. uPD7720A
Exposure to absolute maximum rating conditions for extended CLK cycle time ooy 122 2000 ns (Note 1)
periods may affect device reliability. uPD77P20
P CLK pulse width 60
DC Characteristics pulse wi ko) ns_(Hote d)
Ta = —10°C to +70°C, Vg = +5 V £5% CLK rise time PR 10 ns (Note1)
Limits Test CLK fall time oF 10 ns (Note1)
Parameter Symbol Min Typ Max Unit Conditions ?ddﬁ%ss setup time tAR 0 ns
0
Input low voltage Vi 0.5 08 v Adrd o 5
ress hold time 1
Input high voltage Vi 20 VoG +05 V for RD A "
CLK low voltage ~ Vgy 05 0.45 v AD pulse width AR 250 ns
CLK high voltage  Von 3.5 Vec +05 V Datadelay fromRD  tap 150 ns C_ =100 pF
Output low Vou 045V lg =20mA Read to data tr 10 100 ns G = 100 pF
voltage floating
Output high Vou 24 V lgy = —400 uA Address setup taw 0 ns
voltage time for WR
input load e -0 pAVIN=0V Address hold twa 0 ns
current time for WR
Input load [ 10 A Vin=Vcc WR pulse width tww 250 ns
current Data seton 1 s
ata setup time t ns
Output float oL 10 uA Vour =047V P oW
leakage
Data hold time twp 0 ns
Output float ILoH 10 A Voyut = Ve for WR
teakage RD, WR t 250 Note 2
, WR, recover ns 1
Power supply Ice 120 170 mA time y RV (Note 2)
current (7720A) DRa dol n 0
ela n
Power supply [ 270 350 mA LA AM s
current (77P20) DACK delay time tDACK 1 ¢D (Note 2)
Vpp current Ipp 70 mA Program mode DACK pulse width tp 250 2000 ps wP7720A
(77P20 only) max pulse 250 50000 s uPO7TP20
current (Note 1) SCK oyt w0 o #S_uPOTTP20
05 30  mA Program verify, cycle “Te sy ns
inhibit (Note 2) SCK pulse width tsck 230 ns
Note: SCK rise/fall time  tgsc/trsc 20 ns
(1)Vpp =21 +05V SORQ delay tpRa 30 150 ns C_ =100 pF
(2) For K-level parts, Vpp max = (Voc — 0.6 V) +0.25V SOEN setup time tsoc 50 ns
Vppmin = (Vg ~06V) ~025V SOEN hold time tcso 30 ns

For all other step levels: Vpp max = Vg +0.25V
Vpp min = Vge — 0.85V
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uwPD7720
uPD7720A, LPD77P20
AC Characteristics (cont) Timing Waveforms (cont)
Ta =—10°C to +70°C, Vog = +5 V £5%
Limits Read Operation
e Test
Parameter Symbol Min Typ Max Unit Conditions
S0 delay from SCK tpek 150 ns A0 CS. DACK ‘:x — — X .
= low "“[ tag t— n
S0 delay from tozrg 20 300 ns (Note2) B
SCK before 1st bit le-toor tor
o —
DBy-DB; = = == e e e -
SO delay from SCK tpzsc 20 300 ns (Note2)
49-000915A
S0°delay for SOEN toze 20 180 ns (Note2)
SOEN to SO floating  tyze 20 200 ns  (Note2) Write Operation
SCK to SO floating thzsc 20 300 ns (Note2)
with SORQ high A, CS, DACK )] X
aw L—twa
50 delay from SCK_ tyzrg 70 300 ns (Note2) et i '
for last bit WR
SIEN, SI setup time toc 55 ns  (Note?2) b—tow—=t=-two~]
SIEN, SI hold time tco 30 ns D8,-08, X X
Pg. Py delay top ¢Icsy0 ns 49@
+
RST pulse width tRST 4 ooy DMA Operation
INT pulse width Ny 8 @cy
Notes: Back
(1) Voltage at timing measuring point: 1.0 V and 3.0 V. toack =
(2) Voltage at AC timing measuring point: ORG
ViL=Vo_L=08V 49-000917A
ViH=Vohp =20V -
(3) SO goes out of tristate, but data is not valid yet. 16 Bit Transfer Mode
(4) Pulse width includes CLK rise and fall times. Refer to Clock Timing
Waveform. le—t,
N
Timing Waveforms e toack o
DRQ
Input Waveform of AC Test (except CLK)
9 XK A
24 2.0
- Port Output
045 e
Clock tor
FO' F|
je——aCY: 49-000918A
CLK _J s
-somfs0] or |0 ik
49-000914A RST ‘
tagy—]
49-000964A
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Timing Waveforms (cont)

 —

Interrupt

43-000985A

Serial Timing

Figure 7 shows serial output timing when SOEN is
asserted in response to SORQ when SCK is low. If
SOEN is held inactive until after SORQ is asserted, and
then SOEN is asserted while SCK is low (SOEN should
be held inactive until the period of tcgo, after the falling
edge of SCK), SO will become active but not valid
tpzsc after the next rising edge of SCK. SO will become
valid with the first bit tpck after the next falling edge of
SCK, for use by an external device at the subsequent
rising edge of SCK. Subsequent bits will be shifted out
tpck after subsequent falling edges of SCK, for use at
subsequent rising edges of SCK. The last bit to be
shifted out will also follow this pattern, and will be held
valid tyzrq after the corresponding rising edge of SCK
at which it is to be used. SORQ will be held tprq after
this same rising edge of SCK, then removed. SOEN
should be released at least tgoc before the next falling
edge of SCK.

Figure 8 shows timing for serial output when SOEN is
asserted in response to SORQ when SCK is high. If
SOEN is held inactive until after SORQ is asserted, and
then SOEN is asserted while SCK is high (at least tsoc
before the falling edge of SCK), SO will become active
but not valid tpzg after the falling edge of SOEN. SO
will become valid tpck after the falling edge of SCK, for
use by an external device at the subsequent rising edge
of SCK. Note that, although figure 8 shows SOEN
being asserted during a different SCK pulse than the
one in which SORQ is asserted, it is permissible for
these to occur during the same pulse of SCK, as long as
SOEN is still asserted tsoc before the falling edge of
SCK. The timing for the second through the last bits is
identical to the timing shown in figure 7.

Figure 9 shows output timing when SOEN is active
before SORQ is high. If SOEN is held active before
SORQ is high, data will be shifted out whenever it

becomes available in the serial output register (assum-
ing previous data is already shifted out). In this case,
SORQ will rise tpr( after a rising edge of SCK. SO will
become active (but not valid yet) tpzrq after the same
rising edge of SCK. The first valid SO bit occur tpck
after the next failing edge of SCK, for use by an
external device at the subsequent rising edge of SCK.
Subsequent bits will be shifted out tpck after subse-
quent falling edges of SCK, for use at subsequent
rising edges of SCK. The last bit to be shifted out will
also follow this pattern, and will be held valid tyzrq
after the corresponding rising edge of SCK at which it
is to be used. SORQ will be held tprq after this same
rising edge of SCK, then removed.

Avoid releasing SOEN'in the middle of a transfer (that
is, before the last bit is shifted out), since this will stop
the output shift operation, and, when SOEN is again
asserted, the remainder of the transfer will be shifted
out before the next transfer can begin. The next tranfer
will begin immediately without any indication of the
byte/word boundary. If SOEN is released while SCK is
high, as shown in figure 10, at least tgsoc before the
falling edge of SCK, then SO will go inactive tyzg after
SOEN is released (which may be before or after the
falling edge of SCK).

1t SOEN is released while SCK is low, as in figure 11, at
least tcgo after the falling edge of SCK, then the next
bit will be shifted out tpc after the falling edge of SCK,
for use at the subsequent rising edge of SCK. SO will
then go inactive tyzgc after this rising edge of SCK.

Note:

For all its uses, SOEN must not change state within tgoc before or
tcso after the falling edge of SCK; otherwise, the resuits will be
indeterminate.

Serial input timing, shown in figure 12, is much simpler
than serial output timing. Data bits are shifted in on the
rising edge of SCK if SIEN is asserted. Both SIEN and
S| must be stable at least tpc before and tgp after the
rising edge of SCK; otherwise the results will be
indeterminate.

Figure 13 shows serial timing of cascaded SPIs with a
common SCK. SO from the first SP| equals S| of the
second, and the first SPI's SORQ inverts to become
SIEN of the second. SOEN of the first SPI is always
asserted.
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Figure 7. Serial Output Case #1: SOEN Asserted in
Response to SORQ when SCK is Low

T lspy

scx+]

e Aetecn ﬁf‘ jﬁ:__J
tasc ‘_‘F’C

Figure 10. Serial Output Case #4A: If SOEN is
Released in the Middle of a Transfer

During SCK High

tono
f*—tsoc

SOEN 4'“1
=-tuze

SCK

tono
5%

SORQ ’

SOEN i
g
el RPRES e pane
S0 DZSC
Active, First Bit Second \ Last Bit
Not Valid Valid 1o Last Valid
Bit Valid

49-000919A

49-000986A

I

Serlal Output Case #4B: If SOEN is
Released in the Middle of a Transfer

Figure 11.

Figure 8. Serial Output Case #2: SOEN Asserted In During SCK Low.
Response to SORQ when SCK is High
SCK / \
NSNS NN AN || I —
=02 xls ‘—lwk—-.{ ~ ‘1
soe tsoc ‘1—" so Valid X vaiia }.’1‘9'__':.1
o \ toon oo | Ao ' —
Active, tock—] . ypy tuzro
Not Valid:
so toze. Figure 12. Serial Input
First Bit Last Bit
Valid Valid
49:000920A SCK !'_——_\_, S
] fetpe teo
Figure 9. Serial Output Case #3: SOEN Active before s\ . —j/—
SORQ is High ] M =T
sl N wia X 0 Valid k
5K _Arona _/_—\J’—\L_ifm——\_ ' .
Figure 13. Serial Timing Example
m tozro tock ‘DCK-" ;;7 tock tzna N o
SO. i S SCK
Active, First Bit < 7 Last Bit ““2)—11 :_.__;V_—\__/—‘ ,_\;__.} -
Not Valid Valid Valid SOEN 1, x ,
43:000921A 0 "I e tome a4 . [e—eitora
s?:a_‘ - 1§ }L__'—
Y "cof&”
@ [~tco>T [foox toc e | N tzna
SO(1) __tozra, 1,
Active, Not First Bit Last Bit
Yet Valid Valid Valid
49.000824
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When cascading two SPIs in the described configura-
tion, most of the timing involved is directly copied from
the case of serial output with SOEN always enabled
(figure 13). It must be shown that the results will be
suitable for the serial input timing of the second SPI.

(1) SORQ (1) rises tprq after arising edge of SCK, and
it is inverted (inverter has tpy delay time) to
become SIEN (2), which must be stable tpc before
the next rising edge of SCK. It also must not
change until tcp after this first rising edge of SCK,
as shown by case 2 in figure 8.

tpra(max) + tpui + tpc(min) = tscy(min)
tpL(Max) < tgcy(min) — tpc(min) — tpra(max)
< 480 —55 — 150
< 275 nsec—readily achieved by 74L.S14,
for example

(2) SORQ (1) is released tprq after the last useful
rising edge of SCK, and is inverted (inverter has
tpHL delay time) to become SIEN (2), which must
remain stable tgp after the rising edge of SCK.

tpra(min) + tpLn(min) = tep(min)
tpLH(min) = top(min) — tpra(min)
>30—-30
= 0—no problem, assuming
causality

Note:
This also shows tpyy (min) = 0 for the rising edge of SORQ.

(3) SO (1) is valid tpck after a talling edge of SCK;
since it becomes SI (2), it must be valid tpc before
the next rising edge of SCK.

tpck(max) + tpc(min) < tsck(min)
150 + 55 < 230
205 < 230—this condition is satisfied

(4) SO (1) remains valid tyzrq after the last useful
rising edge of SCK; since it becomes S (2), it must
remain valid tcp after this rising edge of SCK.

thzra(min) = tcp(min)
70 = 30—this condition is satisfied
Note:

The above calculations may need to be.adjusted for rise and fall
times, since tgcy and tgok are measured for midpoints of wave
slopes.

uPD77P20 UV Erasable EPROM Version
Function

The uPD77P20 operates from a single +5 V power
supply and can accordingly be used in any uPD7720A
masked ROM application.

Use of Evakit-7720

The following sections describe electrical conditions
that are required for programming the uPD77P20.
However, the Evakit-7720, NEC's hardware emulator
development tool for the uPD7720A/uPD77P20, meets
the electrical and timing specifications presented be-
low. When the Evakit-7720 is used for programming
uPD77P20, all data transfers and formatting are han-
dled automatically by Evakit's monitor program. Please
refer to the Evakit-7720(B) User's Manual for program-
ing procedures.

The information presented below in the sections on
Configuration, Operation, and Programming (and the
various subsections) is required only for users who do
NOT intend to use an Evakit to program the uPD77P20.

Configuration

Data transfer for programming and reading the internal
ROM is partitioned into three bytes for each 23-bit wide
instruction location and into two bytes for each 13-bit
wide data iocation. Partitioning of data transfer into
and out of the data port is shown in figure 14.

Instruction ROM

The instruction ROM data is transferred through the
data port as a high byte, middle byte, and low byte as
shown in figure 15. Bit 7 of the middle byte should be
assigned a value of zero. Data is presented to the data
portin abit-reversed format. The LSB through the MSB
of an instruction ROM byte is applied to the MSB
through the LSB of the data port, respectively.

Data ROM

Figure 16 shows the data ROM format. The data ROM
data is transferred through the data port as a low byte
and a high byte as shown in figure 17. Bits 0, 1, and 2 of
the low byte should be assigned a value of zero. Data is
presented to the data portin corresponding order. The
MSB through the LSB of a data ROM byte is applied to
the MSB through the LSB of the data port, respectively.

Initially and after each erasure, all bits of the uPD77P20
are in the zero state.
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Figure 14. Instruction ROM Format

M
s
B

L
S

8
[22]21]z0[1e 8 1716 [ss [aal13]v2] 11 [vol s Te [ 7T s [a a2 ] 1 To]

49-0009258

Figure 15. Transfer of Instruction ROM Data

Data Port 7 6

wignsyte [15 161718 10 [20]21 [22]
miadle Byte | « 8 [o Jro11]ra]13]re]
towepe [oT1J2]3JaTsTe]7]

Note: * = Set to zero as dummy data.

5 4 3 2 10

49-000926A

Figure 16. Data ROM Format

L] L
s s
B 8

[2]1]rofo[s]7]e[s[a[3]2]1]0]

48-000927A

Figure 17. Transfer of Data ROM Data

Data Port

waneye [i2]ufwofofe 7 65 ]
towspe [4]af2l1fo]-T-]:]

Note: + = Set to zero as dummy data.

7 6 5 4 3 2 1 0

49-000928A

Operating Modes

In order to read or write the instruction or data ROMs,
the mode of operation of the uPD77P20 must be
initially set. At the RST trailing edge, the RD, WR, and
CS should be logical zero and the DACK, Ag, and S|
signals should be set to determine the mode of opera-
tion accordingly, as set out in table 14.

Table 14. uPD77P20 Operation Mode
DACK Ag si

0 0 0  Write mode instruction and data ROM
0 0 1 Read the instruction ROM
0 1 0  Read the data ROM

Once set, the uPD77P20 will remain in the selected
mode. A reset is required to transfer to another mode.

Write Mode

The individual instruction ROM and data ROM bytes
are specified by control signals RD, Ag, SI, and INT as
setout in table 15. Before writing the EPROM location,
the bytes should be loaded accordingly.

Table 15. Write Mode Specification of ROM bytes
"D Ay sl INT

1 0 0 1 Write instruction byte, high
1 0 1 0 Write instruction byte, middle
1 0 1 1 Write instruction byte, low
1 1 0 0  Write data byte, low
1 1 0 1 Write data byte, high
Read Mode

Theinstruction ROM and data ROM bytes are specified
by the control signals RD, Ag, S, and INT as set out in
table 16. Reading is accomplished by setting the
control signals accordingly.

Table 16. Read Mode Specification of ROM Bytes
(1] A0 L INT

Read instruction byte, high

1

0 Read instruction byte, middle
1 Read instruction byte, low

0  Read data byte, high and low

0 0 0
0 0 1
0 0 1
1 0 0

The instruction ROM and data ROM are addressed by
the 9-bit program counter and the 9-bit ROM pointer
respectively. The PC is reset to 000H and is automati-
cally incremented to the end address 1FFH. The RP is
reset to 1FFH and is automaticaly decremented to
000H.
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Erasing

Programming can only occur when all data bits are in
an erased or low (0) level state. Erase uPD77P20
programmed data by exposing it to light with wave-
lengths shortér than approximately 4,000 angstroms.
Note that constant exposure to direct sunlight or room
level fluorescent lighting could erase the uPD77P20
Consequently, if the uPD77P20 will be exposed to
these types of lighting conditions for long periods of
time, mask its window to prevent unintentional erasure.

The recommended erasure procedure for the uPD77P20
is exposure to ultraviolet light with wavelengths of
2,537 angstroms. Theintegrated dose (i.e., UV intensity
X exposure time) for erasure should not be less than 15
W-sec/cm2. The erasure time is approximately 20
minutes using an ultraviolet lamp with a power rating of
12,000 uW/cm2.

During erasure, place the uPD77P20 within one inch of
the lamp tubes. If the lamp tubes have filters, remove
the filters before erasure.

Programming

Programming of tle uPD77P20 is achieved with a
single 50 ms TTL pulse. Total programming time forthe
11,776 bits of instruction EPROM and also for the 6,630
bits of data EPROM is 26 seconds. Data is entered by
programming a high (1) level in the chosen bit loca-
tions. Both instruction ROM and data ROM should be
programmed since they cannot be erased independent-
ly. Both instruction ROM and data ROM programming
modes are entered in the same manner. The device
must be reset initially before it can be placed into the
programming mode. After being reset, the WR signal
and all other inputs (RD, CS/PROG, DACK, A, SI, and
INT) should be a TTL low (0) signal tgs prior to the
falling edge of RST. WR is then held for tgy before
being set to a TTL high (1) level signal. The device is
now in a programming mode and will stay in this mode,
allowing ROM locations to be sequentially programmed.

Programming Mode—Instruction ROM. Instruction
ROM locations are sequentially programmed from
address 000H to address 1FFH. The location address is
incremented by the application of CLK for a duration of
tcy. Data bytes for each location as specified by control
signals RD, Ap, SI, and INT (table 15) are clocked into
the device by the falling edge of RD. After the three
bytes have been loaded into the device, Vppisraised to
21V +0.5 V, tyg prior to CS/PROG transitioning to a
TTL high (1) level signal. Vpp is held for the duration of
terpr Plus tpry before returning to the Vg level. After
tpreL the instruction ROM address can be incremented
to program the next location. Figure 18 shows the
programming mode of instruction ROM timing.

Programming Mode—Data ROM. Data ROM locations
are sequentially programmed from address 1FFH to
address 000H. The location address is decremented by
the application of CLK for tcy. The data bytes for each
location as specified by control signals RD, Ay, SI, and
INT are clocked into the device by the falling edge of
RD. After the two bytes have been loaded into the
device, Vpp is raised to 21 V £0.5 V, typr prior to
CS/PROG transitioning to a TTL high (1) level signal.
Vpp is held for the duration of tprpr Plus tprv before
returning to the Vg level. After tproL the data ROM
address can be decremented to program the next
location. Figure 19 shows programming mode of data
ROM timing.

Read Mode. A read should be performed to verify that
the data was programmed correctly. Prior to entering
read mode the device must be reset.
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Figure 18. Programming Mode of Instruction ROM
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Read Mode—Instruction ROM. This mode is entered
by holding the WR signal ata TTL low (0) level with the
Sl signal ata TTL high (1) level and all other specified
inputs (RD, CS/PROG, DACK, A, INT) at TTL low (0)
levels for tcors prior to the falling edge of RST. WR is
then held for tggw before being set to a TTL high (1)
level. The device is now in the instruction ROM read
mode and will stay in this mode until reset. Instruction
ROM locations are sequentially read from address
000H through 1FFH. Application of CLK for tcy will
increment the location address. The three data bytes
will be read as specified by the control signals RD, Ao,
Sl and INT (table 16). Figure 20 shows read mode of
instruction ROM timing.

uPD77P20 Mode Selection

Mode: CS/PROG  Vpp Ve Outputs
Instruction ROM program ViH Vep +5V Din
Data ROM program Viy Vpp +5V DiN
Instruction ROM read iL Vee +5V Dout
Data ROM read Vi Vee +5V Doy,
operation _VIH Voo 5V E«'.'Sn .

'Read Mode—Data ROM. Figure 21 shows read mode of

data ROM timing. This mode is entered by holding the
WR signal at a TTL low (0) level with the Ag signal ata
TTL high (1) level and all other specified inputs (RD,
CS/PROG, DACK, S|, INT) at TTL low (0) levels for
tcors prior to the falling edge of RST. WR and A are
then heid for tgsw prior to the falling edge of RST. WR
and Ag are then held for tggw before being settoa TTL
high (1) level and TTL low (0) level, respectively. The
device is now-in the data ROM read mode and will stay
in this mode until it is reset. Data ROM locations are
sequentially read from address 1FFH through 000H. °
Application of CLK for tcy will decrement the location
address. After decrementing the location address, the
low byte of the current location will be available at the
data port subsequent to a tc p delay. Application of RD
will present the high byte trp1 from the falling edge of
the RD pulse. RD is then applied for tyg to complete
reading of the current location.
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Figure 20. Read Mode of Instruction ROM
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pPD77P20
Programming Operation, Read Operation, AC Characteristics
AC Characteristics (cont)
Ta=26°C +5°C,Vcc =5V £ 5%, Vpp =21 V105V Ta=25°C +5°C; Vgg =5 V +5%; Vpp = Vi + 0.25.V max
Limite Vpp = Vg — 0.85 V min
Test
Parameter Symbhol Min Typ Max Unit Conditions —ll_nfg_ Test
CLK cycle time [ 240 s Parameter Symbol Min Typ Max Unit Conditions
Data access time tRD1 150 ns
CLK setup time toLR 2 us B |
to RD! From RD{
" Data float time t 10 ns
CLK hold time tRSCL 6 us DF1
From RST! from RO
CLK hold time tPROL 200 ns
from PROG} Operation Mode
Coptrol signlal set-up tcors 1 s The uPD77P20 may be utilized in an operation mode
lime to RST after the instruction ROM and data ROM have been
WR hold time tRsw 6 us programmed. Since it was first introduced in 1982, the
from RST4 uPD77P20 has undergone several mask revisions to
Data set-up time toRIO 1 us improve manufacturability and/or function. And since
from RD! the purpose of the uPD77P20 is to run any program that
Data hold time tRo 100 ns may be programmed in the masked ROM uPD7720A, it
from RD} is important to know how to determine the step level,
RD pulse width tRR1 1 us and the differences between them.
SI, INT set-u tcoR 100 ns
time from R_[?T Date Code
SI, INT hold_ tRco 100 ns The markings on the uPD77P20 package consist of
time from RD! three lines, as follows:
?D ;:gg’? time tReR 100 ns NEC JAPAN < Manufacturer
% — ; 2 D77P20D <« Part number
old time PRR us -—
from PROGI nnnnXnnnn Date code
Vep SeI-UTD time tvpR 2 us The letter in the middle (e.g. ‘X’) of the date code
To PROG identifies the step level of the part. Parts marked with
Vpp hold time tprv 2 us step level K, E, or P should not be used for final system
from PROG test by customers who are planning to submit code for
RST pulse width tRST1 4 toy the masked ROM uPD7720A.
RST setup time trs ! us On all other uPD77P20 stepping versions, a slight

PROG pulse width  tpppg 45 50 55 ms

Read Operation, AC Characteristics
Ta =25°C +5°C; Vg =5V £5%; Vpp = Vcc +0.25 V max
Vpp = Vgg — 0.85 V min

Limits
Test

Parameter Symbol Min Typ Max Unit Conditions
Data access time tewo 1 us
from CLK
Data delay time tcon 1 us
from SI, IN?
Data float time tcoor 0 ns
from S1, IN'
SI, INT pulse width  tcoco 1 s
RD recovery time  tpyq 500 ns

functional change was made, and the change is
incorporated in the uPD7720A. The change allows the
serial clock (SCK) to run asynchronously with CLK.
Specified versions of uPD77P20 (i.e. K, E, P) and all
Evakit-7720s and Evakit-7720Bs (Evaluation Systems
foruPD7720A/uPD77P20) require that SCK run synchro-
nously with CLK.

Because this functional change results in a slight
change in internal serial timing, it is mandatory that
code to be submitted for uPD7720A be verified in
customer’s system using versions of uPD77P20 other
than those listed above (i.e. K, E, & P).

8.24



NEC

‘WPD7720

Pin 1 Connection

The K mask version requires that the programming
voltage Vpp be supplied in a different manner than for
all later versions, as shown in Figure 22. A silicon
junction diode of 0.6 V forward voltage (Vg) should be
used. R should be 800 to 1.8K 0 to satisfy the Vpp and
Ipp requirements.

In all mask versions other than K, pin 1 must be
connected directly to V.

Figure 22. Vpp Circuitry for K Mask Version

+5V = 5%

[}
. 1 R
VVV N
\'/Vn ~ 0.6V
Ver Vee

Vep = Ve = (06 = 0.25)V
Ipp Min = 0.5mA
Max = 35mA

49-000933A

©PD7720A and ,PD77P20 Development
Tools

For software development, assembly into object code,
and debugging, an absolute assembler and simulator
are available. The ASM77 Absolute Assembler and
SIM77 Simulator for analyzing development code and
I/0 timing characteristics are available for systems
supporting CP/M® and CP/M-86® (1), ISIS-11® (2),
or MS-DOS® (3) operating systems. Additionally, the
ASM77 Absolute Assembler is offered in Fortran source
code for mini and main frame computer systems.

Once software development is complete, the code can
be completely evaluated and debugged in hardware
with the Evakit-7720 Evaluation System. The Evakit
provides true in-circuit real-time emulation of the SPI
for debugging and demonstrating your final system
design. Code may be down-loaded to the Evakit from a
development system via an RS232 port using the EVA
communications program. This program is available in
executable form for ISIS-1l'systems and many CP/M,
CP/M-86, and MS-DOS systems. The EVA communica-
tions source code is also available for adapting the
program to other systems.

The Evakit also serves to program the uPD77P20, a
full-speed EPROM version of the SP1. A demonstration
mask ROM chip, containing some common digital
filtering routines, including N-stage |IR (biquadratic)
and FIR (transversal filters), is available to test hard-
ware interfaces to the SPI.

Further operational details of the SPI can be found in

the uPD7720A Signal Processing Interface Technical

Manual. Operation of the SPI development tools is

described in the Absolute Assembler User Manual, the

Simulator Operating Manual, and the Evakit-7720

User’s Manual.

Note:

(1) CP/M and CP/M-86 are registered trademarks of Digital Research
Corp.

(2) 1SIS-11 is a registered trademark of Intel Corp.

(3) MS-DOS is a registered trademark of Microsoft Corp.

System Configuration

Figures 23, 24, 25 and 26 show typical system applica-
tions for the uPD7720A and uPD77P20.

Figure 23. Spectrum Analysis System

Product Example
Sensor p, Using the ..Po?nzo
Microphone oy -
Thermal
Pressure
Light

Band-limiting
Filter

49-000935A

Figure 24. An Analog-to-Analog Digital Processing
System Using a Single SPI

Clock
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Analog - S! L.po7720a SO Analog
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Figure25. A Signal Processing System Using Cascad-
ed SPIs & Serial Communication
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Figure 26. A Signal Processing System Using SPisas
a Complex Computer Peripheral
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Packaging Information

28-Pin Ceramic (PD7720A and .PD77C20A Only)
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J

SRV AT RAVAVRS AR VAR vAVRS)
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[ilans Y
4 3\ C!L

ltem Miltimeters Inches
A 382max 1.43 max
8 1.50 max .08 max
C 254t 0.1+ .004
D 48:.01 02+ .004
€ 33.02+.1 1.3 +.004
F 1.02min .04 min
G 32min A3 min
W iomin 0% min
' 3Smax 14 mex
. aSmax 16 max
K 1524typ 8typ
L 4y 50 typ
M 25:.05 01+ .002
[
L
l_—'l_—\
t

83-0019818
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Packaging Information (cont)

28-Pin Plastic (\PD7720A and \PD77C20A Only)

@ le"

Notes: 1. Each lead centeriine is located within .25 mm [.01 inch] of its true
position (TP) at maximum material condition.
2. Htem “K” to center of leads when formed paratiel.

-

L

Hem Millimeters Inches
A 38.1 max 1.5 max .
8 2.54 max ~ 10 max
28 15 _C  atamel oIl
Aapannapapaaal  ooae acE
F Izmln .t;” min
A TG 3sra 2oz
7 - T
J 5.72 max 226 max
K 15.24 [TP] 60 [TP)
VEYUUPYYRRYORY | e
1 14 - —.05 3 -.003
A K

|

0-15°

83-0014078
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Packaging Information (cont)

28-Pin Cerdip (uPD77P20 Only)

llem  Wilimeters _nches
A 3801 max 1.5 max
B 28 R
c 2sTP] ARl
0 s+a 02550
E 3302 13
2 1 F 13 051
ARAAAAAAAAARAAA G astwn _ime
W Simin 02 min
N [ 18
o J 5.08 min .2 min
TN K 1524 [T.P) 6 [T.P]
L 1B21£s 52&.02
M 25308 niin
— N 782 3
SRvAvAvATATATAVAVAVAVATATAY, CO T
1 14
1 A X
U
L
/] \
~ 0-15°
Note:
1. Each lead centerline is located within .25 mm (.01 inch] of s true position
(TP) at maximum material condition.
2. ltem “K" to center of leads when formed parallel.
83-0035698

8.28




N E C uPD7720

44-Pin PLCC (uPD7720AL and PD77C20AL Only)

o 10 O O e O e B I e B B s B e B e

s 8]
0 8]
a 1]
0 D
44(] i
1L o + B [SH =]
(s 1]
s 0
g 1]
1 0
LS g e g g o o g o g oy gy ey o —_
F E
TTrm Ls
@ 1
b v .
= 4
T T
- B R -t
= S
M [$[N @
1
P PaaL-SOA
NOTE ITEm MILLIMETERS INCHES
Each lead centerkne is located within 0.12 mm - =
10.005 inch) of ts true posion (T.P.) at maxi- A 178 hlswid
mum material condion. ] 1858 0653
c 16.58 0.653
o 12,57 0.6897°%
E 1940 0.076:3%%
: 3 06 0.024
f O O Product name L kil 017348
luding suffix H 28 0.110:85%
‘ incl
| NE c JAPAN / ' 0.7 MIN. 0.028 MIN
|
| [P 7IC2TolAlL[-Txx]x] J 38 0142
| AOIOTIIIIID [ wan oos0 wry
/ L 07 0.028
— ] 040*°" 0016358
|oomomm (O L YT 0008
// | P 15.50°°™ 0.610-882
/ [ 015 0.008
Special marking: 12 digits max. s o 0040
T ROS R 0031
u 020°8% 0.008:83%
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44-Pin PLCC (uPD7720AL and pPD77C20AL. Oniy)

[6] (5] [2] [31[21 [ [+2] [ (2] [#7] [40]
/ ™
[ O 39]
& 2]
] 6
[ )
] 58]
@ B
4] 2]
[re 30]
E Top View 29]
" Tna] Tl o] T (z2] T2 Tl Tas] T2 (2] (28]

PIN _ SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 VCC 12 D2 23 NC 34 NC
2 NC 13 D3 24 CLK 35 SO
3 DACK 14 D4 25 RST 36 SORC
4 DRQ 15 NC 26 NC 37 WR
5 PO 16 D5 27 INT 38 RD
6 NC 17 NC 28 SCK 39 NC
7 NC 18 NC 29 NC 40 NC
8 P1 19 D6 30 SIEN 41 CS
9 DO 20 D7 31 SOEN 42 AO

10 NC 21 GND 32 NC 43 NC
11 D1 22 GND 33 Si 44 VCC
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Absolute Maximum Ratings* AC Characteristics
Ta = 25°C
= T, = —40°Cto +85°C, Vg = +5V * 8%
Voltage (Vcc Pin) ~0.510 +7.0V0 PP
Voltage, Any input -0,5toVcc +0,3 Parameter Symbol Min _ Typ Max  Unit _Test Conditions
Voltage, Any 0ulput ~0.5 to VCC + 0,3 CLK Cycle Time oCY 120 2000 ns @
CLK Puise Width D 50 ns
Operating Temperature -40°C to + 85°C CLK Rise Time R 10 s )
Storage Temperature -65°C to +150°C CLK Fall Time Ld 0™ o
Note: @ With respect to GND. tor RD Time tan o ns
Address Hold Time for RD tn, 0 ns
*COMMENT: Exposing the device to stresses above D Pulse Width [ 250 ns
those listed in Absolute Maximum Ratings could cause Data Dolay from D tng 150 ns C, = 100 pF
permanent damage. The device is not meant to be Read to Data Floating oy 10 100 ne C, = 100 pF
operated under conditions outside the limits described AddressSetupTime e
in the operational sections of this specification. Expo- for WH
sure to absolute maximum rating conditions for Address Hold Time for Wiy, ° ns
extended periods may affect device reliability. WRPdseWidth ey 250 o
Data Setup Time for WR  t5, 150 ns
. Data Hold Time for WR 1, [ ns
DC Characteristics T F——— 750 - )
Ta = —40°Cto +85°C,Vcc = +5V = 5% "DRQ Dok P 150 oy Co =100 oF
Limits v
o —— DACK Delay Time toack 1 4D @
Parameter Symbol Min Typ Max Unit  Test SACK Pulse Width oo 250 o o =
Input Low Voltage Vo -05 08 v
SCK Cycie Time tacy 480 oc ns
input High Voltage Vin 20 Vec +0.5  V
SCK Puise Width tocx 20 ns
CLK Low Voltage Vi, -05 0.45 v
SCK Rise/Fail Time [ 20 ns ®
CLK High Voltage Voy as Vec +0.5  V - = e - NI
Output Low Voltage Voo 0.45 V g =20mA _,“_‘_,' n:""" o tona - L
Output High Voltage Vo 24 V. gy = —400 pA ﬁ’m’ faoc = ne
input Load Current [ -10 HA Vi = OV % "1:;" m feso n
Input Load Current ™ 10 WA Vi = Voo : m""" sc tocx 150 ns
Output Float Leakage  ho -10  uwA  Vour = 0.47V SO Delay from SCK with | I 0 e >
Output Float Leakage | on 10 nA  Vour = Ve 1
Power Supply Current  Icc 120 170 mA SO Delay from SCK torsc 20 300 ns 2
SO Delay from SOEN toze 20 180 ns @
SOEN to SO Floating e 20 200 ns @
Capacitance SCK10SOFlosting__ Ygse 20 0 @
Limits :g:oolfy!mm SCK with tuzna 70 300 ns @
Parameter Symbol Min Typ Max Unit  Test —
SIEN, Si Setup Time toc. 55 ns @
CLK, SCK Input - —
Capacitance had 2 PF Tam2sC SIEN, SI Hold Time teo 30 ne
= 1MHz
Input Pin Capacitance Ci 10 pF 1 Po. Py tor ffsvo ns
Output Pin Capacitance Coyr 20 pF Vec=0V
RST Puise Width [ 4 SCY
INT Pulse Width [ [ SCY
Notes: @ Voltage at measuring point of timing 1.0V and 3.0V
UPD7 7C20A CLOCK vs. SUPPLY VOLTAGE @ V\mnagemmeaegcmgwlmoucnmmg
= Vg = 0.
PHI-CY [ns] Vi, = Vo = 20V
120.00 Input Waveform of AC Test (except CLK, SCK)
Ta =~ 25 ﬂen.; o
2
SPEC. min. ip2n 24
0as XX
100.00 08
% In 16 bit DMA mode only
80.00 ’
»
60.00
[ ]
40.00 LI
4.00 5.00 5 6.00
vee [V]
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Note: uPD7720AD, low-power NMOS version in ceramic package, functions at full speed 8 MHz over the -45° to

+85° C temperature range.

7720AD Extended Temperature Specification

Absolute Maximum Ratings Capacitance
Voltage, Vcc Pin’ —05to+7.0V i Limits
Voltage, Any Input —05to+70V Parameter Symbol Min Typ Max Unit TestConditions
" - T T L S e v aw. - CLK, SCK Input
Voltage, Any Output  -05to+70v. Copacitance co 20 pF
Operating Temperature —10 to + 70°C Input Pin Capacitance  Ciy 10 oF  fo=1MHz
- Extended Temperature —40to+85°C Output Pin Capacitance Cour 20 F
- Very Extended Temperature —40 to+110°C 2
- Super Extended Temperature —55to+125°C "2
Storage Temperature -65°Cto+150°C
»1 With respect to GND at +25°C
*2 Any devices are not tested at these temperature.
DC Characteristics
Vee = 5.0V + 5%
Temperature Limits
STD EXT VEXT SEXT
Parameter Symbol -10/+70 ~40/+85 —-40/+110 —~85/+125 Unit  Test Conditions
Min Max Min Max Min Max Min Max
Input Low Voltage Vi 0.8 0.8 0.6 0.6 v
Input High Voltage Vi 2.0 2.0 2.2 2.2 v
CLK Low Voitage Vo 0.45 0.45 0.4 0.4 v
CLK High Voltage 35 3.5 3.7 37 v
Output Low Voltage 0.45 0.45 05 0.5 v loL = 2.0mA
Output High Voltage 24 24 23 23 v lon™=—400p A
Input Load Current -10 -10 -10 -10  pA Vin=OV
Input Load Current 10 10 10 10 A Vin= Ve
Output Float Leakage -10 -10 -10 10 uA Vour = 0.47V
_Output Float Leakage 10 10 10 10 pA Vour = Vcc
Power Supply Current 170 200 200 200 mA
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uPD7720AD Extended Temperature Specification

AC Characteristics
Vee = 5.0V + 5%
" Temperature Limits
STD EXT VEXT SEXT
Parameter Symbol —10/+70 2"d _g0/+88 —40/+110 -85/+125 Unit  Test Conditions
Min Max Min Max Min Max

CLK Cycle Time ¢ cy 122 2000 152 1000 162 1000  ns 3
CLK Puise Width ) 60 75 80 ns

CLK Rise Time é R 10 10 10 ns *3
CLK Fall Time b F 10 T 10 10 ns -3
Address Setup Time for RD tap [ 50 . 50 ns

Address Hold Time forRD tha 0 [ 0 ns
RD Pulse Width trr 250 300 320 ns

Data Delay from RD tho 150 170 180 ns C =100 pF
Read to Data Floating tog 10 100 10 120 10 130 ns C_ =100 pF
Address Setup Time for WR taw 0 50 50 ns

Address Hold Time for WR twa 0 0 0 ns

WR Pulse Width tww 250 300 320 ns

Data Setup Time for WR tow 150 170 180 ns

Data Hold Time for WR twp 0 50 50 ns

RD, WR, Recovery Time tay 250 300° 320 ns 4
DRQ Delay tam 150 170 180 ns

DACK Delay Time toack 1 1 1 D 4
SCK Cycle Time tscy 480 oc 600 DC 640 DC ns

SCK Rise/fall Time trsc 20 20 20 ns *3
SORQ Delay B tora 30 150 10 170 10 180 ns Cy = 100 pF
SOEN Setup Time tsoc 50 80 100 ns
SOEN Hold Time tcso 30 50 60 ns

SO Delay from SCK = LOW tock 150 170 180  ns

SO Delay from SCK with SORQ tozna 20 300 10 350 10 350 ns 4
SO Delay from SCK tozsc 20 300 10 350 10 350 ns -4
SO Delay from SOEN toze 20 180 10 230 10 230 ns "4
SOEN to SO Floating thze 20 200 10 250 10 250 ns )
SCK to SO Floating thzsc 20 300 10 350 10 350 ns 4
SO Delay from SCK with SORQ thzRa 70 300 60 350 60 350 ns -4
SIEN, SI Setup Time toc 55 85 105 ns

SIEN, SI Hold Time teo 30 50 60 ns

5% B R

RST Puise Width tst a a a bey

INT Pulse Width tint 8 8 [] dey

SCK Pulse Width tsck 230 200 310 ns

DACK Pulse Width too 250 2000 280 20000 280 2000 ns

*3 Voltage at measuring point of timing 1.0 Vand 3.0 V
*4 Voitage at measuring point of AC Timing

Vi =VoL =08V

Vig = VGH = 2.0V

Input Waveform of AC Test (except CLK, SCK)
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pPD7720AC Extended Temperature Specification

Absolute Maximum Ratings AC Characteristics
Voitage (Voc Pin) —05to+7.0V Vec=+8.0vE 5%
Voltage, Any Input —05to+7.0v — Lmits
Voltage, Any Output =05t +7.0v Parameter  Symbol —'0‘7':'0 -«:ﬁu Unit Test Conditions
Operating Temperature —40°C to +85°C Min Max Min Max
Storage Temperature —65°C to + 150° CLK Cycle Time bey 122 2000 140 2000 ns  *3
e P 60 70 ns
* With respact to GND CLK Rise Time R 0 108 a3
CLK Fall Time OF 10 10 ns '3
cammm' 'A;d';_;u Setup Time - 0 o s
Limits Address Hold Time
Parameter Symbol Min Typ Max Unit Test for RD tra 0 0 ns
D Pulse Width tar 250 280 ns
e input Co 20 oF Data Delay fromRD ¢ 150 160 ns  C_=100pF
Capacitance a y RD L P
Input Pin Capacitance  Cjy 10 pF  fc=1MHz Read to Data Floating tpg 10 100 10 110 ns Cy =100 pF
Output Pin Capacitance Coyr 20 pF Address Setup Time
for WR taw 0 0 ns
Adress Hold Time
for WR twa 0 ] ns
DC Characteristics WR Pulse Width tww 250 280 ns
Vec=+8.0v+8% :::%uu Time tow 150 160 ns
Limits Data Hold Time
STD ) for WR two o 0 ns
Parameter Symbol —10/+70 —40/+85 Unit Test D, WR,
Min Max Min Max Time tav 250 280 ns ‘4
Input Load Current  V 08 08 Vv DRQ Delay tam 150 160 ns
Input Load Current Vi 2.0 20 v DACK Delay Time  tpack 1 1 oD ‘4
Output Float Leakage Vi 0.45 045 V SCK Cycle Time tscy 480 DC 560 DC ns
Output Float Leakage Von 35 35 v SCKRise/Fall Time  tpsc 20 20 ns '3
Power Supply Current Vg 0.4s 04s v gy =2.0mA SORQ Delay tona 30 150 20 160 ns C, =100 oF
Input Low Voltage  Vou 24 24 V  lon=400,A SOEN Setup Time tsoc 50 60 ns
Input High Voltage 1y, —10 ~10 pA  Vjy=OV SOEN Hold Time teso 30 40 ns
CLK Low Voltage un 10 10 pA  Viy=Vcc §°L g;lhv from SCK oo 150 160 ms
CLK High Voltage I o -10 ~10 A Voyur=0.47v
SO Delay from SCK
Output Low Voltage  lon 10 10 pA  Vour=Vcc with SORQ tozra 20 300 20 300 ns ‘4
Output High Voltage icc 170 200 mA SO Delay from SCK  tozsc 20 300 20 300 ns  *4
SO Delay from SOEN tpzg 20 180 20 180 ns ‘4
SOEN to SO Floating tyze 20 200 20 200 ns 4
SCKto SO Floating  tyzsc 20 300 20 300 ns ‘4
S0 Delay from SCK
with SORQ [ 70 300 60 300 ns  °4
SIEN, S Setup Time  tpc 55 75 ns
SIEN, Sl Hold Time  tcp 30 40 ns
Po, Py Delay top dcD ~ HCD ns
+150 +150
RST Pulse Width tast 4 a beyY
INT Pulse Width Nt 8 8 dey
SCK Puise Width tsck 230 270 ns
DACK Pulse Width _ top 250 2000280 2000 ns
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Description Applications

The uPD77230 Advanced Signal Processor (ASP) is  [J General-purpose digital filtering (FIR, IR, FFT)
the high-end member of a new third-generation family (3 High-speed data modems

of 32-bit digital signal processors. This CMOS chip Adaptive equalization (CCITT)
implements 32-bit full floating-point arithmetic, and is  [J Echo cancelling

intended for digital signal processing and other ap-  [J High-speed controls
plications requiring high speed and high precision. O Image processing

O Graphic transformations

O Instrumentation electronics

O Numerical processing

[ Speech processing

O Sonar/radar signal processing
O Waveform generation

All instructions execute in one instruction cycle. The
pPD77230 executes a 32-bit by 32-bit floating point
multiply with 55-bit product, sum of products, data
move, and multiple data pointer manipulations—afl in
one 150-ns instruction cycle.

Features Floating-Point Performance Benchmarks
u} Fast instruction cycle: 150 ns using 13.3-MHz clock Second-order digital filter (biquad) 0945
O All instructions execute in one cycle

D 32- x 32-bit floating point arithmetic 32-tap finite impulse response fiiter 5.25 ps

O Large on-chip memory (32-bit words) Fast Fourier transform (FFT) .
— 1K data RAM (two 512-word blocks) 32-point complex (radix 2) 0.15 ms
— 1K data coefficient ROM 512-point complex FFT 47 ms
— 2K instruction ROM . . 1024-point complex FFT 10.75 ms

O 8K- x 32-bit external memory; 4K may be instruction Square root 505
memory

O 1.5-um CMOS technology

O 32-bit internal bus Pin Configurstion

[0 55-bit ALU bus
O Dedicated internal buses for RAM, muitiplier, and 68-Pin PGA

ALU
O Eight accumulators/working registers (55 bits) Top View
[ 47-bit bidirectional barrel shifter .
0O Two independent data RAM pointers 6 1) 6 0O 6 o 6 e} é
0O Modulo 2n incrementing for circular RAM buffers
O Base and index addressing of internal RAM VEEOO0Q O QOO0 O
O Data ROM capable of 2n incrementing OO0 O o6}
O Loop counter for repetitive processing 50 Om Index Pin wO O
O Eight-level stack accessible to internal bus
O Two interrupts: maskable and nonmaskable (NMI) OO0 O O
0O Serial 1/0 (5 MHz) sO Oan 510 O=n
0O Master/siave mode operation .
O Three-stage instruction pipeline O}¢; (O
O Single +5-volt power supply 1O Ow 0O On
O Approximately 1.2 watts [eXe) O 0O

o 14 [ 51 $3

Ordering Information '0O000000O000 O
Part Number Package Type (m) O 9 O 9 © 9 O 9
wuPD7T230R 68-pin PGA T 000288
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Pin identification Pin Function Summary

No.  Master “Slave No.  Master *Slave Symbel  1/0  Functien

1 Dy 35 (™) ' AgrAy O Address bus to external memory

2 Ay % Dy Ax 0 Highest bit of memory address

3 A3 7 A CLKOUT 0 Internal system clock

4 As 38 Ay cs | Chip select

5 Ag 39 Aq N DDy 1/0*  Data bus for access to external memory in siave

6 Ag TS mode.

7 Ao a A Dg-D3 o* Data bus for access to external memory (data or
instruction) in master mode.

8 Ax il Ay GND Ground (Connect ground to all GND pins.)

9 WR B8 An HRD ] Host CPU read

b ® 4“4 _ oo HWR | Host CPU write

11 SORO 550 1/0q-1/015 1/0*  Port to host CPU data bus

12 sock 46 SicK INT 1 Nonmaskable interrupt

13 SOEN 4 SEN INM | Maskable interrupt

14 INT 48 NC (No connection) ) ] Operation mode select

15 INTM 49 RESET PO,P1 | General-purpose input port

16 m/s 50 sl P2, P3 0 General-purpose output port

7 CLKOUT 5t x2 RD 0 Controls data read from external memory

18 X1 2 Voo RESET | System reset

19 D31 P3 3 Dy pe ROM 0 Data read/write request

2 D29 P1 el D2g lad Sl i Serial input data

2 0y R % D cs SICK /0 Clock for serial input data

2 Dy HWR %__GND SEN | Serial input data enable

B 0n HRD % Un 1015 50 0" Serial output data

U Op 11014 %8 D 11013 SOCK  1/0 Clock for serial output data

%5 Dy 11012 % Dy 1101y SOEN 1 Serial output data enable

% Dy 1010 80 Voo SORQ 0 Serial output request

o7 by 1109 61 O 1107 Voo +5-volt power (Connect -+5 V to all Vpp pins.)

8 D 1/0g 62 DO 110 WR 0 Controls data write to external memory

2 Dy 110g 8 Dy 1103 xxz | External clock (X1) or crystal (X1, X2)

» D2 1104 al ] 10y “*These pins have a high-impedance inactive state.

3 Dyg 110, 65 D

32 Dg 110g 66 Ds

B Dg 67 Dy

34 Dy 68 GND

"I sl de pin identifi is not it is the same as

master-mode.
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Pin Functions

Paragraphs below supplement the brief descriptions in
the preceding table. Pin symbols are in alphabetical
order within several master and slave mode categories.

Master and Slave Modes

CLKOUT [System Clock]. Outputs internal system
clbck. Output signal frequency is half the oscillation
frequency of crystal connected across X1 and X2 pins.

INT [Nonmaskable Interrupt]. Inputs nonmaskable
interruptsignal, which is active-low and must be at least
three system clock puises wide. Interrupt signal is
detected at falling edge. Interrupt address is 10H.

INTM [Maskabie Interrupt). Inputs maskable interrupt
signal, which is active-low and must be at least three
system clock pulses wide. interrupt signal is detected
at falling edge. Interrupt address is 100H.

M/S [Mode Select]. Selects operation mode. Operation
mode must not be switched during operation, however.
Master = 0; slave = 1.

RESET [System Reset]. Inputs internal system reset
signal, which is active-low and must be at least three
system clock pulses wide.

S| [Serial Input Data). Inputs serial data synchronized
with falling edge of SICK.

SICK [Serial Input Clock]. Inputs or outputs clock for
serial input data. Serial data is internally latched at the
falling edge of the clock that is input to or output from
this pin. Whether the clock is to be input from an
external source or the internal clock is to be output is
determined by the status register setting.

SIEN [Serial Input Enable]. Enables SI pin to input
serial data. This pin is active-low.

SO [Serial Output Data]. Outputs serial data synch-
ronized with rising edge of SOCK pin.

SOCK [Serial Output Clock]. Inputs or outputs clock
for serial output data. The serial output data is synch-
ronized with the clock that is input to or output from
this pin. Whether the clock is to be input from an
external source or the internal clock is to be output is
determined by the status register setting.

SOEN [Serial Output Enable]. Enables SO pin to
output serial data. This pin is active-low.

SORQ [Serial Output Request]. Outputs serial output
request signal, which is active-high. When data is ready
in the serial output register, this signal becomes 1. It
will become 0 after data has been output.

X1, X2 [External Clock]. Connection to external oscil-
lator crystal (X1, X2) or external clock (X1).

Master Mode, External Memory interface

Ag-Aqy [Address Bus]. Address bus for access to
external memory. When accessing external instruction
memory, the lower 12 bits of the program counter are
output to these pins. When accessing external data
memory, the lower 12 bits of the external address
register are output to these pins.

Ayx [Highest Address Bit]. Outputs the highest bit of
the memory address. When accessing external in-
struction memory, the highest bit of the program
counter (PCy3) is output to this pin. When accessing
external data memory, the highest bit of the external
address register is output to this pin. High-speed
memory area = 0; low-speed memory area = 1.

Do-D3y [Data Bus). These pins form a 32-bit data bus
for external memory (data or instruction).

RD [Data Read]. Controls data read from external
memory. This signal becomes 0 after the output address
is valid, and data is input at the rising edge to the data
port formed by pins Dg to D3;.

WR [Data Write]. Controls data write to external
memory. This signal becomes 0 after the output address
is valid and data is output to the data port formed by
pins Dg to Dg3;.

Slave Mode, External Memory Interface

Ag-Ayy [Address Bus]. Address bus for accessing
external memory. When accessing external data mem-
ory, the lower 12 bits of the external address register
are output to these pins.

Ax [Highest Address Bit]. When accessing external
data memory, the highest bit of the external address
register is output to this pin. High-speed memory area
= 0; low-speed memory area = 1.

Do-D7 [Data Bus]. These pins form an eight-bit data
bus for external data memory access. Data may be
transferred in-one of four formats (1-, 2-, 3-, or 4-byte
words), depending on the status register setting.

RD [Data Read]. Controls data read from external
memory. This signal becomes 0 after the output address
is valid, and data is input at the rising edge to the data
port formed by pins Dg to D7.

WR [Data Write]. Controls data write tc external
memory. This signal becomes 0 after the output address
is valid and data is output to the data port formed by
pins Dg to D7.
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Slave Mode, Host CPU interface

CS [Chip Select]. Active-low chip select input signal.
When this pin becomes 0, the host CPU may perform
read/write operations on the 16-bit port formed by pins
1/0g through 1/04s.

HRD [Host CPU Read]. Active-low host read input
signal. In conjunction with CS, this signal allows the
host CPU to read data from the DRS register via the
16-bit port formed by pins 1/0g to I/01s.

HWR [Host CPU Wiite]. Active-low host write input
signal. In conjunction with CS, this signal allows the
host CPU to write data into the DRS register via the
16-bit port formed by pins 1/Og to 1/O1s.

1/0¢-1/045 [ Data Port]. These pins form an 1/O port to
the host CPU bidirectional data bus. It is used for input
to or output from the DRA register under control of
host CPU signals CS, HWR, and HRD. Data transfer
format can be specified in the status register as either a
16-bit or a 32-bit transfer.

RQM [Read/Write Request]. Requests host CPU to
read or write data via the host CPU data bus.

Slave Mode, 1/0 Port

PO, P1 [input Port]. These pins form a general-purpose
input port. Status of either of these pins may be tested
by a conditional branch instruction.

P2, P3 [Output Port]. These pins form a general-
purpose output port. Data output by these pins can be
set directly by an instruction and will be retained until
explicitly changed.

Functional Description

Figure 1 is the functional block diagram of the
uPD77230 in its master mode configuration. The main
internal bus (32 bits) ties together all the functional
blocks of the uPD77230, including the ALU area. The
55-bit processing unit (PU) bus links the ALU input
to the 55-bit multiplier output register and the eight
55-bit working registers. Thus, the full 55 bits of
precision can be maintained during extensive cal-
culations.

In addition to the main bus and the PU bus, there is a
sub-bus linking each of the two RAM areas to both the
ALU input and the multiplier input registers. This
registers in parallel with ALU operations and in parallel
with data transfer operations, which make use of the
main bus. There is a sub-bus connecting the ALU input
to the 55-bit multiplier output and another sub-bus that
can route the working registers’ contents back to the
ALU input.

NEC

The uPD77230 has a Harvard-type architecture, with
separate memory areas for program storage and data
storage as well as separate, multiple buses. A multiple-
stage instruction execution pipelining scheme per-
forms instruction fetch and execution in parallel. All
instructions are executed in a single cycle, even if the
instruction is stored in the external instruction memory
gxpansion area.

Instruction Memory

The #PD77230 has an internal instruction ROM that
holds 2K 32-bit instruction words. An additional 4K
word external memory expansion is also available. A
13-bit program counter (PC) contains the current
instruction address; the most significant bit of the PC
determines whether on-chip or external instructions
are to be fetched. An eight-level stack holds subroutine
and interrupt return addresses, and it is accessible
to/from the main internal bus.

Data Memory

The data ROM area on the uPD77230 holds 1K 32-bit
words. The ROM pointer (RP) contains the current
ROM address, which can also be specified within an
instruction field. The ROM pointer has auto-increment
and auto-decrement features and an add 2" to the RP
option.

There are two separate and independently addressable
data RAM areas, each 512 words by 32 bits. Each RAM
area can be addressed by a base register, an index
register, or the sum of the two. The base register and/or
the index register may be incremented, decremented,
or cleared. In addition, the base pointer can operate in
a modulo count mode, and the index register contents
may be replaced by the sum of the index and base
registers.

Data memory may be expanded by the addition of 8K
words of external memory. External data memory is
divided into a high-speed half, which is accessed in a
single instruction cycle, and a low-speed half, which is
accessed in three instruction cycles. Both high-speed
and low-speed memory accesses occur in parallel with
normal program execution.

Multiplier and ALU

The fioating-poini muitipiier has two 32-bit input
registers, called the K and L registers, which are
accessible both to and from the main bus. The multiplier
produces the 55-bit product of the K and L register
contents automatically in a single instruction cycle
(there is no multiply instruction). The 55-bit result is
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stored in the M register in 8-bit exponent, 47-bit
mantissa format. The contents of the M register can be
transferred to the main bus (32 bits) or to the ALU via
the processing unit bus (55 bits). The multiplier con-
sists of a 24- by 24-bit fixed-point multiplier and an
exponent adder, so that it can also be used for fixed-
point multiplications.

The 55-bit floating-point ALU is capable of a full set of
arithmetic and logical operations (see Instruction Set
section). There is a 47-bit bidirectional barrel shifter,
which can perform general-purpose shifting in addition
to the mantissa alignments required for floating-point
arithmetic. A separate exponent ALU (EALU) deter-
mines shift values in floating-point work. The ALU
status is reflected in one of two identical processor
status words (PSW) that contain carry, zero, sign, and
overflow flags. The results of the ALU operation are
stored in one of eight 55-bit accumulators or “working
registers.” :

There are two 55-bit input registers to the ALU called
the P register and the Q register. The Q register input is
selected from one of the eight working registers, while
the P register input is selected from among the 32-bit
main bus, data RAM 0, data RAM 1, and the 55-bit M
register.

A loop counter is included in the design of the
uPD77230. This loop counter is a 10-bit register,
attached to the main bus, which can be decremented
by a control bit built into an ordinary ALU instruction.
When the loop counter is decremented to zero, the
instruction following the one that decremented it will
be skipped.

System Control

The master system clock may be provided to the
w#PD77230 via either an external crystal or an already
available clock signal. The internal clock of the
uPD77230 contains two phases, and is obtained by
dividing the master clock frequency by 2. If desired, the
serial input and output clocks can be derived from the
master clock by dividing it by 8.

Both a maskable and nonmaskable interrupt are avail-
able in the 4PD77230. The maskable interrupt can be
“memorized,” so that if an interrupt occurs whileitisin
the interrupt disabled condition, then it may be acted
upon (or disregarded) at a later time. The status of the
interrupts and other aspects of the #PD77230 are
determined by or reflected in the 20-bit status register.

Serial I/0

The serial input and output circuitry in the uPD77230 is
designed for easy interfacing to codecs and other
uPD77230s. The input and output circuits are independ-
ently clocked by either an internal clock or an external
clock up to 5§ MHz. The length of the serial input and
output data words can be independently programmed
to be 8, 16, 24, or 32 bits.

The parailel 1/0 capabilities in the uPD77230 can be
used for external instruction and data memory ex-
pansion and for interaction with a host processor. The
difference between master mode and slave mode
operation must be defined to further discuss the nature
of the parallel interface in the uPD77230.

Master/Slave Modes

The master mode paraliel interface is shown in figure 1.
In this mode, the uPD77230 is intended to act as a
standalone processor with the parallel interface allow-
ing access to external memory, memory-mapped /0
devices, and/or a system-level bus. Master mode
operation allows for external instruction memory ex-
pansion and external data memory expansion. There is
an 8K external memory space. The lower 4K can be
shared between instructions and data, while the upper
4K can be used for data only.

The slave mode parallel interface is shown in figure 2.
In this mode, the uPD77230 is a “peripheral” to a host
processor. The full 8K external memory space is
available for data memory expansion, but instruction
memory expansion is not allowed in slave mode. The
8-bit external data bus is used to assemble words in the
data register (DR), which can be 8, 16, 24 or 32 bits
wide. Communication with the host occurs across the
16-bit host data bus. Word lengths of 16 or 32 bits can
be transferred between the yuPD77230 and the host.
Four pins can be used in slave mode as general-
purpose I/0 ports: two input pins and two output pins.

Figure 3 shows the functional pin groups in master
mode and slave mode.
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Figure 1. Master Mode Block Diagram
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Figure 2. Slave Mode Block Diagram
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Figure 3. Functional Pin Groups
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All uPD77230 instructions consist of a single 32-bit
word. Figure 4 shows the bit format for the three basic
types of instructions.

OP Type Instruction

This is an ALU operation instruction where 26 different
operations may be specified in the upper five bits
(figure 4). Pointer modifications may be specified in
the CNT field. Transfers may also be specified within
an OP instruction by use of the SRC and DST fields.
When all fields are specified in an OP instruction,
several different tasks are performed at once. The high
five bits make up the OP field, summarized in table 1.

Table 2 summarizes the effect on bits in the PSW
resulting from ALU operations.

Control Field [CNT]

This 12-bit field contains specifications for control
modes and pointer modifications. Figure 5 summarizes
the bit field format, table 3 summarizes the function of
CNT field groups, and table 4 summarizes the function
of each mnemonic within the 23 groups.

P Field

The two-bit P field specifies the source of input to the P
register, which is used as an input to the ALU for
operations requiring two operands. See table 5.

Instruction Type Formats
A. OP Type instruction
13 27|28 15|14 1312 0|9 5)4 0/
L oP |3 1 CNT [12) ] P2) 1 Qs l SAC S} L osT s ]
B. Branch Type Instruction
13 2|27 15(14 109 5[4 0
I L0} |~ NA |13} —[ cis! I SRC [§) DST (5
C. Load Type Instruction
13 29(28 514 0}
I LD (3] !_ ™ (24 [ DST |5
€ 0
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Table 1. OP Field Specifications Table 2. Effects of ALU Operations on PSW
Maemonic  OF Fieid (31.27)  Operation Fiags (cont)
NOP 00000 No operation ALY Contents of PSW
INC 00001 Increment Operstion OVFE c 4 s OVFM
DEC 00010 Decrement SHRAM * 0 $ $ 0
ABS 00011 " Absolute value CLR 0 0 1 0 0
NOT 00100 Not-one’s complement NORM (NORM.) $ 0 $ $ 0
NEG 00101 Negate-two's complement (ROUNDING) $ $ S $ s
SHLC 00110 Shift left with carry (FLT-FIX) * o $ $ s
SHRC 00111 Shift right with carry (FIXMA) ‘ 0 $ $ s
ROL 01000 Rotate left ovr X 0 $ $ 0
ROR 01001 Rotate right ADD ¢ s s s s
SHLM 01010 Shift left multiple sus * $ $ $ s
SHAM 01011 Shift right multiple ADDC : s $ $ $
SHRAM 01100 Shift right arithmetic multiple Susc ' $ $ $ s
CLR 01101 Clear cmp $ $ $ s N
NORM om0 Normalize AND : 0 $ $ 0
cvT 01111 Convert floating point format OR * 0 $ s 0
ADD 10000 Fixed-point add . XOR * 0 $ $ 0
sus 10001 Fixed-point subtract ADDF $ $ $ $ S
ADDC 10010 Fixed-point add with carry Suer $ $ $ $ s
SuBC 10011 ’ Fixed-point subtract with borrow $ Flag will be affected by result of operation.
CMP 10100 Compare (floating point) 0 Flag will be reset to 0.
AND 10101 Logical AND 1 Flag will be reset to 1.
OR 10110 Logical OR *  Previous condition of flag will be preserved
XOR 10111 Logical exclusive OR + Ifthe cloriginnl data in the mantissa was 80---OH, OVFM = 1 afte-
ADDF 11000 Floating-point add o
SUBF 11001 Floating-point subtract Figure 5. Control Field Bit Format
N 27|26 15|14 0

Table 2. Effects of ALU Operations on PSW Flags b CNT (12) Ej
AU Contents of PSW P ~
Operation OVFE  C z 8 OViM e N
NOP 3 - - - . /// S
INC - $ s s s 2 | 25 |2 |23 |22 20w ] w7 w6 s

Py [ 0 Mo M1 OPO oP1
DEC s s s s L] 1 0 J EA DPO oP1
ABS * $ $ 0 $+ ° 1 ) 1 [ ) DPO FC
NoT * 0 $ $ 0 : : : : :: :: "‘5"‘ T :z
NEG * s H H $+ 1 Jolo oo 8AS0 BAS? ¥C
SHLC s s s o R R R T .
SHRC S Y T T N T . S S A T
ROL . 0 - s 0 1 o1 oo wr [ L | Fc

- ry 1 0 1 0 1 NF wi L FC
ROR 0 $ 0 [N ERERK Fis 0 L
SHLM * 0 $ $ 0 1 0 1 1 1 [
SHAM : 0 s s 0 B —

B5DLIT ik
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Table 3. Control Field Function Summary Table 4. Control Field Mnemonic Summary
Group Field Function Effective Operation Mnsmonic Code
Interrupt EM, BM Enable and disable maskable i EM, BM Field (19-17)
interrupt, and control interrupt -
memorization. Maskable interrupt EM  BM
PSW FIS PSW control (select and clear) . No operation (NOP) (NOP) 000
FC Select other PSW g Clear booking flag (NOP) CLRBM 00!
Data ROM RP Controls ROM pointer operation - Set booking flag (NOP) SETBM 010
pointer RPC Specifies n value for special - Interrupt disabled DI (NOP)  Om
manipulation of ROM pointer Interrupt enabled El (NOP) 100
RPS Specifies 9 lower bits of data - Interrupt enabled and clear booking flag El CLRM 101
ROM address -
Interrupt enabled and set booking flag  El SETBM 110

Data RAMO MO Specifies RAMO addressing mode - —
Use prohibited - - "

ahd RAMT M1 Specifies RAM1 addressing mode ~ —
pointers — * Default: interrupt disabled and clear booking flag.
DPO Controls modification of base - . . X .
pointer 0 and index register 0 Writing (NOP) is not necessary, just useful for remembering the
ilabl inations and their effects.
DP1 Controls modification of base -
pointer 1 and index register 1 FIS Field (21-19)
BASE0  Specifies counter length of - Flag initialize and select
:)nooi:;:;? (;:ount operation of base No operation (NOP) 000
Specify PSW i fault) W 001
BASE1  Specifies counter length of nd pecity Ofor operation (default) SPCPSWO
modulo count operation of base Specify PSW 1 for operation SPCPSW1 010
pointer 1 Clear PSW 0 CLRPSWO 100
Data format  FD Controls conversion mode for * Clear PSW 1 CLRPSW1 101
conversion floating point CVT.
Clear PSW 0 and PSW 1 CLRPSW 110
wi Controls transfer format when -
working register is specified in FC Bit (15)
DST field. Flag change operation
w1 Controls transfer format when bnd -
working register is specified in No operation (NOP) 0
SRC field. Exchange PSW for operation XCHPSW 1
Normalization NF Specifies normalization, * RP Field (22, 21)
specification normalization with rounding, - —
floating-point to fixed-point ROM pointer modification
conversion, or digit alignment. No operation (NOP) 00
Shift o SHV Controls amount of shift for * Increment ROM pointer INCRP 01
specification 47-bit mantissa = -
Dat W ryw— e < ROM pointer DECRP 10
ata memor: ecifies read/write
access y o:eration for external memory. Increment specified bit of ROM pointer INCBRP 1"
< (that is, add 2V)
EA Increments or decrements
external address register RPC Field (21-18)
General- P2 Controls state of P2 pin —- Specify N for adding 2N to ROM pointer  BITRP imm (imm)B
purpose i ot *imm (= n) is 0 through 9
output port Controls state of P3 pin (=n) 9!
Loop counter L Decrements loop counter = RPS Ff"d (?3-15) ‘
Jump NAL Specifies unconditional local - ?pec:‘fy immediate ROM address SPCRA imm (imm)8
jump address 0 <imm <511

* Effective starting with current instruction.

— Eftective starting with next instruction
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Table 4. Control Fleld Mnemonic Summary (cont)

Operation Mnemonic Code Operation Mnemonic Code
MO Fleld FD Fleld
Specify RAM pointer Data conversion format specification
No change in specification (NON) 00 No change of specification (NON) 00
Base pointer 0 SPCBPO 01 Conversion of ASP format to IEEE SPIE 01
Index register 0 SPCIX0 10 format (detault)
Base pointer 0 + index register 0 SPCBI0 1 g:_':"::t'sm" of IEEE format to ASP IESP 0
(default)
M1 Fleid Use prohibited 1
Specify RAM pointer Wi Field (18, 17)
No change in specification (NON) ) Specitcation of ranafer format when data
Base pointer 1 SPCBP1 o No change of specification (NON) 00
Index register 1 SPCixt L Transfer low 24 bits of mantissa to high BWRL24 01
Base pointer 1 + index register 1 SPCBI1 1 24 bits
(defauly Ordinary transfer (default BWRORD 10
DPo Field Use prohibited 1
Pointer modification operation WT Field (21-19)
No operation (NOP) 000 Specification of transter format when data
Increment base pointer 0 INCBPO 001 is moved from WR to IB
Decrement base pointer 0 DECBPO 010 No change of specification (NON) 006
Clear base pointer 0 CLRBPO 011 Ordinary transfer (default) WRBORD 001
Store base + index to index register 0 STIX0 100 Low 24 bits of mantissa to high 24 WRBL24 010
Increment index register 0 INCIX0 101 Low 23 bits (bit 23 = 0) to high 24 WRBL23 on
Decrement index register 0 DECIX0 110 Exponent part to mantissa low 8 bits ~ WRBEL8 100
Clear index register 0 CLRIX0O m Mantissa low 8 bits to exponent part ~ WRBLBE 101
DP1 Fileld Exchange high 8 bits of mantissa with WRBXCH 110
- — - low 8 bits of mantissa
Pointer modification operation - - -
No operation ) 0 Bit reverse entire mantissa WRBBRV m
Increment base pointer 1 INCBP1 001 NF Fieid (21-19)
Decrement base pointer 1 DECBP1 00 Normalization format specification
Clear base pointer 3 CLRBP o No change of specification (NON) 000
Store base + index to index register 1 STIX1 100 Truncating normalization (default) TRNORM 010
Increment index register 1 INCIX1 101 Rounding normalization RONORM 10
Decrement index register 1 DECIX1 P Convert floating to fixed point FLTFIX 110
Clear index register 1 CLRIX1 m (F:j?i:g?amzlgp:: g:li%r;mem FIXMA 111
BASEQO Field (21-19) SHV Field (21-15)
Specity modulo count number (2N) for MCNBPO imm  (imm)B Set shift value to SVR
incrementing base pointer 0
*imm (=n) is 1 through 7; 0 specifies ordinary count imm bits left shift (default) SETSVL imm 0 (imm)B
imm bits right shift SETSVR imm 1(imm)B

BASE1 Field (18-16)

Specify modulo count number (2V) for MCNBP1 imm  (imm)B
incrementing base pointer 1

*imm (=n) is 1 through 7. 0 specifies ordinary count

*0<imm <46
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Table 4. Control Field Mnemonic Summary (cont)

Table 6. Q Fleld Specifications

Operation Mnemonic Code Mnemenic  Q Field (12-10)  Register
RW Field (21, 20) WRO 000 Working register 0
Operation for external data memory WR1 001 Working register 1
No operation (NOP) 00 WR2 010 Working register 2
Read RD o WR3 ot Working register 3
Write WR 10 WR4 100 Working register 4
Use prohibited 1 ‘WRS 101 Working register 5
EA Fieid (22, 21) WR6 10 Working register 6
Operation for external address register Wh? L Working register 7
No operation (NOP) 00
Increment external address register INCAR (1]} Source Field
Decrement external address register  DECAR 10 Table 7 lists 32 source registers that may be specified
Use prohibited P in the source field.
P2 Bit (20) Destination Field
P2 pin control (slave mode only) Table 8 lists 32 destinations that may be specified in the
Clear output port pin 2 CLRP2 0 DST field. Note that the LKRO and KLR1 specifications
Set output port pin 2 SETP2 1 will simultaneously load, as destinations, both the K
and i .
P3 Bit (21) L registers.
P3 pin control (slave mode only) Branch Instruction
Clear output pon‘pin 8 CLAFS 0 The branch instruction type is used for a jump, condi-
Set output port pin 3 SETP3 1 tional jump, call, or return. The format of the branch
L BIt (16) instruction is shown in figure 4. The destination address
" of the branch is contained in the 13-bit NA field. Note
Loop coun]er.operahon that the most significant bit of the NA field is used to
No operation (NOP) 0 determine whether the destination address is in internal
Decrement loop counter DECLC 1 or external instruction memory. The five-bit C field
NAL Bt (23-15) summarized in table 9 determines the nature of the
branch.
Local branch; jump to imm address in JBLK imm (imm)B
local block Note also that an SRC and DST may be included as part

*0.<imm <51

Table 5. P Field Speclfications

Mnemenic P Field (14,13) input of P Register

(] 00 Internal bus

M 01 Multiplier output register
RAMO 10 RAM block 0

RAM1 1 RAM block 1

Q Field

The three-bit Q field specifies the source of input to th

e

Q register, which is the other of two ALU input

registers. See table 6.
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of the branch instruction. This data transfer will take
place regardless of any condition upon which a jump
may be dependent.

LDl Instruction

Figure 4 shows the format of the LDI instruction type.
The 24-bit IM (immediate) field contains the data that
will be loaded into the register specified by the DST
field. It is also possible to load a 32-bit floating-point
number using this instruction in conjunction with the
TRE destination field specification.
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Table 7. SRC Field Specifications Table 8. DST Fleld Specifications
Mnemonic  SAC Fisid (8-5)  Selected Seurce Register Mnemenic  DST Field (4-0)  Selected Destination Register
NON 00000 No source selected NON 00000 No destination selected
RP 00001 ROM pointer RP 00001 ROM pointer

PSWO 00010 Program status word 0 PSWO 00010 Program status word 0
PSW1 00011 Program status word 1 PSW1 00011 Program status word 1
SVR 00100 SVR (shift value register) SVR 00100 SVR (shift value register)
SR 00101 Status register SR 00101 Status register

Lc 00110 Loop counter Lc 00110 Loop counter

STK 00111 Top of stack 81K 00111 Top ot stack

M 01000 M register (multiplier output) LKRO 01000 L register (RAM 0 to K register)
ML 01001 Low 24 bits of M register KLR1 01001 K register (RAM 1 to L register)
ROM 01010 Data ROM output TRE 01010 Exponent part of temporary register
TR 01011 Temporary register TR oton Temporary register

AR 01100 External address register AR 01100 External address register
St 01101 Serial input register SO 01101 Serial output register

DR 01110 Data register DR 01110 Data register

DRS o1 Data register for slave DRS o Data register for slave
WRO 10000 Working register 0 WRO 10000 Working register 0

WR1 10001 Working register 1 WR1 10001 Working register 1

WR2 10010 Working register 2 WR2 10010 Working register 2

WR3 10011 Working register 3 WR3 10011 Working register 3

WR4 10100 Working register 4 WR4 10100 Working register 4

WR5 10101 Working register 5 WR5 10101 Working register 5

WR6 10110 Working register 6 WR6 10110 Working register 6

WR7 10111 Working register 7 WR7 1011 Working register 7

RAMO 11000 RAM block 0 RAMO 11000 RAM block 0

RAM1 11001 RAM biock 1 RAM1 11001 RAM block 1

BPO 11010 Base pointer 0 BPO 11010 Base pointer 0

8P1 1101 Base pointer 1 BP1 11011 Base pointer 1

1X0 1100 Index register 0 X0 11100 Index register 0

X1 11101 Index register 1 X1 1101 Index register 1

K 1110 K register K 1110 K register

L mn L register L 1 L register
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Table 9. Branch Condition Summary (C Field)

Figure 6. Stand-Alone uPD77230 with Codec

Mnemonic  C Fleld {14-10) Jump with Cendition

JMP 00000 Jump unconditionally o110 fos]

CALL 00001 Subroutine call Clock

RET 00010 Return from interrupt or subroutine * so c":"""'m

JINZRP 00011 Jump it ROM pointer not zero

Jz0 00100 Jump if zero fiag 0 is set Ox On '

JINZO 00101 Jump if zero flag 0 is reset ‘m — ﬁ Anslog Output

J1 00110 Jump if zero flag 1is set

INZA 00111 Jump if zero fiag 1 s reset g
Jo o0 Jump f carry flag Os set Figure?7. Stand-AloneuPD77230 with Codec, External
JNCO 01001 Jump if carry flag 0 is reset Memory, and 1/O

JC1 01010 Jump if carry flag 1is set

JNC1 01011 Jump if carry flag 1 is reset
JSO 01100 Jump if sign flag 0 is set

JNSO 01101 Jump if sign fiag 0 is reset

s 01110 Jump if sign flag 1 is set 'é‘.ﬁ% Do omory Moo e
JNS1 o1 Jump if sign flag 1 is reset 1 1 f 1 t 4

JVe 10000 Jump if overtiow flag 0 is set { Osta [32) s
JINVO 10001 Jump if overflow flag 0 is reset l 1 I l

Vi 10010 Jump if overflow flag 1 s set § Address (13) )
JINV1 10011 Jump it overflow flag 1is reset i T

JEVO 10100 Jump if exponent overfiow flag 0 is set wm .

JEV1 10101 Jump if exponent overflow flag 1is set Clock

INFSI 10110 Jump it S! register is not full N ¢ i)

JNESO 10111 Jump if SO register is not empty

JIPO 11000 Jump if input port 0 is on LS.

JIP1 11001 Jump if input port 1 is on Ao — zﬁ [ aneiog Output

JNZIXO0 11010
JNZIX1 11011

Jump if index register 0 nonzero

Jump if index register 1 nonzero

JNZBPO 11100 Jump if base pointer 0 nonzero
JNZBP1 11101 Jump if base pointer 1 nonzero
JRDY 1110 Jump if ready is on

JROM 17 Jump if request for master is on

System Configurations

The uPD77230 may be configured in a variety of ways,
from simple systems to complex. Figure 6 is the
simplest example showing the uPD77230 as a stand-
alone processor performing a preset filtering function.
The only other devices needed are A/D and D/A
converters, which can be a single-chip combo device
as shown in the figure plus necessary clock and timing
circuitry. Figure 7 shows the same stand-alone opera-
tion with external memory and memory-mapped I/0 to
implement various control functions along with pro-
cessing the signal itself.
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83-00377E s

Figure 8 shows auPD77230in a slave mode as a periph-
eral to a host processor. Note that in slave mode, the
pPD77230 can still be the “master” of its local bus with
the four general purpose 1/O pins available for use.

Figure 9 shows how to cascade multiple uPD77230s to
increase system throughput. The cascading is done by
using only the serial ports so that the uPD77230s
themselves can be in any mode of operation desired.
For example, they may all be in master mode, they may
all be slaves to the same host processor, they may all be
slaves to different hosts, or one may be the master with
the others as slaves to it.

Figure 10 shows an arbitrarily large system with cas-
cading master mode and slave mode uPD77230s. In
this example, the master uPD77230 might do little
actual signal processing. Instead, it will be an overall
system controller gathering information from inputs in
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the I/0 block, from the siave uPD77230 I/0 ports, and Figure 9. uPD77230s Cascaded Through Serial 1/0

from its own processing of the signal. It will then Ports

controi the other uPD77230s and the system outputs of

the 1/0 block. 0 o
Support Tools KO lsome. s, SR | uPOTI0
The uPD77230 has a wide variety of development and T" 150
software support tools. Both absolute and relocatable v

assemblers, with powerful pre-assembler options, are Converter c?‘
available. In addition, & software simulator and in- Codec Comenter
circuit emulator will aid the designer in performance

evaluation and hardware integration. The software 1 l
tools options are as follows: Ansiog In Ansiog Out
e Assembler: CP/M-86, VAX VMS, VAX UNIX o

e Simulator: VAX VMS, VAX UNIX

Figure 8. Slave uPD77230 as Peripheral to Host

Processor
Momory nmw
t b 4 L)
Host Address and Control Bus

[ 1 ]

Host Data Bus [16]

— 11

f-‘-é Addiess Bus {13]
ow
077230
Speed | Locei Debus(s) | JENTIEY  fe—e
Data Clock
Memory ] 50 ond
Timing
Control
ox o
Ansiog input e’
nput —of v
Combo [ aneiog Output
83-003776A
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Figure 10. Large System with Many Options

Memory- Res!
Vo Wortd
Address I
and T Iy
o | il 1
Dats Bus | 7/
8 s0 [ l so
Anelog o 81| #PO7T230 »OTI20 WPDTTZ0 #PDTT2%0 o/A Ansiog
n "] Comvenser [ S S| p sona Memory TEN| o — 1 Comverter [ " Out
soro sora
Local Local Local Local
Memory ‘Memory Memory ‘Memory
LK
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Description

The uPD7730 speech encoder/decoder (SED) is a
dedicated processor that encodes pulse coded
modulation (PCM) data into adaptive differential pulse
coded modulation (ADPCM) data, and decodes
ADPCM data into PCM data. By using the ADPCM
coding technique, the uPD7730 effectively reduces the
bandwidth of a speech signal to less than half that
of the conventional PCM method without sacrificing
speech quality.

The uPD7730 accepts PCM data through its serial in-
terface. The serial interface can be connected directly
to a single-chip coder/decoder (CODEC) for digital
u-law PCM /O or to a general purpose A/D-D/A con-
verter for linear PCM code. The uPD7730 interfaces
to the host CPU through a standard microprocessor
bus interface.: The uPD7730 acts as a complex
peripheral device and is controlled and programmed
from the host processor. ADPCM data is transferred
between the uPD7730 and the host processor through
the parallel bus.

The uPD7730 encodes/decodes toll quality speech at
32 kbps. It integrates NEC's speech coding expertise
with a high-performance signal processor. It is ideal
for office automation applications, such as voice
store and forward systems, and for various telecom-
munication applications. It reduces voice transmis-
sion bandwidth and voice storage requirements by

Sk e A b
half (from 64 Kbps to 32 Kbps).

Features

Toll quality speech at 32 kbps (meets CCITT
recommendation G.712)

Program selectable bit rate: 32 kbps or 24 kbps
Program selectable PCM data format: p-law or
linear

Standard microprocessor interface to the host
CPU

Direct serial interface to a CODEC

Speech detection interface capability

NMOS technology

Single +5 V power supply

0000 0O 00 O

Ordering Information

Pin Configuration

Part Package Max Frequency
Number Type of Operation

wuPD7730C 28-pin plastic DIP 8.192

8.51

Pin identification

No. Symbol Function
1 NC No connection

2 PU Pull up to Vpp

3 IC Internal connection

4 DRQ Data request output
5 DET Signal detect output
6-13 Do-D7 170 data bus

14 GND Ground

15 CLK Clock input

16 RST Reset input

i7 SMPL Sample input

18 SCK Serial clock input

19 SIEN Inputs serial input enable
20 SOEN Inputs serial output enable
21 St Serial input

22 S0 Serial output

23 SORQ Serial output request
24 WR Write signal. input
25 RD Read signal input

2 TS Chip select input

27 Ay Register select input
28 Voo Power supply
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Pin Functions

Dg-D7 (Data Bus)

Three-state 1/O lines that interface with the host CPU
data bus.

CS (Chip Select)

This input enables the RD and WR signals.

Ao (Reglster Select)

This input selects the uPD7730 internal registers. A
high input selects the status register. A low input
selects the data register.

DRQ (Data Request)

This output requests data transfer between the
uPD7730 and host CPU. In encoder mode, an ADPCM
data read is requested. In decoder mode, an ADPCM
data write is requested. (DRQ will not work unless en-
coder or decoder mode is specified.) The data request
status can also be checked by polling the RQM bit
of the status register.

DET (Signal Detect)

This output s asserted when the input audio signal
level exceeds the threshold level specified.

WR (Write Signai)

This input controls data transfer from the host CPU
to the uPD7730.

RD (Read Signal)

This input controls data transfer from the uPD7730 to
the host CPU.

SMPL (Sample)

This input determines the rate at which the uPD7730
processes ADPCM data. This rate must equal the
sampling clock of the A/D-D/A converter. SMPL must
be active for the uPD7730 to recognize an operation
command.

SCK (Serlal Clock)

This input provides timing for transfer of serial data
to/from the A/D-D/A converter.

8.52

S| (Serial input)
Serial data input.

SIEN (Serial Input Enable)

This input enables data transfer on the Si pin. If not
used, tie to SOEN. SIEN must be asserted for the
uPD7730 to recognize an operation command.

SO (Serial Output)
Serial data output.

SORQ (Serial Output Request)

This output indicates that serial request output data
is ready for transfer at the SO pin.

SOEN (Serial Output Enable)

This input enables data transfer on the SO pin. If not
used, tie to SIEN.

CLK (Clock)
8.192 MHz TTL clock input.

RST (Reset)
A high input to this pin initializes the uPD7730.

Voo
+5 V power supply.

PU (Pull up)
Pull this pin up to Vpp.

GND (Ground)
Connection to ground.

IC (Internal Connection)

This pin is connected internally and should be left
open.

NC (No Connection)

This pin is not connected.
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Block Diagram

@) O
SEN (Do
PCM/ADPCM (8) 0:
50 (2) Encoder: g D,
D,
SOEN &yo.
sora (@) (2 o,
@0
sck (38)

RD

swpL (17) WA
RST(16) fs
o

cLx (15) () oo

@ ® ©,
Voo PU i

GND

Functional Description
The uPD7730 has the following functional units:

A/D-D/A interface
PCM/ADPCM encoder/decoder
Controlier

Data register

Status register

Host CPU interface

The ADPCM method is a medium bandwidth coding
technique that represents speech waveforms. The
specific ADPCM used employs a robust adaptation
scheme for a quantizer and predictor to withstand
transmission bit errors. Figure 1 shows the block
diagram of the algorithm. The algorithm uses a
backward adaptive quantizer and a fixed predictor so
it never generates unstable poles in a decoder
transfer function. This approach guarantees the
stability of the decoder even with transmission errors.

The uPD7730 can operate in either encoder or decoder
mode, and can only be set to one of the two modes
at a time; it cannot handie simultaneous encoding
and decoding. In encoder mode, the uPD7730 accepts
either linear or y-law PCM data from its serial voice
interface, encodes it to ADPCM data format, and
passes the ADPCM data through the paralliel data bus
to the host system. In decoder mode, the uPD7730
receives ADPCM data from the host CPU, decodes it
to either linear or y-law format, and sends it to the out-
put port of the serial interface.
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uPD7730
Figure 1. Algorithm Block Diagram
nput t Inpu Output
(PCM) (ADPCM) e

&

m (PCM;
o-0—0 [ac] "‘.—T“?‘.——v— Q-1
AG] {[b
1),

. [ m y
v m b

X _.ﬁ)
Decocter Mode

Encoder Mode

AQ: Adaptive Quantizer
AQ_': Adaptive Inverse Quantizer

FP: Fixed Predictor

AP Adaptive Predictor

The uPD7730 has serial interfaces that can connect
directly to a single-chip PCM CODEC. It interfaces
easily to a host CPU through its parallel bus. With its
standard microprocessor bus interface, the uPD7730
can be viewed as a complex peripheral circuit. Figure
2 shows a typical system configuration.

Operational Description
Power-on and Reset

The uPD7730 operates on a single-phase, 50-50 duty
cycle clock at 8 MHz. At power-on, asserting the RST
pin for at least 3 clock cycles initializes the device.
making it ready for an operation command from the
host CPU. After the uPD7730 receives the command.
it stays in the specified operational mode until the
next hardware reset (high level on RST). Thus, to
change the uPD7730 into different modes, reset it
before writing an operation command.

Host CPU Interface

In order to transfer ADPCM data, commands, and
status, the uPD7730 interfaces with the host CPU via
Dg-D7._Further_ communication is through contro!
lines CS, Ag, WR, and RD. CS enables RD and WR. Ag
selects either the data or status register. A low input
to Ap selects the data register. This read/write
register handles both commands and ADPCM data
transfer. A high input to Ay selects the status
register, a read-only register that the CPU reads to
determine the state of the uPD7730.
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Figure 2. Typical System Configuration
70108, .ﬂcl'.’;ro.m »
Address Bus g
) \
0,-0, WD WR T A
Sampling Clock SMPL
wPDT730
Ansiog input s s0
PCM
CODEC
or
A/D-D/A
Analog Output
Parallel /0 Operation Table 1. Control Line States
Table 1 shows the status of the CS, Ao, WR, and RD | A Function
pins during parallel I/O operation. 1 X X X No effects on internal operation
X X 1 1 Do-Dy are high impedance
Status Register 0 0 0 1 Data from Dg-Dy is latched to the
data register.
Figure 3 shows the format of the status register. 0 0 7 0 Contents of the data register are oul-
put to Do-D7.
Operation Command 0 1 0 1 lileal operation.
Following a power-on reset, the host CPU polls the 0 1 1 0 Contents of the status register are

RQM bit in the status register. When the RQM bit is

output to Dg-D7.

set, the host CPU can send an operation command Note:

to the data register, as shown in figure 4.

8.54

X = don't care
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Figure 3. Status Register Format

7 6 5 4 3 2 1 0
wsa (rom| o [oer[ors] o Jorcsor] s ]ise
SiL (Serial input 0 | PCM input deta is 16-bit (Knear)
Deta Langth) [T PO input dota i -0 (tew)
SOL (Serisi Output | 0 | PCM data ts 16-bit (Hneer)
Deta Length) PCM output data is 8-bit (1-lew)
) OCR (Dets Second byte treneferred
Ragister Control) [ Firibyw trenwtorred |
DRS (Dmta Deta register is 16-bit (for thrashoid data)
Register Status) Data register is $-bit (1or all other dsta)
DET (Speech | 0 | Sence interval
Detect) ‘detected
ROM (Request 0 | No request for dats transter
for Master) 1 ON the par:
Note: . DRS indicates the status of Deta 16-bit (DRC = 0)
Figure 4. Operation Command
mMSB LS8
[orJoeJosToJeJoToTo]
07| 06| 05| wode m"’ h""‘ﬁ”"‘c_:;‘('w)
1]1f law 8-bit 4
1] [+ 3
Encoder
1{1]e A 4
11010 (LS8 first) 3
0 1 1 w 4
0joj1 m(u_smfm 3
of1]o mm 4
0jojo (LSB first) 3
Threshold Data Figure 5. Threshold Data
If the operation command places the uPD7730 in en- Threshold Data
coder mode, the next two bytes sent to the data e L8
register are the threshold data. The RQM bit [ 5 ]D"[m‘ _____ ] m] o [ oo I
establishes the data transfer signaling. In decoder
mode, no threshold data is expected. The threshold SIGN 15bits
data sets the level of the audio signal at which the Note: The uPRT730 receives the lower 8 bits of this data
DET pin is asserted. Figure 5 shows the format for the before it receives the higher 8 bits.
threshold data. had

The uPD7730 asserts DET when the serial input audio
signal exceeds the threshold level specified by the
threshold data. Many silent segments exist in normal
speech signals; memory storage can be used more
efficiently if these segments are omitted. The host

8.55

CPU can perform silent segment compression by us-
ing DET. The energy levels of 16 previous audio
samples determine the state of DET. Thus DET
changes at a 2 ms (16 x 8 kHz sampling) time frame.
Bit 5 of the-status register refiects the state of DET.
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ADPCM Data

In encoder mode, the uPD7730 generates one ADPCM
sample (3 or 4 bits long) for each PCM sample input
(8 or 16 bits long). In decoder mode, the reverse opera-
tion is performed: the uPD7730 generates one PCM
sample for each ADPCM sample input. To allow effi-
cient data transfer to and from the host CPU, two
ADPCM sampies are packed into one byte and
transferred at the rate of 1 byte per every 2 samples.
Figure 6 illustrates the ADPCM data formats for 3
bits/sample and 4 bits/samples.

The DRQ pin initiates ADPCM data transfer. in en-
coder mode, this pin is asserted when ADPCM data
in the data register Is ready to be read by the CPU.
This pin is cleared after the host CPU reads the data,
and is reasserted when the next byte of ADPCM data
becomes available. in decoder mode, this pin serves
as the data request to the host for the next byte of
ADPCM data to be sent to the data register. After the
host CPU writes the ADPCM data, this pin is cleared.
The host CPU cannot send another byte to the
wPD7730 until this pin is set again. (Note that the DRQ
pin will not work until the uPD7730 is placed in en-
coder or decoder mode.)

An alternate way to establish the ADPCM data
transfer handshake is to poll the RQM bit in the status
register. The RQM bit is set when transfer to the host
is requested for ADPCM data, and in using the opera-
tion command. When the host read/write is complete,
RQM is reset.

Figure 6. ADPCM Data Format

ADPCM data length = 4 bits
LSB

[o [ o= = [=To]]

Tratling Data Preceding Dsta
ADPCM data length = 3 bits
S8 LsB
Fovlmlnsl lna[mlmln]
I
Trailing Data Preceding Data

44 000652
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The serial PCM interface can be connected directly
to a CODEC. SMPL, SCK, SIEN, S|, SORQ, SOEN, and
SO control the PCM interface.

SMPL is the sampling clock input. This signal must
equal the frequency of the sampling clock of the
CODEC or the A/D-D/A interface. SMPL is asserted
after the completion of serial data transfers. Thus
SMPL signals the uPD7730 firmware to initiate pro-
cessing of the next byte of ADPCM data. SMPL is
rising-edge triggered, but must be held high for at
least 8 clock cycles. Since it is edge-triggered, SMPL
does not need to be released until the next sampling
cycle.

SCK determines the timing of the serial input and out-
put. When the uPD7730 has data to send to the serial
interface, SORQ goes high. The data is then clocked
out to the SO pin serially at the falling edge of SCK,
to be valid for the next rising edge. When serial data
is ready to be sent to the uPD7730, SIEN is asserted
externally, and data at the Si pin is clocked in at the
rising edge of SCK.

Figure 7 illustrates an example of the serial interface
using a combined filter and CODEC (COMBO) chip.
the uPD9516. This chip provides both the low pass
filtering function and the conversion from an analog
signal to digital PCM p-law representation. The timing
controlier provides the proper timing relationship

between the COMBO and the uPD7730.
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Figure 7. Serial Interface Using a COMBO
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|
! Clock Timing Controlier
| Generator ~ 8KHz ] Q L A
| 8 MHz 2MHz L;;. B 74LS164
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74 i 74
! K 1574 | Ls7a
h |
| [ [
o
I ‘ ______________ ) M P, —
“5v 1
—
Voo PON
-5y
v [ G8x CLx sck sweL  SOEN  sEn |
O— A AN - cLx — st Voo r—{
O — PWRO+ e PU L—‘
Analog Fs, |
Output so GND
FSe RST €5 D,-D Ab Wh =
[ DGND
AGND e
CODEC O
— i
\eosats  Daf————— }
Vss  OCLK 5 2
T N
Microprocessor Bus
5V
Absolute Maximum Ratings* Capacitance
Ta = 25°C Ta = 25°C, Vpp = 0V
Supply voitage, Vpp ~05Vto +7.0V Limits Tost
[ — es
Input voltage, V, -05V10 470V parameter Symbol Min Typ Max Unit  Conditions
Output voltage, Vo -05Vto +7.0V CLK, SCK cé 20 pF
Operating temperature -10°C 1o +70°C capacitance
Storage temperature -65°C to +150°C Input capacitance G 10 pF fc =1 M=-
Output capacitance  Co 20 pF

*Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operationai secfions of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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DC Characteristics AC Characteristics (cont)
Ta = =10°Cto +70°C;Vpp = +5V = 6% Ta = =10°Cto +70°C; Vpp = 5V 25%
—_ Test __Lmts Test
Parasmeter Symbol Min  Typ Max Usit  Conditions Symbol Min Typ Max Unit  Conditions
Input voitage low ~ V;  -0.5 08 Vv SOEN set time tsoc 50 tscy s
input voitage high  Viy 20 Vee V for SCK -30
+05 SOEN hold time_ toso 30 oy ns
CLK input Ve 05 045 Vv for SCK -50
voltage low SiEN, SI set time  1pc 55 tscy NS
CLK input VeH 3.5 Vee V for SCK -30
votage high +85 SIEN, SI hold g 30 tscy NS
Output voitage low Vo 045 V g = 2.0mA time for SCK -55
Output voitage Vo 24 V. gy = —400 SIEN, SOEN pulse tyg 122 oy
high wA width high
Input 'e?kaoe i =10 uA V=0V RST pulse width  tgst 4 [
current low SMPL pulse witth tsyp 8 Yoy
input leakage ILH 10 wpA V= \Vpp
current high 2:1'” ""‘;MPL tx -1 01w
ween
Output leakage lou -10 pA Vp =047V and SIEN (SOEN)
current low Data access time _ tp 150 ns Cp = 100 pF
Output leakage ILoH 10 WA Vo = Vpp for RD
current high Data float time _ tor 10 100 s C = 100 oF
Supply current 1o 180 280 mA for RD
SORQ delay torg 30 150 ns C = 50p"
AC Characteristics SO delay time tock 150 ns
Ta = =10°Cto +70°C; Vpp = 5V 5% SO delay time  tpzag 20 300 ns
Limits Tost for SORQ
Parameter Symbol Min Typ Max Unit  Conditions fSU delay time Tozsc 20 300 ns
CLK cycle time oy 122 2000 ns or SCK -
CLK pulse width _4p 60 ns Mgespime o 2 0 ns
CLK rise time L 0 ns (8 S0 fioat time e 20 200 ns
CLK fall time L] 10 ns (1) for SOEN
Ag. CSsettime  tag 0 ns SO float time twzsc 20 300 ns
for RD for SCK
Ao, CS hold time  tgy O ns SO float time twzra 70 300 ns
for RD for SORQ
RD pulse width thRr 250 ns Note:
:‘g'wc_—i set time w 0 ns (1) AC timing measuring point voltage = 1.0V and 3.0V
Ao, CS hold time  twa O ns
for WR
WR pulse width  tww 250 ns
Data_set time tow 150 ns
for WR
Data_hold time twp 0 ns
for WR
RD. WR recover-  tay 250 ns
ing time
SCK cycle time tscy 480 0C ns
SCK pulse time tsck 230 ns
SCK rise time trsc 200 ns
SCK fall time tisc 20 ns
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Timing Waveforms

Clock Reset
RST
[ tasy — ]
Sample
Read Operation a
a5 D SMPL —
tomme
tan —of - . —-11 b taa
"B ——{
b tho —| tor — Read/Write Cycle Timing
DB,-DB;, ~— — — — — — = = = —————
49-000724A T __\—/__———-\—-—-—
tay
Write Operation AD. Wh \ _/ | S
) (
. | AC Waveform Measureément Points (except CLK)
e — Vit = VoL =08V;Vjy = Voy =20V
w
| 24 20 2.0
i XX
045
08,-D8, ( 03 08
ACONCT2EE
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Timing Waveforms (cont)

Serial Input/Output Timing

trsC tsc
b tSCY ———efotsCK 15CK—] - lo—
scK / \ y, P ) ]r———\_
t0RQ —+] rv— tDRQ—
sora j
1CS0 —e
tsoc tsoc
SOEN
1DCK —| f—1tHZE 1DCK-— — toze
tHzZSC HzRQ
\pzRO 1025C—af oo — 2 t?
» p ¥ ¥
[y L— vALID E—-—-—p— 4 VALID ?-— VALID !—————
toc fe— — lcn’—
SIEN /
—{ tco
——f tpg —

Note: In SO, the data output at the rising edge Is vaild, while data output a1 other times.
Is Invalid. Therefore. the most critical data set-up and hoid times are:

Set-up time = 1§CK ~ 1DCK
Hold time = tHzRQ

Serial Input Timing Serial Output Timing

s VUL s JUUUYUVUWVWUVUUVUUUL

supL ' a sweL {:—_"__[\____4 S
e e T i e

i

#————q’——' EN ,_/_
lox [
bl 80116 SL 80r16

« 00————000CF0— | | =
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uPD7755/56

Description

The uPD7755 and uPD7756 are speech synthesis LSI
devices that utilize the adaptive differential pulse
coded modulation (ADPCM) coding method to produce
high-quality, natural speech synthesis. By combining
phoneme classification with the ADPCM method, the
device achieves a compressed bit rate that can
synthesize sound effects and melodies in addition to
speech sound. A built-in speech data ROM allows
synthesis of messages up to 12 seconds (uPD7755) or
30 seconds (uPD7756) long. A wide range of operating
voltages, a compact package, and a standby function
permit application of the uPD7755/56 in a variety of
speech synthesis systems, including battery-driven
systems.

Features

[0 High quality speech synthesis using ADPCM method

O Low bit rates (8K to 32K bps) realized by combined
use of ADPCM and phoneme methods

O D/A converter with 9-bit resolution, unipolar current
waveform output

[ Built-in speech data ROM,
— uPD7755: 96K bits
— uPD7756: 256K bits

O Standby function

O Current consumption in standby mode: 1 uA typ
(Vbp=3V)

O Circuit to eliminate popcorn noise when entering or
releasing standby mode

O Wide operating voltage range: 2.7t0 5.5 V

O CMOS technology

] 18-pin plastic DIP

Ordering Information

Max Frequency
Part Number Package Type ROM Capacity  of Operation
wuPD7755C 18-Pin plastic DIP 96K bits 650 kHz
uPD7756C 18-Pin plastic DIP 256K bits 650 kHz

Pin Configuration

Pin identification

No. Symbol Name
15-18, 1-4 lo-l7 Message select code input
5 REF D/A converter reference current input
6 AVO Analog voice output

7 BUSY Busy output

8 RESET Reset input

9 GND Ground

10 Vbp Power

11,12 X2. X1 Clock

13 s Chip select input

14 ST Start input

Pin Functions
lo-17 [Message Select Code]

lp-17 input the message number of the message to be
synthesized. The inputs are latched at the rising edge
of the ST input. Unused pins should be grounded. In
standby mode, these pins should be set high or low. If
they are biased at or near typical CMOS switch input.
they will drain excess current.

CS [Chip Select]
When the CS input goes low, ST is enabled.

ST [Start)

Setting the ST input low while CS is low will start
speech synthesis of the message in the speech ROM
locations addressed by the contents of Ig-17. If the
device is in standby mode, standby mode will be
released.
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BUSY [Busy]

BUSY outputs the status of the uPD7755/56. It goes low
during speech decode and output operations. When
ST is received, BUSY goes low. While BUSY is low,
another ST will not be accepted. In standby mode,
BUSY becomes high impedance. This is an active low
output.

AVO [Analog Voice Output]

AVQ outputs synthesized speech from the D/A conver-
ter. This is a unipolar sink-load current.

RESET [Reset)

The RESET input initializes the chip. Use RESET
following power-up to abort speech synthesis or to
release standby mode. RESET must remain low at least
12 oscillator clocks. At power-up or when recovering
from standby mode, RESET must remain low at least 12
more clocks after clock oscillation stabilizes.

Block Diagram

X1, X2 [Clock]

Pins X1 and X2 should be connected to a 640 kHz
ceramic oscillator. In standby mode, X1 goes low, and
X2 goes high.

REF [D/A Converter Reference Current]

REF inputs the sink-load current that controls the D/A
converter output. REF should be connected to Vpp via
aresistor. Instandby mode, REF becomes high impedance

GND [Ground]
Ground.

Vpp [Power]
+5 V power supply.

L

x1

X2

‘—— REF

«———— Oscillator
Message
. —N Select Speech Data
lo-l7 A put Memory
Latch
cs
ADPCM DIA
RESEY —————————] System Controlier ) I A Converter
BUSY

p—= AVO

B30I E
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Operational Description

The clock pins should be connected to a ceramic
oscillator at 640 kHz.

The RESET input pin is used to initialize the uPDT7755/
56. Toreset, assert the pin for a minimum of 12 oscillator
clock cycles.

The yPD7755/56 can operate with a wide range of
supply voltages: 2.7 to 5.5 V. It also has a standby
function; it goes to a a standby mode when it has been
idle (that is, when CS, ST, or RESET have not been
asserted) for more than 3 seconds. The pPD7755/56
will automatically release from standby mode when CS
and ST are asserted again, or when RESET is asserted.

The uPD7755/56 has a very simple message selection
interface. A uPD7755/56 can store a maximum of 256
different messages and up to 12 (uPD7755) or 30
(uPD7756) seconds of speech. The message is select-
ed by using the input pins lg-l7. The input selection is
latched at the rising edge of ST when CS is asserted.
When ST is asserted, BUSY will go low until the
selected audio speech output is completed. While
BUSY is low, a new ST will not be accepted.

The uPD7755/56 has an internal D/A converter that is a
unipolar, current-output type with 9-bit resolution. The
output current of the D/A can be controlled by the
voltage applied at the REF pin.

Absolute Maximum Ratings
Ta=25°C

-03t0~7.0V
—0.3to Vpp +03V
—03toVpp+ 03V

-10t0 +70°C

—40 to +125°C

Supply voltage, Vpp
Input voltage, V,

Output voltage, Vo

Operating temperature, Topy

Storage temperature, Tsg

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may atfect device reliability.

Capacitance
Ta = 25°C

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input pin C 10 pF  fc=1MHz
capacitance
Output pin Co 20 pF

capacitance

uPD7755/56
DC Characteristics
Ta = 1010 +70°C; Vpp = 2.7 10 5.5 V; fogc = 640 kHz
Mumity Test
Parameter Symbo! Min Typ Max Unit GConditions
Input voltage Vi 07 Vop VvV Common to
high Voo lg-17, ST.
CS, RESET
Input voltage Vi 0 0.3 vV Common to
low Voo Ig-l7, ST.
CS. RESET
Output voltage  Voy Vpp Vop V BUSY.lgy=
high —05 —100 up
Outputvoltage Vo 0 05 V BUSY.lg =
low 200 A
Input leakage 1] +3 wA Common to
current lg-l7. ST.
CS. 0=V
< Vpp (in
standby mode
Output leakage o 3 wA BUSY.O0=
current Vo< Vpp
(in standby mode*
Supply current lpp1 08 2 mA —
1 20 wA Standby mode
250 600 wA 27<=Vpp=32
lpo4 1 10 pA 27=Vpp=33
in standby moc:
Referenceinput  Iggry 140 250 440 wA Vpp =27
high current Rper =002
area (1) IR 500 760 1200 uA Vpp=55
Reer = 00
Referenceinput  lggrz 21 35 37 WA Vpp=27
low current RRer = 50 kQ
area (1) IRers 68 78 8 wA Vpp-55V
Rper = 50 k0
D/A converter lavo 32Iger 34Ipgr 36l wA 2.7 <Vpp= 55
output Vavo =20
current (1) D/Ainput =
1FFH
D/A converter Ita 5  pA 0=Vaygo
output leakage Voo
current
Note:

(1) See figure 1.

9.3



yPD7755/56 N E C

AC Characteristics AC Waveform Measurement Points
Ta=—10° 0 +70°C; Vpp = 2.7 10 5.5 V; fogc = 640 kHz Py P

__._HL Test = ost Points <
Parsmeter  Symbol Min Typ Max Usit  Conditions 03Voo 03Vo0 e
ST pulse toct 2 us
width ‘ooz 0 e IS N S8 Figure 1. Measuring Diagram for IpgF and lavo
Data set tow1 2 us 1
time Ctowz 380 ns 45<Vpp<55 v

0

o0
Data hold twp ns

time Rgr

CS set-up tcs 0 ns

time REF Ao

€S hold tsc 0 ns Iner —— e
time

CLK 630 640 650

fosc kHz o .
frequency 49.0006¢
BUSY 1 625 10 s Operation mode
output time $80 w2 Figure 2. External Osclllator
(from ST tsgs 4 80 ms Standby mode,
and/or CS) including

oscillation
start time(1) Xy
Speech tss0 21 22 ms Operation mode l
output (from BUSY) =
start time 1sss 21 22 ms Standby mode X2
D/A tpA 465 47 ms Entering/
eonverter releasing € I C2 I
set-up time standby mode = =
BUSY float  tgr 15 s Fromend of &
time speech output
Standby ts18 29 3 s From end of
transition speech output
time
Note:

(1) Ceramic resonators: Kyocera Corp. KBR-640B (C1=C2=150
pF). See figure 2.
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Timing Waveforms

Standby Mode Operating Mode (ST Input Pulse Mode)
a _-b_lw———
_J'_\“_—J'“"' a7y r'4
T\t tc..-l — '._1.5
b tuo T tec—}
. S %_j -
e e S -
——tsas—= tor— ton —teso—
L tere [F wy o\ )
MO 100K- 7] Output Fetgso+] b-lgy J
000H- Doy L_ 1FFH- |
e AVO 100M- Speech Output
000H-

ag.0i4e

Operating Mode (ST input Hold Low Mode)

. ~
A
oty X vaig | '
)
o %
_—r»lt;o !*—» tsso
|

83003302

/
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uPD7759

Description

The uPD7759 is a speech synthesis device that utilizes
the adaptive differential pulse coded modulation
(ADPCM) coding method to produce high-quality,
natural speech synthesis. By combining phoneme
classification with the ADPCM method, the device
achieves a compressed bit rate that can synthesize
sound effects and melodies in addition to speech
“sound. The uPD7759 can directly address up to 1M bits
of external data ROM, or the host CPU can control the
speech data transfer. The uPD7759 is also suitable for
applications requiring small production quantities,
long synthesized messages, and for emulating the
uPD7755/7756.

Features

O High-quality speech synthesis using ADPCM
method

O Low bit-rates (8 to 32 kb/s) realized by combined
use of ADPCM and phoneme methods

O D/A converter with 9-bit resolution, unipolar
current waveform output

O Up to 1M bits addressing for external data ROM

O Standby function

O Circuit to eliminate popcorn noise when entering
or releasing standby mode

Pin Configuration

I3 Voo
1 AsO,
) AsD,
] AsD,
] AsD,
11 AsD,
[ As

) A7

[ 46
13 A5

[ A

P A3
D a;
A
) Ao
[ €S Test
D x2
J x1
3T
')

Pin identification

Symbol

Function

35-39 and 1-3  ASDg-ASD;

Higher 8 bits of address output/
speech data input (multiplexed)

4-11 lo-lz Specifies message number: input
O Wide operating voltage range: 2.7 10 5.5 V 2 AEN/WR ‘Address valid output
O CMOS technology

13 SAA Directory data output address valid
Ordering Information 14 DRO Data request output signal

Max Freguency 15 ALE High address latch enable output

Part Number Package Type of Operation signal
uPD7759C 40-pin plastic DIP 650 kHz 16 REF Input reference current for DAC

17 AVO Speech output (analog)

18 BUSY Chip busy output

19 RESET Initializes device; input

20 GND Ground

21 WD Mode select input (standalone/sTave)

22 ST Start synthesis strobe; input

23.24 X1, x2 Ceramic resonator clock terminals

25 [ Chip select input

26-34 Ag-Ag Lower 9 bits of address output for

speech data
40 Voo Power supply. +5 V (typical)
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Sample Circult: CPU and the uPD7759 Directly
Accessed PROM

49-0010944

Sample Application Circult for the uPD7759

Voo
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D/A and D/A Converters

Digital-to-Analog

uPC603 6-Bit High-Performance D/A CONVEMEr .............ieitiitini ettt
uPC610 10-Bit Polarized D/A Converter .................
uPC624 8-Bit High-Speed Multiplying D/A converter .. ...
uPC6012 12-Bit High-Speed Multiplying D/A Converter ..
uPD6900 8-Bit CMOS Video D/A Converter
uPD6901 6-Bit CMOS Video D/A Converter ...

uPD6902 8-Bit CMOS Video D/A Converter ... ..
UPD7011 8-Bit NMOS D/A CONVEIET .. ...ttt ettt ittt ettt et

Analog-to-Digital

WPDB950 8-Bit CMOS Video A/D CONVEIET ... ..\ttt ettt et
uPD6951 6-Bit CMOS Video A/D Converter .............

puPD7001 8-Bit CMOS Serial Output A/D Converter
uPD7002 10-Bit CMOS Integrating A/D Converter
wPD7003 8-Bit CMOS High-Speed A/D Converter
uPD7004 10-Bit CMOS Successive Approximation AD/Converter e
Application Note pPD7003/7004 . .........uuuuueet ittt ettt ettt e ettt

Sample-and-Hold
uPC398 Monotithic Sample-and-Hold Circuit .......... ... 10.133
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uPC603

Description

The uPC603 is a monolithic digital-to-analog converter
designed to convert 6-bit binary coded decimal signals
to an analog output voltage signal. The reference volt-
age, weighted current source, current switch, and output
op-amp, are all integrated on board the device.

Features

O Linearity error: 0.4% (1/4 LSB of 6-bit) max

O Response speed: 3 us max

O Temperature coefficient at full speed: 160 ppm/°C
max

O Input level TTL, DTL level, active low

O The output voltage range can be applied to any of the
3 following ranges:0to 10V, —5to +5V,—10to +10 V

O Built-in output short-circuit protection

O Possesses a linearity equivalent to that of a 7-bit con-

Pin Configuration

mse (1 143 Es. Adjust
2nd 2 13 v-
3rd O3 a 127 Bipolar/Unipolar
ath O 8 110 Current Adder
sth 5 L 10 [J F.S. Range Setting
Lse Os 9[J GND
v+ 7 8[1 Analog Output

83.002364A

Pin Identification

verter, and can be used as a 7-bit D/A converter by Pin Name Function
the addition of external circuits 1 MmsB Data Bit 1
[0 Pin-for-pin compatible with PMI's “DAC-01C" 2 2nd Data Bit 2
Ordering Information 8 3rd Dats Bit 3
4 4th Data Bit 4
L 9 "
Part Temperature ] 5th Data Bit 5
Number Package Range 6 LSB Data Bit 6
uPC6O3D Ceramic DIP —20°C to +80°C 7 v+ Power Supply Positive
R R § ‘ Anaiog Duipui
Absolute Maximum Ratings 9 Ground Power Supply Ground
Ta=25°C oy
10 F.S. Range Full Scale Range Settin
Voltage Between V+ and V— +18V " Carrent : e g v
Power Dissipation 500 mwW
pre——— : 0 lu‘l: v 12 Bipolar/Unipolar Bipolar/Unipolar Control
’ ’ - T 13 V— Power Supply Negative
Output Short Circuit Duration Indefinite 1 F5. A Fall Scale Adjust
Operating Temperature Range —20 to +80°C —
Storage Temperature Range —55 to +150°C

Comment: Stress above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a stress
rating only 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 reliability.
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Equivalent Circuit
Current Scale
MSB 2nd 3rd ath 5th LSB V- Adder Setting
o) o) o) 0 o)
1 2 3 4 5 6 7 11 10
1 T
— 16k

>
16k >
b3

/

Analog
5O Output

14 13 12 9
O O (]
F.S. Adjust v Bipolar/Unipolar  GND

810023678
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Electrical Characteristics
Ta=+25°C, V=415V

Limits Test
Parameter Symbol Min. Typ. Max. Unit Conditions
NL 04  %FSR Fig.1,2,3

Linsarity Error

Full Scale Temp
Coefficient (Note 2)

Analog Output Offset Voltage:
Unipolar

Bipolar (Note 3) B o Fig. +5 V output without FS adjust
100 mV  Fig. 3: £10 V output without FS adjust
Low Lavel Input Voltage (Note 4} iL 0.5 v Bit "ON"
High Leve! Input Voltage (Note 4) iy 2.1 v 8it “OFF"
Input Terminal Current N 5.0 ph BV SV
Analog Output FS Voltage:
Unipolar R = 2 kQ Fig. 1; without FS adjust
I.‘"p om ............................................................. - . :g.‘thlh V raope L 3 S withod e b

Fig. 3: £10 V range; Ry =2 kQQ without offset adjust and FS
adjust

Supply Voltage

Rejection Ratio SVAR 0.15 %FSR/V +12V<vE<+18V
Settling Time (Note 5) Ts 3 wus  Error < '7 L8B, B =5 kQ, C = 30 pF
Power Consumption Pp 250 mw

Notes: 1. %FSR and ppm FSR are the percentage and parts per million against full scale, respectively.

. The average value of the differential coefficient at Tc = —20 to +80°C.

. Care should be taken, since the temperature drift after bipolar offset adjustment has been made will become larger for ICs in which
the offset voltage of the bipolar analog output is larger than the LSB value.

The input is active “Low.”

. When the load capacitance exceeds 30 pF there is a possibility of oscillation.
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Typical Applications

Unipolar Operation, Output 0 to 10 V Range

Bipolar Operation (2), —10 Vto +10 V Output

j

H Analog Output

o

FS. Adjust 4 13 12 11 10 9 8
4PCE03D

1 2 3 4 5 6 7

fo -15v
(g ;I, 0.01
A B C D E F
(MsB) (LSB)

Digital Input Example

6 Bit Binary Code Input Qutput

Active Low 111111 = 000V

100000 = 492V

011111 = 508V

000000 = 10.00 V

Bipolar Oftset
AAA- -5V
15V O— .I_ 1 00K O
a.mT M1 Analog
Output
—
1/7—4 rOVo
14 13 12 11 10 9 8
F.S. Adjust

uPCB03D

1 2 3 4 5 6 7

bbdddd 5
A B C D E F
(MSB) (LSB)
Input 6 Bit Offset Example
Binary code input Output
Active Low 111111 = 1000V
100000 = -—0.16V
011111 = +016V
000000 = +10.00V

83-002367A

Bipolar Operation (1), Output —5 V to +5 V Range

Compensation against Capacitive Loads (1)

Bipolar Otiset
15V O— -0 15V

.01
| Analog Output

Vo

—

ES. Adjust @13 12 11 10
.PC603D

™
1%
1

1 2 3 4 5 6

~

l—o 15V

L

it

0.01

® O—

A cC b E F
(MsB) (LsB)
Digital Input Example
6 Bit Offset Input Output
Binary code 111111 = =500V
Active Low 100000 = —0.08V

011111 = +0.08V
000000 = +5.00V

A3 002 W6A

uPC603D

O The IC is stable against capacitive loads of less
than 100 pF.

O Care should be taken, since the settling time will
increase to about 5 us.

81-002368A
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Typical Applications (Cont.)

Compensation against Capacitive Loads (2)

+15V
s
¥ 15953
-O Output
T ¥ 15953
0 9 8
4PCE03D :E -

O This method can be applied only to the 0 to 10 V and
+5 V output ranges.

O Itis possible to connect such operational amplifiers
as uPC318 etc. to the 8 pin as a voltage follower.

83-002369A

7-Bit D/A Converter

-15v O-
$ 100k $m
15953
>
115953 Analog Output

15953 & ? ? ? r'y ? ?
15953 & L l

M 13 12 11 10 8 8

uPC6803D

1 2 3 4 5 6 7

MSB A o-———J

Yo,
co
DO~
EO
FO
LsB G O—

O The linearity error can be reduced by adjusting the
3 MQ resistor.

O The output voltage may be set to any of the 3
ranges, with the circuits of figure 1, 2 and 3.

83-002370A

Operating Characteristics

Output Response (1)
s 000000 000001
5
TN |
]
+LS8 l
s W >
s
R EPN / \ <
§ g ) \4 \4
O3 -ase s
g
2
2 4 6 8 10
Time (us)
Output Response (2)
2 000000 1
5
H. | ]
£3
10
s \
= 5
£ 4 j
32
° <
§
2
o 2 6 8 10
Time (us)
Glitch Waveform at 1/2 Scale
5
e 1 ] |
L
£ >° o —I
2 100000 ," o c
/
492 /
g 7 d ]
<o 2SB
i /
°= 4Lse I é
g
3
0 2 6 8 10

10.7
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Application Circuits

Progressive comparison type A/D converter

input : Qotov
Output :  6-bit straight binary VO T |
{parailei, seriai} Sampie and Anasiog input
| K - Hold 0-10v
il ]
14 13 12 11 10 9 8 Sample/Hold
>
uPC6030

Q, Q; Q; Q, 0; Qs Q; Q P R N N

Latch
O—clock Enable -8t Latch

8-Bit Ring Counter
o Q 0, 0 0 Q

T

s8 Straight Binary
Series Output

Note: D-FF is an Edge Trigger Type Straight Binary
g Series O

83-002375C
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Application Circuits (Cont.)

Tracking type A/D converter

Input @ Oto10V
Output : 6-bit straight binary

Analog Input

¥Hp——-rv-03%
3

8 Comparator

7
i—o 15V
0.01

e 0 q Q@ 0 a

Up Down Counter

Clock UP/DOWN

| 1
&odooé

Cilock

Lss MSB

Straight Binary Output

830016788
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Description Pin Configuration
The uPC610 is a high performance precision monolithic
digital-to-analog converter which converts 10-bit binary
. . ms8 [ 1 18 {1 sign 8it
coded digital signals to an analog DC output voltage. All 2na O 2 17 B Reterence Output
of the necessary circuit blocks are incorporated on aa [ 3 6 [0 v+
board the converter to make designing simple. With the ah [J 4 9 15 [J Reference input
built-in voltage reference and reference input, multiplier sth O s § 14 B Output
operation is also possible. o E M g yratos GNe
ath [] 8 11 [ Digital GND
Features i oh [] 9 10 [] Lss
O Full Scale Temperature: 100 ppm/ °C max
O Linearity error: 0.2% (1/2LSB of 8th bit) max LEn
0O Settling Time: 1.5 us typ
O Built-in band-gap reference voltage source Pin Identification
g M‘ulhplymg}ype ) Pin Name Function
0O Sign-Magnitude binary code -
OJ.Low noise 1 mse Data Bit 1
O Low power dissipation 2 2nd Data Bit 2
A 3 3rd Data Bit 3
Ordering Information 3 h Das Bt 4.
Operating
Part Temperature 5 5th Data Bit §
Number Package Range 6 6th Data Bit 6
uPC610D Ceramic DIP —20°C to +80°C 1 Tth Data Bit 7
8 8th Data Bit 8
Absolute Maximum Ratings 9 9th Data Bit 9
Ta=25°C 10 188 Data Bt 10
Voltage Between V+ and V— +18V n Digial Ground
Power Dissipation 500 mW 12 V- Supply Power Supply Negative
Analog Ground to Digital Ground +0.5V 13 Analog Ground
Logic Input Voltage —Sto+isV 14 Vgyt — Output Voltage Dutput
Referance Input Voltage Oto+7V 15 Reference Input
Refersnce Voltage Source Output Current 1.0mA 16 v+ Supply Power Supply Positive
Output Short Circuit Duration Indefinite 17 Reference Output
Operating Temperature Range —20 to +80°C 18 Sign Bit Sign + or —
Storage Temperature Range —55 10 +150°C

Comment: Stress above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a stress
rating only 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 atfect device reliability.
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Equivalent Circuit
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uPC610

Electrjcal Characteristics
Ta=+25°C,VE=+15Vv

Lins Test
Parameter Symbol Min. Typ. Max.  Unit Conditions
Resolution (Note 1), " Bit  Bipolar Operation
.............................. mlllumolunumlu
Linearity Error (Note 1) NL 0.1 0.2  %FSR Ty =—20~ +80°C
Settling Time Ts 1.5 6.0 ps  Final Value +£20 mV
Full Scale Temperature 50 100 ppm/°C Using internal reference vol
Cooficient (Note2) T 60 ppm/>C Using oxtormal reference voltage source
Reference Input Bias Current Iis 100 500 n
Reference input Slew Rate SR 1.5 V/us
Reférence Voltage VREF 2.2 24 28 Vo Rz 20kQ
Zero Scale Offset Voltage +§ +10 mV  Sigabit “ON", other bits “OFF"
Zero Scale Offset Symmetry +1 +5 my
Full Scale Output Offset +10 +80 mV
o o g SVAR 0015 015 %FSRA +12V<VE< IRV
Power Dissipation Py 300 mW )
Logic Input Terminal Current N 10 ph VYN =-5V~+I5V
High Level Input Voltage (Note 3) Vin 2.0 v
Low Level Input Voltage (Note 3) iL 08 ]
Ful Scale utpt Volage (Mo 4 100 ne Vo MWW=z
-11.0 -10.0 vV Signbit “OFF", other bits “ON", R| = 2 kQ

Notes: 1. Though the IC possesses a resolution of 10 or 11 bits, the linearity error is equivalent to 9 bits. In applications where perfect mono-

tonicity is expected, employ the IC as an 8-bit D/A converter.

2. The average value of the differential coefficient at T = —20°C to +80°C.

3. The digital input is active “High" binary code.

4. The value when the internal reference voltage is directly applied to the reference input terminals.

Typical Characteristics

(Ta = 25°C)
Digital Input Response Characteristics
Vi = £18V
B
F z
8 :
2
a ~ s
L ~ L ~ -wL ~ §
T T ¥ i ¥ g 3
5 £
i \ J
3 <
g, E
8
[ 5 10 15 20 r

Time (us)
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FS
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Typical Characteristics (Cont.)
(Ta = 25°C)

'ﬁg; — Vo— Characteristic

V== 215V Sign
Bit
MmsB LB V-
0.01
S
VRer Jy
£
° Reference
> 3 10k Input o
3 PC610D
2 N \ * Ry s Analog
o 10 ~ Output
! 50k .01
! < Rz |
FS %
| | 8
| | 2 V-
d b 7 2 3 " s Analog GND Digital GND
Reference Input Voltage (V;.gr)
Note: Use resistors with good stability for Ry and Rp.
B Sign + 10-Bit Binary code
Input R cl Sign  Magnitude
1o =
, 1 0000000000 = OV
° 0 0000000000 = OV
s 0 1= oV
s
g s
2 / \ 53-002378A
o
~ -L - L ~ 4 External reference and multiplier type
la s > indd aid ad i
3
B
g 2 5
H H
g g sign
o 2 Bit
0 10 20 30 40 50
Time (us) T 0.01
l :17
Vaer O—1
Reference Input
uPC610D
Output Noise Voltage VRer Analog
Output
Vo158V
1Hz - 20Hz 0.1
Analog GND Digital GND v
N ]
O Multiplying coefficient ~ 4.4
NM Vg = 4.4 ~ VRge.
Vmss * 2.2  Vegr.
4 Viss =222
b
&

Typical Applications

Using internal reference voltage source

1

83-002379A
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NEC uPC610

Application Circuits
8-Bit + sign A/D converter

Si ive approximation type (sheet 1 of 2)

GND 15V 15V Input L5V -5V

QO o Q Q
10k s 4
t 001

} <

v Sample 5k

Hold 9

4PCE10D Vo Sample Command

ms8 8th
Sign LSB LSB

15v

3—
—

Q, |l

) o
Dj
D3
.

ks

-

s

}9__
) o
)

boe oo

o
,__{ 4
K
3
-

————————e
|
b o

A
:

1
]
[ IO

1

A B C D E F G H I J K
12-Bit Ring Counter o Latch 9.Bit Register
Enable
cLock Sign Ls8
MSB Output

83-002385C
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Application Circuits (Cont.)
8-bit + sign A/D converter

approximation type (sheet 2 of 2)

o 1

® I 1

- ! T—

s gy —

sD 1! 0 I 1 1 1 l 0 I 1 1 l 0
VN

ks b
Vin
Vo vin

FS/2

\/
=
Mvo 1\ AVW
. \ /
S——

Note: D. VjN. V')\ and V( show in case when an input equivalent to
an output of “101110110"
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uPC610

Application Circuits (Cont.)

Peak d (positive/neg )
Input Positive
GND -15v +15V ViN Negative CLOCK
Q o Q Q
10k 50k '
v WA 0.01
1 .
¥
Comparator
uPC610
Sign MS8

uD Q, Q; - & - - - e -e Q,

10-8it Up Down

Binary Counter cLocx
CLEAR
oLgBoooooobooo
Reset MSB  Analo
Sign or:.:p‘:
Digital Output vo

vin
(3 3
Vo =
~.
Fs2 - \\<
Vin
0o

83-002388C
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Precautions for Usage

1.

2.

To absorb surgesand prevent oscillation, bypass the
power supply tesminals with a capacitor of 0.01 uF.
To utilize the characteristics of the uPC610D in full,
employ components of good stability for the full-scale
adjustment resistor and the trimmer.

. Since the settling time may increase or oscillation may

occur in the case of capacitive loads, the uPC610D
should be used with load capacitance of 100 pF
or less.

10.18

4. The output amplifier will saturate at: | Vggr| =3V in

the case of multiplier type operation. In this case the
response time and power supply current will increase.

. Since the reference potential inside the uPC610D is

connected to the analog GND, common mode noise
in regard to analog GND will present a direct error.
Since analog GND and digitai GND have independent
circuits within the IC, these should be connected
together outside the IC (if required).
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uPC624
Description Pin Configuration
The uPC624 is a monolithic multiplying digital-to-analog
converter designed for high speed performance and THRESHOLD (T come
design/application flexibility. Advanced circuit design oor O 2 151 Veer ()
allows settling time of 85 ns. The outputs are high imped- vOs o 4] Vae()
ance dual complementary current types, which allow oor 0 & § e v-
simple resistive loading, op-amp voltage conversion, wss O s § 12 B Lse
and other configurations. The adjustable threshold logic 23’:: E ¢ s g :::
input allows connection to all popular logic families. an O s o7 s
Features
0O Wide range multiplying capability
O Wide power supply range +5 V to +18 V Pin Identification
O High output impedance and compliance Pin  Name Function
O Directinterface 1o TTL. CMOS, PMOS | T
O Differential current outputs ? lout Current Output
O Pin to pin compatible with PMI'S DAC-08 3 V- Power Supply Negative
; ) 4 lout Current Output
Ordering Information 5 wsi N
Part T:l::r:r:t"uuve 5 2nd Data Bit 2
Number Package Range 7 3rd Data Bit 3
uPC624C Plastic DIP —20°Cte +70°C 8 4th Data Bit 4
uPC624D Ceramic DIP —20°C to +80°C 9 Sth Data Bit 5
10 6th Data Bit 6
Absolute Maximum Ratings ) s Data Bit 7
Ta=25°C 12 LS8 Data Bt 8
::D!I'V':l::lnl - ::: 13 V+ Power Supply Positive
ic Iiputs “to V- + ;
Lo:lc T:mhnlu - o [V‘ m v+] 14 VREF+ Positive Reference Voltage
15 VREF— Negative Reference Voitage
Analog Current Qutputs 4.2 mA 16 Compensation Amp Compensation
Reference Inputs V-tovt
Relerence Input Ditierential Voltage +18V
Reference Input Current 5.0 mA
Power Dissipation. D or C Package 500 mw
Operating Temperature Range, D Package —20 1o +80°C
Operating Temperature Range, C Package —20 10 +70°C
Storage Temperature Range. D Package —55 10 +150°C

—5510 +125°C

Comment: Stress above those listed under "Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indi d in the op ional of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

Storage Temperature Range, C Package
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Equivalent Circuit

Ul NIRRT RSERIINS

L L L L L L L
Vaer (107
Vrer ()04
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uPC624
Electrical Characteristics
Ta=+25°C,VE = +15V, Iggr = 20 mA
A Limits Test
Parameter Symbol Min. Typ. Max. Unit Conditions
Resolution 8 8 8 Bit
Monotonicity 8 8 8 Bit
Nonlinsarity NL 0.19  %FSR
Setiling Time Ts 85 150 a8 +% LSB, Ry < 50 Q All bits ON/OFF
::I"""::i'::'""m“" 10 50  ppm/oC
Output Voltage Compliance Voc -10 +18 v Algg < 2 LSB
Full Scale Current 3 1.94 1.99 2.04 mA  Vgge = 10,000 V, Rt ger = 5.000 kQ
Fyl Scals Symmetry Ifs — Ifg *1.0 +8.0 7L}
Zero Scale Offset Current iz8 02 20 7.}
Output Current Rangs LI S e LN Y e
0 20 42 mA V" =80Vie—-18V
Low Level Input Voitage it 08 v Vic = 0 V. Bit “OFF”
High Level input Voltage Vi 2.0 v Vic =0V, Bit “ON"
Low Level Input Curreat I —20 -10 ph - Ve=0V.VYyy=—10Vto +08V
High Lovel Input Current [T} 0.002 10 ph V=0V, Yyy=20Vte 18V
Logic Input Swing vis -10 +18 v
Logic Threshold Rangs Vi —-10 +13.5 v Vip=Vg + 13V
Reference Bias Current b+ -3 ) .
Reference input Slew Rats AlRgr/AT 40 8.0 mA/us  RREF <2000, Cp = O pF
Power Supply Voltage SVRR+V 0.0003 0.01  %FSR/
Rejection Ratio % Vt=451018V,Iggr=1mA

Powar Supply Current
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Typical Applications

Basic Positive Reference Operation Basic Neg R Operati
v v+
04 ? 1
Vic MsB 2nd ! Vic MsB 2nd
- A i,
+ AL ki S $ s 13 [s ?5 [
: T
L/ I /l/
v R-ReF PEF. R+Rer “REF
AA
REFO—A 14 J: vy 14
5 VREFO——MN—‘;
R REF R REF

Sty

Notes: 1. R"ggr = R Rgf
2. C = 0.01 uF (Standard Value)
3. Minimum capacitor value for stable operation is given by
Cc = RREF (kQ) X 15 (pF)

NSS!

01

— —
Basic Unipolar Negative Operat
5th 6th Tth LS8
\Tq J?:o ?n ?tz
: [ Iner = 2.000 mA
‘,i:f - Input lp(ma) Tg(mA) Vo(v) Vo(V)
. e 'EEEREER 1992 0000 —9.95 0.0
T NERRRRE 1984 0008 —9.92 —0.04
! AL = J, , 10000001 1008 0984 504 492
- - - Yo 10000000 1000 0992 500 —496
'SERRRRR 0992 1000 485 —5.00
00000001 0008 1984 —004 992
00000000 0000 1892 000 —9.95
\ 83-0023938
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upPC624
Typical Applications (Cont.)
Basic Bipolar Output Operation
Sth 6th 7th Lse .
?9 ?w ?\1 ?12 To.200v
\ Irer = 2.000 mA
‘°“:°°* $ 10.000 Input lo(mA) ig(mA) Vg(V) Vg(V)
)
\ 4 Ovo Ty 1.992 0.000 —9.92 +10.00
‘ oW Ttitrrvve 1.984 0.008 —8.84  +9.82
2 . °
[ 10000001 1.008 0.984 —0.08 +0.16
100000600 1.000 0.992 0.00 +0.08
oririr 0.992 1.000 +0.08 0.00
00000001 0.008 1.984 +9.92 -0.84
00000000 0.000 1992  +10.00 —9.92
810023948
Positive Low lmped. Cutput Operation Negative Low impedance Ouipui Operaiion
-15v
S15V )
th LS8

83-002395A

83-002396A
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Typical Applications (Cont.)

Comparator Connection Method for A/D Conversion
(Positive Analog Input)

Comparator Connection Method for A/D Conversion
(Negative Analog Input)

-15V

&

Note: For buffer amplifier, high slew rate op-amp is recommended
to obtain fast settling time.
83-002397A

10.24

Vin +15V +5V
Vin 15V SV
7th LS8
1 12
U
Vo
oA —
<]
83-002398A 83-002309A
Low Impedance Output Operation (Both Outputs)
15V
Tth Lse
" 12
:; 200k
5.000k
ook 2 200k
4 I
5 . + uPC318C
- (o)
o 1 cL l Vo
5.000k




N E C uPC624

Interfacing with Various Logic Families Anti-temperature coefficient circuits
The logic threshold is set about 1.4 V above V| ¢. This
enables TTL level acceptance by simply grounding pin CMOS, HNIL, NMOS ECL CMOS, HNIL (15V)
1. By placing an appropriate voltage at the logic ) ov ) 15v
threshold control pin (pin 1), various threshold values J7
are available for the other logic families. S $ 13k Som
3
TTL interface permission gives the interval logic thresh-
old —4 mV/°C temperature coefficient. Vty =,V ¢ +
14V —0.004 V X (Tp — 25°C). 250843 28T | Vi
x —O Vic * —O Vic
L 01
32k 3 lm,‘A 33k pIES :;u.
Vedd /J7 77
-5.2v
83-002400A
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Operating Characteristics

(Ta = 25°C)
Full Scale Current Full Scale Current
5.0 hal 25 T T
Vo= -1sv / v-icM / V+icm
Ta = 20 to +80°C
v-=-sv V=5V
L T B Pa— 20
< =
£ 3 /
= 30 Z s
£ £
5 3
= S
2 20 3 10
3 3
° ° / v-icM / +HiCM
V—.= -15V + = 15V
1.0 5 05 / I <
g H
8 8
o 2 0 3
o 1.0 20 30 4.0 5.0 -15 10 -5 o 5 10 15
Reference Current (mA) Common Mode Input Voltage Range (V)
Input F y R LSB Propagation Delay
ALL BIT “ON" 500
\ ) 400
0 Small Signal —{ 3
3 5
b & 300 |—
H &
3 s H
§ N\ } o0
®
10
N\ 100
\ g N H]
g D S g
g
] :
15 2 ° 2
0.1 0.2 03 05 1.0 20 30 5.0 10 o 0.01 0.1 1.0 10
Frequency (MHz) Output Full Scale Current (mA)
Reference Amp Common Mode Range Power Supply Current
25 ’ l { 8.0
=
20 V- 15! v SV IRer  2mA _
8 g w0
=3 -3 IReF = 2mA
: :
‘é 15 3
o
3 £
-1 lrer  1MA a
3 1o T @
3 -
° § v+
20
0§ Tner  0.2mA < g
h g 4
[ 8 8
° 23 o 2
18 12 -8 -4 0 ) 8 12 % 20 ) 10 20

Reference Common Mode Voltage (V)

10.26

Positive Power Supply (V)
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uPC624
Operating Characteristics (Cont.)
(Ta = 25°C)
Power Supply Current Power Supply Current
8.0 ‘|' 8.0
i~ (IRgF = 2mA) -
g 6.0 jE 6.0 F— P
g 1-(Ine = ImA) g
@ 1-(Inge = 0.2mA) @
-] g 1+
§ 20 = & 20
° 8.;3 ° g
o -10 20 ~20 0 20 40 60
Negative Power Supply (V) Ambient Temperature (°C)
A/D Conversion Program List
0000 1] A, 89H : CONTROL WORD FOR 8255
0002 ouT (8255) : PROGRAM TO 8255
0004 L1} 8, 80H : BIT POINTER IMTIALIZE
0006 MoV AB : BIT SET WORD
0007 BIT TEST aut (PORT B) : BIT SET OUTPUT TO PB OF 8255
0009 MoV C.A
000A NOP
0008 N (PORY €) : READ COMPARATOR
0000 RAC : Ag — CARRY FLG
000E Jc DEC POINTER : COMPARATOR TEST
oot Mov AC
0012 suB ] : BIT RESET
0013 MoV C.A
0014  DEC POINTER Mov A B
0015 RAC : DECREMENT BIT POINTER
0016 Je RETURN : LSB WAS TESTED?
0019 MoV BA
001A ORA C : NEW BIT SET WORD
oo18 JMP BIT TEST
001E  RETURN RET (MAIN PROGRAM) : CONVERSION END & RETURN TO MAIN PROGRAM
PROGRAM MEMORY : 31 BYTE
CONVERSION TIME : 371 us (741 STATE) MAX, 323 us (645 STATE) MIN (@ ¢ + 2 MHz)
WORKING REGISTER :B & C (C REGISTER; FINAL ANSWER MEMORY)

10.27
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uPC6012
Description Pin Configuration
The uPC6012 monolithic multiplying digital-to-analog
converter is designed to set new standards of speed and
accuracy for 12-bit converters. This device is the first we1 7 wpw
12-bit DAC to use standard processing without the need a2 w[ic
of thin film resistors and/or active trimming of individual w3 :: g :f
devices. The uPC6012 features high voltage compliance, o s 8 eBcow
and high impedance dual complementary outputs, which anC]s E 15 7 Vaere
enable differential operation to effectively double the m7 14 [ Vaer
peak-to-peak output swing. The outputs can be used mg 8 13 g vic
- i . i o 12[0uss
without op-amps in many applications. wn D10 B
Features
83-002412A
0O Differential nonlinearity to +£0.025% FS max
[ Fast setting time: 400 ns typical Pin Identification Table
O Full scale current 4 mA
O High outputimpedance and compliance: —5 to +10 V Pin___ Name Function
O Differential current output ’ 1 MSB Data Bit 1
O High speed multiplying capability 2 2nd Data Bit 2
O Direct interface to TTL, CMOS, ECL, HTL, NMOS -
X 3 3rd Data Bit 3
O Am6012 direct replacement
. 4 4th Data Bit 4
Ordering Information 5 5th Data Bit 5
Operating ] 6th Data Bit 6
Part . Temperature i
Number Package Range ! Tth Data Bit 7
uPC6012C Plastic DIP 0°C to +70°C 8 Bt Data 81t 8
9 9th Data Bit 9
Absolute Maximum Ratings 10 10m Sata B 10
Ta =25°C n 11th Data Bit 11
Power Supply Voltags Range, V+ — V— 36V 12 188 Data Bit 12
Logic Input Voltags Range, VX —610+18YV 13 Vie Threshold Control
Output Voltage Range, Vg —B0+12V 14 VREF+ Positive Reference Voitage
Refersnce Input Voltags Range, V" gEF V—1toV+ V5 VRer— Negative Reforence Voltage
Reforence Input Differential 16 Compensation Amp Compensation
Voltage Range, Vqagp — V= Hiey
. VTREF REF 17 V— Supply Nagative Supply Voltage
Reference Input Current Range, IREF 0-125mA 18 Ip Current Out +
Total Power Dissipation, Py 500 mW 18 1 Current Out —
Operating Temparaturs Range 010 +70°C 20 V+ Supply Posilive Supply Voltage
Storage Temperature Range —65to +125°C

Comment: Stress above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device atthese 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 reliability.
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Block Diagram

BAEASEEEEEELL)
' L] T T 1 T T 1 11 |
10800 10931 0 s w61 51 (o 3

Recommended Operating Conditions

Limits

— Test
Parameter  Symbol Min. Typ. Max. Unit Conditions

Power

Supply vt +45 +15 v

Voltage v “1s Zioe v

Ambient °

Temperature Ta 0 +25 +10 ¢

Reference

Input lReg 02 10 13 mA

Current

High Level . -
Input Voltage vy t20 +18 v Vic=0V
Low Level _ .
Ingut Voltage ViL 5.0 +0.8 v Vic=0V
Output DNL <
Voitage Voc 50 0 +10 v +0.025% FSR
Compliance -

10.30
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Electrical Characteristics
Ta=01070°C,VE = +15V, Iggr — 1.0000 mA

Limits
Parameter - Symbol Min. Typ. Max. Unit
Resolution 12 12 12 Bit
Monotonicity 12 12 12 Bit
Differential Nonlinearity DNL +0.025 %FSR
Nonlinearity NL +0.05  %FSA
Full Scale Output Current Ifg 3935 3999  4.063 mA  Vper = 10.000 V, Ta = 25°C, Ry4 = Ry5 = 10.000 kQ
E:l'lﬂs;:in.l:lnmplmm |FSA1FZ - 40 ppm/oC
Full Scale Symmetry Ifs — Igs +2.0 7.
Zoro Scale Curront Izs 0.10 )
Settling Time Is 400 ns Y2 LB, Tp = 25°C, all bits ON or OFF
Propagation Delay PLH. 'PHL 50 ns  50% to 50%
Qutput Capacitance Cp 35 pf
Logic Input Current M 40 uh BV <+IBY
Reference Bias Current Ip+ -2.0 LA
Reference Input Slew Rate |Alggr/at 4.0 8.0 mA/us  Cg =0, R4 =800 Q

|SVRA| +0.001

Supply Voltage
Rejection Ratio

~ +13510 +165V. V- =

Power Suppiy Current

Power Dissipation

10.31
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Typical Applications

There is a 1 to 4 scale factor between the reference cur-
rent (Irer) and the full scale output current (Igs).

i VREF = +10 V and Ipg = 4 mA, the value of the Rpgr is:

_4X10V

4 mA

R per -

RTRer = R™Rer

Positive Reference Voltage

The compensation capacitor is a function of the
impedance seen at the +Vggr input and is determined
by the following expression:

C = (5 pF) (R+ReF k q)-

For Ry4 <7 800Q, no capacitor is necessary.

Negative Reference Voltage

'

_%_ 1] [Fvae
\

<

R REF 14

83-002413A

R'ReF "

R"REF

I VRer

Le i
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uPC6012
Typical Applications (Cont.)
Unipolar Negative Output
9th 10th 11th ise
7 7 7
[0
Vour IREF = 1.0000 mA
9 1.0000k
Jovr ¢ Input Code _ -
J MsB LSB Ig(mA) Ig(mA) Vg(V) Vg(V)
PUITTITI11] 3999 0000 —3.999 0000
Iy l 4 l & ,L 4 l Coor 1111 i1111110 3998 0001 —3.998 —0.001
/L 4 L4 L . Y L o00q0000000 2000 1999 2000 —1.999
'our
/ ? ! 000000000001 0001 3998 0001 -—3.998
/ + 000000000000 0000  3.999 0.000 —3.999
/[
#PC8012C
83 0044*5&2
Bipoiar Ouiput
9th 10th 11th LS8
A s
\ f 1 | } _‘o IREF = 1.0000 mA
input Code —
2 1.0000k mSB LSB lg(mA) Ig(mA} Vg(V) ¥g(V)
‘ ) 111111011111 3999 0000 1989 -+2.000
O vour
—— 111111111110 3898 0001 —1098 +1.939
T O Vour -
! l l l — 100000000001 2001 1998 0001 +0002
o & ) I3 tour
Ll | »_} 100000000000 2000 1.999 0.000 +0.001
! ! 1111111 1899 2000 +0.001  0.000
/ L 1 000000000601 0001 3898 +i958 —i.938
// 000000003000 0.008 3966 2000 -—1.099
[

APTB012C i
|
|

3 "“f‘;’f_j
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Typical Applications (Cont.)

Unipolar Positive Output (Straight Binary)

F-«’)g
Loz
0

2.5000k

four

L L L four

uPC6012C

83-0024178
Unipolar Negative Output (Complementary Binary)
F— .
10th 1Mth Lse
lout
2.5000k
=2 A -O Vour
I
o 61006
LPC6012C
83-0024188
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uPC6012

Typical Applications (Cont.)

Symmetrical Offset

10th 11th Ls8

2.5000k 25000k

lour

Vour

fout

1.2500k

uPC6012C

83-0024198
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NEC uPD6900

Description Pin Configuration
The pPD6900 is an 8-bit D/A converter for video
signals. Although itisa CMOS converter (V+=5V), its snopft NS 2 3;‘
conversion rate is very high because a high-speed c':ié ; :; gD::
CMOS processing technique and matrix current cell o 19 1 0Bs
method are used. s 2  18[1D8s
. X . Av+[]6 g 17 {108,
With its low power consumption and conversion rate of wed7 S 1sPoss
20Msps, this converter can be applied to various units av+ s * 1spos;
such as digital video processing systems and high- Veere [ 9 14 [108,
speed facsimiles. ’cs:' :‘: :: g::"*
Features 630015074
[0 Conversion rate: 20 Megasamples/sec Pin Identification
O Linearity: £1/2 LSB typ
0 Retference voltage: 2.0 V typ Pin Symbol Function
[0 Single 5V power supply 1 GNDp Digital GND
0 Low power consumption: 150 mW typ. 2 NC No connection ‘“
0O TTL compatible digital input 3 K Clock input
R 4 I Complementary current sutput
Absolute Maximum Ratings . ! . d S Y -
Ta=25°C lp urrent [analog) outpu
6 A+ Analog power supply
_ Power supply voltage _ —0310 +7.0V 7 [ Full-scale current adjustment
Input/output terminal voltage 031 V+ +03V 8 e Analog pawer supply
Operating temperature range —10to +75°C 9 Vier Reterence vollage inpul
Storage temperature range —40 to +125°C T — Toowr Frequency compensation
Comment: Stress above those listed under “Absolute Maximum " AV+ Analog power supply
Ratings” may cause permanent damage to the device. This is a stress "
rating only and functional operation of the device at these or any 12 NC No connection .
other conditions above those indicated in the operational sections of 13 GNDp Analog GND
this specification is not implied. Exposure to absolute maximum PRI
rating conditions for extended periods may affect device reliability. " W‘ - Digital input (MSB)
15 0B; Digital input (2nd)
Block Diagram 16 DB3 Digital input (3rd)
17 DBy Digita! input {4th)
(f:;) o 18 DBy Digital input [Sth)
D87 O—f 19 DBg Digital input {6th)
vsco—sl ——i) toteh LN Gurrent cet 2 087 Digital input (7th)
D85 O—er B v e Olo 2 DBg Digital input (LSB)
0By O—+ O ip

22 v+ Digital power supply

Ordering Information

0B, O—f Latch
DBy O of 14 Operating
(ms8) S Part Temperature
A
Vaer O N Blas Number Package Range
tf 4P0GI00C Plastic DIP ~20°C to +75°C
comp

83-00Y906A
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Pin Function

DB to DBg

DB, to DBg are the 8-bit digital signal input terminals.
DBy corresponds to MSB, and DBg corresponds to
LSB

CLK

CLK is the sampling clock input terminal. An 8-bit
digital signal is latched within the IC by the rising edge
of the sampling clock and is converted into an analog
signal.

lo

lp is the analog output terminal. This output is current
output. It outputs the current of 10 mA (typ) at the full
scale (Reference voltage = 2 V, Rggr = 800 Q).

ol &l

is the complementary current output terminal.

IRer

Irer is the full-scale current adjustment terminal.
Normally, a resistance of 800 Q is set between this
terminal and GNDa. (When Vger is 2.0 V, the full-scale
current lgg is 10 mA typ.)

VREF

VREer is the reference voltage input terminal. Normally,
the input level is 2.0 V.

fcomp

fcomp is the terminal to which a frequency compensa-
tion capacitor should be connected. Normally, a capa-
citance of 1.0 uF is set between this terminal and
GNDa.

AV-+

AV+ is the power supply terminal (+5 V) for an analog
system.

GNDa
GNDay is the ground terminal for an analog system.

v+

V+ is the power supply terminal (+5 V) for a digital
system.

GNDp
GNDp is the ground terminal for a digital system.

NEC

NC is a non-connection terminal, but normally it is
connected to GNDA4.

Recommended Operating Conditions

Ta = —20to +75°C
S “""_'a,, Test
Parameter Symbol  Min. Typ. Max. Unit Conditions

Power supply voltage  V+, AV+ 45 50 55 V
Reference voltage ~ Vpge 18 20 22

Reference resistance  Rger 800 e}

Sampling clock fsamp nc 20 MHz

Sampling clock low tpwi 10 ns

level pulse width

Sampling clock high  tpwy 10 ns

level pulse width

Data set up time 1g 20 ns

Data hold time 1y 10 ns

Digital input high level Vi 21 v

Digital input low level Vi 04 v

Compensation Coomp 10 uF

capacitance

Electrical Characteristics
Ta = —20to +75°C, V+ = AV+ =5V + 10%

U Test
Parameter Symbol Min. Typ. Max. Unit Conditions

Power supply current 1+ 30 50 mA

Resolution 8 bit

Non-linearity error NL +1/2 +1 LSB

Differential DNL +1/2 +1 LSB

non-linearity

Differential gain 06 3 4 % fsamp =
14.318 MHz

Differential oP 1 3 ° lgamp =

phase 14.318 MHz

Output Vg 25 30 V V+=50V

compliance

Analog output delay 1y 40 ns

time

Settling time tSET 40 ns

Full-scale current Igs 9 10 11 mA

Zero-scale offset Izs 20 wh

current

Digital input [ 30 pF

capacitance

Digital input current In 10 wA
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Typical Applications

Fuli-Scale Current (Igg) Setting Method

lm Irs
tRer
COMP  Vper Inee = 1/8 Igg Reer
IreF = VREF/RREr
Fs = 4 VRer/RRer
83-001911A
Test Circuit
+5V
'SV
° Analog output
+
S
% I GNDp v+
NC D8y
CLK DBy
IR W oy
A lo DBs
Digitat input
AV+ 0B,
800 0
/J;—vw——— IREF DBy
AV+ DB
42V
o~ VRer 0By
R
—F fcomp GNDA
_L AV+ NC
ﬂL" GNDa GNDp 3 83-0019098
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E

Typical Applications (Cont.)

Application Circuit
5V Analog Supply 5 V Digital Supply
o
Clockin L.l
0.01 T 41_1.
4
3 f GNDp v- 12
Lss
Anc L
M ek [
Py oBe |2
8.8 uH 8.8 uH i e )
1o g il PR
2008 L280PF 280 pF lm‘ $ 200 : av+ & DB —
el 2T -[ uopFT s 3 her & OB ————————
s 15
Video Output gy . Av+ 0B, e wse )
+5V ps 3 VRer D08, ‘——‘——\‘3
2k 5V Analog Supply T Ycomp  GNDs
v nc 2
l‘
= a7
To[
GNDp GNDa Digital Signa! Input
VREF LEVEL 10kQ
150
Note:

[1] Uniess otherwise specitied, values are in ohms and microfarads.

83-0019128

Timing Waveforms

DB4-DBy

tPwh tpwi

o _\_J
15| W
-
1sev
oA

lo/io X An 1 A An xln “1

~ +1/2188

tser
+1/2LS8
83-003722A
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6-bit D/A converter
CMOS

The uPD6901C is an 6-bit D/A converter for video signals.
Although it is a CMOS converter (VDD = 5V), its conversion rate is very high because a high speed CMOS processing
technique and a matrix current cell method are used.
With its low power comsumption and conversion rate of 20Msps, this converter can be applied to various units such as digi-
tal Video processing systems and high-speed facsimiles.

Features
6-bit D/A converter
Conversion rate: 20Msps
Liniarity: +1/2 LSB
Reference voltage: 2.0 V typ.
Power supply voltage: +5V single
Low power comsumption (110mW typ.)
TTL compatible (Digital input)
16 pin plastic DIP

Block Diagram

DB6(LSB) O————»]
53
DBs O™ & ‘\ 3 S5
DB4 O— 9 g £ % e i o o
2 - £ i
DB3 & J 3 -0 lo
CK o i
oo
DB2 O— ‘é" 5
3 3 <—O VDD
DBi(MSB) O—{ O _\/
Bias
VREF O JI/A(
comp O-
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Connection Diagram (Top View)

ovpp [
ok [
io O

lo [
irer O3
vrer [
comp [
aGND [

O N A WN -

¢

16
15
14
13
12

3 DGND

[] DBg (LSB)
] pBs

] pB4

] DB3

11 [ DB2

10 [J pB1 (MsSB)
9 [J Avpp

1 DVDD
2 CLK
3lo
410
5 IREF
6 VREF
7 COMP
8 AGND
9 AVDD
10 DB1
11 DB2
12 DB3
13 DB4
14 DBs

15 N~
10 VDo

16 DVDD

Digital power supply

Clock input

Complementary current output
Current output

Full-scale current adjustement
Reference voltage input

Amp compensation

Analog GND

Analog power supply

Digital input (MSB)

Digital input (2nd)

Digital input (3rd)

Digital input (4th)

Digital input (5th)

Digita! input (LSB)

Digital power supply
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Pin Discription
Symbol Function
DB1-DBg DB1 to DBg are the 6-bit digital signal input terminals. DB1 corresponds to MSB, and DBg corresponds to
LSB.
CLK CLK is the sampling clock input terminal. An 6-bit digitai signai are latched within the IC by the rising edge
of the sampling clock and are converted into an analog output signal.
10 10 is the analog output terminal. This output is current output. It outputs the current of 10mA at the full-
scale.
10 10 is the complementary current output terminal.
IREF IREF is the full-scale current adjustement terminal. Normally, a resistance of 800 ohms is set between this

terminal and AGND. (When VREF is 2.0V, the full-scale current IFS is 10mA typ.)

: VREF VRREF is the reference voitage input terminal. Normally, the input level is 2.0V.

COMP COMP s the terminal to which amp compensation condenser should be connected. Normally, the a capa-
citance of 1.0uF is set between this terminal and AGND.

AVDD AVDD is the power supply terminal (+5V) for an analog system.

AGND AGND is the ground terminal for an analog system.

DVDD DVDD is the power supply terminal (+5V) for a digital system.
DGND DGND is the ground terminal for a digital system.

Absolute Maximum Ratings (Ta = 25°C)

Paramater Rating Unit
Power supply voltage —03to+7.0 Vv
Input terminal voltage —03toVpp+03 V
Output terminal voltage —0.3to Vpp+0.3 V
Operating temperature range —10to +75 °C
Strage temperature range —40to +125 °C
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pPD6901C
Recommended Operating Condition (Ta = 25°C)
Parameter Symbol Condition MIN. TYP. MAX. Unit
Power supply vol ge VDD 45 5.0 5.5 \%
Reference voltage VREF 2.0 \
Reference resistance RREF 390 Q
Sampling clock fsamp DC 20 MHz
Digital input high level VIH 27 \
Digital input low level VIL 04 \
Compensation capacity CCOMP 1.0
Electrical Characteristiscs (Ta = 25°C, VDD = 5V, fsamp = 20MHz)
Parameter Symbol Condition MIN. TYP. MAX. Unit
Power supply current IDD 22 mA
Resolution RES 6 bit
Non-linearity error NL +1/2 LSB
Differencial non-linearity DNL +1/2 LSB
Differencial gain DG 2 %
Differencial phase DP 2 °
1 Output compliance \'e} VDD = 5.0V 25 \%
Full-scale current IFS 10 mA
Package Dimensions (Unit : mm)
16 pin plastic DIP (300 mil)
16 9
MMM mMa
O [ N S B B AR S I I |
l 1 8
2 ' 20.32 MAX.
= 7.62
< 1.1 MIN, 65
2
=
@
<]
n
]
3
R 127 MAX,  *0.10
“00s 0~15°
0.50+0.10 0.25
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8-bit 50Msps D/A Converter
CMOS

The uPD6902C is an 8-bit D/A converter for use in video applications. The high-speed CMOS processing technology
and the matrix current cell method adapted for this CMOS device have fast conversion rates to be achieved. Conversion
rates of up to 50 Msps can be attained while operating atlow power consumption, making this device ideal for a wide range of
applications including digital TV systems and video systems.

Features
Resolution: 8 bits
Conversion rate: 50 Msps
Liniarity: +1/2 LSB TYP.
Reference voltage: 2.5 V TYP.
Power supply voltage: +5V single
Low power comsumption (400mW TYP)
TTL compatible (Digital inputs)
22 pin plastic DIP

Block Diagram

DBg(LSB) O

Current cell
(16 x 8)

Latch

DECODER

DB3
DB2

1971111

DECODER
Latch
g
o

DB1 (MSB)

Bias
VRer O— ‘JA\

comp O

X
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DB4
DB5
DBg
DB7
DBg
DVDD

AVDD

EE [el Pl [ =] [l [=] [« [~ [=]

— DB3

DB2
DB1
D.GND
CLK

DVDbD

HRERERERERE

=
(2]

AVDD

=
o

VREF
A.GND

COMP

S & 2]

IREF

12 IREF
13 COMP
14 AGND
15 VREF
16 AVDD
17 DVDD
18 CLK
19 DGND
20 DB1
21 DB2
22 DB3

Digital input (4th)

Digital input (5th)

Digital input (6th)

Digital input (7th)

Digital input (LSB)

Digital power supply

Analog power supply

Digital tnput level select (TTL/CMOS)
Current output
Complementary current output
Analog GND

Full-scale current adjustment
Amp compensation

Analog GND

Reference voltage input
Analog power supply

Digital power supply
Sampling clock input

Digital GND

Digital input (MSB)

Digital input (2nd)

Digital input (3rd)
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3.5+03 5.72 MAX,

He

Package Dimensions (unit; mm)
22-pin plastic DIP (400 mil)

22 12
aEninininininininle

| ‘

lUl_]L_lL_ILJLJl_!l_JLJLI
1 1

27.94 MAX.

— 431 MAX.

127MAX 4010 .
0.5020.10 0.25M 025 —0.05 0~15
*P22C-100-4008
1047
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Description Pin Configuration

The uPD7011 is a low cost 8-bit NMOS digital-to-
analog converter featuring single +5 V power supply _
operation and oi#board voltage reference. The serial _wfr Y wpes
interface option allows easy interface to the uCOM-43, w’::ﬁ:g : . g:::;:,’g;
-87, and -75 series of single chip microcomputers and oOs 2 15 0 OB @EraVCODE
the uPD7720 Signai Processing chip (SPI). In parallel ods § 14 [D0BsthySHIFT
mode the uPD7011 is easily connected to the 8080 and vcou;E [ % :: g::::::;
i iliti REF ( 7
8085 type bus structures by the bus interface facilities. ver 1l 8 1 B o8y
GND [ @ 10 [ DBo(LSB)/St

Features
O Single +5 V power supply 330024724
O Internal voltage reference
00 Complementary current output Pin Identification
O Wide output compliance (2.4 V to 8 V)
O Serial interface with uCOM-43, -87, -75 and uPD7720 Fin Name Function

(SP1) 1T v+ +5 V power supply
O Bus interface with 8080 and 8085A-2 2 WR/SCK WR: writs
O Pure binary and 2's complement code available in SCK: serial shift clock

serial mode 3 MoDE High: serlal input mods

0 MSB 1st and LSB 1st serial input available
O Applications: CPU peripherals, toys, displays, instru-
mentation, speech synthesis 5.0 .. Complementary current outpuls (open drain)

Low: paraliel bus input mode

O Two performance ranges linearity error: uPD7011C, 5 g
1 LSB; uPD7011C-1,1/2 LSB 6 COMP Frequency compsnsation
. Ordering Information T VgeelF) Voltage reference output
Operating 8  VRer(S) Reference sense
Part Temperature § GND Digitat analog common GND
Number Package Range TR Serial data input (saria)
uPD7011C Plastic DIP —20°C ta +70°C LS8 input (bus)
108 Tth bit input (bus)
Absolute Maximum Ratings 12 DB 6th bit input (bus)
Ta=25°C 13 DBy 5th bit input (bus)
Operating Temperature —20°C to +70°C 14 DB4/SHIFT Shift select; High: MSB 15t
Storage Temperat —65°C Io +125°C Low: LSB 15t
rage Temperature 41 bit input (bus)
Al Input Voltages —0.310Vpp + 0.3V
15  DB5/CODE High: 2s complement code
Power Supply —03Vie+70V Low: pure binary code
Power Dissipation 300 mw 3rd bit input {bus)
SO Pin Pull-up Voltage ’ Vpp + 0.3V 16 DBG/STB Strobe input
19/1g Output Pull-up Voltage +10V 2nd bit input (bus)
Comment: Stress above those listed under “Absolute Maximum Rat- 17 DB7/80 Serial output (open drain)
ings” may cause permanent damage to the device. This is a stress MSB input (bus)
rating only and functional operation of the device at these or any other 18 3 Chip select

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 reliability.
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Block Diagram
V+  wmooE D8y/ 0B/ DBy DB/ 08,/
+5V CNTL Cs WR/SCK so §T8  CODE SHIFT  DBy/ DB/ DBy St
o o o o
% so0
i 1 st
| ] ‘—i
so T MSB/
1 Shift Register LSB
L 1st
) Shitt Binary/
= —L %2 ]
One Latch
l Shot I 'lsnnm Data Latch 1
1.5k
I v lzso,m
1.5k
Mirror
AMP [T se —O'o
Ve :": 8.8it Current Output DAC e
1250uk O 1o
——] a
GND %Vnz; ©) / Vaer (F) comp
W IM

7

53002474
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uPD7011

DC Characteristics

TA =25°C £2°C; ;s = 1 mA;

Recommended Operating Conditions

C =01uF;V+ =5V +5% Limits
Comp = - TH VT — " Symbol  Min.  Typ.  Max.  Unit
mits
Test Suppl
Parameter  Symbo! Min. Typ. Max. Unit Conditions Vnﬁ::. v+ 475 5.0 5.25 v
—20°Cto
Resolution 8 8 8 Bis 750 g;:::;"‘“ TREF 225 250 215 7
Nonlinearity, . —20°Cto
7011¢-1 NL 0.25 05 LS8 +70°C (F::lrl’-.s';lll I¥s 0.9 10 11 mA
ity, —20°C &
oW 05 1 U8 qgeg Rtwrsecy
]
Differential —20°C to VREF 2.65 21 2.7% v
Noofinearity ~ °N* 01 01 LSB gpep frhineg
Zaro-Scale —20°Clo
0.5 LS8 o Low-Level
:rrors ' +70°C Logic Input viL 0 0.8 v
8ro-Scale e -
Symmelry 15-10 05 LSB Notel High-Level n 20 " v
Gain Error Logic Input
7011C1 3 %FSR  Note 2 :,,I.l"m Output ] N N ;
- ull-up P ’ )
Gain Error,
7011C H] %FSR  Note 2 Voltage
$0 Pin 17
Full-Scale
Symmeiny ~15-10 —0.5 LSB Note3 gx:r.i;l‘l’ull-un Vor v+ v
Ref
" Wer 14120 2 Y
Pawer Gpicitor - CcoWe 001 0110
Supply oo 8 13 m (See Note)
Current
Logic Input 01 10 R 0SS V+ Note: Using afrequency compensation capacitor larger than 1 uF will
Leakage ik . promote low noise operation of the uPD7001C. However, the
turn-on time at initial power on will increase.
km’.k"" VoL 05 v SOfPiniT)
Voltage IsINK < 2 mA
Output ] 0.1 10 uA - 8O (pin 17)
Leakage Vo= V+
Full-Scale 70 PPM/°C AlFg/AT
Drift FS
Supply
Voltage
7011€-1 SVRR 0.8  %FSR/V "Alfs/AT
Rejection
Ratio
Supply
Voltage
7011C SVRR 1.2 %FSR/V Alpg/A v+
Rejection
Ratio
Analog
Output 24 o v plE=
Compliance

Notes: 1. Zero-scale symmetry is defined as follows:
255(10(2S) — i0(2S)/10(FS).
2. Gain error is defined as follows:
100(IQ(FS) X 256/255 — 4IREF)/4IREF
3. Full-scale symmetry is defined as follows:
255(10(2S) — 10(2S))/10(FS).
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AC Recommended Conditions AC Characteristics

Ta=25°C £ 2°C; Ta=25°C £ 2°C;V+=+5V
V+ =5V £ 0.25 V; Note 1 Py
- Test
[ Mimits Test Parameter  Symbol Min. Typ. Max. Umit  Conditions
Parameter  Symbol Min. Typ. Max. Unit Conditions
Serial Mode oo 871 13 s Paniiel Meds,
— Nots 1
Serial Clock ~ g8 SettigTime .
Setup Time tgxcs 30 ns  SCK!—~CS! Sarial Hods,
€S Setup ; e '3 s Nz
i 1SCSK 300 m  CS.—SCK! —
Time Serial Data 10K0 450 ag SCKI-SO,
Data Seli — Delay Time Note 2
T Setp gk 120 s SI—SEK! Doy
cst — 80,
—_ Time Tp trcSo 250 ns
Tin Hold wk 50 n STK1—8I Floating Sp Nigh Impadance
1 Notes: 1. R < 2 kQ; C_< 20 pf.
High-Level L= q
Serial Clock  tyyx 300 n 2. R =2k C <20 pF.
Puise Width
Low-Level Typical Applications
Serial Clock twix 300 ns
Pulse Width Connection Diagram
id oK o
Shrope Hold s 100 s SCK1—STB!
High-Level
Strobe Pulse  twyst 200 ns
Width
Low-Level
Strobe Pulse  ly ST 200 ns
Width
Chip Select So% 1 . 78 VREF(S)  VRer(F)
Hold Time Wkes O s SCKt—CS!
Serial Clock T
Hold Time tyesk 100 s CS!—SCK! i
Sk
Strobe Set, o] == <
Time WP 1gsres 300 ns STB1—TS! |
Parallel Mode Va2 ‘j?
Address S —Wh 7
Setup Time AW 0 ns  CS!—WR! U Ve
Low-Level
WR Pulse ww 200 L Notes: 1. Use resistors of 1% accuracy.
Width 2. Capacitive load at VRef(F) pin should be less than 15 pF.
Address — — 3. Adjustment Procedure
" t 0 s WR1—-CS! a. Set VRep(F) = 2.7 V by VRy.
Hold Time WA b. After Fatcmng full-scale dxg‘ilal input, set Vg = 2.0V
— by VR
T";:l" Selup ow 180 w DB—WR! Y VR2
830024748
Data Hoid —
Time wo 0 s WR1—DB

Note: t;, tf < 50 ns.
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Timing Waveforms

Paraliel Mode Serial Mode

WA
fow two
08 = e -——-—-
DB; = o= o= = —— —— -
~——tggT—
o
>tssTcse|

83-002475A

STE

.t SOns
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TYPICAL CHARACTERISTICS (T3 =25°C)

IDEAL TRANSFER CHARACTERISTICS (BINARY CODE)

256 256 <
\\\ \\
255 Q I} 255 | o Q
N . R N
A \H /I 7’ AN
_ 3 N X 5 3 X y(\
@ N . @ , / .
(77} 4
NPT Q o o 2 il o — "o
- N i 5 ’ 0
2 128 o g &”
£ ,tr\ 3 128
° s N g) \\ I
8z o Q i 5 127 Q o
5 Ve N0 < N i
A b N ,
£ ;%’ 4'\ 3 » X
4 ~ N ’
’ N AN R
1 o o} 1F o) o
v s
0% — ® 0 —— ‘ @
1H 7FH 80H 81H OFFH 1H 7FH 80H 81H OFFH
Digital Input Code (Hexadecimal) Digital Input Code (Hexadecimal)
SUPPLY VOLTAGE CURRENT CHARACTERISTICS FULLSCALE OUTPUT COMPLIANCE
Ta = —20 °C &
9 2 +0.2
& .
g
o
z s 25°C g . -
£ & ' RECOMMENDED RANGE
3 & |
o 3 (2.4..8V)
70 °C| 5
7 £ 02
]
=
©
5 A
uw
] 4.8 5.0 5.2 0 2 4 6 8 10
Voo (V)

Output Terminal Voltage (V)
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WPD7011

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

EXTENDED TEMPERATURE RANGE

Ta = 25°C
Operating Temperature . . ..............¢ouvuneenuennnnnnn —40°C ... +85°C
Storage Temperature . . . R . N . —65°C ... +125°C
AlflnputVoltages . . . ... ............viuiniunnnnnn. —0.3 ... Vpp +0.3 Volts
Power SUpply ... ... ... ... e —0.3 ... +7 Volts
Power Dissipation . . . .......... ... ... i 300 mwW
SOPinPullupVoltage . . . .............. 00t iiininnnnnnnnnn Vpp +0.3 Volts
10/10 Pin Output Pull-up VOltage .. ... ...........ccovureeeennnn. . +10 Volts

* COMMENT: Stress above those listed under “Absolute Maximum Ratings* may cause
permanent demage to the device. This is a stress rating only 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. E to absol i m rating conditions for
extended periods may affect device reliability.

PARAMETER sypeoL T T ] o CONITIONS
Resolution O O 8 Bits
Non Linearity __ 7011C | 'N.L. 05 2 Ls8
Gain Error 7011C 10 %FSR ]
Fullscale Symmetry =2 =K 0 Lse ®
Referance Vohage VREF (5) 141 20 250 v
Power Supply Current I 8 2 mA
‘Analog Output Compliance 24 80 v BioFs<21s8
Logic Input Leakage i (X 2 uA Vi=0..Vop
Low Level Output Vohage | VoL 07 v ISINK <2 mA
Output Laskege ToH o1 » uA SO (PIN) 17), Vo = Vpp
mo"’:‘m 011C SVR 20 | SRV | aigs/avpp
Low Level Logic Inpat m 05 v
High Level Logic Input Vin 25 v

@: Gain,Error is detined as follows, 80 (1QFs x 256/255 - 4 IREF) / 4 IREF
®: Fullicale Symmetry is defined as follows, 255 (10Fs — iOFs) / IOFS
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uPD6950
Description Pin Configuration
The uPD6950 is an 8-bit A/D converter for video
signals. Although itisa CMOS converter (V+ =5 V), its ::‘E ; 24 g‘“s
conversion rate is very high because a high-speed ”:E : E o
CMOS processing technique and full-paraliel (flash) 08, (s8] O] « 211 0By (58]
conversion method are used. OVER [] 5 § 20 [ GNOD
e . . v+ 19 [J GND,
With its low power consumption and conversion ratg of Av: d : 2  whre "
20 Msps, this converter can be applied to various units arde L
such as digital video processing systems and high- GNDo (49 16 P vin
speed fascimiles. ek o 15 INC
v+ dn 14 [JGNDa
F av+ (12 13 [1 GNDA
eatures 830019154
O Resolution: 8 bits
O Tonversion rate: 20 Msps (V+ =5 V) Pin Identification
O Linearity: £1/2 LSB typ
O Reference voltage: 3.5 V typ Pin Symbol Function
O Power supply: 5 V single 1 DBy Digital output 4th
O Low power consumption (350 mW typ) 2 083 Digital output 3rd
O Available in 24 lead DIP 3 DB, Digital output 2nd
4 1] Digital output MSB
Absolute Maximum Ratings ! 9o o
Ta =25°C H) OVER Overrange
] AV+ Analog power supply
Power Supply Voltage -03 0 +7.0V 7 v+ Power supply
|nnut/§utput Terminal Voltage —0.3 to Vpp+0.3V 8 AT Reference voltage (high
Analog GND Voitage —0.3 to Vyy +0.3V voltage side)
Reference GND Voltage —03 0 +0.3V 9 GNDp Digital GND
Operating Temperature Range ~2010 +75°C 10 CLK Clock input
Storage Temperature Range —40 to +125°C n V+ Power supply
Comment: Stress above those listed under “Absolute Maximum 12 v+ Analog power supply
Ratings"” may cause permanent damage to the device. This is a stress 13 GND, Analog GND
rating only and functional operation of the device at these or any 14 GND, Analog GND
other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum 15 NC No connection
rating conditions for extended periods may affect device reliability. 16 VIN Analog input
. . 17 NC No connection
ord."ng Information 18 RB Reference voltage (low
Operating voitage side)
Part Temperature
Number Package Range 19 GND, Analog GNO
PDG350 Plastic DIP “20°C 10 +75°C 2 GND Digital GND
21 DBg Digital output LSB
22 087 Digital output 7th
23 08g Digital output 6th
24 0B Digital output 5th
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Block Diagram

I Timing | Timing
LK Gen.

—— OVER

A

AAA-

DB1
255108
Encoder Latch to
DBS

VWA

55

%

AAA
W

S
3 3
. Ditferential
Comparators
Reference Resistor
Chain
830019138
. Electrical Characteristics Recommended Operating Conditions
Ta = 25°C,V+ = AV+ = 5V, sampling rate = 20 MHz Ta=25°C

Limit Test Limit Test
item Symbol Min. Typ. Max. Unit Conditions Item Symbol Min. Typ. Max. Unit Conditions
Current Consumption  lpp 50 mA Power Supply Voltage V+, AV+ 45 50 55 v
Resolution RES 8 bit Reference Voltage VRer 25 35 35 v
Non-Linearity NL 1.5 LSB Vggr =3.5V Sampling Clock fsamp 20 MHz
Differential Gain 06 5 % fgamp=14.318 MHz CLK Input High Level ~ Vjy 21 v
Differential Phase op 5  © f(gamp=14318 MHz CLK Input Low Level Uy 04 v
Reference Resistance Ryg 15 kQ Output Code Binary
Data Output [ 1.0 mA Vgy =25V

High-Level Current

Data Output lov 1.8 mA Vg =04V

Low-Level Current
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Pin Functions

DB to DBg

DB, to DBgare the 8-bit digital signal output terminals.
The analog signal input to terminal 16 (analog input
terminal) is converted and sent from these terminais as
an 8-bit digital signal. DB, corresponds to MSB, and
DBg corresponds to LSB.

OVER

OVER is the overflow output terminal. When the analog
input level (terminal 16) exceed the value of Voygg, a
high level is sent from this terminal.

(Vover = (255 + 1/2) LSB, 1LSB = (Vgy-VRs)/256

CLK

CLK is the A/D conversion clock input terminal. The
analog data is latched on the rising edge of this clock.
The internal encoder and latch circuit operations are
synchronized with the timing pulses generated by this
clock.

VIN

VIN is the analog input terminal. The analog signal to
this terminal is converted on the rising edge of the CLK
input clock and is sent from terminals DB to DBgas an
8-bit digital signal.

RT

RT is the reference voltage input terminal on the high
voltage side. it is the VRgg input terminal.

RB is the reference voltage input terminal on the low
voltage side. Normally, OV is applied to this terminal.

AV+

AV+is the power supply terminal for an analog system.

v+

V+ is the power supply terminal for a digital system.

GNDa

* GNDaj is the ground terminal for an analog system.

GNDp

GNDp is the ground terminal for a digital system.

NC

NC is a non-connection terminal, but normally, it is
connected to GND4.

Typical Applications

Test Circuit

8-bit Digital Output

=

-
— e [1-
lik M-s-;' ]
| -
'35V ON;:_‘,?S"
@ -
20MHz b—4
L1 -
11}
v
17
” %7 Digital 4
GND
b doaes

83-001917A
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Typical Applications (Cont.)

Application Circuit
-5 V Digital Power Supply 5 V Digital Power Supply +12v
Digital Data
Out
O
08108y ) ZJ'IF l _LIMN
Over ; o0 :: i+ J; ,I
Hoe 001 7.5k0
[ 470 3 e | S20xn
08, 8s 2 L 2 100
“over nann'-'l‘ o ’{; 2 /ﬁ [_|
: DVop  AG :: scmoz DAY B vy} Videg n
. AVpp g RB "—74 28C2002 11 :n( n'_:h
S wepe e 200 Gain 1
t—"HoaND Vi 1 22 |Clamp Levet
ot e nel® .l.""
1" 14 22 1k
D Vpp pF
-—“_7 -'-’J avoo Ao
Vd
S 130 Is -;“‘ Sync Tip Clamp
VREF (3.5'V]
L3 33k0 4
ooz |upcross|®
% /,L b A 8.2k
DGND AGND
p
Note:
(1] Unless otherwise specified, values are in ohms and microlarads.
83-0019198.
Timing Waveform
o e
cLK
| |
!
| | Analog data latch |
VIN /J,‘é—\\+\——_/
|
I'-——{ 17ns typ |
je———————={30nstyp
08O | |
to
oBs X X
OVER ]
i |
83-001918A
Output Data Format
Digital output
Analog input OVER 0B DB2 DB3 DB4 08S 086 DB? DB8
Vpg to 1/2LSB 0 0 0 0 0 0 0 0 0
1/21LSB1o1+1/21SB 0 0 0 0 0 0 0 0 1
254 + 1/2 LSB 10 255 — 1/2 LSB 0 1 1 1 1 1 1 1 1
255 + 1/2 LSB to Vgy 1 1 1 1 1 1 1 1 1
Var to V+ 1 1 1 [ 1 1 1 1 1
Var -V
LsBx —AL_"R8

256
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6-bit A/D converter
CMOS

The uPD6951C is an 6-bit A/D converter for video signal.
Although itis a CMOS converter (VDD = 5V), its conversion rate is very high because a high-speed CMOS technique and a
full-parallel (flash) conversion method are used.
With its low power comsumption and conversion rate of 20Msps, this converter can be applied to various units such as digi-
tal video processing systems and high-speed facsimiles.

res
Resolution: 6 bits
Conversion rate: 20Msps
Linearity: +1/2LSB
Reference voltage: 2.5 V TYP.
Power supply voltage: +5V single
Low power comsumption (125mW TYP,)
TTL compatible (Digital output)
18 pin plastic DIP

Block Diagram

Timing
CLK Gen.
VIN >
RT —>—o
q
£ 0—1;{
£ >
& o =
5 3
]
£ ‘3/' i © g
? h ' 23 5 DBy
2 1’ ! ; 3 5 ~0Bg
g >
T 2 >
[ > n ‘%
<
< » .

AA
VWA~

Differential
RB —>— Comparators
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Connection Diagram (Top View)

DB3 [Z—_\/TE] DB4
B2 [2] 17] DBs
DB1 (MsB) [3] 16] DB6(LSB)
OVER [4] 5] obanD
ovop [5] 4] re
rr [6] 1] VIN
peND [7] 2] N
ok [] 1] AGND
DVDD E 10] AVDD

1 DB3 Digital output (3rd)
2 DB2 Digital output (2nd)
3 DB3 Digital output (MSB)
4 OVER Over range
5 DVpp Digital power supply
6 RT Reference voltage (high voltage side)
7 DGND Digital GND
8 CLK Clock input
9 DVpp Digital power supply
10 AVDD Analog power supply
11 AGND Analog GND
12 NC No connection
13 VIN Analog input
. 14RB Reference voltage (low level side)
15 DGND Digital GND
16 DBg Digital input (LSB)
17 DBs Digital input (5th)
18 DB4 Digital input (4th)
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Pin Discription
Symbol Function
DB1-DBe DB1 to DBg are the 6-bit digital signal output terminals. The analog signal input to terminal 13 (VIN) is con-
’ verted and output from these terminals as an 6-bit digital signal. DB1 corresponds to MSB, and DBg
corresponds to LSB.
OVER OVER is the overflow output terminal. The analog input level exceeds the value of VOVER, a high level is
output from this terminal. (VOVER = (63 + 1/2) LSB, 1L.SB = (VRT—VRB) /64)

CLK CLK is the A/D conversion clock input terminal. The analog data is latched on the rising edge of the clock.
The internal encoder and latch circuit operations are synchronized with the timing pulses generated by
this clock.

VIN VIN is the analog input terminal. The analog input from this terminal is converted on the rising edge of the
CLK input, and is output from terminals (DB1-DBg) as an 6-bit digital signal.

RT RT is the reference voltage input terminal on the high voltage side. It is the VREF input terminal.

RB RB is the reference voltage input terminal on the low voltage side. Normally, O V is input to this terminal.
AVDD AVDD is the power supply terminal for an analog system. Normally, +5 V is input to this terminal.
DVDD DVpD is the power supply terminal for a digital system. Normally, +5 V is input to this terminal.

AGND AGND is the ground terminal for an analog system.
DGND DGND is the ground terminal for a digital system.
NC NC is a non-connection terminal.

Absolute Maximum Ratings (Ta = 25°C)

Parameter Rating Unit
Power supply voltage —0.3t0+7.0 \"
Input terminal voltage —-03toVpp+03 V
Qutput terminal voltage —03toVpD+03 V
Reference GND voltage —0.3t0 +0.3 \
Operating temperature range —10to +75 °C
Strage temperature range —40to +125 °C

Recommended Operating Condition (Ta = 25°C)

Parameter Symbol Condition MIN. TYP. MAX. Unit
Power supply voltage VDD 45 5.0 55 \")
Reference voltage VREF 2.0 25 35 \Y%
Sampling clock fsamp 20 MHz
CLK input high level VIH 27 v
CLK input low level VIL 0.4 v
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Electrical Characteristics (Ta = 25°C, VDD = 5V, fsamp = 20MHz2)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit
Power supply current DD 25 mA
Resolution ) RES 6 bit
Non-linearity NL +1/2 LSB
Differential gain DG 2 %
Differential phase DP .2 °
Reference registance RREF 0.5 kQ
Data output high level voltage VOH IOH = —1.0mA 28 Vo
Data output low level voltage VoL loL= 1.8mA 04 \'

Package Dimensions (Unit : mm)
18 pin plastic DIP (300 mil)

18 10
i I o o O o o B
™) -

L/

Ny Iy N A [y By
1 9

22.86 MAX.

4.31 MAX.

Tr_ 1.0 MIN.

2
3

[+

S

w

EHEH

d (=]

o7

BIo @ 1.27 MAX +0.10 0~15°
e 3
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Description Pin Configuration
The pyPD7001 is a high performance, low power, 8-bit
CMOS analog-to-digital converter. Using the Succes-
sive Approximation Register (SAR) technique, the 7001 wedT < whvs
offers the designer the convenience of serial data output o2 15 3 Vaer
and microprocessor interface, with the versatility of four stfd: ¢ oo
addressable multiplexed analog inputs and low power L=3 g ‘4 g d gh
Xy SO s 12 A2
CMOS operation. sde LY b
co]7 1004
Features cuil]s 9 Pano
O 4 channel multiplexed analog input
O Auto zero and full scale correction without external s2.0024298
components
O Serial data output Pin identification
O High input mpedqnce 1000 MQ ’n Name Symbol _ Function
O Operates from a single +5 V supply
O Low power operation (CMOS) 1 End of Conversion EOC High impedance when
[0 140 us conversion speed Elfl:l Law. Open drain
O Linearity: 0.8% FSR -
2 Data Latch oL MPX addresses are latched at
N i 5
Ordering information fhe falling odge of OL input
3 Serial input St Pin to accopt MPX address
Operating data. Data read at the rising
Part Temperature edgs of SCX input.
Humber Fackage Hange 4 Serial Clock SCK  SCK controis the shift
uPDT001C Plastic DIP 0°C 1o +70°C e |p|r|:l:ural,l/ll.lzuirllu
. 8-bit shift register. Input.
Absolute Maximum Ratings 1 Serial Output S0 Conversion data in shift
Ta = 25°C register are output at the
falling edge of SCK. High
Operating Temperature 0°Cte +70°C impedance when CS = High.
Storage Temperature —65°C to 125°C A P = '_’:" drain output,
Analog Input Voltage ~03VnVs 03V Hip Selec B Wew AD comersion
Reference Input Voitage -03VtoV+ +03V ::s = Low: Interface mods.
" Digital Input Voltage —03Vie+12V 7 P o :‘:’ |
o X
Maximum Pull-up Voltage +12v . o :k zll ”" '" c'”: m?::“:“
Supply Voltages —03Vie +7V o n for clock oscillation.
- " 200 mW 9 Digital Ground Vss Ground terminal. Tis to 6ND
Powar Dissipation » with analog GND extermally.
Comment: Stress above those listed under “Absolute Maximum Rat- 10-13  Analog Inputs AgtoAz  Analog input terminals.
ings” may cause permanent damage to the device. This is a stress -
rating only and functional operation of the device at these or any other 14 Analog GND GND Ground terminal for analog
conditions above those indicated in the operational sections of this inputs and references.
specification is not implied. Exposure to absolute maximum rating 15 Referance Input VREF Pin 1o set full scale vollags.
conditions for extended periods may affect device reliability. VREF ~ 2.5 V.
16 Power Supply v+ +5V
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Block Diagram

:: o ¢ ‘ﬁa; %”

9-Bit Shitt
Register
Ag
© | cs END
o o -
Analog Analog -OCs
System csz i DO
A;
o= . o cLo
Successive Approximation Sequence
] Register Controller
327k
b
cu
o— Z | 8-Bit D/A
L
| = aTpF
Analog
Ground GND
7 L

83.002430C
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uPD7001
DC Characteristics
Ta = +25°C + 2°C; o = 400 kHz; V+ =5V, +0.25 V, Vger = 2.500 V, Note 1
Limits Test
Parameter Symbol Min. Typ. Max. Unit Conditions
Rasolution 8 Bit
Nonlinearity NL 08 %FSR
Full-Scale Error 1 2 Ls8
:::'st:::::"l:.:mlclul L pom/°C
Zero Error 2 LS8
%::'.E:;:I’l Coefficient u pm/°C
Total Unadjusted Error | TUE1 2 Lss Note 4
Total Unadjusted Error 2 TUE2 2 LS8 Note §
Analog Input Voltage '™ 0 VREF v Note 1
Analog Input Resistance Ry 1000 MQ Vi=0tV
Conversion Time Icony 140 us Note 2
Clock Frequency Range [ 0.01 04 05 MHz
Clock Frequency Distribution Afgyy +5 +20 % R =27 KQ. C = 47 pF, fgx = 400 kHz
Serial Clock Frequency 1scK 05 MHz Nots 3
High Level Voltage Vin 36 v
Low Level Voltage vy 14 v
Digital Input Leakage Current Ik 1.0 10 A Vi=Vgsto +10V
Low Level Output Voltage Vo 04 v lpr=17mA
Output Leakage Current lox 1.0 i0 A Vo=+10V
Power Dissipation Pp H 15 mw

Notes: 1. All digital outputs are put at a high level when V,>Vgee.

2. A/D conversion is started with CS going high; at the final step of the first A/D conversion, EOC is low. The conversion time is:

'CONV = 56/'CK

3. For 'SCK<500 kHz, the load capacitor (stray capacitance included) and the pull-up resistor, which are connected to serial output,
are required to be not more than 30 pF and 4 k() respectively

4. V+ =50V, Vper =25+ 025 V.
5 V+=451055V.
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AC Characteristics
Ta = +25°C + 2°C; fox = 400 kHz; V+ =5V,
Note 1

Limits

_ Test
Parameter  Symbol Min. Typ. Max. Unit Conditions
EOC Hold i [
Time Inees 0 us EOC TS
TS Setup 1gcsK 125 us  CStoSCK
Time Note 1
Address Data
Setup Time 5K 150 b
Address Data
Hold Time Wk 100 "
High Level
Serial Clock twHk 400 ns
Pulse Width .
Low Level
Serial Clock twex 400 ns
Puise Width
Data Latch 3
Hold Time tyxpL 200 ns SCK to DL
Data Latch
Pulse wigth  '0K0 200 s

$CK to SO

Serial Data *

" 1Ko 500 ns RL=3K
Delay Time (Note 2),

CL = 30 pF
Delay Time —

" CS 1o High
;nuFlnmnu tFCSO 250 "™ \mpedance SO
TS Hold
Timso tykcs 200 ns

Notes: 1. When CS is high, the uPD7001 performs A/D conversion
and does not accept any external digital signal. It remains
at the previous state continuously. When CS is low, the data
is exchanged with the external digital circuits. However, 5
internal clock pulses are needed before digital data is out-
put. The rating corresponds to the 5 clock signal pulses:
tscsk (min) = 5/f¢i

The serial data delay time depends on load capacitance and
pull-up resistance: tpkg = 2.3 X R X C + 100 ns.

~

Addressing the Inputs

One of the four analog inputs is selected by toggling the
chip selectline at pin 6 “low” and presenting a 2-bit serial
code (from the host controlier) to the Serial input (SI) at
pin 3.

The “channel select” data is sent to the upper 2 bits of
the 9-bit shift register on the rising edge of the Serial
Clock (SCK) at pin 4 and loaded into the Data Latch on
the falling edge of the Data Latch signal at pin 2.

Referring to figure 1 the analog inpu't addressing se-
quence is:

O Chip Select (C.Z_S' pin 6) toggled “low” or 0

[ 2-bit “channel select” data presented to Sl and pin 3

[0 Data shifted in on SCK rising edge

O Data Latch gignal present at pin 2 (pulse is 200 ns
min.)

O Mux address data latched on falling edge of DL signal.

Multiplexer Channel Selection

Input [ 1] D1
AD Low Low
Al High Low
A2 Low High
A3 High High
Figure 1. Analog Ch I Selecti
=] B —
—»|  |+—1tscsk —=| tHkcs |e—
SCK .
—  je—tsx  —=| et
X
— |e—tuxoL
oL I I

—=|  |*—twroL

Note: Addressing the uPD7001 inputs can be implemented simul-
taneously with Serial Data Output.

Rise and Fall times of all signals should not exceed 50 ns.

83-002431A
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The Conversion Process

When Chip Select (CS) at pin 6 is “high,” all external
inputs (except the selected analog input) and outputs are
disabled and the internal Sequence Controller controls
the conversion process on the selected analog input via
the A/D converter section.

The A/D converter section is comprised of the compar-
ator and buffer amplifier, the successive approximation
register and an 8-bit digital to analog (D/A) converter.
Because the SAR technigue requires the input voltage
be stable during the conversion process, it is recom-
mended that a low pass filter and a sample and hold cir-
cujt precede the analog input. Failure to present stable
input voltage will result in conversion errors.

A single conversion requires 56 internal clock periods,
which are clock periods generated by the Sequence
Controller Clock (CLO) and CL1 at pins 7 and 8 respec-
tively. The internal clock speed is set by Rcl and Ccl and
the values shownin figure 2 are recommended for proper
timing.

The final step in the conversion process is the transfer
of converted data to the shift register and signaling (to
the external controlling device) that the converted data
is available for reading, via the End of Conversion (EOC)
pulse at pin 1.

If the data is not to be read then the Chip Select (C—)—é) line
is kept in the “high” state and the Sequence Controller
begins the next conversion of the last selected analog
channel. Note again that “channel select” data and “con-
verted” data output can only be initiated while the Chip
Select line is “low.” The sequence of data conversion
and output is shown in figure 2.

Sequence:

O Analog channel selection (1 of 4):
CS = “low”

O Analog-to-digital conversion (internal):
CS = “high”

O Internal load of “converted data” to shift register (56
internal clock cycles):
CS = “high”

O EOC signals data ready to external controller:
CS = “high” ’

[0 Output of serial data to controlling device.and/or
refresh of analog input select data:
TS = "low”"

Stability of the analog input voltage level is critical to the
conversion accuracy of the uPD7001, as with any SAR
type converter, during the conversion cycle. When CS
is "high” the converter responds to whatever voltage
level is present at the selected input. For DC level sam-
pling from remote sensors a low pass filter (similar to that
shown in figure 3) and a sample and hold circuit (such
as the yPC398) is recommended.

Figure 2. Digital Data Output

EOC I I
—|  e—tecs
tscsk—e| e —e| e itwik
tWHK—| e
SCK | I | I

Fcso >

=

Notes: Serial Bata Output and Analog Channel Select Data input
can be performed simulitaneously.

—ei je—1oKo

Two bits of the 9-bit shift register are used to shift data into
the multipiexer data latch between conversion/output
cycles. Conflict between Address Data and Output Data is
avoided by timing shown in Figures 1 and 2.

82-002:430A
Figure 3. Low Pass Filter Circuit
10k Skt
Analog Input O—M—I-——M——* A, A,
0.1F
;|' 4PD7001C

Note: The data in the internal Data Latch and the internal Sequence
Controller at “power on” is random. It is recommended that
at"power on" the sequence controller be reset and the multi-
plex address setting be set prior to the first conversion read.

When long leads are used to connect external components
tothe uPD7001, noise and interference may alter the expected
result. Itis strongly recommended that trace and lead length
be keptto a for

per

430024334
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Operating Characteristics

Ideal Input/Qutput Transfer Characteristics

Total Unadjusted Error

p —
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001 3 e e e
g g
000 1 I I L P 2
° Lss S8 VRer Vaer VRer 0 VREF
2s8 1Ls8 Analog Input Voltage (V1)
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z
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H g r T
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% 2 1o ———— T ———
a 3
o 1 |
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z 1 I
Q 1014 - —d
Error < 1 <
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Operating Characteristics (Cont.)

Total Unadjusted Error vs. VREF Clock Oscillation F vs. Current Ch
5
4| i s0
>
H
) - 3
= W W € >
= e a k]
2 £ LI 7 I
3 Cee = 47pF
=
1 8 300
< ° g
g g
: o :
0 1 2 3 4 o 0 5 6 7 8
Reference Input Voltage (V) Supply Voltage Voo (V)
Output Sink Current vs. ion Voltage Ch Supply Voltage vs. Current Characteristics
10
Voo = 5V
= 08 2
g Ta - 0°C
g. << =
2 p 3 Ta - 25°C
2 os £
§ / /"‘500 § // T e
g RS 3
3 os - ¢C 2, 7 —
/ W |3 P
g / @ —T
s 02 / /
. < <
g 8
) 2 (] 2
o 1 2 3 4 s ° 4 s 6 7 ]

Sink Current (mA) Supply Voltage (V)
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EXTENDED TEMPERATURE RANGE

DC CHARACTERISTICS Ta=—40°C ... +110°C; Vpp = +5V # 6 %; VREF = 2.5V; fcK = 200 kHz

PARAMETER - SYMBOL T ".I",‘Y';’ AR uNIT conrniﬂom
Resolution 8 8 Bit Vpp = 5V
VREF = 2.26 ... 2.76V
Non Linearity 12 %FSR | Vpp=5V
VREF = 2.25 ... 2.75V
Full-Scale Error 3 Ls8 Vpp =5V
VREF =2.25... 276V
Full-Scale Error Temp. 30 ppm/°C | Vpb =5V
Coefficient VREF = 2.25 ... 2.76V
Zero Error 3 Ls8 Vpp =5V
. VREF =2.25 ... 2.75V
Zero Error Temp. 30 ppm/°C | Vpp =6V
Coefficient VREF = 2.25 ... 275V
Total Unadjusted TUE1 3 ) VDD = 5V
Error 1 VREF = 2.26 ... 2.76V
Total Unadjusted TUE.2 3 LSV VDD = 4.6V.... 6.5V
Error 2 . VREF = 2.500V
Analog Input Voltage \'7 [] VREF v
Analog Input Resistance Ry 1000 L1 Vi=0to Vpp
Conversion Time tCONV 280 ™
Clock Frequency Range oK Q1 Q2 03 MHz
Clock Frequency ok 16 +30 % R = 68K, C = 47pF
Distribution (fcK = 0.2MHz)
Serial Clock Frequency 1scK 05 MHz
High Level Voltage Vin 38 v
Low Level Voltage viL 12 v
Digital Input Leaksgs Current | 1§ 15 HA Vip = Vgg to +10V
Low Level Output Voltage VoL A 08 v loL = 1.7mA
Output Leakage Current I 15 WA Vo = +10V
Power Dissipation Py 7 20 mW
AC CHARACTERISTICS T, = —40°C ... +110°C; fc = 200 kHz; Vpp = 5V + 6 %
PARAMETER symsoL [ HMIE 1 umiT CONEIToNs
[EOC Hold Time tHECS 0 s E0C to G5
T35 Setup Time tSCSK 25 us T80 5CK
Address Data Setup Time 151K 160 ns
Address Data Hold Time tHKI 100 ns
B | we | e "
Clock o With Wik 0 m
Data Latch Hold Time tHKDL 200 ns SCK to DL
Data Latch Pulse Width tWHDL 200 [
Seriai Data Delay Time tDKO 800 ns SCK t0 SO, Ry = 3KQ
CL = 30pF
| Detay Time to Floating SO tFCSO 300 nd €5 to High impedance SO
CS Hold Time THKCS 200 ns

THERE IS A RESTRICTION TO THE USE OVER - 40 TO PLUS 110 DEG C
TEMP RANGE. HERE IS THE RESTRICTION.

IN CASE THAT THERE IS A PAUSE PERIOD OF MORE THAN 10 MSEC
BETWEEN ONE CONVERSION AND THE OTHER, A DUMMY CONVERSION IS
REQUIRED IN BETWEEN AS SHOWN IN THE FOLLOWING FIGURE.

THIS DUMMY CONVERSION CAN BE IMPLEMENTED BY WRITING A CON-
VERSION INSTRUCTION ONTO THE CONTROLLER PART. SINCE THE OUTPUT
DATA OF THE DUMMY CONVERSION IS A MEANINGLES VALUE, THE READ
OPERATION BY MICROCOMPUTER IS NOT NECESSARY.

THE REASON FOR THIS RESTRICTION IS AS FOLLOWS.
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(TUE) (LSB)

Ta =25°C T.UE.VS.
TU.E. VS. VREF V8. VREF
Voo = 45V Voo = 58¥
3
g
3
1A
.
o 1 2 4 [] 1 3 .
Reterence input Votage Vg (V) ot Vher V)

APPLICATION HINTS

APPLICATION
EXAMPLE:
REDUCING DIGITAL
1/0 TERMINALS

C-R Filter

1. Data held in the internal sequence controller and address latch just after power-on is
random. Therefore, an MPX address setting and a sequence controller resetting are
required before a first conversion data reading.

g

When using long wires to connect external components and uPD7001 terminals, noise
induction and some interference must be expected and taken into account.

w

The uPD7001 uses the successive approximation technique for A/D conversion; therefore,
a sample and hold circuit is required when a fast varying analog input signal is applied. In
addition, a C-R filter as shown below should be used, in order to minimize noise in a DC
analog input signal.

Please refer to the Block Diagram on page 2 and the Timing Waveforms on page 4.

In this application, an MPX address write is required in every Date Read.

A wired OR ion is feasible, b EOC and SO are both open drain output and the
signal output timing of EOC is different from that of SO.

The DL signal is strobed by CS in the chip. Therefore, by connecting DL to Vpp, MPX
Address Data is latched at the rising edge of CS.

10k 5k uPD7001C

Analog input | Ag..A3
JoruF
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WHEN THE 7001 IS IN PAUSE FOR A LONG TIME AT HIGH TEMP WITHOUT
ANY CONVERSION INSTRUCTION, THE ANALOG CHARGE (OFFSET VOLTAGE
COMPENSATION ETC.) RETAINED ON THE INTERNAL CAPACITORS CAN BE-
DISCHARGED. IN ORDER TO SECURE THE RETURN TO THE NORMAL
OPERATION, A DUMMY CONVERSION MUST BE INSERTED.

PAUSE PERIOD

CONVERSION CONVERSION

DUMMY
CONVERSION
—— K-

.

!AI

PACKAGE OUTLINE
uPD7001C (Plastic)

»

ML
A ek I -
8 o c ] 0 ~15
e

ITEM MILLIMETERS INCHES
A 19.4 max 0.76 max
B 0.81 0.03

c 2.54 0.10

D 0.5 0.02
E 17.78 0.70
F 1.3 0.051

G 2.54 min 0.10 min
H 0.5 min 0.02 min
1 4.05 max 0.16 max
J 4.55 max 0.18 max
K 7.62 0.30
L 6.4 0.25

M 0.25 1330 0.01
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Description Pin Configuration

The uPD7002 is a high performance, low power, 10-bit

CMOS analog-to-digital converter. Using the integrating

technique the 7002 offers the designer full microproc-

essor interface, four multiplexed analog inputs, and low

power CMOS construction. %o [ ]l

X 2704,

Features “ E - g:—:’,

O 8- or 10-bit resolution (selectable) e 24IWR

O 4 channel multiplexed analog input :;E § ;: gs:

O Auto zero and full scale correction without external Vaer O 5  afo
components ano (] % 20,

O High input impedance — 1000 MQ cHy [ 10 1910,

O Internal status register can be accessed by host o0 1 810,
controller = B 70s

[0 Operates from single +5 V supply c:f’é - . ::

O Interfaces to most 8-bit microprocessors

O Low power operation (CMOS)

0 5 ms conversion speed (10 bits with focx = 2 MHz)

O Available in two performance ranges: 45 002uisa
Conversion accuracy (maximum with —
Ta=0to +50°C): e L

HPDT002C-1 ... 0.1%FsR  Pin Identification
uPD7002C ... 0.2% FSR Pin Name Function
. . L2 Xg. Xy Externai clock input
Ordering Information 3 6nD TTL ground
part o":"""' 4.6 o Integrating capacitor -
Number Package Range 5,7 6D Guard
wP07002C Plastic 0IP —20°C to +70°C 8  Vper Referance voltags input
9 GND Anslog ground
Absolute Maximum Ratings 10 CH Analog channel 3
Ta=+25°C T
2 Analog channel 2
Operating Temperature —20°C to +70°C 12 CHy Analog channsl 1
“geo o
Storage Temperature 65°C to +150°C 13 CHg Analog channel 0
Power Supply Voltage —03Vto+7.0V TR Voltags (+5 V)
Ail Input Voltages —03VhoV+03V 1522 07-0g Dala bus
Powar Dissipation 300 mw 23 ©S Chip sslect
Analog GND Voltage +03V 24.25 WA, AD Control bus

Comment: Stress above those listed under “Absolute Maximum Rat- 26,27 Ag. My Address bus

ings" may cause permanent damage to the device. This is a stress = —

28 EOC End of conversion interrupt

rating only 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 reliability.
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Block Diagram

Data Bus Analog Input
LT
|7o.: :_m‘> ws";"""_":“ Address Multiplexer
4 !
L
Status
T [—Ovlsi Y
g Tow Byle ]L
A/D — 1
[ 1L L e | T
. Analo:
s B e o'
so | {?r ] L.
WR O— ‘l (1281
RD Sequence A/D
#D O— Controller > D‘.;{"_'
Ay O—| Block
A, O—=| <ﬁ
17
X, X, EOC
B3.002446C
Digital 1/0 Pin Function
Pin Symbol Name 170 Function
1,2 Xo. X1 Xtal — Xtal 0SC. Xy can be used as the input of external clock.
15-22 07-0p Data Bus Three-state A/D conversion data (High and Low Byte) and internal status output to 8-bit Data Bus. MPY
(1 TTL} 170} Address, 8/10 select and flag data input from bus. High impedance when ,PD7002 is not
enabled (CS = High).
23 s Chip Select Input Low level of TS makes other input pins (WR, RD, Ag. A1) enable and data transmission and
receiving are possible through data bus pins.
24 WR Write Input When WR = Low, PD7002 receives new data from data bus.
25 [T Read Input When RD = Low, zP07002 transmits conversion data and internal status to data bus.
26, 27 Ag. A Address Input Ap. Aq designate the dats in data bus (High, Low, Status Byte).
28 EOC End of Conversion Output EOC indicates the end of conversion to external chips. Read mode operation (high byte

(1Y output) resetable EOC.

’
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DC Characteristics

Ta=0°Cto +50°C; V+ =+5V £ 0.25V

VRer = +2.50 V, fei = 1 MHz, Cynt = 0.033 uF, 10-Bit Mode

Limits

Parameter Symbol Min. Typ. Max. Unit cnnl:l:l:m

Resolution, 7002C-1 10 n 12 Bits

Resolution, 7002C ) 9 n 12 Bis

Nonlinearity, 7002C-1 0.08 0.1 %FSR

Nonlinearity. 7002C 0.1 02 %FSR

Full Scale Error, 7002C-1 0.05 0.1 %FSR

Full Scale Error, 7002C 0.1 02  %FSR

Zero Scale Error, 7002C-1 0.05 0.1 %FSR

Zero Scale Error, 7002C 0.1 02  %FSR

Full Scale Temperature Coefficient 10 ppm/°

Zero Scale Temperature Coefficient 10 ppm/°C

Analog Input Resistance Rin 1000 [ [e} Vin=0toV+

Total Unadjusted Error 1. 7002C-1 TUE! 0.05 0.1 %FSR

Total Unadjusted Error 1, 7002C TUEL 0.1 02 %FSR

Total Unadjusted Error 2, 7002C-1 TUE2 0.05 0.1 %FSR

Total Unadjusted Error 2, 7002C TUEZ 0.1 02  %FSR

Clock input Current lelk 5 50 ) X; pin can be used as an external CMOS level clock input.
When external clock is applied. Xq pin should be left open.

High Level Qutput Voltage Vou V+-158 v lg=~1.6mA, Ty = ~20te +70°C

Low Level Qutput Voltage VoL 0.45 v lg=16mA. Ty = —201te +70°C

Digital Input Leakage Current i 1 10 7. O<sVy<sV+

Output Leakage Current loLk 1 10 R 0=VysV+

Power Dissipation P 15 25 mw
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AC Characteristics
Ta=+25°C;, V+=+5V £ 025V, Vggr = +2.5 V, fox = 1 MHz, Cyn7 = 0.033 uF
Limits Test
Parameter Symbol Min, Typ. Max. Unit Conditions
Conversion Speed (10 bit) tCoNY 8.5 10 15 ms
Conversion Speed (8 bit} fCoNV 24 4 5 ms
Address Setup Time CS, )
Ag. Arp to WR AW 50 s
Address Setup Time CS.
Ag. ALl 10 0 AR 50 fs
Address Hold Time WR to CS.
Ao, Ay twa 50 ns
Address Hold Time RD to CS.
Ap. Ay m tRA 50 ns
Low Level WR Pulse Width ww 400 ns
Low Level RD Pulse Width tRR 400 ns
Data Setup Time Input Data to WR tow 300 ns
Data Hold Time WR to Input Data ™ 50 ns
Output Delay Time AD to Output
Data R 300 ns Note 1
Delay Time to High Z Output RD to
Floating Output '0F 150 s
Note: 1 TTL load + 100 pF.
Notes [Cont.]:
Recommended Operating Conditions 2. Integrating capacitor: Cy\t depends on clock frequency
Ta = +25°C and can be obtained as follows C = 0.
{MHz). Note that co
Limits Test to the clock frequency
Parameter  Symhol Min, Typ. Max. Unit Conditions 3. Ta=-20°Cto +70°C. V> =5V £025V
Supply . Timing Waveforms
Voltage V+ 475 500 5.25 v
Write Mode
Reference
Valtage Ve 225 250 2715V
Analog Input ¢s {
Voltage w0 VRer V. Noted Ao, Ar
LR —
Clock
f, 05 1 3 MHz  Note 2
Frequency clk Sy v gp—
Integrating 0000 -
Capacitor Ciyt  0.029 0.033 17 S — —_———
83-002600A
Mgh Lovel gy 22 Vo Noed
P Read Mode
Low Level ]
Inpat iL 08 vV Noed s
High Lovel Ve Vo Now3d o ":‘ [RS— -_..._j o
Clock Input H g b J N
Low Level "R .
L L i, G———
7-Uo

Notes: 1. Negative voltage input (< —0.2V) decreases the input
impedance. Furthermore, conversion error for the input

through another MPX channel also increases.

10.78
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Timing Waveforms (Cont.)

T8, Ao, Ay
WR
Do Dy

R
Status EOC
Status BUSY

Status MPX

Conversion
Data Latch

=

\
7 Y,

A/D Conversion Start — End

Write Mode — EOC Output

=

|

—

Conversion
Data

Previous Conversion Data

X
X

Internal

EOC Y

STOP

|

Sequence

START

A/D Conversion

End of
Conversion

sTop

83-0026018

Read Mode (Status, Low Byte)

€S, Aq, Ay

AD

Do D7

Status Latch

T X
7

After A/D Conversion END

Data Latch \Y \[ X
£6¢
Atter A/D Conversion END A/D Conversion END and Low Byte Read Mode
Read Mode (High Byte)
G5 A0 A X X X X
® /LA NS
y [
Do D7
i @ @D
\Y] 11 X
\ 1\
b T X
EOC \/ 2y

e e —

A/D Conversion END and High Byte Read Mode

Read operaticn of High Byte resets the EOC (STATUS and EOC pin)

83-002451C
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There is some uncertainty whether EOC is set or not,
when data read operation is made simultaneously with
the end of A/D conversion. Furthermore, the reading
error occurs at this time, so in this case a dual read
operation is recommended.

Operating Characteristics

Full Scale vs Vgep

)
[{§
M. b —
)
1. 1o :..._...a
1., 101 —d
'
3. ... 100 i
]
8 —
3 .
g 00... 0100 ,._IR
'
00... 0011} ——
1
00... ootof — .
N [l
3
00... o0otf-  p——d H
'
0000 It I | L ) I L L 3
00 o 1 2 3 . ( 1020 1021 1022 1023 1024

VRer
Analog Input (LSB  Vagr /1024)

Total Unadjusted Error

"
2
3
]
K]
2
o
00..
Analog Input
Transfer Characteristics with
Respect to Vpee
... -
VRer 225V
g
e
% Vrer 275V
a
<
Z
g
00... 0 L L L 4
: ° 1 2 3
Analog Input

Addressing the inputs

One of the four analog inputs is selected by initiating a
write mode from the external controller with the control
signals -as follows: CS (pin 23)="“low," RD (pin
25) = "high,” WR (pin 24) = “low,” A1 (pin 27) and A0 (pin
26) = “low.”

The analog input select data is presented to DO (pin 22)
and D1 (pin 21) and the desired channel (1 to 4) is
selected. The conversion resolution mode is also
selected during “write” mode by presenting a “high” for
10-bit mode or “low” for 8-bit mode, to D3 at pin 19.

Sequence
O Initiate “write” mode (CS=0, RD=1, WR=0,
A1/A2 = 0).
0O Present data for analog channel select to DO, D1.
DO D1
CHO= L L
CH1=H L
CH2= L H
CH3 = H H
O Present conversion resolution data to D3.
10BIT=H
8BIT=L

During the write mode the only available function of the
1#PD7002 is data input from the cgnt_rg”mn system. When

the write function is termmated the A/D conversion proc-
ess starts.

The Conversion Process

During the “write” mode the internal sequence controller
is initialized and ready to take control of the conversion
process on the rising edge of the write pulse. All con-
version functions take place with the uPD7002 in the “not
selected” mode with the control signals set at
CS = “low,” RD and WR “high... A0"” and A1 “don't
care.” In the A/D section the analog signal is input via
the multiplexer and compared to Vggr at pin 8 (Vger sets
the maximum full-scale input signal which can be con-
verted). At this pointthe internal sample and hold for auto
zero function and full scale correction are accomplished.

The processed analog signal is then passed to the
analog section where the integrating capacitor is
charged for a given time period controlled by the clock.
In this case the period is 8192 clock periods. The capaci-
tor is then terminated to ground and the falling slope is
measured by the number of clock cycles to the zero
crossing point. The number of clock cycles from peak
to zero (falling slope) is' proportional to the value of
Vin- The integrator is then set up for the next conver-
sion cycle.
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The digital section converts the pulses from the analog
section to 12-bit code and sends the converted code to
the conversion data register where the data is latched
and ready for “reading” by the controlling device. The
data is then “read” in two bytes by addressing A0 and
A1 whileinthe read mode. A1 = “low” A0 = “high” reads
the high data byte (DO to D7), and A1 = “high”
AQ0 = “either” reads the low data byse (D7 to D4). During
the low data byte read DO to D3 are low and the data
on D4 and D5 (bits 11 and 12) may not be accurate data.

The internal status can also be checked while in the read
mode by setting A0 and A1 both “low.”

Operation of Individual Sections
Stquence Controller (See Sequence Chart)

The Sequence Controller controls the internal sequence
of A/D conversion and the operation of the three-state
170 buffer. It is initialized by the write mode operation
(analog MPX address and 10-/8-bit choice). After the
write mode operation, the Sequence Controller starts the
A/D conversion, and outputs an EOC signal when the
conversion is completed. There is no power-on-reset
circuitry.

A/D Conversion Block

In the A/D section, an analog signal is input through the
MPX and is compared to Vgep, after which itis converted
to a digital output signal. Full scale analog input is equal
to Vrer. GND as an analog input is equal to zero scale.
A/D conversion time depends on both analog input volt-
age and conversion mode (10/8 bit).

Three-State 1/0 Port Section

The three-state 1/0 port section is controlled by the
Sequence Controller. It accepts the MPX address input
and conversion mode input (10-/8-bit choice). The
three-state 1/0 port section outputs the internal status
and conversion data high/low bytes.

Conversion Data Latch

After the end of conversion, the A/D section outputs new
data to the Data Latch. The output of the Data Latch is
connected to the three-state I/ O ports, and the data can
be read at any time. When Data Read occurs simultane-
ously with an internal data transfer, a read error occurs.
Therefore, two read operations should be made, unless
Data Read occurs after the end of conversion.

Status Latch

The status latch stores the status data internai to the chip,
and the infernal operation state can be referenced by the
status data. Status includes the following:

BUSY, EOC: Internal sequence state of uPD7002. Write
mode operation sets BUSY, and this is reset at the end
of conversion. EOC is set at the end of conversion, and
High Byte Read Operation resets EOC.

MSB, 2nd; 10-/8-Bit Flag MPX

The data stored in the conversion Data Latch when the
status reading operation is made can be output. There-
fore, the data is refreshed at the end of conversion.

Access to the uPD7002 from the CPU can be made by
both interrupt and polling methods. In the interrupt
method use EOC as an interrupt signal. In the polling
method, use EOC and BUSY in Status Byte.

Afterthe A/D conversion, the data in the conversion Data
Latch does not change, and can be read repeatedly.
Therefore, fundamental instructions like Load, Store,
Move, etc. can be used to access data (by placing the
address of the uPD7002 in memory area). Note that the
access time (tgp) and the data setup time (tpw) of the
#PD7002 are longer than that of the 8080 and 8085. The
following program example shows the accessing of the
#PD7002 by polling method in an 8080-based system.

MPX Ch, | Address Fi
MPX Address Analog Input Channel
Bit CHo CH1 CH2 CH3
0y L L H H
Do L H L H

10.81



vPD7002

NEC

Control Terminal Functions

Control Terminals
€S RD WR A

A7 Mode

Internal
Function

Data 1/0
Terminals

H X x X X Not selected

Lnuxxﬂnlseiumu— ............. High impedance

L H L L L Write mode Data latch A/D start Input status, Dy, Dp = MPX address D3 — 8-bit/10-bit conversion
designation. Note 1. D7 = Flag input.

L H L L H  Not selected —

T L g s High impedance

L H L H H  Test mode Test status Input status, Note 2

L L H L L Read mode Internal status D7 = EOC, Dg = BUSY, D5 = MSB, D4 = 2nd MSB, D3 = 8/10.
D2 = Flag Output, Dy = MPX, Dg = MPX

L H H  Read mode High data byte D7—Dg = MSB — 8th bit
L L H Read mode Low data byte

Low data byte

D7—-Dg = 9th — 10th bit
D3—Dp=1L

Notes: 1. Designation of number of conversion bits: 8 bit = L; 10 bit = H.
2. Test Mode: used for inspecting the device. The data input-output terminals assume an input state and are connected to the A/D
counter. Therefore, the A/D conversion data read out after this is meaningless.

Bit Function

Write Mode Read Mode
Function Status Output High Byte Output Low Byte Output

Bit 170 10-Bit Note 2 8-Bit 10-Bit Note 2 8-Bit
. 07 Output EOC mse MSB 9th Note 3

D6  Output Busy 2nd 2nd LS8 Note 3

D5  Output MSB Note 1 3rd 3rd M Note 3

D4 Output 2nd Bit Note 1 4th 4th 012 Note 3

03 e 10/8-Bit 10/8-Bit Note 1 Sth 5th Low Low

02 10 Flag input Flag Output Note 1 6th 6th Low Low

IV ] MPX Address MPX Note 1 Tth Tth Low Low

oo 1o MPX Address MPX Note 1 8th 8th Low Low
Notes: 1. Previous conversion data.

2.

3.

In 10-bit mode, the uPD7002 operates as a 12-bit converter. Therefore, 11th and 12th bit data appear at Q11 and Q12, and the output
of Q11 and Q12 varies with analog input; however, the data contain internal noise and are meaningless.
Not to be determined
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Typical Applications Typical Microprocessor Interface

1

The high level input voltage of the uPD7002C is 2.2 V.

In a minimum component system configuration, tying
50 kQ resistors to DBy-DB7, Ag, A4, CS, RD, and WR
is recommended. The fan-out of DBy-DB7 is 1 TTL
level. In larger systems, use bus drivers as
shown here.

[

Use EOC as an interrupt signal if you have an
interrupt-driven system.

w

Use a 100 Hz low pass filter to decrease the conver-
sion error. Using the diode protection circuit shown
here is effective protection against high voltage
surges.

. The uPD7002 uses the integration technique for
A/D conversion, and it operates at a very low current
level. The external integrating capacitor (Cin7) is
directly connected to the internal integrator. Using the
guard pattern as shown below makes the operation
less sensitive to leakage current.

. Capacitors are tied to the X and Xg pins to stabilize
the oscillation, use a ceramic capacitor about 50 pF.
About 50 ms is required for stable oscillation after
initial power-on. Therefore, the first Write Mode Oper-
ation should occur after this interval.

Use of Bus Drivers

8080
System

Bus.

Analog
Input

3——-{@

=1,

)
Data Bus

P

Address Bus

(0]

Address
Decoder

©)

Ao A1 CS RD WR
CHo

!

uPD7002C

VRer

GND
GND v+ INTO Guard INTI

JHL pEE

I®
=
1,

83-002454A

System Bus
I -
08g DB, DB, 08; DB, 0B 08Bg 08y cs RD
ﬁ) o Q o] [e] o Q (P ((
DBy DBy 08, DBy 08¢ 08B DBg 08,
DIEN uPB8216C [} L— DIEN uPBB216C cS—
DLy DOy DLy DO: DL, DO; DL3 DO3 DLy DOp DLy DOy DL; DO, DL3 DOy
0By DB, 08, DBy DB, DBs DB DB cs RD
uPD7002C
83-0024538
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Typical Applications (Cont.)

Diode Protection Circuit

+5V

Voo

Analog
Signal
Input

uPD7002C

0.15
uF

15953
Vss

—

83-002455A

Guard Pattern

9]1:! Pattern
Pin 5 — Guard -

Pin 7-NC Pin 8-Vaer

©

Pin 4 — INTO

83-002456A

APPLICATION HINTS 1. EXTERNAL CLOCK

Noise Reduction

The uPD7002 is an integrating A/D converter; however,
it operates at a relatively high speed and the normal
mode noise rejection cannot be expected. Observance
of the following points will minimize noise induction to
the input of the analog circuit.

0 Use lower impedance in GND connection
0 Place the bypass capacitors for supply voltage and
VRger and analog input close to the uPD7002 (one
point GND is also effective)
O Isolate analog circuitry from digital circuitry:
— Component layout
— GND wire layout
— Shielding of analog circuitry (pin configuration of
the uPD7002 is suitable for the layout shown in the
next figure)

Shield for Analog Circuitry

PWB

CPo7002_]

r

VIV VY

Shield Case

b o

Re» {1 n

83-002457A

IF EXTERNAL CLOCK IS USED XI (PIN2) SHOULD BE USED FOR CLOCK
INPUT. XO (PIN 1) SHOULD BE LEFT OPEN.

2. D2 FLAG INPUT/OUTPUT

D2 FLAG INPUT DURING WRITE MODE CAN FREELY BE SET OR RESET
WITHOUT ANY INFLUENCE TO THE A/D CONVERTER ITSELF. D2 FLAG
OUTPUT DURING STATUS READ WILL HAVE THE CONTENTS AS PRO-
GRAMMED DURING D2 INPUT.

3. RESOLUTION

INTERNAL RESOLUTION IS 12 BIT BUT 11TH AND 12TH BIT DATA
CONTAINS THE INTERNAL NOISE ONLY, ALLTHOUGH THEY VARY WITH
ANALOG INPUT. TO INTRODUCE THE 7002 AS A 10 BIT A/D CONVERTER
SHOULD BE BETTER AND WILL STOP CONFUSION ON THIS MATTER.

4. GUARD PINS

TO MAKE THE 7002 LESS SENSITIVE AGAINST LEAKAGE CURRENT THE
GUARD PIN (PIN 5 AND 7) SHOULD BE USED IN THE WAY SHOWN ON THE

PAGE 20.
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Description

The uPD7003 is a high speed, high performance, low
power, 8-bit analog-to-digital Converter designed to be
easily interfaced to the 8080 and 8086, 8- and 16-bit
microprocessors. Using the parallel conversion tech-
nique, the uPD7003 features a conversion speed of 4 us
and eliminates the need of sample and hold circuits in
most applications. The uPD7003 is also capable of run-
ning under DMA control using a DMA controller such as
the uPD8257. Available in a 24-pin ceramic/plastic DIP,
the uPD7003 is the ideal converter for high speed
8-bit designs.

Features

[J High speed conversion (250 k samples/sec. max.)

O Input consists of 255/1 matched autozeroed
comparators

0 No missing codes over temperature range

O Linearity +1.25 LSB max.

0 Three-state outputs

O Overrange output

[0 Operates from single +5 V supply

O Low power consumption (50 mW)

Ordering Information

Operating
Part Temperature
Number Package Range
4POT003C Plastic DI ~26°C s +70°C
4PD7003D Ceramic DIP ~20°C to +80°C
Absolute Maximum Ratings
Ta = 25°C
Qperating Temperature, C Package —201to0 +70°C
Operating Temperature, D Package —20to +70°C
Storage Temperature —65to +125°C
All Input Voltages -03teV+ +03V
Power Supply ~03t0 +7V
Power Dissipation 300 mw
Analog GND Voltage +03V

Comment: Stress above those listed under "Absolute Maximum
Ratings” may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any
other conditions above those indicated in the operationalsections of
this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Pin Configuration

24 |1 08, (LSB)

b, 2 23] GNDp
NC. 3 22[] GNDa
08, (J4 21 1] Vaer GND)
o8, 5 o 20{Jwn
o8B, []6 9 19 [JGNDA
o8, 7 g 18 [10€
08B, (MsB) (] 8 g 17 [JDACK
OVER []9 1w []Cs -
v+ Q10 15 []Cix
Vaer [ 11 u[]ic. (TEST)
vi g2 13 ] MODE

83-0024584

Pin Identification

Pin Name Function
1 i: 0 7th bit output
2 08, 6th bit output
3 NG Non connection
4 083 5th bit output
5 084 4th bit output
6 DBg 3th bit output
7 DBg 2th bit output
8 DB; MSB output
9 OVER Overrange output
10 v+ Power supply [+5 VI
n VRer Reference voltage input (positive)
12 v+ Power supply (+5 V)
13 MODE MODE control (note 1)
14 ‘TEST Low: Device test {used for inspecting the device)
High: Conversion
—15 LK Low: Previous data output
High: Quantizing
16 TS Chip select
17 DACK DMA Acknowledge
18 [ Low: Data output
High: High impedance
TQ AGND Analog ground
20 Vin Voltage input
21 VREF(GND) GND for Vger
22 AGND Analog ground
23 GND Digital ground D
24 DBg (LSB) LS8
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Pin Identification (Cont.) ' Notes: 1.
Pin Name Function Inputs
19 GND, Analog ground Mode [3 8-Bit Rogistor
20 VN Analog input . 1 Data refreshed with every CONV |
21 VREFN Referancs voltage input (negative) (Note 2) 0
2oy waywd 0
23 GNDp Digital Ground 0 No change
24 DBO LS8 output

2. Tie to the analog ground uniess external zero adjustment
required.

Block Diagram

VRer  Vin
|
3Rz
b3
Over Range —
Latch b—*—————bo———o GVER
>
3R
b3
’__D_ —O o8,
b
3; R }—O o8
08Bs
Selactor Encoder 8 8it 3-State [—O 08
| | (ROM) Register  }— Buffer O b8y
oy
\ | —O 0B,
—O 0B,
> ——
:; R —O DBy
»1 2
) E
3R2
cMP
256
VReFN
input Butter
cs DACK OE LK. MODE TEST
83-002459C
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DC Characteristics
TA = +25 DC, V4 = VREF =50+025V

Limits Test
Parameter Symbol Min. Typ. Max. Unit Conditions
Power Supply Current Ige 6.0 18.0 mA gy = 4.0 ps. twy ¢ = 2.0 us Note |
High Leve! Qutput Voltage Vou 28 v lg=—20mA
Low Leve! Output Voltage VoL 0.4 v lg=—-10mA
Digital input Leakage Current ik 1 10 7} OV=Vy=V+
Digital Output Leakage Current lowk 1 10 ph OV =Vgsv+
Reference Input Current T IREF 119 1.79 3.57 mA  CLK=HorL Note |
Analog Input Resistance Rin 1 35 kQ Vg =25V. tgy = 4 us. twig = 2 us Note 2
Reference Input Capacitance CRer 100 pF fe = 1 MHz: unmeasured pins returned to Ground
Analog Input Capacitance Ciy 100 pF fgy = 1 MHz unmeasured pins returned to Ground
Power Dissipation Pp 50 mW  tgy = 4.0 us, tyig = 2.0 us

Notes: 1. This means DC current. Tie the bypass capacitors (electrolytic capacitor > 10 uF, ceramic capacitor = 0.01 uF) to V+ and Vrge pins, in
order to absorb rush current (= 10 mA).

2. DC input eguivalent circuit is shown below.

RIN
VIN O~ v

Coyp
/I
Tie the bypass capacitor (> 0.01 uF) to the analog input pin. 3 mA peak current flows into this pin.
AC Characteristics Conversion Characteristics

TaA=2542°C;,V+ =50V Ta=25+2°C;V+ = Vggr = 5.0 V;
tcy = 4.0 us; twic =20 us

Limits
—— Test

Parameter  Symbol Min. Typ. Max. Unit Conditions —— - Test
1060 100 350 s 0FE i — D0 Parameter  Symbol Min. Typ. Max. Unit Conditions

Resolution RS 8 8 8 B 200LW

Output
Delay Time

Nonlinearity NL +1.25  LSB

Full Scale +1.00 LSB

Delay Time .. 'FEQ 70 200~ es 0BT 00 Error

1o Floating 150 150 450 s St —D0 Full Scale
Error Tem- 20
perature
Coetficient

ppm/°C

Zero Scale

Error ~-0.7% +0.75 LS8

Zero Scale
Error Tem-
perature

Coefficient

20 ppm/°C

Note: 4PD7003C: Tp = 0°C to +70°C.
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Recommended Operating Conditions
Ta = 0°C to 70°C: uPD7003C,
Ta = —20°C to +80°C: uPD7003D

Limits

i Test
Parameter  Symbol Min. Typ. Max. Unit Conditions
Supply
Valtage V+ 475 50 526 V
_Reference
Input Voltage ~ VREF 40 v+ V+ v
Analog
Input Vin -0t V++01 ¥
Voltage
High Level
Logic Input Vin 24 v+ v
Low Leve! _
Logic Input o o LU
Sampling 10 250k times/s
Rate
Conversion
Cycle Time Ity 40 100 us
TONV High
Lovel width ~ 'whe 20 us
CONV Low
Lovel Wigtn ~ 'wie 20 us
CONV Sett ) — —_
Time ol ISCE 1] Note1 ns  CONV!—DE!
CS Sety . —
Time ’ ISSE 100 ns CS1—-DE!
CS Hold R
Time Wes 0 ns  OE1—CS!
OE Setu [E—
Time " 1gec 600 ns El— CONV !
OE Hold —
Time twee 400 ns CONV ! —~OE |
OE Low
Level Width twee 400 Noe2  ns
Digital
Input Rise
and Fall LAl 50 m
Time

Notes: 1. tgce (ns) < tgy (ns) — twy g (ns) — 100 (ns).
2. twig (ns) = tgy (ns) — tgce (ns) — 100 (ns).

NEC

Referring to the block diagram, the reference voltage is
set externally to some desired level which references the
individual internal components such that Vrgr is divided
equally by 256 resistors in a ladder/divider configura-
tion. The applied voltage to Vyy is then compared to the
reference level and the individual samples are sent to the
selector section where the individual signals are multi-
plexed to form an address data word. The data word is
then further encoded to form the final 8-bit data byte by
the encoder ROM, and stored.in the 8-bit register until
the Output Enable Command. Then the data is sent to
the data bus via a three-state buffer.

There are two modes of operation for the uPD7003. Fig-
ure 1 shows the timing diagram for mode “0” where the
converter is operating in continuous output mode. The
analog input is sampled when the clock is in the “low”
state. When the clock is in the “high” state the conver-
sion from analog-to-digital takes place and the resultant
data is output on the next falling edge of the clock pulse
and the cycle is repeated.

The second mode (Mode 1) is shown in figure 2. In this
mode of operation, one conversion takes place while the
clock is in the low” state and the resultant data is held
as long as output enable and Chip Select (CS) or DMA
Acknowledge (DACK) are “low.” Data refresh is inhibited
until CS and DACK are recycled.

MODE = “HIGH” .

Data is refreshed on the falling edge of CLK, loaded
during the “low” clock state, and converted and output
during the “high” clock state.

MODE = “LOW”

Data is loaded and converted when Output Enable is
“low” and refreshed only when OE makes the transition
from high to low again.

Note that in either case data will only be accepted and
output when OE and CS or DACK are active (“low"). Out-
put enable should not be changed during the intervals
shown in figure 3. The timing for output enable change
versus clock transition is 600 ns before and 500 ns after
the rising or falling edge of CLK any attempt to change
OE during these periods will be inhibited.
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Timing Waveforms

Figure 1. (MODE;0) Figure 2. (MODE;1)

)
d twie ——|
CONVJ‘ ’QK ,‘ \
. )
hstqn————o tHES

Cs,

DACK
oo == o o B
ooy [FLoATING O} | Froamne_ - o | O ) 4

o] f‘—'ncovu . o

oveR X *

33-002360A 83-001677A
Figure 3. Timing Chart
| 600 |400 600 |400
! ns ns ns_ | ns
cLx | } 4 /
! i
T
|
| .
o8 KA == T XX
e }._ —s| l<~——>1
OE Level Change: OE Level Change: OE Level Change:
Inhibited Inhibited Inhibited
83-0024628
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TIMING DIAGRAMS

1. CONTINUOUS
OUTPUT MODE

2. LATCH
OUTPUT MODE

OPERATION OF
INTERNAL
CIRCUIT BLOCK

f——twic

CLK \

—{tSCE j=—

tSSE—={=—TtWLE
(ﬁ
{DEO —=f tFEO}=—tDSO = —=] 1FSO

A

DBg.y === ==m—— == —— -
N

—={ [=—DCOVR
o '
OVER L
*1: The last coversion Data are output.
CLK

tHCE —e{-—1SEC

1. COMPARATOR

Reference voltage (VREF) is divided by 256 resistors, and 256 comparators simultaneously
compare analog input voltage (VN) with the divided voltages.

2. SELECTOR, ENCODER

Selector accepts the outputs of comparators, and detects the position of comparator which
corresponds to analog input voltage.

The encoder generates an 8 bit code by transiating the output data from selector.

When the analog input voltage (V) is higher than the reference voltage (VREF), the selector
generates an over range signal (OVER).

3.8-BIT LATCH

This register temporally stores 8-Bit data from encoder.

4. LOGIC CONTROL
This circuit block generates internal control signals according to external control signals.

10.90



N E C WPD7003

OPERATION MODES According to the different conversion output, two modes of operation are available.

1. CONTINUQUS The actual conversion time of uPD7003 is shortened by using pipeline processing mode.
OUTPUT MODE

(MODE =H)

INTERNAL TIMING \———-/——
Comparator Output :>————— “
8-Bit Latch Output Da—2 >< Da-1 >z Da

Tey

The pipeline processing consists of 3 steps:

— Comparing by comparators,
— Generating 8-Bit data in selector and encoder,
— Holding conversion data in 8-Bit latch.

Analog input signals are sampled at the low level interval of CLK. The conversion data are out-
put at the subsequent falling edge of CLK.

CONTINUOQUS
OUTPUT . : i
MODE TIMING Analog Operation —Q-A— ~ Yy —0~~——0—-——0————
3
CLK

# ¥
DBQ.7 —————— —(( wo XA X A e
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2. LATCH
OUTPUT MODE
(MODE=1L)

In this mode, uPD7003 operates the same A/D conversion operation as continuous output
mode, but with an additional 8-Bit latch op.ratio&_ln latch output mode, updating of 8-Bit
latch data is inhibited at the low level interval of OE, and holding the last latched data.

Analog Op:

INPUT
CHARACTERISTICS

INPUT CURRENT
WAVEFORMS

]
[ ]
®
3
b
[ ]
'
>
4
<

(A) e

Vop=VREF=5.0 VpC
150 fcoNv=250 kHz

100 |-
.

-

£3 wof

2

o8

- 2 0 L s L 1 L
2° 1 2 3 4 5
- ~50 |- / Vinoc (V)

INPUT VOLTAGE

IIN: (VDD = VREF = 5.0V, foLK = 250 kHz) POWER SUPPLY

CURRENT
WAVEFORMS

CLK
pp (VDD = VREF = 5.0V,
fCoNV = 250 kHz)

lIN-at VIN =5V

lIN-at VN =4V

IIN-at V)N = 25V

IIN-at VN =1V

IiN.at VN =0V
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APPLICATION HINTS  Note 1: Data of Aq and A2 are not held.

Note 2: Please do not change the level of O signal during the intervals shown below.

e MRRR, | MR
T
] [Ba— [
OE level change OE level change OE level change
inhibited inhibited inhibited
PACKAGE OUTLINE o A o
uPD7003C I 7 .
(PLASTIC) r L
==
H -
G

o

’ ’i"--l [—F J:L— »”-ﬁl A€ \

ITEM MILLIMETERS INCHES

A 33  max 13 max
B8 253 0.1

[ 2.54 0.1

D 05 +0.1 0.02 +0.004
E 27.94 1.1

F 15 0.059

G 2.54 min 0.1  min

H 05 min 0.02 min

I 5.22 max 0.205 max

J 5.72 max 0.225 max

K 15.24 0.6

L 13.2 0.52

2 zs 00 oor *aa0%
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PACKAGE OUTLINE
uPD7003D
(CERAMIC)

e K

ITEM MILLIMETERS INCHES

A 30.78 max 1.21 max

B 1.53 max 0.06 max

c 254+0.1 0.10 +0.004
D 0.46+0.8 0.018 £ 0.03
E 27.94+0.1 1.10 +0.004
F 1.02 min 0.04 min

G 3.2 min 0.13 min

H 1.02 min 0.04 min

! 3.23 max 0.13 max

J 4.25 max 0.17 max

K 15.24 typ 0.60 typ

L 14.93 typ 0.59 typ

M 0.25 +0.05 0.010 # 0.002
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Description Pin Configuration

The 4PD7004 is a 10-bit monolithic CMOS analog-to-

digital converter using the Successive Approximation Analog Input CH, Analog Input CH,
Register (SAR) technique. The uPD7004 incorporates an Analog Input CHy Analog Input CH,

Analog input CH,
Analog Input CH;
Reference Input V Rer

Analog Input CH,
Analog nput CH,

8-channel multiplexed analog input and full microproc-
essor interface to achieve a high degree of versatility. The

designer has a choice of either serial or parallel output GND o v
and interface to 8080 type microprocessors or advanced 0B,/SO g TS Chip Select
signal processors like the uPD7720. 08y/s! g RD/5CKi
DB,/SHIFT 2 A0
DB,/SCKO WR/STB
Features DBY/SOEN MC Mode Select
. ‘ 0B,/CODE CLOCK INPUT
U 8-channel multiplexed analog input 0B,/DEV1 EOC End of Conversion Output

O Serial or parallel interface DBy/DEVO v

[ 10-bit resolution o WMJ
O Linearity: 1 LSB max. (Ta = 25°C) —
O Conversion time: 100 us (foix = 1 MHz . .
O Input voltage range Ofo \(/jr”‘ ) Conversion Characteristics
O Temperature range from —40 to +85°C Ta :_25 °C,V+=Vger =4.5t05.5V,
O Operates from single +5 volt supply foik = 1 MHz
Limits Test
Ordering Information Parameter  Symbol Min. Typ. Max. Unit Conditions
Operating Resolution 10 10 10 Bit —40 to +85°C

Part | Temperature

Number Package Range Nonlinearity NL +1.0 LSB

uPDT004C Plastic DIP —40°C to +85°C é'"’ Scale L05  LSB

rror e
Zero Scale

Absolute Maximum Ratings Temperature 2 ppm/°C  --4010 +85°C
Ta=25°C Coefficient

Supply Voitage, Vpp —0310+7.0V ::::"s"" -0.5 05  LSB

Input Voltage, V) ~03t0V+ +03V Full Scale

Reterence Voitags, VRgF ~031t0V+ +03V é'";ﬂ"""" 2 ppm/°C 40 to +85°C

Operating Temperaturs, Topy —40 to +85°C oeficient

Storage Temperaturs, Topt —65 1o +125°C N 0 4010 +85°C

K X iy +2 LSB _

Comment: Stress above those listed under “Absolute Maximum Rat- (T = Top1)

ings" may cause permanent damage to the device. This is a stress
rating only 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 reliability.
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Pin Identification

Paraliel Mode Serial Mode
Pin Symbol Direction Function Direction Function
1 CH4 Anslog input CH4 ’
2 CHS Analog Input CH5
3 CHE Anslog inpst CHE
4 cH7 Ansloy input CHT
5 VHger Positive refsrence input
6 BND Ground
7 DB7/50 0 Data bus (M3B) 0 Sorial output
8 DB6/SI 0 Data bus (2nd) [ Serial input
9 DBS/SHIFT 0 Data bus (3rd) [ LSB/MSB 13t salect
10 DB4/SCKD 0 Data bus (4th) 10 Serial clock outpt
" DB3/S0EN. 0 Data bus (5th) 170 Serial output enable
12 DB2/CODE 170 Data bus (6th) [ Code sslect
13 DB1/DEVI 10 Data bus (7th 1 Frequency divide ratio set
14 DBO/DEVO 170 Data bus (LSB) [ Froquency divide ratio sat
15 v+ Power supply
16 EoC 0 End of conversion (active low)
17 cLoCcK 1 Clock input
18 MC 1 MODE select (H = Paralisl, L = Serial)
19 WR/STB 1 Writs input 1 Strobe input
20 AD 1 Addrass input 1 Intornal/axteraal shift clock
21 AO/SCKI [ Read input [ Sarial clock input
22 [ | Chip select
23 v+ Power supply
24 6ND Ground
25 CHO Analog input CHO
26 CHI Analog input CH1
21 CcH2 Anslog input CH2
28 CH3 Analog inut CH3
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Block Diagram
cLocK :f ?(? WET?QTF RD/SCKT u(lé:
CHO O— Programmable —0 Ao
cH1 O Svld« g CKi ——O EoC
1
| MPX
|
1
CH? O—
[~

Bi-Directional
Shift Register

10-8it J DB7/SO
DicA D86/SI
Converter Three DBS/SHIFT
Bevces
Buffer
Vrer + O—4 DB2/CODE
Status, Address | DB1/DEV1
Latch DBO/DEVO

GND O—

83-002483C

AC Characteristics
Ta = —40°C to +85°C, V+ = Vpgr =5V £ 0.5 V, fck) = 1 MHz

Limits

Test

Parameter Symbol Min. Typ. Max. Unit Conditions

Output Delay Time UL RTINS SUT s RDI—DB(praleimode) L
toko 250 ns  SCKI I, SCKO | — SO (serial mode)

Output Floating Delay Time L] ! 50 ...... .o T ' “ !'?'.‘!".'. [".":'."’! ﬂ"!!' ........... e
1rcS0 150 ns CS t — SO floating (serial mode 1)

Serial Clock Output Delay Time 1sKS 40 200 ns SCKO 1 — SOEN | {serial mode 2)

Serial Qutput Enable Delay Time 1HKS 0 200 ns  SCKO | — SOEN ! (serial mode 2)

Serial Clock Output Cycle LYK VAP ns (Serial mode 2)

High Level Serial Clock :

Pulse Width WK 400 ns  (Serial mode 2)

Low Level Serial Clock

Pulse Width WLk 400 ns  (Serial mode 2)

Serial Clock Rise Time tRSC 20 ns  (Serial mode 2}

Serial Clock Fall Time Se 20 ns  (Serial mode 2)

10.97



«PD7004

NEC

DC Characteristics

Ta = —40°C to +85°C, VRegr =5V £ 05V, fy = 1 MHz

Limits Test
Parameter Symbol Min. Typ. Max. Unit Conditions
High Level Output Voitage Vou 35 v lg=—1.6mA
Low Level Output Voltage Vor 0.4 v Ig=16mhA
Digital Input Leakage Current ¢ ~10 10 uh Vi GND o
High-Z Output Leakage Current loLk -10 10 uA Vg =GND
Analog input Resistance Riy 1000 MQ  Vijy = GND
Equi Analog Input . ‘r.«,.,. .............. 1 n _____________ k Q o Analog input impedance is equivalent to that of the series circuit
i 100 oF of Ry and C)
Reference Inpul Resistance RREF 5 50 kQ
Power Dissipation Pp 5 15 mw
Recommended Operating Conditions
Ta = —20°C to +80°C
Limits Test
Parameter Symbo! Min. Typ. Max. Unit Conditions
Supply Voltage V+ 4.5 5.0 5.5 v
Reference Voltage VREF 4.0 Vpp v
Analog Input Voltage Vin 0.0 VREF v
High Leve! input Voltage Vi 24 v
* Low Level Input Voltage iL 0.8 v
Clock Frequency ) feik 04 8.8 MH:z
Internal Clock Frequency feiki 04 1.0 11 MHz foiki = feik > Divide Ratio
Parallel Mode (MC = High)
Address Setup Time S .‘M ...... 50 ...................... LRI
tAR 50 ns
Address Hold Time AN ,‘W.ﬂ. ...... 50 ...................... RN,
1RA 50 ns
WA Pulse Width W 400 s
"RD Pulse Width R 400 s
Data Setup Time tow 300 ns DB~ WR !
Data Hold Time wo 100 ns WR1 DB
Serial Mode 1 (MC = Low, AO = Low; External Serial Clock)
EOC Hold Time tHECS 0 us EOC | — CS!
CS Setup Time 1SCSK 1 us TS —~ SCKI |
Serial Input Setup Time 1SIK 150 ns 1 -~ SCKI 1
Serial Input Hold Time HKI 100 ns SCKi 1 —SI
Ir;:r:‘L;:i:i' hSarlal Clock WLK 400 s
:m:&:::hmnal Clock WHK 400 s
Strobe Pulse Width IwWLST 200 ns
Strobe Hold Time tHKST 200 ns SCKt —- ST !
Chip Select Hold Time HKCS 100 ns sckt—cst
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Addressing the Inputs

One of eight analog inputs can be selected with the
uPD7004 in the “write” mode and A0 at pin 20 set “low.”
The “write” mode is selected by setting the Chip Select
(CS) at pin 22, and Write (WR) at pin 19, “low” or 0. The
multiplex channel select is accomplished by presenting
a 3-bit binary code to DBO to DB2 at pins 14, 13, and 12
where 000 = channel 0 and 111 = channel 7.

Referring to figure 1, the sequence is:

O Chip Select (C8) and A0 set “low.”

O Write (WR) set “low.” (Read (RD) is left “high.")

O Analog input channel selected by presenting a 3-bit
binary code on pins 14, 13, 12 (DO to D2).

O The address is latched and the desired input channel
is now selected.

Figure 1. Write Mode Timing Diagram

(1) Write Mode
Sa__ X X
aw *”ﬁ ] - twa

[ W |
L e——— S —
WA | |

- L
| |- twp
08, X
83.002365A

Initializing the Converter

The uPD7004 gives the designer a choice of the type of
data output format, either a 2's complement or binary, and
the speed of operation by providing a programmable fre-
quency divider. These options may be selected by the
controlling system at any time by the “initialize” mode.

The “initialize mode” is set with CS and WR both “low.”
RD and A0 are set “high.” Code select is accomplished
by presenting either a "high” for 2's complement or “low”
for binary output at DB2 (pin 12). The divide ratio of 1/1
to 1/8 is set by presenting a 2-bit code to DBO (pin 14)
and DB1 (pin 13).

Ratio DBO DB1
11 L L
1/2 H L
1/4 L H
1/8 H H

Data Qutput

Data can be read in 2 bytes from the data output at pins
7 through 14 (DB7 to DBO). To read the high byte, CS and
RD are both “low.” To read the low byte, AO is set Low
and data bit9 and 10 are present at DB7 and DB6 respec-
tively. During the low data byte read DBO through DBS
are “low.”

Referring to figure 2, the sequence is:

0 Chip Select (CS) “low” and AO (pin 20) “high”
[0 Read (RD) set “low” and Write (WR) set “high”
[0 Output high byte (MSB to 8th bit)

O A0 set “low”
0 Output low byte (9th bit and LSB)

Figure 2. Data Output Timing Diagram

(2) Read Mode

CS. A X X

TheC ion S

onversien S5

TheuPD7004C uses the Successive Approximation Reg-
ister (SAR) technique to convert analog voltage levels to
10-bit digital code in either 2's complement or binary for-
mat. Regardiess of the type of data output (either serial
or parailel), the conversion process is the same

Once the clock frequency and the output data format
have been set, and the analog input selected, the con-
version process begins with the analog level compared
to the existing level from an internal 10-bit digital to ana-
log converter. The D/A output level is proportional to the
existing code output from the Successive Approximation
Register which is proportional to the input level from the
comparator.
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uPD7004
Data Bus 1/0 Operation (Parallel Mode MC = H)
Pin  Symbel Function
22 €3 oL L L L L L
19 WR x A L L 0 1 L
21 D x M H [} L L L
20 A0 X X L} L H L X
—  Operation Ne Opsration Initialize MPX address High byts resd Low byt read Inhibit
satting
7 et - = 082 = CODE D82,1.0 = Anmsleg  DB7 ~ DBOD DB7, DB6
salect
W=2scomp  CHselect =MSB~8h  =0m LS8
L= binary 0,0.0~11,1 085 ~ DBO
DB1, DBO = divide = CHO ~ CH7 = LOW level
ratie
: : 0,0~11
14 08O - - =1/1~1/8
Serial 170 Operation (Serial Mode 1, 2, MC = L)
Serial Mode 1 Serial Mode 2
(External SCK, A0 = L) {Signal Processor Mode, A0 = H)
Pin Symbol Direction Function Direction Function
7 S0 0 Serial output (thres state). Data are output
at the falling edge of SCK) or SCKO.
8 Si | Serial Inut. Data read at the rising edge of | Tie to V-+
SCKI or SCKO.
9 SC | Shift select (/L — LSB/MSB first)
10 SCKO — Tie to GND 0 Serlal clock output (= internal clock)
" SOEN - Tie to GND 0 Serial output enable (active low)
12 CoDE | Code select (H = 2's complement, L = binary)
13 i | Fraquency N1, 0=10,01,1
14 DIvo 1 Divide ratio setting =111
8
18 S8 [ Addrass strobe input MPX addrasses are 1 Tie to GND
latched at the rising edge of STB input.
21 SCKI | SCKI controls the shift operation of 1/0 - Tie to V+
interface shift register. Data ars output at the
falling edge, and input at the rising sdge.
22 [ | Chip select signal input. Low levs! of TS | Internal sequence reset signal input.

resets the internal sequence, and 1/0
Interface is enabled.

Sequence controller are reset at the low level
of CS, and A/D conversion starts at the
rising edge of CS.

Notes: 1. In serial mode 1. 1/0 pins listed below are strobed by cs signal. Therefore, when TS = HIGH, input signals are ignored and output

pins are left at high impedance state. Input terminal; SI, STB, SCKI Output ter

minal, SO

2. In serial mode 2 (signal processor interface mode). By initialization, analog input MPX of CH7 is automatically selected.
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Parallel Operation
v+
Successive
i | Approximation Register [*—— CMP
[13
O/A
Section
10-81
DB,-DB,
83-0024698
Serial Operation
Ao !MC
Successive
Approximation Register | = CMP
sC
Si Demultiplexer D/A Section
_ 10-B# Bidirectional
cso—_D Shift Register ’]
SCKIO—4
SO
ot I o
Three State Buffer
‘ O pivo
FYe) CODEoIv‘
83-0024708
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Timing Waveforms

Serial Mode 1

EOC
{oej-tHECS

-
>

A
ks
tSCSK ——fa—— WHK - tHKCS: |
s ————
twik fa—tSiK—e |a-tHKi >
St §
, S, — A
|- —tHKST- -»‘
sT8 iz
foko MLSTH | je—1Fcso
[ J A — - x ; . x X - — —
83-0024678
Serial Mode 2

s X

(. ¥

1sns*-1 L—

L

wo — \__/

- S i
A Sy 3

I-— toxo

o ————~CX

X XX X XO—

83-0024688
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Timing Waveforms (Cont.)
Paraliel Mode Timing Chart (MC = H)

1. Sequence Example
High Byte Read

Status Write Low Byte Read

MPX Address Write MPX Address Write

High Byte Read High Byte

Low Byte Read I.o{t Byte

1 it
U T

2. Status Write (Executive as Initialization)

1
T

3. Address Write

s\

/

o8 ——————XXXX

XRR=———=====

Internal Sequence Clear A/D Conversion
4. Data Read
cs | e
WR

H:High Byie
LiLow Byte

os 4 )

83-002471C
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1. Outline

The pPD7003 is the high-speed 8-bit A/D converter which contains a resistor network and 256 voltage comparators. The 8-
bit digital output is a 3-state parallel output, which allows the WPD70083 to interface easily with microprocessors.

The uPD7003 employs pipe-line processing thereby performing A/D conversion at high speed and outputs the converted
data per clock cycle.

However, in the case of the clock (CLK) signal for A/D conversion and the microprocessor’s read signal for data output
running independently, read errors may occur when changing points of data conversion fall on the read signals.

Thistechnical document provides the following as an example of the interface which controls the uPD7003 efficiently,
without changing the microprocessor's system flow (i.e., without deteriorating the throughput):

(1) Interface using the WAIT signal

(2) Interface using the yPD780’s/uPD70008's M signal

(3) DMA interface for high-speed data aquisition

For the uPD7003’s specification and characteristics, refer to the data sheet.

2. Design and Function of the A/D-Converter uPD7003

The uPD7003's digital interface circuitis structured as that it can be directly connected to the microprocessor’s 8-bit
bus.:

Figure 1 presents the block diagram.

Block Diagram

VREFP VIN
R/2
+~ OVERRANGE —
R o OVER
i EC] By -oBor
‘EJ 2 L oDOs5
Y 3-STATE -0 DO4
R ®» BUFFER [0 DO3 .
R/2 (ROM) 9002
1 DO
[ 5 DO1
J) o1 o2 _I DOo,
VREFN I0E

INPUT BUFFER

IR

VSS VDD GND CS DACK OE CLK MODE

Fig. 1 Block diagram

This digital interface utilies the data bus (DBO ... DB7), CS and OE signals and serves as an interface similar to the micro-
processors’s peripheral I/0O device.

Table 1 shows the function of each pin.
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Pin Description

Symbol Pin Name Pin. No. Function

DBO .. .| Databus 1,2,4... | The result of the A/D conversion is output to the databus lines with TTL

DB7 8,24 level. The lines stay in a high impedance state at stand-by mode.

OVER | Overrange 9 Output at the rise time of the CLK signal when the analog input exceeds
the range of the voltage range.

OE Output enable 18 Output enable signal.
Connect with the RD signal of the microcomputer.

DACK | DMA Acknowledge 17 Input for the DMA signal when using a DMA controller like the uPD8257.
If not using the DMA, connect to VpD.

CS Chip Select 16 Turn to a low-level for a data read.

CIK Clock 15 Controls the timing of the internal circuit. The analog iput is just con-
verted before the rising edge of this signal.

(TEST) | Test. 14 Used for testing the uPD7003.

) Connect to Vpp when desired to use.

MODE | Mode Switch 13 Turns to a serial operation mode on high-level and continiously output at
low-level according to the CLK signal.

VDD Power Supply 10, 12 Power supply pin. Apply +5V.

VREF Reference Voltage 11 Reference voitage input pin.
The input impedance is >12.5 KQ.

GND Analog Ground 19,22 Analog ground pin.

vss Digital Ground 23 Digital ground pin.

VREFN | Reference Ground 21 Reference ground pin.
Sets the lower level of the A/D conversion range. Normally used at the
ground level.

VIN Analog Input 20 Analog input pin.

Table 1: Pin functions

3. A/D CONVERSION AND INTERFACE ERRORS

The uWPD7003 employs pipeline processing for high-speed performance and aquires one converted data per clock cycle.
Then it is a prerequisite to apply a clock preceding the conversion properly at a certain point in the yPD7003 internal
sequence. Therefore, entering a clock more than two cycles in succession is required for the yPD7003 to implement the A/D
conversion.

The A/D conversion is always executed upon the CLK signal input. When the CLK signal and the microprocessor’s perfor-
mance are implemented independently as shown in Figure 2. That is, because there is a possibility for the microprocessor to
read incorrect data when the update timing (the fall time of the CLK Signal) falls on the rise time of the microprocessor’s read
signal.
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LATCH An- A
LaTeH ) n-1 - N X AN+

J— T T T /
oe S | SR
DBO...DB7 (AN ) { AN X O—

NORMAL READ ABNORMAL READ

Fig. 2 Read timing
4. INTERFACING THE ,PD7003 TO MICROPROCESSOR-SYSTEM

Shown below are the examples of the interface, which effectively eliminates such read errors of the microprocessor as
mentioned above.

4.1 An Interface Using the WAIT Signal
Figure 3 presents an example of an effective interface circuit, using the WAIT signal of the uPD780 or uPD70008.
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uPD7003

wPD780 SYSTEM

( ADDRESS BUS
M M
< DATA BUS
‘/ ™ 4
2
IORQ
RD
< > Q
ADDRESS .
DECODER
e}
DBO . ..DB7
OE
] TS  ,pp7003
d J $—{ MODE
T L BACK TR
WATT -
@ o la

CK <—} CK

Fig. 3 Interface circuit using WAIT signal
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In the circuit shown above, the PD780’s I/O read cycle is being executed while the clock signal (CLK), entered to the
wPD7003, is in a high level. It applies the WAIT signal to the uPD780, thereby turning the CILK signal to fall, and allowing the
uPD780 to read data. Figure 4 indicates the timing.

The CLK signal shown iri Figure 3 is delayed two cycles by sampling it with the system clock.
Using this circuit generates a variation up to 2 ps in the I/O read cycle execution time depending on the level (high or low) at

which the cycle is implemented. Nevertheless, the circuit is very favorable, having no restrictions to the uPD780’s software,
and thus causes no troubles in programming.

jo—T1 —ola— T2 —o}e—TW —oja- TW —je- TW —oje- T3 —of

g °
L
7’§

K

N
wmo T\ |

DATA LATCH \X
{INTERNALLY) AN AN+
DBO . ..DB7 ————( AN X AN+1 ) —
Fig. 4 Read timing (WAIT)
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4.2 An Interface Using the M1 Signal

The interface described below is as effective as the one shown in chapter 4.1. It enters the CLK signal to the pPD7003, from
the M1-signal which is output from the WPD780/70008. An example of this circuit is given in Figure 5.

< ADDRESS BUS >
2 N .
w A Y
E’ DATA BUS >
w v
o -
8 T
E M1
ORQ
RD
< >
ADDRESS MT
| DECODER
DBO...DB7
— O©OE
uPD7003
MODE Q D
DACK CLK Q CKJ

Fig. 5 Interface circuit using M1 signal
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In this example, the M1 signal which is h is output at the first cycle (OP-Code Fetch Cycle) of each instruction of the yPD780 is
used, after dividing into two, as the CIK signal for the pPD7003. The timing for the A/D converted data read (during the 1/0
Read cycle) avoids falling on the changing point of the CLK signal (during the OP fetch cycle), since they operate in different
cycle-periods as shown in Figure 6.

In addition, the division of the M1 signal being implemented at the rise time of itself, provides a surplus in the rise time of the
OE signal to the changing point of the CLK signal. The timing is shown in Figure 6.

§¢~OP CODE FETCH CYCLE ——f MEMORY READ CYCLE —f=—— I/0 READ CYCLE “*’4

|‘1|*Tz-k T3 b T4 oo T1 -wbe T2 ot T3 —fa-T ] —orfer T2 -t TW = T3 ﬁ

A AVAVAY AV AV AN AV AU AV AV AVAVAVAW
S A

K T\ ;,__#

O—E \_“/'——’—"“""’

DATA LATCH ; A e
(INTERNALLY) AN X N R

DBO...DB7

Fig. 6 Timing for IN instruction execution

This circuit, however, cannot satisfy the requirement for the yPD7003'’s clock if the microprocessor’s instruction cycle is less
than 2 us. This is because one instruction cycle of the uPD780 is equivalent to-half the conversion cycle of the uPD7003.

»

ot ol H=a¥{ nnhinuna AAanuarsinn i
Note, aiso, th aﬁ the uPD7003 achieves conversion in pipe-line processing, and more than twe cycles of the CLK signal are

equired to aquire one A/D converted data. Therefore, each of the three instructions preceding the IN instruction (by which
the uPD780 reads the converted data) need to use more than 2 us for its execution.

- =

To avoid such complicated handling of the instruction selection, one more frequency divider 741874 (shown in Figure 5)
may be added, thereby making the division ratio 1/4.

4.3 An Example of DMA Interfacing

An Example of the interface which handles high-speed data aquisition using DMA transfer, is presented in Figure 7.
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In the example above, the data converted by the uPD7003 is directly transfered to memory by use of the DMA controller
uPD8257. The memory write signal (MEMW) which is output at the a clock to designate the uPD8257, is used in a extended
write mode as a clock to designate the pPD7003’s conversion cycle. By employing the extended write mode, the MEMW
signal becomes halfdutied and is output from the uPD8257 at the DMA block transfer time. In addition, the MEMW signal runs
synchronously with the OE signal (4PD8257’s I/OR signal output) thereby eliminating such read errors mentioned before.

The DMA start is commenced by externally entering the DMA request signal to the yPD8257. Then the CPU turns to a hold
state and the DMA transfer first brings invalid data. Valid data is offered from the second transfer like shown in figure 8 timing
chart.

In the example mentioned below, the WPD8257’s MEMW signal, of which maximum frequency is 250 kHz, is used as a clock
for the yPD7003. This means that the maximum CLOCK signal input from the uPD8257 is 1 MHz.

The system with the DMA controller is convenient for analyzing analog information since it performs sampling in a periodic

cycle, while each system explained in 4.1 and 4.2 achieves sampling upon each instruction execution by the micropro-
cessor.

S1 82 83 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 St

uPDB257 uPD7003
DACK [ DACK

R [\ [\ [\
wm \ [\ [\ [\ [ =
w7\ [\
po..07 —_ax_)——_ a0 )»—— A )»——<_ A2 )»—opgo...DB7

SAMPLE SAMPLE SAMPLE SAMPLE
AQ A1 A2 A3

*: Extended write mode
AX: Invalid Data

Fig. 8 DMA transfer timing
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1. OUTLINE

puPD7004 is a single chip, 10-bit A/D converter which contains an 8-channel analog-input multiplexer and a microcomputer

interface circuit.

The support twp kinds of serials modes and a 8-bit parallel mode, which enables the uPD7004 to be easily connected to
many kinds of microcomputers like Single-Chip-Microcomputers (WLCCOM75, uCOM84, uCOMB87), Multi Chip-Microcompu-
ters (uPD780, uPD8085, uPD70008, etc.) or Signal Processors (uPD7720).

The following interface examples are given in the rest ;)f this note:

(1) Interfacing with an 8-bit Microprocessor

(2) Serial interface with a single-chip microcomputer

{3) Interfacing with signal processor uPD7720

For the uPD7004 specifications and characteristics, please refer to the data sheet.

2. DESIGN AND FUNCTION OF THE A/D CONVERTER n.PD7004

Figure 1 shows the uPD7004 block diagram. The function of each terminal is described in Table 1.

|
|

__ WR/ RD/
CLOCK VoD CS 578 SCKi MC
CHO O— PROGRAMMABLE SEQUENCE -0 Ao
CH1 O— FREQUENCY o CONTROLLER —O EOC
! MPX DIVIDER JVL
1
1
CH7 O— L“l "SUCCESSIVE
: APPROXIMATION
cmP REGISTER
BI-DIRECTIONAL DB7/SO
SHIFT REGISTER DB6/S!
VREF+ o-——- 10 BIT 1 DB5/SHIFT
DTOA THREE DB4/SCKO
CONVERTER 9 STATE DB3/SOEN
BUFFER DB2/CODE
STATUS, ADDRESS DB1/DEV1
LATCH DBO/DEVO
GND O——

Fig. 1 uPD7004 Block Diagram
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uPD7004
PIN NO. SYMBOL PARALLEL MODE SERIAL MODE
FUNCTION FUNCTION

1 CH4 Analog Input CH4

2 CH5 Analog Input CH5

3 CH6 Analog Input CH6

4 CH7 Analog Input CH7

5 Vref+ Positive Reference Voltage Input

6 GND Ground Digital

7 DB7/SO Data Bus (MSB) Serial Output

8 DB6/SI Data Bus (2nd) Serial Input

9 DB5/SHIFT Data Bus (3rd) First Bit Select (LSB/MSB)
10 DB4/SCKO Data Bus (4th) Serial Clock Output
11 DB3/SEON Data Bus (5th) Serial Output Enable
12 DB2/CODE Data Bus (6th) Code Select
13 DB1/DEV1 Data Bus (7th) Freq. Divide Ratio Set
14 DBO/DEVO Data Bus (LSB) Freq. Divide Ratio Set
15 VDD Power Supply Digital
16 EOC End of Conversion (Active Low)
17 CLOCK Clock Input (fCLK)
18 MC MODE Select (H = Parallel, L = Serial)
19 WR/STB Write Address Write Strobe
20 AO Control Address Internal/External Shift Clock
21 RD/SCKI Read Serial Clock Input
22 CS Chip Select
23 VDD Power Supply Analog
24 GND Ground Analog
25 CHO Analog Input CHO
26 CH1 Analog Input CH1
27 CH2 Analog Input CH2
28 CH3 Analog Input CH3

Table 1 Terminal Functions

The microcomputer interface circuit is able to operate in different modes, depending on the value on the mode selection

terminal and the AO pin as shown in table 1. The serial mode supports two modes:

Serial mode 1 is used for the microprocessor serial interface, and serial mode 2 for the signal processor (WPD7720).
The selection of mode 1 or 2 is performed through the address input pin AO. Table 2 described the performance of the multi-
function terminal.
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SERIAL MODE 1 SERIAL MODE 2
EXTERNAL. SERIAL C! =L SIGNAL PROCESSOR MO H
symBoL| PIN ( LOCK, Ap =L) ( DE, Ag= H)
NO. | VO PERFORMANCE [7/o] PERFORMANCE
SO 7 | Output | Serial Output (3-state)
To be output synchronously during the fall time of the SCKI or SCKO signal.
Si 8 | Input Serial Input Input To be connected to VDD
To be read synchronously during the
rise time of the SCKI signal.
SHIFT 9 | Input Shift Select (H: LSB first; L: MSB first)
SCKO 10 | - To be connected to ground potential Output | Serial Clock Output (= Internal Clock)
SOEN 11 | - To be connected to ground potential Output | Serial-Out Enable (= Active Low)
CODE 12 | Input Code Select (H = 2's complement, L = Binary)
DEV1 13 | Input givtiision DEV1 L L H H
DEVO 14 | nput | an©
Set DEVQ L H L H
Division | /1 | 172 | 4 | 1/8
Ratio
STB 19 | Input | Address Strobe Signal Input To be connected to ground potential

Reads address data to the address
latch during the rise time.

SCKI 21 | Input Control signal for the Interface Shift ~ To be connected to VDD
Register. To be output during the fall

time and input during the rise time.

cSs 22 | Input Chip Select Signal Input Internal Sequence
Resets the internal sequence. Serves Reset Signal
as an interface at the low-level, Resets the sequence controller at the
thereby allowing data input/output. low-level, starts the A/D conversion at
the rise time.

Notes: 1. In Serial mode 1, the following signals are strobed by the CS signal. Therefore, the output signals are ignored and
the output pins becomes high impedance when CS = HIGH.

Input pin: SI, STB, SCKI
Output pin: SO:

2. In serial mode 2, the internal sequence reset signal CS specifies CH7.

Table 2 Multi-Function Terminal Performance

3. AN EXAMPLE OF PARALLEL MODE INTERFACING TO THE ,PD780

Figure 2 shows an example of connecting the uPD7004 to a pPD780/uPD70008 microprocessor system. As shown in this
diagramm, in the parallel mode the device is connected like a LS| microcomputer peripheral.

In this example, the uPD780 is employed as a CPU. It is also possible to have other 8-bit CPUs such as the uPD8085A con-
nected in the same logic design, with some timing management by the wait cycle.
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s
‘“,3* <L ADDRESS BUS
& A
g <{DATA BUS
@ IORD
&-’* TOWR

« b

2
ADDRESS
DECODER
N
CS A0 DO...D7 RD, WR EOC
" ———— CLOCK
uPD7004

*1 Can be used for interruption request signals to the CPU.
*2 Can apply a clock to the CPU.

Fig. 2 Diagram of a system using yPD780 and 1PD7004 in parallel mode

The performance of uPD7004 in this mode is controlled by the CPU. The basic sequence is shown in Figure 3 and the CPU
flow chart in Figure 4.
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R W e W e Y
- |

WR / o/

- -

pBg.7 —— L -
EOC —J

—————— -
o MPX i MPX
Initialize High Low Data Read
Address J Y Byte  Byte Address (High Byte)
Set Set
Start End Start End

Conversion Data Read Conversion

Fig. 3 Example of parallel mode sequence
At initialization, the division ratio of the externally entered clock signal and the conversion code are specified. There is a
choice of four division ratios: 1/1, 1/2, 1/4 and 1/8. It is also possible to apply the uPD780 system clock.
The A/D conversion starts by writing the analog multiplexer address. This requires 96 ~ 104 ps when the clock is 1. MHz.
The uPD7004 sends an End-of-Conversion-Signal (EOC) when the device has executed the conversion. This signal is nor-
mally used as an interrupt request signal to start the read procedure.

The converted data is read through the 8-bit bus; the high-order 8 bits of the data are read as a high byte and the last two bits
as a low byte. This converted data is latched internally in the yPD7004 and can be read whenever required.
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INITIALIZE: WRITE THE CLOCK DIVISION RATION AND CODE SELECTOR
DATA FOR CONVERSION INTO THE DEVICE pPD7004

ADDRESS SET WRITE SELECTOR DATA FOR THE ANALOG INPUT PIN
INTO THE DEVICE

WAIT FOR THE END OF CONVERTION

DATA READ READ THE HIGH BYTE OF THE CONVERTED DATA FROM THE
DEVICE

READ THE LOW BYTE OF THE CONVERTED DATA FROM THE
DEVICE

Fig. 4 Parallel Mode Flow Chart

4. INTERFACING IN SERIAL MODE 1

Compared to the parallel mode, the serial mode has the advantage when used in connection with single-chip micro-
computers since fewer signal lines are required.

Inthe serial mode, it is not necessary to set the division ratio or to select the conversation data because this is done by the
fixed connection between the specific termininals. Performance in serial mode is described below.

The performance of the uPD7004 is controlled by the CS signal. When the CS signal is in the active state (CS = "0"), serial
data transfer can be achieved. The A/D conversion starts when the CS signal starts to rise. The A/D conversion takes 96 —
104 us when the clock is 1 MHz, the same as in the parallel mode.

When the A/D conversion has been completed, the EOC signal changes to the low level to notify the end of the conversion.
Then the CPU, after confirming this signal, performs serial data transfer to read the converted data and to set the analog
multiplexer's address.

The following examples show the connection of the uPD7004 in the serial mode 1 and the 8-bit single-chip microcomputer
uPD7801 and also a connection to the 4-bit single-chip microcomputer uPD7519.

4.1 An Example of Interfacing with the 8 Bit Microcomputer uPD7801

Figure 5 shows an example of the interface with the uPD7801.
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+5
sI SO CODE
DEVO
o) sl

DEV1
SCK SCK1 SHIFT
WPD7801G oA . uPD7004  SCKO
cs SOEN

PBO o STB

MC

2 out CLOCK A0

Transfer Serial Mode 1
MSB First
2's Complement Code
Division Ratio 1/2

Fig. 5 WPD7004/uPD7801 connection

The wWPD7801 contains a serial interface circuit and handles 8-bit data transfer. Therefore, the yPD7801 performs 8-bit data
transfer twice to handle the uPD7004C’s 10-bit serial data transfer. The timing of the data transfer is showing in Figure 6.

The uPD7004’s 10-bit shift resister is a two-way shift resister, and outputs the data entered through the Sl terminal directly
from the SO terminal when a serial clock of over 11 bits is entered. That s, the SO terminal of the uPD7004 continuously out-
puts 10-bit converted data and data entered through the S| terminal (D15 ... DO in Figure 6) when the 8-bit transfers are per-
formed twice.

10.124



N E C WPD7004

EGC (PBO) _/
TS (PAD) _\ /'—

SO (s)) MmsB) 2ND sTHY 6THY 7THY 8TH 9THD11 D10
J

- e .
- CONVERTION DATA o 1 .

SR T (OF (7 (5 (30 ) (0 0, (o 0 (9 20,0 0 0 D
A

*1 The data entered through the Si terminal is output. .
*2 Channel selector data is latched during the rise time of the CS signal when the STB signal is fixed at the low level.

Channel selector data
D2 L L L L H H H H
D1 L L H | H L L H H
DO L H L H L H L H
Channel CHO | CH1 | CH2 | CH3 | CH4 | CH5 | CH6 | CH7

Fig. 6 Timing in serial mode 1 (connection with _PD7801)

In this example, reading the conversion data and selecting the analog multiplexer channel are performed at the same time.
Note, however, that the data aquired through the first serial transfer after the power supply is turned on is invalid.

An example of the program is given below.

10.125



NEC

uPD7004

Example 1:

Channel Selector Data Set

CHAN: ORI PA, 1 ; Make CS of the pPD7004C HIGH.
LXI, H,ADCH ; Setthe storage address for channel selector data.
LDAX H+
MOV S A ; Channel Selector Data
ANI PA, OFEH ; Make CS of the yPD7004C LOW.
Sle) ; Transfer Start *
JR S-2
ORI PA, 01 ; Make CS of the yPD7004C HIGH.

Converted Data read/Channel Data Set

ADCNV: X D, ADCR ; Data Pointer Set

CKEOC: OFFI PB,01H ;EOC=0?

° JR CKEOC

MVI A0
MOV S,A ; Set first serial output data to 0
ANI PA, OFEH ; Make CS of the yPD7004C LOW.
SIO ; First Transfer Start
SKIT FS
JR S-2
MOV A'S : Fetch the 8 high-order bits (MSB-8th) of the converted data.
STAX D+ ; Store the converted data.
LDAX H+ ; Load the next channel selector data.
MOV S,A
SIO ; Second Transfer Start
SKIT FS
JR S-2
ORI PA, O1H : Make CS of the pPD7004C HIGH.
MOV AS : Fetch the 2 low-order bits (9th, LSB, 0 . . .0) of the converted data.
STAX D+ ; Store the converted data.

4.2 An Example of Interfacing with the 4-Bit-Microcomputer V.PD7519/7519H

Figure 7 shows an example of the interface with the yPD7519. The serial operation of the yPD7519is performedinthe system
block mode in this example. The shiftterminal of the yPD7004 changes to LOW since the pPD7500 series performs the MSB-

first shift operation.
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(1) Analog channel selection
The analog channel selection is achieved with an 8-bit serial transfer as shown in Figure 8; the last three bits (LSB - 6th) of

the serial input data serve as channel selector data. That is, the channel selector data for conversion is setin the uPD7519's
shift register before the SIO instruction is executed.

10.127

Fig. 7 uPD7004/,PD7519 Connection

NE C uPD7004
+5
sl SO SHIFT
SCKO
SO sl SOEN |—
CODE
uPD7519 SCK SCK DEVO
_ LPD7004 DEVI
P30 cs STB
MC
P10 EOC AO
Transfer Serial Mode 1 cLO
MSB First - CK
Binary Code

The serial transfer funcﬁon of the uPD7500 series performs 8-bit transfers like the yPD7801 as shown in 4.1 and is also
required to perform serial transfers twice to fetch data. The analog channel selection and the conversion data read are
described with an example in the following subsection.
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CS  (P30) _\ J—

SCK1 (SCK) ‘|‘i|||l|||‘ll|l

0 sefanofamo) ans forNom{rm } 1so

Fig. 8 Timing of channel selector data transfer

The program for the channel selection is shown in Example 2.

Example 2: Program for channel selection

CHAN:

LHLI ADCH ; ADCH stores channel data for the next reference
TAMSIO

SIo

IDRS ADCH ; Channel no. increment

NOP

(2) Conversion data input

Fetching the converted data requires a special operation because itis 10-bit data. The timing chartfor this is givenin Figure 9.
An example of the program is showi in Example 3.

ECC (P10)
cs  (P30) /__‘
INSTRUGTION [ so | so [tsoam ] [ -rar [ mar framn]

l LAMHL l

Fig. 9 Timing chart for conversion data input
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Example 3: Program for conversion data input
ADCONV: LHL1 CDATA ; Data Pointer Set

EOC: P ; EOC Check
CMA
SKABT 0
JCP  EOC
ANP  3,1110B ;CS+L
SIO ; Serial Transfer Start
SIo ; Serial Transfer Restart
TSIOAM ; Serail Data Fetch (1st)
LAM  HL ; Data Adjustment
RC
RAR
RC
RAR
XAM  HL ; Data Store
DLS
TSIOAM ; Serial Data Fetch (2nd)
LS

ST ; Data Store

A ' (HL)
First Data Fetch D<]><I><l><l MSB J 2ND l 3RD l 4TH I
A (HL)

In the example above, fetching the 10-bit data is done by performing the SIO instruction twice in succession. The first SIO
instruction issues two serial clock pulses and the second SIO instruction eight pulses. Thus, the contents of the uPD7519's
shift register, consisting of 8-bit, are to be read internally in the midtH of the uPD7004’s 10-bit serial transfer.

In the program shown above, the first TSIOAM instruction following the second SIO instruction reads the four high-order bits
(MSB - 4th) of the converted data and the second TSIOAM instruction reads eight bits (3rd - LSB). The second reading ofthe
two bits (the 3rd and 4th) in the execution of the two TSIOAM instructions is adjusted by the shift right instruction.

5. INTERFACE IN SERIAL MODE 2

In serial mode 2 direct connection can be made to the digital signal processor (4PD7720) and A/D converter. Unlike the
above mentioned parallel mode and serial mode 1, it is performed in a periodic cycle.

Signals in the interface, unlike with serial mode 1, are controlled by the WPD7004. Figure 10 shows an example of connecting
the uPD7004 to the uPD7720.
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+5V
ANALOG |NPUTZI§ I

S/H AMPL.

i

RESET

1MHz ‘“*4

+5V

=

-

A7
CLK

AO
sl
CODE
SCKi
SHIFT
DEVO
DEV1
STB
MC

SO
SCKO

SOEN

uPD7004

Fig. 10 uPD7004/,PD7720 connection
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As shown in Figure 10, it is possible to interface with only three signal lines in serial mode 2. A/D conversion is performed
every 104 ps (when clock = 1MHz). The converted data is output synchronously with the SOEN signal.

The uPD7720's serial interface performs 16-bit data transfer, while the converted data consists of 10 bits. Therefore, 6 bits of
high dat automatically follow the 10 bits of converted data.
Figure 11 shows the timing chart for this example.

CS (RESET) ‘_/
SOEN A W \__/

8o —( A ) { Ay ) (a0 » { a1 )y
S/H » - - - 3 . * T‘

I I I I I I
SAMPLE HOLD SAMPLE HOLD SAMPLE HOLD SAMPLE HOLD

AX: INVALID DATA A0 Al J A2 A3

// \\
SOEN \

soKo HMWWMMWUL
o —0OOCOOO0COT UO—

Fig. 11 Timing chart

In the example above, an external sample/hold circuit is used and the whole operation is performed as a kind of pipe-line
processing. The SOEN signal supplies valid data three cycles after the reset cancellation, and then supplies converted data

every 104 us after this.
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Description

The uPC398 is a monolithic sample and hold circuit
which combines J-FET and bipolar circuitry on the
same substrate to provide a high input impedance
input buffer and a high speed output buffer. Operating
as a unity gain input buffer circuit, DC accuracy is
typically 0.004% and acquisition time is as low as 6 us
with a maximum gain error of 0.01 %. This device is
ideal for data acquisition circuits requiring high speed
and high input impedance.

Features

O Fast acquisition time

O Gain accuracy: 0.004%

O Input offset voltage: 2 mV

O Direct interface to TTL/CMOS
0O LF398 direct replacement

Ordering Information

uPC398
Pin Configuration
vidv Y e tegic nput
Ottset [] 2 71 Logic Reterence
input (] 3 #PCIC 51 pioig Capacitor
v 4 6] Output
63-002547A

Absolute Maximum Ratings

Ta=25°C

Voltage Between V+ and V- 3BV
Input Voltage Range (Note 1) +15V
Logic to Logic Reterence -

Differential Voltage 0310 +7.0V
Output Short Circuit Duration Indefinite
Hold Capacitor Short Circuit Duration 10s
Power Dissipation 350 mw
Operating Temperature Range —2010 +70°C
Storage Temperature Range —55 1o +150°C

Note: 1. For supply voltages less than +15 V, the absolute maximum

input voltage is equal to the supply voltage.
Ci Stress above those listed under “Absolute Maximum

Ratings” may cause permanent damage to the device. This is a stress
rating only 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 reliability

Part Temperature
Number Package Range
uPC398C Plastic DIP —20°C to +70°C
Equivalent Circuit
Offset v

Input 3

Logic Input 8
Logic Reference 7

|
|
|
|
~——4 S Output
|
|
|
|
|
|

300
————-1
6 4
Hold v
Capacitor

83-002546C
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Recommended Operating Conditions
Tao=25°C, Vt==+15V

Limits

" Test
Min. Typ.

Conditions

Parameter Symbol Max.  Unit

Power
Supply
Voltage

v+ +5 +15. 165 v

Analog
Input Vin
Voitage

—11.5 +115 v

Sample
Mode Logic Vsy 21
Input Voltage

5.25 v VRer =0

Typical Connection

Analog Input O

Digital input O

83-002548A

Hold Mode
Logic Input Vs
Voitage

—18 0.5 v VRer =10

Logic Input
Voltage Slew SR 0.2
Rate

V/us

Hold

Capacitor w0001 0.l uF

Guarding Technique (Bottom View)

7 2
o—j [ 3 N
Cw

Guard
ouTt v
83-002549A
Electrical Characteristics
Tao=25°C,VEt=%£15V,— 1M5V=V|N<+ 115V, Cyq=0.01 uF, R = 10 kQ
o Limits Test
Parameter Symbol Min, Typ. Max. Unit Conditions
Input Offset Voltage Vio 70 my
Input Bias Current Iy 50 nA
Input Impedance Rin 10" Q
Gain Error 0.01 %
Feedthrough Attenuation Ratio 80 dB 1=1kiz
Output Impedance 2y 4.0 Q
Hold Step Voltage Vis 2.5 m/  Vg=0
Leakage Current into Hold Capacitor Itk 200 pA VE=+5Vto£18V
Acquisition Time Lot TUTTTRR ms  AVg=10V.0.1% Ewor, Cy = 1000pF
tsg 20 s+ AVg =10V, 0.1% Error, Cy = 0.01 pF
Hold Capacitor Charging Current Ich § mA  Vy<Vg=2V
Logic Input Current M 10 7.}
Logic Threshold Vry 0.8 24 v
Supply Voltage Rejection Ratio SVRR 80 a8
Supply Current Ige +6.5 mA VE =415V +18V
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Packaging Information

Packaging Information ..........oiiiiiiiiiiiiiiiii i it i e
Thermal Information .
Taping Specifications ............
Surface Mounting Specifications
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N E C PACKAGING INFORMATION

8-Pin Plastic DIP (300 mii) .

LA A

tem Mitlimeters Inches
A 10.5 max 413 max
T8 2sa(tR) 100 (TP)
c s 00z
o 2rmn a8
€ ss0mex 228
¥ 5 002 1 4
G eao(Te] 282(7P) x
W e 300
D 010

Notes: 1. Each lead centerfine is located
within .25 mm [.01 inch) of its true
position (TP at maximum mate-
risl condition.

U

2. ltem “G" 1o center of leads when
formed paraliel.

c ' 0-15°
82-0033928

Hem
A
[
c
o
B
¥
G G
M H
; |
J 12 047
- _{
Notes: 1. Each lead centeriine is located 1
within .25 mm [.01 inch] of its true F e 1
position (TP] at maximum mate-
rial condition.
2. Htem “G” to center of leads when
formed parailel. E—
D

Ll A

53-0033958

10.137
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14-Pin Plastic DIP (300 mil)

LA u

Hem Miltimeters inches A
A 2032max 00mex —
"8 25amax  100max
e asape Taoo(Te]
D .s0+.10 0207904
L P OUYYOD
F 36+03 421012 1
o eimn  awme <
H

Notes: 1. Each lead centerline is located
‘within .25 mm (.01 inch] of its true
position [TP] at maximum mate-
rial condition.

2. Item “J" to center of leads when
formed parallel.

0-15°
83-0030918
16-Pin Plastic DIP (300 mil)
16
[
ftem  Millimeters Inches k
W stmin o2min X
L
J
K 7.62(TP) AP
L ea e
+.10 +.004
T I 4
N 10min 039 min
Notes: 1. Each lead centertine is located
within .25 mm (.01 inch] of its true s
position [TP] st maximum mate-
riai condition. .
2. Item “K" to center of leads when
formed parailel. ' — -~ /\ -
c |e ™ 0-15°
T 1
83-0014898
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18-Pin Plastic DIP (300 mil)

Item Millimeters Inches

A 22.86 max .9 max
B 127 max 05 max

T ampm (TP
o  s=x.0 02 90
£ 2032 0
F 12min 047 min
G 35:3 138+ 012
W simin 02 min
| 4.31 max A7 max
J 5.08 max .2 max
K 162(TP| A
L ee 282
Mmoo TR oo T :x
N 1.0 min 039 min

Notes: 1. Each lead centerline is located
within .25 mm (.01 inch) of its true
position (TP] at maximum mate-
rial condition.

Item "K' to center of leads when
tormed parallel.

»

LAAAAAAR

—

N

—U
|

I

IEEEENEEE

83-0014908

20-Pin Plastic DIP (300 mil)

Inches

) 1.0 max

Notes: 1. Each lead centertine is located
within 25 mm [.01inch] of its true
position [TP] at maximum mate-

rial condition.
2. tem “K" 10 center of leads when ~= /‘\ — \./
formed paraliel. ~ 0-18
83-0014918
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22-Pin Plastic DIP (400 mil)

AARAAABARALA

within .25 mm .01 inch] of its true
position [TP] at maximum mate-
rial condition.

Item “J" 10 center of leads when
formed paraliel.

Ik

Htem
A 27.94 max 1.100 max
B 127mex  0SOmex
c asate) o0t -
D .50:.10 020008 f
E 1.2 min 047 min
TF  35:03 138 £ 012 H@wv@gwkajﬂ
G 51 mex 020 max
H  43imax 170 max 1 "
TN saamex | 2semex A
3 vesste]_soorte] y
x a8 3 "1
C miE e
M osmin 031 min
Notes: 1. Each lead centerline Is located

4+ |x |

0-15°

83-0033938

24-Pin Plastic DIP (600 mil)

AAAARLAAAAAR

within .25 mm (.01 inch] of its true
position [TP] at maximum mate-
rial condition.

. Iltem “K" to center of leads when
formed parallel.

~

Item _ Willimeters _inches
A 33.02 max 1.3 max
B 2samax 10 max N
R L 1L S L1 Vj -
D st.a0 o2 t004
- 008
E 2794 1
F t2min 1047 min
5 Thais i P RvAvATATAvATATATATA VA,
W Stmin 02 min ! "
] a3imex  ATmex A
Ty s12max 226 max
X 15.24 [TP] 80 (TP]
b w2 ®
M2 Tt o 0
Notes: 1. Each lead centerline is located

\ﬂ,

0-15°

83-0014928
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28-Pin Plastic DIP (600 mil)

AAAAAAAAAAAAAA

Mem  Milimeters Inches
A 38.1max 1.5 max
8 254max .10 max
c  254(TP] 10 (TP] ) —
-] 510 02 7908 ’
- .005
E R0 13
F 1.2 min 047 min 1
G 36:3 142012 kﬂjgﬁ@ﬁ@%ﬁﬁgwww
H  S1min 02 min 1 "
1 4.31 max 17 max A
3 5.72 max 1226 max
K 15.24(TP] 60 (TP)
L 12 52
M5 Tl o T

i

. Each lead cenlerline is located
within .25 mm (.01 inch] of its true
position [TP] at maximum mate-
rial condition.

~

item "K" to center of leads when
formed paraliel.

820014078
28-Pin Plastic Shrink DIP (400 mil)
2 15
T AARARAAARRANAAA
A 2046 max 1.121 max
B 2.67 max 106
c  2s4(TP) 100 (TP]
+.004
D s0+.10 02 708
E 2489 .98
F 9min 035 min
G 32+03 126 + 012
W Simin 020 min
1 4.31 max 170 max
J  5.08max .200 max
K 1016(TP) 400 {TP)
Loss :339
+.10 +.004
woo2stog 01 7003
Notes: 1. Each lead centerline is located
within .25 mm [.01inch) of its true
position [TP] at maximum mate-
rial condition. \ .
2. Jtem “K" to center of leads when - ™
formed paraiiel. 0-18°
83-0015198
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14-Pin Ceramic Package (300 mil)

AABBaAA

ltem  Milimeters __Inches
A 199max .78 max
B 23 0
c  2sarrer 1 (TP]
D . on
13 15.2 8
F 18 059
G 30min 118 min
H  Smin .02 min
I assmax 181 max
J 5.08 max -2 max
X 762(7P] 3(TP)
L e4 25
M 25 0

Notes: 1. Each lead centerline is located
within .25 mm [.01Inch] o its true
position [TP] at maximum mate-
rial condition.

2. ltem "K” to center of leads when
formed parailel.

83-0015238
16-Pin Cerdip Package (300 mil)
18 9
ltem  Millimeters Inches ﬁ ﬁ #}l ﬁ ﬁ ﬁ ﬁ ﬁ '
A 19.9 max 784 max
8 108 042 L .
c 2.54[TP) 10(TP] [
D 4:.10 018 + 004
e LA
F 15 059 Y
G 2s4min 10 min |
W Smin 019 min A K
' 4.58 max 181 max L
J  soemax 20 max " T ‘I
x  762(1P] 30(TP] - —
L ee 25 3|,
-0 +.0039
M2 Tl 0098”000 | VA f
Notes: 1. Each lead centertine is located H e

within .25 mm (.01 inch] of its true

position [TP] at maximum mate- \//

rial condition, — F ‘0‘ |- - — v

2. Item "K" to center of leads when — o cle [ 0-15°
formed paraliel. N
—
E
83-0015168
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18-Pin Cerdip Package (300 mil)

. [Ei ApnnAAAk
S
CEEEEEREE

A

Notes: 1. Each lead centerline is located
within .25 mm (.01 inch] of its true
position (TP) at maximum mate-

{/
risl condition. _" . o | \‘//’\ - \,/
—
I

2. ltem “K” to center of leads when cle
formed paraliel. le—D L 0-15°
E
83-0015178
20-Pin Ceramic DIP (uPD795D)
28.0 1.10) max.
Unit: in millimeters (inches)
25.4 (1.00) c
over Glass
224 (0.88) Thickness: 0.5 millimeters
200 (0.79) Retraction ratio: 1.76 (in air)
15.6 (0.61)
Y PP PP o
| -
e
] T 25 4.0 05 83 10.3
T (0.098) |(0.16) | (0.020) {(0.33) (0.41) max.
L
e = e e
7.2(0.28) 0.5
From surface of chlp—\ 06 (0.020)
10 outside of glass A
115 (0.45) 20 127(0050) (0.024)
(0.079) 4 ‘
= =t
1T
w 025 (0.0098) —»||le— 05
; (0.020)
016y ',
(0.047) 10.45 (0.41) <035 |
—| | e——— |
0.46 254
(©.018) (0.10)
83-0033868

10.143
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24-Pin DIP (uPD791D)
Unit: in millimeters (inches)
43.0 (1.69) max.
1 37.0 (1.46; Cover Glass
0.5 millimeters
33.011.30; Retraction ratio: 1.76 (in air)
200118
- bbb

F e Ut U e e W e W s O o B

=t

{
b
1
b

4.0 | 65 | 100

3.0 .
0.12) {(0.16){(0.25){(0.39)|

151
(0.59) max.

4
Lt e o

14.0 10.55)

0.46 rOB‘Ghv-»l |'———

Chip

0.7
(0.027) min.

From surface of chip
10 outside of glass
1.40 (0.055)

05
10.020)

|

z

4.5(0.19)

‘ 15.5 (0.61) - 0.3
l——— =

0.25 (0.0098) ~—|

0.8
0031, 06
(0.024)

83-0033898

24-Pin DIP (uPD799D)

43.0 (1.69) max.

Unit: in miltimeters (inches)

el W T I ]

37.0 (1.46) Cover Glass
0s

33001:30) Retraction ratlo: 1.76 (in air)

30.0 (1.18)

ot bit

15.9
(0.59) max.

30 |4085]100
(0.12) {(0.16){(0.25){(0.39)

1
14.3 (0.56)

|

Ltl_ll_lLJl_]L__l\_lL.JL—Jl—ll—Jl——’

14.0 (0.55)

0.46 m.um-.i L—

( “); i

0.7
(0.027) min.

4.5(0.19)

From surface of chip
1o outside of glas
1.40 (0.055)

0.5
(0.020)

83-0033908
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8-Pin Plastic Minifiat (225 mil)

em  Milimeters  inches
A s70mex 22 max
B samax 1037 max -
c  1arge) 05 (TP) _
o w0t 016908
EEE 1004 +.004 O
F 1.49 max 059 max
G 180min 071 max H H H H
W 65:.3(TP|  .288%.001[TP)
1 edmax AT3mex 1 ‘4
FEERTh 008 7904 H
L3 1.1 max 004 max ' L]
L 82 1024 = .008

Note:  Each lead centeriine is located within
0.12 mm (0.005) of its true position a
(TP) at maximum material condition.

o

0033858

14-Pin Minifiat IC (225 mii)

ftem Millimeters

K

I
Note:  Eachlead centerline is located within

0.12 mm (0.005) of its true position < ‘ l 1 [“! I_‘I r—] r) a e l T

(TP) ———-1-_
I LT e f

83-0033948
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24-Pin Ceramic Flatpack B

Item Millimeters

Inches

—y e/
c—y . e
c—,y e/

|

-+
.

00000000
]

y =

4 010

-
i
83-0033968
3-Pin SIP TO-220
le—
" item  Miflimelers Inches -
A 1066 max 420 max
B 254[TP) 100(TP|
.34 o1
c 8 29 .031 Son ~M
b 13 051
€ 6.35max 250 max o
£ 127min 500 min
G 5.85 min .230 min
-0 +.012
H 30 a6 18 018
| 4s2max 190 max 9
5132 051+ .008 i\
w12 005
x 282 10 758
Los-a2 .020 - .008 |
M 533 max 210 max g
N 15.87 max 625 max
| le—s] —
i Mote:  Each lead centerline is located c 8 LK
i within.25 mm (.01 inch] ofits true
position (TP} at maximum mate- a
riat condition. ‘
{
|
| 0D 0D 11
|
| S, -
83-0033888
{
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3-Pin SIP TO-92

F
|
tem  Millimeters 1
A 52max 205 max
8 1.27 max .067 max I E
c 5 i 002
o 25 a0
. 13 14 min 551 min
F 5.5 max 217 max_
G 42max 165 max
H 1.7 max .070 max IRl
: -
lee|
) c
fo—s]
l‘_‘—
I..
G
L B 83-0033998
9-Pin Plastic SIP
N Item Millimeters Inches | A | K
A 22.86 max 900 max
8 127 max 05
c  254(TP) 100(TP| T_
D 1.1 min .004 min F &
E 2.9 min 114 min 1 9
F 5.08 max 200 max L L L
G s572max 225 max l Ll 1'] | ]r‘ l] —T—
H 3.0 max 118 max | | [ 1 i w e
-.040
1 1.5 max 059 020 (R—
-.10 -.004 —e] B e—D : ol e
B g 008 002 3 ”
K11 004 — D —’] [
L 5 2
L) .51 min .2 min
Note: Each lead centerline is located H
within .26 mm .01 inch] of its true
position (TP] at mate- X
rial condition.
83-0033878
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Thermal Information

The power dissipation capability of semiconductor
devices is limited by the maximum allowable junction
temperature, the ambient temperature, and the thermal
resistance between the junction and the ambient
environment.

The temperature difference between the junction and
the ambient environment is determined by the fol-
lowing equation.

Ty—Ta=Ppbya
where Ty = junction temperature, °C
Ta = ambient temperature, °C
Pp = power dissipation, W
8,a = thermal resistance, junction to
ambient, °C/W

The maximum allowable junction temperature is 150 °C,
however, the maximum junction temperature of plastic
package IC's should be 125°C because of the storage
temperature range limitation.

The dissipation derating curves that follow assume the
ambient environment is still air, and that no heat sink is
used.

1. 8 Pin Metal Can Package and Cavity DIP
Dissipation Derating Curve
600 T ] T

@
3

™ 5mw/°C
\
N

»
8

Total Power Dissipation (mW)
u
g 8
I
i

|
|
!

L

0 20 40 60 8
Ambient Temperature (°C)

g
1
\
]
|

8 Gamson

6, = 200°C/W typ. T, max = 150°C

The maximum power dissipation value of 500 mW has
been fixed considering the practical applications of
operational amplitiers and comparators.

2. 14 Pin Through 20 Pin Cavity DIP
Dissipation Derating Curve

1000 : -
OP Amps and Comparators }
\11 mw/°C
- 800 - -
s -
&
F | |
3 soof— + {
} D/A A/D Converters
H |
g 400 |— .
: |
200 —— - <
g
g
| 2
0 ) 0 60 80 100

Ambient Temperature (°C)

85a = 90°C/W typ. T, max = 150°C

The maximum power dissipation value has been fixed
considering the practical applications.

Operational Amplifiers and Comparators
D/A, A/D Converters

900 mW
500 mwW

3. 8 Pin Plastic Molded DIP
Dissipation Derating Curve

800 T T T
|
— ~ ) _
z
E
5 o |- — i ]
% ! = smw/c
2 a0 | _ S R S —
§ ! ‘
2 200 T E— 1 E—
3 ‘ !
= i
100 +— — - -3
| 3
i | g
| i H
o 20 a0 60 80 100

Ambient Temperature (°C)

(except for uPC4556C, uPC4557C, uPC4560C,
uPC1555C)
6,4 = 200°C/W typ: T, max = 125°C

The maximum power dissipation value of 250 mW has
been fixed considering the practical applications of
operational amplifiers and comparators.
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4. 8 Pin Plastic Molded DIP 6. Miniflat Package
Dissipation Derating Curve

When the miniflat IC’s are mounted on a hybrid IC, the

1000 E ! heat radiation through the leads is increased. When
i resin coated, the heat radiation through the environ-
g ™ ? B ment is further increased. As a result, the thermal
5 resistance in the mounted state is much smallerthan in
.; S element form alone.
E ! It is suggested that the heat dissipation in actually
H mounted condition be fully investigated.
H
&
5 200 - { 6A. 8 Pin Mini flat Package
| | H Dissipation Derating Curve
| | % 600
| | 3 [_ o )
o 20 ) 60 80 100 1
Ambient Temperature (°C) 800 AT T
(For uPC4556C, uPC4557C, uPC4560C, § 0o - e S S
PC1 3
7] 555C) E ol T TR
6a = 140°C/W typ. T; max = 125°C 3 L] ] _\\\
The maximum power dissipation value has been fixed % 200 ] S
considering the maximum junction temperature and ¥ N R -1 —
the practical applications of those IC's. Ll . t T - :
pPCA4556, uPC4557, uPC4560C 700 MW I N I T H
uPC1555C 600 mW ° b 50 ™ 100

Ambient Temperature ( °C)

5. 14 Pin Plastic Molded DIP

= ° - o
Dissipation Derating Curve fya = 220°C/W typ. T, max = 125°C

1000 The maximum power dissipation value of 440 mW has
been fixed considering the maximum junction temp-
a0 erature and the practical applications of miniflat IC’s.
H
E
H ! 6B. 8 Pin Mini flat Package
g 600 ‘,L \ e B . Dissipation Derating Curve
‘: \m ! 550 mW H ‘ I One Elemem‘On!y
z 400 R * — -
& 500 \ . ! D S—
k3 HY - ey
" 200 e E 1
H H 400 |-
{ % § S - i ELDEN SS—
0 20 40 60 80 00 é 300 B 1
Ambient Temperature ( 'C) s e
o 200 f— S "
6,4 = 140°C/W typ. Ty max = 125°C ° =
100 | 4 i
The maximum power dissipation value of 570 mWhas .| ! . % &
been fixed considering the practical applications of i |

°
»
b
@
&
aF
3
b

operational amplifiers and comparators.

Ambient Temperature (“C)

8;a = 180°C/W typ. T, max = 125°C

The maximum power dissipation value of 550 mW has
been fixed considering the.maximum junction temp-
erature and the practical applications of miniflat IC's.
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Taping Specifications

Tape and reel shipping has been used for many years
in Japan for shipping surface mount transistors and
capacitors. Currently, 75% of surface mount transistors
are shipped via this method. Tape and reel speci-
fications, formally established by Japanese Standard
RC-1009A for 12 mm tape, has now been expanded to
include surface mount ICs.

Surface mount technology in the United States has
recently come of age, and in May of 1985 the EIA
developed Standard EIA481 for Embossed Tape and
Reel Packaging. NEC has adjusted the current
Japanese standard to comply with EIA481, and is now
shipping surface mount devices to this specifigation.

Because of the need for electrostatic packaging, NEC
chose to manufacture the tape using carbon/PVC
material. This type of “filler mixed” plastic is difficult to
emboss, thus the actual tape manufacturing is done by
the Sumitomo Bakelite Corp in Japan.

Figure 1. M; f
Carrier Tape

of Emb d

" P,
ing Pr

The actual manufacturing process is shown in Figure
1. First, rolled sheet material is slittized and embossed.
Next, the sprocket holes are punched, and aligned with
the embossed pockets to a tolerance of +50 microns.
Finally, the pocket holes are punched, and the tape is
cut to length and put on the reel.

Specifications:

NEC's embossed tape is manufactured to EIA481
specifications with special attention paid to dimen-
sional accuracy. See Table 1 and Figure 2. Table 2 and
Figure 3 show Reel Dimensions. Figure 4 illustrates the
Tape End Configurations. Figure 5 shows component
placementin thetape pockets. Table 3 gives the device
package-to-tape width specifications. Figures 6, 7 and
8 show the-tape and reel specifications for the
specialized case of 8, 14 and 16-pin miniflats.

Slittize

0 o>
L/

Pocket Hole
Opening

Sprocket Hole
Opening

Use Pocket
as Guide

Pocket
Embossing

Length Cut
and Packing

83-0031228
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Table 1. 8, 12, 16, 24 mm Embossed Tape

Tape Size D E Pq t(Max.) Ag, Bg, Kg
15 +0.10
8,12, 16, ) ~0 0 1.75+0.10 40+.10 0.400 See Note 1 Constant
24 mm (069 + .004) (.157 + .004) (.016) Table 2 Dimensions
[059 00 ll
B, D, K R
Tape Size Max. Min. f Max. P2 Min. w
8 mm 42 10 3.5+ 0.05 24 25 8.0+ .30
(-165) 039)  (138+.002)  (084) 20+ 005 (984 (315 .012
12 mm 82 55+ 0.05 45 (079 + .002) 30 12.0 + .30 Variable
(.323) (217 +.002) (A} (1.181) (472 £ 012) Dimensions
15 mm 121 15 75+ 010 40 18'+ .30
1.476) 1059) (.25 + .004) 65 20+0.10) (1.575) (630 +.012)
24 mm 201 11.5+0.10 (-256) 1078 + .004) 50 24+ .30
(791} (453 + .004) {1.969) (945 +.012)
P
Tape Size 401:0.10 801010 12.0 + 0.10 16+ 0.10 20+0.10 24:0.10
4 (157 + .004) (.315 + .004) (.472 + .004) (.630 + .004) (.787 + .004) (.945 + .004)
8 mm X
12 mm X X
16 mm X X X
24 mm X X X X
Notes:

1. Ag Bg Ko are determined by component size. The clearance between the component and the cavity must be within 0.05 (.002) min. to 0.50
(.020) max. for 8 mm tape, 0.05 (.002) min. to 0.65 (.026) max. for 12 mm ‘tape, 0.05 (.002) min. to 0.90 (.035) max for 16 mm tape and 0.05
(.002) min. to 1.00 (.039) max. for 24 mm tape and larger. The component cannot rotate more than 20° within the determined cavity, see

below.

2. Tape and components shail pass around radius “R" without damage.

Maximum component rotation

Typical component cavity

!
=

Typical
component
center line

83-003123A
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Figure 2. Embossed Carrier Dimensions

2

PACKAGING INFORMATION

10 pitches
cumulative
Pg————sle{ tolerance on
tape
r—vH +02
[+0.008]
'
E
T @- - T ‘—1»

|
g

L\

For Machine Referance Only \4: \_o
Including Draft and Radil enter lines 1

Concentric Around By

For components
— of cavity 2.0 mm x 1.2 mm
User Direction of Feed and larger.

“Top cover

tape thickness [t1]
0.

1.004) Max

Thick

| Bending radius
See Note 2
Table

Embossed

camber

100 mm
[3.037]

o {1 mm Max

83-003124C

10.153



PACKAGING INFORMATION N E C

Figure 3. Reel Dimensions

40 [1.575] Min.
Access hole
at slot location

I
T

|
A

Tape siot

Full Radius* in core

for tape start.

2.5 (.008] Min Width
10 (.394] Min Depth

G [measured at hub] -—»] L—

L

“Drive Spokes optional if used
asterisked dimensions apply.

83-0031258

Table 2. Reel Dimensions

Tape A B ¢ [} N & T
Size Max. Min. Min. Min. Max.
84 +15
330 1.5 13.0 £ 0.20 20.2 50 00 144
(12.992) (.059) (512 + .008) (.795) (.1969) (331 +.msl (.567)
) 0.0

+20
330 124 _np 184

(12.992) (488 ti%S‘ (724)

+20
16.4
16 mm 380 —0.08 224

(14.173) (646 ti%al (.882)

+20
2
~008 304
24 mm 961 978 {1.197)
957 _g.00

324 +20

' -00
32 mm
+.078,
(1276 Z o)

444 +2.0

-00
44 mm
+.078
(1.748 ~5 o)

+20
584 g9

+.078
(2.220 —00 )

12 mm

609 100
55 mm (23.976) 13.937)

Metric dimensions will govern.
English measurements rounded and for reference only.
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Figure 4. Tape End Configurations

5 (O O

o (

r= r=n r=a b ] r=a r=I r=- r=-a re -1
I [ ] ! ! [} [ O R I | (B LI B B i
Lo L L-d Lod 4 L-Jd -4 L-J Lod Lod -d
Start
No C No C:
SREST A

O‘\ Empty component ———————— O

pockets sealed

J——
User Direction of Feed

Figure 5. SO-IC Devices

Typical

|

|
:

|
A
NN

=

:

o

E
(F

annn

-

O000 |-|—

]
-
1

]
-
-
1

~

ot ———
User Direction of Feed

83-0031278
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Table 3. SO-IC Devices

Component Tape Size mm (W) Part Pitch (P)
N - y 1 :

16 18 8
14L 16 12

we W :
375 mil MF 240 2 12
28L 24 12
18 24 12
20 16 12
pce % ] 16
44 32 24
52 32 24
68 4 32
PCC 84 44 36
100 4 40
124 56 48

Figure 6. Emb d Carrier DI,

pe 4.0 £ 0.1 15
-0 195401
20£0. u—.i |<—

&
=

js

Dl MmN
TP

©

—

N——

)i

C H
0 ¢ T
1 e Al

WL
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Package By w F
8p SMF 54 0.1 120+ 03 55+ 0.1
14, 16p SMF 1045 + 0.1 160 + 03 75+01

SMF: 225 mil Miniflat

8p SMF 14, 16 SMF
+20 +20
w 1247 0 184 ~ 0
T 18.4 Max 22.4 Max

SMF: 225 mil Miniflat

Figure 7. Reel Size

83-0031318

Figure 8. Cover Tape Peel Strength: 40 + 25 g

Q Peel Off Speed 120 +.5 mm/min
\ rCoVﬂ‘Ylp.
otose

Nawawnup i an

33-0031328
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Taping Mounting
Placement and Fixing
with Position Adjustment Release and Pick up

Vacuum Vacuum
Check Carrier Tape Check
Poke Up
Needie

/: Adhesive Tape O

1o Roll Up Whee!
110 2 sec/pcs 210 3 sec/pcs
83-0031288
Taping
Placement Sealing by Thermal Compression
0
Feeder Roll
Heater Block
\ /— Cover Tape
5 Nl 1
Stamping Base
Embossed Carrier Tape
0.210 1 sec/pes
to Peeling Whee! O
]
Embossed Carrier Tlpo—/
83-0031298
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Surface Mount information
Structure

The designation for industrial linear IC (ILIC) in the
miniflat package is “G2.” Figure 1 shows a cutaway
view of the miniflat G2 package. The die (chip) is
mounted to the center lead frame island, with bonding
pads to the external leads.

The lead frame is made from 42 Alloy with silver (Ag)
paste used for die attachment. The body is high-purity
molded epoxy for high reliability.

Figure 2 shows the package cross section.

Package Outline

In 1981, the EIAJ (Electronic Industry Association of
Japan) set the standards for Surface Mount ICs. They
required that devices manufactured in Japan attain
higher resistance to environmental factors (humidity,
shock, and vibration) than existing Small Outline
Integrated Circuit (SOIC) devices. The resulting pack-
age is known as the 225-Mil S.0. Specification.

Figure 3 illustrates the difference between the NEC
miniflat (G2) and the S.O. type package.

The body or molded portion of the NEC miniflat is 4.4
mm wide compared to 4.0 mm for the S.0. package.
The lead bend of the NEC miniflat adds an additional
0.1 mm, for a net difference of approximately 0.5 mm in
overall footprint width (minifiat vs. SOIC). All other
dimensions (such as lead pitch, length, and spacing)
are the same.

The larger package size of the NEC miniflat allows a
larger die to be mounted in 8- and 14-pin packages,
(e.g. BIFET op amp), which increases the variety of
circuits available in the G2 package. See Package
Information Section for the outline dimensions of 8-pin
and 14-pin G2 packages.

Figure 1. Internal Structure (8-Pin Type)

Resin [Epoxy]

Chip

Bonding Wire (Au]

External Lead [Solder Plated)
83-003384A

Flgure 2. Cross Section of a Mlnlfm 1c

Figure 3. Compatible Footprint Pattern for NEC
Minifiat IC and SOIC

L 6.2 Max |
6.0 Typ]

4.0 Mi |
NEC MINIFLAT

SO PACKAGE

‘; 1]

0.3

Te e
B

T
L

225
5.72

Note: Foot-print dimensions are in mil/mm.
83-003383A

Handling Techniques

To work with the NEC miniflat IC without jeopardizing
the quality and reliabilty, it is necessary to exercise
more care than when handling standard DIP ICs.

Environmental conditions and handling precautions
for the NEC miniflat IC family are described below.
Circu

uit Qesl ar

The electrical characteristics of the NEC minifiat IC are
guaranteed the same as those of standard DIP ICs.

Since heat radiation is improved when the IC is
mounted on the substrate, power dissipation Pt can be
changed in actual use. However, the degree of change

10.159
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iargely depends on the method of mounting (size of
substrate, coating method, etc). Therefore, full eval-
uation of the mounted board should be made in
advance.

Total Power Dissipation and Thermal Resistance

Figures 4 and 5 show the total power dissipation
characteristics of the NEC minifiat IC family.

Asshown in the figures, thermal resistance forasingle
element is approximately 180°C/W for the 14-pin IC,
and approximately 220°C/W for the 8-pin IC.

When mounted on a hybrid IC or PW-board, the heat
radiation through the leads is increased. With resin
coating, the heat radiation through the resin to the
environment is further increased. As a result, the
thermal resistance in the mounted state is much lower.

It is suggested that the heat dissipation in actual
finished mountings be fully analyzed prior to pro-
duction.

Figure 4. Pr-T; Characteristic (8-Pin Type)

800 — T
| ] One element only
- — L
500 1 i
% a0 mw | | I
H |}
£ 400 i i T
3 ' t
i 4.4 mW/°
a 300 R T
: N
& 200 1
3 N
: SN
100 N é
3
- 1 g
L 2
o 25 50 75 100 125 150
Junction Temperature (“C)
Flgure 5. P+T; Characteristic (14-Pin Type)
600 | 550 mw One element only
soo b ING b L
£ T S
£ IR |
€ 400 ~{m —t
. J
v 5.5 mw/°C
£ 300 ™
=]
5 A,
]
L3 200 f b
7
K] S -
100 + N <
] N ]
—t g
Ld 2
14 25 50 75 100 125 150

Junction Temperature (°C)

Soldering and Flux Temperature

Exposure to high temperatures over time should be
carefully monitored to insure prolonged reliability. As
An Absolute Maximum Rating, exposure to the follow-
ing must not exceed 260°C for 10 seconds.

® Solder dipping
® Soldering iron
® High-temperature atmosphere

Rosin flux (pine resin) is recommended as soldering

. flux.

NOTE: Avoid flux containing chlorine. Residual
chlorine after cleaning may affect reliability.

Cleaning

Flux should be thoroughly removed after soldering.
Alcohol, Chlorocene, and Freon are all acceptable
solvents; however, prolonged immersion in these
solvents may remove printed markings.

Ultrasonic cleaning can also be applied if other
components mounted on the same board can with-
stand it.

Protection Against Humidity

Being super-miniaturized and employing a thinner
plastic than standard DIP ICs, the miniflat IC has
shorter leakage paths and requires much more pro-
tection against humidity.

Generally, anti-humidity protection is provided by
resin coating after mounting on board. Examples of the
process are described below.

® When sealed in an airtight package, no precoating is
necessary.

® When sealed with resin, a buffer coating may be
required as the resin contraction may exert stress on
ICs when sealing. Sufficient evaluation should be
made on the actual board.
For buffer coating, the use of resin with a certain
degree of viscosity is suggested.

Please consult the resin manufacturers forappropriate
encapsulation resin and coating materials.

10.160



EUROPEAN DISTRIBUTORS
AUSTRIA

A&D

ABRAHAMCZIK & DEMEL

GES. MBH. & COKG
EICHENSTRASSE 58-64/1

1120 WIEN

TEL : (222) 857661

TLX.: 134273

BELGIUM

CN ROOD

DE JAMBLINNE DE MEUXPLEIN 37
1040 BRUSSEL

TEL.: (02) 7352135
TLX.: 22846

MALCHUS ELECTRONICS PVBA
PLANTIN EN MORETUSLEI 172
2000 ANTWERPEN

TEL.: (032} 353256

TLX.: 33637

DENMARK
MER-EL A/S

VED KLAEDEBO 18
2970 HOERSHOLM
TEL.: (2) 571000
TLX.: 37360

FINLAND

QY FERRADO A/B
P.O.BOX 54
VALIMONTIE 1
00380 HELSINKI 38
TEL.: (0) 550002
TLX.: 122214

FRANCE

ASAP

MONSIEUR LEGRIS

42, RUE HENRI MATISSE

59930 LA CHAPELLE DARMENTIERES
TEL.: 20351110

ASAP

RUE DE TROIS PEUPLES

78190 MONTIGNY LE BRETONNEUX
TEL.: (1) 30438233

TLX.: 698887

[ele]]
5, RUE MARCELIN BERTHELOT
BP 92

92164 ANTONY
TEL.: (1) 46662182
TLX.: 203881

[ele]]

5, RUE BATAILLE
69008 LYON
TEL.: 78744456

CEDIS (TOURS)

1, RUE DU DANEMARK
37100 TOURS

TEL.: 47417646

CELTI

Z.1. DE COURTABCGEUF
9, AVENUE DU QUEBEC
91940 LES ULIS

TEL.: (1) 64460909

DIM INTER

65-67, RUE DES CITES
93300 AUBERVILLIERS
TEL.: (1) 48349370
TLX.: 230524

DIM INTER (COLMAR)
27, RUE KLEBER
68000 COLMAR
TEL.: 89411543

DIM INTER (VILLEURBANNE)
101, RUE DEDIEU

69100 VILLEURBANNE

TEL.: 78683229

EALING

BATIMENT AUVIDULIS
AVENUE D'OCEANIE

Z.A. D'ORSAY COURTABCEUF +
BP 90

91943 LES ULIS CEDEX

TEL.: (1) 69280131

GEDIS

352, AVENUE G. CLEMENCEAU
92000 NANTERRE

TEL.: (1) 42040404

GEDIS (AIX)

MERCURE C

Z.1. D'AIX EN PROVENCE
13763 LES MILLES CEDEX
TEL.: 42600177

GEDIS (ALPES)

21, RUE DES GLAISONS
38400 ST. MARTIN D'HERES
TEL.: 75512332

SERTRONIQUE (LILLE)
20, RUE CABANIS
BP 35

59007 LILLE CEDEX
TEL.: 20477070

SERTRONIQUE (MANS)
60, RUE SAGEBIEN
CEDEX 43

72040 LE MANS

TEL.: 43842460

TLX.: 720019

TEKELEC

RUE CARLE VERNET
CITE DES BRUYERES
92310 SEVRES

TEL.: (1) 45347535

GERMANY
BIT-ELECTRONIC AG

BINGOLEINGER STRASSE &
DINGOLFINGER STRASSE 6

8000 MUNCHEN 80
TEL.: (089) 418007-0
TLX.: 5212931

GLEICHMANN +CO ELECTRONICS
GMBH

BAHNHOFSTRASSE 55-1
7250 LEONBERG

TEL.: (07152) 26031
TLX.:17715218

GLYN GMBH

SCHONE AUSSICHT 30
6272 NIEDERNHAUSEN
TEL.:
TLX.:

H3W ELEKTRONIK VERTRIEB GMBH
STAHLGRUBERRING 12

8000 MUNCHEN 82

TEL.: (089) 429271

TLX.: 5214514

MICROSCAN GMBH
UBERSEERING 31
2000 HAMBURG 60
TEL.: (040) 6320030
TLX.: 213288

REIN ELEKTRONIK GMBH
LOTSCHERWEG 66

4054 NETTETAL 1

TEL.: (02153) 733111

TLX.: 854251

SYSTEM ELEKTRONIK VERTRIEB GMBH
HEESFELD 4

3300 BRAUNSCHWEIG

TEL.: (0531) 314095

TLX.: 952351

ULTRATRONIK GMBH
MUNCHENER STRASSE 6
8031 SEEFELD

TEL.: (08152) 7090
TLX.: 526459

UNIELECTRONIC VERTRIEBS GMBH
LISE-MEITNER-STRASSE 8

6072 DREIEICH 1 B. FRANKFURT
TEL.: (06103) 35175

TLX.: 411213

ITALY

ADELSYS.R.L.

VIA DEL FONDITORE, §
LOCALITA ROVERI
40127 BOLOGNA
TEL.: (051) 532119

CLAITRON S.P.A.
VIA GALLARATE, 211
20151 MILANO
TEL.: (02) 3010091

MELCHIONI S.P.A.
VIA COLETTA, 37
20135 MILANO
TEL.: (02) 57941

PANTRONIC S.R.L.

VIA MATTIA BATTISTINI, 212/a
00167 ROMA

TEL.: (06) 6273909

NETHERLANDS

CN ROOD

CORT V.D. LINDENSTRAAT 11-13
2288 EV RIJSWIJK

TEL.: (070) 996360

TLX.: 31238

INNOCIRCUIT

MALCHUS ELECTRONICA
ADVIESGROEP
MALCHUS B.V.
FOKKERSTRAAT 511-513
3125 BD SCHIEDAM
TEL.: (010) 373777

TLX.: 21598

INTRA ELECTRONICS BV
DUIVENDIJK 5C

P.0.BOX 424

5672 AD NUENEN

TEL.: (0031) 40838009
TLX.: (0044) 59418 INTR NL

NORWAY

JAKOB HATTELAND ELECTRONIC A/S
P.B.25

5578 NEDRE VATS

TEL.: (47) 63111

TLX.: 42850

PORTUGAL

AMPEREL S.A.

AV. FONTES PEREIRA DE MELO 47, 4D
1000 LISBOA

TEL.: (1) 532698

TLX.: 18588

SPAIN

AMITRON S.A.

AVENIDA DE VALLADOLID 47A
28008 MADRID

TEL.: (1) 2479313

TLX.: 45550

COMELTA S.A.

EMILIO MUNOZ 41, NAVE 1-1-2
MADRID 17

TEL.: (1) 75643001

TLX.: 42007

LOBER S.A.

MONTE ESQUINZA 28
MADRID 4

TEL.: (1) 4421100
TLX.: 49533

SWEDEN

NORDQVIST & BERG

BOX 9145

AARSTAAENGS VAEGEN 19
10272 STOCKHOLM

TEL.: (0) 8690400

TLX.: 10407

TH'S ELEKTRONIK
BOX 3027

16303 SPAANGA
TEL.: (0) 8362970
TLX.: 11145

SWITZERLAND
MEMOTEC AG
GASWERKSTRASSE 32
4901 LANGENTHAL
TEL.. (63) 281122
TLX.: 982550

TURKEY

BURC ELEKTRONIK

VE MAKINA

SANAYI VE TICARET A.S.
BANKATCHI-SOKAK 15/2
KUCUKESAT

ANKARA

TEL.: (0090) 41250300
TLX.: 43430

UNITED KINGDOM
ANZAC COMPONENTS LTD
BURNHAM LANE
SLOUGH SL16LN
ENGLAND

TEL.: (06286) 4701

DIALOGUE DISTRIBUTION LTD
WATCHMOOR ROAD
CAMBERLER

SURREY GU153AQ
ENGLAND

TEL.: (0276) 688001

FARNEHL ELECTRONIC
COMPONENTS LTD
CANAL ROAD

LEEDS LS12 2TU
ENGLAND

TEL.: (0532) 636311

IMPULSE ELECTRONICS LTD
HAMMOND HOUSE
CATERHAM

SURREY CR3 6XG

TEL.: (0883) 46433

STC MULTI COMPONENTS
EDINBURGH WAY
HARLOW

CM20 2DF

ENGLAND

TEL.: (0279) 442971

VSI ELECTRONICS LTD
ROYDOMBURY INDUSTRIAL PARK
HORSECROFT ROAD 9

HARLOW, 5

ESSEX CM19 5BYQM

TEL.. (0279) 29666
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